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Foreword

Cardiovascular diseases represent the main cause of mortal-
ity worldwide, accounting for 36% of all deaths in the European 
Union in 2010. A wide range of diseases related to the circula-
tory system is responsible for this epidemic, with ischemic heart 
disease (IHD) and cerebro-vascular disease (together comprising 
60% of all cardiovascular deaths, and causing more than one-fifth 
of all deaths in EU member states), as the main ones responsible. 

The enormous advances in the field of cardiovascular medicine 
in the last few years have proven to be important in the decrease 
of mortality in many clinical conditions. However, the growing 
prevalence of several risk factors, such as hypertension, diabetes, 
dyslipidemia, obesity, smoking and others, account for an increase 
in the prevalence and severity of cardiovascular disease.  The in-
crease of some of these risk factors occurring in some regions 
more than others may partially explain the differences observed 
between the different regions across the globe, and even within 
the same continent. There are underlying risk factors, such as diet, 
which may explain differences in IHD mortality across countries.  
For instance, across EU member states, IHD mortality rates in 
2010 were, on average, nearly double for men. 

The impact of treatment improvement should therefore be ac-
companied by an absolute need to promote and improve healthy 
lifestyles and reduce the weight of the different risk factors, par-
ticularly the ones that can be easily prevented if appropriate steps 
are taken (exercise, smoking, overweight/obesity, diabetes, hyper-
tension and  dyslipidemia). 

The relationship of prevention strategies with cardiovascu-
lar events and death rates is clearly established through different 
scientific studies. Therefore, the efficacy of primary prevention 
programs in patients with recognized, treatable risk factors such 

as hypercholesterolemia, hypertension, diabetes and smoking 
should be a priority across the different countries. It is also im-
portant to recognize the need for a tailored approach considering 
the differences between different countries, which reinforces the 
importance of putting surveillance systems in place that may be 
able to properly monitor the need and implementation of prevent-
able measures. 

This is of crucial importance for a successful fight against in-
equality concerning access to appropriate healthcare in different 
countries. The role of scientific societies in the dissemination 
of information and the promotion of different activities (for the 
public as well as the decision makers) can fill an important gap 
in this regard. The ESC Textbook of Preventive Cardiology rep-
resents a major achievement of our European Association of 
Cardiovascular Prevention and Rehabilitation (EACPR) and, of 
course, results from the hard work of the editors and outstanding 
group of authors that have been able to put together a wonder-
ful book that I am sure will become the key reference in the field. 
Whoever is involved in cardiovascular prevention (basically all 
health professionals should be) has, in this textbook, a reference 
that goes from a more detailed description through to practical 
advice. I am sure this will represent another important element in 
the road to improving and promoting healthy lifestyles and, con-
sequently, reduce the burden of cardiovascular disease in Europe 
and beyond.

Prof. Fausto J. Pinto, MD, PhD, FESCC, FACC
President, European Society of Cardiology (ESC)

Cardiology Dpt, CCUL, CAML,  
University of Lisbon, Portugal



Preface

What is preventive cardiology?
Preventive cardiology, as the editors see it, encompasses all aspects 
of knowledge related to the prevention of premature cardiovascu-
lar disease—either its manifestation or its progression—with the 
aim of averting life-threatening cardiovascular events and reduc-
ing cardiac mortality.

However, beyond the mere facts preventive cardiology also calls 
for a different approach to our patients: rather than focusing on 
the resolution of an acute clinical problem (such as performing a 
revascularization intervention in an acute myocardial infarction) 
preventive cardiology aims to influence the underlying systemic 
disease process of atherosclerosis, of which the acute events are 
just short manifestations. It focuses on the improvement of long-
term outcome rather than acute symptomatic relief, and accepts 
the fact that the modification of risk factors may have a greater 
impact on patient longevity than sophisticated interventions.

Cardiovascular prevention faces the dilemma of multiple ter-
minologies coming from diverse historic backgrounds: Cardiac 
rehabilitation, for example, was established as a combined med-
ical and economic intervention in the 1960s with the primary aim 
of bringing patients after a myocardial infarction back into work. 
The focus here was to regain their previous exercise capacity. 
Secondary prevention relates to the comprehensive pharmaceut-
ical and lifestyle interventions aimed at reducing event recurrence 
after a first acute coronary or vascular event. Primary preven-
tion tries to identify and to manage individuals at high risk for 
 developing atherosclerotic disease. Primordial prevention comes 
from a public health perspective to influence the prevalence of 
risk factors in the general population and aims to prevent people 
from taking up risky behaviours in the first place. Each nation has 
its own historical background which is also manifest in different 
insurance structures to pay for cardiovascular rehabilitation and 
prevention interventions.

The term preventive cardiology tries to bring these diverse back-
grounds together in a single approach. It also accepts the fact that 
the line separating primary and secondary prevention is increas-
ingly fading away. Novel imaging techniques identify subclinical 
atherosclerosis, and most patients with coronary artery disease 
are diagnosed before their first event. The Fifth Joint Task Force 

Guideline of the European Society of Cardiology (ESC) therefore 
abolished the differentiation between primary and secondary pre-
vention entirely and looked at the continuum of cardiovascular 
risk instead. Because of the diversity of healthcare infrastructures, 
 preventive cardiology separates the components of interventions 
(i.e. lifestyle changes, hypertension treatment, management of 
dyslipidaemia, etc.) from the actual setting of preventive care (i.e. 
acute care hospital, rehabilitation institution, community preven-
tion centre, etc.). The ESC Textbook of Preventive Cardiology follows 
this structure because there is enormous variation in healthcare  
delivery between ESC member states and beyond which deter-
mines how cardiovascular prevention is implemented. Whilst the 
aim of prevention remains the same, the individual pathway for 
implementation will differ between countries. In this book we give 
different models from hospital-based rehabilitation to community 
prevention programmes. Each country can adopt the modules that 
fit into the context and structure of its healthcare system.

Who is the preventive cardiologist in clinical  
practice?
In contrast to terms like ‘interventional cardiologist’ a preventive 
cardiologist does not depend on a single methodology to define 
his or her work. In fact everyone who takes a genuine interest in 
his or her patient’s well-being beyond acute care is a ‘prevention-
ist’. We address cardiovascular specialists, general physicians, 
general practitioners/family physicians, nurses, and allied health 
personnel in this textbook as they all have a role in prevention. The 
overriding tone of the textbook is its devotion to clinical problem 
solving. We have therefore introduced clinical cases at the begin-
ning of many chapters to illustrate how difficult it sometimes is to 
translate guideline recommendations into clinical practice.

Why is this book needed?
In contrast to many other areas of cardiology, there is a limited 
choice of books on the implementation of cardiovascular preven-
tion in clinical practice. There are academic textbooks focusing 
on the epidemiological and pathophysiological aspects of pre-
vention and pocket-size checklists to optimize blood pressure or 
glucose control, but there is no book that unites all the specialist 
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contributions from hypertension, dyslipidaemia, and diabetes 
into a single resource consistent with the respective guidelines 
that is accessible and well-structured. The practical hands-on ap-
proach is intended to give the reader the knowledge and tools to 
tackle everyday clinical challenges. This textbook finds a balance 
between science and practice.

A great challenge in prevention implementation is how to im-
prove patient adherence to recommendations for lifestyle change. 
This book therefore contains a special chapter on behavioural 
tools for optimizing patient adherence.

It provides much-needed guidance in controversial areas in car-
diovascular prevention such as the role of nutriceuticals, the role of 
thresholds and target values in lipid lowering, how to interpret novel 
risk factors (i.e. high-sensitivity C-reactive protein, lipoprotein(a), 
and how to prudently use imaging in cardiovascular risk assessment 
and in monitoring subclinical disease.

It answers the question ‘How much pain for the cardiac gain?’ 
with regard to the level of physical activity needed to lower mor-
tality and disease risks.

The content of the textbook is available in both print and digital 
form and the online version will provide direct access to the full 
text of cited publications and give additional educational material 
on specific important but rare problems (such as training-based 

rehabilitation in congenital heart disease). The online version will 
also be updated when important new evidence is available.

How can you contribute to improving the book 
further?
The first edition of this textbook will not be perfect in all aspects, 
and while reading through the chapters you may detect errors 
or disagree on certain issues. The Editors would welcome your 
feedback on any aspects of the book that are pertinent to pre-
ventive cardiology in clinical practice. Our plan is to keep the 
book as up to date as possible, so should you have suggestions 
or ideas for improving the content in its print or online version 
please contact us directly, through the European Association for 
 Cardiovascular Prevention and Rehabilitation or via the publish-
er, Oxford University Press. This is not a book to sit on your shelf; 
it should become a  companion in your daily practice of prevent-
ive cardiology.

Stephan Gielen 
Guy De Backer

Massimo F. Piepoli
and

 David Wood
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Summary
The epidemic of cardiovascular disease (CVD) in the twentieth century prompted 
many population-based surveys. Now, a huge number of epidemiological studies 
provide a clear picture of the risk for CVD. Approximately 80% of CVD can be 
explained by smoking, high blood pressure, and deterioration of lipid and glucose 
metabolism, the two latter being mediated through an unhealthy diet (high intake 
of salt, saturated fat, and refined sugar) and physical inactivity. A causal web for 
CVD shows that the influence is seen throughout the life course, and that ‘upstream’ 
factors like socioeconomic status, health policies, and industrial influences all have 
a powerful impact on the more downstream parameters like lifestyle and biomark-
ers. This emphasizes that population-level interventions represent the most effec-
tive options for future strategies for the prevention of CVD.
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CHAPTER 1

Epidemiology of 
atherosclerotic 
cardiovascular disease: 
scope of the problem and 
its determinants
Martin O’Flaherty, Susanna Sans-Menendez, 
Simon Capewell, and Torben Jørgensen

Introduction
Cardiovascular disease (CVD) remains the biggest cause of death worldwide. More than 
17 million people died from CVD in 2008, and 10% of the global disease burden, as meas-
ured in disability-adjusted life-years, is attributed to CVD. More than 3 millions of these 
deaths occurred in people below the age of 60 and could have largely been prevented [1]. 
The percentage of premature deaths from CVD ranges from 4% in high-income countries 
to 42% in low-income countries, and there are growing inequalities in the occurrence and 
outcome of CVD between countries and social classes. Over recent decades, CVD deaths 
have been declining in high-income countries, but have been increasing rapidly in low- 
and middle-income countries.

The increase in prevalence of CVD in the first half of the twentieth century prompt-
ed the need for population-based surveys. At that time the only data available on CVD 
were mortality statistics and clinical studies. In 1951 Dawber et al. [2] wrote: ‘Of the 
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changes can lead to rapid changes in CVD mortality. This had 
already been seen during the Second World War, but became evi-
dent after the collapse of the Soviet Union in countries like the 
Czech Republic, Poland, and Cuba. This is very much in line with 
Rose’s prevention paradox, which states that a small shift in the 
risk of a disease across a whole population can lead to a greater 
reduction in disease burden than a large shift among those peo-
ple already at risk.

The huge amount of work done to unravel the causes of CVD 
has provided a valuable model to extend to other chronic diseases. 
Many epidemiological studies dealing with other chronic diseases 
have used data from the original CVD cohorts, but they have also 
initiated separate cohorts. This has led to an understanding of 
the many common risk factors for chronic diseases such as type 
2 diabetes, chronic lung disease, and several common cancers, 
which have a number of the same risk factors as CVD, such as 
an unhealthy diet, physical inactivity, smoking, alcohol, and air 
pollution.

The first studies of cardiovascular epidemiology in the early 
1950s together with other similar population-based observational 
and interventional studies made clear the need for relevant and 
standardized methods for analysing the data and for educating 
people to use these methods. The World Health Organization 
(WHO) published the first training manual (Cardiovascular 
survey methods) in 1968, and at the same time the International 
Society and Federation of Cardiology initiated annual 10-day 
teaching seminars, which still continue. Methods used in mod-
ern epidemiology and biostatistics were initiated in these studies. 
But it was not until the 1970s and 1980s that definitions of basic 
measures were agreed. Innovative epidemiological and biostatis-
tical methods continue to be developed in response to the huge 
amount of data being collected and the research questions which 
are raised.

In this chapter we will discuss the scope of CVD, its causes, its 
burden, and the implications for prevention.

The risk factor paradigm 
for causation of CVD
Many factors are causally related to the development of arterial 
atherosclerosis. The major biological risk factors are proximal to 
events. However, important ‘upstream’ determinants of disease, 
including diet, environment, and socioeconomic factors are 
more distally related; they influence the risk of CHD indirectly 
through the more proximal risk factors, and also by direct links 
to events.

Evidence of atherosclerosis has been found in autopsies of teen-
agers and young adults [11], suggesting that the atheromatous 
process that ends in clinically apparent coronary events can start 
early in life [12,13]. Moreover, there is a growing body of evidence 
that links early life developments, childhood and adolescent tra-
jectories, and adult levels of risk factors. This suggests that coro-
nary disease develops over the life course, and that exposure to 
causative factors at early ages is also important [14].

epidemiology of hypertensive or atherosclerotic cardiovascular 
disease almost nothing is known, although these two account for 
the great bulk of deaths from cardiovascular disease’. An initial 
attempt was made in St Andrews, Scotland in the 1920s, but was 
never completed. Instead, Dawber initiated the first population-
based study of CVD in the US town of Framingham, MA. Baseline 
data were collected from 1948–50 on 4469 people aged 30–59 
years selected at random from the population. They were followed 
every second year with questionnaires and clinical and biochemi-
cal examinations. Offspring of the original cohort were included 
and the study is now on its third generation of participants. The 
Framingham Study was followed by the Seven Countries Study in-
itiated by Keys et al. [3] comprising 16 cohorts in seven countries 
(the United States, former Yugoslavia, Finland, the Netherlands, 
Greece, Italy, and Japan), thus covering various parts of the world. 
A total of 12 763 men aged 40–59 years were enrolled between 
1958 and 1964. Parallel with and immediately after initiation of 
the Seven Countries Study similar studies were begun around the 
world in Sweden (1963), Denmark (1964), Australia (1966), and 
the UK (1967) [4–7].

The MONICA (multinational MONItoring of trends and de-
terminants in CArdiovascular disease) Survey was initiated as a 
result of the decline in CVD mortality which started in the United 
States in the 1960s and continued in western Europe in the 1970s. 
The study involved the collection of data at 37 centres in 21 coun-
tries between 1979 and 1997. The main findings were that about 
one-third of the changes in mortality from coronary heart disease 
(CHD) could be attributed to healthcare and two-thirds to chang-
es in risk factors [8].

Several attempts have been made to pool data from the numer-
ous cohorts around the world, but is often a difficult task because 
the data were not harmonized from the outset; many of these at-
tempts have therefore ended up with very few variables. In Oxford, 
Richard Peto succeeded in collecting data from nearly a million 
people in the Prospective Studies Collaboration (PSC). Due to 
the problem with data harmonization it is very valuable that the 
MONICA collaboration (in which many data were harmonized 
from the very beginning) was continued in the MORGAM study 
(MOnica Risk, Genetics, Archiving and Monograph), which is still 
on-going [9]. So that in the future data can be compared across 
studies and countries, new attempts to secure data harmoniza-
tion from the start are being attempted in Europe by the European 
Health Examination Survey (EHES); the aim in this survey is to 
collect a nationwide, representative cohort in each country over a 
certain time interval to monitor the development of health indica-
tors [10].

The causes of CVD have been very widely studied but it is still 
a major cause of death. Therefore, a shift in our understanding 
of which activities are necessary for the prevention of CVD is 
necessary. The paradigm says that CVD is a class of slowly devel-
oping, chronic diseases which take a long time to reach clinical 
manifestation; therefore it has been thought that it should also 
take a long time for the results of preventive measures to become 
apparent. This paradigm has been challenged by major struc-
tural changes in society, indicating that even small whole-society 
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necessary and sufficient causes, but single-gene diseases like sickle 
cell anaemia are examples.

When dealing with chronic diseases like CVD we normally 
have a situation in which the disease sometimes follows the ex-
posure but not always, and sometimes the disease is seen in peo-
ple who have not faced the exposure. In the 1970s Mackie [15] 
and Rothman [16] independently introduced the INUS principle. 
This elegantly explains that causes may act together in concert. If 
we look at the causes as components of different causal fields we 
can still work within the common concept of causality. The INUS 
principle states that:

Component causes are Insufficient in themselves (as they require 
the presence of the other components in the causal field), but they 
are Necessary within the causal field. Causal fields are Unnecessary 
(because there are other causal fields), but they are Sufficient (if they 
are complete).

 Figure 1.2 shows a very simplistic example, as there can be 
many causal fields and many components in each field.

The INUS principle is a theoretical model, but if it works in 
practice it is useful. The model can explain why not all smokers 
get CHD. Smoking is only one component in the causal field, and 
another component (or several others) needs to be present before 
the person will get CHD, for example certain genes. On the other 
hand people who have never smoked can also get CHD, which 
then is caused by components (e.g. high cholesterol) from other 
causal fields; but not all people with high cholesterol develop 
CHD, which means that other components need to be present too. 

 Figure 1.1 illustrates the life course factors that are important 
for the development of CVD, starting with genetics and intrauter-
ine conditions and showing the socioeconomic and environmen-
tal ‘upstream’ factors that influence the life course.

When we talk about the causes of CVD we do not use the word 
‘causes’ in the everyday sense of the word. Our common sense tells 
us that when all causes are in place an event should happen. For 
example, if we press a light switch we expect the light to come on; 
if not we check the bulb or the power supply. If we phoned an 
electrician to fix the light and they said something like: ‘sometimes 
the light is on when you press the switch, but not every time, and 
sometimes it will take years before it is on and other times it will 
be on even if you don’t press the switch’ we would call another 
electrician! But dealing with the causes of chronic diseases such as 
CVD is very much like that situation, so we need to explain more 
precisely what we are talking about when we talk about causes of 
diseases so we can understand this uncertainty without losing the 
common concept of causation.

The eighteenth-century philosopher David Hume described 
causes as necessary or sufficient. A necessary cause will always 
have been present at some time before the disease, but need not 
lead to the disease. A classic example of this is a virus, which is 
necessary to get the infection in question but will not always lead 
to the disease. A sufficient cause is an exposure that is always fol-
lowed by the disease, but there can be other causes as well. There 
are few examples, but insufficient iron intake could be such a cause 
of anaemia, which also has other causes. We very seldom see both 

Fig. 1.1 Causal pathway in cardiovascular diseases (CVD): BMI, body mass index; BP, blood pressure; WC, waist circumference.
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7. Experimental studies. If the condition can be prevented or 
ameliorated by an appropriate regimen the causal association 
is strengthened. This is one of the very strong criteria. Such ex-
periments can be done in randomized clinical trials (e.g. lipid-
lowering therapy reduces the occurrence of CHD).

8. Specificity: a single cause produces a specific effect. This condi-
tion is extremely seldom seen for CVD.

9. Coherence. The association should be compatible with exist-
ing theory and knowledge. It must be ascertained if any current 
knowledge has to be rejected in order to accept an association 
as causal.

Ideally, all these criteria can be used in an overall evaluation of 
possible causality for an exposure and the development of CVD, 
although this not always possible.

Major established risk factors for CHD
Smoking
The US Surgeon General’s report of 1964 [17] suggested that 
smoking was a definite risk factor for lung cancer and chronic 
bronchitis, but was less emphatic in describing its relationship 
with CVD risk, suggesting that although risk increases in cigarette 
smokers the association had not been proven causal. However, 
over subsequent years a large body of evidence linking tobacco 
smoking to changes in inflammatory and thrombosis markers and 
with subclinical markers of atherosclerosis was accrued [18]. This 
evidence suggested a clear link between smoking and basic ath-
erosclerotic disease mechanisms, increasing the risk of CHD by 
almost twofold. Important gender differences in risk exist, with 
women experiencing a higher risk of incident acute myocardial 
infarctions (MIs) than men [19–22] that is not easily explained by 
differences in smoking patterns or baseline risk [19]. Data from 
systematic reviews of tobacco cessation studies after MI showed 
marked reductions in risk of almost 40% within 2 years [23,24].

The harmful effects of second-hand smoke have been also sol-
idly established, with a relative risk for CHD of 1.26 to 1.65 with 
exposure to second-hand smoke [25,26], and legislation banning 
smoking in public places and the workplace has rapidly decreased 
admissions for MI [27].

Blood lipids
An association between blood lipids and atheromatosis in animals 
was first suggested over 100 years ago by Virchow and then An-
itschcov. Observational evidence from numerous migrant studies, 
the Seven Countries Study [3], and the Framingham Study [28,29] 
found the association in humans—confirmed later in the MRFIT 
[30], PROCAM [31], and ARIC [32] studies. The development of 
lipid reduction therapies, particularly HMG-CoA reductase inhib-
itors (statins) provided experimental evidence of causality [33,34].

Total cholesterol is clearly associated with CHD risk, with a 1 
mmol/L reduction in total cholesterol being associated with re-
ductions in CHD mortality ranging from about 50% in men and 
women aged 40–49 and 17% in those aged 70–79. This is across 

The model also can be helpful in understanding the (lack of) time 
between exposure and disease outcome, as induction time could 
be one of the other components. Finally the model can be useful 
in prevention, as it is theoretically only necessary to avoid/remove 
one of the components in each causal field.

A more pragmatic way of understanding causality in CVD was 
described by Austin Bradford Hill in 1965, known as Hill’s criteria 
of causation. He described nine minimum conditions needed to 
establish a causal relationship between two items:

1. Temporal relationship: exposure always precedes the outcome. 
This is the only absolutely essential criterion and underlines the 
need for longitudinal cohort studies in epidemiology.

2. Strength: defined by the size of the association measured by ap-
propriate statistical tests—the stronger the association the more 
likely the causal relationship. However, weak associations can 
still be causal (e.g. second-hand smoke and CHD).

3. Dose–response relationship—an increase in exposure increases 
the risk. However, the absence of a dose–response does not rule 
out causality, as a certain threshold for exposure can exist.

4. Consistency. If an association is causal it should be consistent 
across studies, geography, and time. This has been nicely dem-
onstrated within CVD epidemiology because the same risk fac-
tors emerge in different studies at different times. On the other 
hand all studies could miss the same confounders, but this is 
unlikely in the case of established risk factors for CVD.

5. Plausibility. The association should agree with the currently ac-
cepted understanding of pathological processes. There needs to 
be a theoretical basis for the association. On the other hand, 
research that disagrees with established theory is not necessar-
ily wrong, but can force a shift in the paradigm.

6. Consideration of alternative explanations. Other hypotheses 
should always be considered and discussed.

Fig. 1.2 A theoretical model for causality in chronic diseases [15,16].
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and epidemiological evidence has been found in ecological studies 
like INTERSALT [54] or INTERMAP [55] and in the prospective 
cohort study EPIC-Norfolk [56]. INTERSALT estimated that the 
effect of a sodium intake higher by 100 mmol/day was to raise 
SBP by approximately 3–6 mmHg (SBP) and DBP by 0-3 mmHg. 
This relation prevailed for both men and women, for younger 
and older people, and for participants without hypertension [54]. 
The INTERMAP study, with improved exposure and outcome 
measurements, confirmed the association at the individual level 
in more detail, although for a more limited set of countries [55]. 
The EPIC-Norfolk study found that individuals with salt intakes 
below 5 g/day halved their risk of developing high blood pressure 
compared with those with high intakes (10 g/day or more) [56]. 
Interestingly, they also found that a high intake of dietary potas-
sium was associated with lower blood pressure [56].

The effect of salt on cardiovascular outcomes has also been ex-
plored in randomized controlled trials. The THOP I and II studies 
[57] found that a reduction of salt intake resulted in a reduction 
in SBP of between 1.2 and 1.7 mmHg and a 25% reduction in risk 
of cardiovascular events over 10 to 15 years. An educational cam-
paign on salt intake in two matched communities in Portugal [58] 
showed that the average blood pressure fell by 3.6/5.0 mmHg at 
1 year and 5.0/5.1 mmHg at 2 years in the intervention communi-
ty. Although other community intervention trials failed to observe 
changes in salt consumption, they also reported a lack of change in 
blood pressure levels.

The focus on salt reduction initiatives across entire populations 
has probably been one of the most important drivers in decreasing 
blood pressure levels in many populations [53,59,60].

Obesity
Obesity and overweight are conditions associated with an imbal-
ance in energy intake and expenditure. The current physical, cul-
tural, and marketing environments are a powerful determinant of 
the continuing increases in obesity prevalence reported in the late 
twentieth and early twenty-first centuries [61,62].

Adipose tissue is metabolically active and can release a host of 
mediators that control body weight homeostasis and insulin re-
sistance. Crucially, it also influences inflammation and thrombot-
ic pathways leading to endothelial dysfunction and atherosclerosis 
[63]. Not surprisingly, therefore, obesity is strongly associated 
with diabetes and elevated CVD risk factors [64] and is associ-
ated with excess mortality, mainly attributable to CVD and several 
common cancers [65–67].

However, the independent effect of obesity is probably small 
[68], suggesting that most of its associated risk is mediated by 
more proximal risk factors, like SBP, elevated cholesterol, and 
diabetes.

Diabetes mellitus
Diabetes mellitus (DM) is a risk factor for CHD, increasing risk by 
approximately 2.4 times in men and 5.1 times in women [69,70]. 
It also accelerates the onset of early atheroma formation at young 
ages [71] and negates the low risk otherwise experienced by pre-
menopausal women [72]. Patients with diabetes have similar rates 

the range of cholesterol levels seen in most developed countries, 
and is a linear relationship with no evidence of a threshold [35].

Statins effectively reduce cholesterol levels by between 1.0 and 
2.8 mmol/L (depending on drug, dose, and adherence). A reduc-
tion of 1 mmol/L is associated with an 11% reduction in risk of 
ischaemic heart disease, increasing to 36% after 5 years [33].

High-density lipoproteins (HDL) represent another important 
lipid subfraction; they are protective and have a strong inverse as-
sociation with CHD events. Thus, an increase in HDL of 1 mg/
dl is associated with a reduction of 2–3% in total CVD risk [36]. 
Interestingly, randomized clinical trials of novel drugs aimed to 
increase HDL levels have consistently failed to show any reduction 
in CVD risk [37].

Triglycerides have been associated with CVD risk, but their lev-
els tend to reciprocate HDL concentrations. Their role as an in-
dependent risk factor remains controversial, and current control 
strategies only target them in special cases [38].

Dietary saturated fats are the main determinants of blood lipid 
levels, particularly total cholesterol [39]. However, not all dietary 
fats are harmful. Monounsaturated fatty acids (e.g. olive oil), 
polyunsaturated fatty acids (e.g. marine omega-3 fatty acids), and 
plant-based omega-6 fatty acids all consistently reduce CVD risk, 
particularly when they replace saturated fats or trans-fats [40–43].

Blood pressure
Numerous observational and experimental studies have linked 
high blood pressure with adverse cardiovascular outcomes, and 
the association has been characterized at both metabolic and 
functional levels [44,45].

Diastolic blood pressure (DBP) has been identified as an inde-
pendent, graded, and important predictor of CVD risk in large, 
prospective cohort studies and randomized clinical trials [44–46]. 
However, later studies which focused on systolic blood pressure 
(SBP) and risk demonstrated an even stronger association. The PSC 
systematic review found that each difference of 20 mmHg in SBP  
was associated with almost a threefold difference in stroke mortal-
ity and a twofold difference in ischaemic heart disease mortality. 
Interestingly, the relationship was linear down to an SBP as low as 
115 mmHg. Although the risk attenuated in those aged 80 years 
and above, the absolute difference in event rates was biggest at older  
ages. For stroke, DBP and SBP are equally important as determi-
nants of risk up to age 62 years, whereas SBP is more important in 
older adults [46]. Reduction of blood pressure, and crucially SBP, 
significantly reduces vascular events and deaths in people who 
are free from vascular disease. The CVD and CHD risk associated 
with blood pressure has been also found in many other populations 
[47,48]. Antihypertensive treatments reduce CHD mortality by 
about 10–12%, and reduce stroke risk more substantially, with a 37% 
reduction in total events and a 36% reduction in fatal strokes [47,48].

Several factors determine blood pressure levels, including 
chronic stress [49], physical activity [50], and body weight [51,52]; 
but diet, and particularly salt intake, play a major role [53]. A large 
body of evidence suggests that salt consumption is probably the 
single most important factor determining blood pressure levels. 
The biological mechanisms have been explored in animal studies, 
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to confer a similar risk in men and women, and is independent of 
the level of adiposity [92]. Interestingly, it seems as if it is mainly 
leisure time physical activity and not occupational physical activ-
ity that is beneficial in reducing CVD risk. There is a stronger pro-
tective effect for CHD than for stroke [93,94].

The built environment has a strong influence on physical activ-
ity. Aspects like housing, land use, housing density, open space, 
and patterns of compact development in city and community 
planning are associated with increased levels of physical activity 
but do not seem to affect body weight [95]. Transport policies, and 
multicomponent interventions in workplaces or schools can also 
increase levels of physical activity [96].

Physical activity is not included in any clinical risk scores. 
However, most primary prevention guidelines recommend peri-
ods of moderate to intense physical activity as an effective inter-
vention to reduce cardiovascular risk [97].

Dietary patterns and other nutritional factors
We have already discussed the link between dietary factors and 
specific biological risk factors. However, substantial evidence to 
support the concept of cardioprotective nutrients and dietary pat-
terns has been accumulated since the landmark Seven Countries 
Study [98]. Although many of the data are observational, causality 
can be established for beneficial effects of the intake of fruit and 
vegetables, nuts, wholegrains, and fish, and also for detrimental ef-
fects of trans-fatty acids, foods and beverages with high glycaemic 
index, and processed meat [98,99]. Furthermore, the ‘Mediterra-
nean diet pattern’ and the DASH diet have shown beneficial effects 
confirmed in randomized controlled trial [98]. An analysis of diet 
patterns in the INTERHEART case–control study has found that 
higher levels of a ‘prudent diet’ (rich in fruits and vegetables) were 
powerfully associated with reduced risk of a first acute MI across 
participants in 52 countries [100]. In general, beneficial dietary 
patterns are associated with high levels of cardiovascular protec-
tive macronutrients and micronutrients [98].

Among nutritional risk factors, industrial trans-fats merit spe-
cial attention. These are artificial fats used mainly in processed 
foods for commercial reasons and are not considered to have any 
nutritional value. They have a profound effect on increasing CHD 
risk. Replacing 1% of energy from trans-fat with unsaturated fats 
reduces CHD risk by approximately 12% (5.5–18.5%) [40]. Several 
countries have now successfully implemented the complete re-
moval of industrial trans-fats from human food [101].

In summary, certain dietary patterns have established cardio-
metabolic benefits. These are diets that are higher in dietary fibre, 
healthy fatty acids, vitamins, antioxidants, potassium, other min-
erals, and phytochemicals and lower in refined carbohydrates, 
sugars, salt, saturated fatty acids, dietary cholesterol, and trans-fat. 
The role of other dietary supplements, micronutrients, and vita-
mins is complex and remains less than clear [99].

Alcohol
The relationship between alcohol intake and CHD risk is complex. 
The relationship has been described as ‘J’-shaped, with increased 

of events to patients with pre-existing CHD but without diabetes 
[73]. All levels of abnormal glucose metabolism are associated 
with CVD, primarily diabetes-induced arterial macrovascular 
atherosclerotic disease [43].

The mechanisms leading to enhanced development of ath-
erosclerosis in people with diabetes are complex, and probably 
involve endothelial dysfunction, inflammatory mediators, modi-
fication of lipid metabolism, hypertension, and renal impairment 
[74,75]. This direct endothelial toxicity is further compounded 
by the fact that people with diabetes tend to have higher levels of 
other risk factors [76]. Not surprisingly, cardiovascular events are 
the main cause of death in adults with diabetes, with 80% of them 
attributable to CVD [77].

However, there is still substantial doubt about the benefits of 
controlling diabetes for cardiovascular risk. Epidemiological ev-
idence suggests that diabetes is an important, strong, and inde-
pendent risk factor. Yet, the results of randomized controlled trials 
on intensive glucose control strategies showed no effect on stroke 
outcomes or mortality, only a decrease in non-fatal MIs [78,79]. 
This lack of reversibility is interesting, as diabetes is considered to 
confer the same level of risk as in those with established CHD [73], 
but this perhaps partly reflects that many patients already have 
advanced atherosclerotic disease when they are diagnosed with 
diabetes. Screening for type 2 diabetes and intensive treatment do 
not reduce the incidence of CVD [80].

The evidence for diabetes prevention appears more encourag-
ing. A growing body of evidence based on randomized clinical 
trials suggest that the incidence of diabetes could be halved rela-
tively quickly with multiple interventions including changes to 
lifestyle and diet [81]. In the Diabetes Prevention Program study 
metformin was associated with a 31% reduction in the risk of dia-
betes, albeit less than the 58% risk reduction observed in the diet 
and lifestyle arm [82].

Physical inactivity
Physical inactivity has been recognized since the 1950s to be as-
sociated with total mortality and cardiovascular risk; however, 
most of the evidence base is observational. This body of evidence 
suggests that moving from a sedentary state to a sustained active 
lifestyle can reduce total mortality and CVD risk by about 20–35% 
[83]. There is often a graded response, and with additional ben-
efits in other outcomes too, like mental health, diabetes, certain 
cancers, and osteoporosis [84]. Physical activity might prevent 
CVD through pathways mediated by other risk factors, such as in-
creasing HDL levels [85], reducing blood pressure [86], improving 
insulin resistance and glucose tolerance, and reducing the risk of 
type 2 diabetes [87]. Recently even very low level activity has been 
shown to have a beneficial effect [88]; this has led to the introduc-
tion of ‘sedentarism’ (e.g. TV viewing, using a PC) as an independ-
ent risk factor [89,90], which may be mediated through lack of 
activation of the lipoprotein lipase (LPL) system (LPL is important 
for controlling plasma triglyceride catabolism, HDL cholesterol, 
and other metabolic risk factors) [91].

Despite controversies regarding exposure measurement and 
the complex causal pathways involved, physical inactivity seems 
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factors, predicting cardiovascular risk factor levels in young adult-
hood [14,125].

Social and environmental influences in childhood may also 
have an important effect on CVD risk in adulthood. The timing 
of other exposures starting in utero—and even transgeneration-
ally—is also important [126]. Perhaps the first evidence for early 
life influences on adult CHD risk was provided by Forsdahl [127], 
who found that infant mortality rates in the early twentieth cen-
tury were strongly correlated with the CHD mortality rate seven 
decades later, suggesting that early childhood nutrition or perina-
tal phenomena might be linked to CHD risk.

The hypothesis of ‘developmental origins’ of CHD, as cham-
pioned by Barker [128], suggests that many measures of foetal 
growth, as a proxy for the womb environment, have shown that 
in utero events are related to risk of CHD in adult life [129,130].

Perinatal and early childhood influences also are linked to later, 
pre-adulthood risk factor levels [125,129]. Moreover, substantial 
‘tracking’ occurs; thus cholesterol, BMI, and SBP measured in 
childhood or adolescence predict CHD risk 50 years later [129].

However, the scale of life-course effects on causation of CHD 
remains unclear. Not least because such influences operating on 
individuals would be expected to operate at the population level 
as cohort effects [131]. Furthermore, potentially confounding so-
cioeconomic effects can be difficult to disentangle. However, the 
decline in CHD in most high-income countries can be better ex-
plained by period effects than cohort effects [132].

Genetic factors also play a causal role in CHD. The Framingham 
Offspring Study suggests that heritability may be an important 
factor for premature CHD. Participants with a family history of 
premature CHD (defined as a history of CHD in first-degree rela-
tives before the age of 55 in men and 65 in women) had twice the 
risk of those who did not, even after adjustment for classical risk 
factors [133]. Single-gene association and several candidate loci 
and gene sets have been identified in linkage and genome-wide 
association studies, usually associated with metabolic pathways 
related to lipid metabolism [134].

The interaction of environmental factors with particular ge-
netic risk profiles may also be important in CHD. Thus, for ex-
ample, APOE e4 high-risk alleles might not affect CHD risk in 
the absence of smoking [135]. Although Mendelian genetics or 
even genome-wide association studies fail to explain a substan-
tial proportion of the burden of CHD, heritable and non-heritable 
epigenetic changes might occasionally play an important role in 
individual cases [136].

However, in general, the potential candidates have small ef-
fect sizes [137], low predictive power, and low population impact 
measures [137] compared with classical risk factors [138]. Genetic 
factors account for less than 20% of the variance in maintenance 
of ideal cardiovascular health (an aggregate risk factor package 
including total cholesterol < 200 mg/dl, blood pressure <120/<80 
mmHg, and no diabetes). Behavioural and environmental factors 
thus have a far more powerful role in preservation or loss of opti-
mal levels of health with ageing.

The rapid changes over time within countries and the marked 
differences in CHD mortality observed between countries, as 

risk at high alcohol consumption and zero consumption and a lower 
risk for low to moderate intake [102,103], or as ‘L’-shaped, where 
a protective effect was observed for alcohol consumption at low to 
high levels but not for zero consumption. However, there are con-
cerns about publication bias for low alcohol intake [102,104,105]. 
There is greater clarity about increased levels of mortality from 
stroke with increasing alcohol consumption [105–107].

An alcohol consumption of between 2.5 and 14.9 g/day was 
associated with a reduction in risk of about 14–35% for CVD 
mortality, and for incidence and mortality for CHD and strokes 
[105,106]. The intake of ethanol seems to be the most important 
factor, rather than any specific component of the alcoholic bever-
age such as beer or wine [108,109].

However, the pattern of drinking is more important. Regular 
low to moderate intake seems to be protective [108–111], while 
episodic immoderate (‘binge’) alcohol intake confers a consider-
able risk of incident MI and total mortality [109,112].

Furthermore, chronic heavy alcohol intake might have major 
consequences, as illustrated by the huge temporal variations in 
CVD mortality rates seen in Russia and other former soviet so-
cialist republics after the breakdown of the Soviet Union in the 
1990s [113]. It is clear now that this phenomenon is not caused 
by misclassification of the causes of death [113,114]. Although 
causality has not been established with experimental data, current 
guidelines in most countries recognize that while low to moderate 
intake of alcohol might be beneficial for CVD risk, higher intakes 
are harmful. Alcohol consumption is thus not recommended by 
the British Heart Foundation, the National Heart Forum, or the 
American Heart Association [115].

Other risk factors: social determinants,  
life-course influences, and genetic factors
The socioeconomic determinants of health are usually assessed 
as social gradients in mortality or morbidity. In the United King-
dom these patterns are readily visible, with substantial mortal-
ity gradients by socioeconomic levels or geographically across 
a north–south divide. For example, the mortality rate ratio be-
tween the most deprived quintile and the most affluent is 1.5 
for both men and women, and almost 3 if we consider only 
premature deaths of people under 65 years of age [116,117]. In 
the United States, people without a high-school education lost 
almost three times as many life-years as more educated people, 
and CVD accounted for about 35% of this difference (CHD itself 
explained 11%) [118].

These gradients are also evident in the distribution of cardio-
vascular risk. For example, in the United States there are major 
differences in risk factor prevalence and combined cardiovascular 
risk by ethnicity [119,120] and other measures of socioeconomic 
status [121]. In several European countries, people in the lower so-
cioeconomic strata are more frequently current smokers, diabetic, 
have a higher BMI, a higher intake of alcohol, and a lower intake 
of fruit and vegetables [122].

Worse socioeconomic conditions in childhood are frequently 
associated with increased CVD risk in adulthood [123,124]. This 
is possibly mediated by early life and childhood trajectories in risk 
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societies’ excessive exposure to salt, saturated fats, trans-fats, and 
refined sugars [151]. This phenomenon can be characterized by 
the increasing concentration of food production and processing 
in the hands of transnational companies who have the remit to 
maximize profit for shareholders without any concern for poten-
tial public health effects. Furthermore, the health and other soci-
etal costs are passed to other actors [152]. Thus, the political and 
economic influences on food production, processing, and mar-
keting are emerging as potential modifiable risk factors, amen-
able to public health interventions emulating previous successes 
in tobacco control [152]. Many of these activities have important 
empirical evidence of their effectiveness [98].

Incorporating all this into the web of causation of CHD is 
therefore important. There has recently been renewed debate on 
the focus of interventions from individual responsibility towards 
changing a harming social, political, economic, and physical en-
vironment [62,152].

In a political declaration at a high-level meeting of the United 
Nations (UN) General Assembly in 2011 on the prevention 
and control of non-communicable diseases [153], the General 
Assembly recognized:
◆	 that non-communicable diseases are a threat to the economy of 

many member states, and may lead to increasing inequality
◆	 the critical importance of reducing the level of exposure of indi-

viduals and populations to the common modifiable risk factors 
for non-communicable diseases, namely tobacco use, un-
healthy diet, physical inactivity, and the harmful use of alcohol

◆	 that effective non-communicable disease prevention and con-
trol require leadership and multisectoral approaches for health 
at the government level.

Evidence for stroke
The term CVD comprises a range of diseases including CHD, 
stroke, and peripheral vascular disease. Although a very heteroge-
neous category, the ischaemic forms of CVD are the predominant 
ones and share most of their determinants. However, some differ-
ences exist within the umbrella term CVD. We briefly consider 
stroke, as an example of another disease included with the CVD 
category.

Stroke is a heterogeneous disease, but is mainly composed 
of ischaemic and hypertension-related haemorrhagic strokes. 
However, the main burden is related to ischaemic stroke, which 
comprises about 80% of the disease burden [154].

Most of the risk factors for CHD are also risk factors for stroke, 
but the strength of the association is different. If we consider total 
stroke, hypertension is significantly more important for stroke 
than for CHD [population attributable risk fraction (PARF) 35% 
vs. 18%] as well as the ratio of apolipoprotein B/A1 (PARF 25% vs. 
49%) [155].

As already discussed, heavy alcohol intake increases the risk 
of stroke, although there is still a more complex effect on CHD 
outcomes.

discussed above, are powerful indicators of the major role of 
environmental factors and make it very implausible to attribute 
such trends to changes in the distribution of genetic determinants 
[139]. Moreover, the results from classical studies of migrants, 
particularly among Japanese populations, suggest that the risk of 
CHD and stroke increases substantially when populations are ex-
posed to western dietary environments [140,141].

Psychosocial factors, particularly personality and chronic 
stress, have been described to be associated with cardiovascular 
risk. Although the association of personality type ‘A’ with CHD 
risk has been largely abandoned [142], hostility and rage are as-
sociated with an increased risk in people free of CHD [143]. 
The Whitehall II study showed that low job control, but not job 
demands or social support, was associated with increased risk 
of CHD [144]. Permanent work- or home-related stress was as-
sociated with the risk of incident MI in the MRFIT trial and the 
INTERHEART study [145,146].

Structural determinants
The causal web in Fig. 1.1 represents a complex interaction of mul-
tiple levels of causal factors. Most of our knowledge about cardio-
vascular epidemiology has been developed with the individual as 
the unit of analysis. However, a mounting evidence base suggests 
that ‘structural’ factors are as important as the traditional biological 
risk factors and are powerful determinants of burden of CVD, and 
probably in generating and maintaining social inequalities [147].

Current sociological theories have shown the complex inter-
relationship between levels of different determinants of cardio-
vascular risk and other non-communicable diseases. Individuals 
do not act in a vacuum but their behaviour is nested in a number 
of other layers. These layers are essentially a hierarchy from the 
micro level (e.g. individual choice, genetics) though intermediate 
levels (e.g. the workplace or healthcare) and macro levels (e.g. pol-
icy at city, state, or regional level) to the global level (e.g. national 
policies and global trade and markets) [148].

As we have already discussed, many of the major ‘downstream’ 
determinants of CVD explaining most of the disease burden 
can be traced back to lifestyle determinants (notably smoking, 
diet, and physical activity). In turn, these ‘upstream’ factors are 
 heavily influenced by the political, economic, social, and built 
e nvironment [27,62,149]. Thus, control strategies for the burden 
of CVD will be most effective when they take these complexities 
into  account. Strategies aimed at the individual will focus on the 
micro level while prevention at a larger scale should focus on  
the intermediate and higher levels.

The story of tobacco control has provided public health profes-
sionals with a powerful understanding of how the interaction of 
public health and industry could evolve [62]. Education, legisla-
tion and regulation, and economic intervention have been shown 
to be effective not only for controlling smoking but also improving 
diet and physical activity [27,96]. Furthermore, these gains can be 
achieved very quickly [150].

Diet is a useful example of multiple nested determinants [148]. 
Mounting evidence suggests that industrialization of food pro-
duction and distribution are also key factors influencing modern 
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associated with lifestyle and diet-related risk factors is about 90%, 
suggesting that there is little room for significant ‘novel’ candi-
dates, whatever strength they might have.

The importance of the crucial role of the major risk factors can 
be also illustrated by the ‘low-risk concept’. Individuals at ‘low risk’ 
for CHD, defined in terms of people who have never smoked, do 
not have diabetes, and have normal or low blood pressure and 
blood lipids experience the lowest rates of CVD [167–169). Young 
individuals who maintain this ideal cardiovascular health profile 
into middle age experience dramatically lower lifetime risks for 
major CVD events [170] and lower non-CVD mortality [168]. 
This ‘low-risk’ profile now forms the cornerstone of the American 
Heart Association’s 2020 Strategic Impact Goals [171].

A rapidly growing number of novel biomarkers are now emer-
ging for evaluation [141,142]. C-reactive protein (CRP) offers 
an instructive example of an ‘exciting’ new risk factor which has 
waxed and now waned in perceived importance. For long cham-
pioned as a novel risk factor, it now appears more useful simply as 
a measure of an individual’s total burden of atheromatous disease, 
rather than having a substantial causal role [172,173].

Another important distinction is to differentiate causal risk 
factors from the identification of earlier, pre-clinical phases of an 
already established pathological process. The distinction between 
a risk factor and a risk marker is thus important, mainly because 
some disease control strategies involve the identification of in-
dividuals with subclinical disease. However, all of the emerging 
‘risk factors’ identified by the US Preventive Services Task Force 
were found wanting in terms of their classification power and 
therapeutic potential, compared with current strategies to man-
age intermediate-risk patients using only the major classical risk 
factors [174], but novel strategies including multiple biomarkers 
from different pathophysiological pathways might prove useful in 
improving prediction for primary prevention purposes [175].

What can explain the CVD epidemic?
Recent global trends in the epidemiology of CVD are complex, 
suggesting that countries are at different stages of the epidemic. 
What drives these epidemics?

The availability of effective interventions for preventing and 
treating CHD was one of the key achievements of medicine in the 
twentieth century. The advent of coronary care units and coron-
ary artery bypass grafting in the 1960s heralded the development 
of more powerful and effective therapies aimed at preventing or 
treating the clinical manifestations of CVD [176]. However, even 
at the beginning of the twenty-first century, treatments were still 
not being used to their full potential [177,178]. Although pro-
gress is unrelenting in terms of utilization, this suggests that their 
role in driving the declining trends in CVD does not explain the 
full story.

Risk factor changes have also been dramatic over the last 30 
or 40 years [59,175,179]. In countries with a declining burden of 
CVD, significant declines in smoking, blood pressure, and cho-
lesterol have been observed. In countries with increasing burden 

Certain heart conditions are specific risk factors for stroke, 
like atrial fibrillation, dilated cardiomyopathy, or congenital sep-
tal communication defects. These conditions increase the risk of 
cerebral embolism, a cause of ischaemic stroke. For example, indi-
viduals in the control group of large atrial fibrillation anticoagula-
tion trials have a mean annual incidence of stroke of 4.5%, and half 
of those strokes resulted in death or severe disability [156–160], 
with risk increasing markedly with age [161].

The combined effects of the major 
cardiovascular risk factors are 
universal and explain most CHD
Studies seeking to replicate the Framingham findings have con-
sistently showed that the classical cardiovascular risk factor lev-
els are useful for grading risk in both western and non-western 
populations worldwide. Calibration remains an interesting issue 
across different populations [162,163]. The Prospective Studies 
Collaboration and the Asia Pacific Collaboration have also sug-
gested that the risk conferred by the classical risk factor is similar 
across western and non-western populations [35,48,164].

However, some countries like France or Japan show unexpect-
edly low CHD mortality rates with relatively high levels of risk 
factors. This situation, often described as ‘the French paradox’, the 
‘Mediterranean paradox’, or the ‘Japanese paradox’, might chal-
lenge the paradigm of ‘universality of risk factors effects’. These 
paradoxes have been partly explained in terms of misclassification 
of cause of death, diet, the existence of additional protective risk 
factors, or by previously ignored lag times [12,165]. However, fur-
ther work is clearly required.

The list of confirmed and potential risk factors for CHD and 
stroke includes more than just the ‘classical’ ones. Candidate 
 factors include thrombotic and inflammatory biomarkers, lipid 
subfractions, and endothelial function measures. A huge body 
of literature and current research is focused on finding novel risk 
 factors for CHD. This quest has been fuelled by the claim that ‘only 
half ’ of CHD incidence can be explained by the classical, major 
biological risk factors, promoting a frantic search for new ones. 
However, the source of this erroneous statement is difficult to lo-
cate; it was discussed and demolished by Magnus and Beaglehole 
in a key paper published in 2002 [166].

This debate is essentially about finding new targets for inter-
vention, and for this reason it is easier to focus on the importance 
of candidate novel risk factors based on relative risks. However, a 
better way to understand the impact of a risk factor can be sum-
marized as the PARF, a variable that reflects both the frequency of 
the risk factor in the population and the strength of its association 
with CHD. One of the crucial assumptions of this concept is that 
the risk factor should be causally related to the outcome, because 
the PARF estimates the proportion of disease incidence that can 
be eliminated if the risk factor is completely removed from the 
population. By using the PARF approach, the INTERHEART 
study [146] estimated that the population-attributable fraction 
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to changes in risk factors and 23–55% to treatments [177]. An 
interesting observation from IMPACT modelling related to the 
city of Beijing was that CHD trends were increasing, essentially 
driven by a huge increase in cholesterol levels. This might be re-
lated to the rapid adoption of a ‘westernized’ diet, rich in satu-
rated fats [188].

Recent findings in central European populations are particular-
ly interesting. Here rapid declines in mortality have been observed 
after decades of increasing rates, linked to profound socioeco-
nomic changes resulting in substantial modification of exposure 
to CHD risk factors. The abrupt changes in mortality have been 
explained in terms of profound and population-wide changes in 
diet and lifestyle [189–191].

Finland experienced a marked decline in CHD mortality dur-
ing the twentieth century, associated with the implementation of 
nationwide, population-level policies. Serum cholesterol declined 
significantly in both men and women over that period. Blood 
pressure declined up to 2002, but levelled afterward. Smoking fol-
lowed a more complex pattern, declining in men but increasing in 
women until 2002, and levelling off since then. BMI increased in 
men throughout the period and in women it started to increase in 
1982. Collectively, the changes in risk factors explain about 60% of 
the observed decline of 80% in CHD mortality [192].

Future trends
Trends in CHD mortality generally declined in most developed 
countries in the last part of the twentieth century, and more re-
cently in central European countries after the collapse of the So-
viet Union. However, in many low- and middle-income countries 
the epidemic is still increasing [193].

However, worrying adverse trends in risk factors might be 
heralding the start of a new phase of the epidemic. Obesity and 
diabetes have increased dramatically almost everywhere through-
out the world [193,194]. In western countries declines in cigarette 
smoking have stalled in many places, particularly in the young 
[195], but there is frank expansion in low- and middle-income 
countries [196]. Similarly there is evidence that blood pressure 
levels have stopped declining in some countries, for example 
in women in the United States [197], and they are increasing in 
Oceania, east Africa, and south and southeast Asia for both gen-
ders [59]. Furthermore, CVD prevalence (or burden of disease) 
is likely to increase also over the next few decades due to the age-
ing of populations in many parts of the world (quite apart from 
any changes in risk factor levels or treatment uptakes) [198–200]. 
There is evidence from the United States, Australia, the United 
Kingdom, and elsewhere that the declining CHD mortality 
trends seen over the last 30 years or so have recently flattened in 
younger adults (and are possibly even increasing slightly), but at 
the moment these analyses are inevitably based on small num-
bers of deaths [117,201–204]. In Iceland, if the adverse recent (last 
5–10 years) trends in risk factors continue, an increase in age- and 
sex-specific CVD incidence could occur (J. Critchley, personal 
communication, 2012).

of disease, major risk factors are increasing, despite the adoption 
of many evidence-based medical and surgical interventions. The 
global increase in diabetes and obesity are probably heralding a 
new phase of the CVD epidemic.

Relatively few studies have systematically studied the rela-
tive contributions of evidence-based treatments and risk factors 
changes as drivers of the trends. Because this question cannot be 
practically addressed with randomized controlled trials, it has 
mainly been studied using observational designs and, more re-
cently, modelling studies.

The MONICA project was an observational study that ad-
dressed this question explicitly. The objectives of the MONICA 
project were first to observe the trends in CVD mortality and 
morbidity and second to evaluate the extent to which these trends 
were related to changes in known risk factors, including daily liv-
ing habits, healthcare, and major socioeconomic features. The 
study was conducted in 37 populations in 21 different countries 
beginning in 1980 and finalizing data collection by the late 1990s. 
The contribution of risk factors to CHD incidence rates was as-
sessed by looking at the association between 10-year trends in 
major risk factors (smoking, blood pressure, and blood choles-
terol) and 10-year trends in incidence (fatal and non-fatal events). 
Careful biochemical measurements and strict event ascertain-
ment and death certification procedures were key features of this 
exemplar study. Almost 13 million people were monitored over 
10 years, and more than 300 000 men and women were sampled 
and examined for risk factors. During the 10-year period 166 000 
MIs were registered.

In the MONICA populations, CHD mortality rates fell by 4% 
per year. About two-thirds of the observed fall could be attributed 
to a fall in event rates, while one-third could be attributed to a fall 
in case fatality [180]. The effect of individual risk factors on risk 
was lower than observed in the cohort studies, but when corrected 
for dilution regression bias the results were comparable [181,182].

Modelling studies offer a unique opportunity to build on the 
extensive body of evidence on CVD causation. The US CHD 
Policy model is a state-transition, cell-based model developed in 
the 1980s [183]. It was initially used to examine trends in CHD 
mortality [184,185] and expected gains in life expectancy from 
risk factor modifications [186]. The model showed that in the US 
population and for the period 1980–90 risk factor changes made 
a 50% contribution to the mortality decline while treatments con-
tributed 43%.

IMPACT is a cell-based model originally developed by 
Capewell and colleagues in 1996 [187]. It combines data from 
many sources on patient numbers, treatment uptake, treatment 
effectiveness, risk factor trends, and consequent mortality effects. 
The model can be used to estimate the proportion of change in 
mortality that is attributable to specific treatments or risk factor 
changes. It has been used to explore the contributions of risk fac-
tors and treatments in over 10 countries. In most of the studied 
countries (New Zealand, Scotland, England and Wales, Sweden, 
Italy, Spain, Iceland, the United States, and Canada) CHD mor-
tality rates have been declining. The IMPACT model consistently 
found that about 40–72% of the fall in deaths could be attributed 
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Conclusions
The causes of CHD have been comprehensively studied over the 
last five decades. The relationship of occurrence of CVD (mainly 
CHD and stroke) with diet, smoking, and other lifestyle factors is 
now well established. The role of biological, downstream risk fac-
tors and their link with more upstream determinants has also been 
established with increasing confidence. Although still there is no 
definitive answer to the question of what drives trends in CVD 
morbidity and mortality, observational and modelling studies 
consistently suggest that both risk factors and medical treatments 
have made a substantial contribution to the observed trends in 
CHD mortality.
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CHAPTER 2

Genetic background of 
atherosclerosis and its 
risk factors
Lesca M. Holdt and Daniel Teupser

Heritability of atherosclerosis and its risk factors
Atherosclerosis is a complex genetic disease with a strong environmental component 
and significant gene–environment interaction ( Fig. 2.1). Complex genetic diseases are 
caused by a large number of genes and do not follow the classical pattern of Mendelian 
inheritance. It is also important to recognize that major risk factors for atherosclerosis, for 
example hyperlipidaemia, hypertension, and diabetes mellitus, are themselves complex 
genetic disorders. This all adds to the complicated nature of this common disease.

In population genetics, heritability is a measure that describes the contribution of genet-
ic components to the variability of a trait in a defined population. The heritability for differ-
ent end-points of atherosclerosis is approximately 50%, and it may be estimated from twin 
studies ( Table 2.1) [1]. In their classic work using the Swedish Twin Registry, Marenberg 
and colleagues [1,2] compared the concordance rate for monozygotic and dizygotic twins 
for myocardial infarction. They found that the risk of myocardial infarction was increased 
three-fold in female dizygotic twins (who share 50% of their genetic make-up) compared 
with 15-fold in female monozygotic twins (who share 100% of their genetic make-up) if 
their twin sister had previously suffered from myocardial infarction before the age of 55 
years [2]. The genetic component for the risk of developing myocardial infarction appeared 

Summary
Atherosclerosis risk is modulated by a complex interplay between genetic and en-
vironmental factors. Recent genome-wide association studies have led to the iden-
tification of over 50 gene variants which modulate atherogenesis. Risk factors for 
atherosclerosis are in part also genetically determined: 40% of the variants con-
tributing to atherogenesis overlap with gene variants modulating its risk factors, 
while the remaining 60% reside in regions which have previously not been related 
to atherosclerosis, suggesting that our knowledge about the pathophysiology of 
atherogenesis is incomplete. Despite these advances, the current relevance of these 
finding for clinical practice is limited. This is mainly due to the small effect sizes of 
identified risk variants with insufficient discriminatory power. In addition, a large 
portion of the genetic contribution to atherosclerosis is still unknown. The major 
promise therefore lies in understanding the pathophysiology of newly identified 
genes with the perspective of novel therapeutic approaches.
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to be particularly strong for younger individuals and declined 
with age [1,2]. Heritability has also been estimated for the major 
risk factors for atherosclerosis, and ranges from about 26% for 
diabetes mellitus to about 90% for plasma levels of lipoprotein(a) 
( Table 2.1) [3]. A major limitation from the standpoint of causa-
tion is that heritability estimates only reveal the presence of a ge-
netic component for a particular disease or risk factor but do not 
allow the genes responsible to be pinpointed.

Identification of the genetic factors for 
atherosclerosis
Several approaches have been used to identify genetic factors for 
atherosclerosis. A major breakthrough was achieved in 2007 with 
the advent of genome-wide association studies (GWAS) [4–7]. 
This type of study has made a significant contribution to the iden-
tification of the genetic components of atherosclerosis and its risk 
factors. GWAS have become possible as a result of major advances 
in microarray technology, allowing the simultaneous determina-
tion of >106 genetic variants from a single DNA sample and thus 

providing a representative picture of the variations present in an 
individual’s genome. Application of this technology to large co-
horts of cases with atherosclerosis and healthy controls allows 
systematic testing of how each of the >106 genetic variants is dis-
tributed between cases and controls. Differences in distribution 
are expressed as p-values, where small p-values indicate an as-
sociation of a genomic variant with coronary artery disease. For 
easier overview, these p-values are usually plotted as negative 
decadic logarithms (−log p) across the genome (Manhattan plot). 
To reduce the chance of false positives, only p-values < 5 × 10−8 
(based on a Bonferroni-corrected p-value of 0.05 for 106 tests, cor-
responding to −log p > 7.3) are considered statistically significant. 
Since genetic effects tended to be small, it turned out that large 
cohorts were necessary to gain sufficient statistical power for the 
identification of causal variants. The largest study to date is a meta-
analysis of several GWAS for coronary artery disease conducted 
by the CARDIoGRAM Consortium, involving 22 233 cases of 
coronary artery disease and 64 762 controls with a follow-up in 
56 682 individuals [8]. The Manhattan plot of the results is shown 
in  Fig. 2.2. This work was followed up by the CARDIoGRAM-
plusC4D Consortium, which added additional cohorts, resulting 
in a total of 46 gene loci for coronary artery disease and providing 
by far the largest contribution to the field so far [9].

Genetics of different types of 
atherosclerotic cardiovascular disease
Atherosclerosis can occur in different vascular beds, leading to 
coronary artery disease, peripheral artery disease, and stroke as 
the three major types. Coronary artery disease has been the best 
studied of these, and more than 50 genetic variants identified by 

Genetics

Environmental factors
(smoking, stress, etc.) 

Endogenous risk factors
(lipids, hypertension, etc.) 

Fig. 2.1 Atherosclerosis is a complex genetic trait, driven by multiple genetic, 
environmental, and endogenous risk factors, and their interaction.

Table 2.1 Heritability estimates of atherosclerosis and its risk factors, 
and percentage of genetic variability explained by genome-wide 
association studies

Risk factor Heritability Number of loci 
identified by 
major GWAS

Genetic 
variability 
explained by 
major GWAS

Coronary 
artery disease/
myocardial 
infarction

40–50% [1] 46 [9] 6% [9]

Blood pressure ∼30% [26] 28 [15] 0.9% [15]

Diabetes mellitus 26% [27] 63 [16] ∼10% [16,28]

LDL cholesterol 45–60% [29,30] 36 [17] ∼25–30% [17]

HDL cholesterol 47–62% [29,30] 47 [17] ∼25–30% [17]

Lp(a) 65–94% [31,32] 4 [33] ∼20% [33]

Addiction to 
smoking

∼50% [34,35] 5 [18] ∼1% [18]

GWAS, genome-wide association studies; LDL, low-density lipoprotein; HDL, high-
density lipoprotein; Lp(a), lipoprotein(a).
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Fig. 2.2 Graphical summary of the results of genome-wide association 
studies for coronary artery disease from the CARDIoGRAM Consortium [8]. 
The –log p values of associations are plotted across the genome. Loci that were 
known at the time of the study (2011) are in red, novel loci found in the study 
are in blue.
Reprinted by permission from Macmillan Publishers Ltd: Nature Genetics, Schunkert, H. 
et al. Large-scale association analyses identifies 13 new susceptibility loci for coronary 
artery disease, Nat Genet. Mar 6, 2011; 43(4): 333–338.
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GWAS are known to be involved [10]. In contrast, the only firmly 
established locus for peripheral artery disease is a locus on chro-
mosome (Chr) 9p21 [11], which also modulates coronary artery 
disease and stroke [12]. For stroke, the METASTROKE Consorti-
um identified three additional loci with genome-wide significance 
[13]. One of these loci, histone deacetylase 9 (HDAC9), overlapped 
with coronary artery disease. Moreover, it has now become clear 
that there are marked differences in the genes responsible for the 
different subtypes of ischaemic stroke, related to differences in the 
underlying pathophysiology [13]. In summary, different types of 
atherosclerotic disease have certain genetic risk variants in com-
mon but also might differ in some specific genetic components.

New insights into the pathophysiology 
of atherosclerosis from GWAS
One of the major lessons from GWAS is that our current 
 understanding of coronary artery disease is incomplete, since 
the majority of identified genes were not previously known to 
be involved. A good example is a locus on Chr9p21, which is the 
strongest genetic factor for atherosclerosis known today (2015). 
The locus resides in a ‘gene desert’—a genomic region devoid of 
protein coding genes—which was not linked with atherosclerosis 
in the pre-GWAS era [12]. The association of Chr9p21 with ath-
erosclerosis has been replicated in numerous studies, leaving no 
doubt that this locus plays a major role in atherogenesis.  Functional 
studies have revealed that this region contains a long non-coding 
RNA, antisense non-coding RNA at the INK4 locus (ANRIL), which 
is not translated into a protein and is differentially regulated by 
the Chr9p21 risk genotype. Little is currently known about the 
mechanisms of such long non-coding RNAs, and  functional stud-
ies suggest a role in epigenetic chromatin modification, thereby 
affecting key mechanisms of atherogenesis [14]. Taken together, 
GWAS have led to the identification of several genomic regions, 
but uncovering the functions of the responsible genes in athero-
genesis will be a major challenge for the future.

Genetic modulation of atherosclerosis 
risk factors
GWAS approaches have also been applied to identify genes re-
sponsible for modulating the major risk factors of atheroscler-
osis. The largest single GWAS for blood pressure was conducted 
by a consortium of more than 300 authors in 200 000 individuals 
and it identified 28 genetic loci, of which 22 loci were, a priori, not 
strong candidates [15] (Table 2.1). For type 2 diabetes mellitus, 
a meta-GWAS with an effective sample size of 34 840 cases and 
114 981 controls revealed 63 loci [16]. For blood lipids, 95 loci 
with genome-wide significance were reported in a meta-GWAS 
of more than 100 000 individuals. Fifty-nine of these loci were 
novel and showed significant genome-wide associations with lipid 
traits for the first time [17]. Intriguingly, the individual exposure 

to pro-atherogenic environmental conditions is—at least in part—
also genetically driven. One such example is cigarette smoking, an-
other major risk factor for atherosclerosis. While smoking might 
be considered as an environmental risk factor in the first place, ad-
diction to smoking is a complex genetic trait [18,19]. Therefore, 
individuals carrying genetic risk variants are not only more prone 
to smoke but also to develop peripheral artery disease [19].

One approach to establishing causality between a risk factor 
and atherosclerosis is to look for overlaps between genetic vari-
ants which modulate risk factors and atherosclerosis at the same 
time. The CARDIoGRAMplusC4D Consortium identified such 
overlaps for 17 out of 44 loci (no data were available for two loci), 
corresponding to an overlap of 39% ( Fig. 2.3) [9]. On the other 
hand, 61% of genetic variants were not related to risk factors, thus 
holding the promise of new insights into the pathophysiology of 
atherogenesis.

Clinical implications
Even though a large number of loci related to atherosclerosis 
have been identified so far, the current relevance of these find-
ing for clinical practice is limited. This is mainly due to the small 
effect sizes of the identified risk variants, each explaining <1% of 
the variability of the disease. Therefore, addition of the Chr9p21 
risk variant—the largest frequent single genetic effect—to con-
ventional risk factors has had no or only a marginal benefit for 
the prediction of coronary risk (for review see [12]). A multima-
rker approach, adding several dozen additional genetic variants 
with even smaller effect sizes, is not promising either since most 
individuals carry a mix of protective variants and risk variants, 
thus reducing the discriminative power. Moreover, the currently 
know gene loci explain only a small portion (<30%) of the genetic 
variability of atherosclerosis and its risk factors ( Table 2.1). The 
term ‘missing heritability’ has been coined for the large genetic 
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Fig. 2.3 Numbers of genetic variants for risk factors overlapping with genetic 
variants for coronary artery disease identified by the CARDIoGRAMplusC4D 
Consortium [9]. Total overlap is only 17 out of 44 (about 40%), suggesting that 
the majority of genetic risk is modulated by novel mechanisms unrelated to 
known risk factors for coronary artery disease.
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Further reading
Holdt LM, Teupser D. Recent studies of the human chromosome 9p21 

locus, which is associated with atherosclerosis in human populations. 
Arterioscler Thromb Vasc Biol 2012; 32: 196–206.

Marenberg ME, Risch N, Berkman LF, et al. Genetic susceptibility to 
death from coronary heart disease in a study of twins. N Engl J Med 
1994; 330: 1041–6.

Perk J, De Backer G, Gohlke H, et al. European Guidelines on cardiovas-
cular disease prevention in clinical practice (version 2012). The Fifth 
Joint Task Force of the European Society of Cardiology and Other 

Societies on Cardiovascular Disease Prevention in Clinical Practice 
(constituted by representatives of nine societies and by invited ex-
perts). Eur Heart J 2012; 33: 1635–701.

Schunkert H, Konig IR, Kathiresan S, et al. Large-scale association anal-
ysis identifies 13 new susceptibility loci for coronary artery disease. 
Nat Genet 2011; 43: 333–8.

The CARDIoGRAMplusC4D Consortium. Large-scale association 
analysis identifies new risk loci for coronary artery disease. Nat Genet 
2013; 45: 25–33.

contribution that is still unknown [20], and several strategies have 
been proposed to identify its causes [21]. Finally, we only are just 
beginning to understand gene–environment interactions [22], 
first proposed over 50 years ago in James Neel’s ‘thrifty gene hy-
pothesis’ [23].

The Joint European Society of Cardiology (ESC) guidelines on 
cardiovascular disease prevention in clinical practice (version 
2012) conclude that ‘the importance of the familial prevalence of 
early-onset CVD is not yet sufficiently understood in clinical prac-
tice’ [24]. They currently do not see a value in DNA-based tests for 
common genetic variants ( Box 2.1), but encourage extended 
cascade screening for rare variants in cases of familial hypercho-
lesterolaemia [24].

For the future, a risk score consisting of a very large number of 
small effects is expected to increase the area under the curve to 0.7 
[25]. However, identifying and testing the effects of these variants 
in very large cohorts of a million individuals is a prerequisite [25] 
and currently prohibits this approach.

Conclusion
The lesson from recent GWAS is that atherosclerotic risk is modu-
lated by a large number of genetic variants, each having only a very 
small effect, thus prohibiting clinical use at this point. The major 
promise lies in understanding the pathophysiology of newly iden-
tified genes, with the hope of novel therapeutic approaches.

Box 2.1 ESC guidelines for genetic testing [24]

◆	 DNA-based tests for common genetic polymorphisms do not 
currently add significantly to diagnosis, risk prediction, or pa-
tient management and cannot be recommended.

◆	 The added value of genotyping, as an alternative or in addition 
to phenotyping, for better management of risk and early pre-
vention in relatives cannot be recommended.
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CHAPTER 3

From risk factors to plaque 
development and plaque 
destabilization
Ulf Landmesser and Wolfgang Koenig

Summary
Over the last decades vascular research has unveiled the complex interaction be-
tween exposure to risk factors and pathological changes at the vessel wall. It has 
become clear that risk factors such as smoking or hyperlipidaemia first cause a 
pre-morbid phenotype with reversible dysfunction of flow-mediated vasodilation, 
referred to as endothelial dysfunction (ED). Although ED is not a disease in itself 
it was shown to be a negative prognostic indicator in patients with hypertension, 
diabetes, and stable coronary artery disease. If exposure to risk factor(s) does not 
cease, ED develops into the first morphological vascular changes that finally lead 
to atherosclerosis: through the expression of vascular adhesion factors, mono-
cytes transmigrate into the subintimal space where they may transform into mac-
rophages in the presence of lipid deposits. Cholesterol crystals are one of the 
mechanisms that have been shown to lead to pro-inflammatory activation of mac-
rophages. Atherosclerotic plaques are characterized by lipid-laden macrophages, 
lymphocytes, and dendritic cells that release several pro-inflammatory factors such 
as cytokines and chemokines. The progression from stable coronary plaques to the 
plaque rupture that underlies the acute coronary syndrome occurs more frequently 
if a large necrotic core (a lipid-rich centre) is present. The thin fibrous cap that is 
disrupted is often infiltrated by foamy macrophages and has few smooth muscle 
cells. T-cell-derived interferon-gamma may limit collagen production by vascular 
smooth muscle cells, and T-cell-derived CD40 ligand can activate the release of 
collagenase from activated macrophages contributing to destabilization of the fi-
brous cap. The chapter provides a basic up-to-date concept of the development and 
progression of atherosclerosis and highlights the stages where preventive measures 
may still be effective.

The development of atherosclerotic plaques
Atherosclerosis is a complex multifocal disease of medium-sized and large arteries that 
is promoted both by modifiable risk factors, such as hypercholesterolaemia, smoking, 
obesity, diabetes, and hypertension, and by genetic susceptibility [1]. Numerous studies 
have suggested that atherosclerosis represents a maladaptive chronic vascular immune–
inflammatory disease, involving innate and adaptive immune responses that are at least 
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to play a pro-atherogenic role, whereas regulatory T cells, a sub-
population of T cells functioning to maintain immune homeosta-
sis by suppressing pathogenic immune responses, probably play 
an anti-atherogenic role [8,9]. Similarly, macrophages have dif-
ferent phenotypes (e.g. macrophage polarization into M1 or M2 
macrophages) that can either promote or limit inflammation [10]. 
Recent experimental studies have suggested that atherosclerosis 
can also be promoted by mechanisms leading to retention of mac-
rophages in the artery wall, i.e. preventing macrophages emigrat-
ing from atherosclerotic plaques [11].

A causal role for inflammatory mechanisms in the pathophysi-
ology of atherosclerosis is further suggested by the results of re-
cent large-scale genetic Mendelian randomization studies [12,13].

Destabilization of 
atherosclerotic plaques
Whereas the development of atherosclerotic plaque starts early 
in life, clinical manifestations of atherosclerotic coronary artery 
disease frequently appear later in life as either ‘stable coronary dis-
ease’ or, frequently, as an acute coronary syndrome, indicating a 
long ‘asymptomatic’ phase of the disease. In fact, it probably takes 
many years or decades to develop the advanced lesions responsi-
ble for clinical disease, offering great opportunities for detection 
and prevention.

The morphologies of coronary artery plaques observed in pa-
tients with acute coronary syndrome underlying thrombosis are 
primarily physically ruptured plaques and plaque erosions, with 
plaque rupture being the most frequent cause of acute coronary 
syndromes, particularly in men [14–16]. This was initially sug-
gested as a result of autopsy studies, but has more recently been 

partially driven by pro-atherogenic lipoproteins, in particular 
modified low-density lipoprotein (LDL) [2,3].

Moreover, endothelial cells in the arteries can be activated to 
express leucocyte adhesion molecules by all known cardiovas-
cular risk factors, promoting leucocyte adhesion and infiltration 
that may subsequently lead to the development and progression of 
atherosclerotic plaque ( Fig. 3.1) [4]. Furthermore, cardiovascu-
lar risk factors reduce the availability to endothelial cells of nitric 
oxide derived from endothelial nitric oxide (NO) synthase that 
promotes a pro-inflammatory and pro-thrombotic phenotype of 
the endothelium.

Atherosclerotic plaques are particularly characterized by li-
pid-laden macrophages, lymphocytes, and dendritic cells that 
release several pro-inflammatory factors, such as cytokines and 
chemokines. Cholesterol crystals are one of the mechanisms that 
have been shown to lead to the pro-inflammatory activation of 
macrophages by stimulating the NLRP3 inflammasome and pro-
moting the release of cytokines, in particular interleukin (IL)-1 
beta [5]. Whereas modifications to LDL that promote its uptake 
by macrophages in the vascular wall have long been considered 
to be one of the mechanisms leading to arterial inflammation 
and atherosclerosis, more recent studies have suggested that in 
patients with cardiovascular risk factors, or who are at increased 
cardiovascular risk, the anti-atherogenic effects of high-density li-
poproteins (HDLs) are impaired due to modifications that result, 
at least in part, from inflammatory activation. Modified HDL has 
been shown to promote vascular inflammation via the LOX-1 or 
TLR-2 receptor [6,7].

Clearly, both innate and adaptive immunological responses 
play a major role in the development and progression of athero-
sclerosis. Notably, both macrophages and T and B lymphocytes 
can either increase or limit vascular inflammatory responses. For 
T lymphocytes, the T helper (TH)-1 cell subset has been suggested 
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macrophages, the more frequent innate immune effector cells 
( Fig. 3.3) [14].

Plaque erosion lesions are often rich in smooth muscle cells and 
proteoglycans with fewer signs of inflammation [15]. However, 
a recent study has suggested that plaque erosions are associated 
with higher levels of serum myeloperoxidase and a higher density 
of myeloperoxidase-positive cells in coronary thrombi [16].

Notably, statin therapy, which reduces the risk of acute coronary 
syndromes, has only a limited impact on the degree of coronary 
stenosis, suggesting that this treatment rather alters the biological 
features of the plaque to prevent intracoronary thrombus forma-
tion, termed ‘plaque stabilization’ [17].

confirmed using high-resolution intracoronary imaging methods, 
such as optical coherence tomography imaging, in patients with 
an acute coronary syndrome [14–16].

Ruptured plaques frequently have a large necrotic core (a lipid-
rich centre) and a thin fibrous cap that is disrupted, and they are 
often infiltrated by foamy macrophages and have few smooth 
muscle cells [14,15] ( Fig. 3.2). Several mechanisms can contrib-
ute to destabilization of the fibrous cap, for example T-cell-derived 
interferon-gamma may limit collagen production by vascular 
smooth muscle cells and T-cell-derived CD40 ligand can activate 
the release of collagenase from activated macrophages [14], in-
dicating cross-talk between T cells (adaptive immune cells) and 

Anatomy of the atherosclerotic plaque 
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CHAPTER 4

The role of thrombosis
Elena M. Faioni, Maddalena Lettino, and 
Marco Cattaneo

Summary
Acute thrombotic occlusions of arterial vessels are often due to fissure of an ath-
erosclerotic plaque, with consequent activation of haemostasis and clot formation. 
Arterial thrombosis also plays a crucial role in accelerating the progression of ath-
erosclerotic lesions, and it is becoming clear that mechanisms that sustain chronic 
inflammation and the development of atheroma share many features with those 
that sustain thrombosis of the plaque. Chronic activation of endothelium, platelets, 
and leucocytes leads to plaque formation, while acute events, related to a flare-up of 
inflammation, precipitate plaque fissure and thereby promote thrombus formation 
on the plaque, partial or total vessel occlusion, and flow disturbance. Thrombus-
derived proteins stimulate plaque growth and progression, and the thrombus it-
self is incorporated into the plaque, further restricting the vessel lumen. A more 
detailed understanding of the various steps implicated in plaque thrombosis and 
progression and the related clinical manifestations is required for tailoring of indi-
vidual therapy, identification of novel therapeutic targets, and increasing the suc-
cess of primary and secondary prevention.

Introduction
Acute thrombotic occlusions of arterial vessels, which may precipitate myocardial in-
farction and/or stroke (major causes of mortality and morbidity in both developed and 
emerging countries), are often due to fissure of an atherosclerotic plaque, with conse-
quent activation of haemostasis and clot formation [1]. Arterial thrombosis also plays 
a crucial role in accelerating the progression of atherosclerotic lesions; it is becoming 
clear that mechanisms that sustain chronic inflammation and the development of ather-
oma share many features with those that sustain thrombosis of the plaque.  Figure 4.1 
gives a schematic illustration of our current understanding of these events. Chronic 
activation of endothelium, platelets, and leucocytes leads to plaque formation. Acute 
events, related to a flare-up of inflammation, precipitate plaque fissure and thereby 
promote thrombus formation on the plaque, partial or total vessel occlusion, and flow 
disturbance. Thrombus-derived proteins stimulate plaque growth and progression, and 
the thrombus itself is incorporated into the plaque, further restricting the vessel lumen. 
This vicious cycle is extremely difficult to interrupt, as shown by the lack of decrease 
in morbidity and mortality beyond a fixed percentage with current therapeutic ap-
proaches [2]. A more detailed understanding of the various steps implicated in plaque 
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Nitric oxide is a potent inhibitor of platelet activation, the first 
and essential step in arterial thrombus formation, through an 
increase in intracellular guanosine monophosphate; it is also a 
potent vasodilator [8]. It is produced by nitric oxide synthases, 
intracellular enzymes that are also present in endothelial cells and 
are downregulated by low-density lipoprotein (LDL) and oxidative 
stress [9]. Prostacyclin is another important inhibitor of platelet 
activation through increase of cyclic adenosine monophosphate 
[10]. Prostacyclin is derived from the metabolism of arachidonic 
acid, which is impaired by cigarette smoking [11]. Another factor 
protecting the endothelium is CD39, an ecto-ADPase, the func-
tion of which is to degrade adenosine diphosphate (ADP), a po-
tent platelet agonist, released from cells [12].

Globally, a dysfunction of the endothelium predisposes to ath-
erosclerosis and to a pro-thrombotic phenotype [13]. At some 
point, the plaque endothelium is eroded as a consequence of en-
dothelial death, exposing the plaque core, rich in lipids, necrot-
ic cells, and fibrous substances, and triggering haemostasis and 
thrombus formation.

Platelet adhesion and activation
Platelets adhere to collagen and von Willebrand factor in the sub-
endothelium. Under conditions of high shear, such as those found 
in stenotic vessels, von Willebrand factor plays a major role in in-
teraction between platelets and the sub-endothelium [14]. Platelets 
translocate over a specifically shear-stress conformed von Wille-
brand factor, which, together with other adhesive proteins, allows 
firm adhesion, followed by activation and secretion, leading to the 
formation of a platelet aggregate [14]. Secretion of substances stored 
in platelet granules, among which are platelet agonists such as ADP 
and serotonin, amplifies aggregation and further platelet recruit-
ment, through specific receptors and signalling pathways [15].

Tissue factor, thrombin, and fibrin generation
Activation of platelets leads to exposure of phosphatidylserine, 
which promotes the assembly of coagulation complexes on the 

thrombosis and progression and the related clinical manifesta-
tions is required to allow tailoring of individual therapy, iden-
tification of novel therapeutic targets, and increased success of 
primary and secondary prevention.

Pathogenic mechanisms of thrombosis 
on ruptured atherosclerotic plaques 
and plaque progression
Loss of the endothelial protective phenotype 
and the shift towards a thrombogenic surface
Normal endothelium is an anticoagulant, anti-inflammatory sur-
face. Leucocytes and platelets do not adhere to resting endothe-
lium and clotting is averted by the presence of receptors and 
molecules that prevent the amplification of haemostasis by throm-
bin. Glycosaminoglycans (GAGs) coat the surface of the endothe-
lium and function as cofactors to antithrombin, a serine protease 
inhibitor with high specificity for thrombin and activated factor 
X [3]. A moderate but locally important reduction in antithrom-
bin function may be caused by a reduction in the availability of 
GAGs at the endothelial surface [3]. Antithrombin also promotes 
the release of prostacyclin from endothelial cells in vivo, through 
its interaction with GAGs [4].

Thrombomodulin is expressed on the surface of quiescent en-
dothelium. This is a receptor that acts as an important scavenger 
of the trace amounts of thrombin that are constantly generated 
physiologically and, by changing its substrate specificity, promotes 
activation of protein C, a pivotal anticoagulant [5]. Inflammatory 
mediators, such as tumour necrosis factor-alpha and interleukin 
(IL)-1, downregulate thrombomodulin, thus shutting down en-
dogenous anticoagulant protection [6]. The same mediators can 
upregulate the expression of adhesion molecules for leucocytes 
[7]. The net result is a shift towards a pro-inflammatory, pro-
coagulant phenotype which favours plaque formation.

Chronic
inflammation

Diseased
atherosclerotic

vessel

Fissure,
thrombosis

of the plaque
Acute flare-up

Progression

Fig. 4.1 Schematic representation of plaque 
formation, thrombosis, and progression. Chronic 
activation of adhesion molecules, endothelium, 
platelets, and leucocytes leads to plaque formation. 
Acute events, related to inflammation and 
coagulation, precipitate plaque fissure and thereby 
promote thrombus formation on the plaque 
and vessel occlusion. Thrombus-derived proteins 
stimulate plaque growth and progression.
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these results are preliminary, they provide new insights into the 
mechanisms of thrombus formation, as distinct from normal hae-
mostasis, and suggest novel therapeutic strategies.

Thrombosis as a complication of 
atherosclerosis
Factors favouring plaque rupture
Rupture of high-risk, vulnerable plaque is responsible for coro-
nary thrombosis, the main cause of unstable angina (UA), acute 
myocardial infarction, and sudden cardiac death. It has been sug-
gested that the processes of atherosclerosis and thrombosis appear 
to be interdependent and could therefore come under the single 
term ‘atherothrombosis’, which includes atherosclerosis and its 
thrombotic complications [27]. Atherothrombosis usually in-
volves non-stenotic atherosclerotic plaques—the plaque composi-
tion rather than its volume is considered the major determinant 
of the disease.

Plaques that are prone to rupture are called ‘high-risk’ or ‘vul-
nerable’ plaques. A written consensus from a group of experts has 
properly standardized these terms defining a vulnerable, high-risk 
plaque as a plaque that is at increased risk of thrombosis, while a 
ruptured plaque is an atherosclerotic vascular lesion with a deep 
injury and a real defect or gap in the fibrous cap that separates 
its lipid-rich atheromatous core from the flowing blood, thereby 
exposing the thrombogenic core of the plaque [28]. These plaques 
have a large core of extracellular lipids intermixed with areas of 
necrotic material, mainly deriving from apoptotic cells, covered by 
a thin fibrous cap. Lipids derive from the sub-endothelial accumu-
lation of LDL particles (native and modified through oxidation), 
which induce endothelial secretion of chemotactic substances 
and the expression of adhesion receptors, including integrins 
and selectins, which favour the recruitment of monocytes into 
the arterial wall. Once monocytes reach the intimal space, they 
transform into macrophages and begin to take up LDL particles, 
accumulating huge amounts of lipids. Lipid-loaded cells, or ‘foam 
cells’, release cytokines, growth factors, and other enzymes such 
as matrix metalloproteinases (MMPs) that are capable of degrad-
ing the fibrous cap and the sub-endothelial basement membrane, 
promoting plaque rupture [29]. High-risk vulnerable plaques are 
therefore characterized by the significant activation of inflamma-
tion with high levels of pro-inflammatory markers and low lev-
els of anti-inflammatory cytokines (especially IL-10), both in the 
blood and inside the plaque. Inflammation also contributes to in-
creased oxygen demand inside the plaque, resulting in relative hy-
poxia, which acts as a most potent stimulus of neoangiogenesis. In 
atherosclerotic plaques inflammation and hypoxia synergistically 
stimulate the proliferation of vasa vasorum, promoting intimal 
invasion and progression of atherosclerosis. Thin-walled neoves-
sels are fragile and prone to bleed inside the plaque, and lipid-rich 
red blood cell membranes and free haemoglobin accumulate and 
contribute to increased inflammation, lipid core volume, and oxi-
dative stress [21].

plasma membrane, favouring thrombin formation [16]. Coagula-
tion is also triggered by the release of sub-endothelial tissue factor 
[17]. Although plaque thrombosis is usually rich in platelets, the 
tail of the platelet thrombus (in the low-flow area) is fibrin rich 
[18]. The fibrin clot can extend if the endothelium surrounding 
the fissured plaque is dysfunctional and therefore lacks antico-
agulant protection. Thrombin, an enzyme involved in the coagu-
lation process, possesses pro-thrombotic and pro-inflammatory 
functions (summarized in  Table 4.1), thus linking coagulation, 
inflammation, and plaque progression [19].

Factors responsible for plaque progression
Incorporation of the clot within the growing plaque is a frequent 
occurrence over time, and is one of the main mechanisms of 
plaque growth until the vessel is totally occluded by a thrombotic 
event associated with a clinically evident ischaemia [20]. Other 
mechanisms are responsible for plaque progression. Intraplaque 
haemorrhage, which triggers plaque development via activated 
coagulation factors and cell debris, can occur spontaneously or 
develop during anticoagulant and antiplatelet therapies (especial-
ly if they occur together) [21]. Another important aspect is the 
pro-inflammatory role of platelets [22]. Though most experimen-
tal evidence derives from animal studies, this aspect is becoming 
an interesting focus for targeted preventive strategies. Finally, per-
turbance of flow plays a major role in platelet adhesion: it has been 
shown that platelets are more adherent in conditions of impair-
ment of laminar flow, such as that observed over plaques [23].

New players
Coagulation initiated by tissue factor is only one of the possible 
pathways for thrombin generation. Coagulation can be initiated 
by contact activation via factor XII. Recent work has shown that 
dense platelet granules store and release inorganic polyphosphates 
which directly bind and activate factor XII [24]. Mice lacking factor 
XII do not bleed, and at the same time are protected from throm-
bus formation and ischaemic stroke [25]. Additionally, a novel fu-
sion protein with activated factor XII-inhibiting action protects 
mice from thrombus formation in an experimental model of ca-
rotid artery thrombosis, without inducing bleeding [26]. Though 

Table 4.1 Main pro-coagulant, anticoagulant, and pro-inflammatory 
functions of thrombin

General functions Specific functions

Amplification of coagulation and 
clot formation

Activates cofactors V and VIII
Cleaves fibrinogen to fibrin
Activates factor XIII

Platelet activation Activates platelets through protease-
activated receptors (PARs)

Inflammation Chemoattractant for neutrophils
Stimulates cell adhesion

Stimulation of cell proliferation Growth factors from platelet and 
endothelium activation

Anticoagulant pathway Activates protein C
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embolization. Myocardial ischaemia and necrosis both derive 
from occlusion of the lumen of an epicardial coronary vessel and 
from obliteration of the small and distal coronary branches by mi-
croemboli of platelets and red blood cells. A spectrum of diseases 
are included in the definition of ACS: UA, non-ST-segment ele-
vation myocardial infarction (NSTEMI), ST-segment elevation 
myocardial infarction (STEMI), and sudden cardiac death. All 
these conditions are usually characterized by the abrupt occur-
rence of frank chest discomfort or pain associated with diaphoresis 
and unexplained fatigue, and sometimes with dyspnoea, nausea, 
and vomiting. Plaque rupture and coronary thrombosis can also 
occur without any associated clinical manifestation. Moreover, in 
ACS patients multiple plaque ruptures with different grades of su-
perimposed thrombosis distinct from the culprit lesion have been 
documented in vivo [35].

When prolonged ischaemia produces myocardial infarction, 
patients are classified on the basis of the electrocardiogram (ECG) 
characteristics ( Fig. 4.2):

1. Patients with prolonged chest pain (>20 minutes) and persis-
tent ST-segment elevation usually develop STEMI.

2. Patients with accessional chest pain or discomfort lasting less 
than 20 minutes, associated with dynamic deviation of the 
ST-segment on ECG, both as transient elevation and as de-
pression, generally develop non-STEMI (NSTEMI). Other 
ECG abnormalities may associate with NSTEMI or unstable 
angina, like T-wave inversion, flat T-waves, or pseudo T-wave 
normalization.

Patients with NSTEMI and STEMI might differ in the type of 
thrombus superimposed on a ruptured plaque. A platelet-rich clot 
only partially occluding the artery is more common in UA and 
NSTEMI, while a fibrin-rich clot, frequently superimposed on a 
white one, totally occluding the coronary artery is more common 
in STEMI [36].

Pathological studies have suggested that to favour plaque rup-
ture a thin fibrous cap should be associated with a lipid-rich ath-
eroma. A thin fibrous cap (maximum thickness less than 65 μm) 
is in fact easily digested by macrophages and MMPs, and was de-
scribed by Burke et al. [30] in 95% of ruptured plaques in 113 pa-
tients with coronary artery disease complicated by sudden cardiac 
death. More recently, the PROSPECT prospective, multicentre 
study evaluated the natural history of coronary atherothrombo-
sis, using multimodality intravascular imaging in vivo to identify 
the clinical and lesion-related factors that place patients with an 
acute coronary syndrome (ACS) at risk for adverse new cardiac 
events [31]. Six hundred and ninety-seven patients with ACS who 
had undergone three-vessel coronary angiography and percutane-
ous revascularization of the culprit lesion were followed up for a 
median time of 3.4 years, and subsequent major cardiovascular 
events were adjudicated to be related to either originally treated le-
sions or untreated ones. This study again demonstrated that most 
non-culprit lesions responsible for follow-up events were not an-
giographically stenosing at baseline: moreover a thin fibrous cap 
was documented to be one of the major independent predictors of 
events in association with other lesion characteristics [31].

Because an atherosclerotic plaque is subject to mechanical 
loadings due to blood pressure and flow, which could exceed its 
material strength, there are also physical causes that contribute to 
pathological plaque rupture. Experimental data suggest that the 
role of structural stresses in plaques is even more important in 
triggering rupture than the wall shear stress due to blood flow. 
It is well known that calcified plaques are stiffer than lipid-rich 
ones and that the fibrous cap rich in inflammatory cells is weaker 
and more susceptible to breakage than a hypocellular one. It has 
therefore been demonstrated that from a merely physical point of 
view, a lipid-rich atheroma with a high-volume lipid core and a 
superimposed thin fibrous cap is conceivably more prone to rup-
ture than a fibrotic plaque, with a preferable break location in the 
highly cellular part of the cap itself [32].

A different form of coronary plaque rupture is erosion, char-
acterized by the loss of endothelial coverage of atherosclerotic le-
sions with a thick cap rich in proteoglycans and smooth muscle 
cells, with minimal inflammatory infiltration. A necrotic core is 
frequently present, but it is far from the vessel lumen, close to the 
adventitia. Patients with this kind of vulnerable plaque are usu-
ally younger than those with ruptured lipid-rich plaques, and the 
narrowing of the vessel lumen at sites of thrombosis is frequently 
mild. Farb et al. [33] examined over 400 cases of sudden death, 
finding a coronary thrombosis in 60% of the patients; 55–60% of 
thrombi were superimposed over ruptured plaques with a lipid-
rich core while 30–35% were over eroded plaques. Plaque erosion 
is associated with smoking, especially in women, accounting for 
more than 80% of sudden pre-menopausal coronary deaths [34].

Clinical manifestations of coronary thrombosis
ACS is the most common clinical manifestation of coronary  
thrombosis, and is still associated with consistent morbidity 
and mortality. Thrombosis is usually superimposed on rup-
tured or eroded plaques and is frequently associated with distal Fig. 4.2 Diagnosis and classification of acute coronary syndromes.
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Study after a follow-up time of about 20 years were attributable 
to sudden cardiac death, and in 80% of cases a coronary artery 
disease was the main cause [37].

The annual incidence of ACS in Europe is in the range of 1 in 80 
to 1 in 170 of the population, with a higher rate of NSTEMI than 
STEMI [38]. Even though death is more frequent during initial 
hospital stay for STEMI patients than NSTEMI ones, at 6 months 
the mortality rate becomes quite similar in both conditions. In the 
United States approximately 1.36 million hospitalizations have a 
discharge diagnosis of ACS; 61% of them are myocardial infarc-
tions (MI) and two-thirds of MI patients have NSTEMI [39].

Several cardiovascular risk factors are associated with a high 
probability of developing ACS in patients with atherosclerosis, 
including male gender, age, cigarette smoking, hypertension, dys-
lipidaemia, and diabetes. Other clinical variables, including age, 
diabetes, non-cardiac comorbidities, and signs of heart failure, are 
associated with worse outcome in patients presenting with an ACS.

Differences in the type of thrombus also call for different risk 
stratification approaches to the patient and different therapy goals. 
Both UA/NSTEMI and STEMI are life-threatening diseases, but 
for patients with UA/NSTEMI different levels of risk of death or 
progression from those in STEMI should guide the physician to 
choose the best pharmacological treatment and revascularization 
strategy within a time span that could range from a few hours to 
some days. For STEMI patients, the priority is to open the oc-
cluded vessel as soon as possible, either by primary percutaneous 
coronary intervention (pPCI) or by thrombolysis, if the former is 
not available and the time from symptom onset to the first medical 
contact is not more than 12 hours.

Sudden cardiac death is a major problem in developed coun-
tries. It is defined as an unexpected death from a cardiac cause 
occurring within a short time in a person with or without pre-
existing heart disease because of abrupt loss of heart function. 
Thirteen per cent of deaths reported by the Framingham Heart 
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Introduction
The atherosclerosis that causes cardiovascular disease (CVD) starts in childhood, or in-
deed in utero, and develops insidiously over many years. By the time that symptoms occur 
the underlying disease is often advanced. Furthermore, the first manifestation may be a 
fatal event. Thus conventional therapies are likely to only be palliative or indeed inap-
plicable if the person dies before help is available. This is the rationale for the preventive 
approach, which is underpinned by the fact that the major causes of atherosclerosis are 
known and by unequivocal evidence that modifying them reduces risk.

CHAPTER 5

Risk stratification and risk 
assessment*
Ian Graham, Marie Therese Cooney, and 
Dirk De Bacquer

Summary
Cardiovascular disease (CVD) is the biggest cause of death worldwide. The under-
lying atherosclerosis starts in childhood and is often advanced when it becomes 
clinically apparent many years later, when it may kill without warning. CVD is 
manageable: it can be tackled by changes in lifestyle and risk factors and by therapy. 
Management of risk factors unequivocally reduces mortality and morbidity. In ap-
parently healthy people, CVD risk is most frequently the result of multiple interact-
ing risk factors. A risk estimation system such as SCORE (Systematic COronary 
Risk Evaluation) can assist in making logical management decisions, and may help 
to avoid both under- and over-treatment; however, certain individuals declare 
themselves to be at high CVD risk without the need for risk scoring and require 
immediate attention to all risk factors. In younger people a low absolute risk may 
conceal a very high relative risk, and use of a relative risk chart or calculating their 
‘risk age’ may help in advising them of the need for intensive lifestyle modifications. 
While women appear to be at lower CVD risk than men, this is misleading as risk is 
deferred by approximately 10 years rather than avoided. All risk estimation systems 
are relatively crude and require attention to qualifying statements and additional 
factors affecting risk can be accommodated in electronic risk estimation systems 
such as HeartScore. The total risk approach allows flexibility: if perfection cannot 
be achieved with one risk factor, trying harder with others can still reduce risk.

* This chapter is based on Section 3 of the 2012 Joint European Guidelines on cardiovascular disease preven-
tion in clinical practice [1], with certain revisions and additions. This is to help promote compatibility with 
established guidance.
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Although clinicians often ask for a threshold value at which to 
trigger an intervention, this is problematic: 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 other 
chapters, as is the issue of how to advise younger people 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 over-exposed 
to drug treatments.

The priorities suggested in this chapter are to assist the physi-
cian in dealing with individual people and patients. As such, they 
acknowledge that individuals at the highest levels of risk gain most 
from risk factor management. As noted elsewhere, although such 
individuals gain most, the majority of deaths in a community are 
of those at lower levels of risk simply because they are more nu-
merous than high-risk individuals who, paradoxically, develop 
fewer events in absolute terms [2]. Thus a strategy for individuals 
at high risk must be complemented by public health measures to 
reduce, as far as is practicable, population levels of cardiovascular 
risk factors and to encourage a healthy lifestyle.

Strategies
The term ‘total cardiovascular risk’ means the likelihood of a per-
son developing an atherosclerotic cardiovascular event over a 
defined period of time. ‘Total risk’ implies the risk estimated by 
considering the effect of the major factors of age, gender, smoking, 
BP, and lipid levels. This 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 in  Table 5.1 and  Fig. 5.1. 
 Figure 5.1 shows that the effect of 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 hyper-
tension.  Table 5.1 shows that a person with a cholesterol concen-
tration of 8 mmol/L can be at one-tenth of the risk of someone with 
a cholesterol concentration of 5 mmol/L if the latter is a hypertensive 

The preventive approach to CVD is ideally lifelong, starting at 
birth. In real life, preventive efforts are typically targeted at mid-
dle-aged or older people, especially men, with established CVD 
(‘secondary prevention’) or those at high risk of developing a first 
cardiovascular event because of a combination of risk factors such 
as smoking, elevated blood pressure (BP), diabetes, or dyslipidae-
mia (‘primary prevention’). The terms primary and secondary 
prevention are now regarded as obsolete because they falsely di-
chotomize risk—the development of techniques that can detect 
subclinical atherosclerosis has shown its continuous and graded 
nature, from those with asymptomatic disease to those with symp-
tomatic disease. Preventive efforts in the young, the very old, or 
those at mild to moderate risk are still limited. Indeed, while logi-
cal, evidence of their benefits from randomized controlled trials 
is limited. Nevertheless, it is likely that the benefits of preventive 
measures directed at these groups could be substantial.

Over 30 years ago, Geoffrey Rose [2] defined the differences be-
tween two approaches to CVD prevention: the population strategy 
and the high-risk strategy. The population strategy aims to reduce 
the incidence of CVD at the population level via lifestyle and en-
vironmental changes targeted at the population at large. Examples 
include measures to ban smoking in public places, to reduce the 
salt content of food, and to reduce consumption of saturated fat, 
and measures to promote activity and avoid overweight. This ap-
proach may bring large benefits to the population, although it may 
offer little to the individual—the ‘prevention paradox’ [3]. The im-
pact of such an approach on the total number of cardiovascular 
events in the population may be large, because everyone is tar-
geted and the majority of cardiovascular events occur in the very 
substantial group of people who are at only modest risk.

In the high-risk approach, preventive measures aim to reduce 
risk factor levels in those at the highest cardiovascular risk, either 
individuals without CVD in the upper part of the total cardiovas-
cular risk distribution or those with established CVD. Although 
individuals targeted in this strategy are more likely to benefit from 
the preventive interventions, the impact at the population level is 
limited because there are few people at such high risk. Implicit in 
this approach is the need to identify high-risk individuals through 
opportunistic or systematic screening or through publicity to en-
courage those who may be at risk to seek a risk assessment.

The two approaches should be regarded as complementary 
rather than competitive, although a high-risk approach in isola-
tion has a limited effect on the total burden of disease. The rela-
tive effects of each approach have been modelled in order to assist 
health planners [4].

The proposal to use total risk estimation as a central tool to 
identify those patients requiring prevention was a key recommen-
dation of the first Joint European Societies Guidelines on CHD 
prevention published in 1994 [5]. This is because clinicians treat 
the whole person rather than individual risk factors, and total 
cardiovascular risk reflects a combination of several risk factors 
that may interact, sometimes multiplicatively. Having said that, 
the logical implication that total risk assessment is associated with 
improved clinical outcomes when compared with other strategies 
has not been adequately tested.

Table 5.1 Impact of combinations of risk factors on risk

Sex Age 
(years)

Cholesterol 
(mmol/L)

BP 
(mmHg)

Smoker Risk (%)

F 60 8 120 No 2

F 60 7 140 Yes 5

M 60 6 160 No 8

M 60 5 180 Yes 21

BP, blood pressure; F, female; M, male.
Reproduced from: Perk J, De Backer G, Gohlke H, et al. European Guidelines on 
cardiovascular disease prevention in clinical practice (version 2012): the Fifth Joint Task 
Force of the European Society of Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by representatives of nine societies 
and by invited experts). * Developed with the special contribution of the European 
Association for Cardiovascular Prevention and Rehabilitation (EACPR). Eur J Prev Cardiol 
2012; 19(4): 585–667.
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This decision must be made by individual countries and will be 
dependent on resources. While outside the scope of this book, it 
is reasonable to suggest that school curricula should introduce 
the concepts of risk and of individual responsibility regarding the 
choice of an appropriate lifestyle.

Most people will visit their family doctor at least once over a 
2-year period and this gives the opportunity for risk assessment. 
General practice databases may be of assistance. For clinicians, it 
is suggested that total risk assessment be offered during a consul-
tation if:

1. The person asks for it.

2. One or more risk factors such as smoking, overweight, or hy-
perlipidaemia are known.

3. There is a family history of premature CVD or of major risk fac-
tors such as hyperlipidaemia.

4. There are symptoms suggestive of CVD, bearing in mind that 
the presence of CVD automatically places the person in the 
‘very high’ risk category and should prompt immediate atten-
tion to all risk factors.

Special efforts should be made to assess risk in the socially 
deprived.

How do I assess risk?
Risk estimation systems in general
Risk is the product of several interacting risk factors, and it is rec-
ommended that a formal risk estimation system is used. There 
are several systems available for assessing total cardiovascular 
risk, including Framingham [10], SCORE [11], ASSIGN [12], 
QRISK [13], PROCAM [14], WHO/ISH [15], and the Reynolds 
score [16]. These have all been comprehensively reviewed [17–19]. 
 Table 5.2 [17] outlines the criteria for a clinically useful risk 
assessment system and  Table 5.3 [17] summarizes the charac-
teristics of the cited risk estimation systems.

Certain conclusions may be drawn:

1. All risk estimation systems have drawn on the principles de-
fined by the Framingham investigators.

2. The major determinants of CVD risk are age and gender, 
which will produce an area under the receiver operating curve 
(AUROC) of 60% or more (where 50% is chance, and 100% is 
perfect risk estimation).

3. The addition of risk factors will rarely achieve an AUROC of 
>85%.

4. Available risk estimation systems do not differ greatly in their 
performance if applied to a population that is recognizably sim-
ilar to that from which the risk function was derived in terms of 
baseline risk and risk factor distributions.

5. Recalibration, using up to date local cause-specific mortality 
and risk factor prevalence data, can improve the performance of 
risk estimation systems when applied to different populations.

6. Risk will be over-estimated in populations in whom CVD is 
declining and underestimated in populations in which it is 

male smoker. While audits such as EUROASPIRE [5,6] suggest there 
is inadequate management of risk factors in very high-risk subjects, 
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 con-
ducted 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.

For these considerations to have an impact on clinical practice 
it is essential for clinicians to be able to assess risk rapidly and 
with sufficient accuracy to allow logical management decisions. 
This realization led to the development of the risk chart used in 
the 1994 and 1998 guidelines [5,7]. This chart, developed from 
a concept pioneered by Anderson et al. [8] used age, sex, smok-
ing status, blood cholesterol, and systolic blood pressure (SBP) to 
estimate the 10-year risk of a first fatal or non-fatal coronary heart 
disease (CHD) event. There were several problems with that chart, 
outlined in the fourth Joint Task Force Guidelines on prevention 
[9], which led to the currently recommended risk estimation sys-
tem: SCORE (Systematic COronary Risk Evaluation).

Risk estimation
When do I assess total risk?
People with established CVD, diabetes, very high levels of indi-
vidual risk factors, and moderate to severe renal impairment are 
already at high or very high risk of further events and need prompt 
attention to all risk factors. Total risk assessment systems such as 
SCORE are intended for use in apparently healthy people.

While the ideal scenario would be for all adults to have their risk 
of CVD assessed, this may not be practicable for many societies. 
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Fig. 5.1 Relationship between the ratio of total cholesterol (TC)/HDL 
cholesterol 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. 
Reproduced from: Perk J, De Backer G, Gohlke H, et al. European Guidelines on 
cardiovascular disease prevention in clinical practice (version 2012): the Fifth Joint Task 
Force of the European Society of Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by representatives of nine societies 
and by invited experts). * Developed with the special contribution of the European 
Association for Cardiovascular Prevention and Rehabilitation (EACPR). Eur J Prev Cardiol 
2012; 19(4): 585–667.
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studies. It includes 205 178 subjects examined at baseline between 
1970 and 1988 with 2.7 million years of follow-up and 7934 car-
diovascular deaths. The SCORE risk function has been externally 
validated [22].  Box 5.1 lists the advantages of using the SCORE 
risk charts.

Risk charts such as SCORE are intended to facilitate the estima-
tion of risk in ostensibly healthy people. Patients who have had 
a clinical event such as an acute coronary syndrome (ACS) or 
stroke, or who have diabetes, renal impairment, or very high levels 
of individual risk factors have already declared themselves to be at 
high risk of a further event and automatically qualify for intensive 
risk factor evaluation and management.

SCORE differs from earlier risk estimation systems in several 
important ways, and was modified somewhat for the 2012 Joint 
European Guidelines on CVD prevention in clinical practice [1]. 
We will now discuss details of these differences and modifications.

Risk of fatal CVD  events or total events
The SCORE system estimates the 10-year risk of a fatal athero-
sclerotic event, whether heart attack, stroke, aneurysm of the 
aorta, or others. All International Classification of Diseases (ICD) 
codes that could reasonably be assumed to be atherosclerotic are 
included. Many other systems only estimate the risk of CHD.

increasing. This can be dealt with by recalibration. Examples 
of recalibrated SCORE charts can be viewed at <http://www.
heartscore.org>.

7. The ROC expresses the overall performance of a risk estima-
tion system. At the extremes of risk, management decisions will 
be obvious—what is needed is optimal performance close to a 
threshold at which one will make a management decision. This 
issue is addressed, if not completely solved, by the use of the net 
reclassification index.

8. Recent work has indicated that the β-coefficients associated 
with risk factors are not independent of age, and that current 
systems overestimate risk in older people, pointing to a need 
for ongoing large prospective cohort studies to calculate risk in 
5–10-year age bands.

The SCORE risk estimation system
The 2003, 2007, and 2012 Joint European Guidelines on the pre-
vention of CVD in clinical practice [1,9,20] as well as the 2011 
European Society of Cardiology/European Atherosclerosis Soci-
ety (ESC/EAS) Guidelines for the management of dyslipidaemias 
[21] have all used the ESC recommended SCORE chart for risk 
estimation [12], which is based on data from 12 European cohort 

Table 5.2 Criteria for a clinically useful risk estimation system

Appropriate statistical methods for derivation of the function
◆ Representative sample from the population from which the system is to be applied
◆ Sufficient power (large enough sample size)
◆ Accepted statistical methods
◆ The end-point predicted by the function should be defined in such a way that it is easily standardized across populations and relevant to the outcomes of 

RCTs of preventive measures

Performance of the function—internal and external validity
Discrimination—the ability of the function to separate those who will develop the end-point from those who will not
Often assessed using:
◆ Area under receiver operating characteristic curve (AUROC)—a means for expressing the maximum achievable sensitivity and specificity. An AUROC of 

1 indicates perfect discrimination; 0.5 equates to chance. Values in the region of 0.9 are often achieved for diagnostic tests. Values rarely exceed 0.8 for risk 
estimation. Harrell’s C statistic gives the same information but can be used with variable follow-up

◆ Sensitivity/specificity/positive predictive value/negative predictive value
Calibration—a measure of how closely predicted outcomes agree with actual outcomes
Often assessed using either:
◆ Hosmer–Lemeshow goodness of fit testing—lower values indicate better fit, values less than 20 generally considered good fit. Significant p-values indicate 

lack of fit
◆ Predicted to observed ratios—the closer the value to 1, the better the fit. Values greater than 1 indicate overestimation and vice versa
Reclassification
◆ Net reclassification index—a measure of the net percentage of those who do and who do not develop the end-point within the time period that are 

correctly reclassified to a different risk category when a new risk factor is added to the risk estimation system

Usability of the system
◆ The format affects the ease of use of the system. This will also impact on the uptake of the system by users

Inclusion of appropriate risk factors
◆ Most risk estimation systems include age, gender, and conventional risk factors including lipid levels, smoking, and blood pressure
◆ Inclusion of other factors may be important, especially if they have been shown to be powerful risk determinations and prevalent in the population to which 

the system is to be applied (e.g. social deprivation)
◆ Some advocate the use of only risk factors which are potentially modifiable, although most agree that risk factors to be included should be chosen based on 

whether they improve risk estimation because those identified as high risk can still modify their risk by favourably altering their other risk factors
◆ Systems using only easily measured non-laboratory measures have been developed recently

Has use of the system been shown to result in measurable health gains?

Reproduced from: Cooney MT, Dudina AL, Graham IM. Value and limitations of existing scores for the assessment of cardiovascular risk: a review for clinicians. Journal of the American 
College of Cardiology 2009; 54: 1209–27.
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Table 5.3 Characteristics of current risk estimation systems

Framingham [10] SCORE [11] ASSIGN—SCORE 
[12]

QRISK1 [13] and 
QRISK2 [3]

PROCAM [14] WHO/ISH [15] Reynolds risk score 
[16,42]

Data Prospective studies: 
Framingham Heart Study and 
Framingham Offspring Study. 
Latest version includes both

Pooled prospective studies SHHEC prospective 
study

QRESEARCH database Prospective study Methods differ from 
other risk estimation 
functions—not based on 
prospective data

Randomized 
controlled trials. 
Women: Women’s 
Health study. Men: 
Physician’s Health 
study II

Population General population 
Framingham, MA, USA. 
Baselines: 1968–71, 1971–5, 
1984–7

12 prospective studies from 
11 European countries. 
Baselines: 1972–91

Random sample from 
general population 
in Scotland. Baseline 
1984–7

Data collected from 1993 
to 2008

Healthy employees. 
Baseline: 1978–95

Not applicable Women: health 
service employees 
Baseline 1993–6 
Men: physicians 
Baseline 1997

Sample type Volunteer Mostly random samples 
from general population, 
some occupational cohorts

Random Health records of general 
practice attendees. Not 
random

Industrial employee 
volunteers. Not random

Not applicable Health service 
employees—
volunteer, not 
random

Sample size 3969 men and 4522 women 117 098 men and 88 080 
women

6540 men and 6757 
women

1.28 million (QRISK1) or 2.29 
million (QRISK2)

18 460 men and 8515 
women

Not applicable 24 558 women and 
10 724 men

Statistical 
methods

Cox (earlier versions Weibull [8]) Cox and Weibull Cox Imputation of substantial 
missing data. Cox

Cox and Weibull. 
Exploratory analyses with 
neural networks also [43]

Relative risks associated 
with risk factors 
were taken from the 
comparative risk 
assessment project. These 
were combined with the 
estimated absolute risks 
for each WHO subregion 
based on the Global 
Burden of Disease study

Cox

Calculates 10-year risk of CHD events 
originally. Latest version: 10-year 
risk of CVD events

10-year risk of CVD 
mortality

10-year risk of CVD 
events

10-year risk of CVD events Two separate scores 
calculate 10-year risks
of major coronary events 
and cerebral ischaemic 
events

10-year risk of CVD events 10 year risk of 
incident MI, 
stroke, coronary 
revascularization, or 
cardiovascular death

Age range 30–75 40–65 30–74 35–74 20–75 40–79 45–80

Variables Gender, age, total cholesterol, 
HDL cholesterol, SBP, smoking 
status, diabetes, hypertensive 
treatment

Gender, age, total 
cholesterol or total 
cholesterol/HDL cholesterol 
ratio, SBP, smoking status. 
Versions for use in high- and 
low-risk countries

Gender, age, total 
cholesterol, HDL 
cholesterol, SBP, 
smoking (no. of 
cigarettes), diabetes, 
area-based index of 
deprivation, family 
history

QRISK1: gender, age, 
total cholesterol to HDL 
cholesterol ratio, SBP, smoking 
status, diabetes, area-based 
index of deprivation, family 
history, BMI, antihypertensive 
treatment. QRISK2 also 
includes ethnicity and 
chronic diseases

Age, gender, LDL 
cholesterol, HDL 
cholesterol, diabetes, 
smoking, SBP

Gender, age, SBP, smoking 
status, diabetes ± total 
cholesterol. Different 
charts available for 
worldwide regions

Gender, age, SBP, 
smoking, hs-CRP, 
total cholesterol, 
HDL cholesterol, 
family history of 
premature MI 
(parent aged < 60), 
HbA1C if diabetic

(continued)
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Framingham [10] SCORE [11] ASSIGN—SCORE 
[12]

QRISK1 [13] and 
QRISK2 [3]

PROCAM [14] WHO/ISH [15] Reynolds risk score 
[16,42]

Formats Simplified scoring sheets. Colour 
charts have been generated for 
some guidelines, e.g. JBS and 
New Zealand guidelines. Online 
calculators. Portable calculators

Colour-coded charts, 
HeartScore (online and 
CD-based), stand-alone 
electronic versions

Online calculator Online calculator Simple scoring sheet and 
online calculators

Colour-coded charts Online calculator

Developments Latest version includes version 
based on non-laboratory values 
only, substituting BMI from lipid 
measurements

National, updated 
recalibrations

QRISK2 includes interaction 
terms to adjust for the 
interactions between age and 
some of the variables

Recent change in the 
methods (Weibull) 
allows extension of risk 
estimation to women and 
broader age range

-

Recommended 
by guidelines

NCEP guidelines [44]. Other 
national guidelines recommend 
adapted versions, including New 
Zealand [45]

European guidelines on 
CVD prevention [9]

Recommended by 
SIGN [46]

NICE guidelines on lipid 
modification [47]

International Task Force 
for Prevention of Coronary 
Disease guidelines

WHO guidelines on CVD 
prevention [15]

No

Website Online and downloadable risk 
calculator available at: <http://
www.nhlbi.nih.gov/guidelines/
cholesterol/index/htm>

Online and downloadable 
risk calculators available at: 
<http://www.heartscore.
org>

Online risk calculator 
available at: <www.
assign-score.com>

Online risk calculator 
available at: <http://www.
qrisk.org>

Online calculator available 
at: <http://www.chd-
taskforce.com/procam_
interactive.html>

Charts downloadable at: 
<http://www.who.int/
cardiovascular_diseases/
guidelines/Pocket_GL_
information/en/index.
html>

Online calculator: 
<http://www.
reynoldsriskscore.
com>

Internal 
validation—
discrimination

AUROC: men 0.76 (0.75–0.78), 
women 0.79 (0.77–0.81)

AUROC high risk: 0.80 
(0.80–0.82). AUROC low 
risk: 0.75 (0.73–0.77)

AUROC: men 0.73, 
women 0.77

QRISK2 AUROC: men 0.79 
(0.79–0.79), women: 0.82 
(0.81–0.82)

AUROC: 0.82 for coronary 
events, 0.78 for cerebral 
ischaemic events

Not specified AUROC: women 
0.808, men 0.708

Internal 
validation—
calibration

Hosmer–Lemeshow goodness 
of fit testing (HL): men 13.48, 
women 7.79

Not specified Observed 10-year CVD 
incidence rates: men 
11.7%, women 6.4%. 
Median ASSIGN: men 
11.7%, women: 6.2%

Good correlation between 
observed and predicted risks 
in both men and women—
presented graphically only—
in each decile of risk

Not specified Not specified Women 0.62, men 
12.9

External 
validation—
discrimination

PRIME study [48]: Belfast 0.68, 
France 0.66. Dutch study: 0.86 
(0.84–0.88) [49]. Cleveland 
study: 0.57 [29]. China [50]: men 
0.75 (0.72–0.78), women 0.79 
(0.74–0.85). THIN (UK) [51]: 
men 0.74 (0.73–0.74), women 
0.76 (0.76–0.76).
EPIC Norfolk [52]: 0.71.. UK 
women (BHHS) [53]: 0.66 
(0.62–0.69)

Dutch study [49]: 0.85 
(0.83–0.87). Cleveland study 
[29]: 0.73. Norwegian study 
[54] (range for different age 
groups): men 0.65–0.68, 
women 0.66–0.72. Austrian 
study [55]: men 0.76 
(0.74–0.79), women 0.78 
(0.74–0.82). Icelandic 
study [56]: 0.80 (0.78–0.82) 
(SCORE high); 0.80 
(0.77–0.82) (SCORE low)

Not assessed THIN database (UK). QRISK1 
AUROC [51]: men 0.76 
(0.76–0.77), women 0.79 
(0.79–0.79)

PRIME study [48]: Belfast 
0.61, France: 0.64

Not assessed Not assessed

WHO/ISH, World Health Organization/International Society of Hypertension; SIGN, Scottish Intercollegiate Guidelines Network; MI, myocardial infarction; BMI, body mass index; hs-CRP, high-sensitivity CRP; HbA1C, glycated haemoglobin 
A1C; JBS, Joint British Societies; NCEP, National Cholesterol Education Program; NICE, National Institute for Health and Care Excellence; THIN, The Health Improvement Network; SHHEC, Scottish Heart Health Extended Cohort; BHHS, British 
Women’s Heart and Health study; UK, United Kingdom.
Reproduced from: Cooney MT, Dudina AL, Graham IM. Value and limitations of existing scores for the assessment of cardiovascular risk: a review for clinicians. Journal of the American College of Cardiology 2009; 54: 1209–27.

Table 5.3 Continued
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◆	 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 first event and subsequent 
fatal or non-fatal events are not counted.

◆	 The use of fatal CVD as the end-point allows accurate recalibra-
tion to other countries and cultures to adjust for time trends in 
mortality and in risk factor prevalence, an important consid-
eration given the cultural diversity within Europe.

Risk thresholds
Clinicians often ask for thresholds to trigger certain interventions, 
but this is problematic since risk is a continuum and there is no 
threshold at which, for example, a drug is automatically indicated. 
A particular problem relates to young people with high levels of 
risk factors: a low absolute risk may conceal a very high relative 
risk requiring intensive lifestyle advice. In the 2003 guidelines [20] 
extrapolation of risk to age 60 was proposed to stress that a high 
absolute risk would eventually occur if preventive action were not 
taken earlier. It was not intended that such young people should 
be necessarily treated as if they were 60—a literal interpretation 
of this concept could lead to excessive drug treatment in younger 
people. A relative risk chart has now been added to the absolute 
risk charts to illustrate, particularly in younger people, how life-
style changes can substantially reduce risk as well as reducing the 
increasing risk that comes with with ageing. A new approach to 
this problem of lifetime risk in these guidelines is the concept of 
cardiovascular risk age (see the section ‘Cardiovascular risk age’).
Age and gender
There is another problem that concerns older and elderly people. 
In some age categories the majority, especially men, will have esti-
mated cardiovascular death risks exceeding the 5% level based on 
age (and gender) only, even when other cardiovascular risk factor 
levels are relatively low. This could lead to excessive use of drugs 
in these age groups.
High-density lipoprotein cholesterol, triglycerides, and newer risk 
factors
The role of high-density lipoprotein (HDL) cholesterol in risk es-
timation has been systematically re-examined using the SCORE 
database [24,25]. HDL cholesterol can make a substantial contri-
bution to risk estimation if it is entered as an independent variable. 
For example, HDL cholesterol modifies risk at all levels of risk esti-
mated from the SCORE total cholesterol charts [24]. Furthermore, 
this effect is seen in both sexes and in all age groups, including 
older women [25]. This is particularly important at levels of risk 
just below the ≥5% threshold for intensive risk modification—
many of these subjects will qualify for intensive advice if their 
HDL cholesterol is low [24]. SCORE charts incorporating differ-
ent levels of HDL cholesterol are included in the lipid guidelines 
[21]. The electronic, interactive version of SCORE—HeartScore 
(<http://www.heartscore.org>)—has been adjusted to allow for 
the inclusion of HDL cholesterol in calculating total CVD 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 adjust-
ment for other factors, especially HDL cholesterol [26]. More 

The choice of CVD mortality rather than total (fatal + non-fa-
tal) events was deliberate, although not universally popular. Rates 
of non-fatal events are critically dependent upon definitions and 
the methods used in their ascertainment. Striking changes in both 
diagnostic tests and therapies have occurred since the SCORE co-
horts were assembled. Critically, the use of mortality permits rec-
alibration to allow for time-trends in CVD mortality, as we shall 
discuss. Nevertheless it is essential to address the issue of total risk.

In the 2003 guidelines [20], a 10-year risk of death from CVD 
of ≥5% was arbitrarily considered as ‘high’. Yet this implies a 95% 
chance of not dying from CVD within 10 years—less than impres-
sive when counselling patients. The new guideline nomenclature 
is that everyone with a 10-year risk of cardiovascular death of ≥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 quan-
tified. The biggest contributor to the high-risk SCORE charts is 
FINRISK, which has data on non-fatal events defined according 
to the MONICA project [23]. Calculating total event rates from 
FINRISK suggests that, at the level (5%) at which risk manage-
ment advice is likely to be intensified, total event risk is about 15%. 
This threefold multiplier is somewhat smaller in older people in 
whom a first event is more likely to be fatal. An examination of 
the Framingham estimates 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 Framingham functions is chosen. Again the lower end of the 
range applies to older people.

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 end-point; a non-fatal event is 

variable and depends upon definitions, 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.

Box 5.1 Advantages of using the SCORE risk chart

◆	 Intuitive, easy-to-use tool
◆	 Takes account of the multifactorial nature of CVD
◆	 Allows flexibility 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 per-

son with a low absolute risk may be at a substantially high and 
reducible relative risk

◆	 Calculation of an individual’s ‘risk age’ may also be of use in this 
situation

http://www.heartscore.org
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to HDL cholesterol, as these are checked and validated. It should 
be stressed, however, that although many risk factors have been 
identified in addition to those included in the available risk func-
tions [such as C-reactive protein (CRP) and homocysteine lev-
els] their contribution to absolute cardiovascular risk estimations 
for individual patients (in addition to the classical risk factors) is 
generally modest [30].

The impact of self-reported diabetes has been re-examined. 
While there is heterogeneity between cohorts, the overall impact 
of diabetes on risk appears greater than in risk estimation systems 
based on the Framingham cohort, with relative risks of approxi-
mately five in women and three in men (unpublished data).

The SCORE risk charts are shown in  Figs 5.2–5.4, including 
a chart of relative risks; instructions on their use and qualifiers are 
given in the remainder of the chapter.

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 60 years or more. 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 CVD 
will be exposed to if preventive measures are not adopted.

Risk age can be estimated visually by looking at the SCORE 
chart (as illustrated in  Fig. 5.5). Alternatively, to provide a more 

recently, attention has focused on non-fasting triglycerides, which 
may be more strongly related to risk independent of the effects of 
HDL cholesterol [27–30].

Dealing with the impact of additional risk factors such as HDL 
cholesterol, body weight, family history, and newer risk markers is 
difficult within the constraint of a paper chart, and risk may also 
be higher than indicated in the charts in:
◆	 sedentary individuals
◆	 abdominal obesity
◆	 socially deprived individuals
◆	 ethnic minority groups
◆	 pre-clinical atherosclerosis (e.g. carotid plaque)
◆	 low HDL cholesterol
◆	 increased triglycerides
◆	 increased fibrinogen
◆	 increased apolipoprotein B
◆	 increased lipoprotein(a), especially in combination with famil-

ial hypercholesterolaemia
◆	 impaired renal function.

HeartScore is not so constrained. It currently replicates 
SCORE in an electronic format but will be used to accommo-
date the results of new SCORE analyses, such as those relating 
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Fig. 5.2 SCORE chart: 10-year risk of 
fatal CVD in populations at high CVD 
risk based on the following risk factors: 
age, sex, smoking, systolic blood 
pressure, total cholesterol. Note that 
the risk of total (fatal + non-fatal) CVD 
events will be approximately three 
times higher than the figures given.
Reproduced from: Perk J, De Backer G, 
Gohlke H, et al. European Guidelines 
on cardiovascular disease prevention 
in clinical practice (version 2012): the 
Fifth Joint Task Force of the European 
Society of Cardiology and Other Societies 
on Cardiovascular Disease Prevention 
in Clinical Practice (constituted by 
representatives of nine societies and by 
invited experts). * Developed with the 
special contribution of the European 
Association for Cardiovascular Prevention 
and Rehabilitation (EACPR). Eur J Prev 
Cardiol 2012; 19(4): 585–667.
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Risk age has been shown to be independent of the cardiovascu-
lar end-point used [31], which by-passes the dilemma of whether 
to use a risk estimation system based on CVD mortality or on the 
more attractive, but less reliable, end-point of total CVD events. 
Risk age can be used in any population regardless of baseline risk 
and of secular changes in mortality and therefore also avoids the 
need for recalibration [32]. At present risk age is recommended 
for helping to communicate CVD risk, especially to younger peo-
ple with a low absolute risk but a high relative risk. It is not cur-
rently recommended to base treatment decisions on risk age.

Other diseases with increased risk for CVD
Atherosclerosis is an inflammatory disease in which immune 
mechanisms interact with metabolic risk factors to initiate, propa-
gate and activate lesions in the arterial tree [33]. Several diseases 
in which infection or non-infectious inflammatory processes de-
termine the clinical picture are associated with an increased car-
diovascular event rate (see  Table 5.4). The optimal concept of 
prevention in these diseases is not established and randomized 
studies evaluating prognosis are not available. Optimal adjust-
ment of all risk factors appears advisable even in the absence of 
randomized studies.

Low-risk and high-risk countries
The fact that CVD mortality has declined in many European 
countries means that more countries now fall into the low-risk 

accurate estimation, a table of risk ages for different risk factor 
combinations is provided in  Fig. 5.6. 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 4.0 
mmol/L and a blood pressure of 120 mmHg [31]. Risk age is also 
automatically calculated as part of the latest revision of HeartScore.
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Fig. 5.3 SCORE chart: 10-year risk of 
fatal CVD in populations at low CVD 
risk based on the following risk factors: 
age, sex, smoking, systolic blood 
pressure, total cholesterol. 
Reproduced from: Perk J, De Backer G, 
Gohlke H, et al. European Guidelines 
on cardiovascular disease prevention 
in clinical practice (version 2012): the 
Fifth Joint Task Force of the European 
Society of Cardiology and Other Societies 
on Cardiovascular Disease Prevention 
in Clinical Practice (constituted by 
representatives of nine societies and by 
invited experts). * Developed with the 
special contribution of the European 
Association for Cardiovascular Prevention 
and Rehabilitation (EACPR). Eur J Prev 
Cardiol 2012; 19(4): 585–667.
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Some European countries have levels of risk that are more 
than double the CVD mortality of 220/100 000 in men used to 
define a low-risk country. The male:female ratio in these coun-
tries is smaller than in low-risk countries, suggesting a major 
problem for women, and even the high-risk charts may under-
estimate risk in these countries. Countries with a CVD mortality 
risk of >500/100,000 for men and >250/100,000 for women are: 
FYR Macedonia, Lithuania, Bulgaria, Latvia, Georgia, Moldova, 
Azerbaijan, Kyrgyzstan, Belarus, Armenia, Uzbekistan, Russia, 
Ukraine, and Kazakhstan ( Fig. 5.8).

How to use the risk estimation charts

◆	 Use of the low-risk chart is recommended for the countries 
listed as low risk in the section ‘What is a low-risk country?’. Use 
of the high-risk chart is recommended for all other European 
and Mediterranean countries. Note that several countries have 
undertaken national recalibrations 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, find the  correct 
table for their gender, smoking status and age. Within the table 
find the cell nearest to the person’s BP and total cholesterol. 
Risk estimates will need to be adjusted upwards as the person 
 approaches the next age category.

category. While any cut point is arbitrary and open to debate, in 
the current (2012) European guidelines the cut points are based 
on CVD plus diabetes mortality for 2008 in those aged 45–74 
years (220/100  000 for men and 160/100  000 for women) [34]. 
This defines 21 countries and marks a point at which there is an 
appreciable gap before the 22nd country (the Czech Republic). 
Using this definition, low-risk countries are (in ascending level of 
risk for men): France, Spain, Switzerland, the Netherlands, Italy, 
Iceland, Norway, Belgium, the United Kingdom, Sweden, Ireland,  
Denmark, Luxembourg, Portugal, Austria, Malta, Germany,  
Slovenia, Finland, Greece, and Cyprus.

This list is based on European countries that are members of 
the ESC. However, several European countries are not ESC mem-
bers because they do not have a national cardiac society or be-
cause of their population size. In addition, the Joint Task Force felt 
it sensible to also look at Mediterranean countries that are ESC 
members but not strictly ‘European’ in WHO terminology. When 
this was done, Monaco, San Marino, Andorra, and Israel joined 
the ‘low-risk’ list. So, in alphabetical order for both sexes, the 
list of 25 low-risk counties becomes: Andorra, Austria, Belgium, 
Cyprus, Denmark, Finland, France, Germany, Greece, Iceland, 
Ireland, Israel, Italy, Luxembourg, Monaco, the Netherlands, 
Malta, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, 
Switzerland, and the United Kingdom ( Fig. 5.7).
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Fig. 5.5 SCORE chart for use in high-
risk European regions illustrating how 
the approximate risk age can be read 
off the chart.
Reproduced from: Perk J, De Backer G, 
Gohlke H, et al. European Guidelines 
on cardiovascular disease prevention 
in clinical practice (version 2012): the 
Fifth Joint Task Force of the European 
Society of Cardiology and Other Societies 
on Cardiovascular Disease Prevention 
in Clinical Practice (constituted by 
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invited experts). * Developed with the 
special contribution of the European 
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Cardiol 2012; 19(4): 585–667.
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risk reduces and the results of randomized controlled trials 
(RCTs) in general give better estimates of benefits. A halving of 
risk is generally found in those who stop smoking.

Qualifiers

◆	 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 
mortality and underestimated in countries in which mortality 
is increasing.

◆	 At any given age, risk estimates are lower for women than 
for men. This may be misleading because, eventually, at least 
as many women as men die from CVD. 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.

◆	 People at low risk should be offered advice to maintain their 
 low-risk status. While no threshold is universally applicable, the 
intensity of advice should increase with increasing risk. In gen-
eral, those with a risk of CVD death of ≥5% qualify for intensive 
advice, and may benefit from drug treatment. At risk levels >10% 
drug treatment is more frequently required. In people aged over 
60 these thresholds should be interpreted more leniently, because 
their age-specific risk is normally around these levels even when 
other cardiovascular risk factor levels are ‘normal’. In particular, 
systematic initiation of drug treatment in all elderly individuals 
with risks greater than the 10% threshold should be discouraged.

◆	 Relative risks may be unexpectedly high in young people even 
if absolute risk levels are low. The relative risk chart and estima-
tion of risk age may be helpful in identifying and counselling 
such individuals.

◆	 The charts may be used to give some indication of the effects of 
reducing risk factors, given that there will be a time lag before 
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European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine societies and by invited experts). * 
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the joint ESC/EAS lipid guidelines [21]. The joint guidelines offer 
further advice on lipid intervention based on these risk categories. 
In addition, people with a strong family history of premature CVD 
or a family history of familial hyperlipidaemia deserve compre-
hensive risk assessment and, where necessary, treatment.

Priorities
Individuals at highest risk gain most from preventive efforts, 
which guides the priorities shown in  Table 5.5. These risk cat-
egories, and hence priorities for intervention, are compatible with 

Table 5.4 Other diseases associated with increased risk for CVD

Influenza Annual influenza vaccinations are recommended for 
patients with established CVD

Chronic kidney 
disease

Important determinant of risk as highlighted in the 
priorities (see  Table 5.5). Hypertension, dyslipidaemia 
and diabetes mellitus are common among patients with 
chronic kidney disease, yet these patients tend to be less 
intensely treated than patients with normal renal function

Psoriasis Risk greatest in younger patients with more severe disease

Rheumatoid 
arthritis

Patients with rheumatoid arthritis are twice as likely as 
the general population to suffer a myocardial infarction, 
increased CVD risk is possibly related to systemic 
inflammation and a pro-thrombotic state

Periodontitis Periodontitis is associated with endothelial dysfunction, 
atherosclerosis, and an increased risk of myocardial 
infarction and stroke. Treatment of periodontitis is 
indicated and improvement of risk factors is advisable

Lupus 
erythematosus

Systemic lupus erythematosus is associated with 
endothelial dysfunction and an increased risk of CHD that 
is not fully explained by classic CHD risk factors

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

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 multifactorial process arising 
from immune and non-immune pathogenic mechanisms, 
the approach to cardiac allograft vasculopathy has been 
modification of underlying traditional risk factors and 
optimization of immune suppression

Low risk countries*

•   France
•   Spain
•   Switzerland
•   The Netherlands
•   Italy
•   Iceland
•   Norway
•   Belgium
•   United Kingdom
•   Sweden
•   Ireland
•   Denmark
•   Luxembourg
•   Portugal
•   Austria
•   Malta
•   Germany
•   Slovenia
•   Finland
•   Greece
•   Cyprus
* Ascending order of risk
   for men

Fig. 5.7 New map of regions of Europe at low risk of CVD.

Very high risk
countries

•   Macedonia FYR
•   Lithuania
•   Bulgaria
•   Latvia
•   Georgia
•   Moldova
•   Azerbaijan
•   Kyrgyzstan
•   Belarus
•   Armenia
•   Uzbekistan
•   Russia
•   Ukraine
•   Kazakhstan.

Fig. 5.8 Regions of Europe at very high risk of CVD (a CVD mortality risk 
of >500/100 000 for men and >250/100 000 for women, more than double 
the CVD mortality of 220/100 000 in men used to define low-risk countries). 
The male:female ratio is smaller than in low-risk countries, suggesting a major 
problem for women. Even the high-risk charts may underestimate risk in these 
countries.

Table 5.5 Priorities for CVD prevention

Very high risk Subjects with any of the following:
◆ documented CVD
◆ type 2 diabetes, or type 1 diabetes and target organ 

damage such as microalbuminuria
◆ moderate to severe chronic kidney disease (GFR <60 ml/

min/1.73 m2)
◆ SCORE ≥10%

High risk Markedly elevated single risk factors such as:
◆ familial dyslipidaemias
◆ severe hypertension
SCORE ≥5% and <10%

Moderate risk SCORE ≥1% and <5%, further modulated by:
◆ family history of premature CAD
◆ abdominal obesity
◆ low levels of physical activity
◆ low HDL cholesterol
◆ elevated triglycerides
◆ elevated hs-CRP
◆ social class

Low risk SCORE <1% and free of qualifiers

GFR, glomerular filtration rate; CAD, coronary artery disease; hs-CRP, high-sensitivity CRP.
Reproduced from: Perk J, De Backer G, Gohlke H, et al. European Guidelines on 
cardiovascular disease prevention in clinical practice (version 2012): The Fifth Joint Task 
Force of the European Society of Cardiology and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice (constituted by representatives of nine societies 
and by invited experts). * Developed with the special contribution of the European 
Association for Cardiovascular Prevention and Rehabilitation (EACPR). Eur J Prev Cardiol 
2012; 19(4): 585–667.
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from preventive measures. This approach should complement 
public actions to promote a healthy lifestyle and reduce levels of 
risk factors in the community as a whole.

The principles of risk estimation and the definition of priorities 
reflect an attempt to make complex issues simple and accessible. 
Their very simplicity makes them vulnerable to criticism. Above 
all they must be interpreted in the light of both the physician’s de-
tailed knowledge of their patient and associated conditions as well 
as local guidance.

Other issues relevant to total CVD risk assessment such as ge-
netics, imaging for subclinical disease, the value of additional risk 
biomarkers, and psychosocial risk factors are discussed separately 
in  Chapters 2, 6, 17, and 18, respectively.

Remaining gaps in the evidence
◆	 Current systems of grading evidence give most weight to RCTs. 

While this is appropriate, many lifestyle measures are less 
amenable to such assessment than are drug treatments, which 
will therefore tend to receive a higher grade. The widely used 
Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) system attempts to address this issue, but 
more debate is needed.

◆	 There are no recent RCTs of a total risk approach to risk assess-
ment or 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 define areas of agreement and the reasons for 
discrepancies.

The latest guidelines
New guidelines on the prevention of CVD were issued in America 
in 2013 [22] and in the UK in 2014 [23].

The American AHA/ACC guidelines [22] included a new risk es-
timation system that was developed using pooled cohort data from 
four prospective studies: ARIC [24], the Cardiovascular Health Study 
[25], CARDIA [26], and the Framingham Original and Offspring 
studies [27]. This new system includes race-specific equations for 
non-Hispanic white Americans and African-Americans. However, 
probably due to the age of the cohorts, on external validation in the 
low-risk Physician’s Health Study and Women’s Health Study the new 
risk equation has been shown to over-estimate risk [22,28]. Thus far 
the applicability of the guidelines to Europe would seem limited.

The UK guidelines [23] include an innovative interactive risk 
estimation system. This is particularly aimed at UK citizens but 
the principles involved are widely applicable.

Conclusions
Total CVD risk estimation is a central tool for identifying those at 
highest multifactorial risk of developing CVD who should be tar-
geted for lifestyle and risk factor management. 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. Informa-
tion on relative as well as absolute risk has been added to facilitate 
the counselling of younger people whose low absolute risk may 
conceal a substantial and modifiable age-related risk.

The priorities defined in this chapter are for clinical use and re-
flect the fact that those at highest risk of a CVD event gain most 
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CHAPTER 6

Imaging in cardiovascular 
prevention
Uwe Nixdorff, Stephan Achenbach, Frank 
Bengel, Pompilio Faggiano, Sara Fernández, 
Christian Heiss, Thomas Mengden, Gian 
Francesco Mureddu, Eike Nagel, Valentina 
Puntmann, and Jose Zamorano

Introduction
In cardiology, risk factors have a well-established causative role in initiating and accelerat-
ing the process of atherogenesis. Scoring systems like the European Society of Cardiology’s 
(ESC) Systematic COronary Risk Evaluation (SCORE) aim to extract predictive informa-
tion from the sum of established classical risk factors (global risk burden) to calculate the 
incidence of cardiovascular (CV) events like myocardial infarction (MI) [1]. These scores 
are based on large cohorts, i.e. they are population-based. Although this is helpful in CV 
risk stratification, and is even part of certain preventive workups (algorithms), there are 
certain limits to the individual approach to the patient at risk. Discrimination and calibra-
tion of population-based likelihoods for disease development are changing over time and 
may only be used in the ethnic/regional background for which the score was developed.

Pre-test probability and diagnostic assessment
In individualized prevention an objective assessment of atherosclerotic risk is therefore 
needed. A possible solution is direct imaging of the cardiovascular phenotype [2–4]. In low-
risk individuals conventional diagnostic modalities (i.e. maximal exercise testing for ischae-
mia detection) are not useful because they operate best in individuals with medium pre-test 

Summary
Imaging tools in preventive cardiology can be divided into imaging modalities for as-
sessing pre-clinical and clinical atherosclerosis and those for functional assessment 
of vascular function or vascular inflammation. Intima–media thickness as well as 
coronary calcium scoring are most frequently used to calculate the likelihood of pre-
clinical atherosclerosis. However, beyond these two measurements there are other pa-
rameters derived by ultrasound and multi-detector computed tomography as well as 
magnetic resonance imaging and nuclear/molecular imaging. Functional tests include 
flow-mediated dilatation, pulse wave analysis, and ankle–brachial index. In clinical 
research other invasive measurements such as intravascular ultrasound/virtual histol-
ogy/elastography, optical coherence tomography as well as thermography are being 
used. However, their value in clinical prevention still needs to be established.
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Prognostically, risk prediction was shown to be improved 
by adding markers of subclinical organ damage to SCORE [9]. 
However, in addition to the need for reasonable discrimina-
tion [significant increases in the area under the curve (AUC), 
c-statistic, and receiver operator curve (ROC)] and calibration 
(varying with time and place) there should be some reclassifica-
tion, measured as net reclassification improvement (NRI) [10] 
(approximately 10% more in addition to the usual risk scoring 
models is thought to be clinically relevant) [3].

The atherosclerotic continuum is the ideal pathophysiological 
process for pre-clinical detection and consecutive prevention be-
cause time lead bias [7] is not a significant concern. Sensitive, specif-
ic, and especially negative predictive imaging modalities have been 
developed for this purpose [2–4]. In this chapter we will focus on 
technologies that are available for patient care [3,4] ( Fig. 6.1;  
Tables 6.1 and 6.2). Others are still under development [11].

probabilities of having a good diagnostic yield [5]. Using ergometry 
for the exclusion of significant coronary artery disease (CAD) in pa-
tients with low pre-test probability for the disease may result in a high 
rate of false positive results and unnecessary invasive examinations. A 
reasonable approach using Bayes’ theorem to achieve a balanced re-
lation of pre- and post-test probabilities requires imaging approaches 
that target the direct morphological substrate of atherosclerosis [3].

A further reason for detecting pre-clinical atherosclerosis by 
imaging is related to the fact that the vast majority of acute cor-
onary events occur in haemodynamically insignificant (i.e. non-
stenotic) plaques which are vulnerable and rupture-prone due to 
active inflammatory processes [6,7]. Because we have therapeutic 
strategies for halting the progression of atherosclerosis or minim-
izing atherothrombotic risks by lifestyle modification, high-dose 
statins [8], and platelet inhibition, imaging may open the door to 
effective therapeutic options.

Fig. 6.1 Scheme of the development 
of coronary atherosclerosis including 
positive remodelling during increasing 
plaque burden and a list of invasive 
and non-invasive methods with 
regard to their ability to detect signs 
of atherosclerosis, starting with 
endothelial dysfunction and ending 
with signs of ischaemia in the ECG. 
Modified according to Erbel and 
Budoff [2] with permission.

ECG

Echocardiography

Scintigraphy

PET

MRTCT

Endothelial dysfunction

Non-invasive methods

Invasive methods

OCT IVUS

Coronary angiography

20%

Normal Stary II Stary III–IV Stary Va Stary Vb Stary Vc

Lifetime

45% 50% 70% 90%

Table 6.1 Recommendations regarding imaging methods according to the European Guidelines on cardiovascular disease prevention in clinical 
practice (version 2012) [1]

Recommendations Class of recommendation Level of evidence Grade

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

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

IIa B Strong

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

IIa B Weak

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

Reproduced from Perk J, De Backer G, Gohlke H, et al. European Guidelines on cardiovascular disease prevention in clinical practice (version 2012): The Fifth Joint Task Force of the 
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine societies and by invited experts).  
* Developed with the special contribution of the European Association for Cardiovascular Prevention and Rehabilitation (EACPR). Eur J Prev Cardiol 2012; 19(4): 585–667.
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Table 6.2 Schematic interpretation of the pros and cons of various diagnostic modalities (a)–(e) for pre-clinical detection of atherosclerosis 

(a) Ultrasound of the vessel wall

IMT Plaque Aneurysm Targeted/therapeutic

CAD detection – – – –

CAD surrogate + + + + + + +

Early timeline of atherosclerosis + + + + + + +

Evidence grade + + + + + + –

Prognosis prediction + + + + (+) + + –

Clinical decision making (+) + + + + + + + + +

Variability + + + + + +

Cost-effectiveness + + + + + + +

Availability + + + + + + –

Expertise requirement + + + + + + + +

Patient motivation/compliance enhancement + + + + + + +

Downstream testing – + + + –

Side effects – – – +

–, no relevance; +/+ +/+ + +, low/intermediate/high relevance. IMT, intima-media thickness; CAD, coronary artery disease.

Table 6.2

(b) Echocardiography

Coronary artery Cardiac structure LV function Stress echo MCE

CAD detection + + – – + + + + + +

CAD surrogate + + +

Early timeline of atherosclerosis – – + – –

Evidence grade + + – + + + + + + +

Prognosis prediction + + + + + + + + + + +

Clinical decision making + + – + + + + + + + + +

Variability + + + + + + + +

Cost-effectiveness + + + + + + + + + +

Availability + + + + + –

Expertise requirement + + + + + + + + + + + + + +

Patient motivation/compliance enhancement + + + + + + + + + + + +

Downstream testing + + + (+) + + + + + + + +

Side effects + – – + +

–, no relevance; +/+ +/+ + +, low/intermediate/high relevance. CAD, coronary artery disease; LV, left ventricle; MCE, myocardial contrast echocardiography.

proposed [1,3]. Imaging tests may be used in middle-aged adults 
in order to identify pre-clinical atherosclerosis [12,13]. Awareness 
of the pathophysiological process may also help to improve adher-
ence to lifestyle counselling and risk-modifying therapy [14–16].

Furthermore, algorithms for clinical pathways are only partly 
developed: scoring of particular CV risk factors (like ESC SCORE) 
as a fundamental basis for indicating any further imaging applica-
tion, focusing especially on intermediate-risk patients, has been 
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Table 6.2

(c) Multi-detector computed tomographya and cardiac magnetic resonance imagingb

CACa CTAa Coronary 
arteryb

LV functionb Ischaemia/
viabilityb

Plaque 
compositionb

CAD detection + + + + + + + + – + + + –

CAD surrogate + + + +

Early timeline of atherosclerosis + + + (+) – – – + +

Evidence grade + + + + – + + + + + +

Prognosis prediction + + + + + + + + + + + + + +

Clinical decision making + + + + + + + + + + + + + + +

Variability + + + + + + + + + + +

Cost-effectiveness + + – – + +

Availability – – – – – –

Expertise requirement + + + + + + + + + + + + + + + + +

Patient motivation/compliance enhancement + + + + + + + + + + + + + + +

Downstream testing + + + + + + + + + + + + +

Side effects + + + (+) (+) (+) (+)

–, no relevance; +/+ +/+ + +, low/intermediate/high relevance. CAD, coronary artery disease; CAC, coronary artery calcium; CTA, coronary CT angiography; LV, left ventricle.

Table 6.2

(d) Nuclear medicine and fundoscopy

Plaque vulnerability SPECT Fusion Imaging Fundoscopy

CAD detection – + + + + + –

CAD surrogate + + (+)

Early timeline of atherosclerosis + + – + + + +

Evidence grade – + + + – + +

Prognosis prediction + + + + + + +

Clinical decision making + + + + + +

Variability + + + + + + +

Cost-effectiveness – – – +

Availability – – – –

Expertise requirement + + + + + + + + + +

Patient motivation/compliance enhancement + + + + + + +

Downstream testing + + + + + + +

Side effects + + + + + + (+)

–, no relevance; +/+ +/+ + +, low/intermediate/high relevance. CAD, coronary artery disease; SPECT, single-photon emission computed tomography.

Bias in screening for atherosclerosis
When applying imaging methods one should adhere to clear-cut 
criteria, for instance those published by the World Health Or-
ganization [17] ( Table 6.3). Screening tests have their biases 
and pitfalls: it is important that one is aware of the relevance of 
false positive and false negative results. The proportion of false 

positive and false negative results depends on the incidence of 
the disease. If a disease is rare, screening will produce more false 
positive results, which create a psychological burden for the in-
dividual patient and may mean unnecessary invasive tests. False 
negative results, on the other hand, may delay the diagnosis of 
potentially threatening diseases.

(continued)
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Ultrasound of vessel walls
Intima–media thickness (IMT)
High-resolution B-mode ultrasonography has a number of inher-
ent methodological advantages: it is non-invasive, readily avail-
able, cost-effective, and does not involve radiation exposure. The 
carotid arteries are ideal for assessment due to their short distance 
from the skin and the carotid intima–media thickness (CIMT) is 
usually measured ( Fig. 6.2). Measurement of the IMT is  defined 
according to the leading edge method as the distance  between 
the lumen–intima border and the media–adventitia border. IMT 

Other potential sources of bias include:
◆	 Selection bias, which implies a specific bias in individual 

screening.
◆	 Adherence or compliance bias; this might be introduced in 

those individuals who adhere very strictly to therapies and 
are thereby more willing to undergo screening, improving the 
 apparent impact of the screening strategy.

◆	 Lead-time bias overestimates the effectiveness of a screening 
test by detecting the disease at a much earlier stage; therefore, 
the time between diagnosis and disease/death will be prolonged, 
giving an artificial prolongation of ‘survival with disease’.

◆	 Length-time bias might work if screening performs better in 
detecting diseases with more favourable outcomes.

Table 6.2 (continued)

(e) Invasive procedures and functional testing

IVUS/elastography OCT Thermography FMD PWA ABI

CAD detection + + + + + + + + + – – –

CAD surrogate + + (+) +

Early timeline of atherosclerosis + + + + + + + + + + + + + + + +

Evidence grade + + – – – + + +

Prognosis prediction + + + + + + + +

Clinical decision making + + + + + + + + + +

Variability + + + + + + + + +

Cost-effectiveness – – – + + + + +

Availability – – – – + + + +

Expertise requirement + + + + + + + + + + + + + +

Patient motivation/compliance enhancement + + + + + + + + + + +

Downstream testing + + + + + + +

Side effects + + + + + + (+) – –

–, no relevance; +/+ +/+ + +, low/intermediate/high relevance; CAD, coronary artery disease; IVUS, intravascular ultrasound; OCT, optical coherence tomography; FMD, flow-
mediated dilatation; PWA, pulse wave analysis; ABI, ankle–brachial index.

Fig. 6.2 Ultrasound scan of the common carotid artery with a high-frequency 
transducer, automatic contouring and measurement of the intima-media 
thickness (IMT) approximately 1 cm distal to the bulb. Note the average 
measurement result of 0.54 mm and the standard deviation of 0.08 mm in an 
individual assessment.

Table 6.3 WHO criteria for screening [17]

◆ The condition sought should be an important health problem for the 
individual and community

◆ There should be an accepted treatment or useful intervention for patients 
with the disease

◆ The natural history of the disease should be adequately understood
◆ There should be a latent or early symptomatic stage
◆ There should be a suitable and acceptable screening test or examination
◆ Facilities for diagnosis and treatment should be available
◆ There should be an agreed policy on whom to treat as patients
◆ Treatment started at an early stage should be of more benefit than 

treatment started later
◆ The cost should be economically balanced in relation to possible 

expenditure on medical care as a whole
◆ Case finding should be a continuing process and not a once and for all 

project

Data from Wilson JMG, Jungner G. Principles and practice of screening for disease. WHO 
Chronicle 1968; 22: 473.
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the media–adventitia/intima–lumen border. However, there are in-
termediate stages between elevated IMT values and plaque without 
any clear differentiation by ultrasound and even histology. Report-
ing of plaque findings by ultrasound should contain quantitative 
measures of length and brightness dimensions as well as thickness, 
but also characterization of plaque composition such as echolucent, 
calcified, homogeneous, heterogeneous, smooth, or irregular. Echo-
lucent plaque imply an increased risk of CV events as compared 
with more calcified plaque. The prognostic implication of plaque 
formation is beyond that of a merely elevated IMT [22], although 
the latter still gives additional predictive information [18].

Aneurysm definition
Because of their frequently bad prognosis [31] aneurysms should 
be detected during a carotid ultrasound assessment. All imaging 
modalities able to image arterial vessels are capable of detecting an-
eurysms; cerebral aneurysms, due to their anatomical position, are 
better imaged by magnetic resonance imaging (MRI). However, 
the more frequent findings of abdominal aortic aneurysms (AAA) 
(more than 95% being located infrarenally) or great arterial vessel 
aneurysms can be conveniently imaged by less elaborate modal-
ities like ultrasound. An aneurysm is a localized, blood-filled dila-
tation of the vessel mostly caused by atherosclerosis. The neck of 
the circumscript dilatation is always wider than its top (aneurysm 
verum). At the aorta dilatation is defined as a diameter of ≥ 3 cm, 
and the risk of rupture increases exponentially with the diameter of 
the dilatation. The ADAM study recommended surgical repair for 
aneurysms with a diameter >5.5 cm in men and >4.5 cm in women 
[32]. However, interventional endovascular procedures (e.g. stent-
assisted Dacron® prostheses) should always to be considered as they 
carry a lower mortality. Otherwise, serial measurements might be 
important because accelerated increases in diameter (>1 cm/year) 
imply a high risk of rupture. Of note, about 70% of patients with 
aneurysms die of CVDs like MI and stroke.

Screening for AAAs was recommended by the American 
College of Preventive Medicine for ever-smoking men aged 65–75 
years [33], by the American College of Cardiology (ACC)/AHA 
for men aged 60 years with a sibling or offspring who had an 
AAA [4], and by the Surgeon Vascular Society and the Society for 
Vascular Medicine and Biology for all men aged 60–85 years and 
women aged 60–95 years with CV risk factors or all individuals 
aged 50 years with a family history of AAA [34].

Targeted imaging of plaques and therapeutic 
ultrasound
Contrast ultrasound used with molecular imaging by site-targeted 
modification of the contrast bubble shell provides the ability to 
interact with activated inflammatory cells or with activated vas-
cular endothelium [35]. For this purpose a gas-filled microbubble 
with intercellular adhesion molecule-1 (ICAM-1) antibodies on 
the shell has been developed for endothelial cell binding. Because 
expression of ICAM-1 by endothelial cells is associated with early 
atherosclerosis this could be used for the diagnosis of pre-clinical 
atherosclerosis [36].

measurements are performed during diastole due to lower vari-
ability than in systole and might be restricted to the medial wall 
which has lower variability than the lateral wall. Automatic con-
tour detection programs (about 150 measurements in < 0.1 s)  
are preferred [18,19] ( Fig. 6.2). IMT values imply predictive 
information on future events such as stroke and MI [20], as con-
firmed in a meta-analysis [21]. The detection of plaque increases 
the risk up to a hazard ratio (HR) of 2.3 [22]. According to the 
Rotterdam Study, a reclassification of Framingham risk score 
(FRS) was possible by CIMT to an NRI of 8.2% in women (less in 
men) [23]. The ARIC study found an NRI of 9.9% irrespective of 
gender [24]. Based on data from the ARIC trial [20] and the Nix-
dorf recall study, nomograms exist that enable calculation of age- 
and gender-referenced percentiles as well as biological age [25]  
(a calculator can be downloaded at <http://www.uk-essen.de/ 
recall-studie/>). Commonly an IMT value is considered to be ele-
vated if it is higher than the population-based 75th percentile. IMT 
values are linearly related to a number of established CV risk fac-
tors; however, interestingly this linearity is less clear with increas-
ing age, demonstrating an age dependence [26]. IMT may also be 
useful as a follow-up parameter to assess the vascular effects of 
positive changes in risk profile: A meta-analysis on antihyperten-
sive drugs comparing calcium channel blockers and angiotensin-
converting enzyme (ACE) inhibitors demonstrated a significant 
decrease of IMT after therapy with calcium channel blockers [27]. 
In the placebo-controlled METEOR study high-dose rosuvastatin 
therapy prevented progression of IMT (i.e. increased thickening) 
over a 2-year follow-up [28]. In the REGRESS study a regression 
of IMT after 2 years of pravastatin therapy was confirmed [29].

Based on these convincing data the American Heart Association 
(AHA) guideline for assessment of CV risk in asymptomatic 
adults [4] recommends IMT measurement as a class IIa diagnostic 
assessment saying that

measurement of CIMT is reasonable for CV assessment in asymp-
tomatic adults at intermediate risk. Published recommendations on 
required equipment, technical approach, and operator training and 
experience for performance of the test must be carefully followed to 
achieve high-quality results (Level of Evidence: B).

In spite of this, the reliability of CIMT in single-patient risk assess-
ment is still controversial due to high variability and relatively low 
intra-individual reproducibility. Otherwise, limitations can now 
be overcome by using newer radiofrequency systems ( Fig. 6.2).

Echo particle image velocimetry (EPIV) is a new technique that 
measures shear wall stress (in dyne/cm2) through vector analysis of 
blood velocities at the wall at the carotid bifurcation by combining 
contrast with conventional two-dimensional (2D) ultrasound [30].

Plaque definition
In carotid artery ultrasound, plaques characteristically appear as a 
circumscript thickening with a more echogenic tissue composition 
(probably signifying calcification). Plaques may also be more echo-
lucent (probably signifying soft plaque). Some lesions are border-
line for which definitions of the Mannheim consensus are useful 
[18]. A plaque is a focal structure that protrudes into the lumen by 
≥ 0.5 mm, or is 50% of the approximate IMT, or is > 1.5 mm from 
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example hypertension, left ventricular (LV) hypertrophy, valvular 
diseases, and CAD, progressive vasodilatation may occur to main-
tain the stability of the coronary perfusion pressure. In these pa-
tients, CFR will be reduced because their ability to vasodilate after 
exercise or pharmacological stimulus is diminished. Although there 
is no consensus, it has been suggested that CFR values less than 2 
indicate an altered CFR [47]. TTE has been applied to estimate the 
functional severity of intermediate coronary stenosis, reserving 
intervention for those patients with a reduced CFR [49], for the 
follow-up of percutaneous coronary interventions (PCIs) [50,51], 
and for the assessment of coronary recanalization in acute MI [52].

Calcification of cardiac structures
Identification of calcium deposits at the aortic valve ( Fig. 6.4) 
and/or the mitral apparatus (annulus, leaflets, papillary muscles) 
or a relevant thickening of ascending aorta walls, as detected by 
 conventional TTE, was associated with higher CV morbidity and 
mortality rates in several prospective studies [53–55]. Further-
more, valvular calcifications are frequently detected in  people 
with significant coronary atherosclerosis and carotid plaques, 

Recent studies in animals have shown a potential use for micro-
bubbles in therapeutic applications such as drug delivery. The in-
teraction of the bubbles with high-pressure ultrasound generates 
their destruction by exaggerated oscillation, releasing the trans-
ported drug [37]. Microbubble disruption, together with the effect 
of ultrasound on the endothelium [38], increases cell permeability, 
allowing the passage of bubbles and drugs to the interstitial space. 
The same mechanism is used for gene delivery: genes bound to 
microbubbles can be carried to the target tissue without being di-
gested [36], and once they reach it they are released by destruction 
of the bubbles by a high-mechanical-index ultrasound pulse.

Ultrasound contrast agents have also been used in the treat-
ment of thrombosis in the presence or absence of fibrinolytic ther-
apy [39]. A positive correlation between the use of ultrasound and 
the rate of thrombolysis was found in most, but not all, the studies. 
High-power, low-frequency ultrasound was associated with more 
effective clot lysis [40].

Echocardiography including tissue 
Doppler techniques
Coronary artery imaging
Transthoracic echocardiography (TTE)
The development of ultrasound technology, mainly second- 
harmonic imaging and the use of contrast agents, now allows 
 direct visualization of epicardial coronary arteries by 2D TTE [41]. 
Although imaging of coronary arteries is technically demanding 
[37], blood flow in the left anterior descending coronary artery 
(LAD) can be assessed in most patients [37,42,43], while the pos-
terior descending coronary artery can be visualized in 43 to 81% 
of patients [44–46] and the left circumflex coronary artery (CX) 
in 38% of patients [47]. Scanning of coronary arteries requires 
higher probe delivery frequencies than when studying apical seg-
ments; this is particularly the case for distal LAD imaging, due 
to its higher resolution. However, the better penetration of lower- 
frequency transducers is desirable, despite the lower resolution, 
for colour and pulsed Doppler examinations and for visualization 
of the other coronary arteries. In asymptomatic patients, LAD wall 
thickness and external diameter were observed as potential mark-
ers of subclinical coronary atherosclerosis [48]. Flow in coronary 
arteries is typically forward and biphasic with dome-like systolic 
and diastolic components; the latter predominates and in normal 
coronary circulation is principally responsible for coronary flow 
due to the high intramural pressure during systole.

Coronary artery flow velocity reserve (CFR) is the ratio be-
tween the peak diastolic flow velocity during maximal vasodilation 
(achieved with adenosine, dipyridamole, or physiological stress) 
and the basal diastolic flow velocity [46] ( Fig. 6.3). This ratio is 
not only influenced by the diameter of epicardial coronary arteries 
but also by the total cross-sectional area of the coronary  resistance 
vessels, which is proportional to the microcirculatory bed. The 
maximum vasodilatation capacity depends on the basal tone of 
 epicardial and microcirculatory arteries. In many disorders, for 

Fig. 6.3 Assessment of coronary flow by pulsed Doppler ultrasound showing 
peak diastolic flow velocities before (a) and after (b) administration of 
dipyridamole.

(a)

(b)
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(AUC = 0.85; 95% CI 0.78–0.90; SEE = 0.03%; p < 0.001). In the 
cohort of 2723 American Indians participating in the Strong Heart 
Study, mitral annular calcification (MAC) but not aortic valve 
sclerosis was related to an increased incidence of stroke [risk ratio 
(RR) = 3.12; 95% CI 1.77–5.25], even after adjustment for clinical 
variables and C-reactive protein and fibrinogen (HR = 2.42; 95% 
CI 1.39–4.21) or the echocardiographic covariates left ventricular 
hypertrophy (LVH) and left atrial (LA) enlargement (HR = 1.89; 
95% CI 1.04–3.41).

Subtle left ventricular dysfunction
Tissue Doppler imaging, strain and strain rate imaging, 
and speckle tracking
Strain (St) and strain rate (SR) are relatively new parameters for 
evaluating myocardial deformation with a large potential for clin-
ical application. While St measures the longitudinal, radial, and 
circumferential deformation of myocardial tissue, reflecting the 
regional ejection fraction (EF), SR reflects the change in strain 
with respect to time, which is a parameter related to contractility. 
St and SR can both be measured using tissue Doppler, a mode that 
measures simultaneous myocardial velocities at different points, 
detecting wall motion abnormalities (WMA) more objectively 
and earlier than by conventional TTE ( Fig. 6.5). The second 
technique for assessing St and SR is speckle tracking, based on the 
search for ultrasound reflectors (‘speckles’) in the myocardium, 
which can be tracked frame by frame during the cardiac cycle. 
This technique allows St, SR, tissue velocity, and LV rotation to 
be assessed without the inconvenience of alignment sensitivity 
needed for tissue Doppler. Some studies report that St imaging is 
more sensitive than wall motion examination for detecting acute 
ischaemia [57]. Experimental work has shown that the most sen-
sitive and specific parameters for detecting the presence of acute 
myocardial ischaemia are a reduction in SR (mainly longitudin-
al deformation), time to relaxation, and post-systolic thickening, 
defined as myocardial contraction after aortic valve closure [58]. 
The clinical applications of SR imaging are myocardial viability, 

suggesting a similar pathogenic process [55,56]. Even though 
image acquisition is relatively simple and rapid, the approach is 
still qualitative or semi-quantitative. Although no data on any 
improvement in reclassification are currently available for large 
intermediate-risk populations, an echocardiographic calcium 
score (ECS) or calcification score index (CSI) assessed by TTE 
has been demonstrated to correlate with the FRS, the Duke score, 
and the LV mass index providing a simple, radiation-free index 
of cardiovascular disease (CVD) in patients with known or sus-
pected CAD [56]. In a study by Nucifora et al. [55] ECS was as-
sociated with coronary calcium score > 400 [odds ratio (OR) 3.6; 
95% confidence interval (CI) 2.4–5.5; p < 0.001]. Similarly, only 
ECS (OR 1.8; 95% CI 1.4–2.4; p < 0.001) and pre-test likelihood 
of CAD (OR 1.7; 95% CI 1.0–2.8; p = 0.04) were associated with 
obstructive CAD. After ROC curve analysis, ECS > 3 had the high-
est sensitivity and specificity for identification of patients with se-
vere coronary artery calcification (87% for both) and obstructive 
CAD (74% and 82%; respectively) (AUC = 0.90; 95% CI 0.84–0.95; 
SEE = 0.03%; p < 0.001). The ability of ECS to predict obstruc-
tive CAD was similar to that of the coronary artery calcium 
(CAC) score obtained by electron beam computed tomography  

Fig. 6.4 Trans-oesophageal echocardiogram showing severe aortic valve 
calcification.

Fig. 6.5 A postero-inferior aneurysm evaluated by strain 
rate technique. Longitudinal strain is negative in the apical 
and anterior segments (white arrow) showing normal 
systolic contraction, while the inferior and posterior 
segments exhibit positive longitudinal strain (yellow arrow) 
due to the dyssynergic movement of the aneurysmatic area.
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of contrast agents. The signal enhancement produced by this tech-
nique is caused by oscillation of contrast microbubbles interact-
ing with ultrasound. Bubble vibration amplifies echo-producing 
signals at multiples of their frequency, termed harmonics [63], 
resulting in an increased blood–tissue interface. LV cavity opaci-
fication allows a better definition of endocardial borders thus 
increasing the accuracy of detection of segmentary contractility 
defects. Other applications of MCE include perfusion studies that 
show filling defects in LV walls in the presence of microcirculation 
or epicardial disease. The combined use of both these techniques 
during stress testing has demonstrated to increase true-positive 
test results by >50% compared with isolated WMA criteria [64].

Multi-detector computed tomography
Computed tomography (CT) imaging has made substantial tech-
nical progress in recent years. Wide detector coverage and im-
proved spatial and temporal resolution as well as the ability to 
synchronize image acquisition or image reconstruction with the 
patient’s electrocardiogram (ECG) has made it possible to utilize 
multi-detector CT (MDCT) for cardiac imaging. One of the most 
prominent applications has been coronary artery imaging. Coro-
nary arteries can be depicted without contrast injection in order to 
identify and quantify coronary calcification, or the coronary arter-
ies can be visualized after intravenous injection of contrast agent 
in order to perform ‘coronary CT angiography’ (CTA).

Coronary artery calcium scoring
With the exception of patients in renal failure, CAC is exclusively 
present in the context of atherosclerosis and it reflects a rough esti-
mate of the total atherosclerotic burden [65]. The presence of CAC 
is usually assumed if a density exceeding 130 HU is found in non-
enhanced CT images of the coronary arteries ( Fig. 6.7). The 
most frequently used method for quantification is the ‘Agatston 
score’, which is found by measuring the area and peak density of 
calcified plaque. Alternative measures of CAC exist, such as the 
calcified volume or the calcium mass, but since the majority of sci-
entific data have been generated with the Agatston score it remains 
the most frequently used tool for quantification and reporting.

In the general population, CAC scores increase with age, and 
on average are higher in men than women [66]. Age- and gen-
der-specific percentiles exist for various populations [66–68]. 
Nomograms permit the calculation of age- and gender-referenced 
percentiles as well as biological age (adopted from the Nixdorf 
recall study calculator <http://www.uk-essen.de/recall-studie/>). 
Since the presence and amount of CAC is tied to the presence and 
amount of coronary atherosclerotic plaque, and CAD events are 
typically caused by plaque rupture and erosion, it is fair to assume 
that coronary calcification is related to an individual’s risk for death 
and coronary events. In asymptomatic individuals the absence of 
CAC is associated with a very low (<1% per year) risk of major 
CV events over the next 3 to 5 years, whereas an up to 11-fold 
increase in relative risk of major cardiac events has been reported 
in asymptomatic subjects with extensive coronary calcification 

ventricular dyssynchrony, and the early detection of subclinical 
LV dysfunction. More work is still needed to determine the real 
value of this imaging tool.

Trans-oesophageal echocardiography (TEE)
The use of TEE for coronary artery imaging can provide informa-
tion about coronary artery anomalies and proximal coronary dis-
ease [mainly the LAD and left main coronary artery (LMCA)] and 
measure flow reserve. Identification of LMCA stenosis by Doppler 
colour is feasible due to its parallel position with respect to the echo 
beam. By adjusting appropriate Nyquist limits to avoid areas of 
aliasing flow with no stenosis, the sensitivity and specificity of the 
technique for the diagnosis of significant CAD have reached 100% 
in some studies. The unfavourable position for Doppler pulse ex-
amination of the CX and right coronary artery (RCA) makes it dif-
ficult to apply and evaluate this technique [59]. A limitation of TEE 
is its evaluation of proximal segments, where the flow can be per-
fectly normal despite the presence of a distal stenosis; this is one of 
the reasons for the abandonment of TEE in the study of CFR [47].

Stress echocardiography
Stress echocardiography is an easy technique based on the indirect 
detection of myocardial ischaemia by visually assessing provoked 
WMA. The stress needed to produce ischaemia in these areas with 
a lower CFR can be achieved by physical exertion or pharmaco-
logical agents such as dobutamine or dipyridamole. Exercise stress 
(either a bike or treadmill) is preferred because of its lower rate of 
complications and a better physiological profile. The high sensi-
tivity, specificity [60], and negative predictive value for ischaemia 
[61] of stress echocardiography (80–85, 85, and 98%, respectively) 
make it a valuable test for the detection of myocardial ischaemia 
( Fig. 6.6), especially in patients with an intermediate pre-test 
probability of CAD. In preventive settings the very high nega-
tive predictive value may be important for excluding disease and 
predicting the uneventful survival rate (events being even higher 
in unexamined controls obtained from life tables) [62], which in 
most studies is < 1% per year.

Myocardial contrast echocardiography
Myocardial contrast echocardiography (MCE) is a valuable tool 
for assessing the presence of CAD due to the physical properties 

Fig. 6.6 Stress echocardiography protocol showing inferior hypokinesis after 
dobutamine infusion.
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In summary, the predictive value of CAC for the occurrence 
of future CVD events in asymptomatic individuals is widely ac-
cepted [88–91]. Current European guidelines on CVD prevention 
state that ‘computed tomography for coronary calcium should be 
considered for cardiovascular risk assessment in asymptomatic 
adults at moderate risk’ and provide it with a class IIa recommen-
dation [1]. In clinical practice it is not quite clear which patients 
or individuals will profit from having a CAC scan performed. 
Most recommendations support a potential role for assessment of 
CAC in further risk stratification if patients have an intermediate 
Framingham or PROCAM risk:

… clinical decision-making could potentially be altered by coro-
nary artery calcium measurement in patients initially judged to be 
at intermediate risk (10% to 20% in 10 years). The accumulating evi-
dence suggests that asymptomatic individuals with an intermediate 
Framingham Risk Score may be reasonable candidates for … testing 
using coronary artery calcium as a potential means of modifying risk 
prediction and altering therapy. [89]

In patients at high or very low risk it is currently assumed that 
CAC imaging will not be clinically reasonable since the result is 
unlikely to influence treatment decisions:

… the current literature on coronary artery calcium does not provide 
support for the concept that high-risk asymptomatic individuals can 
safely be excluded from medical therapy for coronary heart disease 
even if [the] coronary artery calcium score is 0. [20]

Unselected ‘screening’ or patient self-referral is uniformly not rec-
ommended [89–91].

Coronary CT angiography
After injection of contrast agent, CT imaging allows visualization 
of the coronary artery lumen (‘coronary CT angiography’, CTA). 
The image quality of CTA depends on many factors, but in select-
ed patients high accuracy for stenosis detection can be achieved 
( Fig. 6.8). In addition, CTA allows the detection of both calci-
fied and also non-calcified plaque components ( Fig. 6.9). With 
some limitations, and under the prerequisite of excellent image 
quality, plaque quantification and characterization is possible. It 
has recently been shown that some characteristics determined by 
CT in coronary atherosclerotic plaques, such as positive remod-
elling and low CT attenuation of the atherosclerotic material, are 

[69–73]. Two of the most prominent prospective large-scale tri-
als which have convincingly demonstrated that measurement of 
CAC by CT has incremental prognostic information beyond as-
sessment of traditional risk factors are the Nixdorf recall study 
[73] and the MESA trial [67,69] ( Table 6.4). Both have convinc-
ingly demonstrated that the presence of certain amount of CAC 
will reclassify individuals who seem to be at low or intermediate 
risk based on traditional risk factors to a high-risk category, and 
that this may mandate more intense modification of risk factors. 
Furthermore, several studies were able to demonstrate that CAC 
allows better risk stratification than other novel markers of risk, 
such as C-reactive protein [74] or IMT [75].

CAC increases progressively over time [76]. The rate of pro-
gression is correlated with non-coronary atherosclerosis [77], is 
related to cardiovascular risk factors [78], and shows a genetic as-
sociation [79]. One study has observed a higher CAD event rate 
in individuals who displayed more rapid progression of CAC [80]. 
A number of trials have evaluated the influence of lipid-lowering 
therapy on the progression of CAC but have reported conflicting 
results [81–87]. Since, in addition, interscan variability is high, es-
pecially for low scores, no sufficiently strong data support the clin-
ical use of repeated CAC scans.

Fig. 6.7 Detection of coronary calcium in non-
enhanced cardiac CT. Calcium in the left anterior 
descending coronary artery (left image, arrow), and 
in the right coronary artery (right image, arrow).

Table 6.4 Risk of coronary events (adjusted for risk factors) that 
was associated with an increasing ‘Agatston score’ (a measure of 
the amount of calcium) in a population sample of 6722 individuals 
without coronary artery disease at study entry, followed for a mean 
period of 3.8 years [5]

Agatston score Hazard ratio (major 
coronary events)

Number of 
individuals

With events Total

0 1 8 3409

1–100 3.89 25 1728

101–300 7.08 24 752

≥ 301 6.84 32 833

Data from McClelland RL, Chung H, Detrano R, Post W, Kronmal RA. Distribution of 
coronary artery calcium by race, gender, and age. Results from the Multi-Ethnic Study of 
Atherosclerosis (MESA). Circulation 2006; 113: 30–7 and Detrano R, Guerci AD, Carr JJ, 
Bild DE, Burke G, Folsom AR, Liu K, Shea S, Szklo M, Bluemke DA, O’Leary DH, Tracy R, 
Watson K, Wong ND, Kronmal RA. Coronary calcium as a predictor of coronary events 
in four racial or ethnic groups. N Engl J Med 2008; 358: 1336–45.
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asymptomatic individuals. Min et al. [93] demonstrated increased 
overall mortality in patients with atherosclerotic lesions in more 
than five coronary artery segments while Ostrom et al. [94] dem-
onstrated an increased mortality in patients with non-obstructive 
lesions in all three coronary arteries, or in patients who had 
 obstructive lesions. A recently published analysis of a registry in-
cluding more than 23 000 patients confirmed the prognostic value 
of CTA, when the presence of coronary stenoses but also the pres-
ence of non-obstructive plaque was associated with an increased 
risk of mortality [95]. However, the HR for non-obstructive plaque 
was relatively low (HR = 1.6; 95% CI 1.2–2.2). Another analysis of 
the same registry was unable to demonstrate for this mostly symp-
tomatic patient group an incremental prognostic value of contrast-
enhanced CTA over coronary calcium measurements, which can 
be performed without contrast and at a substantially lower radi-
ation exposure [96]. Therefore, CTA, while a useful clinical tool 
for ruling out coronary artery stenosis in selected individuals with 
 stable or acute chest pain [91,97], is currently not recommended 
for risk assessment purposes in asymptomatic individuals [91].

Magnetic resonance imaging
Cardiac magnetic resonance imaging (CMR) is a technique that 
is sufficiently accurate and versatile to replicate complex (patho-)
physiology in a variety of CV conditions ( Fig. 6.10). As a non-
invasive, radiation-free imaging modality with high diagnostic 
yield it is well suited for investigating the presence of subclinical 
disease in an asymptomatic population. Faster imaging and in-
creased availability of equipment and local expertise now allow 

associated with the occurrence of future acute coronary syndromes 
[92] (  Table 6.5). Recently, several studies and data based on 
large registries have been able to demonstrate a prognostic value of 
atherosclerotic lesions detected by CTA in both symptomatic and 

(a) (b)

Fig. 6.8 Coronary CT angiography permits the 
identification of coronary artery stenosis. Here, 
a stenosis is present at the ostium of the left 
anterior descending coronary artery. Coronary CT 
angiography (a) demonstrates not only the lumen 
reduction but also the atherosclerotic material of 
the plaque that causes the stenosis, which is mainly 
non-calcified (arrow). The stenosis is confirmed by 
invasive coronary angiography (b, arrow).

Fig. 6.9 Detection of non-obstructive coronary 
atherosclerotic plaque in contrast-enhanced 
coronary CT angiography: (a) completely calcified 
plaque, (b) partly calcified plaque; (c) completely 
non-calcified plaque.

(a) (b) (c)

Table 6.5 Results of a prospective study by Motoyama et al. [92]. In this 
study 1059 patients were followed for a mean period of 27 months after 
a clinically indicated coronary CT angiogram. Coronary atherosclerotic 
plaques were identified and evaluated with regard to the presence of 
positive remodelling and low CT attenuation (attenuation values < 30 
HU). The rate of acute coronary syndromes (ACS) during follow-up 
was substantially higher in patients with plaques that demonstrated 
positive remodelling and low CT attenuation than in patients with 
other types of plaque or without plaque

Finding at baseline Total number 
of patients

ACS during 
follow-up

No ACS during 
follow-up

Plaques with positive 
remodelling and CT 
attenuation < 30 HU

45 10 (22%) 35 (78%)

Plaques with positive 
remodelling or CT 
attenuation  
< 30 HU

27 1 (4%) 26 (96%)

Plaques with neither 
positive remodelling 
nor CT attenuation 
< 30 HU

822 4 (0.5%) 816 (99%)

No plaque 167 0 (0%) 167 (100%)

Data from Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, Naruse H, Ishii J, 
Hishida H, Wong ND, Virmani R, Kondo T, Ozaki Y, Narula J. Computed tomographic 
angiography characteristics of atherosclerotic plaques subsequently resulting in acute 
coronary syndrome. J Am Coll Cardiol 2009; 54: 49–57.
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it is able to provide information about global as well as regional 
function.

Myocardial ischaemia
Adenosine stress perfusion imaging by CMR is a widely used ap-
plication and has low procedural risk [104]. It is probably the most 
accurate non-invasive technique in the current clinical routine for 
ruling out myocardial ischaemia and has been shown to be supe-
rior to single-photon emission computed tomography (SPECT) 
in a single-centre setting and not inferior to SPECT in a multi-
centre setting [105,106]. Similarly, dobutamine-stress magnetic 
resonance imaging (DSMRI), with or without stress perfusion, is 
also highly sensitive (like dobutamine stress echocardiography; 
DSE) [107]. However, as it has a higher procedural risk and the 
required expertise is less widely available it is used somewhat less 
frequently than DSE.

Myocardial tissue characterization and viability
Late gadolinium enhancement (LGE) marks an enlarged distri-
bution volume and corresponds to histological substrates such 
as oedema or fibrosis [108]. Commonly called ‘scar imaging’, it 
is used for visualization of the post-infarct myocardial scar and 
prediction of recovery with revascularization [109]. It also identi-
fies oedema and the area at risk in acute infarct and in the diffuse 
inflammation of myocarditis [110].

Great vessels and plaque composition
CMR is excellently suited for investigating the anatomical relations 
between vessel conduits and the chambers of the heart, to assess 
dimensions and blood flow within the great vessels. In addition, 

for the use of this modality early in the diagnostic cascade. High 
costs are commonly offset by the reduced need for other imaging 
to reach the diagnosis [98]. Despite its obvious potential, evidence 
that CMR adds to patients’ management in subclinical disease 
and primary prevention remains scarce. As the number of overall 
clinical indications is increasing, the evolving role of CMR is likely 
to gain importance by virtue of exclusion of disease and within the 
growing area of secondary prevention.

Coronary arteries
CMR is able to image the proximal course of the coronary arteries 
and exclude the presence of significant proximal CAD [99]. Clear-
ly, CMR images of the coronary arteries are less crisp and detailed 
than those obtained with coronary artery imaging using modern 
multidetector CT scanners [100]. As both modalities suffer from 
artefacts due to calcifications in significant CAD (drop-out arte-
facts in CMR, white spillage artefacts in CTA), both are relatively 
unreliable for determining the significance of a coronary stenosis 
without additional perfusion imaging. Visualization of the proxi-
mal coronary arteries with CMR is also helpful for excluding an 
abnormal course [101].

Left and right ventricular volumes and function
Owing to its high accuracy, interstudy reproducibility, and low 
inter- and intra-observer variability CMR is the established refer-
ence standard for the assessment of cardiac volumes and function, 
and also LV mass [102]. This allows CMR to detect relatively small 
changes in volume and mass. Independent of imaging windows 
and planes, CMR is also invaluable in assessment of the right 
ventricle [103]. Because it depicts the right ventricular free wall 

(a)

CONTROL HCM NICM ICM

T1 = 1033 ms T1 = 1253 ms T1 = 1211 ms
T1scar = 1434 ms
T1 remote = 1175

(b) (c) (d)

Fig. 6.10 Cardiomyopathy screening: 
examples of a healthy control (A), a patient with 
hypertrophic cardiomyopathy (B), a patient with 
idiopathic non-ischaemic (C) and ischaemic 
dilative cardiomyopathy (D). Upper panel: cine 
imaging reveals the structure and function and 
gives information about regional wall motion 
abnormalities. Middle panel: late gadolinium 
enhancement provides information on regional 
fibrosis. Lower panel: T

1
 mapping as an increasingly 

promising tool to differentiate normal from 
abnormal myocardium and examples of native T

1
 

imaging in the corresponding cases.
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plaque, which precedes MI, and LV remodelling, which precedes 
heart failure.

Clinical observations that acute coronary events often result 
from rupture of atherosclerotic plaques at sites with no or minor 
luminal narrowing have stimulated the search for techniques to 
identify vulnerable, rupture-prone lesions [123]. Those may show 
characteristic morphological features, but they may still differ in 
their biology and their activity, which ultimately leads to rupture. 
Molecular-targeted approaches aim at identifying plaque inflamma-
tion, apoptosis, extracellular matrix activation, or platelet binding. 
Clinically, the most advanced approach is the use of the glucose an-
alogue 18F-fluorodeoxyglucose (FDG) and PET in order to identify 
elevated glucose metabolism in activated monocytes of vulnerable 
atherosclerotic lesions. This technique is based on a readily avail-
able FDA-approved tracer and has been validated against  histology 
[124]. It has been shown to be reproducible [125], appears to be 
sensitive to therapy-induced changes ( Fig. 6.12), and has recently 
been used as an end-point in randomized trials [122].

There are several alternative approaches [126], many at the pre-
clinical or very early clinical level, suggesting that the field remains 
a work in progress. Challenges related to the best targeting ap-
proach, to translation of animal model results to the clinical setting, 
to adequate imaging methodology for visualization of coronary 
 artery biology, and to a suitable target patient population need to 
be overcome. The final goal of these efforts is improved clinical risk 
assessment through in vivo assessment of vascular biology.

Fundoscopy
There is evidence that microangiographic abnormalities of the 
retina correlate with CV risk factors in the metabolic syndrome 
[127] and age and arterial hypertension [128]. The fundus carries 

multicontrast applications can be used to assess atherosclerotic 
burden in carotid arteries and the abdominal aorta [111–113]. 
Flow and cine imaging with high temporal resolution can yield 
accurate information about aortic stiffness, by central aortic pulse 
wave velocity and distensibility, respectively [114,115]. The use 
of sophisticated sequences and fusion capabilities enables direct 
pathoanatomical imaging of active atherosclerosis of the vessels 
( Fig. 6.11).

MRI also discriminates the composition of carotid plaque [116] 
by detection of the lipid core, carotid wall thickening, and intra-
plaque haemorrhage. Intraplaque haemorrhage is associated with 
hypertension and current smoking, while the presence of a lipid 
core is related to hypercholesterolaemia [117]. Measurement of the 
lipid core can be used to monitor plaque regression with antilipid 
therapy [118]. In 191 diabetic patients with moderate to high-grade 
carotid artery stenosis, there was a 92% concordance between MRI 
and 36 specimens obtained during carotid endarterectomy, irre-
spective of the degree of stenosis [119].

More recent developments include imaging of plaques with MR 
contrast agents, such as gadolinium chelates [120] or superpara-
magnetic iron oxide nanoparticles to mark inflammation [121]. 
In combination with positron emission tomography (PET), new 
molecular tracers have been developed to better understand the 
different phases of plaque development and vulnerability [122].

Nuclear/molecular imaging
CV molecular imaging promises to become a key diagnostic mo-
dality in CV medicine by visualizing specific targets and pathways 
that precede or underlie changes in morphology, physiology, and 
function. For earlier detection of disease, molecular imaging tech-
niques are currently primarily focused on two areas: the vulnerable 

(a) (b)RCA
Enhancement

Aortic root

(c)

(d) (e) (f)

Fig. 6.11 Coronary enhancement imaging. 
Representative images of the right coronary artery 
(RCA) from a 38-year-old woman with systemic 
lupus erythematosus (A–C) and from an age/
gender-matched healthy subject (D–F). 
(A), (D) CMR coronary angiography with 
luminogram is used to measure the vessel length 
and lumen diameter.  
(B), (E) Inversion recovery contrast-enhanced images 
with black-blood pre-pulse reveals the enhancement 
within the aortic and coronary vessel walls.  
(C), (F) fused images of both coronary angiography 
and inversion-recovery contrast-enhanced images to 
depict the enhancement (purple) in relation to the 
vessel lumen (bright signal).
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non-invasive modalities (e.g. validation of the findings of multi-
detector CT by IVUS).

Intravascular ultrasound/virtual histology/
elastography
IVUS is an invasive imaging modality using a specially designed 
catheter with a miniaturized ultrasound probe attached to its 
distal end that is introduced to the coronary arteries. Due to a 
very short scanning distance the coronary wall is imaged with 
very high-frequency transducers (20–40 MHz) enabling high 
resolution. Thus, it has excellent determination and quantifica-
tion of atheromatous plaques at the epicardial coronary artery 
as well as the vessel remodelling process known as the Glagov 
effect [133]. As this is not possible with conventional coron-
ary angiography, IVUS is a valuable complementary method 
in interventional cardiology but also in more preventive areas. 
As well as quantitative plaque size, qualitative plaque compos-
ition may also be assessed, as may the effects of medications 
that interfere with the pathophysiological process of atherogen-
esis, such as statins. The ASTEROID trial [134] used IVUS to 
 demonstrate the potential for atheroma regression induced by 
high-dose statins.

Methods to estimate plaque vulnerability rather than just mor-
phology are also available. Based on the success of IVUS, various 
tools have been proposed to determine the composition of ath-
eroma. One modality uses radiofrequency backscatter spectral 
analysis, also known as virtual histology, to provide information 
of plaque composition; the generated IVUS signals are visualized 
in colour-coded maps overlaying traditional grey-scale IVUS 
[135]. Information about compliance can also be obtained using 
ultrasonic tissue characterization as a second modality that de-
picts the lumen perimeter as colour-coded congruent lines. Those 
‘palpograms’ are able to identify lesions with different elasticities 
independently of echogenicity contrast [136].

Optical coherence tomography
Optical coherence tomography (OCT) is an optical signal acquisi-
tion and processing method that captures micrometre-resolution 
(700–900 nm) three-dimensional images from optical scattering 
media like the coronary vessel wall using near-infrared light [137]. 
Coronary arteries can then be examined in order to detect vulner-
able lipid-rich plaques that are differentiated from plaque erosions 
as well as calcified nodules [138]. Nanoparticles are now being 
used to improve the labelling of vascular adhesion molecules such 
as vascular cell adhesion molecule-1 (VCAM-1) [139]. In general, 
this method is still only used for research purposes.

Thermography
Thermal wires are able to measure the sites of maximum tempera-
ture with IVUS. The inflammatory process in vulnerable plaques 
may thus be detected. In fact, temperature measurements of cor-
onary plaques enable accurate localization of the culprit lesion in 
patients with acute MI [140]. However, this method is still also 
used for research.

predictive information not only for stroke [129,130] but also MI 
[131]. Pre-clinical findings are narrowing of the focal retinal arte-
rioles or/and generalized changes to the retinal arterioles meas-
ured as arteriovenous ratio (AV ratio). There are age-referenced 
nomograms for AV ratios. Scanning laser Doppler flowmetry 
enables assessment of the wall-to-lumen ratio, thereby enabling 
functional imaging like flow-mediated dilatation (FMD) of the 
brachial artery [see the subsection ‘Flow-mediated dilatation 
(FMD) (endothelial dysfunction)’] [132]. The availability of stand-
ard fundus cameras means that digital photography of the retina 
without mydriasis is possible for telemedical evaluation,  enabling 
integration in CV pathways without the need for an  attending 
ophthalmologist at assessing clinics and practices.

Invasive modalities (prevention 
research)
Invasive approaches are not relevant to practical preventive set-
tings because pre-clinical examinations in asymptomatic individ-
uals will not justify modalities that carry a certain risk. Thus, in 
the field of preventive cardiology these approaches are exclusively 
used in research programmes. However, there are potential ap-
plications for pathophysiological investigations (e.g. vulnerable 
plaque, vessel remodelling), series for controlling preventive in-
terventions [e.g. the effects of statins on atheroma burden inves-
tigated by intravascular ultrasound (IVUS)], or the validation of 
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Glimepiride

Pioglitazone

Fig. 6.12 Effects of treatment with pioglitazone and glimepiride 
on 18F-fluorodeoxyglucose (FDG) uptake in atherosclerotic plaques. 
Representative FDG positron emission tomography/computed tomography 
with contrast media images (left) at baseline and (right) after 4-months’ 
treatment with pioglitazone or glimepiride. Note the reduction in FDG uptake 
in the atherosclerotic plaque with pioglitazone treatment (arrows). Reprinted 
from Mizoguchi, et al. JACC Cardiovasc Imaging 2011; 4: 1110–18, with 
permission from Elsevier.
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Using FMD as a non-invasive tool to assess endothelial 
function in humans
While atherosclerosis is associated with a broad alteration in  
endothelial phenotype, assessment of the endothelium-dependent 
vasodilator function of peripheral arteries has emerged as an  
accessible indicator of endothelial health. In particular, stim-
uli that increase production of endothelium-derived NO have 
proven useful in assessing endothelium-dependent vasodilation 
in humans. Such stimuli include increased shear stress result-
ing from increased blood flow and receptor-dependent agonists, 
such as acetylcholine, bradykinin, or substance P. In healthy in-
dividuals, the endothelium responds to these stimuli by releasing 
vasodilator factors, particularly NO. Early studies demonstrated 
that patients with angiographically proven CAD display impaired 
FMD and a vasoconstrictor response to acetylcholine rather than 
the normal vasodilator response, probably reflecting loss of NO 
and unopposed constrictor effects of acetylcholine on vascular 
smooth muscle. Correlations exist between the endothelial func-
tion of peripheral and coronary arteries. Due to the ready acces-
sibility of the brachial artery there has been considerable interest 
in non-invasive examination of endothelium-dependent FMD of 
the peripheral arteries using vascular ultrasound.

Prognostic value of FMD
A total of 23 studies including 14 753 subjects have addressed the 
predictive value of endothelial function as measured by brachial 
artery FMD [143]. For studies reporting continuous risk esti-
mates, the pooled overall CVD risk was 0.92 (95% CI 0.88–0.95) 
for each 1% increase in FMD. The observed association seemed 
stronger (p < 0.01) in diseased populations than in asymptomat-
ic populations [0.87 (95% CI 0.83–0.92) and 0.96 (95% CI 0.92–
1.00) per 1% increase in FMD, respectively]. For studies reporting 
categorical risk estimates, the pooled overall CVD risk for high 
versus low FMD was on average 0.49 (95% CI 0.39–0.62). How-
ever, the incremental value of FMD measurements in addition to 
classical CV risk prediction models including the FRS or Heart 
SCORE has only been evaluated in a limited number of studies 
[142]. In one study of intermediate-risk male subjects the addi-
tion of FMD using 4.75% as a cut-off value increased the AUC 
(c-statistic) from 0.68 to 0.76. In the Cardiovascular Health Study 
and Multi-Ethnic Study of Atherosclerosis (MESA), no changes in 
the c-statistic were reported after the addition of FMD to the basic 
prediction model. The MESA study showed that the addition of 
FMD to the model reclassified 29% of the individuals into appro-
priate risk categories (p < 0.0001), mostly those at intermediate 
risk (NRI in the intermediate risk group was 28%; p < 0.0001). The 
authors concluded that these results need to be replicated in other 
cohorts and that the inter-observer and intra-observer variability 
of FMD measurements should decrease before implementation of 
FMD as a formal screening tool for CVD risk could be justified.

Technical issues with FMD
Briefly, FMD represents the percentage increase in diameter 
calculated on the basis of measurements of the diameter of the 
brachial artery pre- and post-ischaemia (and following reactive 

Functional testing
Flow-mediated dilatation (endothelial 
dysfunction)
Physiological functions of the vascular endothelium
The endothelium maintains vascular homeostasis via multiple 
complex interactions with cells in the vessel wall and lumen. 
It regulates vascular tone by balancing the production of vaso-
dilators, most importantly nitric oxide (NO) but also prosta-
glandins and endothelium-derived hyperpolarizing factor, and 
constrictors, including endothelin-1. Endothelium-derived 
NO also participates in systemic physiological functions of the 
endothelium, such as the control of vascular tone and blood 
clotting. Furthermore, the endothelium controls blood fluidity 
and coagulation through the production of factors that regu-
late platelet activity, the clotting cascade, and the fibrinolytic 
system. Finally, the endothelium has the capacity to produce 
cytokines and adhesion molecules that regulate and direct  
inflammatory and regenerative processes. Thereby the endothe-
lium modulates the structure and physicomechanical properties of 
the vessel walls over time.

Arterial endothelial function as a ‘barometer’ of 
cardiovascular health
In the presence of risk factors for CVD, together with a genetic 
disposition and environmental factors, the arterial endothelium 
loses its normal regulatory function for vessel wall homeostasis—
a concept called ‘endothelial dysfunction’ [141]. The development 
and clinical manifestations of atherosclerosis include stable and 
unstable angina, acute MI, claudication, and stroke. These out-
comes correlate with and are preceded by a loss of endothelial 
control of vascular tone, thrombosis, and the composition of the 
vascular wall. The severity of endothelial dysfunction relates to 
a patient’s risk of experiencing an initial or recurrent CV event 
[142,143].

Both traditional and novel CV risk factors initiate a chronic in-
flammatory process that is accompanied by a loss of vasodilator 
and antithrombotic factors and an increase in vasoconstrictor and 
pro-thrombotic factors. Risk factors as diverse as smoking (ac-
tive and passive), ageing, hypercholesterolaemia, hypertension,  
hyperglycaemia, and a family history of premature atherosclerotic 
disease are all associated with attenuation or loss of endothelium-
dependent vasodilation in both adults and children. More recently 
recognized risk factors such as obesity, elevated C-reactive pro-
tein, postprandial state, hyperhomocysteinaemia, and chronic 
systemic infection are also associated with endothelial dysfunc-
tion. A growing number of interventions known to decrease 
CV risk, including a diet rich in fruits and vegetables, exercise, 
smoking cessation, weight reduction, or medication with ACE 
inhibitors and statin administration, will also improve endothelial 
function. Therefore, endothelial function is viewed as a ‘barometer’ 
for CV health that can be used for the evaluation of new thera-
peutic strategies.
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and image analysis systems has greatly improved, one of the major 
limitations of FMD is its considerable dependence on the observ-
er, requiring well-trained personnel to perform and critically re-
view ultrasound images.

Pulse wave analysis (vascular stiffness)
Measurement of arterial stiffness as a tissue biomarker was in-
cluded for the first time in the 2007 Guidelines of the European 
Hypertension Society [146].

The elastic properties of arteries depend on the molecular, cel-
lular, and histological structure of the vessel wall. These change 
from proximal to distal in the aorta. Consequently, a physiologic-
al loss of aortic elasticity from proximal to distal occurs even in 
young healthy subjects, i.e. the distal aorta becomes stiffer [147]. 
The arterial elasticity or distensibility (the opposite of stiffness) 
is defined as a relative change in volume (δV/V) in relation to 
changes in pressure (P) [148]:

 V V Pelasticity = / /( )δ δ  

For aortic stiffness, this means that ever fewer volume changes 
occur with increasing stiffness of the aorta. This also reduces the 
Windkessel function.

Stiffness of the aorta is a very suitable tissue biomarker since the 
aorta is one of the first organs in the body to age. Ageing processes 
in the vascular media are characterized inter alia by an increase in 
collagen as well as a decrease in elastin content, elastin fractures, 

hyperaemia) [144] ( Fig. 6.13). In this context, ischaemia is in-
duced through vessel occlusion by inflating a blood pressure cuff 
around the forearm or upper arm. Ischaemic dilation of down-
stream resistance vessels leads to increased flow in the upstream 
conduit brachial artery. Shear stress stimulates endothelial NO 
synthase and NO dilates the smooth muscle cells of the underlying 
vessel wall via activation of guanylate cyclase. Under standard 
conditions, brachial artery FMD is in large parts mediated by NO 
synthesis and is therefore used as a functional NO readout [145]. 
The absolute values may vary depending on a number of factors, 
including the position of the cuff, the site of artery used to measure 
diameter, time of ischaemia, and the time point of measurement 
after ischaemia. Comparisons of FMD values should be made with 
caution and ideally referred to values of a control group measured 
with an identical setup. This technique can safely be applied to 
large and diverse groups of patients. Repeated measurements can 
be made over time without side effects. As in the coronary circu-
lation, endothelial function in the brachial circulation is impaired 
in the setting of traditional and novel risk factors and responds 
to interventions known to reduce CVD risk. Studies suggesting 
that endothelial function detected non-invasively in the brachial 
artery correlates with function in other conduit arteries, including 
the coronary arteries, demonstrate the systemic nature of endo-
thelial dysfunction. When using FMD as a clinical read-out of NO 
bioactivity, several determinants of FMD and limitations of this 
method have to be taken into account when evaluating the results 
of FMD in clinical studies. Although the resolution of ultrasound 

Fig. 6.13 Setup and mechanisms of flow-mediated vasodilation.
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numerous epidemiological studies and was shown to be an inde-
pendent parameter predicting CV events. A disadvantage of this 
method is that the actual distance covered by the pressure wave is 
not known and can only be estimated [151].

Additive predictive value of arterial stiffness compared 
with classical risk factors
A recently published meta-analysis listed a total of 17 risk factors. 
It showed that the simple measurement of regional aortic PWV 
(i.e. cfPWV) has an independent prognostic value above and be-
yond that of classical CV risk factors [153]. PWV is a direct meas-
ure of arterial stiffness, but indirect parameters such as pulse wave 
reflection (augmentation index, AIX) and central blood pressure 
are also used to characterize the damage to arterial vessels. The 
AIX is a measure of pulse wave reflection, for example at the aorta 
itself, at branching points in the arterial system itself (e.g. at the 
aortic bifurcation) and at pre-arteriolar resistance vessels (the 
‘true reflection point’ is not known).

Central blood pressure can be determined non-invasively using 
several direct and indirect methods and is often used as an indirect 
parameter of arterial stiffness. In rising PWV due to increasing 
stiffness of the aorta there is a more rapid and earlier return of the 
reflected pulse wave (not in diastole but already in late systole). 
This leads to ‘augmentation’ and increase of the central pressure. 
However, besides its dependence on vascular stiffness, central 
blood pressure depends on a large number of other factors (mean 
arterial pressure, LV function, ejection time, heart rate, ventricu-
lovascular coupling, pulse wave reflection, peripheral resistance, 
and the person’s height). However, the evidence for the predic-
tive prognostic relevance of central blood pressure and the AIX is 
weaker than that for aortic stiffness [146,148].

The independent additive prognostic value of aortic PWV over 
and beyond classical risk factors (e.g. the FRS) was demonstrated 
in two separate studies [154]. In the first study, 1045 patients with 
hypertension were investigated for 6 years for the incidence of 
CAD. The predictive value of PWV for coronary events was high-
est in the patient group with the lowest FRS (first tertile FRS). This 
finding, as well as that of other studies, shows that the appraisal of 
the CV risk only reflects incompletely the total exposure to vascu-
lar damage since it is the snapshot of CV risk factors.

Even when vascular damage parameters such as ankle– 
brachial index (ABI), CIMT, and brachial pulse pressure are used 
for risk stratification, a further superior predictive value of the 
PWV remains [154]. Measurement of cfPWV is regarded as the 
gold standard for determining aortic stiffness [151].

Normal values and instrument validation
A recently published meta-analysis calculated age- and blood 
pressure-related normal values for aortic PWV [155]. The systemic 
pressure obtained at the time of PWV measurement must always 
be considered in the interpretation, since the transmural pressure, 
and thus the transmural wall tension, is a major determinant of 
arterial stiffness. Age-adjusted percentiles for PWV (analogous to 
CAC score) have the advantage that the vascular age of an individ-
ual can be determined independently of chronological age. Other 

changes in the spatial organization and mechanical interactions 
between elastin, collagen, and smooth muscle cells, and ultimate-
ly calcifications [149]. These physiological ageing processes are 
speeded up under pathological conditions such as arterial hyper-
tension, hyperlipidaemia, renal failure, diabetes mellitus, and lack 
of exercise as well as a high salt intake. This is referred to as accel-
erated vascular ageing or early vascular ageing (EVA) [150]. EVA 
is accompanied inter alia by increasing stiffness of the aorta and 
loss of the Windkessel function, manifested clinically as raised 
pulse pressure. In contrast to the classical CV risk factors such as 
arterial hypertension, hyperlipidaemia, or diabetes mellitus, arte-
rial stiffness is a cumulative measure of the vessel-damaging effect 
of the risk factors over time that is similar to CIMT.

Methods of measurement
Arterial stiffness can be measured systemically, regionally, or locally 
[148,151].  Table 6.6 gives an overview of the most important 
methods of measuring vascular stiffness and pulse wave reflection.

Local stiffness in the carotid artery can be measured during 
an ultrasound investigation of the carotid arteries, for example. 
Special echotracking methods allow non-invasive measurement of 
the changes in vessel diameter and its correlation with changes in 
blood pressure. From these local measurements, arterial stiffness 
parameters such as elasticity, pulse wave velocity (PWV), and other 
local stiffness parameters can be determined [148]. The disadvan-
tage of this method is that risk factors for vessel damage such as di-
abetes mellitus have different effects on vessels in different regions. 
Consequently, arterial stiffness parameters determined locally do 
not always reflect the changes taking place in the aorta.

The arterial stiffness of the aorta itself can be measured using 
elaborate MRI methods, but also regional measurements of arte-
rial stiffness such as PWV ( Table 6.6). The aortic PWV is a di-
rect measure of the stiffness of the aorta [152].

In the ascending aorta, the normal PWV is 4–5 m/s, in the ab-
dominal aorta 5–6 m/s, and in the iliac and femoral arteries 8–9 
m/s [148]. These different PWVs are a result of the ‘stiffness gradi-
ent’ in the normal aorta. The velocity of the pulse wave between 
the carotid and femoral arteries (cfPWV) has been investigated in 

Table 6.6 An overview of the most important methods of measuring 
vascular stiffness and pulse wave reflection

Method Site of measurement

Regional stiffness Tonometer Aortic PWV

Mechanotransducer Aortic PWV

Echotracking Aortic PWV

Doppler Probes Aortic PWV

Local stiffness Echotracking ACC, AFC, AB, AR

Cine MRI Aorta

Pulse wave reflection Tonometer All superficial arteries

Oscillometry AB

Photoplethysmography

PWV, pulse wave velocity; ACC, common carotid artery; AFC, common femoral artery; 
AB, brachial artery; AR, radial artery.
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with already proven CAD are at enhanced risk if ABI is reduced. 
In general, asymptomatic peripheral vascular disease detected 
by a positive ABI has been found to be associated with an inci-
dence of CVD in men of about 20% at 10 years [158]. Both the 
ESC [1] and the ACC/AHA prevention guidelines [4] recommend 
the measurement of ABI for CV risk assessment in asymptomatic 
adults with intermediate risk (evidence class IIa).

Conclusions
Scoring systems are population-based and have several limitations 
in the assessment of asymptomatic individuals for CV risk. Im-
aging of pre-clinical atherosclerosis enables a quantitative assess-
ment of the position of an individual along the pathophysiological 
continuum of atherosclerosis as a result of lifetime exposure to 
causative risk factors. There is an armamentarium of new but al-
ready sufficiently validated imaging methods capable of directly 
identifying pre-clinical atherosclerosis. They differ from more es-
tablished modalities for diagnosing haemodynamically relevant 
disease, which due to Bayes’ theorem are often not reasonable for 
preventive tasks. It is already clear that these new methods pro-
vide additional predictive information beyond risk factor scor-
ing, and may be useful for supporting lifestyle modifications and 
monitoring the efficacy of these and drug treatment. The relative 
indications for the modalities are not yet well defined by algo-
rithms; however, pathways from risk factor scoring to execution 
of particular imaging modalities have gathered some evidence to 
date. It is in intermediate-risk individuals that there is a reasonable 
expectation of reclassifying predictive information.

recommendations are to lay down an age-independent threshold 
value of 10 m/s for cfPWV [151]. Similar to the normal values for 
peripheral blood pressure measurements on the arm, the question 
arises as to whether the reference value for aortic PWV should be 
orientated to young healthy individuals where median values of 
6.1 m/s (10th and 90th percentiles 5.3–7.1 m/s) are reported [156]. 
Even in elderly patients with manifest CV disease, PWV of 5–7 m/s 
are frequently attained with optimal blood pressure controls.

With regard to target values, we recommend orienting to the 
normal values of young healthy people (5.3–7.1 m/s). Since most 
currently available instruments are not validated according to any 
international validation protocol, we recommend systems of PWV 
determination that measure cfPWV directly and have in addition 
demonstrated their additive practical relevance in epidemiologi-
cal and prognostic studies.

Ankle–brachial index
The ankle–brachial index (ABI) is a practical, very simple meas-
urement for detecting peripheral artery disease as a surrogate of 
systemic atherosclerosis. Blood pressure is measured with a non-
imaging Doppler probe at the posterior tibial artery/dorsalis pedis 
artery as well as the brachial artery. According to the getABI study 
the ratio of both measurements is defined as the ABI. An ABI < 
0.9 is highly predictive of stenosis between the aorta and the distal 
leg arteries of over 50% [157]. Accuracy is very high compared 
with angiography (sensitivity 97%, specificity 100%) [158]. Not-
ably, 50–89% of patients showing an ABI < 0.9 do not suffer any 
claudication, making the measurement a valuable tool in prevent-
ive  cardiology. Prognostically, peripheral artery disease coincides 
with coronary events as well as strokes [159], and even patients 
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Introduction
What is cardiovascular primary prevention?

‘It is better to be healthy than ill or dead. That is the beginning and the end of the only real argu-
ment for preventive medicine. It is sufficient’ [1].

This concise and clear statement by Geoffrey Rose is still the best way to introduce the 
concept of primary prevention. Cardiovascular prevention as a whole may be defined, 
adapting Last’s terminology [2], as a coordinated set of actions, at community and indi-
vidual level, aimed at eradicating, eliminating, or minimizing the impact of cardiovas-
cular diseases (CVD) and their related disability. In particular, cardiovascular primary 
prevention can be defined as the actions taken prior to the onset of CVD which remove 
the possibility that the disease will ever occur or at least delay its occurrence to older 
ages. More pragmatically the American Heart Association (AHA) considers CVD pri-
mary prevention as ‘interventions designed to modify adverse levels of risk factors 
once present with the goal of preventing an initial CVD event’ [3,4]. Cardiovascular 

CHAPTER 7

Primary prevention: 
principles and practice
Diego Vanuzzo and Simona Giampaoli

Summary
Cardiovascular primary prevention may be defined as a coordinated set of ac-
tions, at community and individual level, aimed at eradicating, eliminating, or 
compressing to later ages the impact of cardiovascular diseases and their related 
disability. It aims at healthy ageing. Cardiovascular epidemiology has elucidated 
the role of risk factors at individual and community level that predict the occur-
rence of heart attack and stroke in apparently healthy individuals and form the 
basis of strategies to reduce cardiovascular risk and subsequent diseases. There 
is now evidence that cardiovascular primary prevention works if three strategies 
are implemented together: (1) a population strategy (particularly through wide-
spread adoption of healthy lifestyles, i.e. no smoking, a healthy diet, sufficient 
exercise, avoidance of overweight) that aims to keep everyone at low risk from 
infancy and reduce the cardiovascular risk profile of the whole community; (2) 
a strategy for individuals at high-risk, involving lifestyle changes and use of pro-
phylactic evidence-based drugs if necessary; and (3) a strategy for individuals at 
intermediate risk who may benefit from non-invasive assessment of subclinical 
disease and end organ damage.
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primary prevention has had its basis in cardiovascular epide-
miology and evidence-based medicine since the investigators 
in the Framingham Heart Study showed in 1961 that overtly 
healthy subjects with hypertension and hypercholesterolaemia 
were at higher risk of developing an acute myocardial infarction 
[5]. They coined the term ‘coronary risk factors’ [6]. There is evi-
dence that unhealthy lifestyles are responsible for the levels of 
certain risk factors such as high blood pressure, lipids, and glu-
cose [7,8]. In the following years other concepts have evolved in 
CVD prevention following the finding of the predictive value 
of coronary risk factors for other atherosclerotic diseases like 
stroke and peripheral artery disease [9], and so these factors 
are now termed ‘cardiovascular risk factors’. Rose [1,10] pro-
posed two complementary approaches to CVD prevention—a 
‘population strategy’ and a strategy for ‘high-risk’ individuals—
and Strasser [11] added the concept of ‘primordial prevention’ 
from the time of conception through early childhood and young 
adulthood to prevent the development of unhealthy lifestyles 
and related risk factors. More recently attention has been drawn 
to the positive long-term consequences of a favourable risk pro-
file, and the value of maintaining a low cardiovascular risk at all 
ages, as proposed by Stamler et al. [12]. These concepts will be 
addressed and developed in this chapter, but the starting point 
is the real goal of CVD primary prevention—how to consider 
it in the wider context of prevention of non-communicable 
diseases (NCDs) and the conceptual framework which defines 
principles and practice.

Healthy ageing
One of the aims of CVD primary prevention is to contribute 
substantially to healthy ageing. Healthy ageing is a lifelong pro-
cess that optimizes opportunities for improving and preserving 
health and physical, social, and mental wellbeing, independ-
ence, and quality of life and for enhancing successful life-course 
transitions [13]. CVD primary prevention can contribute to 
healthy ageing [14–19]. In 2005 Peel et al. [13] published a 
systematic review of the literature aimed at documenting the 
evidence for modifiable behavioural risk factors that predict 
healthy living in older cohorts. They found that determinants 
of healthy ageing included not smoking, being physically active, 
maintaining weight within normal ranges, and moderate alco-
hol consumption. It is noteworthy that the behavioural determi-
nants of healthy ageing are cardiovascular risk factors amenable 
to primary prevention.

Gaining health
As many established risk factors for CVD are also predictive of 
some other NCDs, particularly type 2 diabetes, lung diseases, and 
common cancers, the concept of primary prevention of NCDs has 
emerged [20]. There are estimates that almost 60% of the disease 
burden in Europe, as measured by DALYs (disability-adjusted life 
years), is accounted for by seven leading risk factors: high blood 

pressure (12.8%); tobacco (12.3%); alcohol (10.1%); high blood 
cholesterol (8.7%); overweight (7.8%); low fruit and vegetable in-
take (4.4%); and physical inactivity (3.5%) [20]. Preventing and 
reducing these risk factors has the greatest potential for gain in 
health at a population and individual level.

A conceptual framework for CVD primary 
prevention
 Figure 7.1 illustrates a conceptual framework for CVD pri-
mary prevention [3,21]. It is known that unfavourable social 
and environmental conditions are directly linked to poor health 
[22], and to shared CVD/NCD risk factors like tobacco use, a 
diet high in fat, cholesterol, salt, and sugar, physical inactivity, 
and excessive alcohol intake. Social and economic health deter-
minants are influenced by poverty, trade agreements, agriculture 
and transportation policies, capital flows, and activities of multi-
national companies. Agricultural subsidies and trade and capital 
market liberalization have contributed to reduce the prices and 
increase the availability of unhealthy products [23]. Although 
they are considered as ‘causes of the causes’ of CVD, the social 
and economic determinants of heart health call for political ac-
tion which is mainly outside everyday clinical practice; however, 
physicians as a professional group can act through advocacy for 
primordial prevention.

Primary CVD prevention deals with healthy lifestyles and 
the control of risk factors at community and individual level. 
As already mentioned, many epidemiological and prevention 
studies have provided the scientific evidence base for effective 
preventive actions. The continuous relationship between levels 
of many risk factors and the risk of CVD is now widely accepted, 
to the extent that risk is now recognized as a continuum in the 
population [1]. Therefore those at high risk are considered an 
extreme of the distribution and definitions of high risk are gen-
erally arbitrary, though necessary for clinical intervention [1]. 
This approach, coupled with the observation that CVD risk fac-
tors cluster and interact multiplicatively to promote CVD risk 
[23], has led to the development of cardiovascular risk charts 
and scores [24–28] which recognize both the continuum of risk 
and the possibility that small elevations of many risk factors may 
confer a higher total CVD risk than a more marked increase of 
a single factor. From these considerations it is understandable 
that a large number of people at moderate risk may give rise to 
more cases of CVD than a small number of people at high risk, 
just because they are more of them [1]. Moreover there is a rela-
tionship between the population mean or median of a risk factor 
and the prevalence of high-risk subjects, as demonstrated in the 
INTERSALT study [29], and there is also a correlation between 
the average annual percentage change in CVD risk scores and 
the subsequent (4 years) percentage change in coronary-event 
rate, as shown in the MONICA study [30,31] ( Fig. 7.2). These 
data illustrate the rationale for combining a population and 
high-risk approach to CVD primary prevention, sustained over 
time to get lasting results.
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Principles of cardiovascular primary 
prevention
Strategies for cardiovascular primary 
prevention
In the abstract of his seminal paper ‘Sick individuals and sick 
populations’ [10], published in 1985, Rose assumes that the major 
determinants of population variation in a disease (the incidence 
rate) may not be the main cause of the disease. When evaluating 
the aetiological force of a given risk factor in individuals (the main 
focus of clinical medicine) the concept of relative risk is gener-
ally used, i.e. the risk in exposed individuals relative to the risk in 
non-exposed individuals; however, this may not be useful when 
considering community outcomes. For example, Rose investi-
gated why some individuals have hypertension, and why some 
populations, like London civil servants [32], have a high frequency 
of hypertension and others, like Kenyan nomads [33], a low fre-
quency. In the two settings the question of why some individuals 
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have hypertension is the same, but looking at the blood pressure 
distributions, the proportion of people with hypertension, (e.g. a 
systolic blood pressure equal to or greater than 140 mmHg) is very 
different. So the causes of hypertension may be the same in the 
two populations (genetic variation, exposure susceptibility, indi-
vidual behaviours, etc.), but the causes of the different distribu-
tions of blood pressure values could be diverse and widespread at a 
population level in order to explain the differences in the distribu-
tion of blood pressure values between populations. Another exam-
ple described by Rose [10] is the distribution of total cholesterol 
observed in the Seven Countries study [7], which included the 
United States, former Yugoslavia, Japan, Finland, Italy, the Nether-
lands, and Greece. The distributions barely overlapped when east 
Finland, where coronary heart disease (CHD) was very common, 
was compared with Japan, where the incidence rate was low [34]. 
Here again the individual causes of hypercholesterolaemia may 
be different from those determining the prevalence in the popu-
lations. The two quoted observational studies, the INTERSALT 
study [8,29] and the Seven Countries study [7], supported Rose’s 
hypothesis of possible community causes of an unfavourable dis-
tribution of CVD risk factors. In the INTERSALT study [8,29], 
after adjusting for body mass index (BMI) and alcohol intake, a 
significant linear relation was found between sodium excretion 
and the slope of systolic blood pressure with age for the 52 par-
ticipating centres across the world (b = 0.0034 mmHg/year/mmol 
sodium; p < 0.001). In the Seven Countries study [7], Keys showed 
strong associations between population mean values for saturated 
fat intake versus serum cholesterol levels, and between population 
median values of cholesterol versus CHD mortality. Considering 
the population determinants of an unfavourable rightward shift in 
the population blood pressure and cholesterol distributions at an 
individual level, Rose suggested that genetic heterogeneity seems 
greater within than between populations, the opposite situation to 
that seen for environmental factors. Thus migrants tend to acquire 
the disease rates of their adopted country [10]. The two epidemio-
logical approaches to aetiology, the individual and the population-
based, have their counterparts in prevention. Rose [10] coined the 
terms and analysed the ‘high-risk strategy’ versus the ‘population 
strategy’. The limited potential of the high-risk strategy for primary 
CVD prevention [10] derives from the weakness of predictive tools 
based on relative risk statistics to predict future disease for indi-
viduals as opposed to groups. Given the rightward distribution of 
risk factors in populations at major risk, ‘a large number of people 
at a small risk may give rise to more cases of disease than the small 
number who are at a high risk’ [10]. The major disadvantage of 
the population strategy is the so-called ‘prevention paradox’, i.e. ‘a 
preventive measure which brings much benefit to the population 
[but] offers little to each participating individual’ [10]. The major-
ity of individuals in a population find this difficult to accept [10]: 

Mostly people act for substantial and immediate rewards, and the 
medical motivation for health education is inherently weak. Their 
health next year is not likely to be much better if they accept our ad-
vice or if they reject it. Much more powerful as motivators for health 
education are the social rewards of enhanced self esteem and social 
approval.

After 30 years Rose’s words are still topical. From his origin-
al paper onward, volumes have been written on this subject, and 
the debate is still current. Recently some authors have evaluated 
the implications of Rose’s strategies for CVD prevention [35–39], 
but these works were generally based on simulations from obser-
vational studies and yielded conflicting conclusions. To solve the 
dilemma, and to evaluate the evidence for the practice of CVD 
primary prevention, we need to consider two issues addressed re-
cently by CVD epidemiology: the concepts of population-attrib-
utable risk (PAR) and global absolute CVD risk estimation.

Population-attributable risk
There are many definitions of PAR. It can be defined as an estimate 
of the proportion (or fraction) of the disease incidence which is at-
tributable to the risk factor considered and which could be reduced 
if the modifiable and causal risk factor was eliminated. In prospect-
ive studies, PAR incorporates the relative risk conferred by the risk 
factor considered (generally the same in almost all the populations) 
and the risk factor prevalence (which can vary greatly in different 
populations). Understanding of the PAR can influence the appro-
priate strategy for CVD primary prevention, but it should only be 
derived from prospective cohort studies. These considerations may 
enlarge Rose’s distinction between population and high-risk strat-
egies. Many recent studies, in particular the MONICA project 
[30,31], have shown that the important distinction is not between 
the causes of incidence and the causes of cases—rather it is between 
the causes of incidence and the causes of population variation. In 
particular, a near-ubiquitous risk factor [e.g. high cholesterol of say 
≥ 5.17 mmol/L (200 mg/dl)] can be an important cause of incidence 
in the population and of individual cases of disease, but may explain 
little of the population variation if it is considered alone, and, in this 
context, it may not be a useful means of identifying high-risk indi-
viduals within a particular population. These considerations have led 
to the concept of total or absolute CVD risk estimation as a tool for 
implementing comprehensive CVD primary prevention.

Total CVD risk estimation
It is now well known that atherosclerotic CVD is rarely the re-
sult of a single risk factor but is generally the final outcome of the 
combined effect of several risk factors. Specific tools are therefore 
necessary to evaluate the cumulative effect of the various combi-
nations of risk factors, derived from longitudinal studies like the 
Framingham Study [24,28], the SCORE (Systematic COronary 
Risk Evaluation) study [26], or the CUORE study [40]. The abso-
lute CVD risk represents the likelihood of developing CVD over a 
defined period of time, based on the values of several risk factors. 
This is discussed further in  Chapter 5. Here it is important to 
underline that the availability of robust and easy to use tools of 
estimation of total CVD risk is fundamental not only in clinical 
practice but also for designing an appropriate primary preven-
tion strategy directed at the whole population as well as people at 
intermediate and high risk. This was the experience of the Italian 
CUORE study [27,40].  Figure 7.3 shows the results obtained 
by reapplication of the CUORE risk score to participants in the 
CUORE study, after subdivision into CVD risk deciles. The dotted 
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line connects the mean decile incidence of disease, which is a 
measure of absolute risk. Men who are defined at high risk with 
a CUORE score of 20% or more in 10 years (which corresponds 
to 5% CVD mortality) represent 7% of the population and pro-
duce 25% of overall events. Seventy-five per cent of the events are 
therefore yielded by 93% of men at intermediate and low-risk. This 
pattern is more marked in women, where only 1% are at high risk, 
producing 4% of the events, while 99% are at intermediate and low 
risk, producing 96% of the events [40].

The CUORE study also evaluated the fate of individuals with a 
so-called favourable risk profile (or ‘low-risk individuals’), with 
regard to both fatal and non-fatal CHD [41] and cerebrovascular 
disease (CBVD) events [42] as end-points. ‘Low risk individu-
als’ included people with all the following characteristics: total 
cholesterol < 5.17 mmol/L (< 200 mg/dl), systolic blood pressure 
(SBP) ≤ 120 mmHg, diastolic blood pressure (DBP) ≤ 80 mmHg, 

no antihypertensive medication, BMI < 25.0 kg/m2, no diabetes, 
no smoking, i.e. favourable levels of all readily measured modi-
fiable major CVD risk factors. ‘Unfavourable but not high-risk 
individuals’ included people with one or more of the following: 
total cholesterol 5.17–6.18 mmol/L (200–239 mg/dl), SBP 121–
139 mmHg, DBP 81–89 mmHg (no antihypertensive medica-
tion), BMI 25.0–29.9 kg/m2, no diabetes, no smoking. ‘High-risk 
individuals’ included people with one or more of the following: 
total cholesterol ≥ 6.19 mmol/L (≥ 240 mg/dl), SBP ≥ 140 mmHg, 
DBP ≥ 90 mmHg, need for antihypertensive medication, BMI 
≥ 30.0 kg/m2, diabetes, smoking. Only 3% of the cohort were low-
risk at baseline, and they had virtually no CHD or CBVD in the 
following 10 years. The rates for unfavourable but not high-risk 
individuals (17% of the CUORE cohort) and high-risk individuals 
(80% of the cohort) were higher and with a graded increase to one, 
two, and three or more risk factors, as shown in  Fig. 7.4.
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Community heart health promotion
Since the 1970s many community programmes have been 
launched to prevent CVD, in particular the North Karelia pro-
ject [43], which began in Finland in 1972. In 1974 the European 
Office of the WHO initiated the Comprehensive Cardiovascular 
Community Control Programmes (CCCCP) to expand this ex-
perience, enrolling nine European countries [44]. In the 1980s 
CCCCP evolved into the Countrywide Integrated Noncommu-
nicable Disease Prevention Program (CINDI), with the aim of 
enlarging the community programme to other chronic diseases 
sharing the same risk factors [45]. These experiences were used 
in developing the WHO strategy to prevent and control NCDs 
[46]. In the United States three major demonstration programmes 
were started in the 1980s: the Stanford Five-City Project [47], the 
Minnesota Heart Health Program [48], and the Pawtucket Heart 
Health Program [49]. Many of those programmes were able to re-
duce CVD risk and some also reduced CVD incidence or mor-
tality. In 2010 a systematic review was published evaluating 36 
relevant community programmes conducted between 1970 and 
2008 [50]. These programmes were multifaceted interventions 
employing combinations of media, screening, counselling ac-
tivities, and environmental changes and were primarily evaluated 
using controlled before–after studies. Twelve studies reported 
changes in CVD/total mortality rates and they all showed a reduc-
tion, but were largely non-significant. In 22 studies, investigators 
reported changes in physiological CVD risk factors, and there was 
a positive trend in the total CVD risk score. The average net reduc-
tion in 10-year CVD risk was 0.65%. The discrepancy of results 
among these studies can be explained by the so-called ‘commu-
nity preventive dose’: because most of the projects in larger com-
munities had only very limited resources, and were restricted to 
educational and health service-based interventions over a number 
of years, the dose of the intervention was therefore small. An ex-
ception was the North Karelia Project [43], which was perhaps the 
most ‘community based’, i.e. it broadly influenced the physical and 
social environment of the community. A public health strategy 
was developed to reduce the population levels of the main CVD 
risk factors (elevated serum cholesterol, hypertension, and smok-
ing). Great emphasis was put on promoting cholesterol-lowering 
dietary changes. A comprehensive community-level approach was 
adopted, involving health and other services, voluntary organiza-
tions, local media, businesses, and public policy. The high-risk ap-
proach was also implemented, but much of the high-risk strategy 
was implemented by dietary and other lifestyle changes, not just 
the use of drugs [51]. It is easier for a high-risk subject to comply 

with a healthier lifestyle if his/her family and social network share 
the same health values and behaviours. In this context we can con-
clude that integrated primary CVD prevention works and extends 
its effects to other NCDs as demonstrated in North Karelia, where 
at the end of the 1960s not only CHD mortality rates but also lung 
cancer mortality rates were higher than in the rest of Finland. 
When the North Karelia Project was extended to the whole of Fin-
land in 1977, these gaps in CHD and lung cancer mortality virtu-
ally disappeared even though the whole of Finland experienced a 
declining trend in mortality from these diseases [52].

Primordial prevention
Primordial prevention, a term first used by Strasser [11], was con-
ceived on a population-wide basis as a strategy to prevent whole 
societies from experiencing epidemics of the risk factors causing 
disease. The corresponding strategy at the individual level is to 
prevent the development of risk factors in the first place. The con-
cept of promoting healthy behaviours for this purpose is well rec-
ognized and common to many guidelines and recommendations 
for CVD prevention, especially those that focus on actions dur-
ing pregnancy and in childhood and adolescence [53]. The ‘low 
risk’ evaluation, discussed previously forms the scientific basis for 
endorsing this strategy, which should be offered to all children 
and adolescents.

High-risk primary prevention
Primary CVD prevention seeks to identify individuals at high 
risk for cardiovascular events through screening and the use of 
CVD risk assessment tools, and target them for additional evalu-
ation, stratification, and intensive educational and drug treat-
ments. Guidelines [54,55] concentrate on maximizing the use 
of these steps to produce the greatest reduction in clinical events 
and increases in quality of life and survival. Throughout the past 
four decades, the increasing expansion of this high-risk approach 
has been rewarding. In the United States it was estimated that for 
every 10% rise in treatments for elevated LDL-cholesterol in peo-
ple younger than 80 years, approximately 8000 deaths could be 
prevented annually, and for a 10% rise in hypertension treatment, 
about 14 000 deaths per annum would be averted [56].

Intermediate-risk (or moderate-risk) primary 
prevention
Using CVD risk evaluation tools such as SCORE and CUORE 
[26,40] individuals with a SCORE risk ≥ 1 and < 5% at 10 years 
or a CUORE risk ≥ 5 and < 20% at 10 years represent the large 
majority of the population ( Figs 7.3 and 7.4). The first issue is 
the identification of those individuals at intermediate or moderate 
risk, and here the role of primary care is of paramount impor-
tance. General practitioners, occupational medicine specialists, 
general practice nurses, community nurses, pharmacists, and 
transfusion-centre personnel may use the CVD risk prediction 
tools routinely with every subject or patient they meet, but the 
barriers to this fundamental health approach are many and dif-
ficult to overcome [54]. Secondly, this strategy is largely based on 

Considering the risk distribution of the CUORE score, and ap-
plying to the same cohort Stamler et al.’s [12] definitions of low 
risk, unfavourable but not high risk, and high risk, it is evident 
that to achieve effective CVD primary prevention both a popu-
lation and high-risk strategy need to be implemented simulta-
neously, with particular focus on maintaining at low risk those 
individuals with that profile.
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lifestyle education (non-smoking, regular physical activity, a diet 
rich in vegetables, fruit, and fish, a low intake of fat, cholesterol 
and refined sugars, and correction of overweight if present) and 
primary care professionals must learn and practice these skills to 
reduce the CVD risk effectively. Thirdly, in resistant cases prophy-
lactic therapy, especially with statins, antihypertensive drugs, or 
metformin may be considered. In these cases the issue of risk re-
classification may be important, and is addressed in  Chapter 5. 
In both the European [54] and American [55] guidelines other 
investigations are proposed in this group of individuals: measure-
ment of carotid intima–media thickness and/or screening for ath-
erosclerotic plaques by carotid artery scanning, measurement of 
ankle–brachial index (ABI), and computed tomography for coro-
nary calcium, but there is conflicting evidence and divergence of 
opinion, especially regarding the measurement of coronary cal-
cium. The big effort being made to reduce moderate risk through 
healthy lifestyles is certainly worthwhile, given the expected rise 
of mass disability from CVD in the coming decades [54], and, in 
particular, the increasing trends in obesity, which is becoming a 
worldwide epidemic in both children and adults [54].

Evidence of the effectiveness of CVD primary 
prevention
There are important randomized controlled trials documenting 
the effectiveness of CVD primary prevention in the adult popu-
lation. In particular the MRFIT study [57], the Goteborg trial 
[58], the Oslo trial [59], and the WHO collaborative group trial 
[60], including the Belgian heart disease prevention project [61], 
have yielded some conflicting results. However, Kornitzer and De 
Backer [62] were able to demonstrate a correlation between the 
net difference in CV risk profile between the intervention and 
control groups and the net difference in coronary mortality (see 
 Fig. 7.5), confirming that a difference in incident cases of CHD 
between intervention and control groups can only be expected to 
the extent that a difference in CV risk profile has been achieved.

Cardiovascular primary prevention in 
practice
Now we have considered the principles of CVD primary preven-
tion it is easier to understand the various and integrated practices 
for its implementation.

Population-level changes to promote a healthy 
lifestyle
In May 2012, Jørgensen and collaborators [63] published a position 
paper on behalf of the Prevention, Epidemiology, and Population 
Science (PEP) section of the European Association for Cardiovas-
cular Prevention and Rehabilitation, a constituent body of the Eu-
ropean Society of Cardiology (ESC). The paper summarizes the 
best available scientific evidence for the effect of population-level 
changes on risk factors for CVD. The recommendations address 
the established risk factors for CVD, and are valid for some other 
NCDs that share the same risk factors, particularly type 2 diabetes, 
lung diseases, and common cancers. The focus is on unhealthy nu-
trition, smoking, physical inactivity, and excessive alcohol, which 
all can be modified through population-based strategies. The main 
conclusions and recommendations are shown in  Table 7.1.
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Fig. 7.5 Relation between the net difference in CV risk profile (MLF) and the 
net difference in coronary mortality in the Oslo trial, the Gothenburg trial, 
MRFIT, and the WHO European Collaborative Group Trial.
Modified from Kornitzer M, De Backer G. Acta Clin Belg 1986; 41: 79–82.

Table 7.1 Population-level changes to prevent CVD: main 
conclusions and recommendations

◆ CVD causes more than 4.3 million deaths per year in Europe and costs at 
least €190 billion

◆ Important modifiable risk factors for CVD (unhealthy diet, smoking, 
alcohol, and physical inactivity) all respond to structural changes in society

◆ Population-level interventions aim at small changes in the whole 
population, which can have a higher impact on overall CVD burden than 
changes among high-risk individuals

◆ Responsibility for structural changes should be shared between politicians, 
administrative authorities, and health professionals. Changes should be at 
international, national, and local levels

◆ Healthy dietary habits will be supported by changes in agricultural policies, 
tax on products with free sugar and saturated fat and subsidies for fruit 
and vegetables, reduction of salt and trans-fatty acids in processed foods, 
clear labelling of foods, and limiting advertising for junk food

◆ Completely smoke-free environments are the only way to protect 
non-smokers. Smoking and second-hand smoking can be regulated by 
taxation, restrictions in sale and use, banning advertising, plain packaging, 
and warning labels

◆ Physical activities should be integrated into daily life by subsidies to 
public transport and reallocating of road space to cycle and footpath 
lanes. Changes in schools, worksites, and the built environment can make 
physical activity a more natural part of daily life

◆ Alcohol intake can be reduced by taxation, low availability, regulation of 
advertising, and low social and legal tolerance of drink driving

◆ It is estimated that such population-level changes can halve CVD 
mortality rates

◆ In a complex, modern society there is an interaction between personal 
choices, production, and marketing. To secure a real free choice for citizens, 
health authorities need to ensure healthy defaults, thus balancing the 
vested interests of corporations, who are not responsible for public health

Source data from Jørgensen T, Capewell S, Prescott E, Allender S, Sans S, Zdrojewski T, 
De Bacquer D, de Sutter J, Franco OH, Løgstrup S, Volpe M, Malyutina S, Marques-Vidal 
P, Reiner Z, Tell GS, Verschuren WM, Vanuzzo D. Population-level changes to promote 
cardiovascular health. Eur J Prev Cardiol. 2013; 20: 409–21.
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All health professionals who practise CVD primary prevention 
should be aware of the enormous potential of promoting and en-
couraging healthy lifestyles. They can act in several ways.

1. Advocating, through their professional and scientific asso-
ciations, for the legislative adoption of effective population 
structural changes promoting health. The ESC acted in this 
way, participating in the launch of the European Heart Health 
Charter at the European Parliament in Brussels, on 12 June 
2007 [64,65] and promoting the European Chronic Disease 
Alliance which includes ten medical organizations covering 
diabetes, respiratory diseases, and cancer, representing over 
100 000 health professionals [66].

2. Promoting healthy lifestyles in the four areas mentioned (smok-
ing, nutrition, alcohol, physical activity) in all the subjects and 
patients they meet in their practice. Among doctors, evidence 
of a sizeable effect exists for smoking [67] and alcohol [68], but 
for the other areas the evidence is scantier [69]. Similar evi-
dence exists for nurses, in whom their intervention in smoking 
cessation was found to be effective [70], but results on weight 
control were more controversial [71]. To be effective at commu-
nity level, behavioural counselling practices need to be adopted 
and administered by the majority of health professionals, after 
effective training, as the experience on smoking cessation dem-
onstrates [72].

3. Personally engaging in healthy lifestyles to familiarize them-
selves with the issues involved in maintaining lifelong healthy 
behaviours and to set a positive example for patients and the 
community. This was particularly underlined for physical activ-
ity and smoking [73].

Maintaining low-risk individuals throughout 
their life (primordial prevention)
Primordial CVD prevention must involve the maintenance of 
individual behavioural and lifestyle characteristics that achieve a 
level of health that prevents lifestyle-related risk factors from de-
veloping. The American Heart Association (AHA) incorporated 
the powerful principle of primordial prevention in defining ‘ideal 
cardiovascular health’ as part of the goal of reducing cardiac and 
stroke mortality by 20% by 2020 [74]. Ideal cardiovascular health 
consists of the absence of cardiovascular disease, a healthy life-
style (sufficient exercise, a superior diet score, absence of smoking, 
and BMI < 25 kg/m2), and ideal health factors (untreated normal 
values of blood pressure, cholesterol, and fasting glucose). These 
parameters, termed Life’s Simple 7TM, are presented on an AHA 
educational website (<http://mylifecheck.heart.org/>), which 
promotes primordial prevention. The European guidelines on car-
diovascular disease prevention in clinical practice (version 2012) 
[54], endorsing the European Heart Health Charter [64], define 
the characteristics of people who tend to stay healthy. The two pro-
files are shown in  Table 7.2.

The similarity is evident, apart from one notable exception 
concerning blood pressure and cholesterol levels and some differ-
ences in the diet—stricter in the AHA formulation which explicitly 
proposes a DASH (dietary approaches to stop hypertension)-type 

eating plan [75]. Concerning the major risk factors, the AHA pro-
posal is the same as that defining Stamler’s [12] low-risk category. 
The AHA document [74] also defines ideal cardiovascular health 
for children, and this is important because in many countries paedi-
atricians care for children and can act specifically in the childhood 
setting to promote primordial and primary prevention [76].

Table 7.2 Ideal cardiovascular health as defined by the American 
Heart Association and the European Society of Cardiology and other 
societies endorsing the 2012 CVD prevention guidelines

American Heart Association’s 
Life’s Simple 7™

European Heart Health Charter 
and 2012 guidelines

1. Not smoking or quitting over 
1 year ago.

No use of tobacco

2. A body mass index < 25 kg/m2 No overweight (normal BMI 
18.5–24.9 kg/m2)

3. Exercising at a moderate intensity 
≥ 150 min (or 75 min at vigorous 
intensity) each week

Adequate physical activity: at least 
30 min five times a week

4. Eating a ‘healthy diet’: adhering 
to four to five important dietary 
components (for a 2000 kcal daily 
diet, to be adapted):
◆ 4.5 cups or more of fruits and 

vegetables/day
◆ three or more 1-oz (31 g) servings 

of fibre-rich wholegrains/day 
(≥ 1.1 g of fibre per 10 g of 
carbohydrate)

◆ two or more 3.5-oz (109 g) 
servings of oily fish/week

◆ sodium intake < 1.5 g/day 
(= salt 4 g/day)

◆ sugar-sweetened beverage intake 
≤ 450 kcal (36 oz, 1 litre) weekly

Secondary dietary components are 
the following:
◆ nuts, legumes, and seeds: 

≥ 4 servings/week
◆ processed meats: none or 

≤ 2 servings/week
◆ saturated fat: < 7% of total energy 

intake

Healthy eating habits:
◆ 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 (= 2 g of 
sodium)

◆ 30–45 g of fibre per day, from 
wholegrain products, fruits, and 
vegetables

◆ 200 g of fruit per day (2–3 
servings)

◆ 200 g of vegetables per day (2–3 
servings)

◆ fish at least twice a week, one of 
which to be oily fish

◆ 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

5. Maintaining total cholesterol < 
200 mg/dl (5.17 mmol/L)

Blood cholesterol below 5 mmol/L 
(190 mg/dl)

6. Keeping blood pressure < 120/80 
mmHg

Blood pressure below 140/90 mmHg

7. Keeping fasting plasma glucose < 
100 mg/dl (5.5 mmol/L)

Normal glucose metabolism [fasting 
plasma glucose < 5.6 mmol/L 
(100 mg/dl)]

Avoidance of excessive stress

Source data from Perk J, De Backer G, et al. European Guidelines on cardiovascular 
disease prevention in clinical practice (version 2012). Eur Heart J 2012; 33: 1635–1701, 
Lloyd-Jones DM, Hong Y, Labarthe D, et al. and American Heart Association Strategic 
Planning Task Force and Statistics Committee. Defining and Setting National Goals 
for Cardiovascular Health Promotion and Disease Reduction: The American Heart 
Association’s Strategic Impact Goal Through 2020 and Beyond. Circulation 2010; 121: 
586–613.
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Reducing the risk of intermediate-risk 
individuals
The practice of this strategy is perhaps one of the most difficult, 
because it requires the active involvement of health personnel, es-
pecially in the primary care setting, necessitating a reorganization 

of their work in order to follow some fundamental procedures 
[77], described in  Table 7.3. Reorienting the health system and 
practices to carry out effective CVD primary prevention, though 
very important, has many barriers ( Table 7.3), as evaluated in 
various studies quoted in the 2012 European guidelines [54] and 
in other reviews [77].

Table 7.3 Primary CVD prevention: steps to identify and treat subjects at moderate and high risk in primary care

Steps Actions Barriers

1 Identifying 
subjects at risk

Risk factor screening including the lipid profile may be considered in adult men 
aged 40 or more and in women aged 50 or more or post-menopausal. The physician 
in general practice is the key person to initiate, coordinate, and provide long-term 
follow-up for CVD prevention

Health system:
◆ limited reimbursement
◆ increased liability
◆ inadequate staffing resource
◆ lack of specialist support
◆ budgetary concerns

2 Estimating 
CVD risk

High-risk subjects with any of the following:
◆ markedly elevated single risk factors such as familial dyslipidaemias 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
Moderate risk: subjects are considered to be at moderate risk when their SCORE is ≥ 1 
and < 5% at 10 years

Health personnel:
◆ risk scoring is considered to be time consuming, 

simplifying a complex situation, and may result in 
overmedication

3 Evaluating 
lifestyles

This is a neglected issue, but simple evaluations according to the guidelines may give a 
quick reliable assessment, also useful for the intervention. For example, one question 
for smoking, one question for alcohol, five questions for diet, one question for physical 
activity may be enough and take 3–5 minutes

Health personnel:
◆ this activity is perceived as time-consuming and 

substantially useless, given the difficulties of 
changing behaviours for the evaluated subjects

Subjects/patients:
◆ lifestyle questions perceived as too intrusive

3 Helping 
subjects 
(patients) to 
understand 
their personal 
risk

Providing patients with their CVD risk score is a useful means of motivating patients 
towards healthy behaviours. As a guide, physicians might wish to consider the 
following areas for communication with their patients:
◆ probability: focus on the relative risk faced by that particular patient
◆ exposure: communicate that everyone faces the risk of CVD
◆ hazard: emphasize the modifiable risk factors the patient can control
◆ create a mental picture of CVD events, without creating fear, because this can 

influence whether a patient takes prescribed medications

Health personnel:
◆ not trained in a difficult skill
◆ time constraints
Subjects/patients:
◆ poor understanding/ awareness of personal 

disease risk

4 Developing a 
comprehensive 
management 
strategy for 
the individual 
subject 
(patient)

An effective management strategy for CVD should contain elements of lifestyle 
modification as well as pharmaceutical intervention, where appropriate
As a first step in the management of their overall CVD risk, patients should be 
encouraged to adhere to healthy lifestyle habits. They should be informed of the 
benefits of smoking cessation, exercise, diet modification, and weight loss. In many 
subjects at moderate-risk, this may be sufficient
In high-risk subjects, where lifestyle changes are insufficient, therapy is advised. 
This should include a range of interventions such as treatment of hypertension, 
dyslipidaemia, and diabetes
It is important that the physician and patient closely collaborate to develop a 
management strategy that will suit the individual patient. It is also important to 
reiterate the need for adherence to both lifestyle changes and medications

Health personnel:
◆ not trained
◆ lack of critical evaluation of guidelines/confusion 

or lack of belief in contradictory guidelines
◆ time constraints
◆ aversion to polypharmacy
◆ inertia to changing medical practice
Subjects/patients
◆ poor long-term adherence to lifestyle changes 

and poor adherence with CV risk-reducing 
medications

◆ aversion to polypharmacy
◆ lack of compliance
◆ side effects of medications
◆ cost of medications if not reimbursed

5 Providing 
continuous 
follow-up 
support

The aims of patient follow-up support should be to assess and communicate to the 
patient the success of intervention strategies in order to
◆ maintain patient motivation
◆ identify problems in adherence to the disease management strategy (there is a very real 

difference between obtaining a prescription for a medication and actually taking it)
◆ provide further disease/therapy information

GFR, glomerular filtration rate.
Source data from Perk J, De Backer G, et al. European Guidelines on cardiovascular disease prevention in clinical practice (version 2012). Eur Heart J 2012; 33: 1635–1701 and Erhardt L, 
Moller R, Puig JG. Comprehensive cardiovascular risk management—what does it mean in practice? Vasc Health Risk Manag 2007; 3(5): 587–603.
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One of the major barriers is the need for specific training of 
general practitioners and other primary care personnel to ac-
quire the skills needed to evaluate global CVD risk and lifestyles, 
to communicate risk results to the subjects/patients, and or-
ganize behavioural counselling and follow-up programmes. In 
Italy we demonstrated that it is possible to launch initiatives to 
overcome these potential barriers [78,79]. The Italian national 
prevention plan 2005–2013 included a 10-year CVD risk as-
sessment of the general population aged 35–69 years using the 
CUORE risk score [78]. Through the regional health authorities, 
general practitioners (GPs) were trained to assess global car-
diovascular risk and encouraged to collect data on risk factors 
and the CUORE score in their patients and to contribute to the 
Cardiovascular Risk Observatory (CRO). Data were collected 
using cuore.exe software, easily and freely downloadable by GPs 
from the CUORE project website (<http://www.cuore.iss.it/>). 
From January 2007 to May 2010, 2858 GPs downloaded cuore.
exe and 139 269 risk assessments on 117 345 people were sent 
to the CRO. Among those with at least two risk assessments, 8% 
(95% CI 7–9%) shifted to a lower risk class after 1 year. Although 
these are good results, there are about 46 000 Italian GPs and 
only 6% participated in the CRO project. The REACHOUT study 
[80] in nine European countries, enrolling 1103 patients, yielded 
similar results, while the cross-sectional EURIKA study [81], 
conducted in 12 European countries, showed that in Europe a 
large proportion of patients in primary prevention had CVD risk 
factors that remained uncontrolled, and lifestyle counselling was 
not well implemented.

Reducing the risk of high-risk individuals
At the primary care level the steps considered for moderate-risk 
individuals are the same for high-risk subjects ( Table 7.3). 
This practice, together with the possible further investigation 
of some categories of moderate-risk subjects, for example those 
with positive family history of premature CVD, can also rely on 
cardiologists, especially if working out of hospital [54] or in CVD 
prevention centres or in cardiac rehabilitation units. According 
to the 2012 European guidelines [54], those cardiologists have an 
essential role in CVD prevention, acting as consultants to gen-
eral practitioners and general internists. They may serve as advi-
sors in cases where there is uncertainty over the use of preventive 
medications or when the usual preventive options are difficult 
to apply (e.g. nicotine addiction, resistant obesity, side effects or 
insufficient efficacy of medication). A complete examination by a 
preventive cardiologist will often include an assessment of exer-
cise capacity with stress testing, measurement of the ABI, echo-
cardiographic evaluation, in particular to detect left ventricular 
hypertrophy, and assessment of pre-clinical atherosclerosis by 
vascular ultrasound at various sites (carotid, vertebral, and sub-
clavian arteries, abdominal aorta and iliac arteries, arteries of the 
lower limbs). If some of these tests performed in asymptomatic 
subjects identify some pre-clinical condition, many patients 
with apparently low risk will experience a profound change in 

perception of their risk [54]. However, it should be noted that, 
at least in smokers, the communication of formerly unknown 
asymptomatic atherosclerosis did not alter the rate of quitting at 
12 months [82]. Therefore cardiologists must also learn the basic 
skills for motivating the patients referred to them to better ad-
here to healthy lifestyles and drug treatment driven by their spe-
cialist assessment.

Conclusion
After considering the principles and practice of CVD primary pre-
vention, a couple of basic questions remain: does CVD primary 
prevention work in the long run, and does it make a substantial 
contribution to the global reduction of CVD mortality compared 
with secondary prevention?

The answer is yes to both questions, based on two very impor-
tant studies, the MONICA study [30,31,83,84] and the IMPACT 
study, both undertaken across many countries [85,86]. According 
to MONICA data, in men CHD mortality rates decreased in 25 
populations and increased in 11 populations; in women CHD 
mortality rates decreased in 22 populations and increased in 13 
populations. The MONICA project demonstrated the substantial 
contribution of both decreased incidence and increased surviv-
al and changes in the prevalence of risk factors to the declining 
trend of mortality: one-third of the decline in mortality was ex-
plained by changes in case fatality rates related to advancements in 
coronary care and two-thirds by declining incidence of coronary 
events partly explained by the reduction of classical risk factors 
[30,31,83,84].

Using information on changes in coronary risk factors and 
the effects of treatments, as estimated from the results of rand-
omized controlled trials, the IMPACT model [85] estimates the 
expected influences on CHD mortality by age and gender. This 
study is considered in detail in  Chapter 1, but here it is im-
portant to note that the IMPACT model was tested in different 
countries and gave similar results [86]. Beneficial reductions in 
major risk factors—in particular smoking, blood pressure, and 
cholesterol—at the population level accounted for 50–75% of 
the decrease in CHD deaths, although these favourable trends 
were counteracted by an increase in the prevalence of obesity 
and type 2 diabetes. Twenty-five to 50% of the decline in CHD 
death rates was attributed to treatments (antihypertensive drugs 
and statins) for patients at high risk or in secondary prevention, 
and to better treatments of acute myocardial infarction, heart 
failure, and other cardiac conditions.

In the continuum of CVD prevention, from primordial preven-
tion to secondary prevention and rehabilitation, primary CVD 
prevention is playing the major role in the decline in CVD mortal-
ity in many populations. However, its potential is much greater—
through also reducing non-fatal CVD events and premature and 
late disability, and therefore ensuring healthy ageing for the ma-
jority of people.
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CHAPTER 8

Secondary prevention and 
cardiac rehabilitation: 
principles and practice
Massimo F. Piepoli and Pantaleo Giannuzzi

Summary
Secondary prevention through cardiac rehabilitation (CR) is the intervention 
that has the best scientific evidence for decreasing morbidity and mortality  
in coronary artery disease, in particular after myocardial infarction, but also 
after cardiac interventions in chronic stable heart disease. Cardiac patients with 
chronic heart disease and/or after an acute event deserve special care to im-
prove their quality of life and to maintain or restore their functional capacity. 
They require counselling to avoid recurrence by adhering to a medication plan 
and adopting a healthy lifestyle. These secondary prevention targets are included 
in the overall goal of CR. CR can be viewed as the clinical application of pre-
ventive care by means of a professional integrated multidisciplinary approach 
for comprehensive risk reduction and global long-term care of cardiac patients. 
The CR approach  comprises several integrated components and is delivered in 
tandem with a flexible follow-up strategy and easy access to a team of  specialists. 
Components include patient assessment, physical activity counselling,  exercise 
training, diet/nutritional counselling, weight control management, lipid man-
agement, blood pressure monitoring, smoking cessation, and psychosocial 
 management. However, many of the risk factors can be mediated through  exercise 
training programmes. Physical activity counselling and exercise training are the 
central components in all rehabilitation and preventive interventions. This chap-
ter reviews the key components of a CR programme and summarizes current 
evidence-based best practice for the wide range of interventions of interest to the 
general cardiology community.

Clinical case: Mr X

◆	 Three days ago, at 23:50, a 46-year-old man was hospitalized for severe, typical wors-
ening chest pain, which had started around 50 minutes previously. He is a heavy-
goods vehicle driver, lives with his wife and a teenage son, and has no previous 
relevant clinical history, but he has never consulted his GP, and he smokes and is 
overweight (BMI of 34 kg/m2) with sedentary habits.

◆	 In the emergency department the ECG showed acute anterior ‘S-T segment elevation 
myocardial infarction’.
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[5, 6, 7] in the treatment of patients with coronary artery disease 
(CAD) and chronic heart failure (CHF) [8, 9, 10]. Moreover, CR 
is considered a cost-effective intervention following an acute 
 coronary event and CHF since it improves prognosis by reducing 
recurrent events and healthcare expenditure while prolonging life 
[11,12].

Despite its well-documented benefits, CR is vastly underu-
tilized. Only about a third of coronary patients in Europe re-
ceives any form of CR [13,14]. The results of the EUROASPIRE 
audits of preventive care for coronary patients over the last 20 
years show adverse lifestyle trends and an increasing prevalence 
of cardiovascular risk factors in these patients [15]. Moreover, 
even when implemented, most CR programmes are short-term 
interventions. Some recent studies on prevention and CR (e.g. 
EuroAction [16] and GOSPEL [17]) have the specific aim of 
maintaining beneficial longer-term life changes and improving 
prognosis in cardiac patients.

Indications
There is substantial evidence to conclude that a CR programme 
should be initiated in hospital and continued within 1 to 3 weeks 
after hospital discharge in an outpatient setting. Patients who are 
considered eligible include those who have experienced one or 
more of the conditions listed as a primary diagnosis some time 
within the previous 12 months and who have not already partici-
pated in an early outpatient CR/secondary prevention programme 
for the qualifying event/diagnosis:

◆	 acute and chronic CAD
◆	 recent cardiovascular surgery and intervention (coronary 

arteries or structural heart disease including heart valves)
◆	 CHF
◆	 cardiac transplantation
◆	 peripheral arterial disease (PAD) and surgery/intervention to 

the great vessels
◆	 receipt of a ventricular assist device (VAD)
◆	 receipt of a pacemaker, cardiac resynchronization therapy, or 

implantable cardioverter defibrillator.

Phases and settings
Each individual affected by CVD can benefit from either an inpa-
tient or outpatient CR programme divided into three phases.

Phase 1
Phase 1 is the earliest intervention during the stay in an acute hos-
pital, including early mobilization and prevention of complica-
tions secondary to immobilization.

Phase 2
Phase 2 is the intervention performed following an index CVD 
event with the aim of clinical stabilization, risk stratification, and 
promotion of a long-term healthy status. It may be performed in 
inpatient or outpatient settings.

Principles
Definition and aims
In recent years there has been impressive progress in pharmaco-
logical therapies and in sophisticated technology-based diagnos-
tic and therapeutic procedures for cardiovascular diseases (CVD). 
As a consequence, a greater number of people now survive acute 
events but with a heavier burden of chronic conditions and limita-
tions on their daily activities.

A management approach based on interventional cardiology 
and medication only is thus not effective—as the European 
Heart Health Charter [1], article 7, states: ‘… the burden of 
 established cardiovascular disease may also be reduced by early 
diagnosis, appropriate disease management, rehabilitation and 
prevention, including structured lifestyle counselling’. After 
an acute event or with a chronic heart condition patients need 
structured support to restore their quality of life and to main-
tain or improve functional capacity. They require counselling to 
prevent recurrence by adhering to a medication plan and adopt-
ing a healthy lifestyle.

In secondary prevention, preventive cardiology equates to car-
diac rehabilitation (CR), defined as a multifaceted and multidis-
ciplinary intervention, affecting clinical status, functional capacity, 
recovery, and psychological wellbeing [2]. CR can be viewed as the 
clinical application of secondary prevention by means of a profes-
sional integrated multidisciplinary approach for comprehensive 
risk reduction and global long-term care of cardiac patients. This 
is accompanied by a flexible follow-up strategy, and easy access 
to a team of specialists. Thus, CR programmes are recommend-
ed (class I) by the European Society of Cardiology [3,4] and the 
American Heart Association and American College of Cardiology  

Clinical management
An emergency coronary angiogram documented a single prox-
imal left anterior descending occlusion that was treated imme-
diately with primary percutaneous coronary angioplasty and 
implantation of a drug-eluting stent. Subsequently the clini-
cal course was uneventful, without complications, and Mr X 
felt all right. An echocardiogram performed on day 3 showed 
anterior-septal hypokinesia with moderately reduced ejec-
tion fraction (left ventricular ejection fraction 40%). Mr X was 
discharged on the same day with a diagnosis of ‘S-T elevation 
myocardial infarction, due to proximal left anterior descending 
occlusion with residual impaired left ventricular function’. The 
following therapy was prescribed:
◆	 aspirin 100 mg/day
◆	 clopidogrel 75 mg/day
◆	 atorvastatin 80 mg/day
◆	 bisoprolol 1.25 mg/day
◆	 ramipril 1.25 mg/day
and the recommendation was for an outpatient visit at 1–3 
months.
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the team. The programme’s components and activities are similar 
to those of an early outpatient CR programme.

Phase 3
Phase 3 is a long-term outpatient CR programme which provides 
longer-term delivery of preventive and rehabilitative services in 
the outpatient setting and/or in the community.

Practice: planning the individual 
rehabilitation process
Core components: principles and means 
of implementation common to all clinical 
conditions
In practical terms the implementation of a secondary prevention 
programme requires the identification of the core components for 
CR ( Table 8.1). In agreement with recent European statements 
[2] these have been classified as:
◆	 clinical and risk assessment
◆	 counselling about physical activity
◆	 prescription of exercise training
◆	 diet/nutritional counselling
◆	 weight management
◆	 lipid management
◆	 blood pressure management,
◆	 smoking cessation
◆	 psychosocial management
◆	 vocational support.

Structured inpatient (residential) CR programme
This type of programme should be considered as a transition 
phase for high-risk patients to promote stabilization before 
starting a longer-term outpatient CR programme (which is the 
main scenario for promoting long-term adherence). High-risk 
subjects include:
◆	 patients with persistent clinical instability because of complica-

tions after an acute event or serious concomitant disease(s)
◆	 patients with advanced HF (New York Heart Association func-

tional classification class III–IV) needing intermittent or con-
tinuous drug infusion and/or mechanical support

◆	 patients with a recent heart transplant
◆	 patients discharged very early after the acute event, even 

if uncomplicated, and at high risk of instability (i.e. age, 
comorbidities)

◆	 patients unable to attend a formal outpatient CR programme 
for any logistical reason.

Outpatient CR programme
An outpatient CR programme promotes and delivers preventive 
and rehabilitative services to more independent subjects in the 
outpatient setting early after a CVD event, generally within the 
first 1 to 3 months, but continues in a more flexible model prefer-
ably for as much as a year. It should be characterized by regular 
clinical control of adherence and risk factor management, per-
formed by a multidisciplinary team held in an out-of-hospital 
clinic setting or in a specialized centre.

Home-based programme
This is delivered at the patient’s home, prescribed and monitored 
at a distance by the multidisciplinary team with the support of 
educational materials, periodic visits to a centre, and contact with 

Table 8.1 Core components of cardiac rehabilitation with objectives common to all clinical conditions

Components Method of application

Clinical 
and risk 
assessment

Evaluation:
◆ Clinical history: cardiovascular diagnoses and procedures, risk factors, comorbidities and disabilities, psychological stress, educational barriers, 

and preferences, vocational situation
◆ Symptoms: NYHA functional class for dyspnoea and CCS class for symptoms of angina
◆ Adherence: to medical regime and self-monitoring (weight, BP, symptoms)
◆ Physical examination: general health status, cardiovascular and pulmonary systems (i.e. cardiac and carotid murmurs, pulse HR, BP control, 

extremities for presence of arterial pulses), cardiovascular accidents with/without neurological sequelae, cognitive function
◆ ECG: HR, rhythm, repolarization
◆ Cardiac imaging (2D and Doppler echocardiography): ventricular function, valvular heart disease, presence of effusion where appropriate
◆ Blood testing: for routine biochemical assay including full blood count, electrolytes, renal and liver function, fasting blood glucose 

(haemoglobin A1C if fasting blood glucose is elevated or known diabetic), total cholesterol, LDL-C, HDL-C, triglycerides
Intervention:
◆ Formulation of ‘tailored’ patient-specific plan of the CR programme, with priority short-term goals
◆ Discussion and provision of the initial and follow-up plans to the patient in collaboration with family members and primary healthcare 

providers and with clear, comprehensible information on the basic purpose of the CR programme and the role of each component 
(including optimal compliance with medical therapy)

◆ Education of the patient and family members on self-monitoring (weight, BP, warning symptoms and signs of instability e.g. angina, 
dyspnoea) and self management

Expected outcomes:
◆ Evidence of patient treatment plan, outcome report, and discharge plan, including long-term management programme
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(continued)

Components Method of application

Physical 
activity 
counselling

Evaluation:
◆ Physical activity level by history; domestic, occupational, and recreational habits; activities relevant to age, gender, and daily life; readiness to 

change behaviour; self-confidence; barriers to increased physical activity, and social support in making positive changes
Intervention:
◆ Education: sedentary lifestyle as risk factor and the benefits of physical activity—any increase in activity has a positive health benefit. 

Underline how benefits may be achieved and the need for lifelong continuation. If interruption of physical activity has occurred, physical, 
social, and psychological barriers should be explored, and alternative approaches suggested. Provide educational materials as part of 
counselling efforts

◆ Advice: individualize physical activity according to the patient’s age, past habits, comorbidities, preferences, and goals. Caution patients to 
avoid performing unaccustomed vigorous physical activity (e.g. racquet sports and shovelling snow)

◆ Reassure regarding the safety of the recommended protocol
◆ Encourage involvement in leisure activities which are enjoyable and in group exercise training programmes as patients tend to revert to 

previous sedentary habits over time
◆ Recommend gradual increases in daily lifestyle activities over time, and how to incorporate them into a daily routine. A minimum of 30–60 

min/session of moderately intense aerobic activity, preferably daily, at least 3–4 times a week
Expected outcomes:
◆ Increased participation in domestic, occupational, and recreational activities
◆ Improved psychosocial wellbeing, prevention of disability, and enhancement of opportunities for independent self-care
◆ Improved aerobic fitness
◆ Improved prognosis

Exercise 
training (ET)

ET is defined as a sub-category of physical activity in which planned, structured, and repetitive bodily movements are performed to maintain 
or improve physical fitness and thus it is a structured intervention over a defined period of time. It should be integrated within the physical 
activity intervention (see ‘Physical activity counselling’)
Evaluation:
◆ Peak exercise capacity: symptom-limited exercise testing, either on a bicycle ergometer or a treadmill. If this is not feasible (e.g. because of 

recent surgery), sub-maximal exercise evaluation and/or 6-minute walk test should be considered
Intervention:
◆ Develop an individualized exercise prescription for aerobic and resistance training that is based on individual findings, risk stratification, 

comorbidities, and patient goals
◆ Recommend: (1) sub-maximal endurance training, i.e. starting at 50–60% of maximal work load or maximal oxygen uptake if available and 

gradually increasing according to the subjective feeling of exertion; (2) expand physical activity to include weight/resistance training twice a 
week

◆ During the initial supervised phases, an in-hospital ET programme may be appropriate in unstable and more fragile patients to verify 
individual responses and tolerability and promptly identify signs and symptoms indicating the need to modify or terminate the programme. 
The supervision should include physical examination, monitoring of HR, BP, and rhythm before, during, and after ET. The supervised period 
should be prolonged in patients with new symptoms, signs, BP abnormalities, and increased supraventricular or ventricular ectopy during 
exercise

Expected outcomes:
◆ Increased cardiorespiratory fitness and enhanced flexibility, muscular endurance, and strength (by 5–10%)
◆ Reduction of symptoms, attenuated physiological responses to physical challenges, and improved psychosocial wellbeing

Diet/
nutritional 
counselling

Evaluation:
◆ Daily caloric intake and dietary content of fat, saturated fat, sodium, and other nutrients
◆ Assess eating habits
◆ Determine target areas of intervention as outlined for the core components of weight, diabetes, as well as HF, kidney disease, and other 

comorbidities
Intervention:
◆ Education of patient (and family members) regarding dietary goals and how to attain them; salt, lipid, and water content of common foods
◆ Prescribe specific dietary modifications with the aim of reducing saturated fat intake. Recommendations should be sensitive and relevant to 

cultural preferences
◆ Healthy food choices:

● wide variety of foods; low-salt foods
● Mediterranean diet: fruits, vegetables, wholegrain cereals and bread, fish (especially oily), lean meat, low-fat dairy products
● replace saturated fat with the above foods and with monounsaturated and polyunsaturated fats from vegetable (oleic acid as in olive oil 

and rapeseed oil) and marine sources to reduce total fat to <30% of energy, of which less than a third is saturated
● Avoid: overweight and particularly beverages and foods with added sugars and salty food

◆ Integrate: behaviour-change models and compliance strategies in counselling sessions
Expected outcome:
◆ A plan has been provided to address problems with eating behaviour
◆ The patient understands the basic principles of dietary content
◆ Patient adherence to the prescribed diet is improved

Table 8.1 (continued) Core components of cardiac rehabilitation with objectives common to all clinical conditions
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Components Method of application

Weight 
control 
management

Evaluation:
◆ Measure weight, height, waist circumference, calculate BMI
Intervention:
◆ Manage BMI: on each patient visit it is useful to consistently encourage weight control through an appropriate balance of physical activity, 

caloric intake, and formal behavioural programmes when indicated to achieve and maintain healthy BMI (18.5–24.9 kg/m2)
◆ Manage waist circumference: if waist circumference is ≥ 89 cm in women or ≥ 103 cm in men it is beneficial to initiate lifestyle changes and 

consider treatment strategies for metabolic syndrome as indicated. Some men can develop multiple metabolic risk factors when the waist 
circumference is only marginally increased (e.g. 94–102 cm). They may have a strong genetic contribution to insulin resistance and could 
benefit from changes in life habits, similar to men with categorical increases in waist circumference

◆ Develop a combined diet, physical activity/exercise, and behavioural programme designed to reduce total caloric intake, maintain 
appropriate intake of nutrients and fibre, and increase energy expenditure. The exercise component should strive to include daily longer 
distance/duration walking (e.g. 60–90 min).

Expected outcomes:
◆ Elaboration of an individualized strategy to lose 5–10% of body weight in 6 months and modification of associated risk factors if needed
◆ Continue to assess and modify interventions until progressive weight loss is achieved and modification of associated risk factors has 

occurred, if necessary
◆ In the long term the patient should adhere to diet and physical activity and an exercise programme aimed to achieve the established 

weight goal
◆ Where the goal is not attained, consider referring the patient to a specialist obesity clinic

Lipid 
management

Evaluation:
◆ Lipid profile: fasting measure of total cholesterol, HDL, LDL, and triglycerides. In those with abnormal levels, obtain a detailed history to 

determine whether diet, drug, and/or other conditions that may affect lipid levels can be altered
◆ Assess current therapy and compliance. Assess creatine kinase levels and liver function in patients taking lipid-lowering medications
◆ Repeat lipid profiles at 2 months after initiation or changes in lipid-lowering medications
Intervention:
◆ Provide nutritional and physical activity counselling, as well as weight management
◆ Add or intensify drug treatment if necessary
Expected outcomes:
◆ Total plasma cholesterol should be <5 mmol/L (<190 mg/dl)
◆ LDL-C should be <3 mmol/L (<115 mg/dl). LDL-C level 1.8 mmmol/L (<70 mg/dl) in all patients with established coronary disease

Blood 
pressure 
management

Evaluation:
◆ Measure seated resting BP on more than two visits
◆ Measure BP on both arms at programme entry
◆ To rule out orthostatic hypotension, measure lying, seated, and standing BP
◆ Assess current therapy and compliance
Intervention
◆ Education: recommend lifestyle modifications—exercise, weight management, sodium restriction, and moderation of alcohol intake (i.e. 

1-3 units daily: a unit equates to about 80 mL of wine, 250 mL of normal strength beer, and 30–50 mL of spirits) according to the DASH diet 
(<http://dashdiet.org/>); if patient has diabetes or chronic renal or cardiovascular disease, consider drug therapy

◆ If resting systolic BP is ≥ 140 mmHg or diastolic BP is ≥ 90 mmHg despite lifestyle changes, initiate drug therapy, considering total 
cardiovascular risk

Expected outcomes:
◆ Continue to monitor and modify intervention until normalization of BP

Smoking 
cessation

Evaluation:
◆ Structured approaches to be used, e.g. the 5As (Ask, Advise, Assess, Assist, Arrange)
◆ Ask the patient about his/her smoking status and use of other tobacco products. Specify both the amount of smoking (cigarettes per day) 

and duration of smoking (number of years)
◆ Determine readiness to change; if ready, choose a date for quitting
◆ Assess for psychosocial factors that may impede success
Intervention:
◆ All smokers should be professionally advised and encouraged to permanently stop smoking all forms of tobacco
◆ Provide structured follow-up, referral to special programmes. Behavioural advice and group or individual counselling and/or 

pharmacotherapy (including nicotine replacement) are recommended, as is a stepwise strategy for smoking cessation. Consider nicotine 
replacement therapy, combined with bupropion or varenicline if not contraindicated

Expected outcome:
◆ Short term: patient will demonstrate readiness to change by initially expressing a decision to quit and selecting a quit date. Subsequently, 

patient will quit smoking and all tobacco use and adherence to pharmacological therapy
◆ Long-term abstinence from smoking

Table 8.1 (continued) Core components of cardiac rehabilitation with objectives common to all clinical conditions
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In terms of the implementation of an individualized interven-
tion for secondary prevention, these core components share as-
pects which are applicable to all CVD conditions (as outlined in 
 Table 8.1). However for single clinical conditions, specific com-
ponents may be identified.

The expected objectives of all these interventions are improved 
clinical stability and symptom control, reduced overall cardiovas-
cular risk, higher adherence to pharmacological advice, and a bet-
ter health behaviour profile, all leading to a superior quality of life, 
social integration, and an improved prognosis.

A CR programme in clinical practice
Several aspects need be addressed in daily clinical practice. 
 Table 8.2 lists the key items to be considered for implemen-
tation in an effective secondary prevention programme, while 
 Table 8.3 gives the key aspects of lifestyle modification.

Implementation of CR in specific diseases
Acute and chronic coronary disease
 Table 8.4 outlines the core components of CR in patients with 
acute and chronic coronary artery disease. With the availability of 
myocardial revascularization, CR with risk factor assessment and 
management is crucial for a patient’s prognosis [18]. After an un-
complicated procedure, risk factor management and counselling 
on physical activity can start the next day, and such patients can be 
walking on the flat and going up stairs within a few days. After sig-
nificant and/or complicated myocardial damage, CR should start 
after clinical stabilization, and physical activity increased slowly, 

Table 8.1 (continued) Core components of cardiac rehabilitation with objectives common to all clinical conditions

Components Method of application

Psychosocial 
management

Evaluation:
◆ Screen for psychological distress as indicated by clinically significant levels of depression, anxiety, anger or hostility, social isolation, 

occupational distress, marital/family distress, sexual dysfunction/adjustment, and substance abuse of alcohol and/or other psychotropic 
agents. Use interview and/or other standardized measurement tools. As guide, routine screening questions to be asked of every patient are: 
Over the past 2 weeks, have you felt down, depressed, or hopeless? Over the past 2 weeks, have you felt little interest or pleasure in doing 
things? In case of positive answers, assessment by a psychologist is needed

◆ Identify use of psychotropic medications
Intervention:
◆ Offer individual and/or small-group education and counselling on adjustment to heart disease, stress management, and health-related 

lifestyle change (i.e. profession, car driving, and sexual activity), relaxation techniques
◆ Whenever possible, offer spouses and other family members, domestic partners, and/or significant others access to information sessions. Teach 

and support self-help strategies and ability to obtain effective social support. Provide vocational counselling in case of work-related stress
Expected outcome:
◆ Absence of clinically significant psychosocial problems and acquisition of stress management skills
◆ Improved health-related quality of life

Vocational 
advice

Evaluation:
◆ Before discharge, return to prior activities must be discussed with patients and their partners and return to prior activities must be promoted, 

unless there is a medical contraindication
◆ The presence of any barriers an individual may face when returning to work following illness should be assessed
Intervention:
◆ All procedures to help individuals to overcome barriers to returning to work and so remain in, return to, or access employment, i.e. retraining 

and capacity building, reasonable adjustments and control measures, disability awareness, condition management, and medical treatment

NYHA, New York Heart Association; CCS, Canadian Cardiovascular Society; BP, blood pressure; HR, heart rate; ECG, electrocardiogram; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; BMI, body mass index
Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and 
Rehabilitation. Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European 
Association of Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010; 17(1): 1–17.

Table 8.2 Cardiac rehabilitation programme in daily clinical practice 
(see  Table 8.1)

Individualized plan initiated prior to hospital discharge:
◆ Introduce the concept of risk and the usefulness of individualized targets
◆ Highlight the importance of cardiovascular risk factors
◆ Provide results of investigations performed and future investigations 

required
The programme should address specific areas of concern to the 
patient and their partners/families:
◆ Education

● allaying misconceptions
● pathophysiology and symptoms
● exercise, smoking, diet, BP, cholesterol
● occupation (phased return to work)
● sexual dysfunction and sexual intercourse
● psychological
● medical and surgical interventions
● cardiopulmonary resuscitation

◆ Risk factor management
◆ Lifestyle

● physical activity
● diet and weight management
● smoking cessation

◆ Psychological status and quality of life
● valid psychological assessment (anxiety, depression)
● stress management
● discussion of social needs (benefits etc.)

◆ Cardioprotective drug therapy
● drug titration if needed

◆ Long-term management strategy
● ongoing care mainly within primary care with specialist intervention
● as required; defined pathways
● exercise groups; community dietetic and weight management services
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Table 8.3 Lifestyle modification in daily clinical practice

Eat a healthy, balanced diet
◆ Increase fresh food and reduce processed foods; consider a Mediterranean 

style diet
◆ Eat less fat—decrease intake of foods high in saturated fat and 

opt for foods which have unsaturated (polyunsaturated and 
monounsaturated) fats

◆ Eat more fruit and veg—five portions a day
◆ Increase wholegrain and high-fibre foods
◆ Oily fish—at least two portions a week
◆ Reduce salt intake (<6 g/day). Remember the hidden salt content 

of foods
◆ Consider foods enriched with plant sterols or stanols, e.g. yoghurt, milk, 

margarine

Limit alcohol intake
◆ 1–3 units per day

Increase physical activity
◆ Build up gradually over 4–6 weeks
◆ Aim for at least 20–30 min of moderate activity each day to the 

point of mild breathlessness (walking, jogging, cycling, dancing, or 
swimming)

Do not smoke
◆ A combination of medication for smoking cessation and 

behavioural support should be offered (i.e. referred to local stop 
smoking services)

Manage weight
◆ Education regarding balancing energy intake with energy expenditure
◆ Advise BMI < 25
◆ To lose around 0.5 kg/1 lb per week

Table 8.4 Core components of cardiac rehabilitation in patients with acute and chronic coronary artery disease

Components Method of application

Clinical risk assessment Evaluation:
◆ Clinical history: review clinical course of ACS
◆ Physical examination: inspect puncture site of PCI, and extremities for presence of arterial pulses

Physical activity 
counselling

Evaluation:
◆ Exercise capacity and ischaemic threshold: exercise stress testing by bicycle ergometry or treadmill maximal stress test 

(cardiopulmonary exercise test if available), symptom limited within 4 weeks after the acute event (a sub-maximal test when 
appropriate, e.g. after extensive MI or complications of MI, while a maximal test afterwards). Exercise or pharmacological 
imaging technique in patients with an uninterpretable ECG is advisable

Intervention:
◆ Exercise stress test guide: in the presence of exercise capacity > 5 METS without symptoms, patients can resume routine 

physical activity; otherwise, patients should resume physical activity at 50% of maximal exercise capacity and gradually 
increase

◆ Physical activity: a slow, gradual, and progressive increase of moderate-intensity aerobic activity, such as walking, climbing 
stairs, and cycling, supplemented by an increase in daily activities (such as gardening or housework)

Exercise training Intervention:
◆ The programme should include a combination of supervised, medically prescribed aerobic exercise training: and resistance 

exercise
◆ Aerobic exercise. In low-risk patients, at least three sessions of 30–60 min/week aerobic exercise at 55–70% of the maximum 

work load (in METS) or heart rate at the onset of symptoms; >1500 kcal/week to be spent by low risk patients. In moderate- to 
high-risk patients: similar to low-risk group but starting with <50% of maximum work load.

◆ Resistance exercise: at least 1 hour/week (two sets, with an intensity of 10–15 repetitions maximum)
◆ Medication: prophylactic nitroglycerine can be taken at the start of exercise training session in chronic stable angina

Diet/nutritional 
counselling

See  Table 8.1

Weight control 
management

See  Table 8.1

according to the symptoms. After hospital discharge, structured 
CR should continue, depending upon local facilities. In-hospital 
CR for 4 weeks can be useful for patients with severe left ventricu-
lar dysfunction or relevant comorbidity. All other patients can fol-
low an outpatient CR programme.

The interventional cardiologist can make an important con-
tribution here: he or she should emphasize the importance of 
these measures directly to the patient, because failure to do so 
may suggest that secondary prevention therapies are not nec-
essary. The interventional cardiologist should interact with the 
primary care physician and the physicians in charge of the CR 
programme to ensure that the necessary secondary prevention 
therapies initiated during hospitalization are maintained after 
discharge from hospital.

Uncertainties remain about important aspects such as exercise 
training programmes or the best way to increase compliance and 
adherence to a healthy lifestyle. Other general controversies include 
what to do with Prinzmetal’s or microvascular angina pectoris.

Recent cardiovascular surgery and interventions 
(coronary arteries or structural heart disease including 
heart valves)
 Table 8.5 outlines the core components of CR following re-
cent cardiovascular surgery and interventions. CR programmes 
should be available for all patients undergoing coronary artery 
surgery [19,20] and valve surgery [21,22]. For surgical patients, 
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Lipid management Evaluation:
◆ Assess fasting lipid profile in all patients, preferably within 24 h of an acute event. Initiate lipid-lowering medication as 

recommended under ‘Intervention’ as soon as possible
Intervention:
◆ Statin therapy for all patients
◆ In case of high triglycerides emphasize weight management and physical activity, abstention from alcohol, and smoking 

cessation

Blood pressure 
monitoring

See  Table 8.1

Smoking cessation See  Table 8.1

Psychosocial management See  Table 8.1

Vocational management See  Table 8.1

ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; MI, myocardial infarction; METS, metabolic equivalents.
Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.

Table 8.4 (continued) Core components of cardiac rehabilitation in patients with acute and chronic coronary artery disease

Table 8.5 Core components of cardiac rehabilitation following recent cardiovascular surgery and intervention (coronary arteries or structural 
heart disease including heart valves)

Components Method of application

Clinical risk 
assessment

Evaluation:
◆ Wound (chest and legs) healing, comorbidities, complications, and disabilities
◆ ECG: heart rate, rhythm, repolarization and new Q waves
◆ Chest X-ray: infection, pleural effusion, diaphragm paralysis
◆ Blood testing: anaemia, fasting blood glucose, renal function, and electrolytes
◆ Echocardiography: pleural or pericardial effusion, prosthetic function, and/or valvular heart disease, when appropriate
Intervention:
◆ Patient education: about anticoagulation, including drug interactions and self-management if appropriate; in-depth knowledge on 

endocarditic prophylaxis; secondary prevention medication for CAD; how to progress in order to normalize activities of daily living

Physical activity 
counselling

Evaluation:
◆ Wound healing and exercise capacity should be considered (see also  Table 8.4)

Exercise 
training

Intervention:
◆ Individually tailored according to the clinical condition, baseline exercise capacity, ventricular function, and type of valve surgery (see also 
 Table 8.4)

◆ To be started as early as in the in-hospital phase
◆ Inpatient and/or outpatient programmes immediately after discharge lasting 8–12 weeks are indicated
◆ Upper body training can begin when the chest is stable, i.e. usually after 6 weeks
◆ After mitral valve replacement exercise tolerance is much lower than after aortic valve replacement, particularly if there is residual 

pulmonary hypertension

Diet/nutritional 
counselling

◆ Note interaction between anticoagulation and vitamin K-rich food and other drugs, in particularly amiodarone. Special emphasis on the 
Mediterranean diet

Tobacco 
cessation

◆ Risk of complications depends on how long before surgery the smoking habit has been changed, and whether smoking was reduced or 
stopped completely

Psychosocial 
management

◆ Sleep disturbances, anxiety, depression, and impaired quality of life may occur after surgery

Vocational 
management

See  Table 8.1

Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.

the preventive and rehabilitation strategy should also focus on 
the potential effect of pre-operative rehabilitation. As for other 
subgroups of patients, CR should be tailored to the individual’s 
risk profile and physical, psychological, and social status assessed 
as part of the perioperative medical history and examination 

( Table 8.1). Furthermore, it should be appreciated that the clini-
cal condition and concerns of surgical patients often relate to the 
surgical procedure itself. Approaching and resolving these issues 
in addition to understanding the underlying clinical conditions 
should be part of comprehensive CR.
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Table 8.6  Core components of cardiac rehabilitation in chronic heart failure

Components Method of application

Clinical risk 
assessment

Evaluation:
◆ Haemodynamic and fluid status: signs of congestion, peripheral and central oedema
◆ Chest X-ray: lung oedema, pleural effusion
◆ Cachexia signs: reduced muscle mass, muscle strength, and endurance
◆ Blood testing: serum electrolytes, creatinine, BUN, and BNP
◆ Other tests: coronary angiography, invasive haemodynamic measurements, endomyocardial biopsy, screening for sleep apnoea is 

recommended for selected patients or candidates for cardiac transplantation

Physical 
activity 
counselling

Intervention:
◆ At least 30 min/day of moderate-intensity physical activity to be gradually increased to 60 min/day

Exercise 
training

Evaluation:
◆ Exercise capacity: symptom-limited cardiopulmonary exercise test with metabolic gas exchange. For the testing protocol small increments 

(5–10 W/min) on a bicycle ergometer or modified Bruce or Naughton protocols are indicated. The 6-minute walk test is an acceptable 
alternative test for assessing exercise tolerance

Intervention:
◆ Progression of aerobic exercise for stable patients. Initial stage: intensity should be kept at a low level (40–50% of peak VO2), increasing in duration 

from 15 to 30 min, 2–3 times/week according to perceived symptoms and clinical status for the first 1–2 weeks. Improvement stage: a gradual 
increase of intensity (50, 60, 70 to 80% of peak VO2, if tolerated) is the primary aim. Prolongation of exercise session to 30 min is a secondary goal

◆ Resistance training and inspiratory muscle training are optional training modalities which can be added to endurance training
◆ A supervised, in-hospital training programme may be recommended, especially during the initial phases, to verify individual responses and 

tolerability, clinical stability, and promptly identify signs and symptoms indicating the need to modify or terminate the programme

Diet/
nutritional 
counselling

Intervention:
◆ Prescribe specific dietary modifications according to fluid intake (<2 L/day) and sodium intake (restriction should usually be considered in 

severe conditions)

Weight 
control 
management

Intervention:
◆ Monitoring: patients must be educated to weigh themselves daily. Weight gain is commonly due to fluid retention, which precedes the appearance 

of symptomatic pulmonary or systemic congestion. A gain > 1.5 kg over 24 hours or >2.0 kg over 2 days suggest developing fluid retention
◆ Reduction: in severe heart failure weight reduction is not recommended since unintentional weight loss and anorexia are common 

complications. This may be due to loss of appetite, induced by renal and hepatic dysfunction or hepatic congestion, or be a marker of 
depression

Lipid 
management

◆ Statins should be considered only in patients with established atherosclerotic disease

Tobacco 
cessation

See  Table 8.1

Psychosocial 
management

See  Table 8.1

Vocational 
management

See  Table 8.1

BUN, blood urea nitrogen; BNP, brain natriuretic peptide; peak VO2, peak oxygen consumption.
Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.

Chronic heart failure
 Table 8.6 lists the core components of CR in CHF. All patients 
with established CHF, with or without an implantable cardio-
verter defibrillator and with or without cardiac resynchronization 
therapy, require a multifactorial approach to CR [8,23–25]. Inpa-
tient rehabilitation should begin as soon as possible after hospital 
admission. As the length of stay for acute decompensation and 
intervention procedures continues to decrease, structured outpa-
tient CR is crucial for the development of a lifelong approach to 
prevention. This may be provided in a wide range of settings, such 
as CHF clinics, non-clinic settings (community health centres and 
general medical practices), or a combination of these. Outpatient 
CR may also be provided on an individual basis at home, including 

a combination of home visits, telephone support, telemedicine, or 
specially developed self-education materials.

Cardiac transplantation
It is hard to imagine a group of patients more obviously in need 
of rehabilitation than heart transplant recipients, because of the 
multifaceted physical and mental problems encountered pre- and 
post-operatively [26]. Of the patients who survive the first year 
after transplant, 50% will live for more than 12 years. As short-
term survival is no longer the key issue for heart transplant re-
cipients, a return to a functional lifestyle with a good quality of 
life becomes the desired outcome [27].  Table 8.7 lists the core 
components of CR in cardiac transplantation.
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Table 8.7 Core components of cardiac rehabilitation in cardiac transplantation

Components Method of application

Clinical risk 
assessment

Evaluation:
◆ Clinical: wound healing, symptoms of rejection
◆ Chest X-ray: infection, pleural effusion, diaphragm paralysis
◆ Echocardiography: right and left ventricular function, pericardial effusion, pulmonary hypertension
◆ Patient education on the risk of acute rejection. Patients should be instructed to practice self-monitoring: unusually low BP, change of HR, 

unexplained weight gain or fatigue may be early signs of rejection even in the absence of major symptoms. Exercise training should be 
stopped and prompt intervention is needed

◆ Physician knowledge of the anatomical and physiological reasons for limited exercise tolerance, e.g. the side effects of immune-suppression 
therapy (impairments of inflammatory response, metabolism, osteoporosis), chronotropic incompetence, diastolic dysfunction

◆ Patients and physiotherapists should be educated to adhere to the recommendations concerning personal hygiene and general measures 
to reduce the risk of infection

Physical 
activity 
counselling

Intervention:
◆ Chronic dynamic and resistance exercises prevent the side effects of immunosuppressive therapy
◆ Exercise intensity relies more on perceived exertion than on a specific HR. Borg scale: achieve scores of 12–14. For example, instruct the 

patients to start walking 1.5 or 2 km five times a week at a pace resulting in a perceived exertion of 12 to 14 on the Borg scale. The pace 
should be increased slowly over time

Exercise 
training

Evaluation:
◆ Exercise capacity: cardiopulmonary exercise stress test 4 weeks after surgery to guide detailed exercise recommendations. For testing 

protocols, small increments of 10 W/min on a bicycle ergometer, or modified Bruce protocols or Naughton protocols on the treadmill are 
appropriate

Intervention:
◆ Early training programme can be beneficial in the early post-operative period as well as in the long term. Respiratory physiotherapy (to 

prevent respiratory infection) and kinesiotherapy of the upper and lower limbs are advisable in order to achieve early mobilization
◆ Supervised exercise programme at least during the initial phase may be advisable to verify individual responses (given the chronotropic 

incompetence in these patients) and tolerability as well as adaptability to exercise and clinical stability
◆ Aerobic exercise may be started in the second or third week after transplant but should be discontinued during corticosteroid bolus 

therapy for rejection. Resistance exercise should be added after 6 to 8 weeks
◆ Regimen: at least 30–40 min/day of combined aerobic (walking) and resistance (muscle strength) training at a moderate level, slowly 

progressing warm-up, closed-chain resistive activities (e.g. bridging, half-squats, toe raises, use of therapeutic bands) and walking/Nordic 
walking/cycling

◆ Resistance training: 2–3 sets with 10–12 repetitions per set at 40–70% 1RM with a full recovery period (>1 min) between each set. The goal 
is to be able to do 5 sets of 10 repetitions at 70% of 1RM

◆ Aerobic training: the intensity of training should be defined according to peak VO2 [<50% or 10% below the ventilatory anaerobic 
threshold (VAT) determined by cardiopulmonary exercise testing] or peak workload (<50%)

Diet/
nutritional 
counselling

Education:
◆ Dietary infection prophylaxis—avoid raw meat, raw seafood, unpasteurized milk, cheese from unpasteurized milk, mouldy cheese, raw eggs, 

soft ice cream

Weight 
control 
management

Education:
◆ Avoidance of overweight is mandatory to balance the side effects of immunosuppressants and to limit the classical cardiovascular risk 

factors
◆ Obesity increases the risk of CAV. It should be controlled by daily exercise and a healthy diet

Lipid 
management

Intervention:
◆ Hyperlipidaemia increases the risk of CAV. It should be controlled by statins, daily exercise, and a healthy diet
◆ Statins (pravastatin, simvastatin) not only lower LDL-C levels but also decrease the incidence of CAV and significantly improve survival

Blood 
pressure 
monitoring

Education:
◆ Hypertension is linked to immunosuppressive therapy and denervation of cardiac volume receptors
Intervention:
◆ BP is sensitive to a low-sodium diet. Treatment with diltiazem and ACE inhibitors is the first choice, usually completed by diuretics. Beta-

blockers are contraindicated as they hamper the already delayed chronotropic response of the denervated heart

Tobacco 
cessation

◆ Cessation of smoking is a prerequisite for transplantation. Psychological support may be needed so the patient does not resume smoking 
post-transplantation

Psychosocial 
management

◆ Support for coping strategies (with guilt, high levels of anxiety and apprehensiveness) may be needed

Vocational 
management

See  Table 8.1

BP, blood pressure; HR, heart rate; RM, repetition maximum (the maximum weight that can be lifted); peak VO2, peak oxygen consumption attained on an incremental exercise test ; 
CAV, cardiac allograft vasculopathy; LDL-C, low-density lipoprotein cholesterol; ACE, angiotensin-converting enzyme.
Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.
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Table 8.8 Core components of cardiac rehabilitation in peripheral artery disease and vascular surgery/interventions of the great vessels

Components Method of application

Clinical risk 
assessment

Evaluation:
◆ Clinical: any exertional limitation of the lower extremity muscles or any history of walking impairment, i.e. fatigue, aching, numbness, or pain
◆ Primary site(s) of discomfort: buttock, thigh, calf, or foot
◆ Any poorly healing wounds of the legs or feet
◆ Any pain at rest localized to the lower leg or foot and its association with the upright or recumbent positions
◆ Reduced muscle mass, strength, and endurance
◆ Vascular status: bilateral arm BP, palpation of peripheral arteries and abdominal aorta with annotation of any bruits and inspection of feet for 

trophic defects
◆ Measurement of ankle–brachial index: values 0.5–0.95, claudication range; 0.20–0.49, rest pain; <0.20, tissue necrosis
◆ Difficulty in walking short distances, even at a slow speed, associated with impairment in the performance of activities of daily living
◆ To exclude occult CAD, perform treadmill or bicycle exercise testing to monitor symptoms, ST–T wave changes, arrhythmias, claudication 

thresholds, HR and BP responses, useful for exercise prescription

Physical 
activity 
counselling

◆ Exercise activities, such as walking, lasting >30 min, three or more times a week, until near-maximal pain

Exercise 
training

Evaluation:
◆ Functional capacity: markedly impaired. Peak VO

2
 is <50% of the predicted value

Intervention:
◆ Supervised hospital- or clinic-based exercise training programme: to ensure that patients are receiving a standardized exercise stimulus in a 

safe environment that is effective—recommended as an initial treatment modality for all patients
◆ Exercise–rest–exercise: each training session consists of short periods of treadmill walking interspersed with rest throughout a 60-min 

exercise session, three times a week
◆ Treadmill exercise: more effective—the initial workload is set to a speed and grade that elicit claudication symptoms within 3 to 5 min. 

Patients are asked to continue to walk at this workload until they achieve claudication of moderate severity. This is followed by a brief 
period of rest to permit symptoms to resolve. The exercise–rest–exercise cycle is repeated several times during the hour of supervision 
(see  Table 8.9)

◆ Resistance training: appropriately prescribed, is generally recommended

Diet/
nutritional 
counselling

Evaluation:
◆ Serum LDL concentration: <70 mg/dl (1.8 mmol/L) is the target value
Intervention:
◆ Treatment with statin to achieve a target LDL
◆ A statin should be given as initial therapy,

Blood 
pressure 
monitoring

Evaluation:
◆ <140 mmHg systolic over 90 mmHg diastolic (non-diabetics) or <130 mmHg systolic over 80 mmHg diastolic (diabetics and individuals with 

chronic renal disease)
Intervention:
◆ Antihypertensive therapy to achieve the goal
◆ The use of ACE inhibitors in patients with PAD may confer protection against cardiovascular events beyond that expected from BP lowering

Smoking 
cessation

◆ Stopping smoking is exceptionally important in PAD. Smoking-cessation programmes involving nicotine replacement therapy and the use of 
medications should be encouraged

Psychosocial 
management

See  Table 8.1

Vocational 
management

See  Table 8.1

HR, heart rate; BP, blood pressure; LDL, low-density lipoprotein; ACE, angiotensin-converting enzyme; PAD, peripheral arterial disease; Peak VO
2
, peak oxygen consumption. 

Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.

Peripheral arterial disease and surgery/intervention to 
the great vessels
Peripheral arterial disease (PAD) is one of the multisite presenta-
tions of atherosclerosis. At the time of diagnosis of PAD, a history 
of acute myocardial infarction or stroke or related surgery can be 
expected in approximately 30% of male and 20% of female patients. 
Among patients presenting with CAD or cerebrovascular disease, 

32% of men and 25% of women also have peripheral arterial in-
volvement, which is two to three times more prevalent than in the 
respective control groups. Someone with PAD should therefore be 
regarded as an actual or potential polyvascular patient and an inte-
grated approach to prevention and treatment of atherothrombosis 
as a whole is called for [28].  Table 8.8 lists the core components of 
CR in PAD and vascular surgery/interventions to the great vessels.
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Ventricular-assist device (VAD) recipient
Recently the use of the VADs has revolutionized the treatment 
of patients with advanced HF. Three categories of patients with 
VADs have emerged: (1) individuals requiring temporary cir-
culatory support (bridge to recovery); (2) patients awaiting 
heart transplantation who are unlikely to survive until a suitable 
organ is available (bridge to transplantation); and (3) individu-
als who need long-term support but have an absolute or relative 

contraindication to heart transplantation (destination therapy). 
This patient group requires the attention of specialized heart fail-
ure centres, but a long-term CR approach is also necessary in 
order to favour the recovery, educate patients and care givers, and 
manage several components of rehabilitation, such as nutritional 
status and risk factor control and management. This area of inter-
vention should constitute an important new field for the modern 
CR specialist [29]. The core components of CR in patients with 
VADs are summarized in  Table 8.9.

Table 8.9 Core components of cardiac rehabilitation in patients with ventricular assist devices (VAD)

Components Method of application

Clinical risk 
assessment

Evaluation:
◆ Anticoagulation and thromboembolism. Close control of anticoagulation is mandatory: daily self-control of anticoagulation by the patient 

(CoaguChek® device), supplemented by regular laboratory controls. Anticoagulation also has to be checked daily by rehabilitation nurses or 
physicians. Dose adaption should be done in close communication with the patient

◆ Watch for signs of potential systemic thromboembolism
◆ Avoidance of infections: watch daily wound healing, treat local infections early, screen regularly for systemic infections
◆ Arrhythmias: rapid atrial arrhythmias compromise filling of pulsatile devices. These devices then have to be switched from volume mode to 

fixed rate. Ventricular tachycardia has to be converted immediately, although it is often haemodynamically well tolerated
◆ Function of assist device and interplay with native heart: watch fluid balance and the function of the native right and left ventricle, watch 

for aortic valve regurgitation (echocardiogram), control of serum lactate concentration, electrolytes, creatinine, BUN, and BNP
◆ Control of pulsatile assist devices: in the outpatient setting pulsatile devices are usually used in the ‘volume mode’, and then are strictly 

dependent on pre-load volume. In the volume mode bradycardia is a consequence of volume depletion (bleeding? excess diuresis? 
tamponade? RV failure?); tachycardia reflects volume overload (general fluid overload? inflow valve regurgitation? native aortic valve 
regurgitation? shunting?)

◆ Inadequate filling of an LVAD may be the consequence of right ventricular failure but also of LV recovery
◆ Closely watch the function of inflow and outflow valves (regurgitation? distortions of the conduits?)
◆ Opening of the native aortic valves with ‘normal’ excursions may be the consequence of either malfunction of LVAD or LV recovery. 

Decompression of LV is normal in patients with pulsatile LVAD. If decompression does not occur, there may be inadequate LV emptying by 
LVAD.

Intervention:
◆ Medical therapy optimization: anticoagulation with warfarin/phenprocoumon in combination with acetylic salicylic acid in most systems; 

guideline adjusted medical treatment of HF; close adaption of diuretics to individual needs (especially watch the volume load of pulsatile 
devices); RV failure—induce inotropic support, call implantation centre; signs of LV recovery, call implantation centre

◆ Patients should not start cardiac rehabilitation before being trained to handle the device independently and securely, and especially to 
change batteries and controller

◆ The rehabilitation team has to be trained on the specific assist device before starting rehabilitation
◆ The rehabilitation centre should be a short distance from the heart centre, and close cooperation is mandatory
◆ NOTE: VAD patients are completely dependent on power supply—batteries may serve as bridging only for some hours and an emergency 

power supply therefore should be available
◆ Rehabilitation centres should provide an emergency room with beds and monitoring devices
◆ At least two people on the rehabilitation team should be specialized in handling VAD and correctly solving potential functional problems
◆ The rehabilitation team has to be regularly trained in dealing with the systems and potential complications
Expected outcomes:
◆ Correct clinical and technical guidance and avoidance of clinical and technical complications
◆ Training of patients in their self-management

Exercise 
training

Evaluation:
◆ Exercise training may improve the functional status of VAD recipients even at a later time after implantation. It therefore may have 

additional importance in cases of destination therapy
◆ Determination of peak exercise capacity by peak oxygen consumption (use small increments of 5–10 W/min on a bicycle ergometer or 

modified Bruce or Naughton protocols) or 6-minute walk test
◆ Continuous ECG monitoring
◆ Control of serum lactate concentration
Intervention:
◆ Combination of aerobic endurance and dynamic resistance training with similar restrictions as in other patients after cardiac surgery
◆ Include activities to develop flexibility, coordination, and bodily awareness
◆ NOTE: Avoid exercise programs that irritate the driveline-outlet. Avoid shaking movements or strong vibrations
Expected outcomes:
◆ Increase fitness and flexibility and rebuild muscular mass and strength
◆ Improved psychosocial wellbeing and social participation

(continued)
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Table 8.9 (continued) Core components of cardiac rehabilitation in patients with ventricular assist devices (VAD)

Components Method of application

Diet/ 
nutritional 
counselling

◆ Watch fluid regulation and ensure daily weight control by the patient
◆ Reduce salt intake and watch vitamin K intake

Weight control 
management

See  Table 8.6

Lipid 
management

See  Table 8.6

Blood pressure 
management

◆ Systemic blood pressure should be regulated according to the recommendations for the individual assist device

Smoking 
cessation

See  Table 8.1

Psychosocial 
management

◆ Patients should be psychologically stable before starting rehabilitation
◆ Include patient’s partner and close family members in the rehabilitation process according to the individual needs
Expected outcome:
◆ Improved coping

BUN, blood urea nitrogen; BNP, brain natriuretic peptide; LVAD, left ventricular assist device; RV, right ventricular; LV, left ventricular; HF, heart failure.
Source data from Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B et al, Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation 
Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17(1): 1–17.

Solution to the case of Mr X

What should be recommended for Mr X in terms of secondary 
prevention?
Mr X should be referred to an outpatient cardiac rehabilitation/
secondary prevention programme. He is not considered to be a 
high-risk patient. According to the PAMI II criteria (which des-
ignate as low risk age < 70 years, with one- or two-vessel disease, 
successful percutaneous coronary angioplasty and no persistent 
arrhythmias, and left ventricular ejection fraction < 45%) only the 
last criterion was not fulfilled since he presented with a left ven-
tricular ejection fraction of 40%.

Nevertheless, a short hospital stay (3 days in the case of Mr 
X) implies limited time for proper patient education and up-
titration of secondary prevention treatments. Advice on lifestyle 
modification is just the initial step in a secondary prevention in-
tervention (the minimum). This should be done during the acute 
phase, with the patient still hospitalized or at least at discharge. 
All patients should receive appropriate information on their 
clinical status, risk factor control and monitoring, the use of the 
prescribed therapy, and the targets for an optimal lifestyle. This 
may not be sufficient to induce optimal and permanent lifestyle 
changes in many patients: the majority need a more structured 
and comprehensive secondary prevention intervention through 
cardiac rehabilitation to effectively achieve their lifestyle tar-
gets. Therefore an initial cardiac rehabilitation programme is 
strongly recommended and this should be followed by adequate 
long term secondary prevention intervention including follow 
up monitoring and reinforcement. Consequently, Mr X should 
be offered planned early post-discharge consultations with a car-
diologist or primary care physician and the option of a formal 

cardiac rehabilitation/secondary prevention programme on an 
outpatient basis.

However, in some cases (e.g. high-risk patients, patients in 
an unstable condition, after cardiac surgery, those with multiple 
risk factors, or in the case of transport difficulties) a personal-
ized in-hospital (residential) cardiac rehabilitation programme 
with risk factor stratification implemented in a centre-based car-
diac rehabilitation setting is more advisable. After an inpatient 
phase of adequate duration to set up a secondary prevention 
programme, the intervention should continue in an outpa-
tient setting to check adherence to and the effectiveness of the 
intervention.

What should be included in Mr X’s hospital discharge 
summary?
The hospital discharge summary should include:
◆	 a confirmed diagnosis
◆	 note of modifiable risk factors
◆	 significant past medical history
◆	 family history
◆	 investigations and results
◆	 procedures and any complications
◆	 medication prescribed and guidance on up-titration
◆	 information on secondary prevention and cardiac rehabilitation 

(offered/accepted; coordinator), including desirable levels of 
blood pressure, cholesterol, and lifestyle modifications

◆	 planned follow-up
◆	 recommendations on testing the patient’s family.
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CHAPTER 9

Behaviour and motivation
Christian Albus and Christoph 
Herrmann-Lingen

Summary
Caregivers need to be aware that lifestyle change is difficult and that adherence to 
medication in people at high cardiovascular risk and established cardiovascular dis-
ease (CVD) is low. Lifestyle is usually based on long-standing patterns and is highly 
determined by someone’s social environment and socioeconomic status. Additional 
factors such as chronic stress, cognitive impairment, and negative  emotions (e.g. 
depression, anxiety) further impede the ability to adopt a healthy lifestyle, as does 
complex or confusing advice from medical caregivers. Reasons for poor adher-
ence to medication and lifestyle recommendations can be multifactorial, ranging 
from factors related to the health system (e.g. poor communication) to complex-
ity of the therapeutic regimen and the condition of the patient (e.g. asymptomatic 
disease, disabilities, lack of motivation). In clinical practice, increased awareness 
of these factors by caregivers is important, as it facilitates empathetic counselling 
and the provision of simple and explicit advice. Established cognitive–behavioural 
strategies, such as motivational interviewing, goal setting, repetitive monitoring, 
and feedback, are important tools to help with behaviour change and adherence 
to medication. Specialized healthcare professionals (e.g. nurses, dieticians, psy-
chologists, etc.) should be involved wherever necessary and feasible. In addition, 
reducing dosage demands to the lowest applicable level is the single most effective 
means for enhancing adherence to medication. In individuals at very high risk or 
with clinically manifest CVD, multimodal interventions, integrating  education on 
healthy lifestyle and medical resources, exercise training, stress management, and 
counselling on psychosocial risk factors, are recommended.

Clinical case

Mr A is a 48-year-old man who comes to the surgery once in a while to receive a new 
prescription for his antihypertensive drugs. The intervals between consultations suggest 
that he is not taking his prescribed drugs regularly. Mr A is obese (BMI 34 kg/m2) and 
has poorly controlled type 2 diabetes [glycated haemoglobin (HbA1c) 8.5% with met-
formin] and dyslipidaemia (low-density lipoprotein cholesterol 183 mg/dl). His current 
office blood pressure is 155/95 mmHg and he currently smokes 20 cigarettes a day (32 
pack-years). Some years ago his father, who was also a smoker, died from his first myocar-
dial infarction at the age of 68. After his father’s death Mr A had made an attempt to quit 
smoking but relapsed after a few weeks. Mr A himself has not suffered a cardiac event so 
far and has no typical symptoms of angina.

(continued)
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lead to a behavioural intention and (2) post-intentional volitional 
processes that lead to the actual health behaviour [6].

According to the HAPA model, factors important for building 
an intention, for example risk perception, outcome expectancies, 
and action self-efficacy (the motivational phase), have necessarily 
to be followed by post-intentional factors like maintenance and 
recovery self-efficacy and strategic planning, resulting in a repeti-
tive, cyclic process of action, involving initiative, maintenance, 
and recovery after a relapse (volitional phase) [6].

The HAPA model is shown in  Fig. 9.1. In the initial, motiva-
tional phase, risk perception (e.g. ‘I could get a heart attack’) sets the 
stage for a contemplative process, in which the person balances the 
pros and cons of certain behaviours (outcome expectancies; e.g. 
‘Smoking cessation might be good for my heart’ versus ‘I do not 
know how to cope with inner tension without smoking’, or ‘I might 
get fat when I quit smoking’). However, even if the pros outweigh 
the cons, a stable intention can only be established if the person 
feels capable of performing the desired action (action self-efficacy). 
In the case of low perceived action self-efficacy (e.g. ‘I will never be 
able to quit smoking’), patients will not even intend to change their 
behaviour although they ‘know’ that they should. Hence, positive 
outcome expectancies together with high action self-efficacy com-
prise the most important factors in the motivational phase.

Of the processes that are important for the volitional phase, per-
ceived self-efficacy has been found to be important at all stages in 
the process of changing health behaviour [9]. However, there are 
distinct differences in the exact meaning of ‘self-efficacy’ depend-
ing on the stage of the health action process. In the motivational 
phase, ‘action self-efficacy’ means a strong, optimistic belief that 
an action will be successful with respect to its outcome (e.g. ‘I will 
be able to quit smoking’) and is more likely to initiate a new behav-
iour. The terms ‘maintenance self-efficacy’ and ‘recovery self-effi-
cacy’ are instrumental to the subsequent volitional phase. People 
with high maintenance self-efficacy feel optimistic that they will 
be able to cope with barriers that could or will occur during the 
maintenance period of the new behaviour (e.g. ‘I will overcome 
inner tension without smoking’). ‘Recovery self-efficacy’, finally, is 

Why do individuals find it hard to 
change their lifestyle?
A person’s lifestyle is usually based on long-standing behavioural 
patterns. These patterns are framed during childhood and adoles-
cence by the interaction of environmental and genetic factors, and 
are maintained or even promoted by one’s social environment as an 
adult. Consequently, marked differences in health behaviours can 
be observed among individuals and social groups. In particular, 
individuals with a low level of education or low income, social iso-
lation, chronic stress at work and at home, and negative emotions 
such as depression, anxiety, and hostility are more likely to have an 
unhealthy lifestyle [1–4]. In addition, these factors impede some-
one’s ability to adopt a healthy lifestyle and to maintain health-
promoting behaviours, as does complex or confusing advice from 
medical caregivers. In clinical practice, increased awareness of 
these factors by caregivers is important. It facilitates empathetic 
counselling and the provision of simple and explicit advice. Psy-
chosocial risk factors that interfere with health behaviours should 
be assessed by clinical interview or standardized questionnaires, 
and tailored clinical management should be considered in order 
to enhance quality of life and cardiac prognosis [5].

Attempts to facilitate behavioural change typically start by in-
creasing the motivation for change. However, they also have to 
consider the so-called ‘intention–behaviour gap’ [6]. People at risk 
might feel motivated to change their behaviour, but barriers like 
dysfunctional beliefs, perceived lack of time, or situations where 
people give in to temptations might occur. Thus, just focusing on 
‘motivation’ or ‘intention’ often does not necessarily translate into 
action. In addition, while many people start to engage in healthy be-
haviours after a significant event (e.g. myocardial infarction), main-
tenance of lifestyle change is typically low [7]. Even in the context 
of structured programmes, low adherence and maintenance are 
among the main factors limiting the effects of behavioural interven-
tions (such as exercise training) and require special attention [8].

A recent model for predicting and modifying the adoption 
and maintenance of health behaviours is the ‘health action pro-
cess approach’ (HAPA) [6]. In addition to the assumption of other 
social-cognitive theories that the individual’s intention to change 
is the best predictor for action, the HAPA model suggests a dis-
tinction between (1) pre-intentional motivational processes that 

Fig. 9.1 Generic diagram of the health action process approach [6].
 Source: ‘Modeling health behavior change: how to predict and modify the adoption and 
maintenance of health behaviors’, Schwarzer R, 2008, Applied Psychology, John Wiley & Sons.
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Mr A has a poorly paid and insecure sedentary job as a clerk and 
lives in a lower-class neighbourhood. In his leisure time he has no 
physically active hobbies. He is married to a smoker, who works as 
a cleaner for a few hours per week. Their 25-year-old daughter lives 
with her husband. Their 21-year-old son still lives at home and has 
a poorly paid trainee job. The couple are in chronic conflict about 
how to deal with the permanent scarcity of money. Mr A tends to 
react to conflicts with high levels of anger and uses overeating and 
increased smoking to calm down in such situations.

Clinical case (continued)
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medication use, such as possible adverse effects, how long to take the 
medication for, and the exact timing and dosage [16].

Physicians should assess adherence to medication, and identify 
reasons for non-adherence in order to tailor further interven-
tions to the individual needs of the patient or person at risk. In 
addition, physicians should be aware that low adherence to medi-
cation may reflect generally poor health behaviour. Therefore, 
measures should always be taken to improve adherence and health 
behaviour in general [5].

Effective communication and 
cognitive–behavioural strategies as a 
means towards lifestyle change and 
better adherence to medication
A friendly and positive interaction with caregivers is a powerful 
tool for enhancing an individual’s ability to cope with illness and 
adhere to recommended lifestyle changes and medication use. The 
social support provided by caregivers may be of primary import-
ance in helping patients maintain healthy habits and follow med-
ical advice. It is particularly important to explore each individual 
patient’s experiences, thoughts and worries, previous knowledge, 
and circumstances of their everyday life. Individualized counsel-
ling is the basis for gaining the patient’s motivation and commit-
ment. Decision-making should be shared between the caregiver 
and patient (also including the patient’s spouse and family) to the 
greatest extent possible, thus ensuring the active involvement of 
both the individual and his or her family in lifestyle change and 
adherence to medication [5,17,18].

The way in which advice is given, or rather the offering of rele-
vant information and support, must be sensitive to the particular 
patient’s thoughts (including, among others, beliefs about the ill-
ness and its treatment) and feelings [15]. This is a specific clinical 
skill; therefore, communication training is important for health 

an important factor if someone faces a relapse. Relapses are com-
mon in all kinds of health behaviours, but are only deleterious 
to maintenance if the individual dramatises the event as due to 
overwhelming, stable internal or external reasons (e.g. ‘I cannot 
cope with my job without smoking’). People with high ‘recovery 
self-efficacy’ are able to recover hope and find ways to restore their 
required behaviour [6].

A firm intention, together with high ‘maintenance self-efficacy’, 
enables the individual to undertake concrete ‘action planning’ 
(e.g. ‘I will quit smoking on June 1st, at noon’) as well as ‘coping 
planning’ (e.g. ‘I will cope with inner tension by breathing tech-
niques’). Prepared like this, the individual will go for action (e.g. 
initiate a new health behaviour). A high ‘recovery self-efficacy’ 
will help to maintain the desired behaviour, even if there are short 
relapses [6]. Thus, intervention aimed at achieving an enduring 
healthy lifestyle change should always take the two phases or ‘stag-
es’ of behaviour change into account, i.e. the motivational and the 
volitional phase, and address these stages specifically.

In addition to individual psychological processes, there are 
several other dimensions with potential relevance for behaviour 
change. Michie et al. [10] have categorized seven policy categories 
(e.g. environmental/social planning, service provision, legislation, 
fiscal) and nine intervention functions (e.g. education, training, 
restrictions, incentivization) that might have an impact on to-
bacco control and obesity by enhancing an individual’s motiva-
tion, capability, and opportunity for lifestyle change. Because this 
chapter focuses on individual health processes, further details on 
policies relevant to the general public are given in Chapter 24.

Why is adherence to medication so low?
Numerous studies have shown that adherence to medication in indi-
viduals at high risk and patients with cardiovascular disease (CVD) 
is low, resulting in poor cardiac prognosis [11,12]. For  example, 1 
month after an acute myocardial infarction, almost 25–30% of pa-
tients stop at least one medication, with a progressive decline in ad-
herence over time. After 1 year, less than 50% report persistent use 
of either statins, beta-blockers, or antihypertensive therapy [13].

The reasons for poor adherence are complex and can be cat-
egorized into five broad groupings that include factors related 
to the patient, the condition, therapy, socioeconomics, and the 
health system [14] ( Table 9.1). In addition, low adherence may 
be the result of cognitive processes, such as implicit cost–benefit 
analyses in which (correct or incorrect) beliefs about the need of 
a specific drug are weighed against concerns about its potential 
adverse effects, and more or less conscious decisions are made not 
to take it [15].

In clinical practice, reasons for non-adherence tend to cluster to-
gether, for example complex medication regimens may occur in in-
dividuals with chronic, asymptomatic disease or multiple risk factors 
who lack motivation and a clear understanding of the therapeutic 
regimen [12]. This situation makes high demands on the physician, 
who needs to give explicit and clear advice and continuous care. 
However, physicians often fail to communicate critical elements of 

Table 9.1 Potential reasons for non-adherence to medication [14]

Categories of reasons 
for non-adherence

Examples

Health system Poor quality of provider–patient relationship; 
poor communication (e.g. limited, complex, or 
confusing advice); lack of access to healthcare; 
lack of continuity of care

Condition Asymptomatic chronic disease (lack of physical 
cues); comorbid mental health disorders (e.g. 
depression)

Patient Physical impairments (e.g. vision problems or 
impaired dexterity); cognitive impairment; 
psychological/behavioural factors (e.g. lack of 
motivation, low self-efficacy); younger age

Therapy Complexity of regimen; side effects

Socioeconomic Low literacy; high medication costs; poor social 
support

Source: World Health Organization. Adherence to long term therapies: evidence for 
action, 2003.
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the chosen behaviour, and thereafter new goals can be set. Moving 
forward in small, consecutive steps is one of the key points in 
changing long-term behaviour [18]. Translated into implications 
for clinical practice, the ‘ten strategic steps’ listed in  Table 9.3 are 
recommended to enhance counselling on behavioural change [5].

One established behavioural intervention that can help with 
lifestyle change is motivational interviewing [20]. In a systematic 
review and meta-analysis of 73 randomized controlled trials, mo-
tivational interviewing was shown to significantly induce favour-
able changes in body mass index, total blood cholesterol, systolic 
blood pressure, and alcohol use [21]. Rollnik et al. [20] provide a 
set of ‘top ten useful questions’ that can be used in a 15-minute 
clinical interview (see  Table 9.4).

Many efforts have been made to replace personal contact with car-
egivers by e-learning approaches. However, current clinical and eco-
nomic evidence does not suggest that e-learning devices designed 
to promote change in dietary behaviour will produce clinically 

professionals.  Table 9.2 sets out the principles of effective com-
munication needed to facilitate successful treatment and preven-
tion of CVD [5].

Regarding specific interventions for behavioural change, car-
egivers can build on established cognitive–behavioural strategies 
to assess an individual’s thoughts, attitudes, and beliefs concern-
ing their willingness and perceived ability to change behaviour, as 
well as the environmental context in which attempts to change are 
made, and subsequently maintain the lifestyle change.

Michie et al. [19] have performed a meta-regression analysis on 
26 behavioural and/or cognitive techniques for increasing physic-
al activity and healthy eating in adults in order to identify effect-
ive individual techniques and theoretically derived combinations 
of techniques. After extracting outcome data from 101 papers 
 reporting 122 interventional studies (n = 44 747 participants), the 
random-effects model produced a small but significant overall ef-
fect size of 0.31 (95% CI 0.26–0.36). In view of the moderate level 
of heterogeneity (I2 = 69%, Q = 393, P < 0.001), meta-regression 
identified five techniques that explained the greatest amount of 
variance: self-monitoring of behaviour, in combination with at 
least one other behavioural technique—prompting intention for-
mation, prompting the setting of specific goals, providing feed-
back on performance, and prompting a review of behavioural 
goals [19]. Thus, promoting sustained lifestyle change requires 
not only interventions to improve motivation but also repetitive 
monitoring and feedback over a long period of time.

Another crucial step in behaviour change is to help the individ-
ual set realistic goals; goal-setting combined with self-monitoring 
of the chosen behaviour are important tools needed to achieve a 
positive outcome [18]. This will in turn increase self-efficacy for 

Table 9.2 Principles of effective communication for facilitating 
behavioural change [5]

◆  Spend enough time with the individual to create a therapeutic 
relationship—even a few more minutes can make a difference

◆  Acknowledge the individual’s 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 lifelong habits can be difficult 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

Source: Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C, Benlian 
P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G, Hobbs R, Hoes A, 
Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M, Syvänne M, Scholte op Reimer 
WJ, Vrints C, Wood D, Zamorano JL, Zannad F. European guidelines on cardiovascular 
disease prevention in clinical practice (version 2012). Eur Heart J 2012; 33: 1635–1701.

Table 9.3 Ten strategic steps for enhancing counselling on 
behavioural change [5]

 1. Develop a therapeutic alliance

 2. Counsel all individuals at risk of or with manifest CVD

 3. Assist 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 
individual’s capacity for change

 8. Design a lifestyle modification plan

 9. Involve other healthcare staff whenever possible

10. Monitor progress through follow-up contact

Source: Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C, Benlian 
P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G, Hobbs R, Hoes A, 
Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M, Syvänne M, Scholte op Reimer 
WJ, Vrints C, Wood D, Zamorano JL, Zannad F. European guidelines on cardiovascular 
disease prevention in clinical practice (version 2012). Eur Heart J 2012; 33: 1635–1701.

Table 9.4 The top ten most useful questions for motivational 
interviewing [20]

 1. What changes would you most like to talk about?

 2. What have you noticed about …?

 3. How important is it for you to change …?

 4. How confident do you feel about changing …?

 5. How do you see the benefits of …?

 6. How do you see the drawbacks of …?

 7. What will make the most sense to you …?

 8. How might things be different if you …?

 9. In what way …?

10. Where does that leave you now?

Source: Rollnik S, Butler CC, Kinnersley P, Gregory J Mash B. Motivational interviewing. 
BMJ 2010; 340: c1900.
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significant changes [22]. Furthermore, at a population level, e-learn-
ing interventions are at least as expensive as other interventions for 
changing individuals’ behaviour [22]. Hence, a personal interven-
tion, delivered by physicians or other healthcare professionals, can 
currently be considered the ‘gold standard’ for behaviour change.

In clinical practice, physicians should identify reasons for pos-
sible non-adherence to medication, and promote adherence ac-
cording to the principles outlined in  Table 9.5 [5].

In addition to these measures, some specific pragmatic steps may 
help to improve adherence to medication. A recent meta-analysis of 
interventions among older adults (age at least 60 years; n = 11 287 par-
ticipants) emphasized that, in addition to repetitive monitoring and 
reducing dosage demands, special medication packaging and suc-
cinct written instructions are significantly associated with improved 
adherence to medication (ES 0.33), knowledge (ES 0.48), diastolic 
blood pressure (ES 0.21), and healthcare utilization (ES 0.16) [23].

Multimodal, behavioural interventions 
as further tools to help lifestyle change 
and promote adherence to medication
According to a recent systematic review and meta-analysis in-
volving 13 RCTs (n = 68 556 subjects), patient education alone 
can  improve health-related quality of life and decrease healthcare 

costs in patients with coronary heart disease. However, there 
is no strong evidence for an effect on cardiac morbidity and 
hospitalization [24].

Therefore, in individuals at very high risk and those with clin-
ically manifest CVD, ‘multimodal, behavioural interventions’ 
are recommended [5,25]. These interventions combine the skills 
of multiple healthcare professionals, such as physicians, nurses, 
psychologists, and experts in nutrition and sports medicine, 
into a complex intervention. Specifically, multimodal, behav-
ioural interventions integrate education on a healthy lifestyle 
and medical resources, exercise training, and smoking cessation 
programmes for resistant smokers [25]. Psychosocial risk fac-
tors (stress, social isolation, and negative emotions) that may act 
as barriers to behavioural change are addressed in individual or 
group counselling sessions, according to the specific needs of the 
participants [25].

In patients with hypertension and diabetes, but no evidence 
for CVD, complex behavioural interventions significantly re-
duce total mortality and cardiac events [odds ratio (OR) 0.78 and 
0.61, respectively] [26]. In patients with coronary heart disease, 
exercise-based rehabilitation alone or in combination with psy-
chosocial or educational interventions could significantly reduce 
overall and cardiovascular mortality (OR 0.87 and 0.74, respect-
ively) and hospital readmissions (OR 0.69). However, there was 
no clear evidence for a favourable impact on rates of myocardial 
infarction, coronary artery bypass graft, or percutaneous coronary 
intervention, and no differential effect of types and dosages of the 
interventions [27].

In a recent randomized trial, depressed patients with poorly 
controlled diabetes and/or coronary artery disease were assigned 
to either usual care or collaborative care, simultaneously address-
ing depression and control of risk factors with regular monitoring 
and shared decision making on step-by-step improvements. The 
intervention led to an overall improvement in depressive symp-
toms and risk factor burden [28] as well as reduced healthcare 
costs and an improved quality of life [29].

There is evidence that more extensive/longer interventions (i.e. 
longer than 6 months) lead to better long-term results with re-
spect to behaviour change and somatic outcome [18]. Individuals 
with a low socioeconomic status, older age, or female gender may 
need tailored programmes in order to meet their specific needs for 
information and emotional support [18,30]. More detailed infor-
mation on the content and structure of current preventive care is 
given in  Chapters 22 and 23.

Table 9.5 Recommendations for promoting adherence to 
medication [5]

◆  Provide clear (written) advice regarding the benefits and possible adverse 
effects of the medication, and the duration and timing of dosage

◆  Consider patients’ habits and preferences

◆  Reduce dosage demands to the lowest feasible level

◆  Ask patients in a non-judgemental way how the medication works for 
them, and discuss possible reasons for non-adherence (e.g. side effects, 
worries)

◆  Implement repetitive monitoring and feedback

◆  In case of lack of time, introduce physician’s assistants and/or trained 
nurses whenever it is necessary and feasible

◆  In case of persistent non-adherence, offer multisession or combined 
behavioural interventions

Source: Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C, Benlian 
P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G, Hobbs R, Hoes A, 
Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M, Syvänne M, Scholte op Reimer 
WJ, Vrints C, Wood D, Zamorano JL, Zannad F. European guidelines on cardiovascular 
disease prevention in clinical practice (version 2012). Eur Heart J 2012; 33: 1635–1701.

Solution to the case of Mr A

To increase his willingness and ability to cooperate in reduc-
ing his cardiovascular risk, Mr A needs a stable and continu-
ous relationship with his physician, who can provide regular 
guidance and support. He has some perception of his cardiac 
risk (as can be seen from his earlier attempt to quit smoking) 

but needs more information on the increased risk conferred 
by obesity, diabetes, and lack of exercise. He also has some 
misconceptions about the need to take his antihypertensive 
drugs regularly, and he feels uncomfortable about changing 
too much at a time.

(continued)
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After Mr A has been educated about his current risk and the 
advantages of good adherence to medication and behavioural 
change, he will benefit from advice on single steps that may be 
helpful in his current situation. Since he had indirectly indicated 
that he might be willing to quit smoking, one of the first steps 
to be recommended will be another attempt to quit. However, as 
he often uses smoking as a method to cope with anger, alterna-
tive means for anger regulation should be discussed. Physical 
activity could be introduced here (e.g. he could go out for a walk 
instead of smoking cigarettes after angry conflicts with his wife). 
Further suggestions will include healthier food choices and bet-
ter adherence to medication, with self-monitoring of blood 
pressure and glucose. Weight reduction might be a goal for the 
future, but to gain no more weight might be an adequate aim in 
the short term.

Patient education is followed by shared decision making on 
a clear and explicit (possibly written and commonly signed) 
stepped lifestyle change plan with a defined time schedule. 
After general agreement has been reached, each step needs to be 
operationalized.

It would be valuable to involve Mrs A as a partner, getting her 
commitment to stop smoking together with her husband and 
to collaborate in choosing healthier food. Exercising together 
might also be an attractive option for the couple—unless in situ-
ations of conflict, where the wife could support her husband by 
letting him leave the situation for a walk as a chance for de-esca-
lation. They are both offered nicotine replacement and referral 
to a cognitive–behavioural smoking cessation programme and 
receive dietary advice with a specific focus on the dietary needs 
of diabetics, and information about healthy amounts of exercise, 
existing walking groups, sports clubs etc.

Asking for patients’ (and spouses’) views and preferences 
helps to identify types of food and exercise that are likely to be 

 adopted and maintained. Mr and Mrs A would enjoy joining a 
 dancing group once a week and each partner wants to take up 
some  additional individual endurance exercise once a week.

Finally, the medication plan is reviewed with the patient and 
simplified, if possible. Misconceptions (e.g. ‘I only need to take my 
blood pressure pills, if my blood pressure is high’) are corrected 
and details of regular self-monitoring as well as practical means to 
increase medication adherence (e.g. pill boxes) are agreed upon.

Regular monthly follow-up appointments are scheduled over 
the next year. During follow-up appointments, achieved changes 
are documented and valued. Feedback about improved param-
eters (e.g. reduced risk SCORE) is used to encourage mainte-
nance. Unforeseen barriers and failures to adhere to the initial 
agreement sometimes occur and are discussed. A new agreement 
on the next or modified steps is made each time. If Mr A remains 
behind initial targets during several follow-up visits,  referral to 
specialist care or a multimodal prevention programme might be 
needed.

After 6 months the monthly appointments have become im-
portant to Mr and Mrs A and they have managed to quit smoking 
with the help of the smoking cessation programme and nicotine 
replacement. Due to dancing classes and weekly walking, Mr A has 
maintained his body weight despite smoking cessation. Both part-
ners have understood the need for a healthier lifestyle and better 
self-control of high blood pressure and diabetes. Mr A is now taking 
his medication almost regularly and home measurements of blood 
pressure usually lie around 130/90 mmHg. Mrs A pays more at-
tention to healthy cooking. The money saved by smoking cessation 
and the recommendations for conflict de-escalation help alleviate 
the regular discussions about finances. Mr A’s HbA1c has improved 
to 7.5%. Both partners can be commended for their achievements 
and a new agreement is made to increase the  frequency of weekly 
exercise from this week on.

Solution to the case of Mr A (continued)
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Summary
Smoking causes all forms of atherosclerotic cardiovascular disease. Smokers are 
about 10 years younger than never smokers at the time of their first myocardial 
infarction. Even occasional, light, and passive smoking are harmful; there is no 
safe level. The health benefits of quitting smoking are immediate. In patients with 
coronary heart disease, smoking cessation results in a dramatic decline in future 
cardiovascular events and reduces cardiovascular death. Tobacco dependence pro-
duces structural and functional changes in the central nervous system and should 
be regarded as a chronic disease with a lifelong risk of relapse. The addictive nature 
of nicotine and craving for cigarettes make continued abstinence difficult to main-
tain. The majority of serious attempts to quit smoking will fail within a year, as seen 
with other addictions. Making treatment readily available and reducing barriers to 
treatment increase the likelihood that smokers will accept treatment. Treatment 
starts with very brief advice: asking about smoking, advising on quitting, and of-
fering/referring to assistance—a combination of supportive counselling and smok-
ing cessation pharmacotherapy. Medication and supportive follow-up should be 
arranged for all smokers upon discharge from hospital and in outpatient settings. 
Abbreviated motivational interviewing can be used to help ambivalent smokers 
become willing to make an attempt to quit. Three types of pharmacotherapy have 
evidence-based effects in promoting cessation. These include nicotine-replacement 
therapy, bupropion, and varenicline. All three are clinically appropriate for patients 
with stable cardiovascular disease. Less evidence is available regarding their use 
in patients with acute disease. Nicotine-replacement therapy may be started up to 
2 weeks prior to or on the target quit day. Bupropion and varenicline should be 
titrated up for 1–2 weeks in order to reach a therapeutic level before the target quit 
day. In every cardiovascular setting high priority should be given to identification 
and documentation of the smoking status of all patients and systematic provision 
of cessation support. Furthermore, clinicians should ask about exposure to second-
hand smoke and recommend avoidance. Even though relapse rates are high, ef-
forts to help smokers must not cease. Smoking cessation is the most effective, and 
certainly the cheapest, treatment for preventing new or recurrent cardiovascular 
disease. Furthermore, clinicians must play a more active role than ever before in 
advocating for stronger tobacco control.
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(ACE) inhibitors [10], beta-blockers [11], or lipid-lowering ther-
apy [12] ( Fig. 10.1).
◆	 The health benefits of quitting smoking are immediate.
◆	 The excess risk of CHD caused by smoking is halved after 1 year 

of cessation.
◆	 Smoking cessation is more effective than other secondary 

 preventive measures.

How smoking harms the cardiovascular system
Some of the acute effects of smoking include decreased myocar-
dial oxygen supply and increased demand, acute haemodynamic 
alterations with increases in heart rate, systemic and coronary vas-
cular resistance and myocardial contractility, and reduced artery 
compliance ( Fig. 10.2). Smoking is associated with an acute in-
crease in the endothelial cell count in circulating blood; smoking 
only two cigarettes a day more than doubles the number of dam-
aged endothelial cells [13].

Some of the long-term effects of smoking include endothelial 
dysfunction, increased oxidative modification of low-density lipo-
protein (LDL), decreased high-density lipoprotein (HDL) choles-
terol levels, induced systemic inflammatory response, increased 
leucocyte count, elevation of the level of C-reactive protein, in-
creased platelet activity and aggregation, imbalance of antithrom-
botic versus pro-thrombotic factors, decrease of fibrinolytic 
activity, and increased thickness and stiffness of the arterial wall.

Smoking produces insulin resistance and is associated with an 
increased risk of type 2 diabetes [14]. A review based on more than 
a million participants and over 45 000 incident cases of diabetes 
found an almost 50% increased risk, as well as a dose–response re-
lationship [15]. Beyond being an independent risk factor, smoking 
appears to have a multiplicative interaction with the other major 
risk factors for CVD ( Fig. 10.3).
◆	 Smoking is a major cause of CVD.
◆	 Even very low tobacco consumption is harmful; there is no safe 

level.
◆	 Smoking produces insulin resistance and chronic inflammation.
◆	 Smoking has a multiplicative interaction with other risk factors 

for CVD.

What is in a cigarette?
A cigarette is the only consumer product which, when used as di-
rected, kills its consumer (Gro Harlem Brundtland, World Health 
Organization).

Nicotine is the best known component of cigarettes but tobac-
co smoke contains more than 7000 chemicals and compounds. 
Hundreds of these chemicals are toxic and at least 69 are carci-
nogenic [1]. Previously it was believed that nicotine played the 
most important role in cardiovascular disease, but that does not 
now appear to be the case. Carbon monoxide, benzopyrenes, gly-
coproteins, and other substances in tobacco smoke seem to play 
the major part.

The risks of smoking and the benefits 
of quitting
Smoking cigarettes is the single greatest preventable cause of 
death; it is estimated to have caused around 100 million deaths 
during the twentieth century [1]. Smoking harms the heart and 
results in premature ageing, causes serious damage to most or-
gans, and costs the smoker about 10 years of life [2–4]. Helping 
patients quit smoking improves cardiovascular health and sig-
nificantly reduces the risk of numerous other serious conditions. 
There is no lower safe level of smoking. There is no other inter-
vention as effective as quitting smoking for improving health and 
longevity.

In patients with coronary heart disease (CHD) smoking cessa-
tion results in a dramatic decline in the risk of future cardiovas-
cular disease (CVD) and reduces the risk of cardiovascular death 
markedly [5,6]. The reduction in risk of a non-fatal cardiac event 
is about 36% [7] and of premature death about 50% or more. The 
decrease in smoking prevalence in the last decades has accounted 
for the same reduction in cardiovascular mortality as all the com-
bined medical treatments for CVD [8].

The benefits of quitting are rapid. The excess risk of CHD caused 
by smoking is halved after 1 year of smoking cessation, after con-
trolling for all possible relevant confounders. After 15 years of ab-
stinence, the risk of CHD is as low as in people who have never 
smoked. Quitting smoking also reduces the risk of ischaemic 
stroke and subarachnoid haemorrhage. In patients with left ven-
tricular dysfunction after MI, who are at particularly high risk for 
recurrent adverse outcomes, smoking cessation is associated with 
a 40% lower hazard of death and a 30% lower hazard of recur-
rent myocardial infarction (MI). Among patients with  peripheral 
artery disease, smoking cessation improves exercise tolerance, re-
duces the risk of amputation after surgery, and increases overall 
survival.

Smoking cessation is not only the cheapest treatment for the 
patient with CVD and the one with fewest adverse events, it is also 
one of the most effective. A review found that mortality risk was 
reduced by 36% in quitters [7], compared with much lower risk re-
ductions due to use of aspirin [9], angiotensin-converting enzyme 
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Light and occasional smoking
Intermittent smoking, smoking just few cigarettes a day, or not 
inhaling are all shown to carry a significantly increased risk of 
developing MI and of premature mortality, with higher relative 
risk being found in women than in men [16–18]. In contrast 
to the dose–response relationship between smoking and can-
cer there is a non-linear dose–response relationship between 
the number of cigarettes smoked per day and CVD. Platelet ag-
gregation is suggested to be the most important harm of low 
tobacco consumption ( Fig. 10.4). Risk increases sharply with 
only a few cigarettes per day, then tends to plateau at higher 
levels of consumption. One explanation could be that lighter 
smokers compensate by inhaling cigarettes more deeply and 
intensively.
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Inflammation
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Reduced
oxygen
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and nutrients
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Fig. 10.2 Overview of the mechanisms by which 
smoking causes an acute cardiovascular event. 
Reproduced from ‘Cigarette smoking and cardiovascular 
disease: pathophysiology and implications for treatment’, 
Neal L Benowitz, Progress in Cardiovascular Diseases, 
Vol. 46, No. 1, (July/August) 2003: pp. 91–111.
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Stroke
Only hypertension appears to be as consistently related to risk 
of stroke as smoking [5]. The risk for a current smoker is about 
two- to four-fold higher than for lifetime non-smokers. Smok-
ing increases the risk of both ischaemic stroke and subarachnoid 
haemorrhage and the relative risk is highest in younger people.

Abdominal aortic aneurysm
Smoking is the most important avoidable cause of abdominal 
aortic aneurysm [5]. The risk increases with number of years of 
smoking and amount smoked. Smoking less than 20 pack-years in-
creases risk of abdominal aorta aneurysm abut three-fold whereas 
smoking 50 pack-years or more increases the risk up to ten-fold.

Peripheral arterial disease
There is a strong dose–response relationship between smoking and 
peripheral arterial disease. Prospective studies have shown that 
in patients with intermittent claudication, current smokers had 
worse 6-minute walk performance and more severe ischaemic leg 
symptoms. A higher rate of late arterial occlusion is found in con-
tinuing smokers after peripheral vascular surgery than in quitters.

Other effects on the heart
Smoking increases the risk of supraventricular and ventricular ar-
rhythmias. In a large prospective study the risk of atrial fibrillation 
was more than doubled in smokers [23].

Even though smoking acutely increases blood pressure, mainly 
through stimulation of the sympathetic nervous system, there 
does not appear to be a causal relationship between chronic smok-
ing and hypertension [24]. Furthermore, long-term smoking ces-
sation does not result in lower blood pressure. However, smoking 
increases central blood pressure as it impairs arterial stiffness and 
wave reflection, which are more closely related to target organ 
damage than brachial blood pressure. Also, hypertensive smok-
ers have a higher risk of developing severe forms of hypertension, 
including malignant and renovascular hypertension, most likely 
due to accelerated atherosclerosis.

In patients with CHD, smoking is associated with an acute de-
crease in systolic ventricular function and development of wide-
spread hypokinesis [25]. Patients who smoke or have smoked 
until shortly before heart transplantation have a poorer prognosis 
and longer recovery time [26].

Differences in susceptibility
Genes, gender, and smoking
About half of the phenotypic variance in smoking is attributable 
to genetic influences.

Some clinicians believe that smoking is more harmful to men, 
but there is compelling evidence that the opposite is true. A meta-
analysis including data from 2.4 million participants concluded 
that female smokers have a 25% higher relative risk for CHD than 

Smoking and CVD
Smoking causes the following conditions:
◆	 asymptomatic atherosclerosis
◆	 CHD (including sudden death, acute coronary syndrome, sta-

ble angina, and congestive heart failure)
◆	 stroke
◆	 aortic abdominal aneurysm
◆	 peripheral arterial disease

Smoking appears to have a greater impact on acute coronary 
events than on atherogenesis. The relative risk is highest for aortic 
aneurysm and peripheral vascular disease, and lowest for stroke. 
Smoking increases the risk of sudden death more than acute MI.

Subclinical atherosclerosis
Studies have shown a remarkably consistent significant positive 
association between smoking and markers of subclinical ath-
erosclerosis. Furthermore, studies have established evidence of 
a dose–response relationship—the more cigarettes smoked the 
more pronounced the early changes.

CHD (including MI, sudden death, and 
congestive heart failure)
In a worldwide case–control study (INTERHEART), current 
smoking was associated with an almost tripled risk of non-fatal 
MI compared with never smoking [19]. Also, risk of MI increased 
by 6% for every additional cigarette smoked. Young male current 
smokers had the highest population-attributable risk (about 60%). 
Even though the relative risk of smoking is highest at younger ages, 
the magnitude of the CHD burden produced by smoking increases 
with advancing age [20]. Smoking is one of the major risk factors 
for more severe MI. In a large study of 100 000 consecutive patients 
with a first MI, smoking was a major determinant for ST-elevation 
MI (STEMI), compared with non-STEMI [21]. The largest impact 
of smoking was seen among younger patients and among women.

The ‘smokers’ paradox’ stated that smokers with acute MI have 
better short-term survival than non-smokers; this was explained 
by their younger age and lower risk in general. A recent review 
concluded that this paradox was only observed in some older 
studies in the pre-thrombolytic era. Studies of present-day popu-
lations have not observed this paradox [22].

Cigarette smoking is associated with sudden cardiac death of all 
types [5]. Smokers have a double to triple increased risk of sudden 
death compared with non-smokers. The risk of congestive heart 
failure from smoking is probably mediated through atheroscle-
rosis. The estimated population attributable risk has been found 
to be higher than for any other risk factor, with the exception of 
 pre-existing CHD [5].
◆	 The risk of CHD is increased two- to four-fold among current 

smokers of 20 cigarettes/day.
◆	 Smokers are about 10 years younger than never smokers at the 

time of their first MI.
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smoking [34,35]. However, other studies found no elevation in 
complete blood count markers, or heart rate. Recent evidence in-
dicate they are not harmless and more research is needed before 
we can recommend e-cigarettes as a harm reduction strategy for 
the smoker unable to stop. However, if no other method seems to 
help, or the smoker insists trying e-cigarettes rather than proven 
methods of stopping, the harm of short-term use of e-cigarettes is 
likely to be lower than the harm of continued smoking. The same 
applies to short-term use of smokeless tobacco for cessation.

Exposure to second-hand smoke
Exposure to second-hand smoke (SHS), or passive smoking, de-
scribes inhalation of sidestream smoke that comes from the end of a 
lighted cigarette, pipe, or cigar. Pooled relative risks from meta-anal-
yses indicate a 25–30% increase in the risk of CHD from exposure 
to SHS [36]. The risk increases with increased exposure, but there is 
no safe level of exposure to SHS. Constituents other than nicotine 
probably play a more important role in the damaging effects of SHS. 
Platelet aggregation and endothelial dysfunction seem to be impor-
tant biological mechanisms. Experimental studies have shown that 
only 30 minutes of exposure to SHS compromised the endothelial 
function in the coronary arteries in healthy non-smokers to an ex-
tent that was indistinguishable from habitual smokers [37].

Avoidance of SHS swiftly reduces this risk, which declines with 
time after exposure. Therefore, physicians should always ask about 
exposure to SHS and strongly recommend avoidance.

Understanding addiction
Smoking cessation is the most cost-effective of all interventions 
to prevent the development or progression of CVD [38]. In every 
cardiovascular setting high priority should be given to identifica-
tion and documentation of the smoking status of all patients and 
provision of cessation assistance. Understanding addiction under-
pins all interventions for smoking cessation.

Why don’t smokers quit?
Most smokers do not quit even though they understand that smok-
ing is a major cause of their disease, and quitting smoking can save 
their life. There may be many reasons why smokers do not quit.

Tobacco dependence
The most important reason for not quitting is tobacco depend-
ence. Smoking is extremely addictive, and relapse rates in smokers 
are similar to relapse rates in cocaine or heroin users ( Fig. 10.5).

Tobacco dependence is often physical, mental, and social:
◆	 Physical dependence is caused by the highly addictive sub-

stance nicotine and other substances in tobacco smoke.
◆	 Mental dependence: nicotine has a rapid relaxing effect and 

smokers get used to handling difficult or stressful situations 
in life by lighting up. Many smokers feel anxious without this 
mental ‘lifebelt’.

male smokers [27]. Whether the mechanisms underlying the 
sex difference are biological or related to differences in smoking 
behaviour is not known. As women in general are smaller they 
might be exposed to a higher quantity of toxic agents from the 
same number of cigarettes.

Female smokers taking oral contraceptives have an increased 
risk of coronary and peripheral artery diseases, MI, and stroke, 
compared with non-smoking women who use oral contraceptives.

Drug interactions with smoking
Many interactions have been identified between tobacco smoke and 
medications. These are mostly important for drugs metabolized by 
the hepatic cytochrome P450 enzymes (primarily CYP1A2), espe-
cially antipsychotic drugs [28]. Smokers may need increased doses 
of beta-blockers, acetyl salicylic acid, propranolol, and opioids.

Types of tobacco other than cigarettes
Cigars, water pipes, and smokeless tobacco
Smokers of pipes and cigars absorb nicotine orally, inhaling their 
own environmental smoke in the same way that non-smokers in-
hale other people’s smoke. Their risk of CHD is lower relative to 
that of cigarette smokers.

Water-pipe smoke contains very much the same harmful sub-
stances as cigarette smoke and results in substantial increases in plas-
ma nicotine concentrations, while increases in carbon monoxide are 
higher than from cigarette smoking. Water-pipe smoke is associated 
with metabolic syndrome, induces increases in heart rate and blood 
pressure, and markedly impairs baroreflex sensitivity [29]. A high 
incidence of stroke has been observed in countries where water-pipe 
smoking is prevalent, but overall there is little research in this field.

Due to the lack of smoke production, harm associated with 
smokeless tobacco is thought to be lower than with cigarettes. Some 
kinds of smokeless tobacco contain health-damaging chemicals in 
addition to producing high nicotine levels, while snus seems to be 
less toxic. Systematic reviews have concluded that that smokeless 
tobacco increases the risk of some cancers and of CVD mortality 
[30,31]. A recent pooled analysis of prospective studies found no 
association between snus and development of MI; however, case 
fatality seemed to be increased [32]. In a Swedish study, no relation 
was found between Swedish snuff and incident CVD [33].

Low-tar, filter, and low-nicotine cigarettes
Switching to low-tar, filter, or low-nicotine cigarettes has very lit-
tle, or no effect, on reducing the risk for CHD [20].

Electronic cigarettes
Electronic cigarettes, or e-cigarettes, are battery operated, and 
can deliver high concentrations of nicotine as a vapour. Small 
experimental studies have found that heart rate increased signifi-
cantly and remained elevated throughout the puffing period and 
that there were immediate adverse physiological pulmonary ef-
fects after short-term use similar to the effects seen with tobacco 
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Nicotine dependence and withdrawal symptoms
Nicotine binds to a particular type of acetylcholine receptor 
in the brain, known as the nicotinic receptor. Binding leads to 
 release of the neuromediator dopamine. Chronic smokers main-
tain a high enough concentration of nicotine to deactivate the 
receptors and slow down their recovery, thus developing a toler-
ance to nicotine. When a smoker does not smoke for some time 
the receptors become functional again and cholinergic neuro-
transmission is raised to an abnormally high level. The smoker 
will experience this as discomfort (i.e. withdrawal symptoms) 
that drives lighting up.

Many smokers wrongly believe that this discomfort will last for 
the rest of their life. In some people withdrawal symptoms can be 
rather severe and the individual feels unable to function in their 
daily life for weeks ( Table 10.1). The smoker may feel that they 
have had a personality change and need to start smoking again to 
feel normal. However, most symptoms, excepting for craving and 
increased appetite, wane after about 2 weeks.

A simple test for nicotine dependence, useful in a busy clinical 
setting, is the Heavy Smoking Index [39] ( Table 10.2). A very 
dependent smoker, for example one who starts smoking within 30 
minutes after waking up and smokes 20 or more cigarettes a day 
will probably experience more severe withdrawal and have a very 
high relapse rate. Such smokers require more intensive support.

◆	 Social dependence: many smokers or ex-smokers have an urge 
to light up a cigarette when somebody else starts smoking. 
Quitting smoking can be experienced as loss of identity and/or 
social network.

A 20 pack-day smoker has probably lit up nearly 900 000 times 
in the course of 10 years. Smoking becomes more ingrained and 
overlearned than almost any other behaviour.

Defensiveness
Thinking about smoking can lead to feelings of guilt or shame, 
which puts the smoker on the defensive and raises levels of anxiety.

Lack of self-efficacy
Self-blame, guilt, previous frustrating attempts to quit, and with-
drawal symptoms may result in hopelessness. Many smokers be-
lieve they are unable to quit—even though they wish they did not 
smoke.

Mental vulnerability
People with mental vulnerability/disease have a high prevalence 
of smoking. As the smoking prevalence in the general population 
decreases, a higher percentage of smokers will be mentally vulner-
able. These are the smokers who may have the greatest difficulty in 
quitting. It is a myth that mentally ill people are unable or unwill-
ing to quit, or that their disease will worsen when they quit smok-
ing. However, they need more assistance to succeed.

Lack of knowledge
Studies have shown that patients do not understand all the medi-
cal information they are given and that doctors presume that 
smokers know much more than they actually do about the health 
hazards of smoking. Many patients do not believe that smoking 
is the cause of their disease. They find that health professionals 
are ‘obsessed’ with blaming cigarettes. Bad luck, pollution, hered-
ity, and other factors the smoker cannot be blamed for are often 
believed to be the causes of disease.
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Table 10.1  Nicotine abstinence symptoms (diagnosis DSM IV 292.0)

Craving plus:

◆ bad mood or depressive symptoms

◆ insomnia

◆ irritability

◆ frustration or anger

◆ anxiety

◆ difficulties concentrating

◆ restlessness

◆ increased appetite or/and weight gain

Table 10.2 A simple test of nicotine dependence (the Heavy 
Smoking Index). A score of 4 or more indicates a high level of nicotine 
dependence, 2–3 moderate dependence, and 0–1 light dependence

How many cigarettes, on average, do you smoke per day?

◆ 1–10 (score 0)

◆ 11–20 (score 1)

◆ 21–30 (score 2)

◆ 31+ (score 3)

How soon after waking do you smoke your first cigarette?

◆ within 5 minutes (score 3)

◆ 6–30 minutes (score 2)

◆ 31–60 minutes (score 1)

◆ 61+ minutes (score 0)
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therapy was associated with higher quit rates than no therapy 
[42]. This approach appears safe—only nausea was increased in 
the nicotine-replacement group.

Abbreviated motivational interviewing
Motivational interviewing involves the use of counselling to re-
solve ambivalence about quitting and encourage choices that are 
consistent with the smoker’s long-term goals. A meta-analysis 
showed that motivational interviewing increased 6-month ces-
sation rates by about 30% [43]. To help the patient explore and 
resolve ambivalence, the clinician may ask the smoker to rate their 
motivation to quit on a scale from 1 to 10. This can be followed by 
the question ‘Why are you a __ and not a 10 (or 1) on the scale?’. 
This is followed by eliciting suggestions from the patient on how 
to overcome barriers. For example, if the patient says, ‘My motiva-
tion to quit is only a 5, because I got so irritable last time that my 
wife asked me to start again’ the clinician can respond, ‘I under-
stand that quitting may make you difficult to get along with. But 
these symptoms usually last only two weeks or so. Is there any-
thing you can do during those two weeks that may help?’. Be sure 
to add, ‘Medication that I can offer you can help’.

Expressing empathy and avoiding arguments is another im-
portant tenet of motivational interviewing. The clinician may say: 
‘Many doctors have probably asked you to quit smoking, and you 
are getting fed up with the subject. I would like to understand how 
you really feel about your smoking these days. Does your smok-
ing give you some pleasures? Do you have some concerns?’. This 
could lead to a discussion of what it would take for the smoker to 
be ready to quit.

Also, developing discrepancies is part of motivational inter-
viewing. The clinician helps the patient understand the difference 
between behaviour and goals and ties the advantages and disad-
vantages of quitting to the patient’s core values and life goals. The 
clinician may state: ‘I think you know that stopping smoking will 
help you avoid another MI, or a new stent. What are your road-
blocks to stopping smoking? What can you do to overcome these 
difficulties?’. This may lead to a discussion of the long-term goals 
and short-term difficulties.

Reasons not to quit should be met with understanding and not 
opposing arguments. This technique is often called ‘rolling with 
resistance’. When smokers express reasons for not making change 
they can be helped to find ways to succeed. But the clinician needs 
to ensure that the atmosphere is relaxed, and information and help 
are offered, rather than counterarguments.

Smoking cessation pharmacotherapy
Three types of pharmacotherapy are recommended for smoking 
cessation, based on efficacy and safety [44–49]:
◆	 nicotine-replacement therapy
◆	 bupropion
◆	 varenicline

The advantages, disadvantages, and clinically important param-
eters of these are summarized in  Table 10.3. A meta-analysis 

Smoking cessation treatment
Evidence-based counselling
Several evidence-based approaches have been developed for 
smoking cessation counselling and have been proven to increase 
abstinence rate effectively. In general the higher the intensity of 
counselling, the higher the quit rate. All methods require that the 
clinician offers help or refers the patient to help.

The ‘Very Brief Advice’ (VBA) method is the shortest: Ask 
(smoking status), Advise (advising on how to quit), and Act (offer 
help) ( Fig. 10.6) (see also <http://www.ncsct.co.uk/publica-
tion_very-brief-advice.php>). VBA is probably the best choice for 
the doctor who is not a smoking cessation specialist and has very 
limited time. The method takes only 30 seconds and does not re-
quire any specific skills. However, the doctor must have options 
and knowledge of referral to trained smoking cessation special-
ists/centres. In a systematic review and meta-analysis, advice to 
quit on medical grounds increased quit attempts, but not as much 
as giving behavioural support or offering medication [40]. These 
results indicate that offering assistance to all smokers is probably 
more effective than advising and only offering help to smokers 
who are interested.

Smokers who are not motivated
Even though a majority of smokers state they wish to quit, most 
do not have any serious plans to quit within the next 6 months or 
so. However, new evidence shows that smokers not ready to quit 
can change their mind very quickly, and accept an assisted quit at-
tempt without longer contemplation. Furthermore, a quit attempt 
without long preparation can be as successful as one that has been 
in preparation for a long time [41]. This means that even smokers 
who are not contemplating quitting deserve an offer of help to quit.

On the other hand, if the reluctant smoker says ‘no thanks’ 
they should not be left with a feeling of guilt or defensiveness. 
As tobacco dependence is a chronic disease, smoking should 
be addressed at every contact with the patient, and assistance 
to quit should be offered repeatedly. A ‘no thanks’ to smoking 
cessation is not a life-long rejection—it is, hopefully, a step on 
the way to another chance. However, another chance may not 
come because of premature morbidity and mortality. A further 
option is to encourage smokers to reduce their smoking while 
using nicotine-replacement therapy. A meta-analysis of smok-
ers unwilling to quit showed that starting nicotine-replacement 

5A-method ABC-method VBA-method

Fig. 10.6 Smoking cessation counselling methods. The main elements of 
the 5 As are: Ask (smoking status), Advise (to quit smoking), Assess (the 
motivation to quit), Assist (offer help), Arrange (follow-up). The ABC method 
is a shorter version of counselling. The main elements are: Ask (smoking 
status), Brief counselling (advise to quit), Cessation support (offer help). 
The VBA method is even shorter (30 seconds): Ask (smoking status), Advise 
(advising on how to quit) and Act (offer help).
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◆	 Combining pharmacotherapy with counselling improves quit 
rates further.

◆	 The use of pharmacotherapy is far safer than continued 
smoking.

Nicotine-replacement therapy
Nicotine-replacement therapy ameliorates withdrawal symptoms 
and craving and, with the exception of the transdermal patch, 
can be used ad libitum throughout the day. The various forms of 
nicotine-replacement therapy (gums, patches, sprays, inhalers, 
lozenges, and sublingual tablets) seem to have similar efficacy. 
Combining a nicotine patch with fast-acting nicotine-replacement 
therapies like gums, lozenges, or tablets is significantly more effec-
tive than use of a single form [52]. Starting nicotine-replacement 

concluded that both behavioural therapy and pharmacotherapy 
are more efficacious than usual care for smoking cessation in pa-
tients with CVD [50]. Overall, the benefits of cessation in patients 
with stable CVD far exceed any risks of pharmacotherapy deliv-
ered over the short term, i.e. up to 6 months. The smoker should 
be informed about the importance of compliance with treatment 
during the whole period, as many experience relapse if they stop 
treatment too fast. Although these therapies have demonstrated 
efficacy in the acute stages of quitting, the duration of treatment 
that is currently recommended may not be sufficient for smokers 
to maintain abstinence from smoking [51]. Less evidence is avail-
able on the efficacy of medications in patients with acute CVD.

◆	 Smoking cessation pharmacotherapy may double or triple quit 
rates.

Table 10.3 Evidence-based recommendations for pharmacotherapy for smoking cessation

Nicotine-replacement 
therapy

Advantages Many years of experience. High safety. Dose and combination of several different products can be 
adapted individually

Disadvantages High risk of under-dosing (i.e. no effect)

Long-term abstinence rates 17% (approx.)

Special recommendations Start 1–2 weeks before stop date. Use patches combined with, e.g., inhaler, spray, or gum p.r.n. Let the 
patient try different types

Side effects Common: heart palpitations and chest pains, nausea and vomiting, gastrointestinal complaints, 
insomnia, skin irritation, mouth and throat soreness, mouth ulcers, hiccups and coughing

Contraindications Patch: allergic reactions (caution). Gum: temporomandibular joint disease, ulcers

NNT 14

Bupropion Advantages Easy to dose. Well-known safety profile as the drug has previously been used in psychiatric patients for 
decades

Disadvantages Many interactions with other types of medicine, e.g. antidepressants, antipsychotics, and type 1c 
anti-arrhythmics

Long-term abstinence rates 19% (approx.)

Special recommendations Start 1–2 weeks before stop date. Dose reduction advised in patients taking propafenone or flecainide. 
All patients should be observed for neuropsychiatric symptoms

Side effects Insomnia, headache, dry mouth, dizziness, and nausea are common. Risk exists for serious adverse 
effects such as seizures

Contraindications History of hypersensitivity to bupropion. Concurrent use of MAO inhibitors. Current or past epilepsy, 
bulimia, or anorexia nervosa. Alcohol withdrawal or withdrawal from benzodiazepines. Bipolar disorder. 
Severe liver cirrhosis. Known CNS tumour. Pregnancy

NNT 11

Varenicline Advantages Highest quit rates. Easy to dose

Disadvantages Neuropsychiatric cautions. Expensive

Long-term abstinence rates 21% (approx.)

Special recommendations Start 1–2 weeks or up to 35 days before stop date. Titration recommended and is part of packaging. All 
patients should be observed for neuropsychiatric symptoms including changes in behaviour, hostility, 
agitation, depressed mood, and suicide-related events, including ideation. Due to possible drowsiness 
patients should not drive, use machinery etc. until they can perform such activity safely. Avoid use of 
alcohol

Side effects Common: nausea, insomnia, headache, abnormal dreams, constipation, flatulence, and abdominal pain. 
Severe: neuropsychiatric and cardiac adverse events have been reported

Contraindications History of serious hypersensitivity or skin reactions to varenicline. Pregnancy

NNT 8

NNT, number needed to treat; p.r.n., as needed; MAO, monoamine oxidase.
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causing the release of dopamine. The time course of dopamine re-
lease has been shown to be more gradual and flattened compared 
with that induced by nicotine in cigarette smoke. Varenicline at-
tenuates craving for cigarettes and other withdrawal symptoms. 
As a partial agonist that binds tightly to the nicotinic receptors, 
varenicline limits the binding of nicotine to the receptors and thus 
acts as a nicotine antagonist. Satisfaction with a smoke, the psy-
chological reward of smoking, and respiratory tract sensations are 
all attenuated with varenicline.

Varenicline requires 4 days to reach steady state, and is started 
1–2 weeks prior to the target quit date. Extended treatment with 
varenicline for 12 weeks in smokers who quit following an initial 
12-week course of treatment increased quit rates compared with 
placebo 6 months after the cessation of therapy [60]. Varenicline’s 
only contraindication is hypersensitivity. No interactions of 
clinical significance have been reported.

The most common adverse event associated with varenicline 
is dose-dependent nausea that occurs in about a third of users. 
Nausea diminishes with continued treatment and when vareni-
cline is taken after the ingestion of food or fluids. Titrating the 
dose during the first week of treatment has been shown to increase 
tolerability. Other gastrointestinal adverse events that have been 
observed with frequencies of 2–5% in individuals taking vareni-
cline versus placebo are constipation, abdominal pain, flatulence, 
dyspepsia, and vomiting. Insomnia, headache, and abnormal 
dreams are the most frequent neuropsychiatric adverse events. 
Patients need to be observed for changes in behaviour, hostility, 
agitation, depressed mood, and suicide-related events. However, 
increases in neuropsychiatric events were not observed in a re-
view of placebo-controlled studies [61]. Furthermore, a study of 
varenicline in patients with stably treated current, or past major, 
depression found that varenicline increases smoking cessation 
rates without exacerbating anxiety or depression [62].

In a randomized controlled trial of 696 persistent high-risk 
smokers with established CVD, or at high multifactorial risk 
of developing CVD, and all willing to make a quit attempt, the 
combination of a nurse-led preventive cardiology programme 
(EUROACTION) using a behavioural approach together with the 
option of varenicline achieved more than a four-fold increase in 
abstinence (self-report plus breath CO < 10 p.p.m.) at 16 weeks 
compared with usual care. In addition this comprehensive ap-
proach to reducing total cardiovascular risk also achieved healthier 
eating habits (Mediterranean diet score), increased levels of physi-
cal activity, and better blood pressure control with no increase in 
the use of antihypertensive drugs compared with usual care [63].

In another randomized controlled clinical trial of 714 patients 
the focus was smokers with stable CVD. They were given smoking 
cessation counselling and either varenicline or matching placebo. 
Varenicline was over three times more effective than placebo in 
promoting continuous abstinence from smoking, validated by 
breath CO, after 1 year [64]. Though the study was not powered 
to examine event rates, an analysis of adjudicated events was done. 
This revealed that the varenicline- and placebo-treated groups 
did not differ significantly with regard to serious adverse events, 
 cardiovascular events, CVD mortality, or all-cause mortality.

therapy 1–2 weeks before the quit date may be another way to 
boost quit rates [53].

Absorption of nicotine from all these nicotine products is slower 
and the increase in nicotine blood levels more gradual than from 
smoking. This slow increase in blood and especially brain levels of 
nicotine results in low likelihood of abuse [54]. The mouth spray 
reaches maximum blood concentrations significantly faster than 
the other oral products. Use of nicotine-replacement therapy in 
patients with stable coronary disease does not increase cardiovas-
cular risk [55]. An angiographic study found no enhancement of 
sympathetic stimulation or coronary vasoconstriction in subjects 
using nicotine gum [56]. Adverse events are local (skin reactions 
to the patch, irritation of the throat and stomach with oral forms, 
and jaw tenderness and hiccups with gum). Because nicotine-re-
placement therapies do not lead to the same instantaneous rises 
and rapid falls in nicotine blood levels as cigarette smoking, only a 
minority of users become dependent on them.

There is no direct evidence regarding how soon after a cardiac 
event nicotine-replacement therapy may be administered. An 
observational study of smokers admitted to hospital after acute 
coronary syndrome found no difference in mortality in smokers 
receiving patches or not [57]. It is recommended to discontinue 
nicotine-replacement therapy during acute cardiac events; how-
ever, short-acting nicotine-replacement therapies can be used for 
haemodynamically stable smokers with withdrawal symptoms. 
Smokers who quit during hospitalization may be prescribed 
nicotine-replacement therapies upon discharge.

Bupropion
Bupropion has been used for over two decades as an antidepres-
sant. Bupropion reduces cravings and withdrawal symptoms during 
smoking cessation and limits weight gain during the treatment peri-
od only. Bupropion has proven effectiveness in a wide range of pop-
ulations including smokers with stable CVD [58]. However, studies 
in smokers with acute CVD have not shown any efficacy [59].

Bupropion is started 1–2 weeks before the target quit date. 
During this period of time smokers may experience a decrease in 
the pleasure or taste derived from smoking, sensations that may 
pre-condition the smoker to quit. Bupropion does not produce 
dependence.

Bupropion is associated with an increased risk of seizure (about 
1/1000) and serious allergic reactions. More common adverse 
events are dry mouth and insomnia. Other adverse events are 
tremor, taste or visual disturbance, and neuropsychiatric disorders 
(e.g. activation of mania, extreme irritability and restlessness, hy-
peractivity). Bupropion has several contraindications (hypersen-
sitivity, epileptic disorder, anorexia or bulimia, a history of bipolar 
depression, severe hepatic cirrhosis, and use of monoamine oxi-
dase inhibitors) and cautions (mainly conditions that may lower 
the risk of seizure). Bupropion interacts with drugs metabolized 
via various cytochrome P450 isoenzymes.

Varenicline
Varenicline activates neuronal α4β2 and other nicotinic ace-
tylcholine receptors, particularly in the ventral tegmental area, 
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Long-term abstinence is defined as 1 year or more, and at this 
time relapse rates are low. Many ex-smokers will sabotage their 
abstinence after some months, finding excuses to smoke such as: 
smoking a single cigarette will do no harm, or it is better to smoke 
one cigarette now than be stressed. The ex-smoker may benefit 
from discussion of this tobacco dependence-driven self-sabotage 
mechanism and the need to stay 100% smoke free. Assistance with 
smoking cessation should not stop when the smoker has smoked 
the ‘last cigarette’ after an MI or a cardiac intervention.

Smoking cessation in the hospital
Treatments initiated in hospital following a CHD-related event or 
procedure are more effective than those initiated outside hospital. 
A recent Cochrane review based on 50 randomized trials conclud-
ed that high-intensity behavioural interventions that begin during 
a hospital stay and include at least 1 month of supportive contact 
after discharge promote smoking cessation among hospitalized 
patients [71]. The effect of these interventions was independent of 
the patient’s diagnosis at admission and was found in rehabilita-
tion settings as well as acute care hospitals. There was no evidence 
of effect for interventions of lower intensity or shorter duration. It 
was found that adding nicotine-replacement therapy to intensive 
counselling significantly increased cessation rates over counsel-
ling alone. There is insufficient direct evidence to conclude that 
adding bupropion or varenicline to intensive counselling increas-
es cessation rates over what is achieved by counselling alone; how-
ever, studies of varenicline in this setting have not yet been done.

Cost-effectiveness of smoking cessation in CVD 
prevention
A study investigated 11 CVD prevention activities and found that 
the only cost-saving activity was smoking cessation, even if $600 
was spent annually helping a smoker quit. When looking at cost 
per quality-adjusted life year only smoking cessation could be ex-
pected to save money over a 30-year follow-up period [38].

Smoking and public health
There is evidence that banning smoking in public places reduces 
the risk of MI in the general population. However, the reductions 
vary very much across nations/states and some recent publications 
report no significant effect. These differences can be explained by 
differences in how strict the law is and how many local restric-
tions there were before implementation of a national ban, together 
with different methodologies (e.g. inclusion of confounders, year 
of study, change of social norm) and other factors.

Physicians should be acquainted with the Framework 
Convention on Tobacco Control (FCTC), which was signed by 
173 nations in 2012. The FCTC gives evidence-based and detailed 
recommendations on tobacco control at all levels [72,73]. Most 
countries aim to achieve smoking prevalences of below 5%. To 
achieve optimal tobacco control, physicians, at the top of the pyra-
mid in  Fig. 10.7, should also work at influencing all levels.

However, the Federal Drug Administration (FDA) in the United 
States noted a potential increased risk of certain cardiovascular 
events in smokers with stable CVD—this was subsequently added 
to the label. A meta-analysis reported that ischaemic or  arrhythmic 
cardiovascular events including MI, unstable angina, coronary 
revascularization, coronary artery disease, arrhythmias, transient 
ischaemic attacks, stroke, sudden death, cardiovascular-related 
death, or congestive heart failure occurred in slightly more vareni-
cline- than placebo-treated subjects [65]. The number of deaths 
was considered too small for separate analysis. Two subsequent 
meta-analyses which used other statistical methods, included all 
trials published, and focused on events occurring during drug 
exposure found no significant increase in serious adverse cardio-
vascular events associated with varenicline use [66,67]. A cohort 
study from Denmark found no increased risk of major cardiovas-
cular events associated with use of varenicline versus bupropion 
for smoking cessation [68]. A recent meta-analysis by Pfizer, per-
formed at the request of the FDA, showed no significant increase 
in serious adverse cardiovascular events, but all analyses consist-
ently showed a numerically higher occurrence of events in patients 
using varenicline. However, as the serious adverse events are very 
rare and the risk of new cardiac events in a CVD patient is very 
high in continuous smokers, and given the high quit rates achieved 
with varenicline, treatment is likely to result in net benefits.

Weight gain after smoking cessation
Unfortunately, some clinicians still believe that weight gain after 
smoking cessation is more harmful than continued smoking. 
Most of the post-cessation weight gain occurs quickly, during 
the first months and decelerates afterwards. The average gain in 
weight after smoking cessation is approximately 5 kg after 1 year. 
Studies show that the risk of death from CHD is not reduced suf-
ficiently by lower body weight to justify smoking. A gain in body 
mass index of 15.9 units (kg/m2) for men and 15.8 units for women 
would be required to offset the harmful effects of smoking [69]!

Alternative therapies and vaccines and other 
future treatment options
There is no evidence that hypnosis, acupuncture, acupressure, 
laser therapy, electrostimulation, or anxiolytics are effective for 
long-term smoking cessation. Smokers who deeply believe in al-
ternative therapy should not be discouraged from trying it, but in-
form that there are effective alternatives and that you will provide 
evidence-based treatment if they fail to succeed or relapse.

No easy miracle cures for smokers are under development. 
Three antinicotine vaccines are today in an advanced stage of clin-
ical evaluation, but clinical effects have not so far been established. 
Other smoking cessation strategies are under various stages of de-
velopment [70].

The ex-smoker
Tobacco dependence is a chronic disease, and an ex-smoker has 
a lifelong risk of relapse to smoking. Most relapses occur within 
the first 2 weeks and absolute abstinence is essential in this period. 
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cessation methods are available, and cessation is one of the most 
effective and cheapest treatments for cardiac patients. Very high 
priority should be given to the identification and documentation 
of the smoking status of all patients, systematic provision of ces-
sation, and recommendation of avoidance of exposure to tobacco 
smoke.

Conclusion
Helping smokers quit should be the highest priority for all  doctors, 
especially cardiovascular specialists. The health benefits of quit-
ting smoking are immediate and cessation markedly reduces the 
risk of cardiovascular events and death. Evidence-based smoking 

Fig. 10.7 Overview of tobacco control on several 
levels. Even though doctors/cardiologists act  
at the top of the pyramid they can and should 
influence all levels. SCS, smoking cessation support.  
*Harm control for reluctant smokers (e.g. 
substantial smoking reduction, long-term nicotine-
replacement therapy).

Harm
control*

Very intensive SCS
in hospitals

Systematic SCS in general
practice and practising

cardiologists

Education of health professionals-
increasing smoking-related

knowledge, attention and skills

Local workplace-specific restrictions
on smoking

Reduced density of retail tobacco outlets around
homes and schools

Smoking cessation services including telephone lines for
cessation counselling and support services

Sustained, focused media and educational campaigns to reduce smoking +
Health related graphic cigarette package warnings

Higher taxes on tobacco products to reduce use and fund tobacco control programmes
Community (city, state, or federal) restrictions on smoking in public places
Complete restrictions on advertising and promotion of tobacco products

Strict regulation of the tobacco industry
National 'End Game' strategy

Further reading
Doll R, Peto R, Boreham J, et al. Mortality in relation to smoking: 50 

years’ observations on male British doctors. Br Med J 2004; 328: 1519.
Eriksen M, Mackay J, Ross H. The tobacco atlas, 4th edn, 2012. Atlanta, 

GA: American Cancer Society.
Department of Health and Human Services. The 2004 United States 

Surgeon General’s Report: the health consequences of smoking, 2004. 
Atlanta, GA: Department of Health and Human Services. Centers for 
Disease Control and Prevention.

The Surgeon General’s 1990 Report on the health benefits of smoking 
cessation. Executive Summary. MMWR Recomm Rep 1990; 39 (RR-
12): i-xv, 1–12.

A clinical practice guideline for treating tobacco use and dependence: 
2008 update.: A US Public Health Service report. Am J Prev Med 
2008; 35: 158–76.

See also [20], [36], [50], [71–77], and <http://www.ncsct.co.uk/publica-
tion_very-brief-advice.php>
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CHAPTER 11

Nutrition
Jean Dallongeville, Deborah Lycett, and 
Monique Verschuren

Summary
Different aspects of the human diet are causally related to atherosclerosis and its 
clinical consequences, therefore a balanced and healthy diet is the cornerstone of 
the prevention of cardiovascular disease (CVD). This chapter gives an overview 
of the medical evidence supporting the importance of nutrition in the preven-
tion of CVD. Practical ways to cultivate cardioprotective dietary habits are sum-
marized not only in terms of macro- and micronutrients but also in relation to 
foods, functional foods, and portfolio diets.

Case study

The following describes a man, Mr X, with a medium to high risk of a cardiovascular 
event in the next 10 years (a SCORE risk of 4%/10 years), his dietary history, and the sup-
port he should be offered to help him improve his diet.

Mr X is a 58-year-old white European man. He is a non-smoker with a family history 
of heart disease in a first-degree relative before the age of 60, he is being treated for hyper-
tension but does not have diabetes or any other comorbidities. His weight is 74 kg, height 
1.8 m, and BMI 22.8 kg/m2. He has a total serum cholesterol of 7.1 mmol/L (274 mg/
dl), low-density lipoprotein (LDL) cholesterol of 5.2 mmol/L (201 mg/dl), high-density 
lipoprotein (HDL) cholesterol of 1.0 mmol/L (39 mg/dl), triglycerides of 2.2 mmol/L 
(195 mg/dl), and his blood pressure reading is 140/90 mm/Hg.

The rationale for dietary intervention
Mr X’s BMI is desirable and his triglycerides are slightly elevated. His total cholesterol 
to HDL cholesterol ratio is high and his LDL cholesterol is significantly elevated, so 
the key targets for dietary intervention are to reduce his risk of cardiovascular events 
and reduce his LDL cholesterol (in combination with statin therapy). Further reduc-
tion in blood pressure through dietary means may also need to be addressed. What 
should the strategy be and what recommendations should he be given regarding his 
dietary habits?
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cholesterol level than seen with palmitic acid (C16:0) [16–18]. 
In contrast, the saturated fatty acid stearic acid (C:18) had much 
the same effect as oleic acid (C18:1) on levels of LDL cholesterol. 
Epidemiological investigations of saturated fat intake have yielded 
contradictory findings regarding cardiovascular risk [19–21]. In-
takes of C-12 and C-18 fatty acids were associated with an elevated 
cardiovascular risk, whereas shorter fatty acids were not [16].

Monounsaturated fatty acids
Oleic acid is the most common monounsaturated fatty acid. Com-
pared with carbohydrates and polyunsaturated fatty acids, the in-
take of monounsaturated fatty acids is associated with an elevated 
HDL/LDL ratio [21] and lower triglyceride levels [22]—suggesting 
a favourable impact on the lipoprotein profile. Cohort studies have 
reported similar results. In general, cardiovascular event rates are 
lower in people who consume a high proportion of monounsatu-
rated fatty acids than in those who consume saturated fatty acids 
[23–25]. However, these observations have not yet been validated 
in randomized, prevention-focused trials.

Trans unsaturated fatty acids
The principal dietary sources of trans fatty acids are meat, hard 
margarines, and hydrogenated oils. Trans fatty acids result from 
the hydrogenation of vegetable oils, but are also produced during 
the digestion of animal-based food products [26]. In the past dec-
ade, significant efforts by industry have decreased the trans fatty 
acid content of margarine in Europe. Compared with oleic acid, 
trans fatty acids raise LDL cholesterol levels and tend to decrease 
HDL cholesterol levels [27].

For similar intakes, the effects of trans fatty acids on LDL cho-
lesterol are more pronounced than those of saturated fatty acids 
[28]. Epidemiological studies in Europe and North America have 
shown a clear association between the intake of trans fatty acids 
and elevated cardiovascular morbidity/mortality [19,25,29–36]. 
As with levels of LDL cholesterol, the effects of trans fatty acids on 
the risk of coronary heart disease (CHD) are more pronounced 
than those of saturated fatty acids. Recent studies have compared 
the respective effects of animal-derived and plant-derived trans 
fatty acids, but failed to draw clear conclusions [37,38]. Taken as 
a whole, these data suggest that a high intake of trans fatty acids is 
associated with an elevated cardiovascular risk.

Polyunsaturated fatty acids
Polyunsaturated fatty acids (PUFAs) lower LDL-cholesterol levels 
and, to a lesser extent, HDL-cholesterol levels when they replace 
saturated fatty acids [21]. PUFAs can be largely divided into two 
subgroups: n-6 fatty acids and n-3 fatty acids, which will be dis-
cussed in this subsection.

n-6 PUFAs
n-6 PUFAs are the main type of PUFA in the diet, accounting for 
about 85–90% of the total intake of PUFAs [39]. Linoleic acid is 
the most abundant n-6 PUFA in the diet, and is mainly obtained 
from vegetable oils, such as sunflower and soybean oil. Linoleic 
acid is an essential PUFA, which means that it cannot be synthe-
sized by humans and has to be provided by the diet. The protective 

Effects of common dietary 
components on CVD risk
Fats
Total fat intake
Fats have an important role in the development and prevention of 
atherosclerosis— mainly by influencing cardiovascular risk factors.

Triglycerides are the main constituent of nutritional fat. The 
mean daily intake ranges from 50 to 100 g, depending on age and 
gender. Unlike carbohydrates, fat intake increases total choles-
terol, low-density lipoprotein (LDL) cholesterol and high-density 
lipoprotein (HDL) cholesterol [1–4]. Fats constitute an important 
source of energy. Hence, a high fat intake may be associated with 
an excessive energy intake, which in turn may result in excess 
body weight, obesity, and its complications (such as insulin resist-
ance and diabetes). However, epidemiological studies have failed 
to provide clear evidence of a relationship between fat intake on 
the one hand and the risk of cardiovascular disease (CVD) and 
diabetes on the other. However, clinical trials have shown that a 
low-fat diet promotes weight loss [5] and long-term weight reduc-
tion may be explained by the fact that low-energy-density diets 
tend to increase feelings of satiety [6–11].

Several clinical trials have assessed the effect of reducing fat 
intake prevention of CVD. Although the earliest studies failed 
to observe a statistically significant relationship between a low 
fat intake and cardiovascular events this was probably due to 
low statistical power [12,13]. In the Women’s Health Initiative 
Randomized Controlled Dietary Modification Trial [14], 48 000 
American women were randomly assigned to a low-fat diet (20% 
of total energy intake) to assess whether this would reduce the in-
cidence of cardiovascular events. However, after 6 years of follow-
up, the mean fat intake was only 8.3% lower in the intervention 
group than in the control group; the difference in serum choles-
terol between intervention and control groups was also minor and 
there was no intergroup difference with respect to cardiovascular 
events. Taken as a whole, these data suggest that lowering fat in-
take does not have a clear impact on cardiovascular risk. However, 
reducing excessive fat intake is recommended in overweight and 
obese subjects because of its effect on body weight.

Fat composition
Fatty acids differ with respect to the length of the carbon chain, the 
presence and number of double bonds, and the spatial configura-
tion of the double bond (cis or trans). The n-3 and n-6 families 
of fatty acids are defined by the location of the first double bond 
in the chain (at the third and sixth carbon from the methyl end, 
respectively). The effects of fatty acids on cardiovascular risk are 
closely related to their chemical structure.

Saturated fatty acids
In clinical trials, saturated fatty acids were found to raise LDL cho-
lesterol, when compared with mono- and polyunsaturated fatty 
acids [15]. More precisely, intake of lauric (C12:0) and myristic 
(C14:0) fatty acids was associated with a greater plasma LDL 
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compared with the more positive results from cohort studies and 
older trials, could be that the current evidence-based treatment 
that CHD patients receive is so good that no additional effect of 
fish oils is observed. Further, the question remains whether fish oil 
supplements are equivalent to consumption of actual fish.

Dietary cholesterol
The impact of dietary cholesterol on serum cholesterol levels is 
weak compared with that of dietary fatty acids. When recommen-
dations to reduce the intake of saturated fat are implemented, this 
will also usually lead to a reduction in dietary cholesterol. There-
fore, some healthy diet recommendations do not give specific 
guidelines on dietary cholesterol; others recommend a limited 
intake of <300 mg/day.

Carbohydrates
When a reduction in fat intake is replaced by an increase in car-
bohydrate intake no reduction in cardiovascular risk is apparent. 
Although total LDL cholesterol levels may be reduced [51], HDL 
cholesterol levels may also be reduced, increasing the total/HDL 
cholesterol ratio, small dense atherogenic LDL particles may be 
produced, and triglyceride levels may be increased [52]. These 
effects may depend on the type of carbohydrate consumed. Our 
understanding of this process has improved in recent years with 
a move away from biochemical classifications of carbohydrates as 
simple (sugars) and complex (starches) to classifications based on 
physiological responses.

Sweetened beverages
Large prospective studies do not support an association between a 
high intake of total sugar and cardiovascular risk [53,54]. Howev-
er, there is increasing evidence to suggest that consuming sugar in 
liquid form in sweetened beverages may be detrimental. First, this 
may be because it contributes to obesity because liquid sugar may 
have a minimal impact on satiety [55]. Secondly, evidence from 
cohort studies suggests an independent association of sweetened 
beverages with cardiovascular disease. In women a 35% higher 
risk of developing CHD has been associated with drinking two 
sweetened beverages a day compared with one a month [56]. In 
men a 20% higher relative risk of CHD has been associated with 
daily consumption of sweetened drinks compared with never con-
suming them [57]. Increased risk of hypertension, increased lev-
els of triglycerides, and lower levels of HDL cholesterol have also 
been demonstrated with higher consumption [58,59].

In studies by Fung et al. [56] and de Koning et al. [57] the same 
effects were not seen for artificially sweetened beverages. However, 
there has been one prospective cohort study to date which found 
an association between higher consumption of diet drinks and 
vascular events [60]. There is some evidence from cohort studies 
that diet drinks raise the risk of weight gain and metabolic syn-
drome but residual confounding of diabetes may explain such as-
sociations [61].

Most of the studies investigating sweetened beverages are from 
the United States where drinks are typically sweetened with high-
fructose corn syrup (HFCS), an ingredient not commonly used 

effect of n-6 PUFAs on CHD is assumed to be mediated largely by 
their impact on serum cholesterol levels. Two meta-analyses on 
the relation between PUFAs and CHD in prospective cohort stud-
ies have reported conflicting results. Jakobsen et al. [40] reported a 
13% lower CHD risk when 5% of the energy from saturated fat was 
replaced by PUFAs, while Siri-Tarino et al. [41] concluded that 
there was no evidence that replacement of saturated fat by PUFAs 
reduced CHD. A meta-analysis of randomized trials, however, 
supported the protective effect of PUFA intake, showing that re-
placement of 5% of the energy from saturated fat by PUFAs would 
reduce coronary events by 10% [42].

n-3 PUFAs
The most important n-3 fatty acids are alpha-linolenic acid (ALA), 
ecosapentaenoic acid (EPA), and docosahexanoic acid (DHA). 
ALA is an essential fatty acid of vegetable origin, present in, for 
example, soybeans and sunflower oil. Fish is the main source of 
EPA and DHA.

The impact of ALA on CHD and stroke is still inconclusive, as 
is the possible mechanism by which ALA could exert a protec-
tive effect. Suggested mechanisms include anti-inflammatory, an-
tithrombotic, and anti-arrhythmic effects, but these have not been 
conclusively demonstrated [43]. Several prospective cohort stud-
ies have shown inverse associations of ALA with CHD, but oth-
ers observed no protective effect of ALA intake. A meta-analysis 
of five prospective cohort studies reported that ALA intakes of 
around 2 g/day were associated with a borderline significant 21% 
lower risk of fatal CHD compared with an intake of 0.8 g/day [44]. 
However, the overall conclusion to date is that the role of ALA in 
prevention of CHD is inconclusive, and even more so with respect 
to prevention of stroke.

EPA and DHA do not have an impact on serum cholesterol 
levels, but in various epidemiological studies they are associated 
with a lower risk of fatal CHD but not of non-fatal CHD, even at 
a low level of intake (compared with no intake). A hypothesis for 
this differential effect on fatal compared with non-fatal events is 
that EPA/DHA could prevent fatal cardiac arrhythmia [45].To a 
lesser extent, EPA and DHA are also associated with a lower stroke 
mortality [46].

As EPA and DHA are of marine origin, EPA and DHA intake 
equates to fish intake. Most evidence on fish consumption comes 
from epidemiological observational studies (see the section Fish). 
The protective effects of EPA and DHA have been tested in ran-
domized controlled trials (RCTs). Several meta-analyses of trials 
have been published, and in some of them the patient groups and 
end-points that were studied were quite heterogeneous. Leon et 
al. [47] restricted their meta-analysis to patients after myocardial 
infarction (MI) or with coronary artery disease (CAD), and ob-
served a 20% risk reduction for cardiac death when an additional 
amount of 0.9–2.8 g/day EPA/DHA was taken. In 2010, the re-
sults of three secondary prevention RCTs were published, and the 
results were quite disappointing [48–50]. None of the three tri-
als, in post-MI or CHD patients, observed a reduction in cardio-
vascular events in the intervention group, who received an extra 
400–800 mg of EPA/DHA daily. The explanation for these results, 
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mmol/l) [68]. However, any superior effect of oat beta-glucan over 
other fibre has been recently challenged with RCT evidence [69].

Wholegrains
Insoluble fibre, often considered as the bran of cereals, is more 
congruent with the term wholegrain, which refers to the unre-
fined, intact grain containing the bran, germ, and endosperm. 
Wholegrains include whole oats. Meta-analytic evidence from 
11 prospective cohort studies has shown a 19% reduction in 
the risk of developing CHD (RR 0.81, 95% CI 0.75–0.86) with 
higher wholegrain consumption [64]. At least three servings 
a day of wholegrain foods to replace refined grain varieties is 
recommended.

Total fibre
There is considerable overlap between definitions of soluble and 
insoluble fibres, and evidence from EPIC cohort data shows no 
difference in benefit between fibre type. A 10 g/day increase in 
total fibre is associated with a 15% reduced risk in CHD mortal-
ity [70]. A meta-analysis of RCT data for fibre supplementation 
found that an increase of 11.5 g/day reduced diastolic and systolic 
BP by 1 mmHg [71].

Dietary strategies should focus on increasing all types of fibre. 
This can be achieved in the following ways:
◆	 Replacing refined flours and cereal products such as white 

breads, white rice, and white pastas with wholegrain varieties, 
i.e. wholegrain breads, wholegrain pastas, and brown rice.

◆	 Checking food labels for a minimum fibre content of 3 g/100 g.
◆	 Replacing breakfast cereals such as crisped rice cereals and corn-

flakes with wholegrain cereals such as porridge oats, muesli, and 
bran-based cereals. Wholegrain cereals like Shredded Wheat 
and Weetabix, although high in fibre have a high GI. Products 
which are both wholegrain and have a low GI potentially offer 
the maximum benefit (see  Table 11.2).

◆	 Increase fruit and vegetables consumption, including beans and 
pulses.

in Europe. However, there is evidence from laboratory studies 
that drinks sweetened just with fructose (but not glucose) have a 
similar effect on raising triglycerides and LDL cholesterol as those 
sweetened with HFCS [62]. Therefore it seems prudent to encour-
age sugar-free beverages, such as water, over those with added 
sugars. The ingredients list of beverages should be checked for 
HFCS, fructose, and sucrose in particular.

The effect of added fructose on blood pressure (BP) has also 
been investigated, but a recent meta-analysis of isoenergetic ex-
change studies found no adverse effects [63].

The glycaemic index (GI)
Carbohydrates are classified according to their glycaemic response:
◆	 carbohydrates with a high GI, or in large enough quantity to 

exert a high glycaemic response
◆	 carbohydrates with a low GI, or in a small enough quantity to 

exert a low glycaemic response.

 Table 11.1 gives examples of high-carbohydrate foods with a 
low GI. Meta-analysis from eight cohort studies shows a 32% in-
creased risk of CHD [relative risk (RR) 1.32, 95% CI 1.10–1.54)] 
with a high intake of high-GI foods. This analysis meets the Brad-
ford Hill causality criteria of strength, consistency, temporality, 
and coherence [64]. However, meta-analyses of RCTs comparing 
diets with a high or low GI have detected only a slight reduction in 
total cholesterol with a low-GI diet, and no effect on LDL choles-
terol, HDL cholesterol, or triglycerides—but the studies included 
were of short duration and poorly powered [65]. Nonetheless the 
benefit of low-GI diets on glycated haemoglobin (HbA1c) in those 
with diabetes was apparent [65,66] (see  Chapter 16).

Fibre
Soluble fibre
Fibre has traditionally been classified as soluble and insoluble. 
Until fairly recently it was soluble fibre, found predominantly in 
fruit and vegetables, legumes, pulses, and oats, which was highly 
promoted for its glucose- and cholesterol-lowering effect. In 1999 
Brown et al. [67] showed in a meta-analysis of RCTs that for each 
gram increase in soluble fibre, LDL cholesterol was lowered by 
about 2 mg/dl (0.052 mmol/L). Beta-glucan from oats has received 
particular attention; a meta-analysis of RCTs has shown that 3 g/
day (approximately three servings of oat breakfast cereal or bread 
made with oat flour) can reduce total cholesterol by 6 mg/dl (0.16 

Table 11.1 Low-GI examples of high-carbohydrate foods

Bread Seeded, granary, rye, wholegrain pitta, chapatti, oat bread

Pasta All pasta (al dente), noodles

Rice Basmati rice or long grain

Breakfast 
cereals

Bran and oat based cereals e.g. bran flakes, porridge, muesli. 
Rye flakes

Potatoes New potatoes (unpeeled), sweet potato, yam

Other grains Bulgur wheat, barley, couscous, quinoa

Most fruit and vegetables, legumes, pulses, and dairy foods (i.e yoghurt and 
milk) also have a low glycaemic index

Table 11.2 Low-fibre, high-fibre and high-fibre/low-GI foods

Low fibre High fibre (but 
not low GI)

High fibre/low GI

Bread White bread, 
white rolls, white 
baguettes, ciabatta, 
white pitta bread, 
bagels

Wholemeal 
bread, wholemeal 
rolls, wholemeal 
baguettes, other 
breads made with 
wholemeal flour

Seeded wholemeal 
and wholemeal 
granary breads, 
wholegrain pitta, 
rye (pumpernickel), 
oat bread

Pasta Pastas made with 
white flour

Pastas made with 
wholemeal flour 
and cooked al 
dente

Rice White rice Brown/wholegrain 
rice

Wholegrain 
basmati rice

Breakfast 
cereals

Cornflakes, crisped 
rice cereals

Shredded Wheat, 
Weetabix, mini 
wheat squares, 
multigrain hoops

Bran- and oat-based 
cereals, e.g. bran 
flakes, porridge, 
muesli, rye flakes
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Potassium
Potassium is another mineral that affects BP. The main sources of 
potassium are fruits and vegetables. A higher potassium intake has 
been shown to reduce BP. Risk of stroke varies largely with potassi-
um intake: the relative risk of stroke in the highest quintile of potas-
sium intake (average of 110 mmol/day) is almost 40% lower than 
that in the lowest quintile (average intake of 61 mmol/day) [76].

Vitamins and the prevention of CVD
Vitamins with antioxidant properties
In the last few decades, the potentially preventive effects of vita-
min and mineral supplements for CVD and cancer have come 
under intense scrutiny from scientists and health authorities.

The scientific basis for today’s guidelines consists of experi-
ments that have identified bioactive molecules in cell systems and 
laboratory animals. It is known that oxidative processes are in-
volved in the development of atherosclerosis. Accordingly, anti-
oxidant treatment of cell cultures and laboratory animals exposed 
to oxidative stress has been shown to reduce inflammatory pro-
cesses. These results have been underpinned by epidemiological, 
population-level observations of an inverse correlation between 
antioxidant intake and CVD [77].

However, many rigorous, placebo-controlled, interventional 
trials with antioxidant vitamins have failed to confirm the labora-
tory-based and epidemiological observations.

Vitamin E
The term vitamin E refers to several different isomers of the same 
compound, the most active, and most active in the plasma, being 
α-tocopherol. In Europe and North America, vegetable oils and 
vegetables are the most abundant sources of vitamin E. The mean 
daily intake is 10–15 mg. Vitamin E is a potent, liposoluble anti-
oxidant that inhibits the peroxidation of cell membrane lipids and 
LDLs and tumour angiogenesis [78,79]. Several meta-analyses of 
prevention-focused trials have addressed the relationship of vita-
min E to cardiovascular mortality [80–84]. In one meta-analysis 
of 19 trials with a total of 130 000 participants, follow-up periods 
of between 1.8 and 8.2 years, and a mean daily dose of between 
16.5 and 2000 IU, high-dose vitamin E supplementation was asso-
ciated with increased all-cause mortality [81]. These results were 
confirmed in another trial [85].

Vitamin A: beta-carotene and retinol
The term ‘vitamin A’ refers to a group of molecules, including ca-
rotenoids (pro-vitamin A) and retinoids. Many epidemiological 
studies have found an inverse correlation between dietary or plas-
ma vitamin A levels and cardiovascular events [86]. A meta-anal-
ysis of clinical trials revealed excess mortality in patients receiving 
active vitamin A supplements [84]. These results were confirmed 
in another meta-analysis [85].

Vitamin C: ascorbic acid
Vitamin C is a potent, water-soluble antioxidant [87]. Fruits 
and vegetables are the main sources of dietary vitamin C. There 
is a large body of evidence to suggest that vitamin C prevents 
oxidation of LDLs and improves endothelial function. However, 

Alcoholic beverages
Results from observational cohort studies show a protective ef-
fect of moderate alcohol consumption on the occurrence of CVD. 
The relation is J-shaped, meaning that non-drinkers are at higher 
risk than moderate drinkers, and at higher levels of consumption 
cardiovascular risk is increased. A recent comprehensive meta-
analysis showed that the level of alcohol consumption giving the 
greatest protection differed for the different cardiovascular end-
points [72]. For CHD incidence, the lowest risk occurred with an 
alcohol intake of 15–30 g/day (34% lower risk than non-drinkers), 
and even at higher levels of intake (> 60 g/day) risk was still re-
duced by 25%. One drink can be considered equivalent to 10 g of 
alcohol. For stroke incidence, risk was reduced by 20% for up to 
1.5 drinks per day; for intakes between 1.5 and 6 drinks per day 
no statistically significant protective effect was observed, while at 
intake levels of 6 drinks per day or more a 62% increased risk was 
observed. It has to be kept in mind that for cancer incidence the as-
sociations are different. Still, the meta-analysis [72] showed that the 
lowest risk of all-cause mortality was observed for alcohol intake 
of 2.5–14.9 g/day, which is equivalent to up to 1.5 glasses/day. For 
a long time it has been debated whether the J-shape was explained 
by special characteristics of the non-drinkers. It was suggested, for 
example, that people may stop drinking because of illness, which 
would lead to the observation in epidemiological studies that non-
drinkers are at higher risk than drinkers. The meta-analysis [72] 
concluded that it was very unlikely that this was the case. Apart 
from alcohol intake itself, it has been studied whether the type of 
alcoholic beverage is of importance. There seems to be an espe-
cially favourable effect of red wine, which may be due to its poly-
phenol content. Evidence for the protective effects of alcohol must 
be applied with caution in public health and clinical practice. The 
public health message can easily be misinterpreted or misused, 
leading to alcohol abuse. The current recommendation, from a 
broad public health perspective, is that drinkers should limit their 
alcohol intake to a maximum of one glass a day for women (10 g of 
alcohol) or two glasses a day for men (20 g of alcohol) to obtain the 
lowest level of risk for chronic disease.

Micronutrients
Sodium
The effect of sodium intake on BP is well established. A meta-analy-
sis estimated that even a modest reduction in sodium intake of 1 g/
day reduces systolic BP by 3.1 mmHg in hypertensive patients and 
1.6 mmHg in normotensive patients [73]. The DASH trial showed 
a dose–response relation between reduction in sodium intake and 
BP reduction [74]. In most western countries salt intake is high 
(around 9–10 g/day), whereas the recommended maximum in-
take is 5 g/day. Optimal intake levels might be as low as around 3 g/
day. Processed foods are an important source of sodium. A recent 
simulation study estimated that for the United States a reduction 
in salt intake of 3 g/day would result in a reduction of 5.9–9.6% in 
the incidence of CHD (low and high estimates based on different 
assumptions), a reduction of 5.0–7.8% in the incidence of stroke, 
and a reduction of 2.6–4.1% in death from any cause [75].
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of CVD. Therefore, the evidence is quite consistent that supple-
mentation with B vitamins to lower homocysteine levels does not 
lower cardiovascular risk.

Food types
Fruits, vegetables, and CVD
The putative relationship between fruit and vegetable consump-
tion and cardiovascular risk is based largely on observational, 
epidemiological studies [97–106]. The epidemiological studies 
have varied considerably in terms of their subject recruitment 
methods and inclusion criteria. Most were performed in North 
America and Northern Europe. The inclusion dates cover a 50-
year period (i.e. the latter half of the twentieth century) during 
which lifestyles and dietary habits have changed considerably. 
The various dietary assessment methods include dietary history, 
24-hour recall, food (frequency) questionnaires and 3- or 7-day 
food diaries. Interstudy comparisons are further complicated by 
the considerable heterogeneity of sample size, duration of follow-
up, definition of events, adjustment factors, and presentation of 
the results. However, meta-analyses of observational studies of 
fruit and vegetable intake have shown a clear negative association 
with CVD.

The results of biological experiments are controversial. Of the 
many nutrients in fruits and vegetables, vitamins occupy a spe-
cial position because they have been tested in prevention-focused 
clinical trials. Despite abundant biological evidence [107] and ob-
servational, epidemiological data [77,86,108] that emphasize the 
role of vitamins in atherosclerosis, the meta-analyses of interven-
tional trials have not shown a clear, beneficial effect of fruits and 
vegetables on the risk of CVD [84,109–112]. In contrast, a recent 
randomized clinical trial has underpinned epidemiological obser-
vations by showing that fruit and vegetable intake was associated 
with a dose-dependent improvement in endothelium-dependent 
forearm blood flow responses—an integrated marker of vascular 
health with known prognostic value [113].

Very few randomized trials have evaluated the effect of high 
fruit and vegetable consumption on the incidence or recurrence 
of CHD [14,114,115] and those that have done so do not provide 
conclusive evidence to show that fruit and vegetable consumption 
is cardioprotective in secondary prevention. However, the difficul-
ties in modifying long-term fruit and vegetable intake by the pro-
vision of nutritional advice alone should be borne in mind when 
considering these disappointing results.

Lastly, fruit and vegetable intake can affect established CVD 
risk factors. Numerous findings in observational, population-
based studies [116–121] support the hypothesis that fruit and 
vegetable consumption has an effect on BP regulation. Under the 
strictly controlled experimental conditions of the DASH study, 
fruit and vegetable consumption decreased BP over an 8-week 
period (with changes in systolic and diastolic BP of –2.8 and –1.1 
mmHg, respectively). Other researchers have reported similar re-
sults [122]. The effect on cholesterol is less well documented. Fruit 
and vegetables may act through an effect of their fibre content 
[107]. Several studies have reported effects of fruit and vegetable 

there is no adequate evidence from randomized clinical trials 
to suggest that vitamin C supplements prevent cardiovascular 
events [88].

There are several possible explanations for the harmful effects 
of antioxidant vitamins evidenced in clinical trials. However, the 
presence of various methodological issues means that the trial 
data should be interpreted with caution: these include inappro-
priate dosing and insufficient duration of intake, both of which 
may influence the efficacy of intervention [89]. The most effec-
tive isomers and the most effective combinations of vitamins for 
the prevention of CVD may not yet have been identified. Lastly, 
the CVD prevention trials might have been performed in subjects 
who were unlikely to benefit from treatment, such as patients with 
advanced lesions or a satisfactory vitamin status.

Vitamin D
Vitamin D deficiency is highly prevalent worldwide [90]. The 
best characterized consequences of vitamin D deficiency involve 
the musculoskeletal system, with rickets in children and osteo-
malacia and osteoporosis in adults. However, it is now acknowl-
edged that vitamin D receptors are present on a large variety of 
cell types, including osteoblasts, immune system cells, neurones, 
pancreatic beta cells, vascular endothelial cells, and (possibly) 
myocytes and cardiomyocytes [90]. A growing body of evidence 
indicates that low levels of vitamin D have a role in determining 
the risk of cardiometabolic outcomes in general and metabolic 
syndrome, type 2 diabetes mellitus, and systemic hypertension 
in particular [91,92]. However, most of the recent clinical trials 
of supplementation with various forms and dosages of vitamin 
D have failed to provide clear evidence of a beneficial effect on 
cardiovascular risk.

Folic acid, B vitamins (B6, folic acid, and B12), and homocysteine
The B vitamins B6, B12, and folic acid have been studied for their 
potential to lower homocysteine levels. Homocysteine has been 
postulated as a risk factor for CVD [93]. Many epidemiological 
studies have reported on the association between homocysteine 
levels and CVD. A meta-analysis of observational and case–con-
trol studies published in 2008 estimated that each 5 µmol/L in-
crease in homocysteine was associated with a 18% increase in 
coronary events [94]. However, the question remained whether 
homocysteine was merely a marker of risk (an innocent bystand-
er) or a causally related factor. Several RCTs have been set up to 
answer this question. In a recent meta-analysis of eight RCTs 
[95] the Cochrane collaboration concluded that homocysteine-
lowering interventions did not reduce the risk of fatal/non-fatal 
myocardial infarction (RR 1.03, 95% CI 0.94–1.13), stroke (RR 
0.89, 95% CI 0.73–1.08) or death by any cause (RR 1.00, 95% CI 
0.92–1.09). Since publication of the Cochrane review, three large 
secondary prevention trials [Study of the Effectiveness of Addi-
tional Reductions in Cholesterol and Homocysteine (SEARCH), 
VITAmins TO Prevent Stroke (VITATOPS), and Supplementa-
tion with Folate, vitamin B6 and B12 and/or OMega-3 fatty acids 
(SU.FOL.OM3)] have been completed and published [48,96]. All 
trials concluded that supplementation with folic acid and vita-
min B6 and/or B12 offers no protection against the development 



131common dietary components and cvd risk

all-cause mortality by 17% [145]. The recommendation therefore 
is to eat fish at least twice a week, of which one serving should be 
oily fish.

Nuts
Meta-analysis of data from six cohort studies shows a 30% reduc-
tion in developing CHD (RR 0.70, 95% CI 0.57–0.82); these as-
sociations meet the Bradford Hill causality criteria of strength, 
consistency, temporality, and coherence [64]. Meta-analysis of 25 
RCTs found that a daily serving of about 70 g of nuts, significantly 
reduced total cholesterol [–10.9 mg/dl (–0.28 mmol/L)], LDL cho-
lesterol [–10.2 mg/dl (–0.26 mmol/L)], and total/HDL cholesterol 
ratio (–0.24). Triglyceride levels were reduced by 20.6 mg/dl (0.23 
mmol/L) in those with blood triglyceride levels above 150 mg/dl 
(1.7 mmol/L). The effects of nut consumption were dose related, 
and different types of nuts had similar effects on blood lipid levels. 
The effects were greatest in those with a high LDL cholesterol and 
low body mass index [146].

Despite the high energy density of nuts, evidence does not sug-
gest increased consumption leads to an increase in body weight. 
It is estimated that 55–75% of the energy from nuts is offset by di-
etary compensation, 10–15% by faecal loss, and 10% via increased 
energy expenditure (although this is less well established) [147]. 
However, in those with less competent appetite regulation dietary 
compensation may be ineffective. In such cases it would be pru-
dent to account for the energy content from nuts within a calorie-
controlled diet, where they can be used as a replacement for other 
high-protein foods such as meat. A 60 g serving of nuts contains 
approximately 200 kcal. Daily consumption can be recommended 
and can include a variety of nuts such as almonds, walnuts, hazel-
nuts, pecans, pistachios, macadamia, and peanuts. Nuts should be 
unsalted (see section ‘Salt’).

Soy
The lipid-lowering effects of soy have been investigated, but wheth-
er the active constituent is soy protein or soy isoflavones is unclear. 
Meta-analysis of 11 RCTs have shown both soy isoflavones and soy 
protein to significantly reduce total [–3.9 mg/dl (–0.1 mmol/L)] 
and LDL [–5.3 mg/dl (–0.13 mmol/L)] cholesterol, but not HDL 
cholesterol or triglycerides. The greatest effects are seen in those 
with raised cholesterol levels [148].

Another meta-analysis of 30 RCTs has shown that around 25 g 
(15–40 g) of soy protein a day lowers LDL cholesterol by 0.23 mmol/L 
(95% CI –0.160 to –0.306), total cholesterol by 0.22 mmol/L (95% CI 
–0.142 to –0.291), and triglycerides by 0.08 mmol/L (95% CI –0.004 to 
–0.158) [149]. Meta-analysis of RCTs have shown isoflavones to exert 
a modest but significant improvement on endothelial function [150].

There have been a small number of cohort studies showing that 
soy consumption is associated with lower rates of heart disease. 
A weak association with heart disease mortality has been shown 
in one study [151]. Another, the Shanghai women’s health study, 
found a dose–response relationship between soy intake and CHD. 
This was strongest for non-fatal MI (RR 0.14; 95% CI 0.04–0.48) 
for the highest (11 g a day soy protein) compared with the lowest 
(<4.5 g/day) quartile of intake [152].

consumption on lipid profiles [123,124]. Given that these trials 
were generally not specifically designed to test the effects of fruits 
and vegetables in hypercholesterolaemic patients, the majority 
found either only a modest effect or no effect [14,125–131]. Lastly, 
in cohort studies, components of fruits and vegetables (such as 
antioxidants, fibre, and magnesium) appeared to protect against 
the onset of diabetes [132,133]. In contrast, studies of the rela-
tionship between fruit and vegetable intake alone and the risk of 
diabetes have yielded contradictory results [134–136]. Although 
randomized trials have proved the efficacy of complex lifestyle in-
terventions (including promotion of fruit and vegetable intake, 
physical activity, and reduction of body weight) in reducing the 
risk of diabetes [137,138] the contribution of fruits and vegetables 
per se in these studies is difficult to estimate. On the contrary, nu-
tritional intervention trials have failed to show that fruit and veg-
etable intake affects either the risk of diabetes [139] or glycaemia 
and insulin sensitivity [127,140–142]. Thus, the studies published 
to date do not provide evidence to suggest that fruits and vegeta-
bles affect the occurrence of diabetes. The observed discrepancies 
between studies may be due to confounding factors and possibly 
antagonistic effects of the sugars, fibres, and antioxidants in fruits 
and vegetables.

Fish
The protective effect of fish on CVD is attributed to their n-3 fatty 
acid content. These essential fatty acids have a number of physi-
ological effects, such as anti-inflammatory effects, inhibition of 
platelet aggregation, lowering of triglycerides, improvement of 
endothelial function, and anti-arrhythmic effects.

Observations from the 1950s, comparing Inuit from Greenland 
who consumed about 14 g of n-3 fatty acids per day and Danes 
eating about 3 g of fatty acids per day showed a ten-fold lower in-
cidence of MI in the Inuit. In 1985, Kromhout et al. [143] showed 
that even a small amount of fish in the diet was associated with a 
lower risk of CHD mortality in a cohort of men from the general 
population. A similar protective effect was shown in a secondary 
prevention trial that was published a few years later [144]. Since 
then a lot of research has been done, and knowledge about the 
mechanism of action of n-3 fatty acids has increased. On the other 
hand, recently completed secondary prevention trials have not 
been able to show the positive effects that were expected based on 
the epidemiological findings and mechanistic properties attrib-
uted to n-3 fatty acids (see section ‘n-3 PUFAs’).

Pooled risk estimates show that eating fish at least once a 
week results in a 15% reduction in risk of CHD (RR 0.85, 95% 
CI 0.76–0.96) [45]. Another meta-analysis showed that eating fish 
two to four times a week reduced the risk of stroke by 18% (RR 
0.82, 95% CI 0.72–0.94) compared with eating fish less than once 
a month [46].The relation between fish intake and cardiovascular 
risk is not linear. Compared with eating no fish, cardiovascular 
risk decreases rapidly when eating small to moderate amounts of 
fish. The public health impact of a small increase in fish consump-
tion in the general population is therefore potentially large. It is 
estimated that a modest increase in fish consumption of one to 
two servings a week would reduce CHD mortality by 36% and 
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and hence do not support the presence of this type of association in 
non-sitosterolaemic subjects [155,164–170]. However, the hypoth-
esis whereby phytosterols decrease the incidence of cardiovascular 
events has not yet been tested in a randomized clinical trial.

Miscellaneous topics
Chocolate
The cardioprotective effects of chocolate consumption have gained 
a lot of attention recently. A meta-analysis of six cohort studies 
and one cross-sectional study concluded that the highest level of 
chocolate intake (which was quite heterogeneous between studies) 
was associated with a 37% reduction in CVD and a 29% reduction 
in stroke compared with the lowest levels [171]. It was suggested 
that the high polyphenol content of chocolate could be one of the 
mechanisms underlying this association. However, experimental 
studies are needed to confirm the protective effect of chocolate. 
For clinical practice, it must be kept in mind that chocolate con-
tains a lot of energy (kilocalories) and is high in sugar and fat.

Cardioprotective diets
Portfolio diet
Several cardioprotective diets which contain a blend of nutrients 
and foods in the proportions associated with cardioprotection have 
been investigated. One such diet is the portfolio diet which is low 
in saturated fat and combines an increase in soy protein (50 g/day), 
soluble fibre (20 g/day), plant sterols (2g/day), and nuts (almonds, 
30 g/day) (each of these elements has already been described). In 
a randomized controlled laboratory study the effect of the portfo-
lio diet was comparable to the 30% reduction in LDL cholesterol 
achieved with lovastatin [172]. Longer-term effects under free-liv-
ing conditions in compliant and motivated individuals has shown 
a 20% reduction in LDL cholesterol at 1 year [173]. However, while 
we know that lowering cholesterol through statin use reduces clini-
cal end-points of cardiovascular events [174] we do not have the 
same evidence from long-term studies that reduction in cholester-
ol using this combination of specific dietary components translates 
into reduced cardiovascular events. In view of this, we should per-
haps focus on the combination of dietary components which have 
both RCT evidence for reducing risk factors such as cholesterol 
and also long-term evidence from cohort studies of an association 
with reduced cardiovascular events (see  Table 11.4 where a sum-
mary is given of the effects of food and nutrients on cardiovascular 
risk factors and the consequent recommendations).

The Mediterranean diet
Because interactions and correlations among nutrients will influ-
ence their bioavailability and absorption, investigating the rela-
tionship of single nutrients to CVD is not sufficient. More and 
more research is focusing on dietary patterns instead of single 
nutrients. The impact of a total dietary pattern theoretically shows 
the full preventive potential of diet, yielding a combined estimate 
of the impact of several favourable dietary habits.

Meeting a target to consume 25 g soy protein each day requires 
eating about three or four servings of soy-rich foods daily (see  
Table 11.3). Achieving this requires a drastic dietary change with 
at least one soy product at each meal, and this may not be achieva-
ble for many. A complete switch in the European population from 
dairy products to soy alternatives has not been investigated with 
respect to long-term outcomes for bone health and iodine status.

Dairy
Since the results of the DASH trial there has been an interest in 
the part played by dairy products in cardiovascular risks and out-
comes. Meta-analysis of eight cohort studies did not find a signifi-
cant reduction in CVD risk with high versus low intakes of milk 
(RR 0.94, 95% CI 0.75–1.13) [64]; however, the effect could be 
masked by higher levels of saturated fat from consumption of full-
fat milk as differentiation could not be made between full-fat and 
low-fat milk. RCT evidence of the effects of constituents in milk, 
such as calcium and conjugated linoleic acid, on cardiovascular 
risk factors have been inconsistent [64]. However, low-fat dairy 
food is a source of many essential nutrients and is an important 
part of a balanced diet.

Functional foods
Phytosterols
Phytosterols (including both plant sterols and stanols) are plant 
compounds that are structurally related to cholesterol. Milk, yo-
ghurt, yoghurt drinks, and margarines enriched in phytosterol ester 
are available and can be used to supplement natural dietary sources. 
Many clinical trials have investigated the effect of phytosterol con-
sumption on plasma lipoprotein levels and have consistently found 
that phytosterol consumption lowers overall plasma lipoprotein 
levels (and especially concentrations of LDL cholesterol) without 
affecting levels of HDL cholesterol. A recent meta-analysis showed 
that a daily phytosterol intake of 2 g lowers levels of LDL cholesterol 
by about 10% [153, 154, 155, 156]. The cholesterol-lowering effect 
of phytosterols appears to plateau at intakes above 2.0–3.0 g/day, 
although in a recent study additional reduction in LDL cholesterol 
with increasing plant sterol intake was observed [157].

Over the past decade, the results of several epidemiological studies 
[158, 159, 160, 161, 162] have suggested that slightly elevated plasma 
plant sterol concentrations are associated with an increased risk of 
cardiovascular events, independently of the serum total plasma 
cholesterol; this was already known to be the case for pathologically 
elevated plasma levels, such as those seen in sitosterolaemia [163]. 
Recent observational studies have failed to confirm these findings 

Table 11.3 Servings of foods high in soy protein

Soy food Serving size

Soy milk (should be fortified with calcium) 200 ml

Soy yoghurt or dessert (should be fortified with calcium) 150 g

Soy beans 80 g

Soy mince 80 g

Tofu 80 g
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The Seven Countries study that started in the late 1950s showed 
striking differences in cardiovascular mortality rates between 
northern and southern Europe. Even at similar cholesterol levels, 
and after adjusting for BP and smoking, the large difference in 
cardiovascular risk remained ( Fig. 11.1) [175]. The diet con-
sumed in the Mediterranean cohorts of the Seven Countries study 
is probably an important factor underlying the large difference in 
CVD rates between southern and northern Europe.

Table 11.4 Summary of evidence for associations of food and nutrients with CHD risk factors

Food or nutrient Association with 
cardiovascular events

Association with cardiovascular risk factors Dietary recommendations

Carbohydrate: 
glycaemic index

+++ HGI increases CHD risk 
(MA PC)

+++ Slight reduction in total cholesterol with LGI
+++ Reduced HbA1c in diabetes with LGI (MA RCT)

Encourage LGI carbohydrate choices

High intake of 
sweetened beverages

++ Increased CHD incidence 
(PC)

+ Increased hypertension, triglycerides, lower HDL 
concentrations (PC)
+ Increased weight (PC)
++ Increased C-reactive protein (RCT)
− Increased weight gain and metabolic syndrome 
risk (PC)

Avoid sweetened beverages. Diet beverages 
remain a reasonable alternative but water 
should be the cold drink of choice

High intake of diet 
beverages

+ Increased risk of 
cardiovascular events (PC)

High fibre intake +++ Reduced risk of CHD 
(MA PC)

+++ Reduction in cholesterol (soluble fibre) (MA 
RCT)
+++ Very small reduction in BP (MA RCT)

Increase total fibre both soluble fibre and 
wholegrains (three servings a day). Maximum 
benefit from those which are also low GI

High intake of nuts +++ Reduced risk of CHD 
(MA PC)

+++ Cholesterol lowering (MA RCT) A daily 60 g serving of unsalted nuts can be 
recommended

Soy products ++ Reduced risk of CHD 
(PC)

+++ Cholesterol lowering (MA RCT) Advice to increase intakes should be made on 
a case by case basis

Dairy foods +++ No association of intake 
with CHD (MA PC)

Inconsistent results Neither increase nor decrease of dairy 
products is recommended but low-fat 
choices should be made

Portfolio diet Not investigated ++ Cholesterol lowering (RCT) Those aspects of the portfolio diet (reducing 
saturated fat, increasing fibre and nuts) for 
which there is strong evidence of reducing 
cardiovascular events should be prioritized

PC, prospective cohort; MA, meta-analysis; LGI/HGI, low/high glycaemic index.
−,+,++,+++: strength of evidence, based on number of studies and study type.
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Fig. 11.1 Cumulative 25-year CHD mortality rates in different cohorts of the 
Seven Countries study, according to baseline quartiles of total cholesterol level, 
adjusted for age, smoking, and blood pressure [175].

The concept of the Mediterranean diet comprises many of 
the nutrients and foods that have already been discussed: a high 
intake of fruits, vegetables, legumes, wholegrain products, fish, 
and unsaturated fatty acids (especially olive oil), a moderate con-
sumption of alcohol (mostly wine, preferably consumed with 
meals), and a low consumption of (red) meat, dairy products, and 
saturated fatty acids.

A number of studies have demonstrated the protective effect 
of this diet, and recently a meta-analysis was performed in 2010 
[176]. Adherence to the Mediterranean diet was operationalized 
by a scoring system (the Mediterranean diet score), in which 
one point was obtained for each component of the diet where 
the intake is above the median intake level for the study popu-
lation (fruits, vegetables, legumes, cereals, fish, moderate con-
sumption of red wine) or below the median (red and processed 
meats, dairy products). Depending on the number of food items 
for which information was obtained, the score could range from 
0 to 7–9. The meta-analysis showed that greater adherence to the 
Mediterranean diet (by a score two points higher) was associated 
with a 10% reduction in cardiovascular incidence or mortality 
(pooled RR 0.90, 95% CI 0.87–0.93) and also with an 8% reduc-
tion in all-cause mortality (pooled RR 0.92, 95% CI 0.90–0.94).

The effect of adhering to a Mediterranean diet was also tested in 
the PREDIMED study, an RCT with primary prevention of CVD 
as the outcome; the results were clearly positive [177].
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dence supporting a causal link between dietary factors and coronary 
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Mozaffarian D, Appel LJ, Horn LV. Recent advances in preventive cardi-
ology and lifestyle medicine: components of a cardioprotective diet: 
new insights. Circulation 2011; 123: 2870–91.

Solution to the case study

Dietary assessment
Relevant dietary advice cannot be given without understanding an 
individual’s eating patterns and food choice. In a brief consultation 
a 24-hour dietary recall is a good way to achieve this (e.g. ‘Can you 
tell me everything you ate and drank yesterday, beginning from 
when you woke up?’). Prompt questions may be necessary to get a 
complete picture (e.g. ‘Did you have any snacks between meals?’). 
Asking about food type will provide an indication of specific nu-
trient levels, for example whether low-fat choices are made (e.g. 
‘What type of milk do you use?’).

It is difficult to get an accurate idea of the quantity of food con-
sumed and food pictures or models for comparison can help with 
this. It is also important to ascertain whether the last 24 hours are 
considered by the patient to be a typical reflection of their eating.

Supporting dietary change
Mr X’s 24-hour dietary recall showed specific foods contributing 
to a high intake of saturated fat and a low intake of fibre. Food 
suggestions can be made to reverse this and incorporate other 

elements having good evidence for preventing cardiovascular 
events (see  Table 11.5). Other dietary components for which the 
evidence on clinical end-points is less certain should take lesser 
priority and be addressed in subsequent consultations, for example 
increasing plant stanols and increasing soy products.

Particular consideration should be given to the way in which 
 dietary change is supported. While it is necessary to impart cor-
rect dietary information and consolidate this with literature on 
which foods to eat less of and which to eat more of, this alone is 
unlikely to lead to dietary change. Rather, a patient-led discussion 
with negotiated achievable goals for dietary change is much more 
likely to be effective (see  Chapter 9). Helping patients to find 
their own solutions is much more likely to lead to change than 
simply telling them what to do. For example, having explained that 
it is important to eat less saturated fat, rather than give prescriptive 
advice such as ‘so don’t eat cheese sandwiches’ you could say: ‘Your 
sandwich is high in saturated fat, what do you feel you can do to 
change that?’.

Table 11.5 Mr X’s diet and cardioprotective alternatives

Mr X’s diet Cardioprotective alternatives

Breakfast Black americano coffee (unsweetened) and two croissantsa,b Two seeded wholegrain rollsc spread with sunflower soft margarined OR 
mueslic with low-fat natural yoghurt OR branflakesc with berriesc and 
skimmed milk

Mid-morning Coffee and two biscuitsa,b A piece of fruit, e.g. applec

Lunch Sandwich containing two pieces of white breadb, buttera, 
cheesea (sometimes salamia), and salad. Potato crispsa (one 40 g 
packet)

Two pieces of seeded wholegrain breadc, sunflower spreadd, sliced 
chicken breast OR canned fish (salmon, mackerel, sardines), and salad. 
Unsalted nutsc (one 50 g packet)

Mid-afternoon One glass of iced peach tea Iced mineral water and a piece of fruit, e.g. peachc

Evening meal Three glasses of red wine (125 ml each). Spaghetti bolognaise 
containing white spaghettib (350 g), minced beefa in a 
bolognaise sauce (300 g), green salad drizzled with olive oil and 
balsamic vinegar. Fruit salad with Greek yoghurta (200 g)

Two glasses of red wine. Wholegrain spaghettic. Lean minced beef 
(replace half with cooked red lentilsc) in a bolognaise sauce. Green salad, 
with half an avocadod, sprinkled with sunflower seedsc,d, and drizzled 
with olive oild and balsamic vinegar. Fruit salad with low-fat natural 
yoghurt

Diet is now low in saturated fat, higher in unsaturated fat and fibre, 
contains an additional three portions of fruit and vegetables, a portion of 
oily fish, and three servings of low-GI wholegrain foods

aHigh in saturated or trans-fat.
bLow in fibre.
cHigh in fibre and low GI.
dHigh in unsaturated fat.
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Summary
Physical activity plays a central role in the prevention and treatment of cardiovas-
cular diseases. In this chapter the current evidence for regular aerobic exercise in 
primary prevention is discussed and recommendations for exercise interventions 
in the general population are given. Regular physical exercise is an established 
therapeutic strategy in a number of cardiovascular diseases, most notably for pa-
tients after an acute myocardial infarction, with stable coronary artery disease 
(CAD), and with stable chronic heart failure. In these disease entities moderate-
intensity aerobic endurance training is the basis of most training programmes. 
However, high-intensity interval training has been found to be more effective in 
improving cardiovascular exercise capacity without any measurable additional  
risks. Resistance training can be used as an optional training component in patients 
with pronounced loss of lean muscle mass (i.e. patients with chronic heart failure 
and geriatric patients). In recent years new areas for application of exercise-based 
intervention have been explored: training interventions proved to be safe and effec-
tive in pulmonary hypertension, heart failure with preserved ejection fraction, and 
compensated subcritical valvular heart disease. However, in contrast to training in 
CAD and in heart failure, the prognostic benefit is not yet established.

Case study—the clinical problem

A 78-year-old patient is referred to your institution for in-hospital cardiac rehabilita-
tion. He has survived two myocardial infarctions (anterior and inferior) 2 and 10 years 
ago, has type 2 diabetes, orthopaedic problems in his lower back, and chronic heart 
failure with a severely reduced left ventricular ejection fraction of 23%. He received an 
implantable cardioverter defibrillator with biventricular pacing for cardiac resynchro-
nization therapy a year ago.

His last unscheduled hospitalization was just 3 weeks ago because of worsening 
dyspnoea and fluid overload. That episode occurred after the patient went on a bus 
trip with his local church community and discontinued his diuretics for 2 days. He 
leads an independent life with his wife, who is 72 years old, and has complained of 
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Introduction
Over 2000 years ago the Greek philosopher Plato wrote that ‘Lack 
of activity destroys the good condition of every human being, 
while movement and methodical physical exercise save it and pre-
serve it’. That ancient wisdom has now been documented in large-
scale observational trials which confirmed a clear dose-dependent 
reduction of all-cause and cardiovascular mortality with regard 
to time spent on leisure-time physical activity. According to the 
largest of these studies, involving over 400 000 individuals, even 
15 minutes of exercise per day confer a 14% reduction in mortality 
[1]. A 4% reduction can be added for each additional 15 minutes 
of daily exercise [1].

The effects on mortality and morbidity are even greater in pa-
tient populations with manifest coronary artery disease (CAD), 
survivors of myocardial infarction (MI), and those with stable 
chronic heart failure (CHF). In patients with CAD a consistent 
reduction of 18–20% in all-cause mortality was confirmed in a 
meta-analysis [2,3]. After acute coronary syndrome the effects 
seem to be even more pronounced, leading to a 40% decline in 
6-month mortality [4].

In heart failure with reduced ejection fraction (HFREF) a 
European meta-analysis of pooled patient data from randomized 

studies found a significant reduction of 35% in total mortality and 
28% in hospitalization [5]. However, this was not confirmed in 
a prospective large-scale multicentre study, probably because of 
lower than expected adherence to the prescribed training pro-
gramme [6]. It is clear, however, that training programmes result 
in a 15–25% increase in exercise capacity, a concomitant improve-
ment in the New York Heart Association (NYHA) functional 
class, and a reverse left ventricular remodelling with reduction of 
cardiomegaly.

Recently, in the ExDHF study [7], the beneficial effects of train-
ing on symptoms, exercise capacity, and left ventricular diastolic 
function were also confirmed in heart failure with preserved ejec-
tion fraction (HFPEF). Training as a therapeutic concept is also 
being extended to groups of patients who were formerly advised 
not to engage in sporting activities—patients with pulmonary hy-
pertension [8] and valvular and congenital heart disease. Clinical 
research in these areas is just beginning, and although first proof-
of-concept studies have confirmed safety and efficacy it is too early 
to extrapolate the findings to prognostic improvements.

Exercise training has multiple physiological effects on the car-
diovascular system, most notably a reduction in resting heart rate 
as a result of increased parasympathetic tone, improved vascular 
endothelial function with augmented flow-mediated vasodilation 
during exercise, increased vasculogenesis through endothelial 
progenitor cells, and multiple metabolic changes in the myocar-
dium resulting in improved tolerance for ischaemia and reperfu-
sion injury ( Fig. 12.1; for review see [9,10]).

The evolutionary perspective on physical 
activity and inactivity
According to Neel’s hypothesis [11], during the human hunter–
gatherer phase there was genetic selection for endurance perfor-
mance and ‘thrifty genes’ that permit effective storage of energy 
in fuel depots during times when food is abundant. The regular 
alternation of periods of famine and physical activity (i.e. during 
hunting) and periods of rest with replenishment of the fuel stores 
after successful hunts represents the human physiological lifestyle 
( Fig. 12.2) [11,12].

The abundance of food and lack of physical activity in the mod-
ern technical world have shifted this balance between energy in-
take and energy expenditure through physical activity towards a 
continuous stalling process, leading to central obesity, constantly 
low beta-oxidation in skeletal muscles, high insulin levels, and 
insulin resistance—finally leading to the development of meta-
bolic syndrome ( Fig. 12.3). In animal experiments only 4 weeks 
of forced physical inactivity (by housing mice in smaller cages) 
lead to a significant reduction of normal flow-mediated arterial 
vasodilatation [13]. This so-called endothelial dysfunction is re-
garded as the initial step in atherogenesis.

Should we measure physical activity levels or 
physical fitness?
Physical activity and physical fitness are not two sides of the same 
coin: while physical activity indicates the time and energy an 

increasing exercise intolerance over the last 6–8 months. He is 
able to climb just one flight of stairs and has problems carrying 
the shopping bags from the car to his apartment.

After recompensation and reinstitution of the diuretic therapy, 
he is sent to your institution because the cardiologist in the ter-
tiary care hospital heard a talk at the last ESC Congress that exer-
cise training can improve exercise capacity and quality of life in 
heart failure patients.

On examination, you find a slim patient of 70 kg, height 1.78 
m (BMI 22.1 kg/m2). His temperature is 37.6 °C. He explains that 
he lost about 5 kg unintentionally over the last 6 months but says 
that he was never a big man. His blood pressure is 110/86 mm Hg 
and pulse rate 92 beats/minute (irregular). Auscultation of the 
lungs is normal and his respiration rate is 25/minute. He has a 
holosystolic murmur at the apex with propagation into the left 
axilla. The abdomen is normal, non-tender and the liver slightly 
enlarged on palpation. Despite the diuretic therapy he still has 
++ pitting oedema at both ankles extending way up to the knees.

You need to consider the following questions:
◆	 Which diagnostic blood tests would you like to have on admis-

sion to your institution?
◆	 What kind of apparative diagnostic tests do you need/not need 

to assess the patient’s ability to start an exercise programme, to 
determine the initial target heart rate, and to assess the risk of 
adverse events?

◆	 Which medications would you check and possibly increase in 
dose before starting the training programme?

◆	 What kind of exercise programme would you prescribe to in-
crease exercise capacity and improve prognosis?
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individual invests in exercise and is mainly influenced by moti-
vation and perseverance, physical fitness carries an important 
genetic component. If two different people invest the same time 
and energy in the same type of training programme their result-
ing fitness levels will be different. In consequence, it has been de-
bated whether fitness predicts mortality independent of the level 
of physical activity [14].

Indeed, fitness and physical activity have different dose–
response relations with cardiovascular events. In a large meta-
analysis Williams [15] described that: (1) the risk reduction per 
10% increment in physical fitness showed a sharp drop in car-
diovascular event rates between the 15th and 25th percentiles, 
while there was a steady decline over the entire range of physical 
activity levels; and (2) for all percentiles greater than the 25th 
the relative risk reduction is greater for fitness than for physi-
cal activity ( Fig. 12.4). These data indicate that the least fit 
individuals derive the greatest prognostic benefit from training 
interventions.

Modification of
Established Risk Factors Neurohormonal Effects

Exercise Training in
Coronary Artery Disease

Vascular Effects

•  LDL serum levels  ↓

•  HDL serum levels  ↑

•  Triglycerides  ↓

•  Blood viscosity  ↓

•  Blood pressure  ↓

•  Body weight & BMI  ↓

•  Heart rate  ↓

•  Parasympathetic tone  ↑

•  Sympathetic tone & plasma
   catecholamines  ↓

•  Ventricular fibrillation
   threshold  ↑

•  Endothelial function &
   flow-mediated vasodilation  ↑

•  Capillary density  ↑

•  Peripheral vascular
   resistence  ↓

•  Antioxidative protection  ↑

•  Atherosclerotic plaque
   formation/progression  ↓

Fig. 12.1 In patients with cardiovascular disease 
exercise training positively modifies the risk factor 
profile, normalizes the neurohormonal balance, and 
improves vascular function resulting in prevention 
of plaque development/plaque progression. 
LDL, low-density lipoprotein; HDL, high-density 
lipoprotein; BMI, body mass index.

(More thrifty storage = more
likely to survive through next
famine/activity phase until
next feast.)

THRIFTY
STORAGE

(Replenish skeletal muscle
glucose and TG; more efficient
storage of excess glucose and

TG in adipose tissue)

FEAST
(Intake glucose

and fat)

FAMINE & ACTIVITY
(Essentially Simultaneous)

(Decrease glycogen and TG stores)

Contracting skeletal
muscle increases
GLUT4 & AMPK

Successful
Physical
Activity

(Hunt or Gather)

Relative
physical

inactivityFig. 12.2 In Palaeolithic times the life of hunter–
gatherers was characterized by regular cycles of 
famine and physical activity and feasting with 
ample food supply after successful hunting. 
Evolutionary selection favoured ‘thrifty genes’ 
which enhance efficient energy storage to survive 
the next famine/activity phase. TG, total glycogen; 
GLUT4, Glucose transporter type 4; AMPK, AMP-
activated protein kinase.
Reproduced with permission from Chakravarthy MV, 
Booth FW. Eating, exercise, and ‘thrifty’ genotypes: 
connecting the dots toward an evolutionary 
understanding of modern chronic diseases. J Appl Physiol 
Bethesda Md 1985 2004; 96: 3–10.

Unlimited food supply with no exercise
• Skeletal muscle glycogen & TG stores
 are NOT decreased
• Skeletal muscle GLUT4 and AMPK
 levels are NOT increased

Obesity, insulin resistance,
hyperlipidaemia, atherosclerosis

Feast
(Intake glucose and fat)

Physical inactivity

Thrifty Storage
(High storage of excess glucose and

TG in adipose tissue; little goes
to skeletal muscle)

No Cycling of Metabolic
Processes—fuel gets shunted into
an even greater and unhealthy
storage, precipitating the
METABOLIC SYNDROME
• Constantly low skeletal muscle
 β-oxidation enzymes
• Relatively constant high blood
 insulin and insulin resistance

Stall

Fig. 12.3 Today, unlimited food supply and absence of famine/activity 
phases lead to continuous high storage of glucose and triglycerides with the 
known consequences of obesity, insulin resistance, hyperlipidaemia, and finally 
atherosclerosis.
Reproduced with permission from Chakravarthy MV, Booth FW. Eating, exercise, and 
‘thrifty’ genotypes: connecting the dots toward an evolutionary understanding of 
modern chronic diseases. J Appl Physiol Bethesda Md 1985 2004; 96: 3–10.
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The advantage of using physical fitness rather than physical 
activity for assessing the association between individual lifestyle 
and incidence of cardiovascular events lies in the fact that fitness 
can be objectively measured by a maximal exercise test (ideally 
ergospirometry) while physical activity is usually measured by 
recall questionnaires. In questionnaires patients usually overesti-
mate the time devoted to physical activity and the calculation of 
leisure-time-related energy expenditure for different activities is 
very unreliable. Thus fitness probably gives a more objective as-
sessment of a lifestyle with regular exercise.

Prognostic implications of physical activity and 
physical fitness
In the last three decades long-term observational studies have shown 
a significant relationship between above average levels of leisure-
time physical activity and reduced cardiac and all-cause mortality 
[16, 17, 18]. In relative terms mortality was 30–40% lower in mod-
erately active people (leisure-time energy expenditure 1000 kcal/
week) compared with inactive individuals ( Fig. 12.5) [19].

The results of these questionnaire-based physical activity stud-
ies were corroborated by longitudinal studies that objectively 
measured physical fitness at baseline and compared fitness levels 
with mortality rates [14,20]. An increase in exercise capacity of 
just 1 metabolic equivalent (MET; in an average 70-kg man an ex-
ercise intensity of 25 W is equal to 1.6 METs) is associated with a 
mortality reduction of 12% [21]. Although it has traditionally been 
recommended that a minimum energy expenditure of 1000 kcal/
week during leisure-time physical activity should be achieved to 
obtain a prognostic benefit, newer studies suggest that the greatest 
reduction in morbidity and mortality is attained when formerly 
inactive people begin to exercise regularly. Recommendations 
may therefore need to consider individual fitness levels instead of 
globally prescribing activities of ≥3 METs [22].

Basic components of exercise
In principle, exercise activities can be either endurance or re-
sistance training activities. The primary purpose of endurance 

training is to improve a person’s aerobic exercise capacity, which 
permits prolonged submaximal activities typically associated with 
locomotion (e.g. walking, long-distance running, cycling, rowing, 
and swimming). Resistance exercise aims to improve a person’s 
maximal muscular strength and hence his or her ability to perform 
activities where maximal strength is important (e.g. weightlifting, 
boxing, short-distance sprints). The corresponding terminology 
in muscle physiology is isotonic contraction, in which the muscle 
contracts with a constant minor load, and isometric contraction, 
in which the muscle length is kept constant with maximal load.

In recent years resistance exercise has entered the field of car-
diac rehabilitation (CR) and its effectiveness has been much de-
bated. However, the debate is to a certain degree artificial because 
in training interventions there is no strict endurance or resist-
ance training just as there is no pure isotonic or isometric muscle 
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Fig. 12.4 In a recent meta-analysis comparing the 
dose–response relationships between leisure-time 
physical activity and fitness and their association 
with cardiovascular events, Williams [15] found that 
the risk reduction per 10% increment in physical 
fitness showed a sharp drop for fitness between the 
15th and 25th percentiles of fitness while there was 
a steady decline over the entire range of physical 
activity levels. This indicates the potential for a 
‘threshold effect’, i.e. a minimal physical fitness to 
reduce one’s cardiovascular risk. The meta-analysis 
included a total of eight fitness cohorts with over 
300 000 person-years and 30 physical activity 
cohorts with over 2 000 000 person-years of data.
Reproduced from Williams, P, Physical fitness and activity 
as separate heart disease risk factors: a meta-analysis, 
Medicine & Science in Sports & Exercise, 33:5 2001, with 
permission from Wolters Kluwer.
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Fig. 12.5 Relationship between the intensity of leisure-time physical 
activity in hours per week and all-cause mortality in the seminal publications 
by Morris et al. [16], Paffenbarger et al. [17], Leon et al. [173], and Manson 
et al. [174].
Source : data from [173] Leon AS, Connett J, Jacobs DR Jr, Rauramaa R. Leisure-time 
physical activity levels and risk of coronary heart disease and death. The Multiple Risk 
Factor Intervention Trial. JAMA J Am Med Assoc. 1987; 258: 2388–2395. [174] Manson 
JE, Greenland P, LaCroix AZ, Stefanick ML, Mouton CP, Oberman A, Perri MG, Sheps DS, 
Pettinger MB, Siscovick DS. Walking compared with vigorous exercise for the prevention 
of cardiovascular events in women. N Engl J Med. 2002; 347: 716–725.
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contraction. The physiological reality is auxotonic contraction, 
which is contraction occurring against increasing load (e.g. in cy-
cling). Pure endurance and resistance training represent theoreti-
cal concepts which mark the extreme forms of training. In reality 
there is a continuum between both extremes, and the level of exer-
cise intensity/percentage of one repetition maximum (RM) deter-
mines whether a given training intervention has more endurance 
or resistance components.

Whole body exercise testing in 
cardiovascular health and disease
The role of exercise testing
Exercise testing is used extensively in both healthy subjects and 
cardiac patients [1,2] because the measurements obtained during 
exercise describe the functional reserve of the cardiopulmonary 
system.

Protocols adopted for exercise testing distinguish between 
incremental and constant work rate, according whether there 
is progressive increase in work rate or constancy during the 
test, respectively [23,24]. Incremental tests aim at maximally 
stressing the cardiovascular system and are routinely used in 
the clinical setting, whereas constant work-rate tests are usu-
ally performed at submaximal effort intensities and are main-
ly used for research purposes. In step incremental protocols 
the work rate is increased by a uniform amount every 1, 2, or 
3 minutes ( Fig. 12.6). In ramp incremental protocols work 
rate is increased continuously during each minute of exercise 
( Fig. 12.6), allowing better adaptation to the increasing work-
load on the part of the subject/patient and a more linear trend 
over time of physiological parameters compared with non-ramp 
incremental protocols [25,26].

When a thorough evaluation of the efficiency of the O2 trans-
port and/or utilization system is required for clinical or research 
purposes [25,27,28], measurement of ventilation (VE), oxygen 
consumption (VO2), and carbon dioxide production (VCO2) can 

be added to standard exercise testing measurements in cardiopul-
monary exercise testing (CPET).  Table 12.1 defines the abbre-
viations used in cardiopulmonary exercise testing.

Indications for exercise testing
This section discusses the main indications for incremental exer-
cise testing. For a complete summary of exercise test indications 
see  Table 12.2.

Risk stratification
Several parameters obtained by exercise testing are powerful pre-
dictors of all-cause and cardiac death in normal subjects and/
or cardiac patients [21,29–32] ( Box 12.1). It must be noted, 
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Fig. 12.6 Ramp incremental (left panel) and 
2-minute incremental (right panel) protocols for 
cycle ergometry. Broken lines represent protocols 
reaching an equal work rate of 150 W after 10 
minutes of exercise; full lines represent protocols 
reaching an equal work rate of 100 W after 10 
minutes of exercise. The increment is added at 
the start of each 2-minute stage for the 2-minute 
incremental test, whereas the increment is equal 
to 1 W/6 s and 1.5 W/6 s for the 10 W/min and 
15 W/min ramp incremental protocols, respectively.

Table 12.1 Glossary of abbreviations used in cardiopulmonary 
exercise testing

Abbreviation Explanation Unit

VE Ventilation L/min

VO
2

Oxygen uptake L/min

VCO
2

Carbon dioxide output L/min

PO
2

Oxygen partial pressure mmHg

PCO
2

Carbon dioxide partial pressure mmHg

V
T

Tidal volume L

V
D

Dead space volume L

EELV End-expiratory lung volume L

PETO
2

End-tidal oxygen partial pressure 
(i.e. at the end of the expiratory 
phase)

mmHg

PETCO
2

End-tidal carbon dioxide partial 
pressure (frequently used as an 
approximation of arterial PCO

2
)

mmHg

VAT Ventilatory anaerobic threshold ml/min (or ml/kg min 
if adjusted for body 
weight)

Peak VO
2

Maximal oxygen uptake as a 
measure of individual maximal 
exercise capacity

ml/min (or ml/kg min 
if adjusted for body 
weight)
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however, that parameters provided by CPET (i.e. peak VO2 and 
the VE/VCO2 slope) are superior predictors of prognosis to those 
reported in  Box 12.1, not only in patients with CHF but also in 
several other groups of cardiac and non-cardiac patients. [28,32]

Determination of capacity for physical exercise
By definition, exercise testing is the gold standard method for as-
sessing the capacity for physical exercise [27]. Exercise capacity 
can be described by using physiological and/or performance pa-
rameters, as indicated in  Box 12.2.

Determination of target exercise levels
Exercise testing can be used to determine target exercise levels 
for prescription of exercise training in both cardiac patients and 
healthy subjects [33]. To this end, both a direct and an indirect ap-
proach can be used according to whether or not data from CPET 
are available.

Detection of myocardial ischaemia
Exercise testing has traditionally been used as a screening tool 
for myocardial ischaemia. The possible electrocardiogram (ECG) 
changes with exercise-induced myocardial ischaemia are illustrat-
ed in  Fig. 12.7, the most common of which is a downsloping ST 
segment. This ECG change is considered diagnostic when reach-
ing at least 1 mm with respect to baseline at 80 ms from the J-point 
of the QRS complex [23].

Detection of exercise-induced arrhythmia
Exercise testing can be used to detect exercise-induced tachy- or 
bradyarrhythmias which may put subjects/patients at risk of car-
diac events when performing exercise and/or in the long term 
[34,35].

Physiology of exercise testing
Cardiovascular response to incremental exercise
In the early phases of incremental exercise, up to around 50% 
of maximal effort, cardiac output rises thanks to an increase 
in both heart rate and stroke volume, whereas at higher work 
intensities the increase in cardiac output depends largely on 
increases in heart rate [25] ( Table 12.3). Systolic and mean 
blood pressures increase in parallel during incremental exer-
cise, while diastolic blood pressure remains unchanged or de-
creases ( Table 12.3). In addition, when a large skeletal muscle 
mass is involved in exercise, a significant decrease in systemic 
vascular resistance is observed at both submaximal and maxi-
mal effort ( Table 12.3).

Table 12.2 Indications for the use of exercise testing in cardiovascular 
medicine

◆ CAD diagnosis in subjects with no history of ischaemic heart disease, 
especially in adults with intermediate pre-test CAD probability and 
interpretable ECG

◆ New-onset CAD diagnosis in patients with history of ischaemic 
heart disease, previous revascularization procedures, and 
interpretable ECG

◆ Differentiation of cardiac versus pulmonary causes of exercise-induced 
dyspnoea and/or impaired exercise capacity

◆ Prognostic stratification of patients with:
 suspected or known CAD
 recent acute myocardial infarction
 chronic heart failure

◆ Functional evaluation of patients with:
 suspected or known CAD
 recent acute myocardial infarction
 previous revascularization procedures
 valvular heart disease
 chronic heart failure
 previous heart transplantation

◆ Exercise prescription for patients with:
 suspected or known CAD
 recent acute myocardial infarction
 previous revascularization procedures
 valvular heart disease
 chronic heart failure
 previous heart transplantation

◆ Evaluation of therapy efficacy in patients with:
 suspected or known CAD
 recent acute myocardial infarction
 previous revascularization procedures
 exercise-induced arrhythmias
 chronic heart failure

◆ Evaluation of heart rhythm response/disorders in patients with:
 rate-responsive pacemakers
 known or suspected exercise-induced arrhythmias

◆ Evaluation of normal subjects:
 functional evaluation
 prognostic stratification
 exercise prescription

CAD, coronary artery disease
Source: data from The ESC Textbook of Cardiovascular Medicine 2nd Edition edited by 
Camm, Luscher, and Serruys (2009) Tab.25.1 by permission of Oxford University Press.

Box 12.1 Prognostic descriptors obtainable from exercise testing

◆	 Exercise capacity, expressed as estimated metabolic equivalents 
(METs)

◆	 ST segment depression
◆	 Chronotropic response
◆	 Blood pressure response
◆	 Heart rate recovery
◆	 Right bundle branch block and multiple morphology exercise-

induced ventricular arrhythmias
◆	 Exercise test-derived multiparametric scores (Duke treadmill 

score, Athens score, etc.)

Box 12.2 Descriptors of exercise capacity

Physiological parameters:
◆	 peak VO2

◆	 peak estimated METs (treadmill)
Performance parameters:
◆	 peak work rate (cycle ergometer)
◆	 exercise time
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Metabolic response of skeletal muscle to incremental 
exercise
During incremental exercise an energy requirement is reached, 
termed the ‘lactate threshold’, above which blood lactate con-
centration begins to increase at a progressively steeper rate 
[25,27,33]. This is due to the activation of anaerobic glycolysis, 
which occurs because the rate of supply of oxygen is not rapid 
enough to reoxidize cytosolic NADH + H+. Almost all of the H+ 
generated in the cell by the dissociation of lactic acid is buffered 
by intracellular bicarbonate. Such buffering generates CO2 in 
excess of that produced by aerobic metabolism (excess CO2), 
causing the VCO2 versus VO2 relationship, as evaluated at the 
mouth by CPET, to become steeper [25,27,33]. The ‘first ventila-
tory threshold’ can thus be determined as the point of transi-
tion of the VCO2 versus VO2 slope from less than 1 to greater 
than 1 ( Fig. 12.8) [25,27,33]. The first ventilatory threshold  
occurs at around 50–60% of peak VO2 in most normal subjects 

and cardiac patients, with a trend towards higher percentages of 
peak VO2 in patients with CHF [27,33].

Ventilatory response to incremental exercise
The ventilatory response during incremental exercise increases at 
the rate required to remove the CO2 produced by energetic me-
tabolism [25,27,33]. The excess CO2 produced by intracellular lac-
tate buffering (see section ‘Metabolic response of skeletal muscle 
to incremental exercise’) increases ventilatory drive, keeping the 
VE versus VCO2 relationship linear and the value of the end-tidal 
CO2 pressure (PETCO2) constant. In the final phase of incremen-
tal exercise, a ‘second ventilatory threshold’ is identifiable when 
hyperventilation occurs with respect to CO2 as respiratory com-
pensation for exercise-induced metabolic acidosis ( Fig. 12.9), 
causing VE/VCO2 to increase and PETCO2 to decrease [25,27,33].

Maximal effort attainment criteria
Achievement of maximal or near-maximal effort during incre-
mental exercise testing can be assumed in the presence of one or 
more of the criteria reported in  Box 12.3 [36].
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horizontal
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Fig. 12.7 A downsloping of the ST segment is 
the most common ECG sign of exercise-induced 
myocardial ischaemia, and is considered diagnostic 
when reaching at least 1 mm with respect to 
baseline at 80 ms from the J-point of the QRS 
complex in peripheral leads (I, II, III, aVF, aVL) (a). 
ST-elevations > = 0.1 mV also indicate significant 
myocardial ischemia (b).

Table 12.3 Physiological response to incremental exercise

Rest Peak exercise*

HR (beats/min) 70 180 (2.6)

SV (ml) 80 140 (1.7)

CO (L/min) 5.6 25 (4.5)

SBP (mmHg) 120 180 (1.5)

DBP (mmHg) 80 80 (1)

MAP (mmHg) 93 113 (1.2)

TPR (mmHg/L/min) 16.6 4.5 (0.27)

Δa-vO
2
 (ml/dl) 5 16 (3.2)

VO
2
 (ml/min) 280 4000 (14.3)

V
T
 (ml) 500 1800 (3.6)

BF (breaths/min) 12 40 (3.3)

VE (L/min) 6 72 (12)

*The figures in brackets are the fold increases versus rest values.
HR, heart rate; SV, stroke volume; CO, cardiac output; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; MAP, mean arterial pressure; TPR, total peripheral 
resistance; Δa-vO

2
, arterio-mixed venous oxygen concentration difference; VO

2
, oxygen 

consumption; V
T
, tidal volume; BF, breathing frequency; VE, ventilation.
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Safety aspects of exercise testing
Contraindications to exercise testing
Absolute and relative contraindications to exercise testing are list-
ed in  Box 12.4. It is essential to implement these criteria in clini-
cal practice because their neglect may have legal consequences in 
case of an adverse event.

Statistical risk of adverse events during incremental 
exercise testing
Despite its undisputed clinical value, incremental exercise testing 
confers a certain risk of adverse events. In an unselected patient 
population referred for exercise testing, mortality and morbid-
ity are reported to be below 0.01% and 0.05%, respectively [21]. 
When performed in patients within 4 weeks of an acute MI, mor-
tality rises to 0.03% and the rate of non-fatal MI or the need for 
cardiac resuscitation reaches 0.09% [37]. No additional risk of in-
cremental exercise testing has been reported in patients with sta-
ble compensated CHF [38]. Intuitively, the risk of complications 
can be minimized by strictly adhering to established standards 
with regard to the conduction of exercise testing provided in the 
available guidelines [39].

Formal requirements for exercise testing facilities
Even if rare, the possible occurrence of adverse events during exer-
cise tests makes the presence of instrumentation for cardiopulmo-
nary resuscitation mandatory in all exercise testing laboratories. 
Emergency drugs, defibrillators, and endotracheal intubation 
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Fig. 12.9 Left panel: Ventilation as a function of VCO
2
 during ramp incremental exercise. In the final phase of exercise, hyperventilation occurs after the second 

ventilatory threshold (2nd VT) to compensate for exercise-induced acidosis, making the ventilation (VE)/VCO
2
 slope increase. Given the linearity of the VE/VCO

2
 

relationship below the 2nd VT, the VE/VCO
2
 slope can be assessed even in case of non-maximal effort. Right panel: VO

2
 as a function of the logarithm of ventilation 

during ramp incremental exercise. The slope of the relationship is the oxygen uptake efficiency slope. The logarithmic transformation of ventilation is aimed at 
linearizing the otherwise curvilinear relation of VO

2
 versus VE, so making the oxygen uptake efficiency slope theoretically independent of the patient-achieved 

effort level.

Box 12.4 Contraindications to exercise testing

Absolute:
◆	 ongoing or recent acute myocardial infarction
◆	 decompensated heart failure
◆	 unstable angina
◆	 acute myocarditis, pericarditis, or endocarditis
◆	 complex atrial or ventricular arrhythmias
◆	 severe aortic stenosis
◆	 severe systemic or pulmonary hypertension
◆	 severely dilated aortic aneurysm
◆	 acute extracardiac disease

◆	 severe anaemia
◆	 severe orthopaedic limitations
Relative:
◆	 moderate aortic stenosis
◆	 severe proximal stenosis of left coronary branches
◆	 severe subaortic hypertrophic stenosis
◆	 advanced atrioventricular block
◆	 electrolytic disorders
◆	 cognitive and/or psychiatric disorders

Box 12.3 Criteria for maximal effort attainment

◆	 Failure of VO2 and/or heart rate to increase with further in-
creases in work rate

◆	 Peak respiratory exchange ratio (VCO2/VO2) ≥ 1.10–1.15
◆	 Post-exercise blood lactate concentration ≥ 8 mmol/L
◆	 Rating of perceived exertion ≥ 8 (on the 10-point Borg scale)
◆	 Subject/patient appears exhausted
Source: data from Howley ET, Bassett DR Jr, Welch HG. Criteria for maxi-
mal oxygen uptake: review and commentary. Med Sci Sports Exerc 1995; 27: 
1292–1301.
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equipment must be available, and regular checks regarding the 
expiry date of drugs and the functioning of instrumentation must 
be carried out. Exercise tests must be supervised by a physician 
or by non-physician assistant personnel with a physician present 
within calling distance. In addition, periodical drills on cardio-
pulmonary resuscitation procedures should be performed by all 
personnel. It must be ensured that additional assistance can read-
ily be summoned from inside and/or outside the facility by the 
presence of easy-to-reach telephones and/or alarms in the exercise 
testing laboratory.

Criteria for interrupting exercise testing
The criteria for interrupting exercise tests that are commonly 
adopted in the clinical setting are reported in  Box 12.5.

Methodological aspects of exercise testing in 
particular disease and patient groups
Exercise testing in coronary artery disease
Exercise testing with step incremental protocols is extensively used 
for the diagnosis of obstructive CAD: this applies to diagnosis of 

both previously unknown CAD and progression of CAD in native 
coronary vessels or coronary bypass grafts in patients with previ-
ous coronary events and/or revascularization procedures. Howev-
er, several causes of both false positive and false negative exercise 
tests have been described (see  Box 12.6).

In addition, the predictive accuracy of the exercise test is known 
to increase with increasing pre-test probability of CAD in the pa-
tient under examination. As a consequence, sensitivity and speci-
ficity values ranging between 50 and 90% and predictive accuracy 
values ranging from 65 to 75% can occur when performing exer-
cise testing in different patient populations [23].

Exercise testing in chronic heart failure
Ramp incremental CPET is increasingly used in patients with 
CHF as it provides not only a precise and repeatable evaluation of 
functional capacity but also powerful exercise-derived prognos-
tic indicators currently used in heart transplantation work-up. In 
this regard, peak VO2 values ≤ 10 ml/kg/min are used as a deci-
sional cut-off for indication to heart transplantation in CHF pa-
tients both on and off beta-blockers [40]. In patients with a peak 

Box 12.5 Criteria for interrupting the exercise testing

◆	 Muscle fatigue
◆	 Severe dyspnoea, especially when disproportionate to effort 

intensity
◆	 Moderate to severe angina pectoris
◆	 Horizontal/descending ST segment downsloping > 3 mm with 

respect to baseline
◆	 ST segment upsloping > 1 mm with respect to baseline in leads 

different from V1 and aVR, in the absence of Q waves
◆	 Exercise-induced complex arrhythmias (2nd and 3rd degree 

atrioventricular block, atrial fibrillation, paroxysmal supraven-
tricular tachycardia, ventricular tachycardia)

◆	 Exercise-induced complete bundle branch block, especially 
when indistinguishable from ventricular tachycardia

◆	 Systolic and/or diastolic blood pressure > 240 and > 120 mmHg, 
respectively

◆	 Systolic blood pressure fall > 10 mmHg with respect to baseline, 
especially when associated with other signs/symptoms of myo-
cardial ischaemia

◆	 Increasing atypical chest pain
◆	 Signs of peripheral hypoperfusion (pallor, cyanosis, cool sweat-

ing, etc.)
◆	 Neurological signs/symptoms (ataxia, vertigo, lightheadness, 

phosphenes, etc.)
◆	 Lower limb(s) claudication
◆	 Orthopaedic limitation
◆	 Technical impossibility of ECG monitoring
◆	 Patient request

Box 12.6 Causes of false positive and false negative exercise tests

False positive:
◆	 left ventricular hypertrophy
◆	 resting repolarization abnormalities (left bundle branch block, 

Wolff–Parkinson–White pre-excitation, etc.)
◆	 non-ischaemic cardiomyopathy
◆	 digoxin
◆	 systemic hypertension
◆	 mitral valve prolapse
◆	 pericardial disease
◆	 hypokalaemia

◆	 anaemia
◆	 female gender
◆	 interpretative error
False negative:
◆	 lack of ischaemic threshold attainment
◆	 lack of appreciation of symptoms or non-ECG signs possibly as-

sociated with CAD
◆	 significant obstructive CAD well compensated by collateral 

circulation
◆	 interpretative error
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VO2 >10 ml/kg/min, ventilation-related indices, such as slopes of 
VE versus VCO2 and VO2 versus VE ( Fig. 12.9), seem to be the 
most powerful prognostic predictors, with the advantage of also 
being assessable at submaximal levels of effort if the exercise test 
is prematurely interrupted [28]. Finally, CPET is a valuable tool in 
the rehabilitative setting for prescription of the intensity of aerobic 
training and evaluation of its effects [33].

Exercise testing in peripheral artery occlusive disease
Exercise testing can be used in patients with known lower limb 
peripheral artery disease (PAD) and claudication to objectively 
document the magnitude of functional limitation and its improve-
ment in response to therapeutic interventions and exercise train-
ing. Exercise testing should be performed on treadmill, walking 
at 3.2 km/h with a 10% slope or introducing a steady increase in 
elevation of the treadmill every 3 min while keeping the speed 
constant [40]. In patients with suspected lower extremity PAD, 
exercise-induced vasodilation in the claudicating limb(s) is associ-
ated with the development of a significant blood pressure gradient 
across the arterial stenosis, and the post-exercise ankle–brachial 
index, i.e. the ratio of the systolic blood pressure from the dorsalis 
pedis and/or the posterior tibial arteries and that from the brachial 
artery, will fall by more than 20% from its baseline value [40].

Exercise testing in the elderly
Exercise testing has been demonstrated to be usable for func-
tional evaluation, prognostic stratification, and exercise prescrip-
tion in elderly subjects and patients [8,22,23]. In this population, 
exercise protocols will have to be carefully matched to exercise 
capacity, using less aggressive ramp incremental protocols (i.e. 
5–10 W/min) with low starting workloads in most functionally 
compromised individuals [22]. A cycle ergometer may be prefer-
able to a treadmill in elderly subjects/patients due to possible poor 
balance, impaired neuromuscular coordination, and impaired vi-
sion and/or gait pattern.

Exercise testing in patients with orthopaedic 
comorbidities
The exercise capacity of patients with orthopaedic comorbidities 
(e.g. osteoarthritis and osteoporosis) may be limited by joint pain, 

which may lead to interruption of the exercise test (see  Box 12.5) 
and prevent maximal effort being attained [41,42]. The choice of 
the exercise modality to minimize such a risk (e.g. treadmill versus 
cycle ergometer) is thus very important in this population. When 
maximal effort is not attained and CPET is not available, lactate 
measurements may be useful to detect if the lactate threshold has 
been reached and provide a reference for prescription of exercise 
training [42].

Exercise testing in patients with cognitive or psychiatric 
comorbidities
Patients with cognitive (e.g. Alzheimer’s) or psychiatric (e.g. de-
pression, schizophrenia, personality disorders) diseases often have 
a low fitness level and may not be accustomed to the instrumenta-
tion and procedures involved in exercise testing [42,43]. However, 
the presence of a cognitive or psychiatric disease is not an absolute 
formal contraindication to exercise testing (see  Box 12.4). In 
these patient groups cycle ergometry may be preferable to tread-
mills due to drug- and/or disease-induced gait disturbance. Note 
that the face mask or mouthpiece needed for CPET may not be 
tolerated, and may even induce panic attacks in patients with 
panic disorders [43]. The need for these patients to undergo CPET 
should thus be carefully evaluated on an individual basis.

Local muscle strength testing in 
cardiovascular health and disease
The role of strength testing
Strength testing (i.e. measuring the maximal contractile force of a 
muscle) has received increasing clinical attention in recent years, 
for several reasons:

1. Muscle strength is an independent predictor of mortality in 
healthy men [44–46] and women [47]. Low handgrip strength 
is a better predictor of cardiovascular mortality than body mass 
index ( Fig. 12.10) [48].

2. In patients aged 80 or more handgrip strength predicts all-cause 
mortality, and the older patients are the larger the mortality 
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Fig. 12.10 Kaplan–Meier survival 
curves for all-cause mortality 
according to tertiles of handgrip 
strength in men and women. 
Reproduced from Gale CR, Martyn CN, 
Cooper C, Sayer AA. Grip strength, body 
composition, and mortality. Int J Epidemiol. 
2007; 36: 228–235, by permission of Oxford 
University Press.
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differences between patients in the highest versus the lowest 
tertile of handgrip strength [49]. Low handgrip strength is part 
of the definition of operational frailty (see [50]).

3. In patients with heart failure, muscle wasting has been iden-
tified as a key component of the disease process [51–54]. 
Cachectic patients have a significantly reduced quadriceps 
muscle strength [55] and it has therefore been hypothesized 
that resistance training may be particularly beneficial in halting 
the wasting process in patients with heart failure [56].

In practical terms strength testing occurs in three settings: (1) 
measurement of muscle strength as part of a test battery to as-
sess individual fitness and estimate prognosis, (2) measurement 
of muscle strength to determine the optimal dosing of resistance 
training programmes, and (3) measurement of respiratory muscle 
strength (especially in patients with heart failure) for prognostic 
or therapeutic reasons.

Measurement of muscle strength to assess 
individual fitness
Strength tests as part of a battery of fitness tests should be sim-
ple, fast, reliable, and reproducible without the need for expensive 
equipment. The majority of epidemiological studies assessing the 
relation between muscle strength and mortality use the maximal 
handgrip strength test.

The classical device for measurement of maximal handgrip 
force is the Jamar dynamometer ( Fig. 12.11), for which the 
intra- and inter-test reliability is ≥0.97 and reference values are 

available for different age groups [57]. This dynamometer has an 
adjustable top-workbench to fit different hand sizes and is a hy-
draulic isometric hand dynamometer with readings in kilograms 
(kg) with 2-kg gradations.

The handgrip test is performed in: (1) a standing position with 
straight back; (2) the shoulder adducted and in neutral rotation; 
(3) the elbow flexed 90°; (4) the lower arm in neutral position; and 
(5) the wrist in neutral position [58–60]. Patients are instructed to 
‘squeeze the handle as hard as possible’. The peak value is registered 
after a maximal squeeze for about 5 seconds. If the test needs to be 
repeated because of an error, for example rotation of the wrist, the 
test should be repeated after a 5-minute rest. According to Peolsson 
et al. [57] women should normally use grip breadth 2 and men grip 
breadth 3 (the smallest possible grip breadth is 1, and the largest is 5).

Advantages of handgrip measurement are the use of a small, 
inexpensive, and portable measuring device, excellent intra- and 
inter-test reproducibility, the availability of age-related normal 
values, and good relative predictive value for mortality. The dis-
advantages include that individuals with manual occupations may 
have better hand strength than expected, that handgrip strength 
is not useful for follow-up in rehabilitation programmes that are 
highly focused on lower-limb aerobic exercise, and that ortho-
paedic problems may invalidate the measurements in individuals 
with rheumatoid disease or arthritis.

Measurement of muscle strength to optimize 
strength training
In strength/resistance training it is essential to measure the ‘one 
repetition maximum’ (1RM) as the upper limit in order to deter-
mine the desired load for the training programme. The 1RM needs 
to be measured for each of the planned training sessions (i.e. leg 
press, curl) individually—usually on the training device itself.

Classically, the 1RM is defined as the maximum amount of 
weight one can lift in a single repetition for a given exercise. It is 
usually determined by stepwise increase of weight until the indi-
vidual can no longer perform the exercise adequately. However, 
actually testing the maximal load carries a certain risk of injury 
due to overload of the musculoskeletal system. Therefore, a num-
ber of formulae have been developed to extrapolate the 1RM from 
multiple repetitions with submaximal loads (e.g. Epley, Brzycki, 
Lander, Lombardi, Mayhew, O’Connor, Wathan).

In the clinical context the 1RM is measured after a warm-up 
with ten repetitions of a light weight followed by a resting period 
and five repetitions with a medium weight. The testing includes 
single attempts at progressively heavier weights until the 1RM is 
identified. A successful attempt is defined by lifting the weight by 
90% or more of the patient’s unloaded range of motion [61]. A 
minimum of 2 minutes rest should be observed between the tests 
because that is the time needed for replenishment phosphocrea-
tine [62]. Elderly patients need more testing sessions than young 
healthy subjects to obtain stable measurements of 1RM (eight or 
nine rather than three or four).

The 1RM should not be used to assess the effect of strength train-
ing on muscle strength. To objectively measure muscle isometric 

Fig. 12.11 The Jamar dynamometer is the classical tool for measuring 
handgrip force. This dynamometer has an adjustable top-workbench to fit 
different hand sizes and is a hydraulic isometric hand dynamometer with 
readings in kilograms (kg) with 2 kg gradation.
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strength, dynamometers that measure muscle contractile force 
(usually in newtons, N) for different limbs should be used. These 
dynamometers ensure that strength measurements are made at 
reproducible positions and angles of the joints and allow continu-
ous measurement of changes, while measurements of the 1RM are 
always discrete (at 0.5 or 1.0 kg intervals).

In cardiovascular patients the general recommendation for the 
initiation of a resistance training programme is to start rehabili-
tation with aerobic endurance training for about 2 weeks, then 
use a three-step approach to start a muscle build-up exercise pro-
gramme (for details see [63]):
◆	 Step I, pre-training: <30% 1RM, five to ten repetitions, two or 

three sessions/week, one to three circuits per session.
◆	 Step II, resistance–endurance training: 30-50% 1RM, two or 

three sessions/week, one circuit per session.
◆	 Step III, muscle build-up training: 40–60% 1RM, two or three 

sessions/week, one circuit per session.

Measurement of respiratory muscle strength
In the early 1990s observational studies reported a marked re-
duction of respiratory muscle strength in CHF [64,65]. In long-
term follow-up studies peak inspiratory muscle strength (Pimax) 
emerged as an independent predictor of survival in patients with 
heart failure [66]. It is therefore hoped that respiratory training 
programmes that aim to improve Pimax will ultimately improve pa-
tient prognosis.

For the measurement of Pimax patients wear a flanged mouth-
piece and first undergo a normal ventilator function test. The pur-
pose of this test is to determine functional residual capacity and 
total lung capacity. In deep inspiration from functional residual 
capacity against a shutter with a minor air leak to prevent undesir-
able glottis closure Pimax is measured in triplicate [66]. A minimum 
period of 2 minutes should be observed between two consecutive 
measurements.

Maximal expiratory pressure (Pemax) can be measured at total 
lung capacity during maximal expiratory effort. Again, measure-
ments should be done in triplicate [66].

Respiratory muscle training is usually done with the help of a 
device to permit an individually adapted resistive breathing exer-
cise (e.g. the Threshold inspiratory muscle trainer). The Threshold 
trainer is set at approximately 30% of Pimax and patients exercise 
under supervision for 20 min three times a week ( Fig. 12.12) [67].

Physical exercise in primary 
prevention
Physical activity: health effects beyond the 
cardiovascular system
Guidelines suggest that physical activity and aerobic exercise 
training are very important non-pharmacological tools for pri-
mary and secondary cardiovascular prevention (class I, level A 
recommendation) [68].

In healthy subjects, growing levels of both physical activity and 
cardiorespiratory fitness are associated with a significant reduc-
tion (around 20–30%) in the risk of all-cause and cardiovascu-
lar mortality, in a dose–response fashion. The evidence suggests 
that the risk of dying during a given period continues to decline 
with increasing levels of physical activity and cardiorespiratory 
fitness [69].

Although much of the evidence to date is cross-sectional and 
the evidence base is still being developed, we have sufficient in-
formation to warrant public health actions that support physical 
activity.

The epidemic of physical inactivity: evidence and causes
The levels of physical activity in the general population have been 
decreasing, with more than 60% of the world’s population not 
being active enough [70]. Technology and economic incentives 
tend to discourage activity: technology by reducing the energy 
needed for activities of daily living and economics by better wages 
for sedentary than active work. Moreover in a number of areas 
our daily living environments are simply less conducive to physi-
cal activity [71]:
◆	 transport: for example, increased use of cars and perceived or 

real danger of walking or cycling
◆	 urban planning: for example, lack of public parks and athletic 

fields, work places and shopping centres becoming more dis-
tant from homes

◆	 technical advances: for example, elevators and escalators rather 
than stairs

◆	 occupational changes: for example, increasing service sector 
instead of manual work seen in agricultural/industrial settings

◆	 institutionalization of childhood: for example, longer school 
hours with increasing academic demands and changing leisure-
time activities (e.g. computer-related activities).

Fig. 12.12 The Threshold inspiratory muscle trainer (IMT) incorporates a 
flow-independent one-way valve to ensure consistent resistance and features 
an adjustable pressure threshold setting in cmH

2
O. When the patient breathes 

through the Threshold IMT, a spring-loaded valve provides a resistance that 
exercises respiratory muscles through conditioning.
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With this in mind, three strategies for the prevention of cardio-
vascular diseases (CVD) by promotion of PA can be distinguished: 
population (primary), high-risk (primary), and secondary pre-
vention. The population strategy in particular is critical—this in-
volves environmental and lifestyle changes that affect the whole 
population without necessarily requiring medical examination.

The challenge of building environments which are 
activity-friendly
The built environment has been defined as ‘the neighbourhoods, 
roads, buildings, food sources and recreational facilities in which 
people live, work, are educated, eat and play’ [72] and it impacts 
on physical activity, particularly walking. Adults are more likely 
to walk for transport in compact, pedestrian-friendly neighbour-
hoods characterized by connected street networks with access to 
mixed-use areas, the presence of places to walk to (such as public 
transport hubs, delicatessens, and newsagents), and in neighbour-
hoods with higher population densities. Greater attention needs 
to be given to designing attractive and convivial neighbourhoods 
and facilities. Neighbourhood design is also a powerful determi-
nant of physical activity in young people.

Lifestyle approaches for increasing physical 
activity in the general population
There are two main target areas for population interventions to 
increase physical activity in the population [73]:
◆	 children and adolescents, at school and during leisure time
◆	 adults, at work and during leisure time.

Children and adolescents
School interventions
Schools should be a prime target for interventions to increase 
physical activity, for a number of reasons [74]:
◆	 school-based physical education increases physical activity to 

the recommended levels
◆	 test results in core academic subjects are not reduced by in-

creasing the time spent on physical education
◆	 increasing physical education increases children’s health
◆	 superior cognitive functioning, including better concentration 

in class, has been described in children and adolescents with 
higher levels of physical activity.

Schools should therefore be mandated to provide recommend-
ed amounts of physical activity every day. Schools and parents 
should also be encouraged to promote walking or cycling as the 
main mode of transport when travelling to school. A variety of 
organized or unorganized physical activities need to be promoted 
throughout the school day.

Leisure-time interventions
Non-school-based variables that have been associated with lower 
levels of physical activity are as follows: low levels of physical activ-
ity by a child’s father, less time spent outdoors, less social support, 
lower educational level of a child’s mother, lower family income, 

and higher rates of crime. Consideration of such factors may sug-
gest promising opportunities for effective interventions. Indeed, 
multifactorial interventions are the best way to increase physical 
activity in adolescents. Screen-based methods may also be looked 
on as an opportunity for promoting physical activity. Recent re-
views have demonstrated that interventions on physical activity 
delivered via the internet appear to achieve a similar response to 
more established interventions. There is also a suggestion from 
the literature that exergaming may provide increased levels of 
moderate-intensity PA—although not as much as doing the actual 
activity [75].

Adults
Interventions to increase PA need to be targeted at the work envi-
ronment and leisure-time activities.

Interventions for increasing physical activity at work
A recent meta-analysis of studies of interventions regarding physi-
cal activity in the workplace showed significant increases in the 
following: general physical activity, fitness, lipids, and anthropo-
metric measures, with positive benefits for work attendance and 
job-related stress. Evidence-based guidance on promoting physi-
cal activity in the workplace is widely available [76].

Exercise and corporate wellness
Many corporations have included exercise facilities and/or pro-
grammes as a part of their worksite health promotion, fitness, 
wellness, and CR programmes. The Johnson and Johnson ‘Live 
for Life’ programme [77] compared the effectiveness of selected 
cardiovascular/lifestyle risk reduction interventions through 
a randomized controlled study. It showed significant improve-
ments in weight reduction, exercise tolerance, and blood pressure 
control within the treatment population with healthcare savings 
of $225 per employee. Burton et al. [78] examined the effect of 
participation in a worksite fitness programme on productivity. 
Non-participants in the study were twice as likely as participants 
to report health-related work limitations in the areas of time man-
agement and physical work. They also recorded more days absent 
from work when compared with their more active counterparts. 
This trial promoted 15–45 minutes of exercise every other day.

Active commuting to work
Walking has been shown to be protective of incident CVD, with 
those engaging in high levels of walking having a 31% reduced risk 
of developing CVD compared with those in the lowest walking 
category [79]. The benefits of walking or cycling to work have been 
also demonstrated [80].

Leisure-time physical activity
Levels of leisure-time physical activity seem to be increasing for 
adults while work-related activity is decreasing, and these reduc-
tions actually outweigh the increases seen for leisure-time activity 
[81]. A meta-analysis of 26 studies showed that, compared with 
those reporting low levels of physical activity (or none), those 
who reported high levels of activity were 27% less likely to de-
velop CHD, and those who reported moderate levels were 12% 
less likely to develop CHD.
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There is evidence that interventions delivered without face-to-
face contact do provide increases in physical activity, at least in the 
short term [82], and effective results may be achieved relatively 
inexpensively. Point-of-decision prompts (e.g. signs encouraging 
the use of stairs instead of lifts/elevators) are also effective for in-
creasing physical activity. A median increase of 54% in the use 
of stairs with the use of such prompts has been demonstrated. 
Enhancing access to locations for activity (e.g. providing walking 
routes and access to exercise facilities) was reported to be espe-
cially effective: the frequency of activity increased by 48%, energy 
expenditure by 8%, and aerobic capacity by 5%. Furthermore 
cost–benefit analysis has shown that active transport, comprehen-
sive worksite approaches, individually adapted behaviour change, 
and the creation of places for physical activity along with informa-
tion services are all cost-effective interventions [83].

Recommendations for physical exercise in 
primary prevention
Aerobic dynamic exercise: intensity and volume
The European Prevention Guidelines recommend that healthy peo-
ple in all age groups should choose enjoyable physical activities which 
fit into their daily routine [68]. Moderate-intensity activities such as 
walking and cycling have a considerable impact on cardiovascular 
events and therefore undertaking such activities for a few hours per 
week should be recommended to all adults. The additional benefit 
of intensive aerobic activity can be deduced from the dose–response 
curve for physical activity, and the addition of 2 hours a week of 
high-intensity activities can be recommended ( Table 12.4).

The effect of exercise on cardiovascular risk reduction already 
appears at low or moderate intensities. The amount of moderate-
intensity physical activity or aerobic exercise training that can pro-
vide a reduction in all-cause and cardiovascular mortality ranges 
from 2.5 to 5 hours a week—the longer the duration of physical 
activity/aerobic exercise training performed over the week the 
greater the observed benefits ( Box 12.7). Similar results can be obtained by performing 1 to 1.5 hours 

a week of vigorous-intensity physical activity/aerobic exercise 
training or an equivalent combination of moderate-intensity and 
vigorous-intensity training. Moreover, the available evidence sug-
gests that the total weekly amount of activity/aerobic training can 
be obtained by summing multiple daily bouts of exercise, each 
lasting for 10 minutes or longer, and that such activity/training 
should be distributed over most days of the week. Examples of 
suitable activities include not only sport-related activities such as 
hiking, running or jogging, skating, cycling, rowing, swimming, 
cross-country skiing, and aerobic classes, but also common daily 
activities such as climbing stairs at a speed of 20 steps in 20 sec-
onds, walking briskly, doing housework and gardening, and en-
gaging in active recreational pursuits.

Strength and resistance exercise
These activities should be backed up by exercises to maintain mus-
cle strength and improve joint function: they include daily gym-
nastic exercises with bodyweight and/or light weights, involving 
the major joints and major muscle groups of the limbs and trunk. 
Stretching exercises, used in the warm-up and cool-down phases, 

Table 12.4 Definitions of exercise intensity

Intensity Peak VO2 or 
HRR

Borg scale METs in 
young

METs in old

Moderate 40–59% 5–6 4.8–7.1 3.2–4.7

e.g. brisk walk with a noticeable acceleration of heart rate

Vigorous 60–85% 7–8 7.2–10.1 4.8–6.7

e.g. jogging, causes rapid breathing and a substantial increase in heart rate

HRR, heart rate reserve; MET, metabolic equivalent, equal to the consumption of 3.5 
ml of O

2
 per kg of body weight, per minute; Peak VO

2
, peak oxygen consumption by 

cardiopulmonary exercise testing (the ideal physiological marker of intensity): practical 
surrogate intensity markers are presented here.
Source: data from the European Association of Cardiovascular Prevention and 
Rehabilitation Committee for Science Guidelines, EACPR, Corrà U, Piepoli MF, Carré F, 
Heuschmann P, Hoffmann U, Verschuren M, Halcox J, Document Reviewers, Giannuzzi P, 
Saner H, Wood D, Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B, Dendale P, Gaita 
D, McGee H, Mendes M, Niebauer J, Zwisler A-DO, Schmid J-P. Secondary prevention 
through cardiac rehabilitation: physical activity counselling and exercise training: key 
components of the position paper from the Cardiac Rehabilitation Section of the 
European Association of Cardiovascular Prevention and Rehabilitation. Eur Heart J 2010; 
31: 1967–1974.

Box 12.7 General recommendations for physical activity at the 
population level

1. To perform enjoyable physical activities (PA) which fit into 
daily routine on most days of the week, and consist of the 
following:
◆	 Aerobic training:

●	 moderate-intensity aerobic PA for a minimum of 30 min-
utes on 5 days a week

 or
●	 vigorous-intensity aerobic PA for a minimum of 20 min-

utes on 3 days a week
or

●	 a combination of the above, to meet the global weekly 
amount of PA

◆	 Muscular strength training: twice weekly on major muscle 
groups

2. Evaluation of the risk for performing PA varies according to 
the intended level of physical activity and of the individual’s 
cardiac risk profile:
◆	 Self-assessment of the habitual PA level and of the risk fac-

tors is recommended for screening of large populations
◆	 Individuals deemed to be at risk require further evaluation 

by a qualified physician
◆	 In senior/adult individuals with an increased risk for coro-

nary events, maximal exercise testing (and possibly further 
evaluations) is advocated

Source: data from Vanhees L, Sutter J De, GeladaS N, Doyle F, Prescott E, 
Cornelissen V, Kouidi E, Dugmore D, Vanuzzo D, Börjesson M, Doherty P, 
EACPR. Importance of characteristics and modalities of physical activity and 
exercise in defining the benefits to cardiovascular health within the general 
population: recommendations from the EACPR (Part I). Eur J Prev Cardiol 
2012; 19: 670–686.
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serve to maintain the flexibility of the muscles and promote the 
transition from inactivity to challenging activity. They are very 
useful in elderly and middle-aged sedentary individuals as they 
facilitate coordination and the execution of movements.

Therefore, eight to ten exercises should be performed on two 
or more non-consecutive days each week using the major muscle 
groups. To maximize strength development, a resistance (weight) 
should be used that allows 8 to 12 repetitions of each exercise re-
sulting in volitional fatigue. Muscle-strengthening activities in-
clude a progressive weight-training programme, weight-bearing 
calisthenics, stair climbing, and similar resistance exercises that 
use the major muscle groups.

Is medical monitoring necessary when moving from being 
sedentary to being active?
The exercise-related risk of major cardiovascular events in ostensibly 
healthy people is exceedingly low, ranging from 1 in 500 000 to 1 in 
2 600 000 patient-hours of exercise [84].

As recently proposed for leisure-time sport activities in middle-
aged/elderly subjects, the accuracy of risk assessment should be 

tailored to the individual’s cardiac risk profile, the current level 
of habitual physical activity, and the intended level of physical 
activity/aerobic exercise training, with more aggressive screening 
(i.e. exercise testing) possibly being reserved for people who are 
sedentary and/or have cardiovascular risk factors and/or are pro-
posing to engage in vigorous-intensity activities.

Vigorous physical exertion is associated with an increased risk 
for cardiac events, including sudden cardiac death in individuals 
harbouring CVD. Moreover, individuals who exercise only occa-
sionally seem to have an increased risk of acute coronary events 
and sudden cardiac death during or after exercise.

It is recommended that sedentary subjects and those with car-
diovascular risk factors start with a low-intensity activity. An ap-
propriate evaluation of middle-aged and older individuals should 
take place before they engage in regular physical activities. Such 
evaluation should vary according to the individual’s cardiac risk 
profile and the intended level of activity. Different screening 
modalities have been proposed according to the person’s habits 
(sedentary versus active) and level of activity (low versus high in-
tensity) ( Figs 12.13 and 12.14) [85].

Fig. 12.13 Proposed pre-participation 
cardiovascular evaluation protocol for 
asymptomatic sedentary adult/senior individuals. 
PA, physical activity.
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Exercise interventions in 
cardiovascular diseases
Health effects of exercise in cardiovascular 
diseases
There are many sophisticated symptomatic therapies among 
the interventional techniques used in modern cardiovascular 
medicine, but exercise-based CR offers effective treatment of the 
causes of atherosclerotic coronary and peripheral disease. The 
lifestyle and risk factor modifications achieved by CR have been 
shown to halt disease progression and to reduce cardiovascu-
lar mortality and the rate of non-fatal MI in patients with sta-
ble CAD. In CHF exercise intolerance is primarily related to the 
degree of peripheral change (such as muscle atrophy, reduced 
peripheral perfusion due to endothelial dysfunction, abnormali-
ties in ventilation, etc.) and pharmacological treatment alone 

sometimes fails to significantly improve exercise capacity. Regu-
lar aerobic endurance training in stable CHF has been shown to 
improve peak oxygen uptake by 15–25%, to reduce peripheral 
vascular resistance, to retard or reverse muscle wasting, and to 
reduce morbidity and mortality.

Despite its documented clinical effectiveness, rehabilitation/pre-
vention interventions are still widely under-utilized in the clinical 
context. However, it is becoming increasingly clear that the use of 
interventional procedures without simultaneous lifestyle modifica-
tion, including regular physical exercise and aggressive treatment of 
cardiovascular risk factors, is suboptimal therapy.

Contraindications for exercise training and risk 
stratification
Exercise training in patients with established CVD is not risk free. 
Based on large clinical databases the risk for a cardiac arrest dur-
ing exercise sessions is 1 per 112 000 patient training hours (PTH), 

Fig. 12.14 Proposed pre-
participation evaluation protocol for 
asymptomatic active adult/senior 
individuals. PA, physical activity.
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the risk for an acute MI is 1 per 294 000 PTH, and the risk for a 
cardiac death is 1 per 784 000 PTH.

The challenge is to identify those patients with clear contrain-
dications and exclude them (at least temporarily) from training, 
and to identify patients at very high risk who can be trained but 
may need special supervision (i.e. continuous ECG monitoring or 
in-hospital training).

Medical evaluation before exercise training
The primary purpose of medical evaluation before beginning ex-
ercise-based CR is (1) to establish the likelihood of medical condi-
tions which put the patient at an increased risk for adverse events 
during physical exertion and (2) to assess the patient’s baseline 
physical fitness/exercise capacity.  Box 12.8 gives an overview 
of the relevant components of such a baseline medical assessment. 
The main goal of the baseline assessment is to identify the individ-
ual level of risk for CVD complications during exercise. However, 

it is not clear if the risk for an exercise-induced event is related to 
the exercise or to the overall risk of morbidity and mortality as-
sociated with the presence of CVD [87].

Clear contraindications for exercise training
Clear contraindications for training are similar to those for any 
exercise testing procedure ( Box 12.9). In addition to the list 
in  Box 12.8 an assessment of sensory and cognitive function 
may be warranted, especially in geriatric patients. Issues such as 
impaired hearing, impaired vision, and poor ability to remember 
important safety issues such as the targeted training pulse should 
be noted and addressed before engaging in a formal training pro-
gramme. In patients with overt dementia supervised exercise in-
terventions may be the only safe option.

Prior to enrolling a patient with CAD in a training programme 
the ischaemic threshold needs to be determined in a maximal ex-
ercise test with 12-lead ECG monitoring. A maximal exercise test 
is recommended for all other patients to determine the heart rate 
reserve and the targeted training pulse.

Box 12.8 Components of a medical history assessment

1. Collect the patient’s medical diagnoses, focusing on:
◆	 CHD (previous MI, angioplasty, coronary bypass surgery, 

angina pectoris)
◆	 known heart rhythm disorders (atrial fibrillation, ventricu-

lar arrhythmias, sudden cardiac death, ongoing beta-blocker 
therapy)

◆	 cerebrovascular and peripheral vascular disease (stroke, 
claudication, carotid artery stenosis, thromboembolic 
diseases)

◆	 pulmonary disease (asthma, emphysema, bronchitis)
◆	 major illnesses limiting exercise capacity (weight loss, can-

cer, musculoskeletal diseases, eating disorders, gastrointesti-
nal disorders)

2. Look for exercise-induced symptoms:
◆	 angina pectoris
◆	 dyspnoea
◆	 dizziness/lightheadedness
◆	 syncope

3. Risk factors for progression of atherosclerotic disease (hyper-
tension, diabetes, obesity, dyslipidaemia, smoking, physical 
inactivity)

4. Recent illness, hospitalization, or surgical procedure
5. Medication dose and schedule, drug allergies
6. Other habits (alcohol and drug abuse)
7. Exercise history (habitual level of physical activity, including 

frequency, duration and type of exercise)
8. Work history (emphasis on current or expected physical and 

mental demands, upper and lower extremity requirements, es-
timated time to return to work)

9. Psychosocial history (family support, domestic and emotional 
problems, depression, anxiety)

Source: data from AACVPR Guidelines for Cardiac Rehabilitation and 
Secondary Prevention, 5th edition, 2013, p. 58.

Box 12.9 Contraindications for exercise training

Absolute contraindications:
◆	 recent change in resting ECG suggesting significant ischaemia, 

recent MI, or other acute cardiac event
◆	 unstable angina
◆	 uncontrolled cardiac arrhythmia
◆	 symptomatic severe aortic stenosis or other valvular disease
◆	 decompensated symptomatic heart failure
◆	 acute pulmonary embolus or pulmonary infarction
◆	 acute non-cardiac disorder that may affect exercise per-

formance or may be aggravated by exercise (e.g. infection, 
thyrotoxicosis)

◆	 acute myocarditis or pericarditis
◆	 acute thrombophlebitis
◆	 physical disability that would preclude safe and adequate exer-

cise performance
Relative contraindications (can be superseded if benefits out-
weigh the risks of exercise):
◆	 electrolyte abnormalities
◆	 tachyarrhythmias or bradyarrhythmias
◆	 high-degree atrioventricular block
◆	 atrial fibrillation with uncontrolled ventricular rate
◆	 hypertrophic obstructive cardiomyopathy with peak resting 

left ventricular outflow gradient of > 25 mmHg
◆	 known aortic dissection
◆	 severe resting arterial hypertension (systolic BP > 200 mmHg 

and diastolic BP > 110 mmHg)
◆	 mental impairment leading to inability to cooperate with 

testing
Source: data from AACVPR Guidelines for Cardiac Rehabilitation and 
Secondary Prevention, 5th edition, 2013, p. 58.
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Stratification of risk for cardiac events during exercise 
participation according to the AACVPR guidelines
The risk stratification scheme proposed by the American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation (AACVPR) 
in their fifth guideline is mainly based on a diagnostic maximal 
ergometer test to assess the likelihood of exercise-induced myo-
cardial ischaemia or arrhythmias. Consequently patients who do 
not have a diagnostic maximal exercise test cannot be adequately 
classified according to the risk stratification scheme. This patient 
group includes [87]:
◆	 patients with abnormal resting ECG, including left bundle 

branch block, left ventricular hypertrophy, non-specific intra-
ventricular conduction delays, Wolff–Parkinson–White ECG 
pattern, and ventricular-paced rhythms

◆	 patients on digitalis therapy
◆	 patients who fail to achieve 85% of the predicted maximal 

heart rate
◆	 patients who are unable to perform a maximal exercise test 

due to significant non-cardiac comorbidities that limit exer-
cise capacity

(and see  Chapter 8). In these patients precise classification of 
risk may be challenging and a reasonable approach would be to 
treat them as high risk during the initiation of exercise therapy. 
All other patients can be stratified as low, moderate, or high risk as 
shown in  Fig. 12.15.

Strategies to minimize the risk of adverse events during exercise 
participation
The risk for adverse cardiovascular events is highest in unaccus-
tomed activity and at the beginning of an exercise training pro-
gramme [88] but will be outweighed by the significant reduction 
in exercise-induced cardiovascular events after completion of an 
exercise-based CR programme [89,90].

To reduce the risk of adverse cardiovascular events at the 
start of the training programme the following actions are 
recommended:
◆	 start with low to moderate exercise levels during the first days of 

the new training programme
◆	 regularly ask the patients about symptoms suggestive of myo-

cardial ischaemia and/or arrhythmias
◆	 perform regular training of personnel involved in CR and ex-

ercise training in emergency response and advanced cardiopul-
monary resuscitation

◆	 consider continuous ECG monitoring in high-risk patients 
(note that ECG monitoring has not been shown to be related 
to the event rate during exercise-based cardiac rehabilita-
tion) [91]

◆	 monitor blood pressure at regular intervals
◆	 monitor pulse, heart rate, or both by palpation
◆	 rate perceived exertion (Borg scale).

Low Risk

Exercise Test Findings:
• Absence of complex ventricular
   dysrhythmias during exercise
   testing and recovery
• Absence of angina or other
   significant symptoms (e.g. unusual
   shortness of breath, light-headedness,
   or dizziness during exercise testing or
   recovery
• Presence of normal haemodynamics
   during exercise testing and recovery
   (i.e.. Appropriate increases and
   decreases in heart rate and systolic
   blood pressure with increasing
   workloads and recovery)
• Functional capacity ≥7 metabolic
   equivalents (METs)

Nonexercise Testing Findings:
• Rest ejection fraction ≥50%
• Uncomplicated myocardial
   infarction (MI) or revascularization
   procedure
• Absence of complicated ventricular
   arrhythmias at rest
• Absence of congestive heart failure
   (CHF)
• Absence of signs or symptoms of
   postevent or postprocedure ischaemia
• Absence of clinical depression

Moderate Risk

Exercise Test Findings:
• Presence of angina or other
   significant symptoms (e.g.,
   unusual shortness of breath,
   light-headedness, or dizziness
   occurring only at high levels of
   exertion [≥7 METs])

• Mild to moderate level of silent
   ischaemia during exercise testing
   or recovery (ST-segment depression
   ≤2 mm from baseline)
• Functional capacity ≤5 METs

Nonexercise Testing Findings:
• Rest ejection fraction 40 to 49%

High Risk

Exercise Test Findings:
• Presence of complex ventricular
   arrhythmias during exercise testing
   or recovery
• Presence of angina or other
   significant symptoms (e.g, unusual
   shortness of breath, light-headedness,
   or dizziness at low levels of exertion
   [≤5 METs] or during recovery)
• High level of silent ischaemia
   (ST-segment depression ≥0.2 mm
   from baseline) during exercise testing
   or recovery
• Presence of abnormal
   haemodynamics with exercise testing
   (i.e., chronotropic incompetence or
   flat or decreasing systolic SP with
   increasing workloads) or recovery
   (i.e, severe postexercise hypotension)

Nonexercise Testing Findings:
• Rest ejection fraction ≤40
• History of cardiac arrest, or
   sudden death
• Complex dysrhythmias at rest
• Complicated MI or revascularization
   procedure
• Presence of CHF
• Presence of signs or symptoms of
   postevent or postprocedure ischaemia
• Presence of clinical depression

Fig. 12.15 Risk stratification for 
cardiac events during exercise 
participation according to 
Williams [175]. 
Reproduced from Williams MA. Exercise 
testing in cardiac rehabilitation. Exercise 
prescription and beyond. Cardiol Clin. 2001; 
19: 415–431, with permission from Elsevier.
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Recommendations for the intensity of supervision and monitor-
ing related to the stratification of risk (i.e. low, moderate, or high 
risk) are given in  Fig. 12.16.

Exercise therapy in stable coronary artery disease
Evidence supporting the clinical use of exercise in this patient 
population
Regular aerobic exercise attenuates the progression of coronary 
lesions [92–96] and can even induce regression at an average 
energy expenditure during exercise of 2200 kcal/week, which 
translates to 5–6 hours/week of moderate-intensity exercise 
training [97]. Epidemiological [21,98–100] and interventional 
[101] studies indicate that aerobic exercise training reduces car-
diovascular morbidity and mortality both in the general pop-
ulation [21,98–100] and in patients with CAD [21,95,101]. A 
sedentary lifestyle increases the risk of developing and dying 
from CAD [100,102]. While exercise may trigger MI and sud-
den cardiac death in patients with a sedentary lifestyle [103,104] 
training reduces these risks. Consequently, exercise training 
is recommended by the American Heart Association (AHA), 
American College of Cardiology (ACC), European Society 
of Cardiology (ESC), and American College of Sports Medi-
cine (ACSM) guidelines as a class I, level A recommendation 
[68,105,106].

Indications, contraindications, and clinical examination
Exercise training is a class I indication in patients with stable CAD 
and one or more of the following diagnoses [18–20]:
◆	 acute coronary syndrome (ST-segment elevation MI and non-

ST-segment elevation MI)
◆	 percutaneous coronary intervention (PCI)
◆	 aortocoronary bypass surgery.

Exercise training is temporarily contraindicated as long as one 
or more of the following diagnoses are present and cannot be sta-
bilized [107]:
◆	 unstable angina pectoris
◆	 acute endomyocarditis or other acute infections
◆	 recent pulmonary artery embolism or phlebothrombosis
◆	 haemodynamically relevant arrhythmia
◆	 critical obstruction of the left ventricular outflow tract.

The clinical examinations necessary for the determination of 
individual risk and baseline exercise capacity prior to starting a 
training programme are given in  Table 12.5.

Recommendations for exercise training
At the beginning of an exercise programme patients should be su-
pervised by trained staff (an exercise physiologist, physiotherapists, 

Low Risk

Recommendations for
Supervision and Monitoring:

• Direct medical supervision of 
   exercise should occur for a
   minimum of 6 to 18 exercise
   sessions or 30 days postevent
   or postprocedure, beginning
   with continuous
   electrocardiogram (ECG)
   monitoring and decreasing as
   appropriate (e.g., at 6-12 sessions).

• For the patient to remain at
   lowest risk, the ECG and
   haemodynamic findings must
   remain normal; there should be
   no development or progression
   of abnormal signs and
   symptoms or intolerance to
   exercise within or outside the
   supervised programme.
   Progression of the exercise
   regimen should be appropriate.

Moderate Risk

Recommendations for
Supervision and Monitoring:

• Direct staff supervision of
   exercise should occur for a
   minimum of 12 to 24 exercise
   sessions or 60 days postevent
   or postprocedure; begin with
   continuous ECG monitoring and
   decrease to intermittent or no
   ECG monitoring as appropriate
   (e.g., at 12-18 sessions).

• To move the patient to the
   lowest risk category, ECG and
   haemodynamic findings during
   exercise must be normal; there
   should be no development or
   progression of abnormal signs
   and symptoms or intolerance to
   exercise within or outside the
   supervised programme.
   Progression of the exercise
   regimen should be appropriate.

• Abnormal ECG or haemodynamic
   findings during exercise or the
   development or progression of
   abnormal signs and symptoms or
   intolerance to exercise within or
   outside the supervised programme, or
   the need to severely decrease
   exercise levels, may result in the
   patient's remaining in the moderate
   risk category or even moving to the
   high risk category.

High Risk

Recommendations for
Supervision and Monitoring:

• Direct staff supervision of
   exercise should occur for a
   minimum of 18 to 36 exercise
   sessions or 90 days postevent or
   postprocedure, beginning with
   continuous ECG monitoring and
   decreasing to intermittent ECG
   monitoring as appropriate.

• For a patient to move to the
   moderate risk category, ECG and
   haemodynamic findings during
   exercise should be normal; there
   should be no development or
   progression of abnormal signs and
   symptoms or intolerance to
   exercise within or outside the
   supervised programme.
   Progression of the exercise
   regimen should be appropriate.

• Findings of the development or
   progression of abnormal ECG or
   haemodynamic findings during
   exercise including intolerance to
   exercise within or outside the
   supervised programme should be
   evaluated immediately.
   Significant limitations in the ability
   to participate may result in
   discontinuation of the exercise
   programme until appropriate
   evaluation, and intervention
   where necessary, can take place.

Fig. 12.16 Recommendations 
for the intensity of supervision 
and monitoring related to the 
risk of participation in an exercise 
programme according to Williams 
[175]. 
Reproduced from Williams MA. Exercise 
testing in cardiac rehabilitation. Exercise 
prescription and beyond. Cardiol Clin. 2001; 
19: 415–431, with permission from Elsevier.
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or nurses in addition to a cardiologist or an internist trained in 
rehabilitation medicine) in order to assess individual responses to 
exercise training and to identify signs and symptoms of angina 
pectoris. Heart rate and rhythm have to be monitored continu-
ously throughout the training session, blood pressure should be 
measured before, during, and after training.  Table 12.6 presents 
the duration and number of sessions as well as dose adjustment 
during the training course and  Table 12.7 the recommenda-
tions for muscle hypertrophy training.

Exercise therapy in chronic heart failure
Evidence supporting the clinical use of exercise in this patient 
population
Traditionally, strenuous exercise was discouraged in patients with 
CHF because of concerns that any extra haemodynamic workload 
during physical exertion could lead to a further deterioration of 
cardiac function. In the early 1990s it became clear that there is no 
correlation between left ventricular function and exercise capacity 

in patients with CHF but a clear relation between muscle mass 
and exercise capacity, highlighting the relevance of peripheral 
factors for exercise intolerance [109]—peripheral hypoperfusion 
due to impaired endothelium-dependent vasodilation, reduced 

Table 12.5 Clinical examinations necessary for determination of 
individual risk and baseline exercise capacity prior to starting a 
training programme for patients with CAD

Components Established/agreed issues

Patient risk 
assessment

◆ Clinical history: review clinical course of CAD
◆ Physical examination: inspect puncture site of PCI, and 

extremities for presence of arterial pulses, sternal wound 
inspection post-aortocoronary bypass surgery

◆ Resting ECG
◆ Exercise capacity and ischaemic threshold: symptom-

limited, maximal exercise stress test by cycle ergometry 
or treadmill (cardiopulmonary exercise test if available) 
within 4 weeks after acute event; a submaximal test might 
be warranted, e.g. after an extensive MI or complications 
of a MI. Exercise or pharmacological imaging technique in 
patients with uninterpretable ECG

◆ Other tests as indicated (e.g. echocardiography, cardiac 
CT or MRI)

Source: data from European Association of Cardiovascular Prevention and Rehabilitation 
Committee for Science Guidelines, EACPR, Corrà U, Piepoli MF, Carré F, Heuschmann P, 
Hoffmann U, Verschuren M, Halcox J, Document Reviewers, Giannuzzi P, Saner H, Wood 
D, Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B, Dendale P, Gaita D, McGee H, 
Mendes M, Niebauer J, Zwisler A-DO, Schmid J-P. Secondary prevention through cardiac 
rehabilitation: physical activity counselling and exercise training: key components of the 
position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur Heart J 2010; 31: 1967–1974.

Table 12.6 Duration and number of sessions as well as dose 
adjustment during the training course for patients with CAD

Physical 
activity

◆ Exercise intensity: patients with an exercise capacity > 5 
METs without symptoms can resume physical activity at 
their previous intensity; otherwise, patients should resume 
physical activity at 50% of maximal work load or VO

2
max and 

gradually increase intensity according to the subjective feeling 
of exertion, symptoms but also objective criteria like heart 
rate and/or lactate

◆ Energy expenditure > 2000 kcal/week:
● Every day 30 minutes of a slow, gradual, and progressively 

increasing moderate intensity aerobic activity, e.g. 
occupational physical activity, walking, climbing stairs, 
bicycling to work or to run errands, gardening, etc.; 
approximately 1000 kcal in total

● 2 hours/week of structured endurance training (3 × 40 
min), approximately 800 kcal in total with the additional 
goal of increasing the maximum oxygen uptake by >20% 
and/or the performance on the bicycle ergometer to 
100–120% of the age-adjusted index value

● 1 hour resistance training per week (2 × 30 min), 200 kcal in 
total to increase muscle mass and muscle force

Exercise 
training

Medically prescribed supervised aerobic exercise training:
◆ Low-risk patients: at least three sessions of 30–60 minutes/

week aerobic exercise at 55–70% of the maximum work load 
or heart rate at the onset of symptoms
● >1500 kcal/week to be spent by low-risk patients

◆ Moderate- to high-risk patients: similar to low-risk group 
but starting with <50% maximum work load

◆ Resistance exercise: at least 1 hour/week: all major muscle 
groups; two sets each, with an intensity of 10–15 RM

◆ Medication: prophylactic nitroglycerine can be taken at the 
start of an exercise training session in chronic stable angina

Source: data from European Association of Cardiovascular Prevention and Rehabilitation 
Committee for Science Guidelines, EACPR, Corrà U, Piepoli MF, Carré F, Heuschmann P, 
Hoffmann U, Verschuren M, Halcox J, Document Reviewers, Giannuzzi P, Saner H, Wood 
D, Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B, Dendale P, Gaita D, McGee H, 
Mendes M, Niebauer J, Zwisler A-DO, Schmid J-P. Secondary prevention through cardiac 
rehabilitation: physical activity counselling and exercise training: key components of the 
position paper from the Cardiac Rehabilitation Section of the European Association 
of Cardiovascular Prevention and Rehabilitation. Eur Heart J. 2010;31:1967–1974. 
and Niebauer J, Mayr K, Tschentscher M, Pokan R, Benzer W. Outpatient cardiac 
rehabilitation: the Austrian model. Eur J Prev Cardiol 2013; 20: 468–479.

Table 12.7 Recommendations for muscle hypertrophy training in patients with CAD

Design Goals Mode Intensity Repetitions Frequency

Step I: preliminary 
training (3–4 weeks)

Learning and practising correct exercises; improvement 
of intermuscular coordination

Dynamic < 50% RM* 8–15 Two units/week; six to eight muscle 
groups; one to two sets/muscle group

Step II: hypertrophy 
strength training

Muscle hypertrophy; improvement of intramuscular 
coordination

Dynamic 60–80% RM* 8–15 Two units/week; six to eight muscle 
groups; two sets/muscle group

The intensity has to be chosen so that the chosen number of repetitions can be performed.
*RM (repetition maximum) = load (kg)/(1 repetition × 0.025).
Source: data from Niebauer J, Mayr K, Tschentscher M, Pokan R, Benzer W. Outpatient cardiac rehabilitation: the Austrian model. Eur J Prev Cardiol. 2013;20:468–479. and Piepoli MF, 
Corrà U, Benzer W, Bjarnason-Wehrens B, Dendale P, Gaita D, McGee H, Mendes M, Niebauer J, Zwisler A-DO, Schmid J-P, Cardiac Rehabilitation Section of the European Association 
of Cardiovascular Prevention and Rehabilitation. Secondary prevention through cardiac rehabilitation: from knowledge to implementation. A position paper from the Cardiac 
Rehabilitation Section of the European Association of Cardiovascular Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil Off J Eur Soc Cardiol Work Groups Epidemiol Prev 
Card Rehabil Exerc Physiol. 2010; 17: 1–17.



CHAPTER 12 physical activity and inactivity160

strength of the respiratory muscles, and profound morphologi-
cal, metabolic, and functional alterations in the skeletal muscles 
[53,55,109–112].

Randomized training studies in patients with systolic heart fail-
ure (i.e. HFREF) established the safety and efficacy of aerobic en-
durance training interventions [5,113–115] and documented that 
endurance training reduced cardiomegaly and heart failure-related 
hospitalization [116] and improved systolic and diastolic function 
[115,117,118], exercise capacity [117,119], and quality of life.

Training effects on all-cause and cardiac mortality continue to 
be disputed. In the EXTRA-MATCH case-based meta-analysis in-
cluding a total of 395 exercise-trained patients with HFREF and 
406 control patients a significant 35% reduction in all-cause mor-
tality and a 28% reduction in the combined end-point of death or 
hospital admission were described [5]. The consecutive multicen-
tre HF-ACTION study, however, showed no significant reduction 
in all-cause mortality or hospitalization in the protocol-specified 
analysis—most likely due to low rates of compliance with the pre-
scribed training protocol (approximately 60%). However, after ad-
justment exercise training was associated with modest significant 
reductions in both all-cause mortality or hospitalization and car-
diovascular mortality or hospitalization with heart failure [6]. Due 
to the large number of participants (2331 patients) this result was 
also carried over into the 2010 Cochrane systematic meta-analysis, 
which described no significant training effect on all-cause mortal-
ity and all-cause hospitalizations [116]. Subsequent sub-analysis 
confirmed a dose–response relationship between training inten-
sity (as measured by MET-h per week) and outcome improve-
ment, indicating significant reductions in adjusted hazard ratios 
for all-cause/cardiac mortality or all-cause/cardiac hospitalization 
between 3 and 7 MET-h per week ( Figs 12.17 and 12.18) [120]. 
Taken together, available data are consistent with a dose-related 

improvement in clinical outcomes that reaches significant levels 
above 3 MET-h per week of aerobic continuous exercise training.

Recently, interval training and strength training have been in-
troduced in HFREF patients. Clearly, interval training with exer-
cise peaks at 90% of VO2 max for 2–3 minutes leads to superior 
improvements in exercise capacity and quality of life, with no 
apparent difference in the improvement in left ventricular re-
modelling [121,122]. Training can be recommended for stable, 
motivated patients with no significant comorbidities limiting 
exercise capacity. Pure strength training without any dynamic/
aerobic component does not improve exercise capacity [56] while 
combined strength–endurance training seems to lead to greater 
improvements in muscle strength and muscle mass compared with 
steady-state endurance training [123–125]. However, the benefi-
cial effects on vascular function and reverse remodelling seem to 
depend on the aerobic component of the training programme.

About half of all patients with heart failure have HFPEF. 
Recently, pilot studies indicated that improved exercise capac-
ity and diastolic function can be achieved by aerobic training in 
HFPEF patients [7]. Outcome studies are planned.

Indications, contraindications, and clinical examination
Based on current ESC Heart Failure Guidelines ‘It is recommend-
ed that regular aerobic exercise is encouraged in patients with 
heart failure to improve functional capacity and symptoms’ (class 
I, level A) [126]. Detailed recommendations on patient selection 
are given in  Fig. 12.19 and by Piepoli et al. [127]. Indications for 
training are as follows:
◆	 Patients with stable compensated HFREF in NYHA functional 

class I–III.
◆	 Patients with stable compensated HFPEF may be considered 

for aerobic endurance training interventions based on pilot 
study data.
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Fig. 12.17 Hazard ratios for all-cause mortality or hospitalization. Among 
patients who were event-free for at least 3 months the figure shows adjusted 
hazard ratios (filled circles, log scale) for all-cause mortality or hospitalization 
with 95% confidence intervals. The reference category is 0–1 MET-h per week. 
Unadjusted hazard ratios are plotted with open circles. 
Reproduced from Keteyian SJ, Leifer ES, Houston-Miller N, Kraus WE, Brawner CA, 
O’Connor CM, Whellan DJ, Cooper LS, Fleg JL, Kitzman DW, Cohen-Solal A, Blumenthal 
JA, Rendall DS, Piña IL, HF-ACTION Investigators. Relation between volume of 
exercise and clinical outcomes in patients with heart failure. J Am Coll Cardiol 2012; 60: 
1899–1905, with permission from Elsevier.
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Fig. 12.18 Hazard ratios for cardiovascular mortality or heart failure 
hospitalization. Among patients event-free for at least 3 months the figure shows 
adjusted hazard ratios (filled circles, log scale) for cardiovascular mortality or heart 
failure hospitalization with 95% confidence intervals. The reference category is 0–1 
MET-h per week. Unadjusted hazard ratios are plotted with open circles.
Reproduced from Keteyian SJ, Leifer ES, Houston-Miller N, Kraus WE, Brawner CA, 
O’Connor CM, Whellan DJ, Cooper LS, Fleg JL, Kitzman DW, Cohen-Solal A, Blumenthal 
JA, Rendall DS, Piña IL, HF-ACTION Investigators. Relation between volume of 
exercise and clinical outcomes in patients with heart failure. J Am Coll Cardiol 2012; 60: 
1899–1905, with permission from Elsevier
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Fig. 12.19 Flow-chart to guide 
the tailoring of an exercise training 
programme according to the 
individual clinical conditions and 
needs of the patient. 
From Piepoli MF, Conraads V, Corrà 
U, Dickstein K, Francis DP, Jaarsma T, 
McMurray J, Pieske B, Piotrowicz E, Schmid 
J-P, Anker SD, Solal AC, Filippatos GS, Hoes 
AW, Gielen S, Giannuzzi P, Ponikowski 
PP. Exercise training in heart failure: from 
theory to practice. A consensus document 
of the Heart Failure Association and the 
European Association for Cardiovascular 
Prevention and Rehabilitation. Eur J Heart 
Fail 2011; 13: 347–357, with permission 
from Wiley.
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In patients with HFREF, exercise training is contraindicated in 
the following circumstances [127]:

◆	 progressive worsening of exercise tolerance or dyspnoea at rest 
over the previous 3–5 days

◆	 significant ischaemia during low-intensity exercise (2 METs, 
50 W)

◆	 uncontrolled diabetes
◆	 recent embolism
◆	 thrombophlebitis
◆	 new-onset atrial fibrillation/atrial flutter.

In patients with HFREF the risk of exercise training is increased 
in the following circumstances [127]:

◆	 1.8 kg increase in body mass over the previous 1–3 days
◆	 concurrent, continuous, or intermittent dobutamine therapy
◆	 decrease in systolic blood pressure with exercise
◆	 NYHA functional class IV
◆	 complex ventricular arrhythmia at rest or appearing with 

exertion
◆	 supine resting heart rate > 100 beats/minute
◆	 pre-existing comorbidities limiting exercise tolerance.

These patients need clinical stabilization prior to being en-
rolled in a structured exercise programme and should be moni-
tored during the initial training phase. In exercise training 
studies in stable CHF patients, however, adverse events are sur-
prisingly low with post-exercise hypotension, atrial or ventricu-
lar arrhythmias, and worsening heart failure symptoms being 
the most common complications. Training after implantable 
cardioverter defibrillator (ICD) implantation appears to be safe 
and feasible [128,129].

The clinical examinations necessary for determination of in-
dividual risk and baseline exercise capacity prior to starting the 
training programme are shown in  Table 12.8.

Recommendations for exercise training
As highlighted in the 2011 consensus document of the Heart 
Failure Association (HFA) and the European Association 
for Cardiovascular Prevention and Rehabilitation (EACPR) 
there is no universal agreement on exercise prescription in 
CHF [127].

The classical approach with the largest database on prognostic 
and symptomatic efficacy is based on steady-state aerobic train-
ing starting at 40–50% of the maximal exercise capacity, aiming 
for 70–80% during the course of the training programme [127]. 
This approach is also favoured in the 2013 update of the Canadian 
Cardiovascular Society’s Heart Failure Management Guidelines 
[130] which recommends continuous moderate-intensity training 
at a rating of perceived exertion (RPE) scale of 3–5, or 50–75% of 
peak VO2, or at 65–85% of maximal heart rate. Training sessions of 
15–30 minutes should be performed on 2 or 3 days a week aiming 
for 30 minutes a day on 5 days a week. A detailed summary is given 
in  Tables 12.9 and 12.10.

Traditionally, training programmes in heart failure patients are 
started in hospital and continued on an outpatient basis. Although 
in-hospital rehabilitation programmes are not always available 
and are cost- and resource-intensive they provide optimal super-
vision during the initial phase of the training programme and are 
indispensable for complex interventions such as interval training.

Exercise therapy after cardiac surgery
Evidence supporting the clinical use of exercise in this patient 
population
Guidelines and recommendations from the AHA, ACC, and 
the ESC unanimously and strongly support exercise training as 
a major component of CR in patients after recent surgical revas-
cularization [133,134], valvular surgery, or surgery due to other 
structural heart diseases [135,136].

Indications, contraindications, and clinical examination
Exercise training is a class I indication in patients with the follow-
ing diagnoses [107,108,137] or after a previous event:
◆	 all indications listed for stable CAD and in particular:

	 aortocoronary bypass surgery

	 valvular surgery

	 surgery of major vessels (aorta, carotids and/or subclavian 
arteries, and others)

	 surgery due to other structural cardiac diseases.

Table 12.8 Clinical examinations necessary for determination of 
individual risk and baseline exercise capacity prior to starting a 
training programme in patients with CHF

Components Established/agreed issues

Patient risk 
assessment

◆ Clinical history: review clinical course of past or recent 
history of heart failure including assessment of functional 
status (NYHA) and quality of life (e.g. Minnesota Living 
with Heart Failure Questionnaire)

◆ Physical examination: inspect for peripheral oedema, 
auscultation of the lungs for rales, auscultation of the 
heart (third heart sound, mitral regurgitation)

◆ Resting ECG
◆ Exercise capacity: symptom limited, maximal 

exercise stress test by cycle ergometry or treadmill 
(cardiopulmonary exercise test if available); a submaximal 
test might be warranted, e.g. after an extensive MI or 
complications of an MI. Exercise or pharmacological 
imaging technique in patients with uninterpretable ECG 
and known CAD

◆ Baseline echocardiogram with determination of left 
ventricular ejection fraction and mitral regurgitation

◆ Other tests as indicated (BNP, MRI, etc.)

BNP, brain natriuretic peptide.
Source: data from European Association of Cardiovascular Prevention and Rehabilitation 
Committee for Science Guidelines, EACPR, Corrà U, Piepoli MF, Carré F, Heuschmann P, 
Hoffmann U, Verschuren M, Halcox J, Document Reviewers, Giannuzzi P, Saner H, Wood 
D, Piepoli MF, Corrà U, Benzer W, Bjarnason-Wehrens B, Dendale P, Gaita D, McGee H, 
Mendes M, Niebauer J, Zwisler A-DO, Schmid J-P. Secondary prevention through cardiac 
rehabilitation: physical activity counselling and exercise training: key components of the 
position paper from the Cardiac Rehabilitation Section of the European Association of 
Cardiovascular Prevention and Rehabilitation. Eur Heart J 2010; 31: 1967–1974.
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Exercise training is temporarily contraindicated as long as one 
or more of the following diagnoses are present and cannot be sta-
bilized [107]:
◆	 all contraindications listed for stable CAD and in addition:

	 wound infection after sternotomy, harvesting of saphenous 
veins, and/or radial arteries

	 respiratory infection, for example secondary to sternotomy.

The clinical examinations necessary for the determination of 
individual risk and baseline exercise capacity prior to starting a 
training programme in patients after cardiac surgery are shown 
in  Box 12.10.

Recommendations for exercise training
All the recommendations given in  Tables 12.6 and 12.7 are 
 relevant plus [107,108]:
◆	 Exercise training has to be started early in the acute care 

hospital.

Table 12.9 Duration and number of sessions as well as dose 
adjustment during the training course for patients with CHF

Physical 
activity

◆ Patients should be encouraged to engage in moderate aerobic 
activities

Exercise 
training

Endurance aerobic training (continuous and interval):
◆ Start at low intensity (i.e. 40–50% of peak VO

2
) and short 

session durations (i.e. 5–10 minutes) twice a week
◆ Bicycle ergometers are first choice for ECG monitoring if needed
◆ If well-tolerated first increase the training duration per session 

to 30, then 45 min, then the number of training sessions (i.e. up 
to five a week)

◆ Aim for 20–60 min at moderate-to-high intensity (i.e. 70–80% 
of peak VO

2
) on 3–5 days a week

◆ If cardiopulmonary exercise testing is not available heart 
rate-based or RPE-based monitoring of training intensity is 
recommended:

◆ 40–70% of heart rate reserve (defined as peak heart rate during 
maximal exercise testing—basal heart rate)

◆ 10/20–14/20 Borg RPE rating
◆ Interval training provides an even more effective method for 

aerobic training interventions but needs more sophisticated 
exercise equipment (usually electronically steered bicycle 
ergometers):
● Short high-intensity exercise bouts (10–30 s at 90–95% of 

peak VO
2
) are interspersed with 1–3 min recovery periods at 

no or low intensity [121,131]
● 5–10 min warm-up and cool-down periods are 

recommended
● Typically, the intensity of the first three hard segments is 

reduced to allow for warm-up
● 10–12 work phases can be performed per 15–30 minute 

training session
Resistance/strength training [63]: see  Table 12.9
Respiratory training:
◆ Screen for inspiratory muscle weakness in every HFREF patient
◆ Start respiratory training at 30% of the maximal inspiratory 

mouth pressure (Pi
max

) and readjust the intensity every 
7–10 days up to a maximum of 60% [132]

◆ 20–30 min per day
◆ Three to five sessions a week
◆ Minimum duration of exercise programme of 8 weeks
◆ Methodologies with documented efficacy include the use of 

the Threshold inspiratory muscle trainer (Respironics Health 
Scan Inc., Cedar Grove, NJ, USA) and Power-Breathe (HaB 
International Ltd, Southam, Warwickshire, UK).

Source: data from Piepoli MF, Conraads V, Corrà U, Dickstein K, Francis DP, Jaarsma T, 
McMurray J, Pieske B, Piotrowicz E, Schmid J-P, Anker SD, Solal AC, Filippatos GS, Hoes AW, 
Gielen S, Giannuzzi P, Ponikowski PP. Exercise training in heart failure: from theory to practice. 
A consensus document of the Heart Failure Association and the European Association for 
Cardiovascular Prevention and Rehabilitation. Eur J Heart Fail 2011; 13: 347–357.

Table 12.10 Minimum recommendations for the implementation of a resistance/strength training programme in CHF patients

Training programme Training objectives Stress form Intensity Repetitions Training volume

Step I: pre-training To learn and practise the correct implementation, to 
learn perception, to improve intermuscular coordination

Dynamic <30% 1RM, 
RPE < 12

5–10 Two to three training 
sessions a week, one to three 
circuits during each session

Step II: resistance/
endurance training

To improve local aerobic endurance and intermuscular 
coordination

Dynamic 30–40% 1RM, 
RPE 12–13

12–55 Two to three sessions a week, 
one circuit per session

Step III: strength training, 
muscle build-up training

To increase muscle mass (hypertrophy), to improve 
intramuscular coordination

Dynamic 40–60% 1RM, 
RPE < 15

8–15 Two to three sessions a week, 
one circuit per session

1RM, one repetition maximum; RPE, rating of perceived exertion.
Modified according to Bjarnson-Wehrens et al. [63].

Box 12.10 Clinical examinations needed to determine individual 
risk and baseline exercise capacity prior to starting a training 
programme after cardiac surgery

◆	 All examinations listed in  Table 12.5 plus assessment of:
●	 wound healing of the chest and, where applicable, legs
●	 comorbidities
●	 complications
●	 disabilities

◆	 ECG: heart rate, rhythm, repolarization and new Q waves
◆	 X-ray: infection, pleural effusion, diaphragm paralysis
◆	 Blood testing: anaemia, fasting blood glucose, (HbA1C if fast-

ing blood glucose is elevated), renal function, and electrolytes
◆	 Echocardiography: pleural or pericardial effusion, prosthetic 

function, and/or valvular heart disease, when appropriate
◆	 Exercise capacity to guide exercise prescription
◆	 Patient education:

●	 anticoagulation, including drug interactions and 
self-management

●	 in-depth knowledge on endocarditic prophylaxis
●	 secondary prevention medication for CAD
●	 how to progress in order to normalize activities of daily living
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◆	 Thereafter, inpatient and/or outpatient CR programmes need to 
be initiated immediately after discharge.

◆	 A minimum of 8–12 weeks of CR is indicated.
◆	 Upper-body training can begin when the chest is stable, i.e. usu-

ally after 6 weeks.
◆	 Exercise training has to be individually tailored according to 

the patient’s clinical condition, baseline exercise capacity, ven-
tricular function, and kind of surgery. Generally speaking, after 
mitral valve replacement exercise tolerance is much lower than 
after aortic valve replacement, particularly if there is residual 
pulmonary hypertension.

Further recommendations with regard to type of physical activ-
ity, duration per session, number of sessions per day, need for su-
pervision/monitoring, and dose adjustment during the training 
course can found be in  Table 12.10.

Exercise therapy in valvular heart disease
Only a few studies have specifically evaluated training inter-
ventions in patients with valvular heart disease. Therefore, rec-
ommendations are necessarily less reliable and are based on 
pathophysiological considerations rather than on hard clinical 
evidence.

Indications, contraindications, and clinical examination
In patients with stable asymptomatic moderate-degree valvu-
lar heart disease (up to grade II) moderate-intensity exercise is 
possible. There is, however, no evidence to suggest that regu-
lar exercise interventions influence the progression of valvular 
heart disease.

Clear contraindications to exercise training include:
◆	 All critical and highly symptomatic valvular lesions on the edge 

to cardiac decompensation.
◆	 Stable aortic stenosis with a valvular orifice area < 0.75 cm2 and 

a peak pressure gradient > 50 mmHg.
◆	 In general, patients with valvular heart disease and a clear (class 

I and IIa) indication for cardiac surgery should abstain from 
exercise training until after valve surgery.

There are specific risks for special valvular lesions, namely:
◆	 Mitral valve prolapse. Although considered a benign abnor-

mality occurring in up to 5% in the general population sud-
den death has been reported as a rare complication. Exercise 
is considered safe in patients without significant arrhythmias 
at rest and during exercise, without a family history of sudden 
cardiac death, and without any previous thromboembolic event 
or syncope.

◆	 Mitral regurgitation. Relative mitral regurgitation is frequent in 
patients with CHF and does not preclude the initiation of train-
ing therapy provided the patient is in stable condition (NYHA 
grades II–III).

◆	 Mitral stenosis. Patients with a mitral valve orifice > 1.5 cm2 
may safely participate in normal exercise training sessions. 
Those with moderate to severe mitral stenosis (< 1.5 cm2) are 
usually limited by exercise-induced dyspnoea and can only 

tolerate low levels of physical exertion. In these symptomatic 
patients treatment of mitral stenosis by balloon valvuloplasty 
or valve replacement should be performed prior to starting a 
training programme.

◆	 Aortic regurgitation. Patients with mild to moderate aortic re-
gurgitation may engage in training without problems. However, 
left ventricular diameters need to be reassessed every 3–6 
months to watch for worsening of the valve disease.

The clinical examinations necessary for the determination of 
individual risk and baseline exercise capacity prior to starting a 
training programme in patients with valvular heart disease are 
given in  Table 12.11.

Recommendations for exercise training
In valvular heart disease changes in afterload or pre-load associ-
ated with changes in peripheral resistance may greatly affect cardi-
ac output. Therefore, resistance training of large muscle groups is 
generally discouraged in valvular heart disease. Endurance train-
ing sessions—preferably with ECG and blood pressure monitor-
ing during the initial phase—are more reproducible with regard 
to haemodynamic load and should be at moderate intensity (i.e. 
50–70% of VO2 max).

Exercise therapy in patients with arrhythmias, 
pacemakers, and ICDs
Evidence supporting the clinical use of exercise in this patient 
population
Despite the fact that physical exertion might serve as a trigger 
for arrhythmias and sudden cardiac death [103,104], decondi-
tioning secondary to a sedentary lifestyle will expose the pa-
tient to increasing levels of stress during daily activities, so that 
daily routines will become exhausting and thus pro-arrhythmic. 
As a consequence, submaximal exercise training has also been 
recommended in patients with arrhythmias, pacemakers, and 
ICDs [107,108,137].

Table 12.11 Clinical examinations necessary for the determination 
of individual risk and baseline exercise capacity prior to starting the 
training programme in patients with valvular heart disease

Components Established/agreed issues

Patient risk 
assessment

◆ Clinical history: review clinical course of valvular 
heart disease including assessment of functional status 
(NYHA), history of syncope or angina pectoris, and 
quality of life (e.g. Minnesota Living with Heart Failure 
Questionnaire)

◆ Physical examination: inspect for peripheral oedema, 
auscultation of the lungs for rales, auscultation of the 
heart

◆ Resting ECG
◆ Exercise capacity: submaximal exercise testing is 

generally recommended except in asymptomatic patients 
with valvular heart disease ≤ NYHA grade II

◆ Baseline echocardiogram with determination of left 
ventricular ejection fraction and assessment of valvular 
function

◆ Invasive assessment of valvular heart disease in 
symptomatic patients and whenever indicated



165exercise interventions in cvd

Indications, contraindications, and clinical examinations
Exercise training is indicated in patients with arrhythmias 
[107,108,137], especially after
◆	 implantation of a pacemaker or an ICD
◆	 electrophysiological intervention
◆	 haemodynamically stable arrhythmia
◆	 sustained ventricular tachycardia or cardiac arrest.
Exercise training is temporarily contraindicated in the following 
situations or as long as one or more of the following diagnoses is 
present and cannot be stabilized [107]:
◆	 all contraindications shown for stable CAD
◆	 local infections of lower extremities
◆	 systemic infection
◆	 pain at rest.

The following clinical examinations are necessary to determine 
individual risk and baseline exercise capacity prior to starting a 
training programme:
◆	 Perform wound inspection; gain knowledge about wire and de-

vice placement.
◆	 Echocardiography: left ventricular function is a crucial 

prognosticator.
◆	 Note details of device sensing, pacing, and shock thresholds as 

well as pacing mode.
◆	 Staff have to be aware of the fact that lead failure might result in 

inappropriate or missing shocks. Therefore external defibrilla-
tors have to be in the training room at all times and staff have to 
be trained how to use them.

◆	 Perform a maximal symptom-limited stress test. Note that rate-
responsive devices are preferable since they do not limit the 
patient during exercise. Rate-limited devices will only permit 
exercise training at submaximal intensity.

Recommendations for exercise training
Type of physical activity
◆	 Continuous endurance training as well as resistance training 

are encouraged. For details see  Tables 12.6 and 12.7.
◆	 To avoid unwarranted shocks the training heart rate should be 

set to 10–20 beats below the therapy threshold.
◆	 Avoid excessive arm movement so as to not risk lead dislocation 

or breakage.

Duration of session/number of sessions per day
◆	 As in all patients, training intensity has to be defined according 

to peak VO2 or maximal heart rate achieved during maximal 
ergometry or ergospirometry.

◆	 Basing exercise prescription on an estimated training heart rate 
is unacceptable, since incorrect training heart rates might be 
above the detection threshold of the ICD and could lead to in-
appropriate ICD therapy.

◆	 Continuous physical activity of 30 minutes or more, or multiple 
activity sessions of 10 to 15 minutes on the same day, on most 
days of the week.

◆	 Avoid contact sports as bruising or breaking of the skin over the 
site of the device may lead to infections.

◆	 Swimming can be undertaken after wound healing. During 
swimming patients should be accompanied at all times by 
someone able to rescue the patient.

◆	 SCUBA diving is discouraged.

Dose adjustment during the training course
◆	 Depending on the underlying diagnosis, initial training inten-

sity will have to be determined for each individual. In patients 
with ICD/cardiac resynchronization therapy due to heart fail-
ure the initial exercise intensity could, for example, be set to 
40–60% of the maximal work capacity reached during maximal 
ergometry.

Need for supervision/monitoring
◆	 Supervised training programmes have been shown to be ben-

eficial if they last between 12 weeks and up to 1 year. Patients 
should initially train under ECG monitoring, which can later 
on be replaced by heart rate monitors.

Exercise therapy in special patient groups
Older adults
Elements of ageing (e.g. inflammation, oxidative stress, tel-
omere shortening) accumulate over a lifetime, as do the mount-
ing effects of CV risk factors, predisposing to CVD as well as 
other chronic diseases [138–140]. These diseases often occur 
in combination, making management more complex [141]. 
Amidst these risks, and the related tendencies for pain, decon-
ditioning, and fatigue, many older adults lapse into sedentary 
behaviours. Paradoxically, inactivity generally worsens medical 
instability, accelerates morbidity and mortality, increases weak-
ness and falls, diminishes independence, and reduces quality of 
life [50,142].

Exercise moderates many of the basic mechanisms of ageing 
and age-related vulnerability to disease [143,144]. Training can 
thereby moderate morbidity and even prevent the manifestation 
of disease in the elderly [145]. It also plays a key role in second-
ary prevention in those with established CVD [146]. In addi-
tion, exercise improves cognition, respiration, bone strength, 
gastrointestinal motility, sleep, and mood [147,148]. While the 
life-prolonging benefits of exercise remain relevant for seniors, 
an even greater value is often ascribed to the ability of exercise 
to maintain or even improve quality of life, independence, and 
self-efficacy.

Physical activity
In the 2007 ACSM/AHA recommendations on physical activity in 
older adults [106] the importance of regular physical activity, in-
cluding aerobic, strength, and balance activities, as part of healthy 
ageing is emphasized. Even the accumulation of light activities 
throughout the day can have a significant effect on total energy 
expenditure and overall health outcomes. Self-transportation (i.e. 
walking or cycling), housework, and gardening are potential op-
portunities to structure active, healthy lifestyles. Participation in 
activities that provide positive social and intellectual stimulation 
(e.g. dancing) reduces cognitive decline [149].
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Exercise prescription
Exercise goals need to be tailored to the broad range of seniors, in-
cluding those who are frail and those who are robust. Strength train-
ing is often particularly important in the elderly since the natural 
susceptibility to sarcopenia and osteoporosis often limits the capaci-
ties of frail older adults to initiate aerobic-type training. Strength-
training programmes increase muscle strength and mass through 
muscle hypertrophy and neuromuscular adaptation, facilitating 
improvements in gait, balance, and overall functional capacity and 
resistance to falls [150,151]. Strength training also increases bone 
mineral density and content, increases metabolic rate [152], and 
assists with maintenance of body weight by increasing lean mass, 
thereby improving muscle metabolism [153].  Box 12.11 sum-
marizes the recommendations for exercise training in older adults.

Women
In the 2008 United States physical activity guidelines [154] a 
meta-analysis included more women (>200 000) than men (>120 
000) in epidemiological studies of physical activity and CHD risk 
published after 1995, and documented a median risk reduction 
of 38% in the most active women compared with the least active. 
Physiological differences in exercise training dynamics in women 
compared with men include a smaller average body size in women 
with shorter stride length and greater stride frequency, leading to 
higher exercise intensity for an equivalent exercise workload. Peak 
oxygen consumption (VO2) is also 5–15% lower in women than 

in men [41] due to differences in body fat per kilogram of body 
weight, smaller lung volumes, and lower stroke volume. Exercise-
induced cardiac remodelling may be different in women due to 
their ability to increase end-diastolic volume as a means to aug-
ment stroke volume and cardiac output [155].

Exercise training may benefit women disproportionately in 
relation to gender-specific pathophysiological vulnerabilities. 
Microvascular myocardial ischaemia entails clinical signs and 
symptoms of ischaemia, primarily due to endothelial dysfunction. 
Women are particularly predisposed to this, and exercise training 
can moderate the pathophysiological mechanisms [156]. HFPEF 
also occurs more commonly in women: exercise can help restore 
lusitropy [7] and also moderate hypertension, diabetes, and other 
predisposing risks. Still other literature points to the gender-spe-
cific advantages of exercise training in relation to affect, anxiety, 
and self-efficacy [157].

Due to the generally lower intrinsic strength and aerobic capac-
ities of women exercise training may best start at low to moderate 
intensities. However, as training proceeds, women can often ad-
vance to high-intensity regimens similar to men. Strength train-
ing may provide particular benefit to counteract the relatively 
lower muscle mass and strength in many women. Exercise train-
ing among post-menopausal women is an important strategy for 
mitigating osteoporosis and frailty in old age [158].

Exercise is also considered safe for healthy women with an un-
complicated pregnancy [159]. While there are few randomized, 

Box 12.11 Recommendations for exercise training in older adults

Caveats for older adults:
◆	 For frail elders, priorities often centre on building strength, sta-

bility, and balance, before progressing to aerobic modalities
◆	 For some infirm adults, exercises may be restricted to arm move-

ments, seated machines, or water activities
◆	 Warm-up and cool-down activities are particularly important 

for elderly individuals, counterbalancing risks and limitations 
from reduced autonomic responsiveness, peripheral flow and 
joint instability

General exercise training recommendations:
◆	 Exercise training 5 days a week for 30 minutes at moderate 

intensity
or
◆	 Exercise training vigorous intensity on 3 days a week for 20 minutes
◆	 For adults who are frail, starting with exercises to build strength, 

stability, and balance must often precede aerobic exercise training
Aerobic training recommendations:
◆	 Indoors: walking (treadmill or indoor track), bicycle ergometer, 

or recumbent steppers
◆	 Outdoors: walking, cycling, gardening, swimming (laps or water 

aerobics), and golfing (especially if walking with a pull cart)
◆	 Moderate-training effect, older adults are typically advised to 

exercise at a level that feels ‘somewhat hard’

◆	 High-intensity interval training (HIT) may be especially well-
suited to older adults since it maximizes cardiovascular stimula-
tion with preserved stability overall [121]; however, HIT is more 
complex than continuous training, necessitating more supervi-
sion for implementation and safety

Strength training recommendations:
◆	 Eight to 12 repetitions of moderate to heavy intensity. Regimens 

will vary relative to comorbidity, baseline conditioning, and 
training goals

◆	 Two to three sets of repetitions, two to three times a week on 
non-consecutive days, is generally recommended, but even one 
set is beneficial

Stretching and balance training:
◆	 Stretching on 2 days a week for at least 10 minutes each time, but 

can also be completed more frequently
◆	 Balance training with walking activities (backward, sideways, 

heel-to-toe), Bosu ball activities, clockwise sway, standing on 
one foot, and tai chi exercises

Source: data from Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, 
King AC, Macera CA, Castaneda-Sceppa C, American College of Sports 
Medicine, American Heart Association. Physical activity and public health 
in older adults: recommendation from the American College of Sports 
Medicine and the American Heart Association. Circulation 2007; 116: 
1094–1105.
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controlled data regarding exercise training during pregnancy, 
multiple observational studies [160–162] suggest the safety of 
continued exercise routines. Moreover, reductions in gestational 
diabetes [163,164] and post-partum depression have been dem-
onstrated [165].

Obesity
Obese patients need a higher volume of exercise to achieve weight 
reduction compared with non-obese patients, who aim to improve 
their exercise capacity [166,167]. Furthermore, initial exercise can 
be challenging: not only are many obese adults deconditioned, but 
the physiological burden associated with carrying extra weight 
during exercise implies greater workload and exercise intensity. 
Walking is the preferred exercise modality for maximizing caloric 
expenditure rather than weight-supported exercises (cycling or 
rowing) which burn fewer calories [168]. Longer-duration train-
ing at a lower intensity is based on the premise that glycogen is the 
predominant fuel source during the first 20 minutes of exercise, 
followed by a shift to fat stores after 30 minutes [169]. The fol-
lowing training recommendations can be made for obese patients:
◆	 150 minutes of aerobic activity per week as a minimum for the 

treatment of obesity.
◆	 For weight loss exercise duration should progress to 200–300 

minutes a week.
◆	 A training frequency of 5 to 7 days a week, with sessions lasting 

from 45 to 60 minutes is recommended.

Obese people may benefit from a resistance training pro-
gramme which improves muscular strength and favourably af-
fects functional tasks. Resistance training may also stimulate an 
increase in fat-free mass and intrinsic energy expenditure [170].

The risk of hyperthermia is another concern as the propor-
tion of surface area relative to body size is lower in obese adults 
compared with those of normal weight. The exercise environment 
should be appropriately adapted to avoid overheating and the as-
sociated cardiovascular risks.  Table 12.12 details the clinical ex-
aminations necessary for the determination of individual risk and 
baseline exercise capacity prior to starting a training programme 
in obese patients.

Type 2 diabetes mellitus
A Joint Position Stand by ACSM and the American Diabetes 
Association [171] recommends the combination of aerobic and 

strength training to maximize glucose control in patients with 
type 2 diabetes mellitus with benefits attributable to improved glu-
cose metabolism as well as to changes in body composition and 
improvements in the cardiovascular risk profile.

Hyperglycaemia can be worsened by exercise, particularly in 
those with type 1 diabetes who are insulin deficient. In contrast, 
patients with type 2 diabetes rarely develop similar insulin defi-
ciency. However, concerns regarding hypoglycaemia in patients 
with type 2 diabetes are relatively greater, particularly in those 
using insulin or sulfonylureas, nateglinide, or repaglinide. These 
risks may also be influenced by the time of day at which exercise is 
initiated and the relative influences of meals. Patients with a pre-
exercise blood glucose < 100 mg/dl should ingest carbohydrate 
prior to exercise. Hypoglycaemia is also a concern during high-
intensity or prolonged exercise. In such circumstances, consump-
tion of carbohydrate during or soon after exercise can help lower 
the risk of hypoglycaemia. Glucose monitoring and the availabil-
ity of carbohydrate supplements are important safeguards.

Diabetes also predisposes to other intrinsic complications. 
CVD, peripheral neuropathy, autonomic neuropathy, and retin-
opathy are all more likely in people with diabetes, and each com-
pounds the complexity of exercise training. Patients with CVD 
and diabetes are generally at higher risk and may benefit from 
CR or a supervised setting in which cardiac parameters can be 
assessed and monitored to best facilitate the safe progression 
of therapeutic exercise. In general these patients benefit from 
careful pre-exercise assessment for unstable atherosclerotic 
heart disease, especially since symptoms provide a less reliable 
indication of concern. Older age and increased weight add to 
these concerns.

Peripheral neuropathy may be manifest as burning, tingling, 
and numbness in the feet, or even foot ulcers. Weight-bearing ex-
ercises should be minimized or avoided, relying more on seated 
modalities. Routine monitoring of foot health and optimal shock-
absorbing footwear are also indicated. Autonomic neuropathy 
is manifest in changes in heart rate, blood pressure, arrhythmia, 
and ischaemia, as well as postural hypotension and falls. Exercise-
related risks are increased. Thorough pre-screening is indicated 
and patients may benefit from supervised exercise training. 
Diabetic retinopathy is also a concern. In patients with uncon-
trolled proliferative disease, activities that increase intraocular 
pressure and haemorrhagic risks are best avoided. These include 

Table 12.12 Clinical examinations necessary for the determination of individual risk and baseline exercise capacity prior to starting the training 
programme in obese patients

Components Established/agreed issues

Patient risk 
assessment

◆ Clinical history: look for a history of hypertension, insulin resistance, and lipid abnormalities
◆ Physical examination: weight, height, BMI, body fat. Signs/symptoms of arthritis. Assess coordination/mobility
◆ Resting ECG
◆ Exercise capacity: symptom limited, maximal exercise stress test by cycle ergometry or treadmill (cardiopulmonary exercise test if available); 

a submaximal test might be warranted e.g. after an extensive myocardial infarction or complications of an MI. Exercise or pharmacological 
imaging technique in patients with uninterpretable ECG and known CAD

◆ Baseline echocardiogram with determination of left ventricular ejection fraction
◆ Other tests as indicated: BNP, HbA1c, oral glucose tolerance test Holter R–R measurement etc.

BMI, body mass index; BNP, brain natriuretic peptide.
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◆	 Increasing numbers of patients with valvular and congenital 
heart disease before or after surgical correction live to older 
ages. We lack larger-scale multicentre studies on appropriate 
training interventions to prevent CVD in this heterogeneous 
patient cohort.

◆	 In primary prevention, childhood obesity will be the major 
challenge for societal exercise programmes at school and in the 
community. The evidence is there, we need more data on im-
plementation strategies that work and on motivation strategies 
that catch children’s attention.

high-intensity aerobic or resistance training, head-down activi-
ties, and jumping/jarring activities.

The recommendations for exercise training in diabetes mellitus 
are summarized in  Box 12.12.

Future challenges in exercise therapy
We now have well-established scientific evidence for the clini-
cal and prognostic benefits of exercise training in the majority 
of CVD. More importantly, we are beginning to understand the 
complex mechanisms by which exercise positively modifies the 
disease process [10]. Are there any further research challenges left 
for exercise training in CVD? It is the view of the authors that the 
following areas will become a focus of research as a result of the 
changes we are seeing in the patient population:
◆	 Although an increasing number of studies are being published 

on exercise interventions for geriatric patients we still lack stud-
ies comparing different training programmes and types of in-
terventions in regard to their clinical efficacy.

◆	 Women are still underrepresented in exercise programmes in 
relation to their share of CVD. One reason is that they are af-
fected by CVD at more advanced ages, another is related to so-
cial role perceptions that have not yet been adequately targeted.

Further reading
Introduction

Gielen S, Schuler G, Adams V. Cardiovascular effects of exercise train-
ing: molecular mechanisms. Circulation 2010; 122: 1221–38.

Heran BS, Chen JM, Ebrahim S, et al. Exercise-based cardiac rehabilita-
tion for coronary heart disease. Cochrane Database Syst Rev 2011; (7): 
CD001800.

Wen CP, Wai JPM, Tsai MK, et al. Minimum amount of physical activ-
ity for reduced mortality and extended life expectancy: a prospective 
cohort study. Lancet 2011; 378: 1244–53.

Williams PT. Physical fitness and activity as separate heart disease risk 
factors: a meta-analysis. Med Sci Sports Exerc 2001; 33: 754–61.

Whole body exercise testing in cardiovascular 
health and disease

ACSM’s resource manual for guidelines for exercise testing and prescrip-
tion, 2009. Philadelphia, PA: Lippincott Williams & Wilkins.

Farrell PA, Joyner MJ, Caiozzo VJ. ACSM’s advanced exercise physiology, 
2011. Philadelphia, PA: Lippincott Williams & Wilkins.

Box 12.12 Recommendations for exercise training in diabetes 
mellitus

Established/agreed components:
◆	 150 minutes (or more) a week of moderate-intensity aerobic 

physical activity (≥ 4.5 METs) and/or 90 minutes a week of vig-
orous aerobic exercise (≥ 7.5 METs)

◆	 The physical activity should be for at least 30 minutes on at least 
5 days a week

◆	 Resistance training three times a week, targeting all major 
muscle groups, two to four sets of 7–40 repetitions

Components requiring further evidence:
◆	 Relative benefits of resistance training (e.g. eight muscle groups, 

two sets per muscle group, 8–12 repetitions, 70–80% of RM) 
versus endurance training (e.g. eight muscle groups, two sets 
per muscle group, 25–30 repetitions, 40–55% of RM)

Solution to the case study

Diagnostic blood tests
Renal function is important for determination of the underlying 
cause of the patient’s oedema (cardiac decompensation versus 
renal failure) and for potential dose adjustments of the medica-
tions. Electrolytes are necessary to monitor for hypokalaemia as 
a side effect of diuretic therapy and hyperkalaemia resulting from 
ACE inhibition and aldosterone-antagonist treatment. The full 
blood count should be part of the routine to rule out anaemia 
as a negative prognostic indicator and a factor that is exercise 
limiting.

Apparative diagnostic tests
Echocardiography is needed to measure the left ventricular ejec-
tion fraction and look for concomitant functional/structural val-
vular heart disease. A bicycle ergometer test, if possible with gas 
exchange measurement, should be done. Chest X-ray is routine. 
An ICD programming report should be produced indicating de-
tection and intervention thresholds for ventricular arrhythmias. 
A cardiac MRI is not routinely needed.

Medication/dosage checks
Because of this patient’s tachyarrhythmia and pitting oedema it is 
most important to check digitoxin, beta-blockers, and diuretics.

Prescription of an exercise programme
Although jogging would be possible, this patient needs heart 
rate monitoring at least when starting the training programme. 
Interval training is more effective than steady-state endurance 
training in improving exercise capacity and has similar effects on 
reverse cardiac remodelling and improved vascular function.
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CHAPTER 13

Overweight, obesity, and 
abdominal adiposity
Gabriele Riccardi and Maria Masulli

Summary
Obesity is a serious chronic disease of epidemic and global proportions; it is often as-
sociated, particularly when body fat is predominantly visceral, with cardiovascular 
risk factors such as dyslipidaemia (high triglycerides, low high-density lipoprotein 
cholesterol, and abnormal low-density lipoprotein composition, i.e. the presence of 
small, dense low-density lipoprotein particles), hypertension and left ventricular hy-
pertrophy and impaired glucose tolerance/diabetes, a cluster making up metabolic 
syndrome. The incidence of cardiovascular diseases (CVD) is increased in obese 
people. Since overweight and obesity are associated with decreased lifespan, weight 
loss might be expected to improve long-term survival and have beneficial effects 
on CVD risk. The therapeutic approaches to obesity are lifestyle changes, drugs, 
and bariatric surgery. Lifestyle modifications focused on modest (5–10%) weight 
loss and moderate-intensity physical activity can significantly reduce the incidence 
of type 2 diabetes and other cardiometabolic risk factors. A low-fat (low saturated 
fat) diet, rich in fruit and vegetables as well as legumes and whole grains and poor 
in sugars, should be advised for its beneficial impact on weight and cardiovascu-
lar risk. The three main weight-reducing drugs are orlistat (currently available) and 
sibutramine and rimonabant, which have been withdrawn from the market as a re-
sult of cardiovascular and neuropsychiatric effects, respectively. Bariatric surgery 
represents an effective treatment for severe obesity and has a beneficial impact on 
survival, cardiovascular risk factors, prevention/remission of chronic diseases (hy-
pertension, hyperlipidaemia, and diabetes), and cardiovascular events. Prevention 
of obesity at the population level will probably play a major role in combating the 
current obesity epidemic. Combining different intervention strategies is probably 
the best choice for maximizing the effects and minimizing the costs.

Case study

A 60-year-old white man goes to his general practitioner (GP) for a check-up. He works for 
an insurance company, doesn’t smoke, and doesn’t drink alcohol regularly. His family history 
is positive for type 2 diabetes (mother), obesity and hypertension (mother and father), and 
cardiovascular disease (his father suffered a myocardial infarction at the age of 59). His past 
medical history is negative for metabolic disorders, cardiovascular, renal, or liver disease. At 
the physical examination he has a BMI of 28 kg/m2 and a waist circumference of 107 cm. The 
patient refers to a weight gain of several kilograms over the past 2 years; he does not follow 
any specific diet and eats out at restaurants or has fast food several times a week. Moreover, 
he works long hours and has a sedentary lifestyle. His blood pressure is 144/92 mmHg. The 

(continued)
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Introduction
Obesity is a serious chronic disease of epidemic and global propor-
tions: the prevalence of obesity has been increasing at a frightening 
rate over the past few decades. This multifactorial disease particu-
larly threatens the health of younger generations. Overweight and 
obesity represent risk factors for the onset of different chronic dis-
eases that are responsible for 60% of deaths worldwide. Globally, 
about 1.5 billion adults are overweight, and among these 500 mil-
lion are obese [1]. These numbers have doubled since 1980, and 
projections estimate that by 2015 about 2.5 billion adults will be 
overweight and 700 million obese. Globalization may exacerbate 
the uneven dietary development between rich and poor: while 
high-income groups in developing countries enjoy the benefits of 
a more dynamic marketplace, lower-income groups may experi-
ence convergence towards poor-quality diets. Many developing 
countries are in a ‘nutrition transition’ implicated in the rapid rise 
of obesity and diet-related chronic diseases worldwide.

Overweight, obesity, and life 
expectancy
Obesity is associated with many severe comorbidities. Metabolic 
abnormalities, such as dyslipidaemia, hypertension, and left ven-
tricular hypertrophy, impaired glucose tolerance, and diabetes, 
form a cluster known as metabolic syndrome, a predictor of athero-
sclerosis and cardiovascular disease (CVD). Other diseases, such as 
non-alcoholic fatty liver disease and cholelithiasis, cancer, sleep ap-
noea/sleep-disordered breathing, and osteoarthritis are also a con-
sequence of obesity, and may induce significant physical disability.

Quality of life is often impaired in obese people due to the pres-
ence of comorbidities and social limitations. Life expectancy is 
also reduced: large epidemiological studies such as the Prospective 
Studies Collaboration, the Cancer Prevention Study II, and the 
European Prospective Study, have shown that overweight and 
obesity are associated with increased all-cause mortality [2].

The relationship between mortality and overweight or obesity 
is controversial. There is a J-shaped relationship between body 
mass index (BMI) and the risk of death, with the highest risk in 

the lowest and the highest BMI categories. A possible confounder 
in the relationship between underweight and mortality could be 
represented by smoking, since this is associated with a lower BMI 
and an increased risk of cardiovascular, respiratory, and neoplastic 
death. Results from an analysis of pooled data from 19 prospective 
studies ( Fig. 13.1), including 1.46 million white adults aged 19 
to 84 years followed up for 10 years, has confirmed the J-shaped 
relationship between obesity and all-cause mortality. Among 
healthy people who have never smoked, the hazard ratios (HRs) 
for all-cause mortality (taking normal weight individuals as the 
reference group) were 1.47 (95% CI 1.33–1.62) in underweight 
people, 1.13 (95% CI 1.09–1.17) in overweight subjects, 1.44 (95% 
CI 1.38–1.50) for those in obesity class I (BMI 30–34.9 kg/m2), 
1.88 (95% CI 1.77–2.00) for those in obesity class II (BMI 35–39.9 
kg/m2), and 2.51 (95% CI 2.30–2.73) for those in obesity class III 
(BMI 40.0–49.9 kg/m2). The increased HR in underweight people 
reduced as the length of follow-up increased. This finding can be 
explained by the confounding effect of pre-existing (undiagnosed 
or unreported) diseases and disease-related weight loss that could 
contribute to the excess mortality in underweight people. The as-
sociation between underweight and mortality was also attenuated 
in participants who reported higher levels of physical activity. The 
HR per five-unit increase in BMI was 1.31 (95% CI 1.29–1.33) for 
the BMI range of 25 to 50 kg/m2 [3].

An obese person with a BMI between 30 and 35 kg/m2 has a 
life expectancy that is 4–5 years lower than the life expectancy 
of a person of normal weight. A recent study conducted in the 
US population has also predicted that if the prevalence of obesity 
continues to grow at the present rate, by year 2050 average life ex-
pectancy will have to be adjusted downward by at least 5 years. In 
other words, the trend towards higher rates of obesity in United 
States over time will have a negative impact on the health of the 
population (longevity and quality of life) which will outweigh any 
benefits resulting from the continued reductions in the number of 
smokers [4].
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Fig. 13.1 Estimated hazard ratios for death according to increasing BMI 
categories.
 Source: data from Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause 
mortality with overweight and obesity using standard body mass index categories: a 
systematic review and meta-analysis. JAMA 2013 Jan 2; 309(1): 71–82.

rest of the physical examination is unremarkable. The GP prescribes 
laboratory tests which show thyroid, renal, and hepatic function to 
be within normal limits. Metabolic assessment shows: fasting blood 
glucose 95 mg/dl; total cholesterol 260 mg/dl; triglycerides 190 mg/
dl; low-density lipoprotein 181 mg/dl; high-density lipoprotein 38 
mg/dl.

You need to consider the following questions:
◆	 What is the diagnosis?
◆	 What is the calculated 10-year risk for a cardiovascular event in 

this patient?
◆	 What is the best therapeutic approach?

Case study (continued)
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Cardiovascular events in people with 
overweight, obesity, and abdominal 
adiposity
Both cross-sectional and prospective studies have shown a close 
relationship between excessive body fat and premature cardiovas-
cular morbidity and mortality [7,8].

In the 1980s, the Framingham Heart Study, a large 26-year 
follow-up prospective study, showed that the BMI was an im-
portant predictor of cardiovascular disease (myocardial infarc-
tion and stroke), particularly among the younger members of 

Obesity, and in particular abdominal adiposity, affects lifespan 
mostly because it is associated with an increased risk of metabolic, 
cardiovascular, and cancer events. However, there is a large and 
continually growing body of evidence indicating that excess body 
weight is associated with a more favourable prognosis in patients 
with CVD, including heart failure [5,6]. This phenomenon has 
been called the ‘obesity paradox’. Observational studies consist-
ently show that patients with heart failure who are overweight 
or obese have a significantly lower mortality risk compared with 
those of normal weight.

There are several potential explanations for the obesity par-
adox. First, selection bias may be a contributing factor: excess 
body weight can cause dyspnoea/peripheral oedema for reasons 
not related to heart failure, thus leading to an early diagnosis of 
heart failure at a stage when myocardial impairment is not yet 
severe. This could also explain why obese patients with heart fail-
ure are managed more effectively, and enjoy a better prognosis. 
Alternatively, only the healthiest of the obese patients may be 
surviving for long enough to develop heart failure. In addition, 
potential confounders such as smoking, unrecognized systemic 
illness, or unintentional weight loss may potentially account for 
paradoxical results.

On the other hand, it is possible that excess body weight re-
ally is protective in relation to cardiovascular mortality. Chronic 
heart failure is a catabolic state, and the development of wasting, 
characterized by loss of muscle, bone, and fat, is a marker of more 
severe disease. Many patients with heart failure are malnourished, 
whereas moderately obese patients with chronic heart failure 
may tolerate the metabolic stress better than lean individuals. 
Moreover, altered cytokine and neuroendocrine profiles of obese 
patients play a role in modulating the progression of heart failure.

the cohort [9]. This finding was confirmed by a more recent 
study, the MELANY study, suggesting that overweight children 
and adolescents are at increased risk of diabetes and coronary 
heart disease, independently of their adult BMI [10]. In par-
ticular, this study showed that adolescent BMI is a significant 
predictor of the incidence of angiography-proven coronary 
heart disease in adult life across the entire BMI range: the risk 
of coronary heart disease increases by 12% for each one-unit 
increment in BMI.

Several studies have clearly shown that the distribution of body 
fat, especially abdominal fat, is predictive of both prevalent and 
incident coronary heart disease and cerebrovascular disease, this 
relation being largely independent of total body fat. Since BMI 
provides a crude measurement of total adiposity, and is an inad-
equate index of regional body fat distribution, measures of cen-
tral obesity, such as waist circumference and waist-to-hip ratio, 
have to be utilized in order to get a more accurate prediction of 
the cardiovascular risk associated with excessive accumulation 
of body fat in the splanchnic region, even in subjects with a nor-
mal BMI [8].

Central obesity is recognized as a key driver of metabolic syn-
drome, a clustering of multiple cardiovascular and metabolic ab-
normalities, including atherogenic dyslipidaemia, hypertension, 
elevated fasting insulin/insulin resistance, hyperglycaemia, plus a 
pro-thrombotic and pro-inflammatory state. Metabolic syndrome 
has been recognized as a predictor of diabetes and CVD. Multiple 
definitions have been proposed for the syndrome since it was first 
postulated. The definitions of the World Health Organization 
(WHO) [11] and the European Group for the Study of Insulin 
Resistance (EGIR) [12] emphasize the presence of insulin resist-
ance for the diagnosis. The definition of the International Diabetes 
Federation (IDF) [13] requires the presence of central obesity for 
the diagnosis. The definition of the Adult Treatment Panel III 
(ATP III) [14] is more clinically oriented and is based on the pres-
ence of at least three factors among the five listed in  Table 13.1.

Keypoints

Overweight and obesity are associated with increased all-cause 
mortality. There is a J-shaped relation between BMI and the risk 
of death, with the highest risk in the lowest and highest categories 
of BMI.
Overweight in patients with heart failure is associated with a 
lower risk of mortality and better prognosis. This phenomenon is 
called the ‘obesity paradox’.

Table 13.1 Criteria for the definition of metabolic syndrome 
according to the Adult Treatment Panel III (ATP III) [14]

Components of metabolic 
syndrome

ATP III definition*

Waist circumference M: >102 cm
F: >88 cm

Triglycerides ≥150 mg/dl

HDL cholesterol M: <40 mg/dl
F: <50 mg/dl

Systolic/diastolic blood pressure ≥130/≥85 mmHg or antihypertensive 
drugs

Fasting glycaemia ≥100 mg/dl or antihyperglycaemic 
drugs

*At least three of the components required.
M, males; F, females.
From Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, Gordon 
DJ, Krauss RM, Savage PJ, Smith SC Jr, Spertus JA, Costa F; American Heart Association; 
National Heart, Lung, and Blood Institute. Diagnosis and management of the metabolic 
syndrome: an American Heart Association/National Heart, Lung, and Blood Institute 
Scientific Statement. Circulation. 2005 Oct 25; 112(17): 2735–52.
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Increased waist circumference is a marker of the accumulation of 
visceral fat: impaired insulin sensitivity has been proposed as the link 
between obesity, and in particular visceral adiposity, and cardiovas-
cular risk factors clustering in the metabolic syndrome; they contrib-
ute to the increased rate of events observed in obesity, particularly 
when fat is predominantly found in the abdominal region.

The mechanisms by which abdominal adiposity leads to ath-
erosclerosis are shown in  Fig. 13.2. Excess body fat leads to an 
alteration in the profile of hormones secreted by adipose tissue 
(adipokines) that cause insulin resistance and vascular inflamma-
tion; they promote activation of macrophages and their infiltration 
in the vessel wall, facilitating the atherosclerotic process. Visceral 
adiposity is often associated with endothelial upregulation of the 
adhesion molecules and hypercoagulability. The inflammatory 
background is also probably promoted by a concomitant deficit of 
nitric oxide, which also appears to decrease the vasodilator prop-
erties of perivascular adipose tissue, leading to hypoxia, inflam-
mation, and oxidative stress. Increased visceral adiposity leads 
to increased mobilization of free fatty acids (FFA) into the portal 
vein, resulting in hepatic insulin resistance [15].

Cardiovascular risk factors in people 
with overweight, obesity, and 
abdominal adiposity
Many epidemiological studies have clearly shown that obesity, 
particularly of the abdominal type, increases the risk of CVD both 
directly and by promoting the occurrence of comorbid conditions 
such as diabetes, hyperlipidaemia, and hypertension.

Overweight, obesity, and diabetes
Obesity is strictly related to type 2 diabetes mellitus. Longitudinal 
studies have demonstrated that a higher BMI is a strong predictor 
for developing type 2 diabetes, with a linear increase in diabetes 
risk across the whole spectrum of BMI but highest in obese sub-
jects with BMI > 30 kg/m2. Moreover, individuals who were obese 
as adolescents (versus adult onset) are more likely to have diabetes 
in young adulthood, independent of current body weight, with the 
highest risk being among those with persistent obesity from their 
teens to adult years [10].

In a multivariate model adjusted for age, family history of dia-
betes, systolic and diastolic blood pressure, physical activity, and 
glucose and triglyceride levels, adolescent BMI was a predictor of 
incident diabetes, with a significantly increased risk observed for 
the three highest BMI deciles (HR in the highest BMI group ver-
sus the lowest 2.76, 95% CI 2.11–3.58) ( Fig. 13.3). The risk of 
diabetes increased by 9.8% for each one-unit increment in BMI.

For a given BMI, the distribution of visceral rather than sub-
cutaneous body fat confers greater risk of metabolic abnormali-
ties, and in particular of type 2 diabetes. Prospective studies have 
shown that waist circumference is a better predictor of the risk of 
developing diabetes than most other measures of adiposity (BMI, 
waist-to-hip ratio, iliac circumference) [16].

Overweight, obesity, and hypertension
Obesity is recognized as one of the most important risk factors for 
the development of hypertension. The relation between adiposity 
and blood pressure appears to be linear. Obese individuals exhibit 
higher levels of office as well as ambulatory blood pressure. Obese 
subjects have higher blood pressure than non-obese individu-
als even in the normotensive range. Many large epidemiological 
studies have shown a relationship between body weight and blood 
pressure. In the Framingham Study, the prevalence of hyperten-
sion in obese individuals was twice that in subjects of normal 
weight. This relationship has been demonstrated in both sexes, in 
all age groups, and in several ethnic groups [17].

There are several mechanisms linking obesity and hypertension. 
Clinical and experimental studies have demonstrated the pres-
ence of sympathetic hyperactivity, accelerated regional kinetics 
of catecholamines, excited neuromuscular activity, dysregulation 
in sodium-modulator hormones, and pre-clinical left ventricular 
dysfunction in obese subjects. These factors contribute to the de-
velopment of arterial hypertension. Moreover, the renin–angioten-
sin–aldosterone system and abnormal renal sodium handling play a 
critical role in the regulation of cardiovascular homeostasis.

Keypoints

Obesity, and in particular visceral obesity, is associated with an 
increased rate of cardiovascular events.
Overweight and obesity in childhood predict the risk of coronary 
heart disease and diabetes in adulthood independently of the 
adult BMI.
Visceral adiposity is the key driver of metabolic syndrome, that 
is a clustering of multiple cardiovascular and metabolic abnor-
malities (dyslipidaemia, hypertension, elevated fasting insulin/
insulin resistance, hyperglycaemia, and pro-thrombotic and pro-
inflammatory state).
Metabolic syndrome has been recognized as a predictor of dia-
betes and CVD.

Fig. 13.2 Intra-abdominal adiposity promotes insulin resistance and 
increases the cardiovascular risk [15].
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LDL particles) [18]. The pathogenesis of dyslipidaemia associated 
with obesity is closely related to insulin resistance ( Fig. 13.4); it 
plays a major role in the development of atherosclerosis and CVD 
in obese individuals.

Overweight, obesity, and dyslipidaemia
Obese people often have increased triglycerides, decreased levels 
of high-density lipoprotein (HDL), and abnormal low-density li-
poprotein (LDL) composition (a higher proportion of small, dense 
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Fig. 13.3 Hazard ratios (HR) for incident diabetes in adulthood according to BMI categories in adolescence. In a multivariate model (adjusted for age, family 
history of diabetes, systolic and diastolic blood pressure, physical activity, and glucose and triglyceride levels), adolescent BMI was a predictor of incident diabetes, 
with a significantly increased risk observed for the three highest BMI deciles (HR in the highest BMI group versus the lowest is 2.76, 95% CI 2.11–3.58).

Fig. 13.4 Major abnormalities in lipid metabolism induced by obesity. FFA, free fatty acids; VLDL, very low-density lipoprotein; LPL, lipoprotein lipase; TRL, 
triglyceride-rich lipoprotein; CETP, cholesterol ester transfer protein; CE, cholesterol ester; TG, triglycerides; LDL, low-density lipoprotein; HL, hepatic lipase; HDL, 
high-density lipoprotein.
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Benefits of weight reduction on 
cardiovascular events in overweight or 
obese people
Since overweight and obesity are associated with a decreased lifes-
pan, increased prevalence of cardiovascular risk factors, and high-
er rates of cardiovascular events, weight loss might be expected to 
improve long-term survival and to have many beneficial effects on 
cardiovascular risk factors.

The relation between weight loss and mortality is debated, with 
observational studies suggesting no change, reduced, or improved 
mortality subsequent to weight loss. This discrepancy concerning 
the effects of weight loss on mortality has been particularly related 
to the inability of observational studies to discriminate between 
intentional and unintentional weight loss. Thus, weight loss might 

be the consequence of conditions that lead to death (e.g. cancer) 
rather than the cause of increased mortality. However, observa-
tional epidemiological studies based on American Cancer Society 
data have suggested that intentional weight loss is associated with 
decreased mortality, although the information on intentionality 
was based on retrospective, self-reported data collected at baseline 
[19–21].

The therapeutic approaches used for the treatment of obesity 
are lifestyle changes (diet and physical activity), drugs, and bari-
atric surgery.

Lifestyle changes
Weight loss obtained by lifestyle intervention has been proven to 
be effective in reducing the incidence of diabetes and other cardio-
vascular risk factors. A modest decrease in body weight appears to 
be able to increase insulin sensitivity, and therefore improve the 
overall profile of metabolic derangements and cardiovascular risk 
factors clustering with insulin resistance.

The first report was by Pan et al. from China [22]. They showed 
a reduction in the incidence of new cases of diabetes of 31% with 
dietary changes, 46% with exercise, and 42% with both after 6 
years of follow-up. The first scientifically robust evidence on the 
impact of weight reduction on incidence of type 2 diabetes came 
from Finland in 2001 [23] and the United States in 2002 [24], es-
tablishing beyond doubt that type 2 diabetes can be prevented in 
people at increased risk.

Both studies demonstrated that intensive lifestyle modifications 
in people with impaired glucose tolerance who were overweight 
reduced the risk of developing type 2 diabetes by approximately 
60%. The interventions differed slightly but included a modest re-
duction in weight, frequent moderate exercise, and a healthy diet.

In both studies, dietary change involved a reduction in the in-
takes of fats and refined carbohydrates (e.g. sweets) and increased 
consumption of fruit, vegetables, and wholegrain cereals; neither 
adopted a target for reducing calorie intake. By contrast, there 
were targets for weight loss. In the Finnish study, the target was a 
reduction of 5% of the baseline weight. After 1 year, mean weight 
loss was 4.7% (4.2 kg) in the intervention group and 0.9% (0.8 kg) 
in controls; after 2 years the intervention group regained some 
weight (mean loss from baseline 3.9%, 3.5 kg) but controls were 
unchanged. Mean waist circumference also decreased more in the 
intervention group (by 4.4 cm versus 1.3 cm). The US study set a 
more ambitious target of a 7% reduction of the baseline weight; 
among those receiving intensive lifestyle advice, 50% achieved 
the target at 24 weeks but only 38% sustained this at the last visit 
(i.e. after up to 4 years). Mean weight loss during the study was 
0.1 kg with standard lifestyle advice, 2.1 kg with the addition of 
metformin, and 5.6 kg with intensive lifestyle advice. Towards the 
end of the study mean body weights remained substantially dif-
ferent among the three intervention groups, but they were begin-
ning to converge.

The Diabetes Prevention Program Outcomes Study (DPPOS) 
is a long-term (10 years) follow-up of the US Diabetes Prevention 
Program (DPP) designed to investigate whether the delay in 

Keypoints

The typical dyslipidaemia associated with obesity, and in particu-
lar with abdominal adiposity, is characterized by high triglycer-
ides, low HDL cholesterol, and abnormal LDL composition (the 
presence of small, dense LDL particles).
This pattern of dyslipidaemia associated with obesity is closely 
related to the impairment of insulin sensitivity and is predictive 
of atherosclerosis and increased cardiovascular risk.

Obesity is always associated with increases in plasma triglycer-
ides. The hepatic overproduction of very low-density lipoprotein 
(VLDL) appears to be the primary impairment in an insulin-
resistant state. Inability to suppress hepatic glucose production, 
impaired muscle glucose uptake and oxidation, and inability to 
suppress release of FFA from adipose tissue are the most important 
consequences of insulin resistance in liver, muscle, and adipose 
tissue, respectively. These events induce an increased flux of FFA 
to the liver (FFA being an important regulator of hepatic VLDL 
production). In addition to increased VLDL synthesis, obesity and 
insulin resistance are also associated with a decreased clearance of 
VLDL particles. Since lipoprotein lipase (LPL) activity and mass 
are decreased in insulin-resistant subjects, the clearance of VLDL 
is also decreased.

Obesity is also associated with decreased HDL cholesterol. A 
difference in 10 mg/dl (0.26 mmol/L) in HDL has been found 
between normal weight and obese subjects. Longitudinal data 
obtained from the Framingham Offspring Study have confirmed 
this association, and have shown that the increase of 1 BMI unit 
is associated with a decrease in HDL cholesterol of 3 mg/dl (0.08 
mmol/L) over an 8-year follow-up period.

The effects of obesity on LDL concentrations are less consistent. 
Several studies have demonstrated that obesity is associated with a 
change in LDL composition—LDL particles in overweight/obese 
subjects are smaller and denser, and therefore more atherogenic, 
than in subjects of normal weight.
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development of diabetes seen during the DPP could be sustained 
and to assess the long-term effects of the interventions on health 
[25]. This study has shown that the cumulative incidence of diabe-
tes remained lower in the lifestyle and metformin groups than in 
the placebo group. During follow-up, the incidence rate of diabe-
tes in the lifestyle group was reduced by 34% (95% CI 24–42) and 
in the metformin group by 18% (95% CI 7–28) compared with 
placebo. The lifestyle effect was greatest in participants aged 60–85 
years at randomization (49% rate reduction), in whom metform-
in had no significant effect. In this study, onset of diabetes was 
delayed by about 4 years by lifestyle intervention and 2 years by 
metformin compared with placebo. The lifestyle intervention also 
resulted in improved blood pressure and plasma lipid concentra-
tions despite a reduction in drug treatment.

The Finnish Diabetes Prevention Study used an approach simi-
lar to that in the DPP lifestyle group. During the 4-year active in-
tervention, diabetes incidence was reduced by 58%. Although the 
intervention was not actively delivered during the 3-year follow-
up it remained effective, with a 39% reduction in incidence of dia-
betes during the observation period.

Together, these studies demonstrate that relatively modest 
changes in diet, but particularly a reduction in fat intake, an in-
crease in exercise, and a reduction in body weight, are associated 
with substantial reductions in cardiovascular risk factor profiles in 
people at high risk of diabetes.

A 20-year follow-up was reported from the Da Qing Prevention 
Trial [26] in 577 Chinese individuals with impaired glucose toler-
ance. After 6 years of treatment, cumulative diabetes incidences 
were similar with all three interventions. Treatment and regular 
follow-up were discontinued after 6 years, but cumulative inci-
dence over 20 years, gathered largely from clinical and historical 
data, remained lower in the intervention groups than in the usual 
care group.

The Japanese Diabetes Prevention Programme and the Indian 
Diabetes Prevention Programme also reported reduced rates of 
conversion to diabetes of 57.4% over 4 years and 28.5% over 3 
years, respectively [27,28].

It is important to note that a reduction in body weight in over-
weight individuals also has beneficial effects by reducing the oc-
currence and/or the severity of the development of diseases related 
to diabetes, including arterial hypertension and dyslipidaemia.

A recent study conducted in a population of dysmetabolic 
subjects has demonstrated that a lifestyle intervention inducing 
a modest reduction in BMI and waist circumference was able 
to substantially reduce the prevalence of metabolic syndrome 
(–31%) and of multiple metabolic/inflammatory abnormalities 
(–41%) [29].

The challenge facing public health professionals is how to im-
plement the lifestyle changes achieved in these intervention trials 
in markedly varying sociocultural settings, and how to identify 
and target people with impaired glucose tolerance on a mass scale. 
Furthermore, although long-term benefits might be anticipated, 
the impact of these changes on clinical outcomes such as CVD and 
mortality remains unknown.

Weight loss is also associated with a lowering of blood pressure. 
Many clinical trials have clearly demonstrated the effect of weight 
loss on reducing blood pressure. The Hypertension Prevention 
Trial [30] documented that in individuals with borderline eleva-
tions in blood pressure a mean weight loss of 5 kg was associated 
with a decrease of 5 mmHg in systolic blood pressure. Lifestyle 
interventions based on a low-calorie diet and associated with 
weight loss are associated with a reduction in blood pressure. 
Even modest weight loss (i.e. 10% of body weight) reduces blood 
pressure [31].

Studies examining the effects of weight loss on lipid patterns 
indicate that reduction in body weight is associated with a modest, 
but statistically significant, decrease in total and LDL cholesterol, 
whereas the effects on triglycerides are usually more pronounced.

A systematic review of 70 studies [32] designed to induce 
weight reduction and detect changes in plasma lipids indicated 
that weight loss per se (average 16 kg or 16% from baseline weight) 
is associated with a mean decrease in plasma total cholesterol of 
about 30 mg/dl (0.78 mmol/L), with LDL and VLDL cholesterol 
dropping in equal proportions. Overall, significant correlations are 
found between the degree of weight reduction and the decrease in 
plasma total cholesterol, LDL, and VLDL cholesterol, and triglyc-
eride concentrations. For every kilogram decrease in body weight, 
total and LDL cholesterol are reduced by 2 mg/dl (0.05 mmol/L) 
and 0.8 mg/dl (0.02 mmol/L), respectively. Furthermore, a 0.3 mg/
dl (0.008 mmol/L) reduction in HDL cholesterol occurs for sub-
jects who actively lose weight, whereas a 0.4 mg/dl (0.01 mmol/L) 
increase occurs for subjects at a stabilized weight reduction.

Improvements in HDL cholesterol and in plasma triglycerides 
tend to be greater in overweight or obese subjects on a low-carbo-
hydrate diet, whereas change in LDL cholesterol levels were more 
favourable in subjects on low-fat diets.

The Look AHEAD Trial [33,34], which enrolled over 5000 pa-
tients with diabetes, has shown that lifestyle intervention aimed 
to obtain an average 1-year weight loss of at least 7% is associ-
ated with improvement in lipids, blood pressure, and glycaemic 
control across all BMI categories. Nearly 40% of severely obese 
patients lost more than 10% of their initial body weight at 1 year. 
Additionally, 42% achieved the American Diabetes Association 
goal for LDL cholesterol, 66% for blood pressure, and 71% for 
glycaemic control, all significantly greater than at baseline and 
comparable with individuals with a BMI < 40 kg/m2. These prom-
ising findings suggest that severely obese individuals with type 2 
diabetes can be successfully treated with behavioural weight loss 
programmes.

Observational studies indicate that the impact of physical activ-
ity on lipid fractions is greatest for HDL cholesterol, which tends 
to increase, and for triglycerides, which tend to decrease, in ac-
tive individuals compared with sedentary subjects. The increase 
in HDL cholesterol associated with physical activity varies from 9 
to 50% and triglyceride reduction ranges from 19 to 50%. By con-
trast, changes in plasma total and LDL cholesterol are less consist-
ent and wane in many studies after adjustment for other lifestyle 
components (dietary habits, smoking, and alcohol consumption). 



CHAPTER 13 overweight, obesity, and abdominal adiposity182

Dietary modifications to reduce body weight
Obesity develops when energy intake is greater than energy ex-
penditure: overall it is a consequence of low physical activity and 
increased consumption of energy-dense foods. To achieve weight 
loss, energy intake must be less than the energy expenditure: in 
order to obtain a weight loss of 1 kg/week, a calorie deficit of 1000 
kcal/day would be needed, on the basis of predictions based on the 
laws of thermodynamics. In practice, a much lower weight reduc-
tion is observed, since weight reduction influences not only fat 
mass but also muscles, and therefore the energy expenditure pro-
gressively declines. The minimum energy required by an adult of 
normal weight who stays in bed is approximately 0.8–0.9 kcal/min 
(1150 kcal/day); this maintains body temperature, function of the 
heart and other organs, and tissue repair. High levels of physical 
activity can increase energy expenditure four- to eightfold.

Reduced-calorie diets can vary in energy intake, and can be 
adopted according to clinical judgement: very low-calorie diets 
(less than 800 kcal/day) should be used only when more rapid 
weight loss is needed and require strict medical monitoring; low-
calorie (800–1500 kcal/day) or moderate diets (about 300–500 
kcal less than the typical daily intake) are also used ( Table 13.2).

Exercise is recommended as a weight loss intervention, partic-
ularly when combined with dietary changes ( Table 13.3). The 
combination of increased physical activity and caloric restriction 

result in more relevant and sustained weight reduction and chang-
es in body composition (fat versus lean mass) than diet or physical 
activity alone. While short-term weight loss depends mainly on 
caloric restriction, maintenance of weight loss mostly depends on 
the level of physical activity. For most people long-term success is 
still difficult to achieve, and current therapies for obesity do not 
provide sufficient support for patients to adhere to the required 
lifestyle changes.

The body has multiple mechanisms for modifying energy bal-
ance to re-establish the original body weight. Weight loss induces 
a reduction in energy expenditure, hindering maintenance of 
weight loss—failure to maintain weight loss in the long term is a 
common problem.

Keypoints

Lifestyle modification focused on a modest (5–10%) weight loss 
and moderate-intensity physical activity can significantly reduce 
the incidence of type 2 diabetes and cardiometabolic risk fac-
tors in high-risk individuals, with benefits sustained for at least 
10 years.
Weight loss, even modest (i.e. 10% of body weight) is associated 
with a lowering of blood pressure.
In most available studies, weight loss significantly reduces plasma 
total and LDL cholesterol, and, even more, plasma triglycerides. 
HDL cholesterol levels tend to rise on sustained weight loss.
Regular aerobic activity induces an increase in plasma HDL cho-
lesterol and a decrease in plasma triglycerides, whereas the effects 
on total and LDL cholesterol are modest.

Aerobic physical activity with total energy expenditure of 1500–
2200 kcal/week (which corresponds to jogging about 24–32 km/
week) may increase plasma HDL cholesterol levels by 3.5–6 mg/dl 
(0.09–0.16 mmol/L) and lower plasma triglyceride levels by 7–20 
mg/dl (0.08–0.23 mmol/L). A further 16 km/week would trigger 
an additional 3 mg/dl (0.08 mmol/L) increase in plasma HDL 
cholesterol and an additional 3–8 mg/dl (0.03—0.09 mmol/L) de-
crease in plasma triglycerides [35].

In the context of the lifestyle interventions, dietary factors may 
directly influence cardiovascular risk factors, such as lipid levels, 
blood pressure, and glucose levels.

Table 13.2 Practical examples of how to lose 1 kg of body weight in  
1 month by reducing energy intake by about 300 kcal/day

Food items corresponding to approximately 300 kcal

◆ A portion of fried potatoes

◆ An aperitif with nibbles

◆ A slice of cake

◆ A bag of potato crisps

◆ A hot dog

◆ A cheeseburger

◆ Three glasses of wine

◆ A chocolate bar

◆ An ice cream

◆ A pastry

◆ A muffin

Table 13.3 Energy expenditure for different types of physical activity

Activity Energy (kcal/min)

Sleeping 0.9

Sitting 1.0

Standing 1.1

Using the computer 1.3

Brisk walking (4 km/h) 2.5–3.5

Washing the floor 3.6

Ironing 3.5–4.2

Plastering a wall 4.1–5.5

Shovelling 6.0

Tilling the land 5.5–7.0

Cleaning and beating carpets 7.8

Bicycle riding (22 km/h) 11.1

Running (12 km/h) 15.0
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There is currently strong disagreement on the optimal composi-
tion of a weight-reducing diet; in particular it is debated whether 
low-fat diets, recommended by the American Heart Association 
and the US National Institutes of Health, are still the best choice. 
As a matter of fact, low-carbohydrate diets have recently become 
very popular for weight loss, and a number of intervention trials 
have evaluated their effects in overweight people. Comparisons 
of low-carbohydrate diets (≤45% of energy from carbohydrates) 
and low-fat diets (≤30% of energy from fats) have been attempted, 
with many studies evaluating their impact on body weight and 
relevant metabolic risk factors; however, since many clinical trials 
have small sample sizes and insufficient statistical power to de-
tect small changes in metabolic risk factors that may have public 
health importance, meta-analyses of randomized controlled trials 
have been undertaken in order to perform an overall comparison 
between these two approaches.

In a paper published in 2012 by Hu et al. [36], 23 trials from 
multiple countries with a total of 2788 participants were included 
in a meta-analysis on the effects of low-carbohydrate versus low-
fat diets in overweight people. Both types of dietary interventions 
lowered weight and improved metabolic risk factors; however, 
compared with participants on low-fat diets, those on low-carbo-
hydrate diets experienced a slightly (but statistically significant) 
lower reduction in total and LDL cholesterol but a greater increase 
in HDL cholesterol and decrease in triglycerides. Reductions in 
body weight, waist circumference, and other metabolic risk fac-
tors were not significantly different between the two diets. These 
findings suggest that low-carbohydrate diets are as effective as 
low-fat diets in reducing weight and improving metabolic risk 

Keypoints

General recommendations for a healthy diet:
◆	 Limit energy intake from total fats
◆	 Replace saturated fats with unsaturated fats
◆	 Increase consumption of fruit and vegetables as well as legumes 

and whole grains
◆	 Reduce the intake of sugars (particularly in beverages)

factors. Studies demonstrating long-term effects of low-carbo-
hydrate diets on cardiovascular events are warranted. So far, pre-
liminary data from the follow-up of dietary interventions seem to 
indicate that in the long term the impact of low-carbohydrate diets 
on body weight disappears more rapidly than with other dietary 
approaches, particularly those based on the Mediterranean model 
with plenty of dietary fibre (vegetables, fruit, and wholegrain ce-
real foods).

Prevention of obesity
At the population level, preventing obesity is probably more 
effective than treating it. In this respect, the lifestyle trends 
of people living in the western world and in countries where 
economic conditions are rapidly improving need to go in the 
direction of the rediscovery and implementation of a concept 
of nutrition and lifestyle that is associated with ‘quality’ rather 
than ‘quantity’ ( Table 13.4): a reduction of the amount of food 

Table 13.4 Food choices for controlling body weight

To be preferred To be eaten in moderation To be eaten occasionally and in small 
amounts

Cereals Whole grains (not exceeding portion size) Refined bread, rice and pasta, biscuits, 
cornflakes

Pastries, muffins, pies, croissants

Vegetables Raw and cooked vegetables Vegetables prepared in butter or cream

Legumes All (including soy and soy protein)

Fruit Fresh or frozen fruit Dried fruit, jelly, jam, sorbets Canned fruit, popsicles

Sweet foods and 
sweeteners

Non-caloric sweeteners Cakes, ice creams, sucrose, honey, fructose, 
glucose, chocolate, candies

Meat and fish Lean and oily fish, poultry without skin, 
lean cuts of beef, lamb, pork, or veal,

Seafood, shellfish, ham Sausages, salami, bacon, spare ribs, hot 
dogs, offal

Dairy food and eggs Skimmed milk and yoghurt, egg white Low-fat milk, low-fat cheese, and other 
milk products

Regular cheese, cream, egg yolk, whole 
milk and yoghurt, ice cream

Cooking fat and 
dressings

Vinegar, ketchup, mustard, fat-free 
dressing

Vegetable oils, soft margarines, salad 
dressing, mayonnaise (two tablespoons 
a day)

Butter, solid margarines, trans-fats, palm 
and coconut oils, lard, bacon fat, dressing 
made with egg yolks

Nuts/seeds All Coconut

Drinks Water, sparkling water, coffee, tea, soft 
drinks with artificial sweeteners

Wine or beer (not more than one glass 
a day)

Spirits, fruit juices, aperitifs, soft drinks

Cooking procedures Grilling, boiling, steaming Stir-frying, roasting Frying
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Drugs for treating obesity
The three main drug options for the long-term treatment of obesi-
ty are orlistat, which is currently available, sibutramine, which was 
withdrawn from the market in 2010 due to cardiovascular side ef-
fects, and rimonabant, withdrawn from the market in 2008 due 
to neuropsychiatric effects. None of these drugs produces weight 
losses of 5–10% that are recommended to improve the cardiovas-
cular risk profile and reduce the risk of diabetes. However, com-
bined with lifestyle modification, weight-loss thresholds of 5–10% 
are achievable by most patients.

Orlistat is a gastric and pancreatic lipase inhibitor that reduces 
absorption of dietary fat by around 30%. Treatment with orlistat 
has been demonstrated to be associated with an improvement in 
cardiovascular risk factors, such as glucose control, plasma lipids, 
and hypertension.

Using data from the clinical trials of orlistat, Heymsfield et 
al. [38] pooled information on 675 subjects from three studies. 
During treatment, 6.6% of the patients taking orlistat converted 
from normal to impaired glucose tolerance (IGT), compared with 
10.8% in the placebo treated group. None of the patients in the or-
listat arm who originally had normal glucose tolerance developed 
diabetes, compared with 1.2% in the placebo group. Of those who 
initially had IGT, 7.6% in the placebo group and 3.0% in the orl-
istat group developed diabetes. The effect of orlistat in preventing 
diabetes was assessed in a 4-year study. In this trial weight was re-
duced by 2.8 kg (95% CI 1.1–4.5) compared with placebo, and the 
conversion rate to diabetes was reduced from 9% to 6% (HR 0.63, 
95% CI 0.46–0.86). The incidence of new cases was also reduced 
from 10.9% to 5.2% (p < 0.05) during a 3-year period in which 
overweight patients were treated with orlistat and lifestyle changes 
or lifestyle changes alone.

Orlistat therapy is also associated with a reduction in total cho-
lesterol of –13.1 mg/dl (–0.34 mmol/L) [95% CI –15.8 (–0.41) to 
–1.04 mg/dl (–0.027 mmol/l)] and LDL cholesterol of –11.2 mg/
dl (–0.29 mmol/L) [95% CI –13.1 (–0.34) to –8.6 mg/dl (–0.24 
mmol/L)], a reduction in systolic (–2.02 mmHg, 95% CI –2.87 to 
–1.17 mmHg) and diastolic blood pressure (–1.64 mmHg, 95% CI 
–2.20 to –1.09), and a small improvement in glycaemic control in 
diabetic patients [reduction in glycated haemoglobin (HbA1c) of 
–0.17%, 95% CI –0.24 to –0.10%].

Originally developed as an antidepressant, sibutramine is a cen-
trally acting monoamine re-uptake inhibitor that mainly acts to 
increase satiety. In long-term studies, sibutramine has had little 
effect on concentrations of LDL cholesterol and glycaemic con-
trol, and has had conflicting effects (no change to mild improve-
ment) on concentrations of triglycerides and HDL cholesterol. 
Furthermore the SCOUT (Sibutramine Cardiovascular Outcomes 
Trial) study [39] showed that subjects with pre-existing cardio-
vascular disease receiving long-term sibutramine treatment had 
an increased risk of non-fatal myocardial infarction and non-
fatal stroke (HR for non-fatal infarction 1.28, 95% CI 1.04–1.57, 
p = 0.02; HR for non-fatal stroke 1.36, 95% CI 1.04–1.77, p = 0.03), 
leading to concerns about potential cardiovascular toxic effects. 
The drug was therefore withdrawn in 2010.

that is consumed has to be balanced by greater attention to taste 
and gastronomic pleasure, changing the relationship between 
people and food (with the rediscovery of the social and cultural 
values linked with the act of eating). Similarly, the quality of 
living standards (with significant time devoted to physical ac-
tivity and a less stressful daily routine) might also play a signifi-
cant role in preventing weight gain. Obviously, this requires a 
total paradigm shift starting from pre-school children through 
to adolescence. This phase of life is important for developing 
healthy eating habits and behaviours that can continue into 
adulthood. Achieving a healthy diet in children is also a step 
on the path to a broader education, helping to improve tastes 
for different foods and facilitating a willingness to accept those 
that are appropriate for health (e.g. fish and vegetables) but not 
always favoured by children and adolescents. The gradual intro-
duction of these foods into the daily diet becomes crucial for the 
development of perceptions and beliefs that can be maintained 
into adulthood.

A strong communication effort by governments, scientific 
societies, the medical profession, and private companies is 
needed to give people a greater awareness of the importance 
of dietary habits and, more generally, lifestyle in preventing 
obesity. Governments can help people change their lifestyle 
by making new healthy options available or by making exist-
ing ones more accessible and affordable. Alternatively, they can 
use persuasion, education, and information to make healthy 
options more attractive. The latter approach is more expen-
sive and difficult to implement; conversely, regulations and fis-
cal measures have high political and welfare costs since they 
involve all consumers indiscriminately. So far, governments 
in the OECD area have been actively involved in disseminat-
ing nutritional guidelines and health promotion messages to 
school-age children; in particular, ‘active transport’ (cycling 
and walking) and active leisure have been emphasized. Other 
initiatives were aimed at changes in school meals and regula-
tions on vending machines in schools, and at promoting better 
facilities for physical activity. Since 2010 there has also been an 
increased partnership between governments and the food and 
beverage industry (e.g. in the UK and Switzerland) in the design 
and implementation of actions to fight obesity. This has contrib-
uted to the re-formulation of some products in order to avoid 
unhealthy ingredients and to limit portion sizes; moreover, 
advertisements to vulnerable groups like children have been 
reduced [37].

Keypoints

Prevention of obesity is very important at the population level. 
Lifestyle changes have to be promoted from pre-school age 
through to adolescence.

The importance of a healthy diet and increased physical ac-
tivity are important health promotion messages for school-age 
children.
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Bariatric surgery
Bariatric surgery has a favourable impact on several medical 
comorbidities and is considered the only intervention to offer 
substantial and long-term weight loss for obese patients. Bariat-
ric surgery is associated with prevention and remission of type 2 
diabetes, reduced cancer incidence, and improved all-cause mor-
tality. Emerging data also suggest a role in the reduction of cardio-
vascular risk [41–44]. The Swedish Obese Subjects (SOS) Study 
[45], a trial focused primarily on long-term mortality following 
bariatric surgery, involved 4047 obese participants, 2010 of whom 
had bariatric surgery (vertical banded gastroplasty, gastric band-
ing, and gastric bypass) and 2037 matched controls who received 
conventional weight loss therapy. Over a period of up to 16 years 
there were 129 deaths in the control group (6.3%) compared with 
101 in the bariatric surgery group (5.0%), representing an unad-
justed HR of 0.76 (95% CI 0.59–0.99, p = 0.04).

Rimonabant is a potent CB1 (endocannabinoid receptor 1) re-
ceptor blocker that acts at the level of the central nervous system 
by inhibiting food intake and promoting satiety. Potential periph-
eral mechanisms include enhanced thermogenesis via increased 
oxygen consumption in skeletal muscle, diminished hepatic and 
adipocyte lipogenesis, augmentation of adiponectin concentra-
tions, promotion of vagally mediated cholecystokinin-induced 
satiety, inhibition of pre-adipocyte proliferation, and increased 
adipocyte maturation without lipid accumulation. Compared 
with placebo, rimonabant reduced body weight by 4.6 kg (95% CI 
4.3–5.0 kg), reduced waist circumference, and improved triglycer-
ide and HDL cholesterol profiles. LDL cholesterol did not improve 
and blood pressure was either unchanged or slightly reduced. The 
presence of metabolic syndrome was reduced in subjects treated 
with rimonabant. The CRESCENDO Study (Comprehensive 
Rimonabant Evaluation Study of Cardiovascular Endpoints and 
Outcomes) [40], which investigated the cardiovascular safety of 
rimonabant, showed an excess of neuropsychiatric effects in the 
rimonabant arm and so the trial was prematurely terminated. The 
drug was withdrawn from the market in 2008.

After 10 years from randomization in the SOS study, the surgi-
cal group had a higher rate of remission of diabetes, hypertriglyc-
eridaemia, and hypertension compared with the control group. 
There were no statistical differences between groups with regards 
to remission of hypercholesterolaemia. Incidence rates of new 
cases of diabetes and hypertriglyceridaemia were lower in the sur-
gical group than in the controls.

Over a 15-year follow-up, bariatric surgery was associated with 
a reduction in the number of cardiovascular deaths and first car-
diovascular events (fatal and non-fatal) after controlling for the 
cardiometabolic risk profile at baseline. Compared with controls, 
the adjusted HR of bariatric surgery for total cardiovascular events 
was 0.67 (95% CI 0.54–0.83, p < 0.001) and the adjusted HR for 
fatal cardiovascular events was 0.47 (95% CI 0.29–0.76, p = 0.02). 
There have been similar findings in obese patients with type 2 dia-
betes who underwent bariatric surgery.

In a smaller subsample of the SOS study, cardiac and vascular 
structure and function were examined at baseline and after 1–4 
years of follow-up. The systolic and diastolic blood pressure, left 
ventricular mass, and relative wall thickness were reduced by bari-
atric surgery, whereas the left ventricular ejection fraction and the 
diastolic function, estimated from the E/A ratio, were improved. 
The rate of increase in intima–media thickness was normalized 
in the surgical group, and a reduction in various cardiovascular 
symptoms (dyspnoea, chest discomfort) was found. Subjects in 
the bariatric arm also experienced less sleep apnoea, joint pain and 
fractures, and biliary disease, and had an improved quality of life.

In total, 89% of all operations in the SOS study were under-
taken as open surgery. Over the first 90 days after inclusion in 
the intervention study, five deaths (0.25%) were observed in the 
surgery group and two (0.1%) in the control group. Amongst the 
2010 patients in the surgery group, four died during the primary 
hospital stay (three due to anastomotic leaks with general organ 
failure and one due to myocardial infarction). The fifth surgical 
patient died 60 days post-surgery from an acute myocardial in-
farction. Amongst the patients in the surgery group, 292 (14.5%) 
had at least one non-fatal complication over the first 90 days. 
Pulmonary complications were the most common (total 5.2%, in-
cluding thromboembolism in 0.8%) followed by vomiting (3.0%), 
wound infection (2.1%), haemorrhage (1.3%), and anastomotic 
leak (1.2%). In 2.9% of the patients these complications were seri-
ous enough to require a second operation during the first 90 days.

Keypoints

The three main drug options for the long-term treatment of obe-
sity are orlistat which is currently available and sibutramine and 
rimonabant, which have been withdrawn from the market for 
their cardiovascular and neuropsychiatric side effects, respec-
tively. None of these drugs produces weight losses of 5–10%, as 
recommended to improve the cardiovascular risk profile and the 
risk of diabetes. However, this target is achievable by most pa-
tients when a weight-reducing drug is used in combination with 
lifestyle modifications.
Orlistat therapy is associated with a decreased incidence of dia-
betes, a reduction in total and LDL cholesterol, a reduction in 
systolic and diastolic blood pressure, and a small improvement in 
glycaemic control in diabetic patients.

Keypoints

Retrospective mortality studies and the SOS prospective mor-
tality study have reported higher survival in patients who have 
undergone bariatric surgery compared with matched severely 
obese, non-operated controls.
Improvement in cardiovascular risk factors, remission of chronic 
disease (hypertension, hyperlipidaemia, and diabetes), and reduced 
incidence of diabetes have been reported after bariatric surgery.
Patients who undergo bariatric surgery have a reduction in the 
risk of total cardiovascular events of 33% and fatal cardiovascular 
events of 53%.
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Conclusions
In the European guidelines on cardiovascular disease prevention in 
clinical practice (2012 version) is clearly stated that ‘weight reduc-
tion in overweight and obese people is recommended as this is asso-
ciated with favourable effects on blood pressure and dyslipidaemia, 
which may lead to less CVD’. This recommendation is classified as  
class 1, level A, grade strong. However, despite this recommenda-
tion obesity is becoming of epidemic proportions worldwide in 
both children and adults. If the projected trends for obesity from 
2005 to 2020 continue, obesity will increasingly counterbalance the 
beneficial effects of declining rates of smoking on CVD.

The role of overweight as a major cardiovascular risk factor 
is clearly established. The observation in many epidemiological 
studies that after multivariable adjustment the association be-
tween weight and cardiovascular risk tends to become less signifi-
cant should not be interpreted as evidence that body weight is not 
important; conversely, since it exerts its effect on risk by influenc-
ing multiple risk factors it represents an important link between 
lifestyle and CVD.

As well as its effects on cardiovascular events, overweight plays 
a relevant role in the global risk of diseases and disabilities. In 
2010 obesity ranked as the sixth most important risk factor for the 

global burden of disease, as recently reported in a very authori-
tative study [46], and is a major contributor to years of healthy 
life lost (DALYs). It is striking that in 2010 high BMI was a more 
important cause of poor health worldwide than childhood under-
weight, whereas childhood underweight was a much more promi-
nent risk factor than high BMI in 1990. Evidence that increased 
cardiovascular risk starts at a young age has accumulated over past 
decades. Although children are at very low absolute risk of devel-
oping CVD, those at relatively high risk have a higher probability of 
experiencing a cardiovascular event later in life because of ‘track-
ing’ of risk factors (i.e. two-thirds of the adolescents who are obese 
will remain obese in their adult life). The wide availability and easy 
access to food with a high caloric density and an increasingly sed-
entary lifestyle represent the two main features of an environment 
favouring overweight and obesity (the so-called ‘obesogenic envi-
ronment’). Every individual can easily adopt certain behaviours to 
limit these aspects, but this is not going to be the solution to the 
global problem at the population level. People should be able to 
effectively make healthy choices and adopt the correct behaviours; 
therefore actions are required which depend on a set of public and 
private actors. Combining different interventions not only for the 
treatment of obesity but also for its prevention can provide an ef-
fective solution to a major health problem at a sustainable cost.

Solution to the case study

What is the diagnosis?
The patient is overweight with abdominal adiposity and has 
metabolic syndrome. Visceral fat is the key driver of metabolic 
syndrome, a clustering of multiple cardiovascular and metabolic 
abnormalities (dyslipidaemia, hypertension, elevated fasting insu-
lin/insulin resistance, hyperglycaemia, pro-thrombotic and pro-
inflammatory state). In this patient the diagnosis is based on the 
presence of abdominal adiposity, high blood pressure, hypertri-
glyceridaemia, and low HDL cholesterol.

What is the calculated 10 year risk for a cardiovascular event 
of that patient?
Metabolic syndrome has been recognized as a predictor of dia-
betes and cardiovascular diseases. Many epidemiological stud-
ies have clearly shown that obesity, particularly of the abdominal 
type, increases the risk of CVD both directly and by promoting the 
occurrence of comorbid conditions. These abnormalities, even if 
mild, contribute to a significant increase in the cardiovascular risk. 
According to the SCORE charts for countries with low CVD rates, 
this patient has a risk of developing a fatal cardiovascular event in 
10 years of about 5%. His risk could be further increased because 
of the presence of metabolic syndrome and a family history of pre-
mature cardiovascular disease.

What is the best therapeutic approach?
The best approach for this patient is advice on a low-calorie diet 
plus recommendations to increase physical activity. Weight loss 
obtained with lifestyle intervention, even if modest (i.e. 5–10% of 
body weight), has been proven to be effective in reducing the inci-
dence of diabetes and other cardiovascular risk factors. A modest 

decrease in body weight appears to be able to increase insulin sen-
sitivity and, therefore, improves the overall metabolic profile and 
the cardiovascular risk factors that cluster with insulin resistance. 
The first approach to an overweight patient should be to improve 
his or her lifestyle, by promoting greater physical activity and a 
healthier diet, moderately reduced in its energy content, low in 
total fat, and in particular trans and saturated fat, low in salt, rich 
in fibre, and poor in sugar (particularly by limiting sweet bever-
ages). In primary prevention the pharmacological approach to the 
associated conditions (hypercholesterolaemia and hypertension) 
can be considered as a second-line therapy.

Follow-up
The patient returns to his GP 3 months later. He has lost 5 kg and 
his waist circumference is 5 cm smaller. His blood pressure is 
136/84 mmHg. Plasma lipids are improved: total cholesterol 229 
mg/dl; triglycerides 138 mg/dl; low-density lipoprotein 158 mg/
dl; high-density lipoprotein 43 mg/dl. His cardiovascular risk, as 
assessed by the SCORE charts, has now reduced to 3%.

This case illustrates several issues:
◆	 Abdominal adiposity is often associated with other metabolic 

abnormalities and cardiovascular risk factors that have to be 
sought out in each obese/overweight patient.

◆	 The metabolic abnormalities associated with obesity/over-
weight, even if only mild, increase the global cardiovascular risk.

◆	 Promotion of a healthy lifestyle focused on a modest (5–10%) 
weight loss and moderate-intensity physical exercise can signifi-
cantly reduce the risk of type 2 diabetes and the magnitude of 
the cardiometabolic risk factors in overweight individuals.
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CHAPTER 14

Blood pressure
Robert Fagard, Giuseppe Mancia, and  
Renata Cifkova

Introduction
Hypertension is a major, if not the major, risk factor for cardiovascular (CV) disease 
(CVD) in Europe and worldwide. Hypertension is found in around 30–45% of the general 
European population with no systematic trends towards blood pressure (BP) changes in 
the last decade [1]. BP bears an independent continuous relationship with the incidence 
of CV events, such as stroke, coronary heart disease (CHD), heart failure, and peripheral 
artery disease (PAD) as well as end-stage renal disease (ESRD) [2–6]. It is therefore man-
datory to prevent the development of hypertension; this is mainly achieved by having a 
healthy lifestyle and reducing elevated BP by both lifestyle modification and treatment 
with antihypertensive drugs in order to prevent CV and renal complications.

Classification of blood pressure levels
Office blood pressure
Hypertension is defined as office systolic BP (SBP) ≥ 140 mmHg and/or diastolic BP 
(DBP) ≥ 90 mmHg [1].   Table 14.1 summarizes the current definition and classifica-
tion of BP levels, including isolated systolic hypertension. The diagnosis of hypertension 

Summary
Prevention of hypertension can help prevent cardiovascular disease and renal com-
plications. Obesity, a high sodium and low potassium intake, physical inactivity, and 
high alcohol consumption all contribute to the development of hypertension, and 
randomized controlled trials have shown that appropriate lifestyle modifications 
are able to reduce blood pressure and/or prevent the development of hyperten-
sion. The major complications of hypertension are stroke, coronary heart disease, 
heart failure, peripheral artery disease, and chronic kidney disease. Multiple ran-
domized controlled trials and their meta-analyses have shown that treatment with 
antihypertensive drugs reduces the incidence of fatal and non-fatal cardiovascular 
events. In addition meta-analyses have shown that there are no clinically relevant 
differences in the effects of the five major drug classes on outcome, so all of them are 
considered suitable for the initiation and maintenance of antihypertensive therapy. 
Nevertheless, the therapeutic approach in the elderly, women, and patients with 
diabetes, cerebrovascular, cardiac, or renal disease deserves special attention.
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should be based on at least two BP measurements on at least two 
visits. Additional recommendations for proper BP measurement 
are outlined in the 2013 European Society of Hypertension (ESH)/
European Society of Cardiology (ESC) guidelines for the manage-
ment of arterial hypertension [1].

Out-of-office blood pressure
Out-of-office BP is commonly assessed by ambulatory or home 
BP monitoring; its measurement provides information about BP 
away from the medical environment [7,8]. Definitions of hyper-
tension by office and out-of-office BP levels are summarized in  
 Table 14.2 [1,7,8]. For ambulatory BP monitoring, average day-
time, night-time, and 24-hour BP are the most commonly used 
variables in clinical practice. Home BP is usually the average of 
two BP measurements in the morning and two in the evening on 
at least four to seven consecutive days. White-coat hypertension 
refers to the condition in which BP is abnormally high in the office 
and normal out of the office, usually based on daytime ambula-
tory BP or home BP, and masked hypertension refers to the reverse 
condition. There is ample evidence that hypertension-induced 
asymptomatic organ damage and CV and renal morbidity and/or 
mortality are more closely related to out-of-office BP than to of-
fice BP [9–11]. Whereas the prognosis of masked hypertension is 
similar to that of sustained hypertension, white-coat hypertension 

has a better prognosis, which appears to be similar to that of true 
normotension in most of the outcome studies [12–14]. Office BP 
remains the cornerstone for screening, diagnosis, and manage-
ment of hypertension. Out-of-office BP is an important adjunct 
to office BP and is indicated to identify white-coat or masked hy-
pertension, when there is considerable variability in office BP, sus-
picion of hypotensive episodes, or resistance to antihypertensive 
treatment [1,7,8].

Prevention of hypertension by lifestyle 
modification
Lifestyle modifications are the cornerstone for the prevention of 
hypertension. Clinical studies show that the BP-lowering effects 
of lifestyle modifications can be equivalent to drug monotherapy 
[15] and should always be advised for patients receiving anti-
hypertensive drugs as they may reduce the dose and number of 
drugs needed to achieve control of BP. Beside their BP-lowering 
effect, lifestyle changes contribute to the control of other CV risk 
factors and clinical conditions [16].

Weight reduction
A substantial and largely consistent body of evidence from obser-
vational studies and clinical trials documents that body weight is 
directly related to BP. In a meta-analysis of randomized controlled 
trials (RCTs), mean BP reductions associated with an average 
weight loss of 5.1 kg amounted to 4.4/3.6 mmHg [17]. The rela-
tionship between weight loss and reduction in BP appears to be 
linear ( Fig. 14.1). Major guidelines recommend weight loss as 
an initial intervention in the treatment of hypertension in hyper-
tensive patients who are overweight or obese, but weight main-
tenance may be a reasonable goal for many of them. Two large 
meta-analyses of observational studies assessing optimal body 
mass index (BMI) provided conflicting results. The Prospective 
Studies Collaboration [18] concluded that mortality was lowest at 

Table 14.1 Definitions and classification of office blood pressure (BP) 
levels (mmHg)*

Category Systolic BP 
(mmHg)

Diastolic BP 
(mmHg)

Optimal <120 and <80

Normal 120–129 and/or 80–84

High normal 130–139 and/or 85–89

Grade 1 hypertension 140–159 and/or 90–99

Grade 2 hypertension 160–179 and/or 100–109

Grade 3 hypertension ≥180 and/or ≥110

Isolated systolic 
hypertension

≥140 and <90

*The BP category is defined by the highest level of BP, whether systolic or diastolic. 
Isolated systolic hypertension should be graded 1, 2, or 3 according to systolic BP values 
in the ranges indicated.

Table 14.2 Definitions of hypertension by office and out-of-office 
blood pressure (BP) levels

Category Systolic BP 
(mmHg)

Diastolic BP 
(mmHg)

Office BP
Ambulatory BP

≥140 and/or ≥90

Daytime (or awake) ≥135 and/or ≥85
Nighttime (or asleep) ≥120 and/or ≥70
24-hour ≥130 and/or ≥80

Home BP ≥135 and/or ≥85
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Fig. 14.1 Weight and blood pressure appear to be correlated in a linear 
relationship. 
Source: Frisoli TM et al. Eur Heart J 2011; 32: 3081–3087.
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a BMI of about 22.5–25 kg/m2 whereas a more recent meta-anal-
ysis concluded that mortality was lowest in overweight subjects 
[19]. Weight loss should employ a multidisciplinary approach that 
optimally includes dietary changes and regular physical exercise. 
Weight loss programmes are often not successful and their effect 
on BP may be overestimated. Furthermore, short-term results are 
often not maintained over the long term.

Dietary minerals
Sodium
The effect of sodium intake on BP is well established. The usual 
salt intake in many European countries is between 9 and 12 g/day 
whereas the maximum intake recommended by the World Health 
Organization for adults is 5 g/day. Processed foods are an impor-
tant source of dietary sodium. The meta-analysis by He et al. [20], 
including only randomized controlled trials (RCTs) with a dura-
tion of ≥4 weeks or more, predicted a BP-lowering effect of 7/4 
mmHg in hypertensive patients and 4/2 mmHg in normotensives 
with 6 g/day reduction in salt intake ( Fig. 14.2). The effect of 
sodium restriction is greater in black people, the elderly, and in 
individuals with diabetes, metabolic syndrome, or chronic kidney 
disease (CKD) [21]. Salt restriction may reduce the number and 
dose of antihypertensive drugs. There are no data from RCTs on 
clinical outcome, but observational follow-up of the participants 
in the Trials of Hypertension Prevention (TOHP) study showed 
a 25% lower risk of CV events in the sodium restriction group 
[22]. To reduce sodium intake, consumers should choose foods 
low in sodium and limit the amount of added salt. Any effective 
strategy to reduce sodium intake must involve the cooperation of 
food manufacturers and restaurants, which should progressively 
reduce the sodium added to their products.

Potassium
A high intake of potassium is associated with lower BP. While data 
from individual trials have been inconsistent, meta-analyses have 
documented that increased potassium intake lowers BP in nor-
motensive (1.0/0.3 mmHg) and hypertensive individuals (3.5/2.5 
mmHg) [23]. In a meta-analysis of 32 trials, potassium supple-
mentation was associated with a fall in BP of 3.1/2.0 mmHg, with 
a greater effect in patients with a higher salt intake [24]. Potassium 
appears to reduce BP to a greater extent in blacks than whites. The 
main sources of potassium are fruits and vegetables; generally, 200 
g of fruits (two or three servings a day) and 200 g of vegetables 
(two or three servings a day) are recommended.

Calcium and magnesium
In a meta-analysis of RCTs, calcium supplementation reduced BP 
significantly by 1.9/1.0 mmHg, without a significant difference 
by initial BP level, but with a somewhat larger reduction in BP 
(2.6/1.3 mmHg) in people with a low calcium intake [25]. Magne-
sium supplementation did not significantly reduce BP in another 
meta-analysis, but an apparent dose-dependent effect of magne-
sium was observed, prompting adequately powered trials with suf-
ficiently high doses of magnesium supplements [26].

Other dietary changes
The landmark study Dietary Approaches to Stop Hypertension 
(DASH) showed that a diet rich in fruits and vegetables with a 
fat content typical for the US population lowered BP by 2.8/1.1 
mmHg compared with a control diet. When such a diet also in-
corporated low-fat dairy products and low saturated and total 
fat, BP decreased by 5.5/3.0 mmHg. The BP decrease was more 
pronounced in hypertensive patients (11.4/5.5 mmHg) [27]. A 
number of studies and meta-analyses have reported on the pro-
tective CV effect of the Mediterranean diet [28,29]. Fresh fruit is 
recommended with caution in overweight patients because their 
sometimes high carbohydrate content may promote weight gain. 
Patients with hypertension should be advised to eat fish at least 
twice a week.

Physical exercise
Physical exercise can be divided into two broad categories, namely 
dynamic aerobic endurance training and resistance training. Me-
ta-analyses of RCTs have concluded that regular dynamic exercise 
at moderate intensity significantly reduces BP [30,31]. Training 
induced significant net reductions in resting and daytime ambula-
tory BP of 3.0/2.4 and 3.3/3.5 mmHg, respectively [31]. The reduc-
tion in resting BP was more pronounced in the hypertensive study 
groups (–6.9/4.9 mmHg) than in the others (–1.9/1.6 mmHg). In 
addition, body weight decreased by 1.2 kg, waist circumference 
by 2.8 cm, percentage body fat by 1.4%, and the Homeostasis 
Model Assessment (HOMA) index of insulin resistance by 0.31 U; 
high-density lipoprotein cholesterol increased by 0.032 mmol/L 
[31]. However, the optimal characteristics of such a training pro-
gramme are still a matter of debate, particularly with regard to 
the intensity of exercise. In a meta-regression analysis, interstudy 

Fig. 14.2 Relationship between the reduction in 24-hour urinary sodium and 
the change in systolic blood pressure in a meta-analysis of trials of modest salt 
reduction.
 Source: He FJ et al. Eur Heart J 2011; 32: 3073–3080.
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differences in the changes in BP were not related to exercise inten-
sity, which ranged from approximately 45% to 85% of maximal 
exercise capacity [31]. When the effects of training at 33% and 
66% of heart rate reserve were compared in one RCT, SBP at rest 
and during submaximal exercise were reduced with both intensi-
ties by about 5 to 6 mmHg, without significant differences in BP 
reduction between the two intensities [32]. Aerobic interval train-
ing has also been shown to significantly reduce BP [33]. A recent 
meta-analysis of RCTs on resistance training, designed to increase 
muscular strength, power and/or endurance, found a significant 
reduction in resting BP by 3.9/3.6 mmHg [34].

Based on current evidence, the following exercise prescription 
is recommended for hypertensive patients, taking into account 
their increased CV risk [1,35]:
◆	 frequency—on at least five and preferably every day of the week
◆	 intensity—moderate intensity
◆	 time—at least 30 minutes of physical activity per day
◆	 type—primarily endurance physical activity, supplemented by 

dynamic resistance exercise.

Finally, all exercising patients should be advised on exercise-relat-
ed warning symptoms, such as chest pain or discomfort, abnormal 
dyspnoea, dizziness, or malaise, which would necessitate consult-
ing a qualified physician.

Moderation of alcohol consumption
Longitudinal studies have shown a strong linear relationship be-
tween alcohol consumption and BP. Regular alcohol use raises BP 
in treated hypertensive patients [36]. Heavy drinking is associated 
with a higher prevalence of hypertension, haemorrhagic stroke, 
and cardiomyopathy [37], whereas moderate drinking is associat-
ed with a lower prevalence of CHD, ischaemic stroke, and sudden 
cardiac death. In a meta-analysis, decreased consumption of alco-
hol (–76%, median reduction) was associated with a reduction in 
BP of 3.3/2.0 mmHg in normotensive and hypertensive individu-
als [38]. Hypertensive men who drink alcohol should be advised 
to limit their consumption to no more than 20–30 g ethanol per 
day, and hypertensive women to no more than 10–20 g ethanol 
per day.

Smoking cessation
Smoking cessation, although it may not be associated with a 
decrease in BP, represents the most important preventive meas-
ure. In smokers, atherosclerosis develops 10 years earlier than in 
non-smokers.

Combined modalities
Simultaneous interventions (e.g. to address smoking cessation, 
reduce dietary salt intake, and increase physical activity) may be 
more effective than addressing each behaviour sequentially. At-
tempting to meet one physical activity or dietary goal may actually 
enhance the chances of attaining the second such goal. In patients 
who lost weight and reduced their sodium intake, onset of hyper-
tension was more delayed than in those who only lost weight or 

only reduced sodium intake. Combining the DASH diet with a 
low salt intake is associated with a greater decline in BP than each 
intervention alone ( Fig. 14.3) [39]. In patients with elevated BP, 
combination of the DASH diet with exercise and weight loss re-
sulted in a greater reduction in BP and left ventricular mass than 
with the DASH diet alone.

Prevention of cardiovascular 
complications by drug therapy
Evidence of benefit
Trials comparing active treatment versus placebo or no 
treatment
High BP increases the incidence of fatal and non-fatal CVD, and 
a substantial number of RCTs comparing antihypertensive treat-
ment with placebo or no treatment have shown that drug therapy 
is beneficial [40]. In a meta-analysis of RCTs in patients with di-
astolic hypertension [41], active treatment significantly reduced 
total mortality by 14% and CV mortality by 21%, mostly due to 
a reduction in fatal stroke (–45%). The reduction in the odds 
of any fatal or non-fatal stroke was 42% and in total CHD 14%. 
In younger and middle-aged patients with diastolic hyperten-
sion, treatment was significantly better for all-cause (-17%), CV 
(-18%), and cerebrovascular mortality (–45%), but not for CHD 
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(–9%) [42]. As for combined morbidity and mortality, both cer-
ebrovascular events (–33%) and CHD (–16%) were significantly 
reduced. In elderly patients (aged 60 or older) with diastolic hy-
pertension included in RCTs, active treatment reduced CV, cer-
ebrovascular, and coronary mortality by, respectively, 22, 33, and 
26% [43], and in patients with isolated systolic hypertension an-
tihypertensive treatment reduced all-cause mortality by 17% and 
CV mortality by 25% [44]. The reduction in all fatal and non-fatal 
CV events, strokes, and coronary events amounted to 32, 37, and 
25%, respectively.

Risk for CV events, particularly CHD, differs greatly between 
men and women. A meta-analysis of individual patient data from 
RCTs concluded that, in women, odds ratios favouring treatment 
were significant for fatal strokes (–29%) and combined fatal and 
non-fatal CV events (–26%) and strokes (–38%), but not for other 
outcomes. However, the risk ratios between the treated and con-
trol groups did not differ between men and women regardless of 
outcome, and there were no significant interactions between treat-
ment effect and gender [45].

In the very elderly, that is patients aged 80 years and above, a 
meta-analysis on patients included in RCTs showed that the in-
cidence of major CV events (–22%), fatal and non-fatal stroke 
(–34%), and heart failure (–39%) was significantly lower in the ac-
tive treatment group [46]. Later on, the benefit of antihypertensive 
therapy in the very elderly was confirmed in the properly designed 
HYVET trial [47]. Active treatment reduced total (–21%) and CV 
mortality (–23%), any CV event (–34%), stroke (–30%), and heart 
failure (–64%).

Trials comparing more and less intensive blood pressure 
lowering
The BP Lowering Treatment Trialists’ Collaboration (BPLTTC) 
reviewed RCTs in which patients were allocated to treatment regi-
mens targeting different BP goals [48]. The difference in BP be-
tween more and less intensive treatment was 4/3 mmHg, and was 
associated with a significantly lower incidence of major CV events 
(15%) and stroke (23%) but not for other outcomes. Further analy-
sis indicated that for the primary outcome, total major CV events, 
there was no evidence of a difference in reduction in relative risk 
in different age groups for BP-lowering regimens compared with 
less active controls [49].

Trials comparing active treatments
When the beneficial effects of antihypertensive treatment had 
been shown convincingly, RCTs compared the effects of newer 
drugs with older drugs or, subsequently, with other newer drugs. 
In the BPLTTC meta-analysis there were no significant differences 
in mortality, total major CV events, or CHD between regimens 
based on angiotensin-converting enzyme (ACE) inhibitors, cal-
cium channel blockers (CCBs), or diuretics or beta-blockers [48]. 
There was evidence of some differences between active regimens 
in their effects on stroke and heart failure: regimens based on 
CCBs appeared to be less effective at preventing heart failure and 
more effective at preventing stroke. Additional analyses conclud-
ed that there was no strong evidence that protection against major 

CV events by different drug classes varied substantially with age  
[49] or with gender [50]. Law et al. [51] performed a meta-analysis 
on RCTs of BP-lowering drugs, in which CHD events or stroke 
were recorded. They concluded that among the five main drug 
classes [diuretics, beta-blockers, CCBs, ACE inhibitors and an-
giotensin II receptor blockers (ARBs)] there was no advantage of 
any one drug over another in the prevention of CHD. For stroke, 
however, the preventive effect was greater for CCBs than for other 
drugs and less for beta-blockers, but CCBs were less effective for 
the prevention of heart failure. Furthermore, the preventive effect 
of drugs on CHD and stroke did not differ between people with 
and without a history of CVD on entry. In a more recent meta-
analysis, Fretheim et al. [52] specifically compared the effective-
ness of antihypertensive medications for primary prevention of 
CVD and concluded that there seemed to be little or no differ-
ence between commonly used BP-lowering medications for the 
primary prevention of CVD. In conclusion, a large proportion of 
the benefits of antihypertensive drugs is accounted for by the BP 
reduction per se, and comprehensive meta-analyses of RCTs com-
paring the effects of the five major antihypertensive drug classes 
on outcome do not show clinically relevant differences. Therefore, 
they are all considered suitable for initiation and maintenance of 
antihypertensive treatment.

Therapeutic approach
When to initiate antihypertensive treatment?
Overwhelming evidence from RCTs shows that in patients with 
a markedly elevated BP, i.e. those with grade 2 or 3 hypertension, 
antihypertensive drug treatment is associated with a substantial 
reduction in the incidence of hypertension-related CV complica-
tions (stroke, CHD, and heart failure), as well as with a delayed 
progression of renal damage to ESRD in patients with diabetic or 
non-diabetic nephropathy [53]. RCTs have also shown, albeit less 
extensively, that treatment is beneficial in grade 1 hypertension, 
provided that patients have a high CV risk profile. Less trial-based 
evidence exists, on the other hand, on whether antihypertensive 
drug treatment is beneficial in grade 1 hypertension with a low 
to moderate CV risk or in those aged 65 and above. However, 
subgroup or post-hoc analyses of several trials have reported that 
antihypertensive drug treatment may have a beneficial effect in 
these patients too [54]. It can thus be concluded that prompt an-
tihypertensive drug treatment is mandatory in all patients with 
grade 2 or 3 hypertension as well as in grade 1 hypertension asso-
ciated with a high total CV risk. Antihypertensive drug treatment 
should be also considered, however, in grade 1 hypertension with 
a mild-to-moderate CV risk, perhaps after a suitable time (weeks 
or months) of testing whether BP can be effectively reduced by 
lifestyle changes alone [1].

No data from outcome trials suggest initiation of antihyper-
tensive drug treatment in patients with a high normal BP (i.e. 
130–139 mmHg SBP and/or 85–89 mmHg DBP), irrespective of 
their higher or lower CV risk status, although in these patients an-
tihypertensive drugs may be prescribed for evidence of beneficial 
effects other than due to BP reduction. Antihypertensive drugs 
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have also been proposed as a means to reduce the risk of develop-
ing hypertension, which is greater at high-normal BP [55]. The 
evidence is still limited, however, and the main strategy against 
progression to this condition remains the adoption of lifestyle 
changes that minimize the impact of predictors of hypertension, 
as already outlined.

Blood pressure goals
The recommendation that most appropriately reflects the current-
ly available evidence is to reduce BP to <140/90 mmHg in patients 
at both high and low to moderate CV risk, possibly with a lower 
diastolic target (<85 mmHg) in diabetes [1]. Recommended BP 
targets in the elderly are discussed in the section ‘Therapeutic ap-
proach in special conditions’. No information is so far available 
on the target ambulatory and home BP values to be reached with 
treatment because this has never been explored by outcome trials 
with a randomized design.

Choice of antihypertensive drugs
Based on the large number of RCTs of antihypertensive drug 
therapy and their meta-analyses, it is justifiable to consider several 
drug classes, i.e. diuretics, beta-blockers, CCBs, ACE inhibitors, 
and ARBs, as suitable for initiation and maintenance of antihy-
pertensive treatment [48–53,56]. In addition, multiple therapeutic 
options increase the chance of finding an effective monotherapy in 
a larger fraction of the hypertensive population [57], taking into 

account compelling and possible contraindications ( Table 14.3) 
and specific indications ( Table 14.4) for the use of antihyper-
tensive drugs [1].

Combination therapy
The administration of a single antihypertensive drug has a limited 
BP-lowering effect in a noticeable number of patients [58,59]. This 
low percentage can be substantially increased by the addition of a 
second or even a third drug, which makes combination treatment 
a strategy of paramount importance in the management of high 
BP [60]. Drugs to be combined should have different and comple-
mentary mechanisms of action, and evidence should be available 
that the combination has a greater BP-lowering effect than any 
of the combination components alone, possibly also with a more 
favourable tolerability profile and a greater protection against 
organ damage and CV events [57]. Several combinations fit these 
requirements partially or totally and can thus be recommended 
for use: a blocker of the renin–angiotensin system (RAS) (ACE in-
hibitor or ARB) with a CCB, a RAS blocker with a diuretic, a beta-
blocker with a dihydropyridine CCB, and a CCB with a diuretic. 
A thiazide diuretic, a CCB, and a RAS blocker together appear 
to be the most rational combination when three drugs are nec-
essary. Whenever failure to reach BP control prompts the use of 
additional drugs, mineralocorticoid receptor antagonists, alpha-
1-blockers, or central agents can be considered. The combination 
of a beta-blocker and a thiazide diuretic should not be preferred 

Table 14.3 Compelling and possible contraindications to the use of antihypertensive drugs

Drug Compelling Possible

Diuretics (thiazides) Gout Metabolic syndrome
Glucose intolerance
Pregnancy
Hypercalcaemia
Hypokalaemia

Beta-blockers Asthma
A–V block (grade 2 or 3)

Metabolic syndrome
Glucose intolerance
Athletes and physically active patients
Chronic obstructive pulmonary disease (except 
for vasodilator beta-blockers)

Calcium antagonists (dihydropyridines) Tachyarrhythmia
Heart failure

Calcium antagonists (verapamil, diltiazem) A–V block (grade 2 or 3, trifascicular block)
Severe LV dysfunction
Heart failure

ACE inhibitors Pregnancy
Angioneurotic oedema
Hyperkalaemia
Bilateral renal artery stenosis

Women at risk of pregnancy

Angiotensin receptor blockers Pregnancy
Hyperkalaemia
Bilateral renal artery stenosis

Women at risk of pregnancy

Mineralocorticoid receptor antagonists Acute or severe renal failure (eGFR < 30 ml/min)
Hyperkalaemia

LV, left ventricular; eGFR, estimated glomerular filtration rate.
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in patients with a high risk of developing diabetes because the two 
drugs together may have a noticeable diabetogenic effect [61]. 
Although particularly effective against a predictor of renal and 
CV events such as proteinuria and microalbuminuria, the com-
bination of two RAS blockers should also be avoided because the 
greater antiproteinuric effect that follows their combined admin-
istration is associated with a greater risk of hyperkalaemia and 
renal impairment.

Multiple antihypertensive therapy should usually be adopted 
after experiencing the inability of monotherapy to control BP. 
Hypertension guidelines, however, recommend that combination 
treatment is considered as first step in patients with severe hyper-
tension or at high CV risk. It is believed, although not proven by 
RCTs, that under these circumstances the risk of an early CV event 
makes early BP control desirable. Initiating treatment with two 
drugs has been reported to reduce discontinuation of treatment in 
a real-life setting, possibly because early BP control favours patient 
adherence to the prescribed regimen. This may help to increase BP 
control, which is notoriously low in the hypertensive population 
worldwide.

Therapeutic approach in special conditions
The elderly
Advice on appropriate lifestyle modifications is also manda-
tory in elderly patients. As already mentioned, antihypertensive 
drug treatment is beneficial in elderly and very elderly patients 
[43,44,46,47]. Based on RCTs there is strong evidence that anti-
hypertensive treatment should be initiated in elderly individuals 
with SBP ≥ 160 mmHg and that BP should be lowered to <150 
mmHg. In elderly individuals younger than 80 years antihyper-
tensive treatment may be considered at SBP > 140 mmHg and 
aimed at <140 mmHg if individuals are fit and treatment is well 
tolerated. It is also recommended that hypertensive individuals 
over 80 should be given antihypertensive treatment if their initial 
SBP is ≥160 mmHg and that their SBP be reduced to <150 mmHg 
provided that they are in good physical and mental condition. 
In frail elderly patients decisions on antihypertensive treatment 
should be left to the treating physician and based on monitoring 
the clinical effects of treatment [1].

There is evidence from RCTs in favour of diuretics, beta-block-
ers, CCBs, ACE inhibitors, and ARBs [49]. The three trials on iso-
lated systolic hypertension in the elderly used a diuretic or a CCB 
as first-line therapy [44]. In the only RCT in patients aged 80 or 
above active treatment consisted of the diuretic indapamide, to 
which the ACE inhibitor perindopril could be added if necessary 
to achieve the target BP of 150/80 mmHg [47].

Women
There is no evidence that men and women obtain different levels 
of protection from the lowering of BP or that regimens based on 
ACE inhibitors, CCBs, ARBs, or diuretics/beta-blockers are more 
effective in one sex than the other [45,50]. In women of child-bear-
ing potential, particularly without reliable contraception, RAS 
blockers are contraindicated as angiotensin II is needed for foetal 
development. While foetal toxicity has been documented for ACE 
inhibitors and ARBs, there has not been a single case report of 
exposure to the direct renin inhibitor aliskiren in pregnancy.

Oral contraceptives
Use of oral contraceptives (OCs) is associated with a small but 
significant increase in BP and with development of hypertension 
in about 5% of OC users [62,63]. These studies evaluated older-
generation OCs with relatively higher oestrogen doses than those 
currently used. The risk of developing hypertension decreased 
quickly with cessation of OCs, and past users appeared to have 
only a slightly increased risk [63]. Similar results were also shown 
later for second- and third-generation OCs. Earlier prospec-
tive studies in OC users consistently showed an increased risk of 
myocardial infarction (MI) (particularly in smokers) and stroke. 
There are no CV outcome data available for the newest-generation 
hormonal contraception formulations developed for non-oral 
(injectable, topical, and vaginal) routes. Risks and benefits should 
be weighed in each individual patient before initiating OCs [64]. 
Women aged 35 years and above should be assessed for CV risk 
factors including hypertension. It is not recommended to use OCs 
in women with uncontrolled hypertension. Discontinuation of 

Table 14.4 Drugs to be preferred in specific conditions

Condition Drug

Asymptomatic organ damage
LVH ACE inhibitor, calcium antagonist, 

ARB
Asymptomatic atherosclerosis Calcium antagonist, ACE inhibitor
Microalbuminuria ACE inhibitor, ARB
Renal dysfunction ACE inhibitor, ARB

Clinical event
Previous stroke Any agent effectively lowering BP
Previous MI Beta-blocker, ACE inhibitor, ARB
Angina pectoris Beta-blocker, calcium antagonist
Heart failure Diuretic, beta-blocker, ACE inhibitor, 

ARB, mineralocorticoid receptor 
antagonists

Aortic aneurysm Beta-blockers

Atrial fibrillation Consider ARB, ACE inhibitor and 
beta-blockers or mineralocorticoid 
receptor antagonist

For ventricular rate control Beta-blocker, non-dihydropyridine 
calcium antagonist

ESRD/proteinuria ACE inhibitor, ARB

Peripheral artery disease ACE inhibitor, calcium antagonist

Other
ISH (elderly) Diuretic, calcium antagonist
Metabolic syndrome ACE inhibitor, ARB, calcium 

antagonist
Diabetes mellitus ACE inhibitor, ARB
Pregnancy Methyldopa, beta-blocker, calcium 

antagonist
Blacks Diuretic, calcium antagonist

LVH, left ventricular hypertrophy; ISH, isolated systolic hypertension.
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combined OCs in women with hypertension may improve their 
BP control. In smokers aged over 35, OCs should be prescribed 
with caution [65].

Hormone replacement therapy
Hormone replacement therapy (HRT) and selective oestrogen re-
ceptor modulators (SERMs) should not be used for the primary 
or secondary prevention of CVD [66]. If, on occasion, younger, 
perimenopausal women are being treated for severe menopausal 
symptoms, the benefits should be weighed against potential risks 
of HRT. The probability that BP will increase with HRT in meno-
pausal hypertensive women is low.

Pregnancy
Hypertensive disorders in pregnancy have been recently reviewed 
in ESC guidelines on the management of CVD during pregnancy 
[67]. While there is consensus that drug treatment of severe hy-
pertension in pregnancy (SBP > 160 mmHg and/or DBP > 110 
mmHg) is required and beneficial, the benefits of antihyperten-
sive therapy for mildly to moderately elevated BP in pregnancy 
(≤160/110 mmHg), either pre-existing or pregnancy-induced, 
have not been demonstrated in clinical trials, except for a lowered 
risk of developing severe hypertension [68]. Despite lack of evi-
dence, the 2013 ESH/ESC guidelines [1] continue to suggest ini-
tiation of antihypertensive treatment at 140/90 mmHg in women 
with:
◆	 gestational hypertension (with or without proteinuria)
◆	 pre-existing hypertension with the superimposition of gesta-

tional hypertension
◆	 hypertension with subclinical organ damage or symptoms at 

any time during pregnancy.

In any other circumstances, initiation of drug treatment is recom-
mended in all women with persistent elevation of BP ≥ 150/95 
mmHg.

Pre-eclampsia is a pregnancy-specific syndrome occurring after 
mid-gestation, defined by de novo appearance of hypertension ac-
companied by new-onset proteinuria; it is the most frequent cause 
of maternal death worldwide. Based on a recent meta-analysis 
[69], women at risk of pre-eclampsia are advised to take 75 mg of 
aspirin daily from 12 weeks’ gestation until delivery [70].

Long-term cardiovascular consequences of pregnancy-induced 
hypertension
A large meta-analysis found that women with a history of pre-
eclampsia have approximately double the risk of subsequent CHD, 
stroke, and venous thromboembolic events over 5–15 years after 
pregnancy [71]; the risk of developing hypertension is almost 
fourfold. Therefore, lifestyle modifications and regular checkups 
of BP and metabolic factors are recommended after delivery to 
reduce CV risk in the future.

Diabetes mellitus
High BP is common in patients with type 2 diabetes, and in dia-
betic patients reduction of BP by drug treatment effectively low-
ers hypertension-related macrovascular complications [58,72]. 
Renal microvascular complications are also reduced, whereas 

the effect of antihypertensive treatment on diabetic neuropathy 
and retinopathy is uncertain. In diabetic patients antihyperten-
sive drug treatment should be considered together with appro-
priate lifestyle changes whenever SBP is ≥140 mmHg or DBP ≥ 
90 mmHg, with the goal of reducing BP to <140/85 mmHg [1]. 
No evidence exists that further benefit can be obtained by reduc-
ing SBP to <130 mmHg [54]. All major antihypertensive drug 
classes have been shown to reduce CV risk in diabetes and can 
thus be considered for treatment, their use in combination being 
often necessary [56,73]. Unless contraindicated, the combination 
should always include an ACE inhibitor or an ARB because in 
type 1 and 2 diabetes these drugs have a BP-independent ability 
to delay the appearance of proteinuria, exert a greater antipro-
teinuric effect, and reduce the rate of renal deterioration when 
nephropathy is present [57,74]. Double blockade of RAS should, 
on the other hand, be avoided, particularly in patients with im-
paired renal function because of the increased risk of hyperkalae-
mia and ESRD [75,76].

Cerebrovascular disease
Acute stroke
There is currently no evidence that lowering of BP has a beneficial 
effect in acute stroke. However, clinical judgement should be used 
to manage very high SBP.

Previous stroke or transient ischaemic attack
Prevention of stroke is the most consistent benefit of antihyper-
tensive therapy observed in RCTs, and all drug regimens are ac-
ceptable for stroke prevention provided BP is effectively reduced. 
Meta-analyses [48,51] suggest that CCBs may have a slightly 
greater effectiveness in stroke prevention, but two successful tri-
als in secondary stroke prevention used a diuretic or a diuretic in 
combination with an ACE inhibitor. Initiation of antihypertensive 
drug treatment in patients with a history of stroke or transient is-
chaemic attack is recommended for SBP ≥ 140 mmHg. A SBP of 
<140 mmHg should be considered as the goal in these patients.

Cognitive dysfunction and white matter lesions
White matter lesions are known to be associated with increased 
risk of stroke, cognitive decline, and dementia. A small substudy 
of the HYVET trial [77] and a recent prospective observational 
study [78] suggest that a decrease in white matter hyperintensity 
is possible by lowering BP, but this suggestion requires verification 
in large RCTs.

Coronary heart disease and heart failure
Antihypertensive treatment is beneficial in patients with CHD in 
whom it lowers the recurrence of a coronary event as well as of 
other CV complications. Drug treatment should be implement-
ed whenever BP is ≥140/90 mmHg with the aim of lowering BP 
below these values; lowering BP to <130/80 mmHg should not be 
pursued because of an increased risk [79]. Beta-blockers should 
be preferred in patients with a recent MI, although a few months 
after the event all drugs can be used. For symptomatic reasons 
beta-blockers and CCBs should be the preferred drugs in angina 
pectoris [57].
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Prevention of heart failure has been obtained with all major 
drug classes, although in comparison trials CCBs have apparently 
been less effective than other drugs, particularly diuretics. Because 
the difference can be accounted for, at least in part, by the ability 
of diuretics to mask early symptoms of heart failure (and of CCBs 
to favour an erroneous diagnosis because of peripheral oedema) 
the prevailing opinion is that the risk of new-onset heart failure 
can be substantially reduced, irrespective of the type of treatment 
employed, provided that BP is effectively lowered. No RCTs have 
been performed in heart failure patients with current or previous 
hypertension with the aim of testing whether a reduction in BP 
is beneficial or harmful. Use of beta-blockers, RAS blockers, and 
mineralocorticoid receptor antagonists can be recommended, 
however, because of the ability of these agents to prevent death and 
hospitalization when left ventricular systolic function is impaired. 
Although previous and current hypertension is rather common in 
patients with preserved ejection fraction, no evidence is available 
on whether a reduction in BP may be protective—the only avail-
able trial reported no reduction of CV outcomes by an ARB versus 
placebo [80].

Renal disease
Antihypertensive treatment exerts a nephroprotective effect, and 
it should thus be implemented at all stages of CKD. As in other 
clinical conditions, drug treatment should start at SBP ≥ 140 
mmHg. A desirable SBP is <140 mmHg, but SBP < 130 mmHg 
may be pursued in the presence of persistent proteinuria. Anti-
hypertensive treatment should also be implemented in patients 
with ESRD and dialysis, although the optimal BP target in such 
cases is unknown. In diabetic and non-diabetic nephropathy, 
treatment usually consists of a combination of two or more drugs 
because renal disease is one of the clinical conditions in which 
BP control is particularly difficult. The preferred combinations 
include a RAS blocker (mandatory in the presence of proteinu-
ria) with a CCB and/or a diuretic, thiazides being replaced by 
loop diuretics in the presence of a marked deterioration (<30 ml/ 
min) in glomerular filtration rate. Double blockade of the RAS 
and use of mineralocorticoid receptor antagonists should be 
avoided because of the risk of hyperkalaemia and excessive re-
duction in renal function [1].
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Lipids
Željko Reiner, Olov Wiklund, and 
John Betteridge

Summary
Increased total plasma cholesterol (TC) and low-density lipoprotein (LDL) cho-
lesterol (LDL-C) is one of the main risk factors for cardiovascular (CV) disease 
(CVD). It is recommended that TC is used for the estimation of total CV risk 
when using the SCORE (Systematic COronary Risk Evaluation) algorithm but 
not as a target for treatment. It should only be considered as a treatment target if 
LDL-C is not available. High triglycerides (TG), and particularly low high-density 
lipoprotein (HDL) cholesterol (HDL-C), are also independent CVD risk factors. 
HDL-C is also used for risk estimation. In general, TC should be below 5 mmol/L 
(∼190 mg/dl) and LDL-C should be below 3 mmol/L (∼115 mg/dl). In patients 
with a very high risk of CVD [i.e. established CVD, diabetes (type 1 or type 2) with 
one or more other CVD risk factor(s) and/or target organ damage, moderate to se-
vere chronic kidney disease (CKD) or a SCORE level ≥ 10%] the target for LDL-C 
is <1.8 mmol/L (< ∼70 mg/dl) and/or a ≥50% reduction in LDL-C when the target 
level cannot be reached. In patients at high risk of CVD (i.e. diabetes but no other 
CV risk factor nor target organ damage, markedly elevated single risk factors, a 
SCORE level ≥5% to <10%) a target for LDL-C of <2.5 mmol/L (< ∼100 mg/dl) 
should be considered. In subjects at moderate risk (SCORE level >1% to ≤5%) a 
LDL-C target of <3.0 mmol/L (< ∼115 mg/dl) should be considered. All patients 
with familial hypercholesterolaemia (FH) should be recognized as being at high 
risk and should be treated by lipid-lowering therapy. There are no specific targets 
for TG or HDL-C as evidence from outcome studies is lacking, but on the basis of 
epidemiological data TG levels should be <1.7 mmol/L (150 mg/dl) and HDL-C 
should be >1.0 (∼40 mg/dl) in men and >1.2 (∼46 mg/dl) in women. Appropriate 
modification of lifestyle and particularly diet has a significant impact on improv-
ing lipoproteins and an enormous potential for CVD prevention. If lifestyle inter-
vention is not enough, statins are the drugs of choice for hypercholesterolaemia, 
and statin therapy has a proven beneficial effect on CVD outcomes. Fibrates are 
the drugs of choice for decreasing high TG and increasing low HDL-C. If mono-
therapy with a statin at the highest tolerable dose is not sufficient to achieve the 
target values for LDL-C or an adequate decrease in TG, and an increase in HDL-C 
cannot be achieved with a fibrate, combination therapy is recommended either 
with a statin and another LDL-lowering drug in the first case or a statin plus a 
fibrate in the latter.
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Lipids and CVD risk
A plethora of epidemiological, genetic, and pathological as well as 
observational and interventional studies have undoubtedly estab-
lished the crucial role of changed serum lipoprotein concentra-
tions or dyslipidaemias, especially increased serum cholesterol or 
hypercholesterolaemia, as the most important risk factor in the 
development of CVD. Therefore it is quite understandable that 
serum levels of lipids, lipoproteins, apolipoproteins, and various 
derived ratios are most important in predicting CVD risk. This is 
particularly true for plasma TC and LDL-C, but also for HDL-C. 
However, perception, awareness, and knowledge of the impor-
tance of dyslipidaemia as an important CVD risk factor is not 
always adequate and it should be significantly increased in order 
to improve CVD prevention [1–4].

Which lipid parameters should be measured?
Atherogenic lipoproteins which participate significantly in the ae-
tiopathology of CVD are the apolipoprotein B (ApoB)-containing 
LDL (particularly small dense LDL), very low-density lipoprotein 

(VLDL), and intermediate density lipoprotein (IDL). High levels 
of these lipoproteins are therefore associated with an increased risk 
of CVD. HDL, on the other hand, is associated with reduced risk, 
and the main apolipoprotein of HDL is ApoA-I ( Table 15.1).

Several lipid parameters are measured to evaluate CVD risk, as 
described in the following subsections.

Plasma total cholesterol
TC is the main lipid parameter included in the SCORE algorithm 
[5–8]. It should therefore always be measured to evaluate total CV 
risk. TC measures all cholesterol-containing lipoproteins, both 
the atherogenic LDL and VLDL as well as the protective HDL. 
About 80% of plasma cholesterol is transported in LDL. TC there-
fore gives a good estimate of the atherogenic lipoproteins. How-
ever, in patients with very high HDL-C, TC may overestimate the 
CVD risk. This is especially true in women, who often have high 
HDL-C.

Plasma LDL cholesterol
This should always be measured. It is the main atherogenic lipo-
protein cholesterol and should be the main lipid parameter for 

Clinical case

A 48-year-old man who works as a lorry driver was advised to have 
a cholesterol check following the death of his older brother follow-
ing an acute myocardial infarction (MI) at the age of 56. His father 
had had his first MI at 46 years and underwent a coronary artery 
bypass graft (CABG) at the age of 54. He died at the age of 62 after 
an acute coronary event. The father had continued to smoke, was 
hypertensive, and was not concordant with medical therapy which 
included antihypertensives and aspirin from the time of the CABG 
and, more latterly, a statin.

The patient is not a current smoker, having stopped 10 years 
previously (giving him a 25 pack-year history). He drinks about 
35 units of alcohol each week, mainly in the form of beer, and does 
not undertake any physical activity. There is no relevant past his-
tory and no cardiovascular symptoms. His BMI is 28 kg/m2 and 
waist circumference 103 cm. Examination shows no stigmata of 
hyperlipidaemia and his blood pressure is 152/94 mmHg. The rest 
of the cardiovascular system is normal.

At his initial check his fasting lipid profile showed a plasma TC 
of 8.4 mmol/L, TG of 6.7 mmol/L, and HDL-C 0.8 mmol/L. LDL-C 

could not be calculated because of the high TG which precludes the 
use of the Friedewald formula to calculate LDL-C. Fasting blood 
glucose was in the impaired fasting glucose range at 6.1 mmol/L. 
Thyroid and renal function were normal but alanine aminotrans-
ferase was slightly raised. He was started on simvastatin 40 mg/day 
by his family physician and referred to the lipid clinic for further 
assessment and management.

At the lipid clinic his fasting lipid profile shows that since tak-
ing the simvastatin his TC has fallen to 6 mmol/L and TG to 
4.7 mmol/l, and HDL-C is 0.9 mmol/L. Fasting blood glucose is 
6.0 mmol/L and alanine aminotransferase 1.5 times the upper limit 
of normal. Apolipoprotein B is high at 1.28 g/L but lipoprotein(a) 
(Lp(a)) is <0.03 g/L. His ApoE phenotype is E3E3. A provisional 
diagnosis of familial combined hyperlipidaemia is made, which 
is exacerbated by his diet and lifestyle habits. Glucose intolerance 
and insulin resistance are commonly associated with this condi-
tion. Plans for further management are discussed with the patient 
and his wife and the screening of his two children aged 24 and 22 is 
arranged. What should be done?

Table 15.1 Physical and chemical characteristics of the major lipoprotein classes

Lipoproteins Density (g/ml) Diameter (nm) TG (%) Cholesterol esters (%) PL (%) Cholesterol (%) Major apolipoproteins

Chylomicrons <0.95 80–100 90-95 2–4 2–6 1 ApoB-48

VLDL 0.95–1.006 30–80 50-65 8–14 12–16 4–7 ApoB-100

IDL 1.006–1.019 25–30 25-40 20–35 16–24 7–11 ApoB-100

LDL 1.019–1.063 20–25 4-6 34–35 22–26 6–15 ApoB-100

HDL 1.063–1.210 8–13 7 10–20 25 5 ApoA-I

VLDL, very low density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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evaluating CVD risk. LDL-C can be calculated using the Friede-
wald formula* from total TC, TG, and HDL-C, unless TG are sig-
nificantly elevated (>4.5 mmol/L or 400 mg/dl), but there are also 
methods that measure LDL-C directly in plasma.

Plasma triglycerides
Plasma TG are associated with CVD risk [9,10]. TG should always 
be measured. However, since TG are often correlated with other 
risk factors, such as HDL-C, body weight, hypertension, and dia-
betes, they might not be a strong risk factor after correction for 
other risk factors.

Plasma HDL-cholesterol
Plasma HDL-C is associated with reduced risk and in the most 
recent version of the SCORE algorithm HDL-C is included for 
evaluation of total CVD risk [5]. Low HDL-C is often associated 
with metabolic syndrome, type 2 diabetes, obesity, and/or insulin 
resistance. HDL-C should always be analysed when CVD risk is 
estimated [6,9,11].

Non-HDL-cholesterol
Non-HDL-C, which measures all ApoB-containing lipoprotein 
cholesterol, including VLDL-C, IDL-C, and LDL-C, could be 
recommended as an alternative analysis, especially in patients 
with high TG, such as in metabolic syndrome and type 2 diabetes 
[8,9,12].

Apolipoprotein B
ApoB is a direct measure of ApoB-containing lipoproteins. The in-
formation obtained from measurement of plasma ApoB is similar 
to that obtained from non-HDL-C, and could be recommended 
as an alternative analysis to non-HDL-C in the same group of pa-
tients (i.e. with high TG) [9,13–15].

Apolipoprotein A-I
ApoA-I, the main protein component of HDL, and measurement 
of ApoA-I is an alternative to HDL-C, giving similar information.

Lipoprotein(a)
Lp(a), is a fraction of LDL, characterized by an additional protein, 
apolipoprotein(a). High Lp(a) is associated with increased CVD 
risk [16]. The level of Lp(a) is highly genetically determined, and 
the analysis of Lp(a) is recommended in patients with a strong fa-
milial history of CVD. High Lp(a) may indicate the need for more 
active prevention measures.

Ratios between lipoproteins
Ratios between lipoproteins such as LDL-C/HDL-C, TC/
HDL-C or ApoB/ApoA-I have been shown in several studies to 
be good markers for CVD risk given in one simple figure [8,15]. 
The ratios do not add information beyond that given by their 
components, but they may be practical to use, especially in 
screening situations.

Other emerging measures
A number of new parameters have been suggested as additional 
risk markers. So far these have not been shown to add any in-
formation to that provided by the parameters already discussed, 
particularly not in everyday practice. Such analyses are the level 
of small dense LDL [17,18], lipoprotein-associated phospholi-
pase A2 [8,19], oxidized LDL, and antibodies against oxidized 
LDL [20].

Genetics of dyslipidaemia
Plasma lipoprotein levels are determined both by genetic and en-
vironmental factors, which often interact [21]. A number of ge-
netic variations have been found to be correlated with plasma lipid 
levels. In most subjects plasma lipids are influenced by interaction 
of several genes. However, some dyslipidaemias are monogenic 
disorders associated with specific mutations.

Familial hypercholesterolaemia
Familial hypercholesterolaemia (FH) is a monogenic dominant 
genetic disease characterized by high levels of LDL-C and a 
greatly increased risk for premature CVD [22,23]. The preva-
lence of heterozygous FH is very high at about 1 in 250–500, 
while for homozygous FH the prevalence is about one in a mil-
lion. In most cases the disease is caused by a mutation in the 
LDL receptor gene. However, a similar clinical syndrome can be 
caused by a mutation in APOB, in the gene for PCSK9 and prob-
ably also by other rare mutations in other genes. In heterozygous 
FH plasma TC is in the range of 8–12 mmol/L and in homozy-
gous FH plasma TC is often over 20 mmol/L. Heterozygous FH 
is associated with about a ten-fold higher risk for premature 
CVD. In homozygous patients, CVD starts to develop in child-
hood and untreated patients often die from CVD before the age 
of 20. The criteria for a clinical diagnosis of heterozygous FH 
are shown in  Table 15.2. DNA testing gives a good diagnosis 
even in patients with borderline cholesterol levels, in children, 
and in screening for new cases in families. The diagnosis of FH 
should always be considered in young MI patients and in sub-
jects with a family history of premature CVD. From index cases 
a cascade screening in the family is recommended. Treatment 
of homozygous FH should be started as early as possible with 
dietary modifications and statins, while treatment of heterozy-
gous FH should be started at the latest in adolescence or best in 
childhood. If adequately treated, patients with heterozygous FH 
will have a normal life expectancy [24]. Homozygous FH should 
be diagnosed in early childhood and referred to special clinics 
and treated with apheresis and statins.

Familial combined hyperlipidaemia
Familial combined hyperlipidaemia (FCH) is a common disorder 
affecting 0.5–1% of the population [25]. The genetic background 
is complex and involves several susceptibility genes and interac-
tion with the environment. FCH is a major cause of premature 
CVD. The lipid pattern is variable, and comprises both high TG 
and LDL-C in varying constellations, often varying within the 

*In mmol/L: LDL-C = TC – HDL-C – TG/2.2. In mg/dl: LDL-C = TC – HDL-C 
– TG/5.
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individual and within the same family. Typically FCH patients 
have high levels of small dense LDL and high levels of ApoB. FCH 
has an overlapping background with type 2 diabetes and meta-
bolic syndrome.

Dysbetalipoproteinaemia (type III dyslipidaemia)
Dysbetalipoproteinaemia (type III dyslipidaemia) is an uncom-
mon disease characterized by severe combined hyperlipidaemia 
with both TC and TG in the range of 8–12 mmol/L [26]. Cutane-
ous xanthoma are often seen, and lipid depositions in the palmar 
creases are most characteristic. The disease is caused by a homozy-
gosity for the ApoE-2 isoform of apolipoprotein E. The penetrance 
is variable, and the disease can be manifested by factors such as 
obesity or diabetes. The disease is associated with an increased risk 
for CVD. Hyperlipidaemia often responds well to diet, weight re-
duction, and also to fibrate treatment.

Severe hypertriglyceridaemia
Severe hypertriglyceridaemia may be caused by a number 
of genetic disorders. One is defective lipoprotein lipase or its 
activator ApoC-II. This leads to severe hypertriglyceridaemia 
with the accumulation of chylomicrons. TG levels in plasma are 
often above 20 mmol/l and there is a high risk of acute pancrea-
titis [27].

Lifestyle and dyslipidaemia
Lifestyle characteristics significantly affect plasma lipid levels. 
Diet has a major influence on lipids but they are also affected by 
other factors.

Diet and cholesterol
TC and LDL-C are affected by several dietary components. A 
major determinant is the intake of saturated fatty acids (SFAs) 
[28]. It is estimated that a 1% increase in dietary SFAs increases 
LDL-C levels by 0.02–0.04 mmol/L (∼0.8–1.5 mg/dl) [29]. The 
recommended fat intake is 25–35% of caloric intake, of which 
SFAs should constitute less than 10%. Trans fatty acids increase 
LDL-C but also decrease HDL-C and TG [30]. The major source of 
trans fatty acids are partially hydrogenated fatty acids of industrial 
origin. A 2% increase in energy intake from trans fatty acids is as-
sociated with a 23% increase in coronary events.

Diet and triglycerides
A high intake of simple carbohydrates leads to an increase in TG. 
In particular a high intake of fructose may increase TG by 30%. 
Fructose is often used as sweetener in soft drinks.

Body weight, alcohol, and exercise
Overweight and obesity are associated with high TG and low HDL-C.

A high alcohol intake increases plasma TG. For subjects with 
normal TG a moderate intake of alcohol is seldom a problem. 
Indeed, a moderate alcohol intake may even increase HDL-C [31].

Physical activity increases insulin sensitivity and contributes to 
weight reduction, it reduces TG and may also increase HDL-C [32].

Other causes of dyslipidaemia
Dyslipidaemia in diabetes and the metabolic syndrome
Metabolic syndrome is a cluster of symptoms associated with in-
sulin resistance and closely linked to type 2 diabetes. Metabolic 
syndrome includes dyslipidaemia, hypertension, overweight, ab-
dominal obesity, and insulin resistance. Both metabolic syndrome 
and type 2 diabetes are associated with an increased risk for CVD, 
which to a large extent may be explained by the dyslipidaemia. 
Dyslipidaemia associated with these states is characterized by: 
hypertriglyceridaemia, low HDL-C, and large number of small 
dense LDL particles [33,34]. This is a lipoprotein pattern which is 
regarded as highly atherogenic.

Dyslipidaemia in chronic kidney disease
Dyslipidaemia is common in CKD, and lipid abnormalities wors-
en with declining glomerular filtration rate (GFR) [5,35]. The 
early stages of CKD are associated with increased TG and reduced 
HDL-C. With advancing renal disease TC and LDL-C also in-
crease. Severe combined hyperlipidaemia becomes common and 
represents a highly atherogenic lipid profile.

Other causes of dyslipidaemia
Dyslipidaemia occurs commonly secondary to other diseases or 
can be caused by drugs. Examples of some common causes of sec-
ondary hyperlipidaemia are given in  Table 15.3.

Table 15.2 Diagnostic criteria for the clinical diagnosis of 
heterozygous familial hypercholesterolaemia (FH)

Criteria Score

Family history First-degree relative known with premature 
CAD* and/or first-degree relative with LDL-C > 
95th percentile

1

First-degree relative with tendon xanthomata 
and/or children aged under 18 with LDL-C > 
95th percentile

2

Clinical history Patient has premature CAD* 2

Patient has premature cerebral/peripheral 
vascular disease

1

Physical 
examination

Tendon xanthomata 6

Arcus cornealis below the age of 45 4

LDL-cholesterol >8.5 mmol/L (>330 mg/dl) 8

6.5–8.4 mmol/L (250–329 mg/dl) 5

5.0–6.4 mmol/L (190–249 mg/dl) 3

4.0–4.9 mmol/L (155–189 mg/dl) 1

Definite FH Score > 8

Probable FH Score 6–8

Possible FH Score 3–5

No diagnosis Score < 3

*Premature coronary artery disease (CAD) or cardiovascular disease (CVD) (i.e. men 
before 55 and women before 60 years of age).
From: Reiner Ž, Catapano AL, De Backer G, et al. ESC/EAS guidelines for the management 
of dyslipidaemias: the Task Force for the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J 
2011; 32: 1769–1818 and Atherosclerosis 2011; 217S: 1769–1818.
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When to initiate treatment for 
dyslipidaemia
The decision to initiate treatment for dyslipidaemia in CVD pre-
vention should be based on total CVD risk as well as on the li-
poproteins level [5,6] ( Table 15.4). Although SCORE is a good 
basis for risk determination, several other risk factors outside 
the SCORE algorithm should be taken into consideration when 
treatment options are considered. These factors are body weight, 
abdominal obesity, diabetes, CKD, Lp(a) level, physical activity, 
and family history. Familial dyslipidaemias such as FH, FCH, and 
dysbetalipoproteinaemia should always be treated, irrespective of 
the SCORE value.

Goals of treatment
Reduction of LDL-C reduces the risk for CVD in all subjects, 
irrespective of risk level. However, the absolute risk reduc-
tion is greater in higher-risk subjects. The treatment goals are 
therefore adapted to the risk level. Based upon meta-analyses 
of statin trials it has been demonstrated that a reduction of 1 
mmol/L in LDL-C results in a 22% reduction in risk [36,37]. 
Recommended treatment targets are given in  Table 15.5. Al-
ternative treatment goals may be ApoB and non-HDL-C, espe-
cially in hypertriglyceridaemia, metabolic syndrome, and type 
2 diabetes. The target level for non-HDL should be 0.8 mmol/L 
above the target for LDL-C. The target for ApoB is 0.8 mg/ml 
in very high-risk subjects and 1.0 in high-risk patients. Ratios 

Table 15.3 Common causes of secondary hyperlipidaemia

Causes of secondary 
hypercholesterolaemia or 
hyperlipidaemia

Causes of secondary 
hypertriglyceridaemia

Hypothyroidism Hypothyroidism

Nephrotic syndrome Type 2 diabetes

Pregnancy Pregnancy

Cushing’s syndrome Diet high in simple carbohydrates

Anorexia nervosa Renal disease

Immunosuppressive agents Obesity

Corticosteroids High alcohol consumption

Autoimmune disorders

Multiple medications, including: 
corticosteroids, oestrogens, tamoxifen, 
antihypertensives, isotretinoin, ciclosporin, 
protease inhibitors

Table 15.4 Treatment guidelines for dyslipidaemia

Total CV 
risk (SCORE 
level, %)

LDL-C level

<70 mg/dL
<1.8 mmol/L

70 to <100 mg/dL
1.8 to <2.5 mmol/L

100 to <155 mg/dL
2.5 to <4.0 mmol/L

155 to <190 mg/dL
4.0 to <4.9 mmol/L

>190 mg/dL
>4.9 mmol/L

<1 No lipid intervention No lipid intervention Lifestyle intervention Lifestyle intervention Lifestyle intervention, 
consider drug if uncontrolled

Class/level I/C I/C I/C I/C IIa/A

≥1 to <5 Lifestyle intervention Lifestyle intervention Lifestyle intervention, 
consider drug if uncontrolled

Lifestyle intervention, 
consider drug if uncontrolled

Lifestyle intervention, 
consider drug if uncontrolled

Class/level I/C I/C IIa/A IIa/A I/A

>5 to <10, or 
high risk

Lifestyle intervention, 
consider drug

Lifestyle intervention, 
consider drug

Lifestyle intervention and 
immediate drug intervention

Lifestyle intervention and 
immediate drug intervention

Lifestyle intervention and 
immediate drug intervention

Class/level IIa/A IIa/A IIa/A I/A I/A

≥10 or very 
high risk

Lifestyle intervention, 
consider drug

Lifestyle intervention 
and immediate drug 
intervention

Lifestyle intervention and 
immediate drug intervention

Lifestyle intervention and 
immediate drug intervention

Lifestyle intervention and 
immediate drug intervention

Class/level IIa/A IIa/A I/A I/A I/A

From: Reiner Ž, Catapano AL, De Backer G, et al. ESC/EAS guidelines for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J 2011; 32: 1769–1818 and Atherosclerosis 2011; 217S: 1769–1818.

Table 15.5 Recommendations for treatment targets in CVD 
prevention

Recommendations Class Level

In patients at very high CV risk (established CVD, diabetes 
(type 1 or type 2) with one or more CV risk factors and/or target 
organ damage, moderate to severe CKD or a SCORE level ≥10%) 
the LDL-C goal is <1.8 mmol/L (< ∼70 mg/dl) and/or ≥50% 
reduction in LDL-C when the target level cannot be reached

I A

In patients at high CV risk (markedly elevated single risk 
factors, diabetes (type 1 or type 2) but without CV risk factors 
or target organ damage, a SCORE level ≥5 to <10%) a LDL-C 
goal of <2.5 mmol/L (< ∼100 mg/dl) should be considered

IIa A

In subjects at moderate risk (SCORE level > 1 to <5%) 
a LDL-C goal of <3.0 mmol/L (< ∼115 mg/dl) should be 
considered

IIa C

From: Reiner Ž, Catapano AL, De Backer G, et al. ESC/EAS guidelines for the management 
of dyslipidaemias: the Task Force for the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J 
2011; 32: 1769–1818 and Atherosclerosis 2011; 217S: 1769–1818.
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such as LDL/HDL or ApoB/ApoA-I are not recommended as 
treatment targets.

There are no specific targets for TG or HDL-C because evidence 
from outcomes studies is lacking. However, on the basis of epi-
demiological data, TG levels should be <1.7 mmol/L (150 mg/dl) 
and HDL-C should be >1.0 mmol/L (∼40 mg/dl) in men and 
>1.2 mmol/L (∼46 mg/dl) in women. Lp(a) above 50 mg/dl is as-
sociated with increased CVD risk.

Therapeutic approaches
Lifestyle modification
Diet
Appropriate modification of diet and lifestyle has enormous po-
tential for the prevention of CVD on a population basis but also 
for the individual patient with dyslipidaemia. Individualized diet 
and lifestyle programmes on top of drug therapy have the poten-
tial for enhanced control of the lipid profile which should translate 
into further CVD risk reduction (this is in addition to the benefits 
on CVD risk beyond those related to plasma lipids).

Dietary fats
Saturated fatty acids
The proportion of saturated fats in the diet is the most important 
influence on the level of TC, LDL-C, and HDL-C, and to a lesser 
degree VLDL and TG. Saturated fat is sometimes referred to as an-
imal fat, but this can be misleading because some important plant 
products such as palm and coconut oils are rich in SFAs.

The commonest SFAs are lauric (C12:0), myristic (C14:0), pal-
mitic (C16:0), and stearic (C18:0) acids. Myristic acid appears to 
have the strongest effect in increasing LDL-C and HDL-C, where-
as stearic acid appears neutral. Dairy produce, beef, pork, lamb, 
coconut, and palm oil products are rich in SFAs. Food-based rec-
ommendations are clearly more practical than nutrient-based ad-
vice, but although epidemiological studies point to a high intake of 
processed meat products (rich in SFAs) as being a CVD risk factor, 
the evidence linking a higher intake of dairy produce to CVD is 
not consistent. The effects of specific foods cannot be determined 
by their fatty acid content alone [38].

For every 1% of calorie intake contributed by saturated fat, TC 
increases by 0.07 mmol/L. Similarly, it has been calculated from 
an amalgamation of various sources of evidence, including epide-
miological, clinical, and mechanistic studies, that the replacement 
of 1% of energy derived from saturated fats with polyunsaturated 
fatty acids (PUFAs) will reduce CHD by 2–3%. On this basis, con-
sumption of SFAs should be reduced to a maximum of 10% of en-
ergy intake.

Dietary cholesterol
Unlike dietary fat, which is almost completely digested and ab-
sorbed, only about 50% (30–60%) of dietary cholesterol is ab-
sorbed. This is partly influenced by genetic factors such as 
apolipoprotein E phenotype, being highest in those with apolipo-
protein E4 alleles and lowest in those with E2 alleles. Incomplete 
cholesterol absorption may explain why the impact of increasing 
dietary cholesterol on TC concentrations is small. Moving from 

a dietary intake of 200–300 to 300–400 mg/1000 calories would 
increase plasma cholesterol by 0.12 and 0.11 mmol/L, respectively 
[39]. Reducing SFAs will also reduce cholesterol intake. US guide-
lines recommend a cholesterol intake of <300 mg/day [6].

Trans fatty acids
Trans fatty acids are isomers of cis PUFAs, the hydrogen atoms 
attached at the double bonds being on opposite sides, which 
straightens the chain. This structure is more similar to that of 
saturated fats. Partial hydrogenation of PUFAs has been used in 
the food industry to raise the melting point (hardening) of veg-
etable fats for use in spreads and bakery products. Some trans-fat 
in the diet comes from ruminant fat in dairy and meat products. 
Elaidic acid, the trans isomer of oleic acid, is the most common 
dietary trans-fat.

The replacement of 1% of energy derived from trans-fats with 
either saturated, monounsaturated, or PUFAs would reduce 
the TC/HDL-C ratio by 0.31, 0.54, and 0.67, respectively [40]. 
Reducing trans-fats will decrease TC and LDL-C and increase 
HDL-C. Many manufacturers now produce products that are vir-
tually free of trans-fats. However, as food labelling varies in differ-
ent countries, patients should be counselled to check food labels 
for the amount of hydrogenated fat if trans-fats are not mentioned. 
No more than 1% of total energy should be derived from trans 
fatty acids, and the less the better.

Unsaturated fatty acids
PUFAs consist of two main subgroups. n-6 fatty acids are char-
acterized by the presence of a double bond six carbon atoms 
from the methyl end of the chain. The major sources of PUFAs 
are plants such as sunflower, soy bean, and maize and include the 
essential fatty acid linoleic acid (C18:2n-6). n-3 fatty acids (the 
first double bond is at the third carbon atom from the methyl end 
of the chain) include the essential fatty acid alpha-linolenic acid 
(C18:3n-3) together with very long chain n-3 fatty acids. Alpha-
linolenic acid is found in rapeseed, flaxseed, and soy bean oils and 
lower plants such as algae, and is the precursor of the n-3 group. 
Fish that feed on algae in plankton are able to make n-3 fatty acids 
with more double bonds, including eicosapentaenoic acid (C20:5) 
and docosahexaenoic acid (C20:6). Oleic acid (C18:1) is the main 
dietary monounsaturated fatty acid as it is a major component of 
vegetable oils but is also found in dairy produce and meat. It is the 
principal fatty acid in olive oil and rapeseed oil.

PUFAs are an excellent replacement for saturates as part of a 
cholesterol-lowering strategy [41]. Replacing 1% of dietary energy 
from saturates by PUFAs decreases plasma LDL-C by 0.051 mmol/L 
while HDL-C also decreases slightly [40]. Replacing saturates 
with monounsaturates on a similar basis decreases LDL-C by 
0.041 mmol/L with a more or less neutral effect on HDL-C. A high 
intake of monounsaturates is associated with a reduction in TG.

Intake of PUFAs in the form of linoleic and alpha-linolenic acid 
should account for approximately 6–11% of energy based on a 
total fat content of 30% of food energy. A minimum intake of fish 
should be two portions per week as a source of long-chain n-3 fatty 
acids. This modest increase would reduce CHD mortality by 36% 
and all-cause mortality by 17%. Use of oleic acid (a non-essential 
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fatty acid) is recommended as simply providing the difference be-
tween total fat intake and the sum of polyunsaturates and saturates 
which approximates to 8–13% of energy.

Carbohydrates and fibre
Carbohydrate is a major component of the diet but there is no 
clear-cut evidence that replacing saturated fat with carbohydrate 
will reduce CHD. This is likely to be explained by the failure in 
most studies to differentiate the type of carbohydrate. A 5% lower 
energy intake from saturated fat with a concomitant higher en-
ergy intake from carbohydrates is associated with a small but 
significant increase in coronary risk [42]. A positive association 
between substitution of saturated fat for carbohydrate with a high 
glycaemic index (GI) and coronary risk [hazard ratio (HR) 1.33, 
95% confidence interval (CI) 1.08–1.64] was shown. In contrast 
there was a non-significant trend to a reduced coronary risk with 
substitution of carbohydrates with a low GI (HR 0.88, 95% CI 
0.72–1.07) [43]. The GI ranks carbohydrates in terms of their abil-
ity to increase blood glucose measured as the area under the curve 
compared with a standard 50-g load of a reference carbohydrate 
such as glucose.

High-GI foods such as white bread, white rice, pizza, and sugars 
are rapidly digested and absorbed. This leads to high blood glu-
cose and high insulin to glucagon ratio followed by hypoglycae-
mia, the secretion of counter-regulatory hormones, and increased 
concentrations of free fatty acids. These effects will promote hy-
pertriglyceridaemia and lower HDL-C. Individuals with meta-
bolic syndrome and dyslipidaemia will respond more adversely to 
these processes. These effects are not observed with low-GI, high-
fibre carbohydrate. Excess dietary fructose (e.g. high-fructose 
corn syrup and sucrose) should be avoided as this is associated 
with a greater drop in HDL-C. An increased intake of dietary fibre 
(non-starch polysaccharides and other components which are not 
absorbed) reduces TC and LDL-C and the risk of coronary events.

The carbohydrate content of a prudent diet for patients with 
dyslipidaemia should be composed of low-GI foods and a high 
fibre content such as wholegrain cereals, fruit, vegetables, and  
legumes with a daily intake of 5–15 g of soluble fibre.

Alcohol and smoking
There is a wealth of evidence from population studies showing 
an effect of alcohol on coronary events and ischaemic stroke. The 
relationship is J-shaped, with heavy drinkers and non-drinkers 
at highest risk of CHD mortality and light to moderate drink-
ers at lowest risk. It is likely that it is the alcohol content that is 
related to risk and there is no epidemiological evidence of ben-
efit of one form of alcohol, for example red wine, over another. 
Alcohol can exacerbate hypertriglyceridaemia, and a reduction 
in alcohol ingestion is an important part of the management of 
this condition. Moderate alcohol intake is associated with higher 
concentrations of HDL-C. Therefore, in general, alcohol should 
be limited to two drinks per day (20 g) for men and one drink 
per day (10 g) for women, except for patients with high TG who 
should abstain.

Strong advice to quit smoking with appropriate counselling and 
pharmacological assistance is a crucial part of the management 

of all smokers [44]. In terms of dyslipidaemia, smoking cessation 
improves insulin sensitivity and increases HDL-C.

Weight reduction and physical exercise
Weight reduction is an important component in the management 
of dyslipidaemia. The main impact of weight reduction is on re-
ducing TG and increasing HDL-C, and even modest reductions in 
the region of 5–10% of body weight will improve the lipid profile. 
Weight reduction reduces TG by 20–30% and may also increase 
HDL-C by 0.01 mmol/L per kilogram lost.

Achieving weight reduction in clinical practice is not easy and 
requires structured, intensive lifestyle education. The intake of 
energy-rich foods such as saturated fats and refined carbohydrates 
should be reduced to achieve a mild calorie deficit and appropriate 
regular physical activity of moderate intensity should be encour-
aged. In practice, patients often comment that despite increasing 
their activity their weight has not changed. In this situation meas-
urement of waist circumference gives a better estimate of benefit 
reflecting changes in body composition.

Low-fat diets (20%) and high-carbohydrate diets (20% fat, 15% 
protein, and 65% carbohydrate) reduce LDL-C more than high-fat 
diets or low-carbohydrate diets (5% versus 1%, p = 0.001); highest 
carbohydrate versus the lowest (96% versus 15%, p = 0.01) [45]. 
The lowest-carbohydrate diet (40% fat, 15% protein, 35% carbo-
hydrate) increases HDL-C more than the highest-carbohydrate 
diet (20% fat, 15% protein, 65% carbohydrate) (9% versus 6%, 
p = 0.02). All these diets decrease plasma triglycerides to a similar 
degree, namely 12–17% [45].

Patients with dyslipidaemia should perform regular physical 
activity and aerobic exercise as an important part of their overall 
management. This is important for assisting with weight reduc-
tion and in addition increases HDL-C and reduces TG [46]. In 
patients without CVD it is recommended that physical activity or 
aerobic exercise training of moderate intensity lasting 2.5–5 hours 
every week should be undertaken. In those with established coro-
nary disease or stable chronic heart failure it is recommended that 
they undergo moderate to vigorous intensity exercise at least three 
times a week.

Functional foods
Products containing plant stanols or sterols are useful in addition 
to, but not as a substitute for, appropriate dietary and lifestyle ad-
vice [47,48]. These products decrease the intestinal absorption of 
cholesterol. With amounts of 2 g/day, LDL-C falls on average by 
10%. However, there is a marked variation in effect amongst dif-
ferent individuals, presumably related to the degree to which they 
absorb cholesterol. Their effects are additive to other dietary and 
drug interventions.

Adoption and maintenance of dietary and lifestyle measures
It is clear that individualized dietary and lifestyle interventions 
can have a potentially favourable impact on plasma lipid and li-
poprotein concentrations on top of pharmacotherapy. However, 
in clinical practice it is often difficult to achieve optimal imple-
mentation of lifestyle changes, and even more difficult to achieve 
behavioural change in the long term [49] ( Table 15.6).
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best indicator of statin-induced myopathy. The risk of myopathy 
can be minimized by identifying vulnerable patients and/or by 
avoiding interactions of statins with specific drugs ( Table 15.7). 
Because statins are prescribed on a long-term basis, possible in-
teractions with other drugs deserve particular attention, as many 
patients will receive pharmacological therapy for concomitant 
conditions [53]. The benefits of statin treatment for primary CVD 

Table 15.6 Recommendations for counselling individuals to promote dietary changes and physical activity (PA) to reduce CVD risk

Cognitive-behavioural strategies for promoting behaviour change
Class I:
◆ Design interventions to target dietary and PA behaviours with specific, proximal goals (goal setting). Level of evidence: A
◆ Provide feedback on progress toward goals. Level of evidence: A
◆ Provide strategies for self-monitoring. Level of evidence: A
◆ Establish a plan for frequency and duration of follow-up contacts (e.g. in person, oral, written, electronic) in accordance with individual needs to assess and 

reinforce progress toward goal attainment. Level of evidence: A
◆ Utilize motivational interviewing strategies, particularly when an individual is resistant or ambivalent about dietary and PA behaviour change. Level of 

evidence: A
◆ Provide for direct or peer-based long-term support and follow-up, such as referral to ongoing community-based programmes, to offset the common 

occurrence of declining adherence that typically begins at 4–6 months in most behaviour change programmes. Level of evidence: B
◆ Incorporate strategies to build self-efficacy into the intervention. Level of evidence: A
◆ Use a combination of two or more of the above strategies (e.g. goal setting, feedback, self-monitoring, follow-up, motivational interviewing, self-efficacy) in an 

intervention. Level of evidence: A
Class II:
◆ Use incentives, modelling, and problem solving strategies. Level of evidence: B

Intervention processes and/or delivery strategies
Class I:
◆ Use individual- or group-based strategies. Level of evidence: A
◆ Use individual-oriented sessions to assess where the individual is in relation to behaviour change, to jointly identify the goals for risk reduction or improved 

cardiovascular health, and to develop a personalized plan to achieve it. Level of evidence: A
◆ Use group sessions with cognitive–behavioural strategies to teach skills to modify the diet and develop a PA programme, to provide role modelling and 

positive observational learning, and to maximize the benefits of peer support and group problem solving. Level of evidence: A
◆ For appropriate target populations, use Internet- and computer-based programmes to target dietary and PA change; evidence is less good for targeting PA 

alone; adding a form of e-counselling improves outcomes. Level of evidence: B
Class IIa:
◆ Use individualized rather than non-individualized print- or media-only delivery strategies. Level of evidence: A
◆ Address cultural and social context variables that influence behavioural change. Level of evidence: A
Class IIb:
◆ Utilize church, community, work, or clinic settings for delivery of interventions. Level of evidence: B
◆ Use a multiple-component delivery strategy that includes a group component rather than individual-only or group-only approaches. Level of evidence: A
◆ Use culturally adapted strategies, including the use of peer or lay health advisors to increase trust; tailor health messages and counselling strategies to be 

sensitive to the cultural beliefs, values, language, literacy, and customs of the target population. Level of evidence: A
◆ Use problem solving to address barriers to PA and dietary change, such as lack of access to affordable healthier foods, lack of resources for PA, transportation 

barriers, and poor local safety. Level of evidence: B

Reproduced from: Scientific Statement from AHA: Interventions to Promote Physical Activity and Dietary Lifestyle Changes for Cardiovascular Risk Factor Reduction in Adults: A 
Scientific Statement From the American Heart Association. Circulation 2010; 122: 406–441, with permission of Wolters Kluwer Health.

Table 15.7 Selected drugs that may increase risk of myopathy and 
rhabdomyolysis when used concomitantly with a statin (CYP3A4 
inhibitors/substrates or other mechanisms)

Ciclosporin, tacrolimus

Macrolides (azithromycin, clarithromycin, erythromycin)

Azole antifungals (itraconazole, ketoconazole, fluconazole)

Calcium antagonists (mibefradil, diltiazem, verapamil)

Nefazodone

HIV protease inhibitors (amprenavir, indinavir, nelfinavir, ritonavir, saquinavir)

Sildenafil

Others: digoxin, niacin, fibrates (particularly gemfibrozil)

Pharmacotherapy of dyslipidaemias
Pharmacotherapy for high LDL-C
Statins should be used as the drugs of first choice in patients with 
high LDL-C. Their mechanism of action is based upon reducing 
synthesis of cholesterol in the liver by competitively inhibiting 
HMG-CoA reductase activity. The reduction in intracellular cho-
lesterol concentration induces expression of low-density lipopro-
tein receptor (LDLR) on the hepatocyte cell surface, resulting in a 
decrease of up to 65% in circulating LDL-C concentration and an 
increased extraction of LDL-C from the blood, but also a decrease 
in TG and increased HDL-C.

A number of large-scale clinical trials have undoubtedly dem-
onstrated that statins substantially reduce CV morbidity and 
mortality as well as the need for coronary artery interventions 
[36, 50,51]. In high doses statins have also been shown to slow the 
progression or even promote regression of coronary atheroscle-
rosis [52].

In general, the safety profile of statins is very acceptable. Higher 
activity of liver enzymes in plasma is occasional and in most cases 
reversible. The incidence of myopathy is low and rhabdomyoly-
sis is extremely rare. An elevation of creatine kinase (CK) is the 
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prevention far outweigh the mildly increased risk of developing 
diabetes which has been described as a possible adverse effect 
of long-term high-dose treatment, even among those at risk for 
diabetes [54]. Although there have been some reports suggesting 
otherwise, statins do not confer an increased risk of cancer or cog-
nitive decline [55,56].

Bile acid sequestrants (cholestyramine, colestipol, colesevelam) 
prevent the entry of bile acid into the blood by binding bile acids 
and thereby remove a large portion of the bile acids from the en-
terohepatic circulation. This leads to an increase in cholesterol 
catabolism to bile acids, resulting in a compensatory increase in 
hepatic LDLR activity, clearing LDL-C from the circulation and 
thus reducing LDL-C levels. At the top doses these drugs reduce 
LDL-C by 18–25%. They have no major effect on HDL-C, while 
TG may increase in some patients. However, data from stud-
ies with hard end-points are sparse. Bile acid sequestrants have 
adverse gastrointestinal effects which seriously decrease compli-
ance. They also have important interactions with many commonly 
prescribed drugs and should therefore be administered either 4 h 
before or 1 h after other drugs [57].

Cholesterol absorption inhibitors (ezetimibe) inhibit the in-
testinal uptake of dietary and biliary cholesterol. In response to 
reducing the amount of lipoprotein cholesterol circulated to the 
liver, the liver reacts by upregulating LDLR, which in turn leads to 
increased clearance of LDL-C from the blood. The recommended 
dose of ezetimibe is 10 mg/day. It reduces LDL-C by 15–22% but 
it is rarely used as monotherapy. Most recently it has been shown 
that adding ezetimibe to a statin causes a modest additional ben-
efit in reducing cardiovascular events in high-risk patients.

Pharmacotherapy of high triglycerides
Fibrates should be used as the drugs of first choice. They are ago-
nists of peroxisome proliferator-activated receptor-alpha acting 
via transcription factors regulating various steps in lipid and lipo-
protein metabolism. The reduction in TG is variable, ranging from 
10 to 50%. Fibrates also increase low HDL-C and moderately de-
crease LDL-C, particularly decreasing the very atherogenic small 
dense LDL. The data from major trials with fibrates have shown 
consistent decreases in the rates of non-fatal MI (although in some 
cases from post hoc analyses), the effect being most robust in sub-
jects with elevated TG/low HDL-C [58]. They are generally well 
tolerated. Myopathy, liver enzyme elevations, and cholelithiasis 
represent the most well-known safety issues. Whether the increase 
in serum creatinine which has also been reported reflects kidney 
dysfunction or not is a matter of ongoing debate. The increase of 
homocysteine by fibrates has been considered to be relatively in-
nocent with respect to CVD risk.

Nicotinic acid (niacin) is no longer approved in Europe. It 
reduces TG but also moderately reduces LDL-C and increases 
HDL-C [59]. Flushing, associated with itching and tingling, is the 
main adverse effect of niacin and significantly affects compliance.

Prescription n-3 PUFAs, particularly ethyl esters, in doses of 
3–4 g/day safely reduces serum TG by modulating VLDL and 
chylomicron metabolism [60]. Each 1-g increase in daily n-3 
PUFA intake per day decreases TG by approximately 8 mg/dl. The 

response is curvilinear, with individuals with lower baseline TG 
showing less of a TG-lowering effect (20% versus 30% for higher 
TG levels). TC is not significantly affected by n-3 PUFAs, although 
LDL-C concentrations tend to rise by 5–10% and HDL–C by 
1-3%. However, an ethyl eicosapentaenoic acid preparation seems 
to also decrease LDL-C [61]. Data from studies with hard end-
points are not conclusive.

Pharmacotherapy of combined hyperlipidaemia
Combined hyperlipidaemia, i.e. an increase in both LDL-C and 
TG, can be treated with statins since they decrease not only TC 
and LDL-C but also, to a lesser extent, TG. The most potent TG 
reduction is obtained with the more potent statins in high dose. In 
severe hypertriglyceridaemia (>10 mmol/L) statins have no effect. 
If both LDL-C and TG are very high, lipid-lowering drug combi-
nations of a statin and TG-lowering agent will be the best option 
for reaching the treatment goals.

Drug combinations for treatment of dyslipidaemias
Many patients with dyslipidaemia, particularly those with famil-
ial dyslipidaemia, combined hyperlipidaemia, established CVD, 
diabetes, or metabolic syndrome, but also asymptomatic high-risk 
individuals, may not always reach treatment targets with only one 
drug. Therefore combination treatment may be needed [62].

Combination of a statin and a bile acid sequestrant or a combi-
nation of a statin and ezetimibe can be used for greater reduction 
of LDL-C than can be achieved with either drug alone. Another 
advantage of combination therapy is that lower doses of statins 
can be used, thus diminishing the risk of adverse effects associated 
with high doses. However, statins should be used in the highest 
tolerable doses to reach the LDL-C target level before combina-
tion therapy is considered. A recently published study with simv-
astatin in combination with ezetimibe supports the view that the 
combination can offer additional risk reduction to the single drug 
treatment.

Fibrates, particularly fenofibrate, are useful in combination 
with statin when TG remains elevated even during statin treat-
ment. Furthermore fibrates may also increase low HDL-C, and 
further lower LDL-C, particularly small dense LDL, when ap-
plied together with a statin [58,63,64]. Other drugs metabolized 
through cytochrome P450 should be avoided when this combina-
tion is prescribed to decrease the risk of adverse effects. Fibrates 
should preferably be taken in the morning and statins in the even-
ing to minimize peak dose concentrations and decrease the risk of 
myopathy, although this adverse effect is very rare. It is advisable 
to avoid the addition of gemfibrozil to a statin regimen [65].

Combination therapy with statins and prescription n-3 PUFAs 
is more effective than monotherapy with each drug alone, caus-
ing a greater reduction of TG and an increase in HDL-C com-
pared with statins alone. Combination therapy with fenofibrate 
and prescription n-3 PUFAs reduces TG concentration by 60%. 
Prescription n-3 PUFAs may be used safely in combination with 
both statins and fibrates.

The possible beneficial effects of new lipid-lowering drugs such 
as mipomersen, lomitapide, and monoclonal antibodies to PSCK9 
on preventing cardiovascular events remain yet to be evaluated.
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muscle symptoms, statin treatment can be continued but patients 
should be alerted to report muscle symptoms and further checks 
of CK should be considered. If muscle symptoms are still present 
although CK is less than or equal to fives times ULN, they should 
be monitored and CK should be regularly checked. If the muscle 
pains cease on withdrawal of the statin and recur when it is rein-
troduced, especially if this is tried several times, a causal relation-
ship is more or less proven. In this case, the use of a very low dose 
of a statin two or three times a week with a very gradual increase 
in dosage can be effective [66].

Follow-up and safety control
Response to therapy can be assessed at 6–8 weeks from initiation 
or dose increases for statins, but response to fibrates and lifestyle 
may take longer. Lipids should, of course, be tested before starting 
lipid-lowering drug treatment by performing at least two meas-
urements, taken with a 1–12 week interval, with the exception of 
conditions where immediate drug treatment is suggested, such 
as in acute coronary syndrome. Lipids should be checked 8 (±4) 
weeks after starting drug treatment. Once a patient has reached his 
or her target lipid level, lipids should be checked annually unless 
there are problems with adherence or another specific reason for 
more frequent reviews.

When statin treatment is used, safety blood tests are advised 
including alanine aminotransferase (ALT) and CK at baseline 
to identify the limited number of patients in whom treatment is 
contraindicated.

Liver enzymes (ALT) should therefore be measured in all pa-
tients taking lipid-lowering drugs before starting drug treatment. 
They should also be measured 8 weeks after starting drug treat-
ment or after any dose increase and should be less than three times 
the upper limit of normal (ULN). If values rise to three or more 
times ULN, the lipid-lowering drug should be stopped or the dose 
reduced and liver enzymes rechecked within 4–6 weeks. After 
ALT has returned to normal, cautious reintroduction of therapy 
may be considered. It is not necessary to routinely monitor liver 
enzymes in all patients taking lipid-lowering therapy since it has 
been shown that such monitoring is not effective for detecting or 
preventing serious liver injury.

CK should be measured before starting lipid-lowering treat-
ment in all patients, but if this is not possible at least in those pa-
tients with an increased risk for myopathy such as the very elderly 
with comorbidities, patients with earlier muscle symptoms, or pa-
tients on interacting drugs. If the baseline CK level is more than 
five times ULN, drug therapy should not be started but the CK 
value should be rechecked. It is not necessary to routinely moni-
tor CK in patients taking lipid-lowering therapy. CK should only 
be checked if a patient develops myalgia. If CK becomes raised 
to more than five times ULN in a person taking lipid-lowering 
drugs, lipid-lowering treatment should be stopped, renal function 
checked, and CK monitored fortnightly. The possibility of transient 
CK elevation for other reasons such as muscle exertion should be 
considered, as well as secondary causes of myopathy if CK remains 
elevated. If CK returns to five or more times ULN and there are no 

Solution to the clinical case

The patient should be referred to a dietician for lifestyle advice to 
reinforce the physician’s explanation of its central importance in 
management. The focus should be primarily on reduction in al-
cohol intake, saturated fat, salt, and refined carbohydrate together 
with the adoption of some regular physical activity. Simvastatin 
could be changed to atorvastatin or rosuvastatin 40 mg/day as 
more intensive statin therapy is needed, given the residual mixed 
lipaemia and the high ApoB. An ultrasound of the abdomen 
should be performed to confirm fatty liver, which is expected. 
Statin therapy is not contraindicated in fatty liver. Arrangements 
should be made for follow-up in the clinic for 4 months with a 
further visit to the dietician. A target weight reduction of 5 kg 
should be discussed.

At review the patient’s fasting lipid profile showed a TC of 
5.1 mmol/L, TG 2.4 mmol/L, HDL-C 1.1 mmol/L and calcu-
lated LDL-C 2.9 mmol/L. He had been successful in reducing 
his alcohol intake to about 16 units each week and BMI was 
26.7 kg/m2. On average he was walking briskly for 35 minutes 
three times a week. His fasting glucose was 5.8 mmol/L and the 
ALT had improved to just two units above normal. Given his high 
risk, more intensive therapy was instigated to further reduce his 
LDL-C and non-HDL-C. Rather than increase the atorvastatin to 
80 mg/day, which would result in a reduction of only about 5%, 
ezetimibe 10 mg/day was added. His blood pressure had fallen 
to 136/84 mmHg with the reduction in salt, alcohol, and weight.

He responded well to the addition of ezetimibe and his LDL-C 
had fallen to 2.3 mmol/L when he was next seen. He admitted 
to feeling better, having lost a little more weight and felt that he 
would be able to maintain his improved diet and lifestyle sup-
ported by his wife and family.
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CHAPTER 16

Glucose intolerance and 
diabetes
Christina Jarnert, Linda Mellbin, 
Lars Rydén, and Jaakko Tuomilehto

Summary
Diabetes dramatically increases the risk of cardiovascular disease (CVD). Diabetes 
is defined by elevated glucose in the circulating blood. The level of glycaemia has 
a graded relation with CVD risk, and diabetes is very frequent in people with 
CVD. When CVD patients without previously diagnosed diabetes are tested for 
glycaemia, the proportion of those found to have disturbed glucose metabolism is 
60–70%. In the general population, half of people with type 2 diabetes are undiag-
nosed due to the lack of specific symptoms and a lack of systematic early detection 
efforts. Yet efficient methods exist for population screening. Despite considerable 
improvements in the management of CVD, patients with disturbed glucose me-
tabolism have not benefited to the same extent as those without diabetes. Possible 
explanations for this are higher blood pressure, dyslipidaemia, advanced ath-
erosclerosis, insufficient use of evidence-based CVD management, or inadequate 
glycaemic control. In patients with CVD and cardiometabolic disorder it is not 
sufficient to focus on the CVD manifestations alone—simultaneous actions di-
rected towards the underlying complex metabolic disorder are required together 
with attention to other existing concomitant risk factors. Primary and secondary 
prevention in people with diabetes and other disturbances in glucose metabolism 
must be multifactorial and treatment targets stricter than for patients without glu-
cose aberrations. Increased collaboration between different therapeutic disciplines, 
including diabetologists, cardiologists, general practitioners, and dieticians, is key 
to improved management for this large and high-risk population. Some important 
aspects of these issues are presented in this chapter.

Introduction
Diabetes mellitus (DM) is a condition defined and diagnosed by an elevated level of glu-
cose in the blood. Recently, high glycated haemoglobin (HbA1c) has also been accepted 
for a diagnosis of DM. Despite considerable progress in care for patients with cardio-
vascular disease (CVD) there is an increasing challenge concerning the prevention and 
treatment of CVD in people with DM or disturbed glucose metabolism, who are at high 
risk of CVD.

The International Diabetes Federation (IDF) estimated that in Europe in 2011 
53 million people aged 20–79 years had DM; that number is expected to exceed 64 million 



215diabetes and other disorders of glucose metabolism

by 2030. In addition 63 million Europeans had impaired glucose 
tolerance (IGT) in 2011 ( Table 16.1). The continuous increase 
in the prevalence of DM is not only due to an ageing population, 
but also to changing lifestyles leading to an unhealthy diet, in-
creased prevalence of overweight, and physical inactivity [1]. The 
World Health Organization (WHO) multinational study of vas-
cular disease in DM ( Fig. 16.1) revealed that the majority of 
deaths in people with DM are caused by CVD, and this is a global 
pattern [2]. DM is a major burden on society; approximately 15% 

of all healthcare expenses in Europe are due to DM, mostly a result 
of CVD complications.

In the recent years DM and its precursor states have become 
important aspects in the prevention and care of CVD. The 2012 
Joint European Society guideline on CVD prevention recom-
mended classifying people with DM and at least one other CVD 
risk factor or target organ damage as being at very high risk for 
developing a CVD event, and all other people with DM as being 
at high risk [3]. More detailed risk estimates may be performed 
by means of so-called risk engines, i.e. statistical models that are 
used to predict a disease event. One was developed on the basis 
of the United Kingdom Prospective Diabetes Study (UKPDS) [4], 
and the most recent is based on information from 24 000 patients 
in the Swedish National Diabetes Registry followed from 2002 to 
2007 [5]. It takes into account treatment targets and modalities 
and is available at the Swedish National Diabetes Registry web-
site (<http://www.ndr.nu/risk/>). The increased CVD risk is par-
ticularly apparent in women, as illustrated by a Finnish study in 
which patients aged 45–64 years with newly detected type 2 dia-
betes (T2DM) were followed for 15 years [6]. Total mortality was 
considerably higher among men and women with T2DM than in 
those without (men 44% versus 13%; women 44% versus 11%); the 
risk of CVD death in men with DM was increased six-fold and in 
women eleven-fold ( Fig. 16.2).

Classification and diagnosis of DM and 
other disorders of glucose metabolism
The uniform classification and diagnostic criteria for DM are 
based on recommendations outlined by the WHO Expert Com-
mittee in 1980 and further refined by WHO consultation groups 
and the expert groups of the American Diabetes Association 
(ADA) over the years [7–11]. HbA1c has recently been recom-
mended as a diagnostic test for DM [11,12]. The currently rec-
ommended thresholds for fasting plasma glucose (FPG), 2-hour 
post-challenge plasma glucose (2-hPG) after a standard 75-g 

Table 16.1 Burden of diabetes mellitus (DM) in Europe in 2011 and 
predictions for 2030

Variable 2011 2030

Total population (millions) 899 931

Adults (20–79 years; millions) 653 673

DM (20–79 years)

European prevalence (%) 8.1 9.5

Number with DM (millions) 52.8 64.2

Impaired glucose tolerance (20–79 years)

Regional prevalence (%) 9.6 10.6

Number with IGT (millions) 63.0 71.5

Type 1 DM in children (0–14 years)

Number with type 1 DM (thousands) 116.1 –

Number newly diagnosed/year (thousands) 17.9 –

DM mortality (20–79 years)

Number of deaths; men (thousands) 282.4 –

Number of deaths; women (thousands) 317.6 –

Healthcare expenditure due to DM 
(people aged 20–79 years, Europe)

Total expenditure (billions of €) 994.7 1195.9

Source: data from IDF Diabetes Atlas, version 5, edition 2012.
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Fig. 16.1 WHO data on reasons for mortality in diabetes: red, ischaemic 
heart disease; pink, cerebrovascular disease; black, other. 
Springer and Diabetologia, 44, 2001, S19, An analysis of serial Minnesota ECG code 
changes in the London cohort of the WHO multinational study of vascular disease 
in diabetes, H. Keen, Fig. 3B, With kind permission from Springer Science and 
Business Media.
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Fig. 16.2 Mortality and morbidity in males and females over 15 years in 
patients with newly detected type 2 diabetes (D) and non-diabetic controls 
(C). In each bar the different gradations of shading (from the bottom) 
represent follow-up during 5, 10, and 15 years, respectively. OR, odds ratio.
 Source : data from Niskanen L, Turpeinen A, Penttilä I, Uusitupa MI. Hyperglycemia and 
compositional lipoprotein abnormalities as predictors of cardiovascular mortality in 
type 2 diabetes: a 5-year follow-up from the time of diagnosis. Diabetes Care 1998; 21: 
1861–1869.
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oral glucose tolerance test (OGTT), and HbA1c are shown in 
 Table 16.2. It must be kept in mind that FPG and HbA1c have 
a lower sensitivity to identify people with DM and people at risk 
of DM compared with 2-hPG [13,14]. Therefore the WHO guide-
line emphasizes the use of a 2-hour OGTT and stresses that a 
HbA1c value of <6.5% does not exclude the presence of DM that 
may be detected by blood glucose measurement, and has no in-
terpretation regarding classification and diagnosis of hypergly-
caemic states [12].

There are two main aetiological categories of DM: type 1 diabe-
tes (T1DM) and T2DM. Both of them have a strong genetic sus-
ceptibility, but the genes associated with them are largely different 
[7–11]. Other categories also exist: ‘other specific types’ (mainly 
due to monogenic mutations) and ‘gestational DM’ [7,9]. Insulin 
is a peptide hormone that is essential for maintaining whole body 
glucose homeostasis and promoting efficient glucose utilization.

T1DM is characterized by insulin deficiency due to destruc-
tive lesions of pancreatic beta-cells, progressing towards absolute 
insulin deficiency. It typically occurs in young people of normal 
weight presenting with polyuria, thirst, and weight loss with a 
propensity to ketosis. However, T1DM may occur at any age 
[15], sometimes with slow progression (often also called ‘latent 

autoimmune diabetes in adults’ or LADA) [16]. European people 
with T1DM often have autoantibodies to pancreatic beta-cell pro-
teins that may be detected before the clinical manifestation of the 
disease [17,18]. Compared with other ethnicities and geographi-
cal regions, T1DM is more common in Europid (Caucasian) 
populations [19]. Finland has by far the highest incidence of 
childhood-onset T1DM in the world, and other populations in 
northern Europe and Canada also have a high incidence. The in-
cidence of T1DM is increasing globally at a rate of approximately 
3% a year [19].

T2DM is a progressive disease which most often develops after 
middle age, but there is a trend towards a decreasing age of onset 
in many populations. Over 90% of adults with DM have T2DM. It 
is characterized by a combination of insulin resistance and beta-
cell dysfunction/failure, often but not always in association with 
obesity (typically with an abdominal distribution of adiposity) 
and sedentary lifestyle, the two major and most well-known risk 
factors for T2DM. Many other lifestyle factors also contribute to 
the risk of T2DM [20]. Interestingly, the vast majority of genes 
that have been confirmed to be associated with T2DM have an 
action related to pancreatic beta-cell function or insulin secretion 
[21]. There is a hyperbolic relationship between insulin sensitiv-
ity (resistance) in peripheral tissues and insulin secretion from 
the pancreas [22]. When insulin secretion becomes inadequate 
in relation to insulin resistance, glucose intolerance and T2DM 
occur [23,24]. An impaired first phase of insulin secretion, caus-
ing post-prandial hyperglycaemia, typically characterizes the 
early stage of T2DM. This is followed by a deteriorating second-
phase insulin response and persistent hyperglycaemia, which is 
apparent even in the fasting state [23–26]. The level of HbA1c 
is only increased following increased long-lasting elevated blood 
glucose concentrations, and therefore high HbA1c is secondary 
to sustained elevation of blood glucose. Although it may look as if 
HbA1c is easier to measure, it has problems with standardization 
and its use will inevitably delay the diagnosis of asymptomatic 
T2DM [27].

Impaired glucose metabolism (also called pre-diabetes), i.e. 
impaired fasting glucose (IFG) and impaired glucose tolerance 
(IGT), refers to an intermediate state in the progression from 
normal glucose homeostasis to DM. Studies suggest that IGT is 
associated with insulin resistance in muscle and defective insu-
lin secretion, resulting in less efficient disposal of the glucose load 
during an OGTT, while IFG is associated with impaired insulin 
secretion and impaired suppression of hepatic glucose output [26].

epidemiology of dysglycaemia  
in CVD
prevalence
T2DM remains undetected in approximately half of the people 
who suffer from it [28] because hyperglycaemia does not cause 
specific symptoms until it has been present for a long time and 
glucose levels are very high. That is why the condition remains 

table 16.2 Diagnostic criteria for glucose perturbations as defined 
by World Health Organization (WHO) and American Diabetes 
Association (ADA)

Diagnosis/
measurement

WhO 2006/WhO 2011 aDa 2013

Diabetes

HbA1c Can be used. If measured 
≥6.5% (48 mmol/mol)

Recommended ≥6.5% 
(48 mmol/mol)

FPG Recommended 
≥7.0 mmol/L (≥126 mg/dl)
OR use 2-hPG

≥7.0 mmol/L (≥126 mg/dl)
OR use 2-hPG

2-hPG ≥11.1 mmol/L (≥200 mg/dl) ≥11.1 mmol/L (≥200 mg/dl)

IGt

FPG <7.0 mmol/L (<126 mg/dl) <7.0 mmol/L (<126 mg/dl)

2-hPG ≥7.8 to <11.1 mmol/L 
(≥140 to <200 mg/dl)

Not required. If measured 
7.8–11.0 mmol/L 
(140–198 mg/dl)

IFG

FPG If measured 6.1–6.9 mmol/L 
(110–125 mg/dl)

5.6–6.9 mmol/L  
(100–125 mg/dl)

2-hPG <7.8 mmol/L (<140 mg/dl)

FPG, fasting plasma glucose; 2-hPG, 2-hour post-load plasma glucose; IGT, impaired 
glucose tolerance; IFG, impaired fasting glucose.
Source: data from World Health Organization (WHO) Consultation. Definition and 
diagnosis of diabetes and intermediate hyperglycaemia, 2006. <http://www.who.int/
diabetes/publications/Definition%20and%20diagnosis%20of%20diabetes_new.pdf>
World Health Organization (WHO), Abbreviated report of a WHO consultation. Use of 
glycated hemoglobin (HbA1c) in the diagnosis of diabetes mellitus, 2011 <http://www.
who.int/diabetes/publications/diagnosis_diabetes2011/en/index.html>
Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycaemia in type 2 
diabetes: a patient-centered approach. Position statement of the American Diabetes 
Association (ADA) and the European Association for the Study of Diabetes (EASD). 
Diabetologia 2012; 55: 1577–1596.
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unrecognized for years if no proper screening takes place. The 
progression from asymptomatic hyperglycaemia to frank T2DM 
may take 10–15 years [29]. There are indeed more people with 
undiagnosed T2DM and other disorders of glucose metabolism 
than with diagnosed T2DM [28]. Since systematic assessments 
over time have only been carried out in very few countries (and 
with variable methods), the prevalence of T2DM reported by 
bodies such as the IDF is certainly underestimated. Moreover the 
prevalence is rapidly increasing making ‘old’ data inaccurate. A 
Turkish study carried out in 2010 is so far the only nationwide 
prevalence study of DM and other disorders of glucose metabo-
lism carried out in Europe with the standard methodology rec-
ommended by the WHO at the time [30]. The overall prevalence 
of DM was 16.5%, with 7.5% screen detected DM; the prevalence 
was higher in women than in men. The prevalence of isolated 
IFG, isolated IGT, and combined pre-diabetes was 14.7, 7.9, and 
8.2%, respectively. Compared with a previous national prevalence 
study carried out in 1997–98 the increase in the prevalence of 
DM was 90% and in IGT 106%. In 2010, only about 20% of Turk-
ish people above the age of 65 were free from disorders of glucose 
metabolism. Another very large study from China published in 
2013 reported that the estimated prevalence of DM among a rep-
resentative sample of Chinese adults was 12% and that of pre-
diabetes 50% [31], while in 2001 prevalence of DM was 5.5% 
[32]; thus there was an increase of over 100% in 10 years. The vast 
majority of Chinese with DM in the more recent study had not 
been diagnosed previously. In a recent Finnish population-based 
study among people aged 45–74, also using the WHO criteria, the 
prevalence of DM and other disorders of glucose metabolism was 
almost 40%, and higher in men (42%) than in women (33%) [33]. 
In most populations DM seems to be more common in men than 
in women until the age of 65.

Cardiovascular risk
People with previously undetected T2DM and IGT have an in-
creased risk of CVD. Convincing evidence for such a relation 
was provided by the DECODE study which analysed several Eu-
ropean cohort studies with baseline OGTT data [34–36]; these 
findings were subsequently confirmed by other investigators 
[37–39]. Increased mortality and CVD risk were observed in 
people with DM and IGT identified by 2-hPG, but not in people 
with IFG identified by FPG. People with IGT have an approxi-
mately 30% increased risk of CVD, while those with previously 
undiagnosed T2DM have a risk of CVD almost as high as those 
with previously diagnosed T2DM [35]. The increase in risk with 
2-hPG is graded, the higher the glucose the higher the CVD 
mortality. All manifestations of CVD are increased in people 
with T2DM [40]: CHD, stroke, peripheral artery disease, heart 
failure, and cardiomyopathy due to diabetes. At the population 
level post-challenge or post-prandial glucose is a better predic-
tor of CVD than fasting glucose [41], even within the ‘normo-
glycaemic’ range [42]. The glucose concentration in blood varies 
markedly during a normal day, mostly reflecting the intake of 
food, carbohydrates in particular, and physical activity. Actually, 
fasting glucose is a reflection of the lowest glucose level during 

the day, but people are spending most of the day in the post-
prandial or post-absorptive state with higher blood glucose than 
after an overnight fast [44].

The cut-points defining DM have been determined mainly on 
the basis of DM-induced retinopathy [7–10], a condition that is 
very specific for hyperglycaemia. The cut-points defining other 
disorders of glucose metabolism are mainly based on the rate 
of progression to DM. Macrovascular complications associated 
with hyperglycaemia do, however, start to develop before the 
currently defined thresholds of DM [39]. The DECODE data 
also showed that a J-shaped relation exists between mortality 
and glucose concentrations for both FPG and 2-hPG, except for 
the relation between 2-hPG and CVD mortality, where the re-
lation is graded and increasing ( Fig. 16.3). That high fasting 
and 2-hPG concentrations are associated with increased risk of 
mortality is now unequivocally confirmed. A high 2-hPG pre-
dicted all-cause and CVD mortality after adjustment for other 
major cardiovascular risk factors while a high FPG alone was not 
predictive once 2-hPG was taken into account, in both European 
and Asian populations [35,44]. At the population level the high-
est number of excess CVD deaths occurred in people with IGT 
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Fig. 16.3 Distributions of fasting plasma glucose (a), 2-hour post-load 
plasma glucose (b), and hazard ratios for CVD mortality with 95% confidence 
intervals (bars) according to glucose intervals of 0.5 mmol/L in people without 
a previous history of diabetes, adjusted for age, sex, cohort, serum cholesterol, 
systolic blood pressure, body mass index, and smoking. 
Source : data from DECODE Study Group. Glucose tolerance and cardiovascular 
mortality. Arch Intern Med 2001; 161: 397–404.
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[34], since the number of such people is highest in the hypergly-
caemic population ( Fig. 16.4).

Screening for DM and other disturbances in 
glucose metabolism
Random testing of blood glucose among people without known 
DM to determine CVD risk has not been recommended due to 
a lack of affirmative evidence that the prognosis of CVD relat-
ed to T2DM can be improved by early detection and treatment 
[45,46]. Screening for hyperglycaemia should therefore be selec-
tively targeted to high-risk individuals. Screening may, however, 
facilitate CVD risk reduction by multifactorial management, 
and early detection may allow interventions that retard the pro-
gression of microvascular disease, which may make screening 
for T2DM beneficial [47]. In addition, there is an interest in 
identifying people with IGT since most will progress to T2DM, 
and this progression can be retarded by lifestyle interventions 
[48–52].

A stepwise approach for early detection of T2DM and other 
disorders of glucose metabolism in the general population is 
currently recommended [53]. The first step is to use question-
naire-based information, i.e. a non-laboratory risk score that 
provides summary information on the presence of certain aetio-
logical risk factors for T2DM. In the second step people with a 
high risk score will be referred for further testing of dysglycae-
mia and other CVD risk factors. Such a first step is not needed 
in people with pre-existing CVD and pregnant women, who all 
should be tested for dysglycaemia following the current guide-
lines [40,54]. Several DM risk scores have been developed. Most 
of them perform well, and it does not matter which one is used, 
as underlined by recent systematic reviews [55]. An example 
is the FINnish Diabetes RIsk SCore (FINDRISC; <http://www.
diabetes.fi/english>) [56] which is commonly used to screen for 
DM risk in Europe ( Fig. 16.5).

Pathophysiological relation between 
dysglycaemia and CVD
There are several factors contributing to the development of CVD 
among people with DM. These are the same as in people without 
DM, but hyperglycaemia adds further to the risk, either directly 
or through other mechanisms due to the elevated blood glucose 
[40]. Hyperglycaemia is associated with an atherogenic lipid pro-
file, high blood pressure, low-grade inflammation, renal disorder, 
etc., all of which increase CVD risk.

In the United Kingdom Prospective Diabetes Study (UKPDS) 
an increase of 1% in HbA1c resulted in a 14% higher risk of devel-
oping myocardial infarction and a 21% higher risk of death [57]. 
A recent meta-analysis summarized findings from 112 studies 
comprising almost 700 000 people followed for a mean period of 
11 years [58]. The increased risk was more apparent in women 
than in men and in younger age groups, non-smokers, and those 
in the lower range of elevated blood pressure. Thus, it seems that 
people who otherwise have a relatively low CVD risk profile are 
proportionally more exposed to CVD when they have disorders of 
glucose metabolism. This is partly due to the fact that among them 
the risk in the comparison group without DM is very low, leading 
to a high increase in relative risk among people with DM, even 
though the absolute risk may not be very high.

It has been discussed whether hyperglycaemia is harmful in 
itself or if it should be seen as a marker of other pathophysiologi-
cal mechanisms of importance for the development of CVD. In 
favour of a direct influence is that hyperglycaemia causes oxida-
tive stress, which is considered as a central trigger for many pro-
cesses that are harmful to vascular walls, for example endothelial 
dysfunction, chronic inflammation, neovascularization, and 
arteriolar and capillary narrowing disturbing collateral circula-
tion [59]. In addition, T2DM and its preceding stages are char-
acterized by other factors that may promote injury to vascular 
walls and atherothrombotic disease. Among them are decreased 
insulin sensitivity together with increased thrombogenesis and 
reduced fibrinolytic capacity. Another example of the influence 
of dysmetabolism is that less myocardial energy is produced by 
glucose oxidation and more by the energy-demanding beta-oxi-
dation of free fatty acids. This may, particularly during myocar-
dial ischaemia and adrenergic stress, contribute to myocardial 
dysfunction [59].

Screening for dysglycaemia in patients  
with CVD
The Glucose And Myocardial Infarction (GAMI) study, which 
recruited 181 patients, showed the high prevalence of glucose 
perturbations in people with acute coronary syndrome (ACS) 
without a history of DM [60]. They were all subjected to an OGTT 
about 5 days after onset of symptoms. Only 33% had normal 
glucose tolerance, while 34% had IGT and 33% previously un-
detected T2DM. The Euro and China Heart Surveys [61,62] re-
cruited patients with stable and unstable coronary artery disease 
(CAD), and confirmed the results of the GAMI study in larger 

Fig. 16.4 Number of excess deaths by fasting plasma glucose (FPG) and 
2-hour post-load plasma glucose (2-hPG) category. The comparison group is 
the one with both normal FPG and 2-hPG where the number of excess deaths 
was set to zero. 
Source : data from DECODE Study Group. Glucose tolerance and mortality: comparison 
of WHO and American Diabetes Association diagnostic criteria. Lancet 1999; 354: 
617–621.
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populations from several countries, including people with acute 
and stable CAD. In the Euro Heart Survey on Diabetes and the 
Heart (n = 4961, 25 countries) the prevalence of known DM was 
31%, while 12% had newly detected DM, 25% IGT, and 3% IFG, 
leaving only 32% with normal glucose regulation ( Fig. 16.6). In 
a study in India among people with ACS and without a history of 
DM, 84% had glucose perturbations: IFG or IGT in 46% and un-
diagnosed DM in 38% [63]. These studies all demonstrated that a 
substantial proportion of people with glucose disturbances would 
have remained undetected without an OGTT [64]. A similar pat-
tern has subsequently been shown in patients with cerebrovas-
cular and peripheral vascular disease [65]. In an Austrian study, 
238 consecutively admitted acute stroke patients were screened 
for glucose perturbations using an OGTT in the first and second 
weeks after the stroke event: 20% had normal glucose levels, 20% 
had previously known DM, 16% were classified as having newly 
diagnosed DM, 23% IGT, and 1% IFG. The remaining 20% had 

transient hyperglycaemia or missing data in the second OGTT. 
Subsequently it was shown that newly detected glucose distur-
bances in these studies had a negative prognostic implication in 
ACS and stroke [65,66].

HbA1c has been recommended as a diagnostic tool for DM in 
the general population [11,12]. HbA1c, like other parameters of 
glycaemia, shows a graded association with CVD risk [67–69]. 
Studies that compared all three main glycaemic parameters—
FPG, 2-hPG, and HbA1c—simultaneously for mortality and CVD 
risk have revealed that the association is strongest for 2-hPG, and 
that the risk observed with FPG and HbA1c is no longer signifi-
cant after controlling for the effect of 2-hPG [70,71].

The use of HbA1c in people with CVD and without a history 
of DM to detect previously unrecognized T2DM or other disor-
ders of glucose metabolism has not been well studied in the past. 
An Indian study reported that 27% of newly diagnosed ACS pa-
tients with DM had HbA1c < 6.0% [65]. Recently, Hage et al. [72] 

1. Age
0 p.      Under 45 years
2 p.      45-54 years
3 p.      55-64 years
4 p.      Over 64 years

2. Body mass Index
0 p.      Lower than 25 kg/m2

1 p.      25-30 kg/m2

3 p.      Higher than 30 kg/m2

3. Waist circumference measured below
the ribs (usually at the level of the navel)
                      MEN                         WOMEN
0 p.      Less than 94 cm           Less than 80 cm
3 p.      94-102 cm                    80-88 cm
4 p.      More than 102 cm      More than 88 cm

Type 2 diabetes risk assessment form

Circle the right alternative and add up your points.

4. Do you usually have daily at least 30
min of physical activity at work and/or
during leisure time (including normal
daily activity)?
0 p.      Yes
2 p.      No

5. How often do you eat vegetables, fruit,
or berries?
0 p.      Every day
1 p.      Not every day

Test designed by Professor Jaakko Tuomilehto. Department of Public Health, University of Helsinki, and Dr Jaana Lindstrom, MFS,
National Public Health Institute.

6. Have you ever taken anti-hypertensive
medication regularly?
0 p.      No
2 p.      Yes

7. Have you ever been found to have high
blood glucose (e.g. in a health examination,
during an illness, during pregnancy)?
0 p.      No
5 p.      Yes

8. Have any of the members of your
immediate family or other relatives been
diagnosed with diabetes (type 1 or type 2)?
0 p.      No
3 p.      Yes: grandparent, aunt, uncle, or
            first cousin (but not own parent,
            brother, sister or child)
5 p.      Yes: parent, brother, sister, or own
            child

Total risk score

Lower than 7      Low: estimated 1 in 100
                              will develop disease

7-11                       Slightly elevated:
                               estimated 1 in 25 will
                              develop disease

12-14                     Moderate: estimated 1 in 6
                               will develop disease

15-20                     High: estimated 1 in 3
                               will develop disease 

Higher                   Very High:
than 20                 estimated 1 in 2
                               will develop disease 

The risk of developing
type 2 diabetes within 10 years is

Fig. 16.5 The FINnish Diabetes Risk Score 
(FINFRISC) for the assessement of the 10-year risk 
of developing type 2 diabetes in adults. 
With permission from the Finnish Diabetes Association, 
accessed from <http://www.diabetes.fi/english>
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screened 174 patients with ACS, of whom 27 had T2DM accord-
ing to the OGTT. FPG failed to detect 63% and HbA1c 93% of 
these patients ( Fig. 16.7). Similar findings have been reported 
in patients with ACS selected for further investigation due to ele-
vated admission glucose [73] and in patients referred for coronary 
angiography [74]. There are many pros and cons to be considered 
when deciding which test for glycaemia will be used. HbA1c is 
clearly the least sensitive test for identifying glycaemic perturba-
tions, and there are many additional issues besides blood glucose 
concentration that may lead to an artificial increase or decrease in 

HbA1c, especially factors or disorders influencing red blood cell 
turnover [75].

In summary, DM and IGT are common conditions in patients 
with CVD and influence their prognosis negatively; a 2-h OGTT 
is needed when screening patients with CVD for glucose perturba-
tions since both FPG and HbA1c are very insensitive. However, 
screening may be initiated with HbA1c and/or FPG assays, but 
needs to be followed by an OGTT if these laboratory investigations 
do not provide a clear diagnosis as recommended in the 2013 ESC 
and EASD guidelines on diabetes, pre-diabetes, and CVD [40].

Delaying or preventing the onset  
of DM
A modest weight loss in combination with increased physical ac-
tivity prevents or retards the progression towards DM in people 
with IGT, underlining the importance of structured lifestyle coun-
selling. DM prevention trials, especially the European trials, have 
shown a preventive effect in a range of 50–60% with 3–5 years of 
intervention ( Table 16.3) [48–50,52,53]. It has been estimated 
that the provision of such lifestyle counselling among six high-
risk individuals over 3 years will prevent one case of DM [52]. A 
long-term follow-up of participants in a Chinese DM prevention 
study showed a persistent reduction in the incidence of T2DM, a 
17% trend towards a reduction in cardiovascular mortality, and 
a 47% reduction of severe retinopathy in the intervention group 
after 20 years [51]. A favourable impact of a DM prevention pro-
gramme was also reported from a 12-year follow-up of a Swedish 
study [76]. Men with IGT subjected to lifestyle counselling had 
lower all-cause mortality than those in the routine care group 
(6.5 versus 14.0 per 1000 person-years; p = 0.009).

Management of DM
Multifactorial management
The great importance of multifactorial management of people with 
T2DM was demonstrated by the landmark STENO 2 trial rand-
omizing the participants to intensive, target-driven multifactorial  
therapy at a specialized clinic or to conventional care. Targets in-
cluded lifestyle counselling, HbA1c, blood lipids, and blood pres-
sure. Moreover, all patients in the intensive group were prescribed 
a renin–angiotensin system (RAS) inhibitor and aspirin. Even if 
all treatment targets were not fully met, intensively treated pa-
tients were considerably better managed than those offered stand-
ard care. After 7.8 years of follow-up there was a 50% reduction in 
micro- and macrovascular events in the intensively treated group. 
Thereafter target-driven management was recommended for all 
participants, who were followed for a total of 13 years. By that time 
patients originally allocated to the intensively managed group had 
an absolute mortality reduction of 20%, an absolute reduction of 
cardiovascular events of 29%, and diabetes-induced nephropathy 
and progression of retinopathy was substantially less prevalent 

Fig. 16.6 The prevalence of abnormal glucose regulation in patients with 
established coronary artery disease investigated in the Euro Heart Survey 
on Diabetes and the Heart: DM, diabetes mellitus; IGT, impaired glucose 
tolerance; IFG, impaired fasting glucose; NGR, normal glucose regulation. 
Source : data from Genuth S, Alberti KG, Bennett P, et al. Follow-up report on the 
diagnosis of diabetes mellitus. Diabetes Care 2003; 26(11): 3160–3167.
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Fig. 16.7 The pattern of glucose perturbation in 79 patients with acute 
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Reproduced from Hage C, Lundman P, Rydén L, Mellbin L. Fasting glucose, HbA1c or 
oral glucose tolerance testing for the detection of glucose abnormalities in patients with 
acute coronary syndromes. Eur J Prev Cardiol 2013; 20: 549–554 by permission of SAGE.
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[77,78]. The intensive management turned out to be more cost-
effective than conventional care [79]. Further support for a multi-
factorial treatment approach came from the Euro Heart Survey on 
Diabetes and the Heart. Among 1425 patients with DM and coro-
nary artery disease, 44% had been subjected to comprehensive 
evidence-based therapy (a combination of aspirin, beta-blockade, 
RAS inhibitors, and statins), and these patients had significantly 
lower all-cause mortality (3.5% versus 7.7%, p = 0.001) and fewer 
combined cardiovascular events (11.6% versus 14.7%, p = 0.05) 
after 1 year of follow-up [80].

Target-driven treatment
Lifestyle
Lifestyle advice is the cornerstone of management for people 
with glucose perturbations. Advice should focus on a diet rich in 
fruits, vegetables, wholegrain cereals, and low-fat protein sources 
and a reasonable restriction of total energy intake [81]. Total fat 
intake should be <35%, saturated fat <10%, and monounsatu-
rated fatty acids >10% of total energy, and dietary fibre intake 
should be >40 g/day. Weight stabilization is recommended before 
weight reduction, at least in non-obese people. Sodium restric-
tion is also strongly recommended, without any specified target. 
Moderate to vigorous physical activity for at least 150 minutes 
a week is recommended, preferably as a combination of aerobic 
and resistance training [82]. Smoking cessation is obligatory, and 
structured advice, including pharmacological support, should 
be offered those who are smokers. Details on effective support 
can be found in the 2013 European guidelines for diabetes, pre-
diabetes, and CVD [40].

Glucose control
Microvascular complications increase almost linearly with an in-
creasing HbA1c and with no clear threshold in both T1DM and 
T2DM [83,84]. Glycaemic control, targeting a HbA1c of 6.0–7.0% 
(42–53 mmol/mol) decreases this progression in both T1DM 
and T2DM (but less obviously in T2DM) [85]. Macrovascular 

complications are also decreased, but less convincingly so and 
only after long periods of observation. A meta-analysis of cardio-
vascular outcomes from major clinical trials suggests that a 1% 
lowering of HbA1c reduces the relative risk for non-fatal myo-
cardial infarction by 15%. However, it had no impact on stroke 
or all-cause mortality [86]. This analysis also revealed that, seen 
from the perspective of preventing macrovascular complications, 
a short duration of DM, freedom from cardiovascular disease, and 
a low HbA1c at the start of treatment seemed to make strict gly-
caemic control more rewarding.

The ADA and the European Association for the Study of 
Diabetes (EASD) recently recommended that glycaemic control 
should be applied in an individualized manner taking age, dura-
tion of DM, and history of cardiovascular disease into account 
[85]. Tight glycaemic control targeting a near normal HbA1c 
of ≤7% (≤53 mmol/mol) is recommended for the prevention 
of microvascular complications and can also be considered for 
the prevention of cardiovascular disease. In elderly people with 
long-standing and/or a complicated disease a less strict target of 
<7.5–8.0% (<58–64 mmol/mol) may be acceptable following con-
sideration of age, capacity for self-care, and availability of support. 
There are now a variety of possible pharmacological treatments, 
and many more are in the pipeline. The general recommendation 
is to start with metformin and add other therapeutic options when 
needed in an individualized manner, as outlined in detail in the 
ADA/EASD recommendations [85].

Blood pressure
Hypertension is more common in people with DM than in the 
general population: about 50% in T1DM [87,88] and 60–80% in 
T2DM [89]. Obesity, and renal involvement may explain some of 
this increase in hypertension in DM. Although pathophysiologi-
cal mechanisms for the relation between DM and hypertension 
are not fully understood, they may include: (1) hyperinsulinaemia 
linked to increased renal reabsorption of sodium, (2) increased 
sympathetic tone, and (3) increased RAS system activity [90].

Table 16.3 Efficacy of the prevention of type 2 diabetes in high-risk people with impaired glucose tolerance in randomized controlled trials

Study Intervention Patients
(n)

Dropouts
(%)

Follow-up
(years)

RRR
(%)

Da-Qing Study, China [51] Diet
Exercise
Diet + exercise
Control

130
141
126
133

8 6 31
46
42

Diabetes Prevention Study, Finland [48] Diet + PA
Control

265
257

8 3.2 58

US Diabetes Prevention Program, USA [49] Diet + PA
Metformin
Placebo

1079
1073
1082

8 2.8 58
31

SLIM study, the Netherlands [50] Diet + PA
Control

74
73

8 3 58

EDIPS-Newcastle, UK [52] Diet + PA
Control

51
51

19 3.1 55

RRR, relative risk reduction; PA, physical activity.
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Only limited population-based data exist regarding blood 
pressure trends in people with DM. The proportion of hyperten-
sive people in the United States with DM and poorly controlled 
blood pressure decreased from the 1970s to the 1990s [91]. Data 
from the National Health and Nutrition Examination Surveys 
(NHANES) did not reveal any changes in blood pressure control 
in patients with DM from 1988–94 to the early 2000s [92] or from 
1999 to 2006 [93]. Nevertheless, the NHANES data showed a de-
crease in mean blood pressure levels among adults with diagnosed 
DM from 135/72 mmHg in 1988–94 to 131/69 mmHg in 2001–08 
[94], while the prevalence of patients with DM and a blood pres-
sure >140/90 mmHg or under antihypertensive drug treatment 
increased from 64 to 69%.

Recent data from the Swedish National Diabetes register using 
three cross-sectional samples in 2005, 2007, and 2009 (not all the 
same patients) showed a decrease of mean blood pressure from 
141/77 to 136/76 mmHg and a decrease of inadequately controlled 
hypertension (≥140/90 mmHg) from 58 to 46% [95]. From 1997 
to 2002 the Finnish national chronic disease risk factor surveys 
showed a decrease in mean blood pressure in middle-aged men 
with DM on blood pressure-lowering drug treatment from 154/87 
to 150/84 mmHg and a decrease from 149/82 to 148/78 mmHg 
in women [96]. During the same period there was a statistically 
significant increase from 23 to 34% in the prevalence of controlled 
blood pressure (<140/90 mmHg), both among patients with DM 
and antihypertensive drug treatment and people without DM.

The risk of CVD with DM and hypertension combined is ad-
ditive; hypertension results in a four-fold increase in CVD risk in 
people with DM [97]. However, CVD risk may not be completely 
linear with increasing blood pressure level. In a cohort of 34 000 
Swedish patients with T2DM aged 35 years or older and free of 
CVD at baseline followed at primary care centres, 6344 (19%) had 
a first CVD event and 6235 died (18%) between 1999 and 2008 
[98]. The associations between annually updated systolic and di-
astolic blood pressure and risk of major events were U-shaped. 
The lowest risk of CVD events was observed at a systolic pressure 
of 135–139 mmHg and a diastolic pressure of 74–76 mmHg, and 
the lowest mortality risk at 142–150 mmHg and 78–79 mmHg, 
respectively.

The lowering of blood pressure in hypertensive people with 
DM is important for preventing CVD events. In DM the recom-
mended level of blood pressure has been debated. In general, 
measures to lower raised blood pressure should be applied in all 
patients due to the substantially enhanced cardiovascular risk as-
sociated with increasing blood pressure levels. The recent meta-
analysis by Bangalore et al. [99] summarized data from available 
randomized controlled clinical trials examining the effects of in-
tensive lowering of blood pressure in patients with DM, IFG, or 
IGT. The findings do not support lowering systolic pressure below 
135 mmHg, because there were no significant benefits of further 
lowering of systolic pressure compared with standard blood 
pressure control strategy on macro- and microvascular (cardiac, 
renal, and retinal) events. Results for diastolic blood pressure 
were less clear, since several controlled trials, even placebo-con-
trolled ones, have unequivocally shown benefits from intensive 

lowering of diastolic pressure below 80 mmHg, in particular in 
people with isolated systolic hypertension. Microalbuminuria is 
an important consequence of hypertension in DM. It can be de-
layed or reduced by efficient antihypertensive drug treatment—
but trials in populations with diabetes, including normotensive 
and hypertensive people, have been unable to demonstrate that 
reduction in proteinuria is also accompanied by a reduction in 
CV outcomes [100–102].

The present recommendation in European guidelines for the 
management of arterial hypertension is to lower blood pressure to 
140/85 [40,103] as summarized below:

1. While initiation of blood pressure-lowering treatment in pa-
tients with DM whose systolic blood pressure is ≥160 mmHg is 
mandatory, it is strongly recommended to start drug treatment 
when it is >140 mmHg.

2. A systolic blood pressure target of <140 mmHg is recom-
mended in patients with DM.

3. The diastolic blood pressure target in patients with DM is rec-
ommended to be <85 mmHg.

4. All classes of blood pressure-lowering drugs can be used in pa-
tients with DM; RAS blockers should be preferred, especially in 
the presence of proteinuria or microalbuminuria.

5. It is recommended that choices of drugs for individuals take 
comorbidities into account.

6. Simultaneous administration of two blockers of the RAS should 
be avoided in patients with DM.

Blood lipids
T2DM is frequently associated with dyslipidaemia, which is not 
always recognized if total serum cholesterol alone is measured 
since low-density lipoprotein cholesterol (LDL-C) may remain 
within the normal range. Dyslipidaemia in T2DM may often be 
better characterized by determining high-density lipoprotein 
cholesterol (HDL-C). Many people with T2DM have the so-
called ‘atherogenic lipid triad’ of high serum triglycerides (TG), 
low HDL-C, and a preponderance of small, dense LDL-C parti-
cles [40]. There is an inverse relationship between serum levels of 
HDL-C and TG in T2DM patients, with low serum HDL-C levels 
possibly representing an independent risk factor for CVD [104]. 
Small, dense LDL-C particles are highly atherogenic as they are 
more likely to form oxidized LDL and are less readily cleared, and 
small, dense LDL-C predicts intima–media thickness in people 
with T2DM and pre-diabetes [105]. Insulin resistance, which is 
a common phenotype in T2DM, leads to high levels of very low-
density lipoprotein (VLDL), which contains a high concentration 
of TG, resulting in high serum TG and low serum HDL-C. Never-
theless, a recent meta-analysis that estimated the prospective as-
sociation of LDL-C on CVD risk among people with T2DM found 
that LDL-C is an independent risk factor for incident CVD and 
CVD mortality in T2DM [106, 107]. A total of 30 378 participants 
(aged 35–64 years) were followed for 15 years in the Chinese Mul-
ti-provincial Cohort Study; 65.5% of CHD and 70.2% of ischae-
mic stroke events occurred in participants with low LDL-C [108]. 
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High triglycerides predicted CHD (hazard ratio 1.74, p = 0.001), 
and low HDL-C predicted ischaemic stroke (hazard ratio 1.54, 
p = 0.002) in participants with low LDL-C. DM predicted CHD 
in participants with high LDL-C (hazard ratio 2.38, p = 0.005), but 
not in those with low LDL-C.

In people with T1DM and good glycaemic control, the lipid 
profile is different, with normal serum TG and HDL-C within the 
upper normal range. In a US multicentre study of young people 
with DM onset at age <20 years, 1973 participants had HbA1c, 
fasting total cholesterol, LDL-cholesterol, HDL-cholesterol, and 
TG measured during the follow-up [109]. There were significant 
trends of higher levels of total cholesterol (TC), LDL-C, TG, and 
non-HDL-C (but not HDL-C) with higher HbA1c concentrations 
for both T1DM and T2DM patients. The slopes of increase in TC 
were 0.20 mmol/L per unit increase in HbA1c for T1DM and 0.21 
mmol/L for T2DM. Levels of TC, LDL-C, TG, and non-HDL-C 
were all significantly higher in patients with T2DM than T1DM, 
and HDL-C was lower in T2DM. Among T1DM patients with 
a poor glycaemic control, 35, 27, and 12% had high concentra-
tions of TC (> 5.2 mmol/L), LDL-C (>3.4 mmol/L), and TG (>2.3 
mmol/L), respectively. In T2DM patients with a poor glycaemic 
control, the corresponding percentages for high levels of TC, LDL-
C, and TG were 65, 43, and 40%. Thus, glycaemic control and lipid 
levels are independently associated with both T1DM and T2DM 
in young people.

Excess weight gain in T1DM patients is associated with sus-
tained increases in central obesity, insulin resistance, dyslipidae-
mia, and blood pressure, as well as more extensive atherosclerosis 
during long-term follow-up [110].

Apolipoprotein A and B (ApoA and ApoB) and the ApoB/
ApoA ratio have been proposed as CVD risk markers in T2DM, 
since the LDL particle size does not affect ApoB levels. In the 
Emerging Risk Factor Collaboration Study [107], based on 68 
studies (n = 302 430 participants without a history of CVD), non-
HDL-C and ApoB had a similar association with CHD risk both 
in people with and without DM. An increase of one standard de-
viation in HDL-C (0.38 mmol/L) was associated with a 22% lower 
risk of CHD. Estimated risks for non-HDL and ApoB were simi-
lar, and so were the risks estimated for HDL-C and ApoA. Thus, 

non-HDL-C seems to be the most convenient tool for risk assess-
ment in clinical practice.

Substantial evidence exists for the efficacy of statin therapy in 
the prevention of CVD in T2DM [106,111]. In a meta-analysis of 
14 randomized controlled trials (RCTs) including 18 686 people 
with DM with 3247 major vascular events, a lowering of LDL-C by 
1 mmol/L resulted in a 9% reduction in all-cause mortality and a 
21% reduction in the incidence of major vascular outcomes. The 
benefit was similar to that seen in people without DM, and started 
at a LDL-C level as low as 2.6 mmol/L [106]. In subgroup analy-
sis among 1466 adult patients in these trials with T1DM, the risk 
reduction was of the order of 20%, i.e. similar to that in patients 
with T2DM. RCTs indicate that statin therapy has a cardiovascular 
benefit among patients with T2DM. Recently, statins were report-
ed to increase the risk of DM by 9% [112]. A recent meta-analysis 
assessed whether statins deteriorate glycaemic control in T2DM 
using findings from 26 eligible studies with 3232 participants. 
Statin therapy had no remarkable influence on HbA1c, FPG, body 
mass index, fasting insulin, or homeostatic model assessed insulin 
resistance [113].

Trials aimed at increasing HDL-C and decreasing TG have pro-
vided controversial results. The largest recent placebo-controlled 
trials, FIELD (using fenofibrate) [114] and HPS2-THRIVE (using 
niacin) [115], did not reveal any reduction in CVD events. Thus, 
drugs that increase HDL-C (other than statins) are not recom-
mended in T2DM patients for the prevention of CVD.

The present European guidelines for the management of 
diabetes, pre-diabetes, and CVD [40] provides the following 
recommendations:

1. Statin therapy should be prescribed to patients with T1DM and 
T2DM at very high risk (documented CVD or one or more ad-
ditional CVD risk factors and/or target organ damage) with a 
LDL-C target of <1.8 mmol/L (<70 mg/dl).

2. Statin treatment is recommended in patients with T2DM 
without further CVD risk factors with a LDL-C target of 
<2.5 mmol/L (<100 mg/dl).

3. The use of drugs that increase HDL-C to prevent CVD is 
discouraged.
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CHAPTER 17

Coagulation and 
thrombosis
Kurt Huber and Joao Morais

Summary
Antithrombotic therapy consisting of antiplatelet agents and/or anticoagulants 
is an important means of avoiding atherothrombotic complications after acute 
cardiovascular events such as myocardial infarction, stroke, and peripheral ar-
tery obstructions, but also after mechanical interventions (balloon dilatation 
and/or stent implantation) and bypass surgery in elective patients. This is known 
as secondary prevention. Primary prevention by antithrombotics usually refers 
to the prevention of stroke in patients with atrial fibrillation and those with an 
increased risk for stroke or peripheral thromboembolic events by the use of anti-
coagulants. In certain situations a combination of anticoagulants and antiplatelet 
agents is mandatory. The flipside of the coin, however, is bleeding hazards. This 
chapter explains the pathophysiological background for coagulation and throm-
bosis, reports on the epidemiology of antithrombotic treatment, and describes 
the efficacy and safety of preventive antithrombotic measures in different cardio-
vascular indications including coronary artery disease (stable disease and acute 
coronary syndrome), patients after coronary bypass grafting, as well as in special 
situations, i.e. chronic heart failure, artificial valves, and atrial fibrillation (with 
the simultaneous need for dual antiplatelet therapy). A short paragraph summa-
rizes the current discussion about skipping aspirin in order to reduce the rate and 
severity of bleeding events.

Clinical case

A76-year-old male patient develops paroxysmal atrial fibrillation 3 months after im-
plantation of a drug-eluting stent in the proximal left anterior descending coronary 
artery. Stent implantation was performed in a stable clinical situation due to the pa-
tient’s exercise-inducible ischaemia. Accordingly, the patient is under dual antiplate-
let therapy with aspirin (100 mg/day) and clopidogrel (75 mg/day). In addition, he 
receives a statin (atorvastatin 40 mg/day; with this treatment he had a recent low-
density lipoprotein cholesterol measurement of 65 mg/dl), as well as an angiotensin-
converting enzyme inhibitor (enalapril 10 mg twice a day). His blood pressure is well 
controlled and mostly (with a few exceptions) in the normal range. Besides recurrent 
palpitations related to atrial fibrillation he has no complaints, particularly no chest 
pain or dyspnoea. His CHADS-VASc score is 4. What is your antithrombotic strategy 
at this point?



229epidemiology of antithrombotic treatment in cad

Introduction
Arterial thrombosis is initiated by two main mechanisms, en-
dothelial erosion or plaque rupture; endothelial erosion ac-
counts for about 25% of all cases of fatal coronary thrombosis 
while plaque rupture causes approximately 75% of cases of major 
coronary thrombosis. Both mechanisms result in the exposure 
of thrombogenic material, for example collagen and tissue factor 
(TF), to the circulation, leading to initial thrombin formation 
and consecutive activation and aggregation of platelets accom-
panied by the simultaneous release of vasoactive substances. As 
a consequence thrombus formation and vasoconstriction occur 
with myocardial ischaemia and acute coronary syndrome (ACS) 
as sequelae [1].

Coagulation and thrombus formation are regulated in three 
overlapping phases, namely initiation, amplification, and propa-
gation [2,3] whereby the process starts on cells exposing TF and 
continues on the surfaces of activated platelets ( Fig. 17.1). 
Accordingly, both anticoagulants and antiplatelet agents play an 
important role in the prevention of atherothrombotic cardiovas-
cular events.

Epidemiology of antithrombotic 
treatment in coronary artery disease
Population-based surveys conducted around the year 2000 in 
Europe showed that the majority of patients presenting with ACS 
receive aspirin during hospital admission, and in addition either 
unfractionated heparin (UFH) or a low-molecular-weight heparin 

(LMWH) (in similar proportions) [4,5]. The frequency of use of 
heparin varies little according to the presence of ST elevation on 
admission or by final diagnosis (Q-wave myocardial infarction, 
non-Q-wave myocardial infarction, or unstable angina), but there 
is considerable variation in usage between different European 
countries. At hospital discharge, most patients are treated with an 
antithrombotic agent; the majority with aspirin, but warfarin and 
LMWH have also occasionally been used [5].

In the most recent study, the EUROASPIRE-II study published 
in 2001, treatment of patients who had undergone a coronary 
procedure (coronary bypass surgery or percutaneous coronary 
intervention, PCI) or who had been hospitalized with acute 
myocardial infarction (MI) or coronary ischaemia, was investi-
gated [6]. On admission, around half the patients were already 
taking an antiplatelet agent and only a few per cent an oral anti-
coagulant. On discharge, the majority of patients were prescribed 
an antiplatelet treatment strategy and about 12% an antico-
agulant regimen. Again, there was evidence of dissimilarities in 
the frequency and type of anticoagulant prescribed in different 
European countries.

Based on recent guidelines it is expected that in-hospital treat-
ment strategies might change with implementation of recom-
mended anticoagulants such as fondaparinux [recommended in 
non-ST-segment elevation MI (NSTEMI) ACS patients] and bi-
valirudin (for all ACS patients, NSTEMI ACS and STEMI alike), 
although the recommendation for the latter has been reduced 
for the STEMI cohort in the recent myocardial revascularization 
guidelines [7]. In addition, oral anticoagulants as an ‘add-on’ to 
dual antiplatelet therapy (DAPT) might gain more acceptance in 
secondary prevention on the basis of the results of the ATLAS-2 
trial [8] (see ‘Triple therapy in secondary prevention after ACS’).
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Primary prevention
Primary prevention of coronary heart disease with warfarin, 
which during testing had a mean low international normalized 
ratio (INR) of 1.5 and led to reduced risk of fatal myocardial in-
farction with an acceptable bleeding risk, has never been part of 
routine management.

Earlier investigations reported a benefit of acetylsalicylic acid 
(ASA, aspirin) in primary prevention, but more recent publi-
cations have questioned these results [9]. The JPAD (Japanese 
Primary Prevention of Atherosclerosis with Aspirin for Diabetes) 
trial showed that low-dose aspirin in primary prevention did not 
significantly reduce the risk of cardiovascular events while the 
risk of haemorrhagic stroke and severe gastrointestinal bleeds was 
similar between the aspirin and non-aspirin treated groups [10]. 
Furthermore, a huge randomized trial including a general popula-
tion of roughly 29 000 patients with a low ankle–brachial index 
showed that primary prevention with aspirin did not significantly 
reduce vascular events [11]. Finally, the POPADAD (Prevention 
Of Progression of Arterial Disease And Diabetes) trial did not 
show a benefit of the use of aspirin or antioxidants in primary 
prevention of cardiovascular events and mortality in people with 
diabetes [12]. In the meta-analysis of the Antiplatelet Trialists’ 
Collaboration (ATC), aspirin treatment gave a 12% proportional 
reduction in serious vascular events per year (0.51% aspirin versus 
0.57% control, p = 0.0001), which was mainly due to the reduction 
in non-fatal MIs. However, vascular mortality was not significantly 
reduced by aspirin treatment, while major gastrointestinal and ex-
tracranial bleeds increased significantly (0.10% versus 0.07% per 
year, p < 0.0001) leading to no net clinical benefit for aspirin in 
primary prevention when major bleeding events were also consid-
ered in the risk/benefit assessment [13]. Moreover, when used as 
primary prevention aspirin failed to reduce the risk of MI or death 
from cardiovascular causes in healthy women [14].

Based on these more recent trials, the role of aspirin in primary 
prevention is diminished by its unacceptable efficacy-to-harm 
ratio.

Secondary prevention
Secondary prevention after acute coronary 
syndrome with/without PCI
Plaque fissuring and plaque rupture followed by thrombus forma-
tion and propagation are the essential elements in the pathophysi-
ology of ACS. The introduction of PCI with stent implantation 
inside the vessel amplifies the role of platelets. For this reason all 
management strategies for these patients are based on antithrom-
botic therapy. The combination of antiplatelets with anticoagu-
lants is the cornerstone of medical treatment within the first few 
hours up to the stabilization process, and antiplatelet therapy per-
sists as adequate for the long-term secondary process.

Aspirin was the first single oral agent used for the purpose of 
secondary prevention in this setting in the mid 1980s. Cairns 

et al. [15] showed the efficacy of aspirin (325 mg four times a day) 
in a small group of 555 patients classified as having unstable an-
gina. Managed for a mean follow-up of 18 months, 8.6% of the 
group of patients treated with aspirin suffered cardiac death or 
acute MI against 17% in the comparator group, representing a risk 
reduction of 51% (p = 0.008). Since then aspirin has become part 
of all therapeutic regimens and has a major role in all scenarios 
involving platelets [16].

Antiplatelet therapy was reinvigorated in 2001 with the intro-
duction of the concept of DAPT. The membrane receptor P2Y12, 
which takes part in the mechanism of platelet activation medi-
ated by ADP, was recognized as a special target for antiplatelets. 
The combination of drugs acting through both mechanisms (i.e. 
cyclooxygenase inhibition by aspirin plus ADP receptor inhibi-
tion) allowed higher levels of platelet inhibition to be achieved. 
Ticlopidine was the first ADP receptor inhibitor to be used in 
combination with aspirin in patients treated with percutaneous 
coronary angioplasty [17]. Clopidogrel was the second P2Y12 re-
ceptor antagonist; it is closely related to ticlopidine but has the 
great advantage of having been tested in large randomized clinical 
trials [18].

The concept of DAPT was expanded to the medical management 
of patients with ACS in the CURE (Clopidogrel in Unstable angina 
to prevent Recurrent Events) trial [19]: in this trial 12 562 patients 
who had presented within 24 hours after the onset of symptoms 
were randomly assigned to receive clopidogrel (300 mg immedi-
ately, followed by 75 mg once a day) (6259 patients) or placebo 
(6303 patients) in addition to aspirin for 3–12 months. The first 
primary outcome—a composite of death from cardiovascular 
causes, non-fatal MI, or stroke—occurred in 9.3% of patients in 
the clopidogrel group and in 11.4% in the placebo group [relative 
risk (RR) with clopidogrel compared with placebo 0.80, 95% CI 
0.72–0.90, p < 0.001].

A subgroup analysis named PCI-CURE assessed the efficacy 
of clopidogrel in patients managed with PCI [20]. A subgroup 
of 2658 patients undergoing PCI in the CURE study had been 
randomly assigned double-blind treatment with clopidogrel 
(n = 1313) or placebo (n = 1345). Fifty-nine (4.5%) patients in 
the clopidogrel group suffered the primary end-point (a compos-
ite of cardiovascular death, MI, or urgent target-vessel revascu-
larization within 30 days of PCI) compared with 86 (6.4%) in the 
placebo group (RR 0.70, 95% CI 0.50–0.97, p = 0.03). CURE and 
PCI-CURE definitely established the role of DAPT for acute man-
agement and secondary prevention in patients admitted with ACS 
managed or not with PCI.

More recently two new P2Y12 receptor antagonists were 
launched and properly tested in randomized clinical trials. 
Prasugrel is an agent quite similar to clopidogrel with the advan-
tage of having one step of hepatic metabolism instead of two (as 
in clopidogrel), and has achieved a recognizably higher level of 
platelet inhibition. Prasugrel was tested in the TRITON trial [21]. 
In this trial 13 608 patients with moderate- to high-risk ACS with 
scheduled PCI were assigned to receive prasugrel (a 60 mg load-
ing dose and a 10 mg daily maintenance dose) or clopidogrel (a 
300 mg loading dose and a 75 mg daily maintenance dose) for 
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6–15 months. The primary efficacy end-point occurred in 12.1% 
of patients receiving clopidogrel and 9.9% of patients receiving 
prasugrel [hazard ratio (HR) for prasugrel versus clopidogrel 0.81, 
95% CI 0.73–0.90, p < 0.001], showing the superiority of the new 
compound.

The second new agent is ticagrelor. Although this also acts 
through the P2Y12 receptor it is not a thienopyridine like clopi-
dogrel and prasugrel but by definition a pyrimidine. The main 
pharmacological differences from clopidogrel and prasugrel are 
the lack of hepatic metabolism and reversibility—ticagrelor is the 
first reversible oral antiplatelet agent. This drug was tested in the 
PLATO trial [22]: in this multicentre, double-blind, randomized 
trial, ticagrelor (180 mg loading dose, 90 mg twice daily thereaf-
ter) and clopidogrel (300–600 mg loading dose, 75 mg daily there-
after) were compared for the prevention of cardiovascular events 
in 18 624 patients admitted to the hospital with ACS, with or with-
out ST-segment elevation. At 12 months, the primary end-point—
a composite of death from vascular causes, MI, or stroke—had 
occurred in 9.8% of patients receiving ticagrelor compared with 
11.7% of those receiving clopidogrel (HR 0.84, 95% CI 0.77–0.92, 
p < 0.001).

The introduction of these new agents is assumed by the 
European guidelines on STEMI [23] and NSTEMI [24] as well 
as in the recently published ESC guidelines on myocardial 
revascularization [7] and will contribute to a rapid change in 
antiplatelet strategies for secondary prevention in cardiovas-
cular diseases [9].

How long DAPT should be used for following an episode of 
ACS and after stent implantation is a matter of intense debate. 
Since the CURE trial, 9–12 months has been the magic period of 
intervention, which has not changed with the recent guidelines 
on myocardial revascularization [7]. In the chronic phase of car-
diovascular disease (more than 12 months after an acute episode) 
monotherapy with aspirin is recommended [25].

The drawback of DAPT is the risk of bleeding. Despite the 
variations in incidence and definition of bleeding across studies, 
older age, female sex, lower body weight, use of invasive proce-
dures, and renal insufficiency have consistently been found to be 
powerful predictors of bleeding complications in ACS and PCI 
[26]. Bleeding is a major predictor of an adverse prognosis, in-
cluding the risk of death. Strategies to reduce the risk of bleeding 
should be implemented, and adequate use of antithrombotics is 
the key to success. The right dose for the right time is the main 
message here.

Triple therapy in secondary prevention  
after ACS
This type of combination antithrombotic therapy consists at pre-
sent of two already investigated antithrombotic strategies: (1) a 
combination of aspirin + clopidogrel + a direct Factor Xa inhibi-
tor (apixaban or rivaroxaban) [27] and (2) a combination of three 
different antiplatelet agents including aspirin + clopidogrel + the 
thrombin receptor antagonist vorapaxar [9,28]. In general these an-
tithrombotic combination strategies have not yet been sufficiently 

tested to be in routine clinical use, and the ideal patient profile 
for maximum benefit with the lowest bleeding hazard still has to 
be evaluated.

In the APPRAISE-2 (Apixaban for Prevention of Acute 
Ischaemic and Safety Events) trial the direct Factor Xa inhibitor 
apixaban was tested versus placebo in addition to DAPT (aspirin + 
clopidogrel) in patients after ACS [29]. The dosage of apixaban 
was 5 mg twice a day (2.5 mg twice a day in patients with reduced 
kidney function), comparable to the dosage that has been used in 
patients with non-valvular atrial fibrillation. While the combined 
primary end-point (cardiovascular mortality, MI, or stroke) was 
similar in triple antithrombotic therapy compared with DAPT, 
bleeding hazard was statistically lower in DAPT-treated patients, 
leading to premature stoppage of the trial.

In contrast, the direct Factor Xa inhibitor rivaroxaban, given 
in a lower daily dosage (5 mg twice a day or 2.5 mg twice a day) 
than when used in non-valvular atrial fibrillation, was supe-
rior to DAPT with respect to the primary combined end-point 
(8.9% versus 10.7%, p = 0.008) (ATLAS ACS-2-TIMI-51 trial 
[8]). The lower dosage was also superior to DAPT with respect 
to the secondary end-points all-cause and cardiovascular death 
(p = 0.002 for both). The rate of spontaneous (non-coronary 
artery bypass graft-related) severe bleeding complications in-
creased from 0.6% in patients under DAPT to 2.1% in patients 
under triple therapy (p < 0.001), intracranial bleeds increased 
from 0.2% to 0.6% (p = 0,009), but fatal bleeds were not statisti-
cally elevated (DAPT 0.2%, triple therapy 0.3%; p = 0.66). As 
more than 10% of patients were lost to follow-up, this indica-
tion is still under discussion and has so far only been approved 
by the European Medicines Agency (EMA). Nevertheless, with 
the availability of stronger P2Y12 receptor inhibitors than 
clopidogrel (prasugrel, ticagrelor) it might be difficult to define 
those patient cohorts that would especially benefit from this 
treatment option.

Triple antithrombotic therapy in secondary prevention after 
ACS, consisting of three antiplatelet agents (aspirin + clopidogrel + 
vorapaxar), adds a thrombin receptor antagonist to the usual DAPT, 
which also inhibits the thrombin-mediated activation of platelets 
(TRACER trial [30]). Like the APPRAISE-2 trial, the TRACER 
trial was stopped prematurely due to more frequent severe bleed-
ing hazards, including intracerebral bleeds (1.1% versus 0.2%, 
p < 0.001). On the other hand, the primary combined end-point 
(cardiovascular mortality, MI, stroke, ischaemia-driven hospitali-
zation, or acute coronary revascularization) was similar for both 
treatment groups (DAPT 19.9%, triple therapy 18.5%; p = 0.07). 
However, for some secondary end-points like the combination of 
cardiovascular death, MI, or stroke, triple antiplatelet therapy was 
superior to DAPT (p = 0.02).

Finally, the TRA-2P secondary prevention trial in roughly 25 000 
patients with clinically stable coronary artery disease included 
patients 2 weeks to 12 months after the index event and treated 
over a medium follow-up period of 30 months [31]. The rate of the 
combined primary end-point (cardiovascular death, MI, stroke) 
was significantly lower in vorapaxar-treated patients compared 
with DAPT only (9.3% versus 10.5%; p < 0.0001). Triple therapy 
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was also superior to DAPT with respect to several secondary end-
points. As soon as the results from the TRACER trial were made 
public, patients with a history of stroke or transitory ischaemic at-
tack were no longer recruited into the TRA-2P trial. Nevertheless 
the rate of intracerebral bleeding increased significantly in  
patients receiving triple therapy.

In summary, the present data do not support the wide use 
of vorapaxar as a third antiplatelet agent in secondary preven-
tion after ACS. However, post hoc analyses of the TRA-2P and 
TRACER trials might help to differentiate subgroups of patients 
who might benefit from a triple antiplatelet approach in secondary 
prevention of ACS.

Secondary prevention after elective PCI
The long-term benefit of DAPT following elective PCI was proven 
for the first time in the CREDO (Clopidogrel for the Reduction of 
Events During Observation) trial [32]. Patients were randomly as-
signed to receive a 300 mg clopidogrel loading dose (n = 1053) or 
placebo (n = 1063) 3–24 hours before PCI. Thereafter, all patients 
received clopidogrel (75 mg/day) through to day 28. From day 29 
through to 12 months patients in the loading-dose group received 
clopidogrel (75 mg/day) and those in the control group received 
placebo. Both groups received aspirin throughout the study. At 
1 year, long-term clopidogrel therapy was associated with a 26.9% 
relative reduction in the combined risk of death, MI, or stroke 
(95% CI 3.9–44.4%, p = 0.02).

Late stent thrombosis has been emphasized as a major com-
plication after stent implantation, having dramatic implications 
for survival [33]. A large amount of evidence has been published 
linking the premature interruption of clopidogrel and the occur-
rence of stent thrombosis at 30 days or 6 months following inter-
vention [34].

The role of the new antiplatelet agents in non-acute patients 
is unknown, but current guidelines state a strict minimum of 
1 month for patients with a bare metal stent and 6 months for 
patients with a drug-eluting stent in stable disease and elective 
PCI [7].

Secondary prevention after coronary artery 
bypass graft
The long-term role of aspirin is an important component of sec-
ondary prevention after surgery in the broad range of patients 
with stable vascular disease. Beyond this clinical benefit, aspirin 
started less than 6 hours after surgery has a proven efficacy in re-
ducing graft occlusion without an increase in bleeding [35].

The role of DAPT after coronary artery bypass grafting is 
unclear and somewhat controversial. A meta-analysis (six 
 randomized clinical trials and six observational registries) 
 including almost 25 000 patients compared aspirin versus 
 aspirin + clopidogrel [36]. In-hospital or 30-day mortality was 
lower with aspirin + clopidogrel (0.8% versus 1.9%, p < 0.0001). 
Early saphenous graft closure was lower with DAPT (RR = 0.59, 
95% CI 0.43–0.82, p = 0.02). The observed benefit was blunted by 
a trend for an increased risk of major bleeding.

In summary, current evidence does not support the use of 
DAPT after coronary artery bypass grafting and more evidence 
from randomized controlled trials assessing clinical outcomes is 
necessary to make definitive recommendations.

Special clinical situations
Chronic heart failure
Heart failure is a special condition in which the risk of embolism 
is always present, but an effective strategy for prevention is not 
clear. The Virchow triad, characterized by the presence of abnor-
mal blood flow, abnormalities in the vessel wall, and abnormalities 
in the blood constituents, is the main pathophysiological expla-
nation for the occurrence of episodes of thromboembolism in 
this setting [37]. There are many epidemiological data showing a 
clear link between heart failure and stroke. This link is particularly 
strong within the first 6 months of an acute episode of heart fail-
ure, but it returns later to close to normal [38].

The major criterion to be considered in patients with heart fail-
ure regarding antithrombotic prophylaxis is whether or not atrial 
fibrillation is present. Heart failure is a well-known risk factor for 
stroke in patients with atrial fibrillation and it is one of the com-
ponents of the CHADS2 and CHA2DS2-VASc scores [39]. Heart 
failure in patients with atrial fibrillation is a strong indication 
(class IA) for the use of oral anticoagulants to prevent stroke and 
peripheral embolism [40].

The absence of atrial fibrillation defines a totally different sce-
nario. There are a limited number of randomized clinical trials that 
have tested the efficacy of antithrombotic therapy in patients with 
heart failure in sinus rhythm. The ESC Heart Failure Association 
and the ESC Working Group on Thrombosis have published a 
joint consensus document on this subject [41].

Anticoagulation with vitamin K antagonists (VKAs) was tested 
in three randomized clinical trials without any convincing result. 
The WATCH (Warfarin and Antiplatelet Therapy in Chronic Heart 
failure) [42], HELAS (Heart failure Long-term Antithrombotic 
Study) [43], and WARCEF (Warfarin versus Aspirin in patients 
with Reduced Cardiac Ejection Fraction) [44] trials were designed 
to enrol patients with a clinical history of heart failure and ECG 
on sinus rhythm. None of the clinical trials showed any overall 
benefit of warfarin on rates of death or stroke with an increase of 
major bleeding, and there is no compelling reason to use warfarin 
routinely for all heart failure patients in sinus rhythm.

A second consideration is the use of antiplatelets, and aspirin in 
particular. The role of aspirin is well established in special condi-
tions such as heart failure in patients with ischaemic heart disease 
or post-acute MI. In the subset of patients with heart failure with-
out vascular disease the benefit of aspirin is less clear, and there is 
no available prospective evidence from long-term studies to rec-
ommend routine use of aspirin in heart failure patients living in 
sinus rhythm.

Another controversial issue is the higher risk of hospital admis-
sions in patients managed with aspirin observed in the WATCH 
and HELAS trials, pointing towards a suspected negative interac-
tion between ACE inhibitors and aspirin. However, a systematic 
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review published in 2002 showed that the evidence of any reduc-
tion in the benefit of ACE inhibitor therapy when added to aspirin 
was too weak to justify any concern [45].

In summary the joint document [41] states that: ‘. . . In the ab-
sence of a specific indication, such as documented coronary artery 
disease, aspirin should not be initiated . . .’ and ‘ . . . there is cur-
rently no compelling reason to use warfarin routinely for all HF 
patients in sinus rhythm . . .’.

Atrial fibrillation and coronary artery disease
In patients who need DAPT but have atrial fibrillation with an 
increased stroke risk (CHA2DS2-VASc score ≥ 2) [46] triple 
therapy consisting of DAPT and an anticoagulant, usually a VKA, 
is mandatory [40]. Unfortunately this strategy is associated with 
increased bleeding rates [26,47]. Accordingly, the use of three an-
tithrombotic agents has to be weighed against the individual risk 
for thromboembolic and bleeding complications.

Until the ESC annual meeting in 2014 there existed two position 
papers concerning triple therapy in patients with atrial fibrillation 
and coronary artery disease: one written by European experts [48] 

and the other by North American experts [49]. Both papers agreed 
that sufficient data are only available for the combination of aspi-
rin + clopidogrel + VKA and that bare metal stents should be pre-
ferred over drug-eluting stents in patients with increased bleeding 
risk. In most instances warfarin was the anticoagulant tested, and 
an INR goal of 2.0–2.5 was mandatory to reduce severe bleed-
ing hazards in combination with one or two antiplatelet agents. 
It was further recommended that the duration of triple therapy 
should be as short as possible. In this respect, however, the North 
American and European recommendations were different: while 
in Europe the safety aspect has highest priority and the longest 
recommended time for triple therapy was just 6 months, depend-
ing on the stent type, the bleeding tendency, and the acuteness and 
thrombotic risk of coronary disease, experts from North America 
preferred an approach that was more linked to efficacy [50]. The 
US experts recommended in certain cases triple therapy for up to 
12 months ( Figs 17.2 and 17.3). The North American position 
paper [49] also recommended for the first time the optional use of 
the new oral anticoagulant (NOAC) dabigatran instead of warfa-
rin in a dosage of 110 mg twice a day.

Low bleeding risk

Elective BMS

Elective DES (-olimus) 

ACS + BMS/DES 

High bleeding risk

Elective BMS 

ACS + BMS 

1 mo 6 mo 12 mo 

VKA (INR 2.0–3.0)

VKA (INR 2.0–2.5) +
Clopidogrel (or ASA)

VKA (INR 2.0–2.5) +
ASA + Clopidogrel

Elective DES (paclitaxel) 

1 mo 6 mo 12 mo 

Fig. 17.2 ESC guidelines in patients with atrial 
fibrillation at moderate to high thromboembolic 
risk in whom oral anticoagulation is required. BMS, 
bare metal stent; DES, drug-eluting stent; ACS, acute 
coronary syndrome; VKA, vitamin K antagonist; INR, 
international normalized ratio; ASA, acetylsalicylic 
acid; mo, months.
 Source : data from Camm J, et al. Eur Heart J 2010; 31: 
2369–2429.

Fig. 17.3 A North American consensus 
document on antithrombotic therapy in patients 
with atrial fibrillation and a coronary stent with 
moderate to high stroke risk (CHADS2 ≥ 2). BMS, 
bare metal stent; DES, drug-eluting stent; VKA, 
vitamin K antagonist; ASA, acetylsalicylic acid.; mo, 
months. 
Source : data from Faxon DP, Circ Cardiovasc Interv 2011; 
4: 522–534.
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The recently published European position paper [51], which 
updates the former one, and as well as the well-known combina-
tion of aspirin + clopidogrel + VKA, allows the use of NOACs 
expanding to all available agents, dabigatran, rivaroxaban, and 
apixaban. Importantly, NOACs should be used in the lower test-
ed dosages (dabigatran 110 mg twice a day, apixaban 2 × 2.5 mg 
twice a day, rivaroxaban 15 mg once a day). In addition, an al-
gorithm has been developed, based on expert opinion, which 
recommends the duration and composition of dual or triple 
antithrombotic therapy based on the stroke risk, the bleeding 
risk, and the acuteness of intervention. There is still no recom-
mendation for using the new P2Y12-inhibitors prasugrel or 
ticagrelor in combination with any anticoagulant as data are still 
missing. Ongoing trials might help to bring more knowledge to 
this problem.

Artificial valves and coronary artery disease
Artificial mechanical heart valves represent one of the major indi-
cations for oral anticoagulation. According to the 2012 ESC guide-
lines on the management of valvular heart disease [52] the target 
INR should be established based on thrombogenicity of the pros-
thesis and patient-related risk factors (mitral or tricuspid valve re-
placement; previous thromboembolism; atrial fibrillation; mitral 
stenosis; left ventricular ejection fraction < 35%). The INR varies 
from 2.5 in low-risk patients with a low-thrombogenic valve up to 
4.0 in patients with at least one risk factor and a valve with a high 
thrombogenic profile. The new oral anticoagulants should not be 
used in this field, and in patients with bioprosthesis warfarin may 
be avoided.

Aspirin should be considered in patients with concomitant 
vascular disease, in particular coronary heart disease, and aspirin 
plus a P2Y12 receptor inhibitor is necessary following coronary 
stent implantation. The risk of bleeding is too high in patients on 
triple therapy. For this reason drug-eluting stents to shorten the 
use of triple therapy should be avoided in patients with an artificial 
mechanical heart valve [53].

Another situation for the use of aspirin is in the first 3 months 
after implantation of a bioprosthesis. There is actually no evidence 
to support the use of antiplatelet agents beyond 3 months in pa-
tients with a bioprosthesis who do not have a compelling indica-
tion other than the artificial valve itself [54].

DAPT with clopidogrel and aspirin is a widely accepted strat-
egy in patients undergoing transcatheter aortic valve implantation 
(TAVI); however, this is not a proven strategy and further studies 
are needed.

Skipping aspirin?
The combination of multiple antithrombotic agents has been 
more effective than unidirectional therapy but is associated 
with more bleeding events [26,47], and the stronger P2Y12 
receptor inhibitors have not yet been sufficiently tested. It is 
therefore an open question whether aspirin can be avoided to 
reduce bleeding risk while maintaining at least similar efficacy 
to the classical triple therapy. However, ethics committees have 

so far frequently refused permission to perform studies without 
aspirin in acute coronary artery disease and/or secondary pre-
vention because it is seen as essential for prevention of athero-
thrombotic events.

In the WOEST trial [55], a small prospective, randomized 
controlled study published in 2013 involving just over 500 pa-
tients who were on anticoagulants and needed DAPT, aspirin 
was not given and clopidogrel + VKA was tested in one of two 
study arms while in the other the classical triple therapy was 
used. Over a 12-month follow-up, bleeding complications were 
more than doubled in the triple therapy arm compared with 
dual antithrombotic treatment with clopidogrel + VKA (44.9 
versus 19.5%, p < 0.001). Moreover, there was a significant re-
duction in the combined secondary efficacy end-point (death, 
MI, target vessel revascularization, stroke, or stent thrombosis) 
in patients on dual versus on triple antithrombotic therapy (17.7 
versus 11.3%, p = 0.025). Due to the relatively small number 
of patients and the fact that the efficacy outcome was not sta-
tistically powered, these results are hypothesis generating and 
should be proven by future studies with sufficient patient num-
bers. Moreover, this trial has other limitations, for example the 
long (12 months) duration of combination therapies, which is 
not recommended in the recent position statements [49,50]. 
In addition, severe bleeding complications, for example intrac-
erebral bleeds, as defined by the Thrombolysis In Myocardial 
Infarction (TIMI) classification, were not statistically increased 
in the triple therapy group.

Accordingly, further studies are needed to find out if aspi-
rin can be avoided in certain indications and combination 
 strategies. As an example, the GLOBAL LEADERS trial will 
investigate the usual DAPT for 12 months (in elective patients 
aspirin + clopidogrel, in ACS patients aspirin + ticagrelor) 
 followed by aspirin alone for another 12 months after coronary 
stenting with the BioMatrix Flex™ stent versus DAPT for only 
1 month with aspirin + ticagrelor followed by 23 months of 
ticagrelor as monotherapy, respectively.

Potential objections against this strategy of avoiding aspirin 
include the anti-inflammatory action of aspirin in the 100 mg  
daily dosage, which might be an important preventive 
 mechanism. Moreover, aspirin is an important inhibitor of ex-
plosive thromboxane synthesis after plaque rupture in ACS, 
which leads to thromboxane-induced thrombin  formation, 
a mechanism that cannot be influenced by P2Y12 receptor 
blockers.

Conclusion
While primary prevention with antithrombotic agents is still 
a matter of debate and frequently not performed, second-
ary  prevention is necessary in patients with stable and proven 
 coronary artery disease (lifelong aspirin or clopidogrel if there 
are side effects), in patients after stable, elective stent implan-
tation (DAPT, aspirin + clopidogrel, for different durations 
based on the chosen stent type), as well as in patients after ACS 
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(aspirin + prasugrel or ticagrelor for 9–12 months). Special in-
dications include patients after aortocoronary bypass surgery 
(aspirin or clopidogrel or a combination of both), chronic heart 
failure (VKAs), and patients with an increased CHADS-VASc 
score (≥1) who develop atrial fibrillation while under DAPT 
(triple therapy consisting of aspirin + clopidogrel + VKA). 
Combination antithrombotic therapy in patients with atrial fi-
brillation after stent implantation (aspirin + clopidogrel + VKA 
or one of the available NOACs in reduced dosage), but also as 
secondary prevention strategy (e.g. rivaroxaban + DAPT), is the 
 subject of several investigations, as is skipping of aspirin in fa-
vour of a dual antithrombotic strategy in order to reduce bleed-
ing complications.
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CHAPTER 18

Psychosocial factors 
in the prevention of 
cardiovascular disease
Töres Theorell, Chantal Brisson, Michel Vézina, 
Alain Milot, and Mahée Gilbert-Ouimet

Summary
This chapter begins by outlining the theoretical sociological, psychological, and 
physiological framework for the relationships between psychosocial factors and 
coronary heart disease (CHD). This is followed by a review of the scientific evi-
dence for such an association. Individual behaviours and coping mechanisms as 
well as environmental conditions of relevance for CHD are described. In particu-
lar type A and D behaviour, depressive states, covert coping, social support and 
social networks, socioeconomic conditions, and theoretical models of the work 
environment of relevance for CHD (job strain, effort–reward imbalance, organi-
zational justice, and leadership) are discussed. The results from controlled studies 
of the effects of psychosocial interventions are surveyed. Such interventions can 
be divided into those that target the individual behaviour and those that target the 
environment. There are also interventions that target both. Most studies looking 
at interventions that target the individual have been secondary intervention trials 
(efforts to reduce the risk of recurrence after a first major CHD event). Although 
the evidence is mixed, those studies which have used a thorough and long-lasting 
approach with a long follow-up period have shown significant effects on recurrence 
rate. There are important gender differences in the patterning of effects. In the sec-
ond group (environmental interventions) most studies have been work-based and 
have aimed at improving work organization. There is accumulating evidence from 
such controlled studies that risk factors for CHD (blood pressure, plasma cortisol 
and the anabolic/regenerative hormone dehydroepiandrosterone sulphate) can be 
favourably influenced.

Clinical case

The patient, a 42-year-old woman, is an accountant for a small shop. By the age of 36 she 
had already suffered a minor stroke with partial paresis of the right hand and expressive 
aphasia. This episode had occurred during a period when she had decided to break away 
from a difficult marriage. She had then gone through the divorce, met a new man, and 
was now pregnant (she had one child from her first marriage). She received conflict-
ing advice from different physicians with regard to legal abortion. One argument against 

(continued)
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Psychosocial concepts
In this chapter we refer to psychosocial factors as a number of 
social conditions and psychological processes which are poten-
tially of significance for the development of cardiovascular disease 
(CVD). The importance of psychosocial factors for the aetiology 
and clinical course of CVD has been a subject of debate for dec-
ades (see for instance [1,2]).

The individual and the environment
 Figure 18.1 is a schematic depiction of the interplay between 
structural and individual factors in psychosocial stress reactions. 
There are three levels in the diagram—stressors and regenerative 
factors, coping, and stress/regeneration reactions. Each level theo-
retically represents a level at which interventions could be made. 
 Figure 18.1 shows that there are both positive (anabolism or re-
generation) and energy mobilization (stress) aspects to the interplay 
(the black parts represent energy mobilization and the white parts 
regeneration). The floating border between black and white illus-
trates that stressors can become anti-stressors and vice versa; that 
destructive patterns of coping can become constructive and that cat-
abolic reactions could change to anabolic reactions.

Stressors and anti-stressors
Factors in the environment that cause, trigger, or sustain stress 
reactions or their positive counterparts are labelled stressors and 
anti-stressors (or regenerative factors), respectively. These are posi-
tioned to the left of the diagram in  Fig. 18.1. Social conditions 
are very important prerequisites for an individual’s stressors, but 
also for his or her positive reactions to the social situation.

Principles for intervention
Psychosocial interventions in the prevention of CVD could 
address either the external environment (anti-stressors or 
stressors) or the individual (coping), or both. In line with this, 
environmental interventions could be directed against the in-
dividual’s general life situation, and will be exemplified by 
work intended to improve social networks and social support. 
It could also be directed to specific areas of life, here exempli-
fied by organizational factors at work. In both cases, reduction 
of negative stressors or stimulation of positive conditions—or 
both—could be targets.

Work and other areas of life
An interesting aspect of someone’s work situation is that its or-
ganization is something that can be changed, hence stimulating 
conditions for reduced negative stress reactions and improved 
protection against such reactions. Most of the literature on work 
organization interventions is devoted to the reduction of nega-
tive stressors. An important observation, however, is that the 
worksite also has a responsibility for creating a positive atmos-
phere that stimulates creativity and social support. These fac-
tors could be labelled as anti-stressors. Anti-stressors are likely 
to stimulate regenerative ‘healing’ and health promotion pro-
cesses in employees.
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Fig. 18.1 Stressors and anti-stressors, the environmental level—positive 
and negative aspects. Schematic presentation of the interplay between 
environment, individual coping, and reactions to the environment. The blue 
parts represent energy mobilization and the white parts regeneration. The 
floating border between blue and white illustrates that stressors could become 
anti-stressors, and vice versa, that destructive patterns of coping could become 
constructive and that catabolic reactions could change to anabolic. 
Theorell, T: Stress Reduction Programs for the work place. In: Gatchel, RJ and Schultz, IZ. 
Handbook of Occupational Health and Wellness. Springer Science, New York 2012.

abortion was: ‘You owe this new man a child’. The patient had 
pronounced variations in blood pressure (sometimes hypoten-
sion and sometimes blood pressure in the range 200–230 mmHg 
systolic and 100–130 mmHg diastolic) and it was very difficult 
to prescribe adequate blood pressure medication. She was pre-
scribed self-monitoring of blood pressure. On doing this she dis-
covered patterns: her circadian blood pressure variation and her 
blood pressure levels (systolic as well as diastolic) tended to nor-
malize after a vacation but after some weeks of working she saw a 
pronounced afternoon elevation. This information made it pos-
sible for her to lower her medication to optimal levels, with fewer 
potential adverse effects on her foetus. She gave birth to a normal 
child. In general she learned some self-regulation of blood pres-
sure from the patterns she discovered for herself, in line with the 
reported beneficial effects of self-monitoring.

Two years later her blood pressure variations had become 
more pronounced, and she now also had transitory attacks of 
neurological symptoms when her blood pressure levels were 
high—clumsiness in her right hand and difficulties in word find-
ing lasting for some minutes. This mostly occurred during the 
afternoons, and she related this to her deteriorated work environ-
ment. Sometimes she even dropped items on the floor and made 
strange mistakes in her typing because of her attacks of clumsiness. 
External financial requirements had become tougher and her boss 
(the shop owner) had decided to withdraw lunch breaks because 
of increased workload and reduced income. The shop owner had 
started to talk about the patient moving to some other job because 
of her difficulties. This increased her tension. The patient described 
herself as ‘overcommitted’ in an overburdened situation at work.

Clinical case (continued)
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Basic psychophysiological mechanisms
One of the central components of the stress reaction is the hy-
pothalamo–pituitary–adrenocortical (HPA) axis, extending from 
the hypothalamus to the adrenal cortex (see  Fig. 18.2). If the 
organism interprets its situation as energy demanding, a chain of 
reactions starts resulting in raised blood concentration of corti-
costeroids. These corticosteroids help the organism in a number 
of ways to sustain its fight in a stressful situation. However, if the 
stressor is long lasting (for instance weeks or months) those same 
effects may be damaging to health. There are other components 
in the immediate stress reaction, some of which occur more im-
mediately (within seconds or less) than the reactions of the HPA 
system (which take place within minutes), such as those occurring 
in the sympatho-adrenergic system (noradrenalin) and the sym-
pathomedullary system (adrenalin).

Stress reactions of relevance to coronary  
heart disease
Energy mobilization is associated with a number of other bodily 
reactions which are important in the mechanisms of CVD (see 
 Fig. 18.3):

1. Activation of the renin–angiotensin system. The sympathetic 
nervous system, a primary mediator of the acute stress re-
sponse, is one of the major pathways activating the renin–
angiotensin system. Therefore stress can stimulate the secretion 
of renin and increase plasma levels of angiotensin II which 
has significant actions on vessel walls. Angiotensin II causes 
vasoconstriction, endothelial dysfunction, cellular prolifera-
tion, and inflammation, all of which promote atherosclerosis. 
In conjunction with sympathetic activation and stimulation 

of the HPA axis, activation of the renin–angiotensin system 
can lead to hypertension, arterial stiffness, and cardiovascular 
events [3–5].

2. Inflammatory reactions are stimulated. Such reactions are mir-
rored for instance in increased plasma concentration of inter-
leukin 6 (IL-6).

3. Coagulation is stimulated, which is mirrored for instance in an 
increased plasma concentration of fibrinogen.
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Fig. 18.2 Schematic presentation of the interplay between energy 
mobilization (right hand side) and regeneration (left hand side) from the 
hypothalamus through the pituitary to the endocrine end organs. The two 
sides influence one another. 
Theorell, T: Stress Reduction Programs for the work place. In: Gatchel, RJ and Schultz, IZ. 
Handbook of Occupational Health and Wellness. Springer Science, New York 2012.
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	 Effects on coagulation, blood pressure (BP), and inflamma-
tion may give rise to accelerated coronary atherosclerosis and 
hence influence the buildup of an increased risk of develop-
ing CVD. There are also stress-related mechanisms that may 
increase acute risks. One of those is rupture of atherosclerotic 
plaques—an acute exacerbation of the atherosclerotic process 
itself. Another mechanism relates to cardiac arrhythmia:

4. Changes in electrical thresholds in the heart’s conductance sys-
tem may arise due to exposure to catecholamine. This increases 
the risk of developing arrhythmias.

Counterbalancing stress—the HPG axis
There is also a counterbalancing system (an anti-stress system) 
which protects against adverse effects of long-lasting stress. This 
HPG (hypothalamo–pituitary–gonadal) axis is at the same levels 
as the HPA axis, ranging from the hypothalamus to the gonadal 
glands. The balance between the HPA and HPG axes is illustrated 
in  Fig. 18.2. The HPG axis represents the ‘regenerative’ or ‘ana-
bolic’ part of metabolism. Testosterone and oestrogen, as well as 
their precursor dehydroepiandrosterone sulphate (DHEA-S), are 
examples of corticosteroids with a mainly anabolic/regenerative 
function. The direct relationship between plasma concentration of 
DHEA-S and the incidence of myocardial infarction (MI) has not 
been studied extensively, although one work has shown that there 
is an increased mortality among women with MI who have a low 
concentration of DHEA-S [6]. This is in line with the general ob-
servation that DHEA-S facilitates regeneration. Other hormones 
also participate in this, such as the pituitary growth hormone. 
There is a balance between the HPA axis and the HPG axis. This 
means that the HPG axis tends to lower its activity when the HPA 
axis has maximal activity (in stressful situations). It also means 
that damaging effects of long-lasting stress can be dampened by 
high activity in the HPG axis. Thus, the balance between HPA and 
HPG activity is an important principle in health promotion.

The parasympathetic system
It has been know for a long time that the parasympathetic sys-
tem is central to the counterbalancing mechanism since it stimu-
lates anabolic processes. This is important for the heart muscle 
itself. In addition, high parasympathetic activity may dampen the 
atherosclerotic process due to inhibition of the activity of pro- 
inflammatory cytokines such as IL-6 [7].

Lifestyle and psychosocial factors
Lifestyle factors interact with psychosocial factors: for example, 
some psychosocial factors (such as low social class) are associ-
ated with poor lifestyle habits such as cigarette smoking, lack of 
physical activity outside work, and poor eating habits. In addition, 
mental illnesses associated with elevated risk of CVD, such as de-
pression, are associated with psychosocial conditions such as low 
social class, poor social support, and adverse working conditions.

Controversies in the field of psychosocial factors and cardiovascu-
lar disease have arisen concerning the role of lifestyle factors. It has 
been argued [1] that if the effect of adverse psychosocial conditions 

on heart disease risk is mediated via effects on lifestyle factors (such 
as cigarette smoking, eating habits, and physical exercise during lei-
sure) there is no ‘real’ effect of psychosocial factors at all. However, a 
large prospective study published in 2012 [8] showed that the effect 
of ‘job strain’ (high demands and low control) on risk of MI can-
not be totally explained by lifestyle factors. This means that direct 
physiological stress mechanisms are important. Regardless of this, 
psychosocial factors are important in primary prevention of CVD 
since a poor psychosocial situation may decrease an individual’s will-
ingness to follow advice on smoking, diet, and physical activity.

Individual psychosocial factors and 
efforts to improve coping with adverse 
psychosocial conditions
Coping is the intermediate level in  Fig. 18.1. This corresponds 
to the individual’s interpretation and handling of stressors/ 
anti-stressors. In preventive work it makes good sense to try to 
improve a patient’s coping pattern. Several intervention trials have 
been performed in which this has been the aim. However, before 
these are reviewed it should be pointed out that it is preferable 
in such prevention to work with both environmental factors and 
coping patterns in parallel processes. For instance, employees may 
not be motivated to improve their own coping pattern if they feel 
that the work environment is dysfunctional. And it may turn out 
to be impossible to obtain sustainable effects on individual coping 
patterns if the environmental aspects are neglected. Conversely, 
efforts to improve work organization benefit from discussions 
with employees regarding individual coping patterns [9].

Specific coping patterns
The following coping patterns have been identified as potential 
cardiovascular risk factors and are thus possible targets in cardio-
vascular prevention (in chronological order as they appeared in 
scientific discussion):
◆	 type A behaviour
◆	 depression/type D personality
◆	 poor stress management.

Principles for intervention in individual 
counselling on psychosocial factors
A common method used for interventions in individuals is cogni-
tive–behavioural therapy (CBT) or methods related to CBT.

Type A behaviour and its most important component, hostility, 
have been documented as possible cardiovascular risk factors since 
the first prospective study was published by Rosenman et al. in 1976 
[10]. Since then, some studies have verified type A behaviour as a risk 
factor, whereas other studies have failed to do so. There is evidence 
from a meta-analytical study [11] that hostility is an independent 
risk factor for coronary heart disease (CHD), and it has therefore 
been suggested that it would be useful to decrease hostile and angry 
coping patterns by means of CBT in primary prevention of CHD.
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That depression is an independent predictor of CHD risk has been 
shown in a meta-analytic study by Rugulies [12], which showed that 
the onset of clinical depression was a stronger predictor of CHD risk 
than depressive symptoms. People with type D personality have a 
propensity to react with depressive symptoms. This has been men-
tioned as an important coping pattern that should be taken into ac-
count in the treatment of patients with manifest CHD [13].

Poor individual stress management is the general concept un-
derlying most of the intervention programmes that have been pro-
posed in relation to primary prevention of CHD. One aspect of 
this could, for instance, be covert coping, which has been shown 
in a recent prospective study to be an independent predictor of MI 
risk [14]. Covert coping—a tendency to cope passively with unfair 
treatment at work and not to discuss the problem with colleagues 
and superiors—is a result of both individual experiences and the 
working conditions [15]. Covert coping is therefore a potential 
target to be addressed from the point of view of both the indi-
vidual and the environment. Outside work, an intervention trial 
(ENRICHD; Enhancing Recovery in Coronary Heart Disease) has 
been performed in which efforts to improve social support and 
the social network were combined with an approach aimed at de-
creased depressive tendencies [16].

Individual psychosocial interventions in CHD
Evaluations of CHD-related health effects of individual programmes 
relevant to psychosocial prevention of CHD have been done as sec-
ondary preventive trials. The evidence for the feasibility of such pro-
grammes in primary prevention is accordingly indirect.

One of the established CHD risk factors, high BP, has been used 
as an outcome variable in intervention trials. Hypertension and 
high BP will therefore be included in this review because of the 
established relationship between high BP and CHD risk—with the 
underlying hypothesis that interventions that lead to a lowered BP 
will also decrease CHD risk.

The social network and social support outside work
Lack of a social network and social support are established inde-
pendent risk factors for CHD in both men and women [17,18]. 
Accordingly efforts to improve social network/support would 
be a logical component in primary CHD prevention. The only 
large-scale random trial that has tested the feasibility and effects 
of such efforts has been the ENRICHD study [16] mentioned ear-
lier. Since in that study the focus was not just on social networks/
support, there is no published large-scale strict evaluation that has 
tested possible effects of a ‘pure’ network/support strategy. There 
have been discussions about whether the mechanism underlying 
the association between social network/support and CHD risk is 
direct (i.e. a lack of social support acts as a stressor) or indirect (i.e. 
good support helps one to cope with stressors).

Family conditions important in the development of CHD
A poor marital relationship has been shown to be of particular 
significance for the development of CHD in women [19]: a lon-
gitudinal study of women who were followed after a first acute 
coronary event showed that the degree of coronary atherosclerosis 

according to angiography progressed more rapidly among women 
who had both job strain and poor marital relationships compared 
with other working cohabiting women. Interaction between job 
conditions and family situation was observed. As a consequence, 
supportive discussions regarding marital conditions were an inte-
gral part of a secondary CHD prevention programme [20].

Results of intervention trials based upon 
strategies outside work
A review by Spence et al. [21] of individualized stress management 
interventions based upon a systematic literature search came to 
the conclusion that such interventions (key words in the literature 
search were ‘psychological’, ‘behavioural’, ‘cognitive’, ‘relaxation’, 
‘meditation’, ‘biofeedback’, and ‘stress management’) are of value in 
the treatment of high BP. In particular, the authors point out the 
value of individualized cognitive–behavioural interventions. There 
are a wide range of non-pharmacological behavioural programmes 
for stress management, and since Spence et al.’s original work com-
puter-based programmes have been introduced. In 2005 a rand-
omized control trial evaluation [22] of a computer-based stress 
management programme at work sites showed beneficial  effects 
after 6 months on physiological stress parameters of relevance to 
CHD as well as regeneration (a significantly better development 
of DHEA-S plasma concentration in stress management). Self-
reported indices of stress-related symptoms also improved signifi-
cantly during the first 6 months in the intervention group but not in 
the control group. However, after 12 months none of the significant 
differences between the groups were sustained. It should therefore 
be cautioned that many of the evaluation studies in the literature 
have had relatively short follow-up periods and questions related to 
the long-lasting sustainability of effects are therefore important. In 
general these studies do point at the possibility of using individual-
ized stress management programmes in CHD prevention.

The follow-up effects of psychosocial interventions in secondary 
CHD prevention (i.e. preventing a second heart attack) were sum-
marized by Schneiderman and Orth-Gomer in 2012 [23]. So far 
there have been six large published prospective studies, three with 
positive [20,24,25] results and three with null results [16,26,27].

A number of interesting points have been raised in compari-
sons between the three studies with positive results and those with 
null results:

1. There is an important interaction between psychosocial inter-
ventions and ‘conventional’ clinical work with patients. When a 
patient’s social and psychological conditions are taken into ac-
count it is possible to increase the patient’s willingness to follow 
clinical advice regarding, for example, medication, adopting good 
eating habits, and doing physical exercise—the dialogue between 
patient and caregiver becomes more personal and this in itself 
gives rise to clinical benefits. A ‘psychosocial motivation’ effect is 
potentially a very important addendum in preventive work.

2. Some effects of psychosocial interventions may arise after a long 
time, whereas other effects may disappear rapidly. Therefore a 
long follow-up is important for judging the usefulness of psy-
chosocial interventions. In the study by Orth-Gomér et al. [20], 
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the differences in mortality between the intervention group 
and the control group did not really begin to diverge until after 
2 years of follow-up. In the three studies with positive results 
longer follow-up periods were used than in the other studies.

3. The intensity of the intervention programmes has been an im-
portant factor. Two of the successful interventions [24,25] were 
focused on reduction of type A behaviour (hostility), whereas 
the third study [20] was directed at improving stress manage-
ment in general. All these studies had extensively engaging 
intervention programmes, whereas the programmes in the 
other three studies were much less extensive. In the study by 
Berkman et al. [16], the intention was to improve social sup-
port. However, that part of the study would have required much 
more extensive input.

4. There is a clear indication that the programmes need to be gen-
der specific. In the studies published by Frasure-Smith et al. [27] 
and Berkman et al. [16] there are indications that the women 
may have been harmed by the intervention. In the Berkman 
et al. study [16], white men benefitted significantly from the 
programme with regard to both mortality and incidence of re-
infarction whereas women tended to have a worsened risk of 
recurrence.

To sum this up, there is evidence from some studies that psy-
chosocial interventions aiming at improved coping and stress 
management may have an important role in CHD prevention 
programmes. Our patient in the clinical case would probably 
have benefited from individual stress management counselling. 
However, the likelihood that such counselling will have sustained 
effects would have increased had such an intervention taken place 
concomitantly with an improved work situation.

Psychosocial working conditions in 
relation to CVD risk
A majority of adults in industrialized countries spend over half 
of their waking hours at work [28,29]. Work is therefore a major 
life component. This section will present (1) the most widely used 
definitions of psychosocial factors at work and the importance of 
these exposures and (2) the prospective evidence regarding the 
effect of these psychosocial factors on CVD risk.

Definition and importance of exposure to 
adverse psychosocial factors at work
Two major theoretical models have been developed to assess the 
influence on CVD of psychosocial factors at work: the job strain 
model, developed by Karasek and Theorell [30], and the effort–
reward imbalance (ERI) model, elaborated by Siegrist [31]. The 
two-dimensional job strain model suggests that workers who si-
multaneously experience high psychological demands and low 
job control (decision latitude) are more likely to develop stress-
related health problems [30]. Psychological demands refer to an 
excessive work load, having to work very hard or very fast, doing 
unexpected tasks, and receiving conflicting demands. Job control 

is a combination of skill discretion (learning new activities, op-
portunities to develop skills, creativity, variety of activities, non-
repetitive work) and decision authority (taking part in decisions 
affecting oneself, making one’s own decisions, having a say in the 
job, and freedom as to how the work is accomplished).

Johnson et al. [32] introduced social support at work from su-
pervisors and colleagues as a third component of the job strain 
model. The combination of the three factors, high psychological 
demand, low job control, and low social support at work, called 
iso-strain, is hypothesized to carry an increased risk of illness.

The second model, ERI, proposes that extrinsic efforts should 
be rewarded in various ways [31,33]. Workers sense a detrimen-
tal imbalance when high extrinsic effort is accompanied by low 
reward. Extrinsic effort refers to intense time pressure, frequent 
interruptions, numerous responsibilities, increased workload, and 
mandatory overtime. In order to counteract such efforts, three 
types of reward were proposed by Siegrist: income, esteem, and 
occupational status control (job security, promotion prospects, 
and unforced job change). A third component, over-commitment, 
a personal coping style expressed through an inability to withdraw 
from work obligations, impatience, irritability, and a high need for 
approval, is also included in this model [31].

The high proportion of individuals exposed to such adverse 
psychosocial factors at work underlies their public health and 
clinical relevance. Indeed, in studies of large samples in various 
workplaces in the United States, Europe, and Japan, approximately 
20% of workers are exposed to high job strain (see  Fig. 18.4). 
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Similarly, approximately 20–25% of workers are exposed to ERI. 
Exposure to these stressors is therefore as prevalent as cigarette 
smoking (21%), a known CVD risk factor [34].

Psychosocial factors at work  
and cardiovascular risk
Job strain and CVD risk
The contribution of job strain to the development of CVD has 
been investigated in prospective studies conducted in the United 
States, Europe, and Japan ( Table 18.1). These studies included 

general population samples as well as a variety of workplaces. 
Studies conducted in workplaces were composed of white-collar 
and industrial employees of various ages. Length of follow-up was 
typically 5 years or more. Outcomes that have been investigated 
include all CVD events, fatal CVD, non-fatal MI, stroke, and an-
gina pectoris. Methodological issues and reviews of this literature 
are provided in references [8,35–37].

Prospective studies using self-reported exposure assess-
ments and conducted in working age populations are presented  
in  Table 18.1. These studies have avoided the well-documented 
bias of job title exposure scores [36–38] and older populations. 

Table 18.1 Prospective studies of job strain and CVD risk

Author, 
year

No. of 
participants 
and gender

Age at baseline (years), 
population type, 
country

Follow-up 
(years)

Exposure 
assessment

Event Results for RR and 95% CI

Prospective studies using a self-reported measure of exposure to job strain and conducted in a working-age population

Tsutsumi, 
2009 [77]

3191 M, 
3363 F

18–65, general working 
population, Japan

11 Self-reported Stroke morbidity and 
mortality

Job strain (M and F) M: 2.53 (1.08–5.94)
F: 1.46 (0.63–3.38)

Kivimaki, 
2008 [78]

3160 M 19–65, general working 
population, Sweden

10 Self-reported Ischaemic disease Job strain 1.22 (0.75–1.96)

Tsutsumi, 
2006 [79]

3659 M, 
3995 F

18–65, general working 
population, Japan

9.4 Self-reported CVD mortality Job strain 1.98 (0.59–6.7)

Kornitzer, 
2006 [80]

21 111 M 35–59, general working 
population, Belgium, 
Spain, France, Sweden

3.3 Self-reported Non-fatal and fatal MI, 
sudden cardiac death, 
revascularization for 
acute coronary event

Job strain 1.46 (0.96–2.25)

Kuper, 2006 
[81]

48 066 F 30–50, general working 
population, Sweden

11 Self-reported Non-fatal MI and fatal 
CVD

Full-time workers: job strain 1.0 (0.5–1.9)

Netterstrom, 
2006 [82]

659 M 30–60, general working 
population, Denmark

13–14 Self-reported Incident IHD Job strain 2.4 (1.0–5.7)

Uchiyama, 
2005 [83]

908 M, 707 F 40–65, treated 
hypertensive workers free 
of diagnosed CVD, Japan

5.6 Self-reported Incident CVD Job strain (M and F) M: 1.86 (0.51–6.75)
F: 9.05 (1.17–69.86)

De Bacquer, 
2005 [84]

14 337 M 35–59, men employed in 
a variety of occupations, 
Belgium

3.2 Self-reported Incident CVD Job strain and iso-strain Job strain: 1.26 
(0.66–2.41)
Iso-strain: 1.92 
(1.05–3.54)

Kuper, 2002 
[48]

6895 M, 
3413 F

35–55, white-collar 
workers, UK

11.2 Self-reported Non-fatal MI, angina, 
CVD death

Job strain (M and F 
combined)

1.38 (1.10–1.75)

Kivimaki, 
2002 [49]

545 M, 267 F 18-65, industrial 
employees, Finland

25.6 Self-reported CVD mortality Job strain 2.22 (1.04–4.73)

Bosma, 1998 
[50]

6895 M, 
3413 F

35–55, white-collar 
workers, UK (Whitehall 
Study)

5.3 Self-reported 
and external 
assessment

Any CVD event: self-
reported angina and 
diagnosed IHD

Job strain at baseline* (self-
report; M and F)

M: 1.45 (1.03–2.06)
F: 1.14 (0.76–1.72)

Johnson, 
1989 [32]

7219 M 25–65, general working 
population, Sweden

9 Self-reported CVD mortality Iso-strain 1.92 (1.15–3.21)

Alfredsson, 
1985 [85]

958 096 M 
and F

20–64, general working 
population, Sweden

1 Imputed by 
job title

Non-fatal MI 
(hospitalization)

M: aged 20–54; hectic work 
and few possibilities to 
learn things.
F: aged 20–64; hectic and 
monotonous work

M: 1.6 (1.3–1.9)†
F: 1.6 (1.1–2.3)†

CVD, cardiovascular disease; M, male; F, female; RR, relative risk; CI, confidence interval; IHD, ischaemic heart disease; MI, myocardial infarction.
*RRs for cumulative exposure of job strain are not mentioned in the study. The risk of any incident CVD for cumulative self-reported low job control is 2.
†These measures correspond to relative hospitalization ratio.
Heart and Mind: The Practice of Cardiac Psychology, 2nd Edition. Edited by Robert Allan, PhD and Jeffrey Fisher, MD. Copyright © 2011 by the American Psychological Association.
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Those studies conducted in men and those conducted in both gen-
ders have more consistently reported a higher risk in workers with 
high strain compared with unexposed workers (see  Table 18.1). 
Among studies reporting a significant effect, the observed relative 
risks ranged from 1.38 to 2.4. A recent analysis based upon data 
from 13 European cohorts presented a risk of 1.23 [8]. In this anal-
ysis of a large merged cohort the corresponding population attrib-
utable risk for high strain was 3.4%, which was markedly less than 
the population attributable risk for standard risk factors such as 
smoking (36%), abdominal obesity (20%), and physical inactivity 
(12%) [39]. However, it should be pointed out that in some coun-
tries, for instance in Sweden, antismoking propaganda has been ef-
fective, and therefore the prevalence of smoking is markedly lower 
than it used to be. On a population basis, the results of further 
reduction of cardiovascular risk based upon reduced smoking will 
be more limited than in countries with a high prevalence of smok-
ing. However, it is also important to consider that psychosocial 
factors at work are notoriously difficult to measure and that such 
measurement limitations generally lead to an underestimation of 
their true effects [40]. Also, the analysis of these European cohorts 
is limited by the use of a single baseline measurement of job strain, 
which has also been shown to underestimate the true effects on 
CVD risk [37]. Finally, there are other important psychosocial 
factors at work, such as ERI and other emerging models, which 
the available evidence suggests are causally related to CVD risk 
[37,41]. Therefore, comparison with standard risk factors needs to 
take these relevant issues into account, especially when examin-
ing the potential public health benefit for primary prevention by 
targeting psychosocial factors at work. It is likely that this benefit 
is more pronounced than what can be measured at present with 
available empirical studies.

Gender issues
Previous studies found the deleterious effect of job strain on CVD 
risk less consistently in women than in men (see  Table 18.1) 
[35,42,43]. However, in 2012 a prospective analysis of a merged 
European cohort including 197 473 men and women observed 
similar effects in men and women [8]. Potential explanations for 
gender differences include the fact that CVD arises on average 
10 years later in women leading to low statistical power to detect 

an effect in some studies, and different occupational trajectories 
(often characterized by episodes of not working or reduced work-
ing hours episodes due to pregnancy or more family responsibili-
ties than men [36,44,45] resulting in less continuous exposure to 
psychosocial factors at work). It is important to mention that the 
proportion of women exposed to high strain was consistently 
higher than that of men in large studies conducted in the United 
States and Europe (see  Fig. 18.4). High job strain is therefore a 
frequent psychosocial exposure in women. Its related cardiovas-
cular risk needs to be further investigated.

Socioeconomic status
The deleterious effect of lower socioeconomic status on CVD risk 
has been well documented [46,47]. Most prospective studies that 
reported a deleterious effect of high strain on CVD risk controlled 
for socioeconomic status, therefore showing an independent effect 
of job strain. In several studies the effect of high strain on CVD 
risk has been higher in groups with lower socioeconomic status 
such as blue-collar workers compared with white-collar workers, 
although diverging results have also been observed [8.]

Effort–reward imbalance and CVD risk
Several prospective studies conducted in Germany, England, 
and Finland have evaluated the effect of ERI on CVD risk  
(see  Table 18.2) [48–51, 52]. Outcomes investigated include 
fatal CVD, fatal and non-fatal MI, and exertional angina. All of 
these studies used self-reported exposure assessments and were 
conducted in working age populations. Four out of five of the 
studies described in  Table 18.2 included both men and women.

All five studies consistently reported an increased CVD 
risk, which remained significant after controlling for socio-
economic status and standard risk factors, therefore showing 
an independent effect on CVD risk. Relative risks observed 
ranged between 1.26 and 4.53. A meta-analysis including four 
of these studies showed a summary relative risk of 2.05 (95% 
CI 0.97–4.32) in men and 2.51 (95% CI 1.58–3.98) in women 
[37]. Moreover, Bosma et al. [50] showed that ERI remained an 
independent predictor of CHD after controlling for job control. 
This finding provides support for mutually independent effects 
of ERI and job strain.

Table 18.2 Prospective studies of effort–reward imbalance (ERI) and risk of CVD

Author, year No. of participants, 
gender

Age at baseline (years), population type, 
country

F-U (years) Exposure 
assessment

Event RR and 95% CIs

Wege 2008, [51] 1069 M, 730 F 45–65, general working population, 
Germany

5 Self-reported Angina on exertion 2.04 (1.43–2.92)

Kivimäki, 2002 [49] 545 M, 267 F ≥18, industrial workers, Finland 25.6 Self-reported CVD death 2.42 (1.2–5.73)

Kuper, 2002 [48] 6895 M, 3413 F 35–55, white-collar, UK 11 Self-reported Incident CVD 1.26 (1.03–1.55)

Bosma, 1998 [50] 6895 M, 3413 F 35–55, white-collar, UK 5.3 Self-reported Incident CVD M: 2.98 (1.48–5.99);
F: 3.59 (1.10–11.7)

Siegrist,1990 [52] 416 M 25–55, blue-collar, Germany 6.5 Self-reported Incident IHD 4.53 (1.43–14.3)*

RR, relative risk; M, male; F, female; CI: confidence interval; CVD: cardiovascular disease; F-U: follow-up; IHD: ischaemic heart disease.
*The RR and 95% CI are taken from [37]. RR is for either high efforts or low rewards.
Heart and Mind: The Practice of Cardiac Psychology, 2nd Edition. Edited by Robert Allan, PhD and Jeffrey Fisher, MD. Copyright © 2011 by the American Psychological Association.
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Job strain, effort–reward imbalance and other 
cardiovascular outcomes
Blood pressure
Two recent literature reviews evaluated the effects of job strain and 
ERI on BP [53,54]. The first review is a narrative report of key 
studies. It presents evidence pointing toward a deleterious rela-
tionship between psychosocial factors at work and BP. The second 
literature review, which is systematic, observed a deleterious effect 
of psychosocial factors at work in about half of the published stud-
ies. However, more consistent effects were observed in studies of  
higher methodological quality (prospective design and/or ambu-
latory BP measures)—which strengthens the evidence for a causal 
relationship. More consistent effects were also observed for men 
than for women and for ERI compared with job strain. Among 
studies showing a significant effect, higher mean systolic and dias-
tolic BP (ranging, respectively, from +1.8 to +11 mmHg and from 
+0.8 to +17.9 mmHg) and higher odds ratios of hypertension 
(ranging from 1.18 to 5.77) were observed in workers exposed to 
psychosocial factors at work compared with non-exposed workers.

There is also some evidence showing a stronger effect on BP 
when workers are exposed to job strain for longer time [2,55–57] 
and evidence for a lowering of BP when exposure ceases [55,56]. 
This temporal dimension of the relationship provides further sup-
port for a causal relationship.
Metabolic syndrome and obesity
A deleterious effect of job strain has also been observed in prospec-
tive studies on metabolic syndrome and obesity. Indeed, Chandola 
et al. [58] observed that employees with chronic work stress (i.e. 
three or more exposures to high strain combined with low social 
support at work over a 14-year follow-up) were more than twice as 
likely to have metabolic syndrome than those without work stress 
(odds ratio of 2.25). In addition, five prospective studies have 
evaluated the effect of job strain or its components on body mass 
index (BMI) [59–63] or on change in abdominal circumference 
[59,64]. Four of these studies observed an adverse effect of either 
high psychological demands [62], low job control [60–62], or both 
[59–61,64]. Kivimaki et al. [61] pointed out some of the potential 
causal mechanisms involved by showing that high job strain was 
prospectively associated with weight gain among men who were 
overweight (BMI > 27 kg/m2) at baseline, while it was associated 
with weight loss among those who had a low weight [61].

Other psychosocial models and CVD risk
Two emerging theoretical models have identified other psycho-
social factors at work that may influence employees’ health: the 
organizational injustice model [65] and the leadership model [66].

The organizational injustice model focuses on three dimen-
sions. The first is injustice in the distribution of resources, which is 
partly included in the ERI model. The other two components are 
procedural injustice (decision-making procedures) and relational 
injustice (fair treatment of employees by supervisors) [65]. In a 
meta-analysis, Kivimaki et al. [37] presented a summary relative 
risk of CVD of 1.47 when reporting organizational injustice, ad-
justed for age, gender, and other standard risk factors for CVD, 
including job strain and ERI (based on two prospective studies 

including a total of 7246 men and women). A recent systematic 
review of prospective studies on mental health also pointed out 
evidence that organizational injustice can be considered a comple-
mentary model to the job strain and ERI models [67].

The model of managerial leadership is defined by managers’ be-
haviours such as consideration for individual employees, provision 
of clarity in goals and role expectations, and supplying information 
and feedback [68]. In a 9.7-year prospective study on 3122 Swedish 
male employees a higher leadership score was associated with a 
lower risk of ischaemic heart disease [68]. This effect was stronger 
when the duration of exposure was longer. Although improvement 
of leadership has not been evaluated specifically in primary CHD 
prevention, two Swedish controlled evaluation studies have shown 
that it may be possible to reduce HPA activity—lowered morning 
plasma cortisol paralleled by improved decision authority—in em-
ployees after a year-long psychosocial education programme for 
managers [69] and that it is also possible to stimulate HPG activity—
favourable development of DHEA-S paralleled by improved coping 
and mental condition in employees after another year-long manager 
intervention programme [70] designed to improve managers’ degree 
of empathy (a programme with artistic components).

Primary psychosocial interventions 
in the workplace and cardiovascular 
outcomes
Based on the empirical evidence previously presented in the sec-
tion ‘Psychosocial working conditions in relation to CVD risk’, it is 
reasonable to assume that primary prevention to reduce exposure 
to these psychosocial factors at work may contribute to lowering 
CVD risk. Although there have been no psychosocial workplace 
intervention studies to evaluate the effect of reducing these expo-
sures on CVD risk per se, some studies have evaluated the effects 
on other cardiovascular outcomes, namely BP [71,72], catecho-
lamine, and lipids [72,73].

A first study conducted among bus drivers in Stockholm [71] 
observed a significantly lower systolic BP at work in those who 
benefited from improved working conditions. A second study 
conducted among Swedish assembly-line workers [72] showed 
beneficial effects of a flexible form of work organization on sys-
tolic BP during work shifts. One of these studies [72], along with 
another study conducted among Swedish civil servants [73], also 
showed significantly lower catecholamine and lipids in workers 
exposed to the psychosocial workplace intervention.

Both studies on BP were limited by the use of casual BP meas-
urements and small samples (n = 20 [71] and n = 65 [72]) and did 
not evaluate the effects of reducing exposure to job strain nor ERI.

Interventions targeting exposure to job strain 
and effort-reward imbalance to improve work 
organization and blood pressure
The Quebec psychosocial workplace intervention was conduct-
ed in partnership with three public organizations. Briefly, these 
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organizations include over 2200 employees aged 18–65. Their 
main activity is delivering insurance services to the general 
population. Their jobs encompass the full range of white-collar  
occupations, including senior and middle managers, profession-
als, technicians, and office workers.

A quasi-experimental design with a control group and be-
fore–after measures was used. The intervention group com-
prised a total of 1165 workers (718 women and 447 men, 
representing 80.7% of all workers). The control group mainly 
comprised workers employed in two comparable organizations 
(673 women and 508 men, representing 80.2% of all work-
ers). A baseline measurement of psychosocial factors at work 
and health indicators was performed in each group before the 
intervention.

The intervention group was assisted by researchers to identify 
intervention priorities and agreed to engage in intervention activi-
ties, while the control group was not assisted by researchers and 
was not asked to engage in intervention activities. The interven-
tion was defined as all organizational interventions introduced 
in the workplace with the explicit goal (or the plausible conse-
quence) of improving employees’ situation with regard to one of 
the four adverse psychosocial factors at work that were consid-
ered to be part of the intervention. These four psychosocial factors 
were based on the job strain and ERI models (high psychological 
demands, low job control, low social support, and low reward). 
Decisions regarding these changes were made by the manag-
ers. However, managers benefited from a systematic a priori risk 
evaluation and from qualitative focus groups with workers, both 
conducted by the researchers, to help them identify intervention 
targets and priorities.

Management implemented various organizational interven-
tions designed to improve the psychosocial work environment. 
Examples of major interventions were: implementing regular 
individual employee/manager meetings on day-to-day matters, 
organizational restructuring aimed at reducing workload, and 
slowing down the implementation of important changes in work 
processes and computer software to allow a period of adaptation. 
The majority of changes implemented corresponded to the initially 
identified targets for intervention [74]. In addition, the interven-
tion group implemented interventions to reduce the workload, 
while this psychosocial factor was not acted upon in the control 
group. A detailed description of the intervention content is pro-
vided elsewhere [74].

A second measurement was taken 6 months after the interven-
tion period. The participation rates in this measurement were 
85.9% in the intervention group and 86.1% in the control group. 
The prevalence of high psychological demands and ERI decreased 
in the intervention group while no such reduction was observed 
in the control group. As for health indicators, in the interven-
tion group a modest but significant decrease in mean systolic BP 
(2.2 mmHg, p < 0.01;  Fig. 18.5) was observed. A similar pattern 
was observed for diastolic blood pressure ( Fig. 18.6). No sig-
nificant decrease was observed in the control group. The benefi-
cial effect of the intervention was significant for both systolic and 
diastolic BP.

This intervention study has important strengths. A quasi-
experimental design including a large number of workers was 
used. Pre- and post-intervention ambulatory BP measures were 
measured in each worker every 15 minutes during an entire work-
ing day. The intervention was designed to improve precise adverse 
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Fig. 18.5 Systolic mean blood pressure (mmHg) before and 6 months 
after the intervention in the intervention and control groups. Generalized 
estimating equation analysis controlled for age, gender, education, 
stressful life events that occurred during the past 12 months, domestic 
load, smoking status, body mass index and sedentary behaviours, alcohol 
consumption, family history of cardiovascular disease, and medication for 
hypertension. 1The p-value for interaction indicates whether the evolution 
from before to 6 months is different between the intervention and control 
groups. *p ≤ 0.05. 
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Fig. 18.6 Diastolic mean blood pressure (mmHg) before and 6 months 
after the intervention in the intervention and control groups. Generalized 
estimating equation analysis controlled for age, gender, education, 
stressful life events that occurred during the past 12 months, domestic 
load, smoking status, body mass index and sedentary behaviours, alcohol 
consumption, family history of cardiovascular disease, and medication for 
hypertension. 1The p-value for interaction indicates whether the evolution 
from before to 6 months is different between the intervention and control 
groups. *p ≤ 0.05. 
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Further reading
Chandola T, Brunner E, Marmot M. Chronic stress at work and the 

metabolic syndrome: prospective study. Br Med J 2006; 332: 521–5.
Gulliksson M, Burell G, Vessby B, et al. Randomized controlled trial of 

cognitive behavioral therapy vs. standard treatment to prevent recur-
rent cardiovascular events in patients; 1; with coronary heart disease. 
Arch Intern Med 2011; 171: 134–40.

Karasek RA, Theorell T. Healthy work: stress, productivity and the recon-
struction of working life, 1990. New York: Basic Books.

Kivimäki M, Nyberg ST, Batty GD, et al. Job strain as a risk factor for 
future coronary heart disease: Collaborative metaanalysis of 2358 
events in 197,473 men and women. Lancet, 2012; 380: 1491–7.

Nyberg A, Alfredsson L, Theorell T, et al. Managerial leadership and is-
chaemic heart disease among employees: the Swedish WOLF study. 
Occup Environ Med 2009; 66: 51–5.

Orth-Gomer K, Wamala SP, Horsten M, et al. Marital stress worsens 
prognosis in women with coronary heart disease: the Stockholm 
 female coronary risk study. J Am Med Assoc 2000; 284: 3008–14.

Schneiderman N, Orth-Gomér K. Randomized clinical trials. 
Psychosocial-behavioral interventions for cardiovascular disease. 
Handbook of health psychology, 2nd edn, 2012. New York: Psychology 
Press, Taylor and Francis.

Siegrist J. Adverse health effects of high-effort/low-reward conditions. 
J Occup Health Psychol 1996; 1: 27–41.

Williams R, Schneiderman N, Relman A, et al. Resolved: psychosocial 
interventions can improve clinical outcomes in organic disease-
rebuttals and closing arguments. Psychosom Med 2002; 64: 564–7.

psychosocial factors at work based on two well-grounded theo-
retical models and assessed with validated scales. The participa-
tion rates at both measurements were very good, which limits the 
likelihood of selection bias. The beneficial effects on BP were ob-
served in both men and women, which supports the consistency 
of the intervention effects across both genders. Finally, the results 
of the third evaluation show that the beneficial effects observed 
after 6 months on BP were maintained after 30 months [75]. In 
light of the non-lasting effects presented previously for interven-
tions targeting individuals, these long-lasting results suggest bet-
ter public health benefits for primary prevention which reduces 
adverse psychosocial factors at work. At the population level, a 
2 mmHg reduction in systolic BP would lead to a reduction of 
middle-age mortality from CHD and stroke of about 7% and 10%, 
respectively [75].

In conclusion, there is some previous evidence that primary 
prevention by interventions that reduce exposure to psychoso-
cial factors at work lead to favourable changes in cardiovascular 
indicators [71–73]. In addition, results from a recent large pro-
spective intervention study of men and women using a quasi-
experimental design with a control group show that reducing 
exposure to job strain and ERI leads to modest but significant 
and long-lasting improvement in workers’ ambulatory BP  
[75, 76].

Case resolution

The case illustrates several of the points made in this chapter:
1. The clinical importance of self-monitoring of BP for patients 

with unstable BP.
2. The deterioration of psychosocial working conditions due to 

increasing financial constraints leading to increased psycho-
logical demands and decreased influence over working con-
ditions with poor support from superiors as well as a poor 
balance between effort and reward.

3. The interplay between psychosocial working conditions and 
individual efforts to cope—in current theory often referred to 
as ‘over-commitment’.

4. Both primary and secondary prevention aspects: primary pre-
vention because improved regulation of BP could be seen as 
primary prevention of CVD, and secondary prevention be-
cause this patient had suffered a stroke and secondary preven-
tion aimed at reducing the risk of recurrence.

The advice to this woman was to change her job. She left her 
job and re-trained. After this she obtained a post as an adminis-
trator and her clinical condition improved. However, as described 
in this chapter, the patient would have benefited from both indi-
vidual stress management training and an improved work situa-
tion and work organization.
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CHAPTER 19

Cardioprotective drugs
Johan De Sutter, Miguel Mendes, and Oscar  
H. Franco

Summary
Cardioprotective drugs are important in the treatment of patients at risk for or with 
documented cardiovascular disease (CVD). Beta-blockers are indicated for a wide 
range of patients with cardiac pathologies, including acute coronary syndrome, 
stable coronary artery disease, heart failure, and arrhythmias. Most evidence on 
cardiovascular morbidity and mortality is available for patients post-myocardial 
infarction (MI) and those with chronic systolic heart failure. Ivabradine is a spe-
cific heart-rate-lowering agent which acts on the sinoatrial node cells by selec-
tively and specifically inhibiting the pacemaker If current. It can be used for the 
symptomatic treatment of chronic stable angina pectoris in patients with coronary 
artery disease (CAD) in sinus rhythm and a heart rate remaining at 70 or more 
beats/min. Accordingly, in systolic heart failure it reduces the risk of hospitaliza-
tion for heart failure in patients in sinus rhythm with a heart rate remaining at 
70 or more beats/min and persisting symptoms. Angiotensin-converting enzyme 
inhibitors (ACEi), together with other drugs like beta-blockers, statins, and anti-
platelets, are one of the cornerstones of CVD prevention in congestive heart fail-
ure, stable angina, and post-acute MI and in secondary prevention after any event 
or revascularization procedure in CAD. They are also the first-line medication in 
hypertension, namely in the presence of renal dysfunction, diabetes, or diabetes 
nephropathy. Angiotensin receptor blockers (ARBs) are mainly alternative drugs 
for the same indications in case of intolerance to ACEi. ACEi and ARBs should not 
be used together, except in rare situations, due to the risk of deterioration of renal 
function and hyperkalaemia. The aldosterone antagonists (AAs) spironolactone 
and eplerenone are indicated in patients with New York Heart Association class 
III–IV heart failure or acute MI with impaired left ventricular function, and may 
also have a role in hypertension. Aliskiren, a direct renin inhibitor (DRi), belongs 
to the most recent and less studied renin–angiotensin–aldosterone (RAAS) recep-
tor blocker group. For the moment it only has a clinical indication for hyperten-
sion. Calcium channel blockers (CCBs) are first-line medication in patients with 
isolated systolic hypertension, black people, and during pregnancy, in the pres-
ence of intermittent claudication, asymptomatic atherosclerosis, or metabolic syn-
drome. They can be used together with diuretics, ACEi, ARBs, or beta-blockers, 
with the aim of reaching the guideline-recommended blood pressure targets, im-
proving the surrogate end-points, and limiting side effects. CCBs have also shown 
clinical efficacy in angina pectoris, alone or in combination with beta-blockers 
and/or with long-acting nitrates. The non-dihydropyridines verapamil and 
diltiazem are an alternative to beta-blockers in stable CAD, and can be used alone 

(continued)
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myocardial perfusion by prolongation of diastole caused by the 
reduction in heart rate. Their antihypertensive action is a result 
of inhibition of the release of renin and production of angio-
tensin II, blockade of pre-synaptic alpha-adrenoreceptors that 
increase the release of norepinephrine from sympathetic nerve 
terminals, and decrease of central vasomotor activity and pe-
ripheral vasodilator activity mediated via alpha-1 adrenorecep-
tor blockade (e.g. with carvedilol and labetalol). Many additional 
myocardial effects have been described, such as improvement of 
myocardial energetics by inhibition of catecholamine-induced 
release of free fatty acids from adipose tissue, reduction of myo-
cardial oxidative stress, inhibition of cardiac apoptosis, and sub-
stantial improvement of cardiac remodelling. Beta-blockers also 
have anti-arrhythmic effects as a result of their reduction of heart 
rate, decrease of spontaneous firing of ectopic pacemakers, slow-
ing of conduction, and increase of the refractory period of the 
atrioventricular (AV) node [2].

Beta-blockers can be classified into non-selective agents (com-
bined beta-1 and beta-2 blockers), cardioselective beta-1 antag-
onists, and beta-blockers with vasodilatory properties through 
direct [possibly nitric oxide (NO)-mediated] vasodilation and 
added alpha-1 adrenergic blockade. Some beta-blockers, such 
as pindolol and acebutolol, show a weak agonist response (in-
trinsic sympathicomimetic activity) and can stimulate and block 
the beta-adrenoreceptor. However, they are used less frequently 
today. All beta-blockers have anti-arrhythmic properties by their 
class II activity. Sotalol is an unique long-acting non-selective 

Introduction
This chapter will discuss the important role of beta-blockers, 
ivabradine, angiotensin-converting enzyme inhibitors (ACEi), 
angiotensin-receptor blockers (ARBs), and calcium antagonists 
for either the primary or secondary prevention of cardiovascular 
disease (CVD). Also the concept of the polypill will be explained 
as well as our current knowledge on its efficacy, side effects, and 
cost-effectiveness. Drugs used to prevent thrombosis or for the 
management of risk factors such as dyslipidaemias, elevated blood 
pressure, or type 2 diabetes are discussed in  Chapters 17, 15, 
14, and 16, respectively. Vitamins, omega-3 fatty acids or other 
‘nutriceuticals’ are dealt with in  Chapter 11.

Beta-blockers
Mechanisms and cardiovascular effects
Beta-adrenergic antagonists, or beta-blockers, bind selectively 
to beta-adrenoreceptors, resulting in competitive and reversible 
antagonism of the effect of beta-adrenergic stimuli on various 
organs. Their prevention of the cardiotoxic effects of catechola-
mines plays a central role in the treatment of different CVDs [1]. 
Their anti-ischaemic actions are a result of a decrease in myo-
cardial oxygen demand due to the reduction in heart rate, car-
diac contractility, and systolic pressure. They may also increase 

or in association with other drugs to control the ventricular 
rate in atrial fibrillation or flutter or to prevent some su-
praventricular tachycardias. Despite great advances in the 
prevention and treatment of CVD, it remains one of the 
main causes of mortality and morbidity. Under the prin-
ciple that a large preventive effect for CVD would require 
intervention on everyone at increased risk irrespective of 
their risk factors levels, modifying several risk factors to-
gether, and reducing these by as much as possible, in 2003 
Wald and Law proposed the polypill concept. A polypill is 
a pill in which multiple medications effective in the preven-
tion of CVD (e.g. statins, antihypertensives, and aspirin) 
are combined in a single pill. The concept also includes the 
strategy of giving this combination pill to everyone over  
55 years of age and all those with existing CVD irrespective 
of age, and stopping all efforts focused on measuring risk 
factors and screening for CVD. Since the introduction of 
the concept, much debate has been generated regarding the 
potential role of a polypill in CVD prevention and treat-
ment, and multiple efforts have focused on developing and 
testing polypills. Further evaluation on the safety and long-
term efficacy of polypills is required, but initial reports are 
promising and polypills could soon play a crucial role in 
the treatment and prevention of CVD.

Clinical case

A 63-year-old man with a history of smoking and chronic ob-
structive pulmonary disease was admitted for a ST-segment el-
evation myocardial infarction that was treated in the acute phase 
with primary percutaneous coronary intervention and stenting 
of the proximal left anterior descending coronary artery. At dis-
charge his echocardiography showed a left ventricular ejection 
fraction of 45% due to apical hypokinesia without arguments for 
elevated filling pressures or significant valvular heart disease. He 
was discharged with a statin, dual antiplatelet therapy, carvedilol 
25 mg/day, and lisinopril 10 mg/day.

Two weeks later he is seen for his first out-patient consulta-
tion before the start of a cardiac rehabilitation programme. He 
has no angina and has stopped smoking. However, he mentions 
complaints of dyspnoea and wheezing. Physical examination 
shows no signs of fluid retention, but lung auscultation reveals 
mild wheezing and a prolonged expirium. His blood pressure is 
150/90 mmHg and his electrocardiogram shows a regular sinus 
rhythm 80 beats/min and Q waves in leads V1–V4. The exercise 
test was stopped because of dyspnoea but no clinical or electro-
cardiographic signs of ischaemia were noted. His maximal blood 
pressure was 220/100 mmHg.

Is this patient on an optimal drug treatment? How long should 
his beta-blocker and angiotensin-converting enzyme inhibitor be 
continued?



beta-blockers 253

beta-blocker with added class III anti-arrhythmic activity that 
is specifically used for the treatment of arrhythmias. Types and 
typical dosages of the most frequently used beta-blockers for pa-
tients with coronary artery disease and heart failure are summa-
rized in  Table 19.1 [1,2].

Indications
The indications for beta-blockers are summarized in  Boxes 19.1 
and 19.2. Beta-blockers are indicated for a wide range of patients 
with cardiac pathologies, including acute coronary syndrome 
(ACS), stable coronary artery disease (CAD), heart failure, and 
arrhythmias. Their place in the treatment of hypertension is dis-
cussed in  Chapter 14.

Table 19.1 Types and typical dosages of the most frequently used beta-blockers

ISA Lipid solubility Peripheral vasodilation Average daily oral dose

Non-selective antagonists:

Pindolol + + + 0 10–40 mg twice a day

Propranolol 0 + + + 0 40–160 mg twice a day

Sotalol* 0 0 0 80–160 mg twice a day

Timolol 0 + 0 5–40 mg twice a day

Selective beta-1 antagonists:

Atenolol 0 0 0 25–100 mg once a day

Bisoprolol 0 + 0 2.5–10 mg once a day

Celiprolol + + + 200–600 mg once a day

Esmolol 0 0 0 IV only

Metoprolol-SR 0 + 0 50–200 mg once/twice a day

Nebivolol 0 + + + + 2.5–10 mg once a day

Alpha-1 and beta antagonists:

Carvedilol

Labetalol 0 + + 3.125–50 mg twice a day

+ + + + + 200–800 mg twice a day

0, no effect; +, mild effect; ++, moderate effect; +++, strong effect.
ISA, intrinsic sympathicomimetic activity; IV, intravenous administration possible; SR, slow release.
*For ventricular arrhythmias and atrial fibrillation.
Source: data from Lopez-Sandon J, Swedberg K, McMurray J, Tamargo J, Maggioni A, Dargie H, Tendera M, Waagstein F, Kjekshus J, Lechat P, Torp-Pedersen C. Expert consensus 
document on β-adrenergic receptor blockers. The Task Force on Beta-Blockers of the European Society of Cardiology. Eur Heart J 2004; 25: 1341–1362 and Opie LH and Gersh BJ. Drugs 
for the heart, 7th Edition, 2009.  Chapter 1, pages 1–37. Saunders, Elsevier Inc.

Acute coronary syndrome
Several trials and meta-analyses have demonstrated that beta-
blockers reduce mortality and reinfarction by 20–25% in those 
who have recovered from an infarction. The best studied beta-
blockers for this indication are propranolol, metoprolol, carve-
dilol, and timolol, of which only carvedilol has been studied in the 
reperfusion era [2]. The European Society of Cardiology (ESC) 
ST-segment elevation myocardial infarction (STEMI) guidelines 
[3] state that beta-blockers should be used indefinitely in all pa-
tients who have recovered from a STEMI, especially in the pres-
ence of left ventricular (LV) dysfunction. Accordingly, the ESC 
non-STEMI guidelines [4] advocate the use of beta-blockers in all 
patients with reduced systolic function [left ventricular ejection 

Box 19.1 Practical tips and tricks for the use of beta-blockers in daily practice

◆	 Beta-blockers can be used in a variety of cardiovascular prob-
lems and are very effective for the symptomatic treatment of pa-
tients with effort angina or arrhythmias

◆	 Most evidence for reduction of cardiovascular events by beta-
blockers is available for patients after ACS, especially in the 
presence of LV dysfunction and patients with heart failure and 
reduced ejection fraction

◆	 Absolute contraindications include asthma and high-degree AV 
block (if no pacemaker)

◆	 COPD is not a contraindication—use a cardioselective 
beta-blocker

◆	 Start low and go slow in the elderly, in COPD, and in patients 
with heart failure

◆	 The most frequent side effects include: hypotension (bradycar-
dia); bronchospasm (cold extremities); central effects (fatigue, 
headache, sleep disturbances, vivid dreams, etc.), and increased 
insulin resistance (new onset diabetes—not with carvedilol and 
nebivolol)
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that treatment with a calcium antagonist such as verapamil SR or 
nifedipine SR resulted in similar cardiovascular event rates com-
pared with treatment with metoprolol CR or atenolol [5,9,10].

Finally, only one randomized controlled trial has examined 
the use of beta-blockers in a general post-coronary artery by-
pass graft (CABG) population; it found no differences in car-
diovascular outcomes at 2-year follow-up [11]. Therefore, in the 
absence of a history of MI or heart failure, there is little evidence 
to suggest that beta-blockers should be used routinely after 
CABG [12].

Heart failure
Several randomized trials with bisoprolol [13], carvedilol [14], and 
metoprolol CR/XL [15] in patients with mild to severely sympto-
matic heart failure and reduced ejection fraction have shown that 
treatment with beta-blockers reduces mortality (relative risk (RR) 
reduction ∼ 34% in each trial) and heart failure hospitalizations 
(RR reduction 28–36%) within about a year of starting treatment. 
These findings are supported by the SENIORS study in which el-
derly patients with heart failure (≥70 years, 36% with a LVEF > 
35%) were randomized to nebivolol versus placebo [16]. This trial 
showed a reduction in the RR of 14% in the primary composite 
end-point of death or cardiovascular hospitalization, but did not 
reduce mortality. However, bucindolol, a beta-blocker with par-
tial agonist properties, did not show a significant reduction in 
mortality and short-acting metoprolol tartrate (different from the 
long-acting succinate formulation used in the MERIT-HF trial) 
was inferior to carvedilol for increasing survival [17]. The 2012 
ESC guidelines for heart failure [18] recommend a beta-blocker 
in addition to an ACEi (or ARB if ACEi is not tolerated) for all 
patients with a LVEF ≤ 40% to reduce the risk of heart failure hos-
pitalization and of premature death. They should usually be initi-
ated in stable patients starting with a low dose and up-titrated over 
several weeks.

No treatment has yet been shown to significantly reduce 
morbidity and mortality in patients with heart failure and pre-
served ejection fraction (diastolic heart failure). In these patients 

fraction (LVEF) ≤ 40%] with or without symptoms of heart failure. 
They may be useful in other patients, but evidence for their long-
term benefit is not established.

Stable coronary artery disease
Beta-blockade is a very effective symptomatic treatment, alone or 
combined with another drug, in the majority of patients with clas-
sic effort angina [2,5]. It has been extrapolated from the post-in-
farction trials that beta-blockers may also reduce major outcomes 
in patients with stable CAD. However, this has not been proven in 
a placebo-controlled trial.

An analysis of the ACTION trial showed no mortality benefit 
of beta-blocker treatment for patients with stable angina pectoris 
[6]. Data from the Reduction of Atherothrombosis for Continued 
Health (REACH) Registry showed that in the CAD-without-
myocardial infarction (MI) group, rates of the primary end-point 
(composite of cardiovascular death, non-fatal MI, or non-fatal 
stroke) were not significantly different in patients with versus 
those without beta-blockers [12.9% versus 13.6%; hazard ratio 
(HR) 0.92, p = 0.31]. In fact, for the secondary end-point (pri-
mary outcome plus hospitalization for atherothrombotic events 
or a revascularization procedure), outcomes were actually worse 
among those who used beta-blockers compared with those who 
did not [30.6% versus 27,8%, odds ratio (OR) 1.14, p = 0.01] [7]. 
The latest American Heart Association (AHA)/American College 
of Cardiology Foundation (ACCF) secondary prevention guide-
lines also stress the fact that evidence supporting the use of beta-
blockers is greatest among patients with recent MI (<3 years) and/
or left ventricular systolic dysfunction (LVEF ≤ 40%). For patients 
without these class I indications, beta-blocker therapy is consid-
ered optional (class IIa or IIb) [8]. In this era of modern medical 
and reperfusion therapy there is clearly a need for randomized 
trials to actually define which patients with stable CAD are best 
suited to beta-blocker therapy and to identify the optimal dura-
tion of treatment.

Larger studies (including APSIS and TIBET) comparing beta-
blockers with calcium antagonists for stable angina have shown 

Box 19.2 Practical tips and tricks for the use of beta-blockers in patients with heart failure

◆	 Use evidence-based beta-blockers (carvedilol, bisoprolol, meto-
prolol, nebivolol)

◆	 In case of an episode of exacerbation of heart failure, start only 
after clinical stabilization

◆	 Start low and go slow (up-titration after a minimum of 2 weeks)
◆	 In case of symptomatic hypotension (<90 mmHg):

●	 evaluate the need for other blood pressure-lowering drugs (ni-
trates, calcium antagonists, other vasodilators)

●	 if no signs of congestion, first reduce the diuretic dose
●	 if persistent: reduce dose of beta-blockers and get specialist 

advice
◆	 In case of bradycardia (<50 beats/min):

●	 evaluate the need for other heart rate-lowering drugs (digox-
ine, amiodarone, ivabradine)

●	 if symptomatic bradycardia: reduce dose of beta-blockers
●	 if persistent: further reduce/stop beta-blocker, ECG, specialist 

advice
◆	 In case of increase of heart failure signs or symptoms:

●	 if increased signs of congestion increase the dose of diuretics 
and, if needed, reduce the dose of beta-blocker

●	 if more complaints of fatigue: decrease the dose of beta-
blocker—re-evaluate after 1–2 weeks and specialist advice

●	 if severe clinical deterioration: reduce dose or stop beta-
blocker and seek specialist advice
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with asthma. However, chronic obstructive pulmonary disease 
(COPD) in which airway obstruction is irreversible is not a con-
traindication. There is evidence from randomized controlled 
trials that beta-blockers reduce mortality by 15–43% in patients 
with coexistent COPD and CAD [22,23]. In these patients beta-
1-selective beta-blockers should be started at a low dose and up-
titrated slowly. As asthma and COPD may coexist, lung function 
should be monitored. Mild deterioration in pulmonary function 
and symptoms should not lead to prompt discontinuation, but if 
symptoms worsen a reduction of the dosage or withdrawal may be 
necessary [24].

Central effects of beta-blockers include fatigue, headache, sleep 
disturbances, vivid dreams, and depression. Beta-blockers may 
also cause or aggravate impotence and loss of libido. However, 
some studies suggest that erectile dysfunction is no more com-
mon with beta-blockers than with other drugs prescribed for 
heart failure or hypertension and that the anxiety of knowing that 
beta-blockers may cause erectile dysfunction may be enough to 
produce this supposed side effect [24].

Ivabradine
Mechanisms and cardiovascular effects
Ivabradine is a specific heart-rate-lowering agent which acts on 
the sinoatrial node cells by selectively and specifically inhibiting 
the pacemaker If current in a dose-dependent manner. As a result, 
it reduces heart rate while preserving the force of contraction, car-
diac conduction, and blood pressure [25]. Heart rate reduction 
with ivabradine reduces angina symptoms and improves exercise 
tolerance [26], and these effects were at least comparable (and even 
better for exercise tolerance) to treatment with atenolol [27]. The 
ASSOCIATE trial showed that these beneficial effects persisted on 
top of atenolol (50 mg) [28].

The prognostic value of ivabradine in patients with CAD was 
evaluated in the BEAUTIFUL study, a randomized, double-blind, 
parallel-group trial carried out in 10 917 patients with document-
ed stable CAD, LVEF < 40% and a resting heart rate ≥ 60 beats/
min. Patients were randomized to either ivabradine or matching 
placebo on top of optimal preventive therapy and were followed 
up for 19 months. There was no measurable effect of treatment on 
the primary end-point in the overall population, but in patients 
with elevated heart rate (≥70 beats/min) ivabradine reduced the 
risk of fatal and non-fatal MI by 36% (p = 0.001) and coronary 
revascularization by 30% (p = 0.016) [29]. A post hoc subgroup 
analysis in 1507 patients in the BEAUTIFUL study with limiting 
angina at baseline confirmed a 24% reduction of the primary end-
point in patients randomized to ivabradine [30]. The on-going 
SIGNIFY trial is testing the hypothesis that ivabradine improves 
the prognosis of patients with CAD and normal LV function with 
a heart rate ≥ 70 beats/min [31].

The SHIFT trial evaluated the prognostic value of ivabradine 
in patients with systolic heart failure. In this randomized, double-
blind, placebo-controlled, parallel-group trial, 6558 patients with 

beta-blockers may be used to control the ventricular rate of atrial 
fibrillation or improve myocardial ischaemia.

Arrhythmia
Beta-blockers can be used to slow the heart rate in different ar-
rhythmias including sinus tachycardia, supraventricular tachycar-
dias, and atrial flutter or atrial fibrillation [1,19] Beta-blockers are 
also effective in the control of ventricular arrhythmias related to 
sympathetic activation, ACS, and heart failure, including the pre-
vention of sudden cardiac death [1,3,4,18].

Other indications
Beta-blockers can have a place in the treatment of other clinical 
entities such as aortic dissection, hypertrophic cardiomyopathy, 
and vasovagal syncope [1]. In the setting of non-cardiac surgery 
they are recommended in patients scheduled for high-risk sur-
gery (such as vascular surgery) and in some patients scheduled 
for intermediate-risk surgery. In these patients, treatment should 
be initiated optimally between 30 days and at least 1 week before 
surgery, with a target heart rate of 60–70 beats/min and a systolic 
blood pressure > 100 mmHg [20].

Finally, for patients with only risk factors for CAD, data from 
the REACH Registry showed that the rates of the primary end-
point (composite of cardiovascular death, non-fatal MI, or non-
fatal stroke) were actually higher in patients taking beta-blockers 
with versus those without (14.2.% versus 12.1%; HR 1.18, p = 0.02) 
[7]. Therefore, beta-blockers cannot be routinely recommended 
for such patients.

Contraindications and side effects
Treatment with beta-blockers may result in adverse events, espe-
cially when they are used in large doses ( see Boxes 19.1 and 
19.2). The most important cardiovascular adverse effects are 
extreme bradycardia and AV block (especially in patients with 
impaired sinus node or AV node function) as well as hypoten-
sion with dizziness or fatigue. Cold extremities and Raynaud’s 
phenomenon may also occur, although this is less pronounced 
with cardioselective agents [1,2]. In patients with heart failure, 
continuation during an episode of heart failure exacerbation has 
been shown to be safe, although dose reduction may be neces-
sary. Temporal discontinuation is advised in shocked or severely 
hypoperfused patients. Reinstitution of treatment should be at-
tempted before discharge [18].

Increased insulin resistance and a higher incidence of new-
onset diabetes were reported in early trials with beta-blockers, 
although newer agents such as bisoprolol and carvedilol have 
no negative effects on glucose metabolism [2]. In patients with 
insulin-dependent diabetes some warning symptoms of hypo-
glycaemia (tremor, tachycardia) may be masked by non-selective 
beta-blockers, and therefore cardioselective agents are preferred 
[1]. Importantly, ESC guidelines recommend treatment with be-
ta-blockers for all diabetic patients with ACS, post-MI, and heart 
failure [21].

Beta-blockers can lead to a life-threatening increase in air-
way resistance, and are therefore contraindicated in patients 
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[37–39]. The benefits of ACEi are due to their vasodilating, 
anti-inflammatory, plaque-stabilizing, antithrombotic, and an-
tiproliferative effects [33].

ARBs have similar properties to ACEi, but with a better toler-
ability profile. Since they are more expensive and appeared later 
they are usually considered as an alternative for patients intolerant 
to ACEi due to non-productive cough or any other reason. They 
share most of the indications and contraindications for ACEi.

DRi (e.g. aliskiren) are the most recent class and are not so well 
studied; for the moment they only have a clinical indication in 
hypertension. Aliskiren has not been studied in heart failure, sec-
ondary prevention after myocardial infarction, stroke, or stable 
angina.

AAs (e.g. spironolactone and eplerenone) have a good evidence 
of benefits in heart failure in acute MI.

ACEi, ARBs, and DRi act by blockade of the RAAS, with ben-
eficial effects through the cardiovascular risk continuum, either in 
the presence of only cardiovascular risk factors (hypertension, hy-
percholesterolaemia, diabetes, and chronic kidney disease) or in 
the context of clinical entities such as acute MI, stroke, and heart 
failure.

The end result of the activation of the RAAS is the production 
of angiotensin II at the renal level, which in the short term results 
in vasoconstriction, retention of sodium and water, and increased 
arterial pressure and myocardial contractility with the aim of 
preserving blood pressure. Vascular smooth muscle and cardiac 

symptomatic heart failure, LVEF ≤ 35%, sinus rhythm with a heart 
rate ≥ 70 beats/min, and a stable background treatment including 
a beta-blocker if tolerated were randomized between ivabradine 
and placebo. After a median follow-up of 23 months, there was an 
18% (p < 0.0001) reduction in the primary end-point (composite 
of cardiovascular death or hospital admission for worsening heart 
failure) in the ivabradine group. The effects were mainly driven by 
hospital admissions for worsening heart failure and deaths due to 
heart failure [32].

Indications
Based on the studies mentioned in ‘Mechanisms and cardiovas-
cular effects’, the European Medicines Agency (EMA) stated in 
2012 that ivabradine is indicated for symptomatic treatment of 
chronic stable angina pectoris in CAD patients with normal sinus 
rhythm, in patients unable to tolerate or with a contraindication to 
the use of beta-blockers, and in combination with beta-blockers in 
patients who are inadequately controlled with an optimal dose of 
beta-blockers and whose heart rate is > 60 beats/min.

The 2012 ESC guidelines for chronic heart failure [18] state 
that ivabradine should be considered to reduce the risk of 
heart failure hospitalization in patients in sinus rhythm with a 
LVEF ≤ 35%, a heart rate remaining at 70 or more beats/min, 
and persisting symptoms (NYHA class II–IV) despite optimal 
medical treatment including beta-blockers (class IIa, level 
of evidence B). In patients who are unable to tolerate a beta-
blocker, it may be considered to reduce the risk of heart failure 
hospitalization in patients in sinus rhythm, with a LVEF ≤ 35% 
and a heart rate remaining at 70 beats/min or more (class IIb, 
level of evidence C).

Contraindications and side effects
The most common side effects with ivabradine are visual side ef-
fects or ‘phosphenes’ (a temporary brightness in the field of vi-
sion). Ivabradine must not be used in patients who have a resting 
heart rate below 60 beats/min, very low blood pressure, various 
types of heart disorder (including cardiogenic shock, rhythm dis-
orders, heart attack, acute heart failure, and unstable angina), or 
severe liver problems.

Renin–angiotensin–aldosterone 
receptor blockers (ACEi, ARBs, renin 
blockers, and aldosterone antagonists)
Mechanisms and cardiovascular effects
There are four classes of RAAS receptor blockers: ACEi, ARBs, 
aldosterone antagonists (AAs), and direct renin inhibitors (DRi) 
[33,34] ( see Table 19.2).

ACEi, the most used and studied type of RAAS blocker, have 
a class I indication in the ESC guidelines in hypertension [35], 
diabetes mellitus [21], heart failure [18], secondary preven-
tion for stable CAD [36], and in the acute phase and post-MI 

Table 19.2 RAAS blockers

Class Drug Usual daily dose

Heart failure Hypertension

ACEi Captopril 6.25–50 mg, t.i.d. 12.5–50 mg, t.i.d.

Zofenopril 7.5–30 mg, b.i.d. 30 mg, b.i.d. or 60 mg, o.d.

Benazepril – 10–40 mg, o.d. or b.i.d.

Enalapril 2.5–20 mg, b.i.d. 2.5–20 mg, b.i.d.

Lisinopril 2.5–40 mg, b.i.d. 2.5–40 mg, b.i.d.

Perindopril 2–16 mg, o.d. 4–16 mg, o.d.

Quinapril 5–20 mg, b.i.d. 10–40 mg, o.d.

Ramipril 1.25–10 mg, o.d. 2.5–20 mg, o.d.

Fosinopril 10–40 mg, o.d. 10–80 mg, o.d.

ARB Candesartan 4–32 mg, o.d. 8–32 mg, o.d.

Eprosartan – 400–800 mg, o.d.

Irbesartan – 150–300 mg, o.d.

Losartan – 25–100 mg, o.d.

Olmesartan – 20–40 mg, o.d.

Telmisartan – 20–80 mg, o.d.

DRi Aliskiren – 150–300 mg, o.d.

AA Spironolactone 12.5–50 mg, o.d. 25–50 mg, o.d. or b.i.d.

Eplerenone 25–50 mg, o.d. 50–100 mg, o.d.; 50 mg, b.i.d.

RAAS, renin–angiotensin–aldosterone system; ACEi, angiotensin-converting enzyme 
inhibitors; ARB, angiotensin receptor blocker; AA, aldosterone antagonist; DRi, direct 
renin inhibitors; t.i.d., three times a day; b.i.d., twice a day; o.d., once a day.
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Indications
 Table 19.3 shows the recommendations for RAAS blockers in 
the ESC guidelines.

High-risk individuals and patients with diabetes
The HOPE trial [40] (ramipril versus placebo) studied 9297 high-
risk patients (with vascular disease or diabetes plus at least one 
more risk factor) and demonstrated reductions of 26% for cardio-
vascular death, 20% for MI, 32% for stroke, and 33% for heart fail-
ure with even better results in the diabetes cohort [41].

ACEi also proved to be beneficial in hypertension, reducing 
mortality (HYVET [42]) and/or cardiovascular events (HYVET-
Pilot [43], HYVET [42]), although some trials like CAPP [44] 
(captopril versus diuretics or beta-blockers) and STOP 2 [45] 
[diuretic or beta-blockers versus ACEi or calcium channel block-
ers (CCBs)] did not show any benefit regarding the comparator 
regime. ACEi are also recognized as one of the best pharmaco-
logical groups for diminishing LV hypertrophy [46], a parameter 
implicated in cardiovascular risk.

Regarding ARBs, losartan showed superiority versus ateno-
lol in the LIFE study [47], by reducing the risk of cardiovascular 
death, stroke, or acute MI, while decreasing blood pressure and 
LV hypertrophy. In the VALUE trial [48], valsartan was com-
pared with amlodipine in hypertensive or high-risk patients and 

hypertrophy and fibrosis are deleterious effects found with long 
term use.

Renin production, the first step in this chain of reactions, 
occurs at the level of the juxtaglomerular apparatus when its 
perfusion decreases. Renin catalyses the conversion of angio-
tensinogen to angiotensin I, which is hydrolysed by angiotensin-
converting enzyme (ACE) into angiotensin II. At the end of the 
process angiotensin II will act at the suprarenal cortex releasing 
aldosterone, which is a potent vasoconstrictor and will increase 
the circulating volume by retention of salt and water. Should 
an increase in perfusion occur at the juxtaglomerular appara-
tus, the release of renin will be inhibited by a negative feedback 
mechanism.

ACEi act by inhibiting the transformation of angiotensin I into 
angiotensin II, ARBs by blocking the angiotensin II receptor sub-
type 1, and AAs antagonize the effects of aldosterone.

There are also alternative pathways, the so-called non-ACE 
pathways, to convert angiotensinogen into angiotensin II, through 
tissue plasminogen activator, cathepsin, and tonin, and angioten-
sin I to angiotensin II by chymase and cathepsin, explaining the 
so-called ‘angiotensin II escape’ to ACEi.

As well as the already described classical RAAS pathway in 
the circulation it also exists at the tissue level and works in a 
complementary manner to the former by paracrine or autocrine 
activity.

Table 19.3 Class of recommendation for RAAS blockers in the ESC guidelines

Class

ESC guideline

Prevention, 2012 [36]
Acute MI with ST-elevation,  
2008 [3]

ACS without ST-elevation,  
2011 [4]

Acute and chronic HF,  
2012 [18]

ACEi IA: Recommended for the 
initiation and maintenance of 
antihypertensive treatment, 
especially in diabetics

IA: In all patients without 
contraindication

IB: In all patients, to prevent 
recurrence of ischaemic  
episodes
IA: Within 24 hours in all patients 
with LVEF ≤ 40% and HF, diabetes, 
hypertension or CKD, unless 
contraindicated

IA: To reduce hospitalizations and 
premature death in addition to a 
beta-blocker

ARB IA: Recommended for the 
initiation and maintenance of 
antihypertensive treatment, 
especially in diabetics

IB: In all patients without 
contraindications who do not 
tolerate ACEi

IB: For patients intolerant to ACEi IA: To reduce hospitalizations and 
premature death in addition to a 
beta-blocker, in patients intolerant 
to an ACEi or AA

DRi No indication No indication No indication No indication

AA No indication IB: If LVEF ≤ 40% and signs  
of heart failure or diabetes  
if creatinine is <2.5 mg/dl in 
men and <2.0 mg/dl in  
women and potassium is  
<5.0 mEq/L

No indication IA: To reduce hospitalizations and 
premature death to all patients 
with persisting symptoms

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; AA, aldosterone antagonist; DRi, direct renin inhibitors; LVEF, left ventricular ejection fraction;  
HF, heart failure; CKD, chronic kidney disease; IA, general agreement that the treatment is beneficial/useful/effective, based on data derived from multiple randomized clinical  
trials or meta-analysis; IB, general agreement that the treatment is beneficial/useful/effective, based on data derived from a single randomized clinical trial or large non-randomized 
studies.
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Heart failure
The benefits of ACEi in heart failure were demonstrated in several 
randomized controlled trials using enalapril (CONSENSUS [64], 
V-HeFT II [65], and SOLVD prevention [66] and treatment [67]), 
which showed improvement in clinical symptoms and reductions 
in mortality and hospitalizations.

ARBs were compared with ACEi in patients with heart failure, 
alone or in combination. In ELITE I [68] losartan was similar 
to captopril in terms of mortality and renal dysfunction, and in 
HEAAL [69] it was shown that a higher dose of 150 mg provided 
larger reductions in mortality and readmissions compared with a 
lower dose (50 mg). In CHARM, candesartan was studied alone 
[51] and as an alternative [70] to ACEi: a 30% reduction in cardio-
vascular death or heart failure hospitalizations was demonstrated. 
Lee et al. [71] found in a meta-analysis that ARBs reduce mortality 
and heart failure hospitalizations in patients with congestive heart 
failure by a similar magnitude to ACEi.

Aliskiren, a DRi, was tested versus placebo in the ALOFT 
trial [72], a surrogate end-points study, and was shown to lower 
N-terminal pro-brain natriuretic peptide, brain natriuretic pep-
tide, and urinary aldosterone more than placebo.

The AAs spirolactone and eplerenone are useful complements in 
patients with heart failure to the RAAS blockade provided by ACEi 
or ARBs. They provide additional protection because they counter-
act the so-called ‘angiotensin II escape’ and block the direct effect of 
aldosterone, which has additional deleterious effects to angiotensin 
II on the heart. Spironolactone was used in RALES [73], a trial in 
patients having NYHA class III and IV heart failure, and produced 
a 30% reduction in RR of death over 2 years, with a decreased num-
ber of readmissions and improvement in NYHA class. Eplerenone, 
a drug similar to spironolactone, was tested in EPHESUS [74] in 
patients with acute MI and also reduced mortality at 1 year.

Other indications
ACEi and ARBs were evaluated in some small trials for other indi-
cations like prevention of new onset and recurrence of atrial fibril-
lation, in association with amiodarone for maintenance of sinus 
rhythm after electrical cardioversion, with the rationale that they 
could counteract atrial remodelling, but the scientific evidence at 
present is not fully conclusive.

With regard to stroke prevention, there is much evidence in fa-
vour of ACEi used alone or in combination with a diuretic or a 
CCB, after trials like HOPE [40] where ramipril reduced the RR 
(32% for any stroke and 61% for fatal stroke) and PROGRESS [75] 
(perindopril ± indapamide versus placebo), in patients with a pre-
vious stroke or transient ischaemic attack, which showed a 28% 
(for perindopril alone) and 43% (perindopril ± indapamide) re-
duction of recurrent stroke.

ARBs have also been studied in primary and secondary preven-
tion trials like LIFE [47] (losartan), SCOPE [76] (candesartan), 
MOSES [77] (eprosartan), TRANSCEND [78], and ONTARGET 
[79] (telmisartan) for stroke prevention and demonstrated impor-
tant reductions in RR for stroke and acute MI. Besides these un-
questionable benefits, there is some evidence after the PRoFESS 

demonstrated to be equivalent in lowering cardiac mortality and 
morbidity. In both the LIFE and VALUE studies, ARBs showed a 
lower incidence of new cases of diabetes.

In the ONTARGET study [49], which enrolled high-risk car-
diovascular patients, telmisartan showed similar cardioprotection 
when compared with ramipril with the advantage of being better 
tolerated. In a meta-analysis published in 2012 by McAlister et al. 
[50] it was shown that ACEi or ARBs are beneficial in patients 
with, or at an increased risk for, atherosclerotic disease even if 
their systolic pressure is <130 mmHg before treatment.

The cardiovascular benefits of ACEi and ARBs seem to be relat-
ed to their ability to reduce blood pressure and insulin resistance 
and to provide renal protection. Insulin resistance was decreased 
in HOPE [40] and CHARM [51], respectively, by ramipril and 
candesartan.

In summary, ACEi or ARBs are widely used in the presence of 
hypertension, diabetes, or chronic kidney disease to prevent car-
diovascular events and progression of nephropathy.

Aliskiren, a DRi, was tested in several hypertension trials alone 
or in association with an ACEi or an ARB and showed clinical effi-
cacy by itself, which increased when in combination with ramipril 
or valsartan. Aliskiren was also used in the AVOID study [52] in 
combination with losartan in patients with diabetes, hyperten-
sion, and proteinuria and reduced the albumin/creatinine ratio by 
20% compared with losartan alone.

In resistant hypertension, spironolactone, as part of a combina-
tion therapy, may provide further reductions in blood pressure as 
shown in the ASCOT study [53].

Coronary artery disease
The EUROPA study [54] randomized stable CAD patients for 
perindopril versus placebo. The composite end-point of non-fatal 
acute MI, cardiovascular death, and resuscitated cardiac arrest 
was modestly lower. PEACE [55] and ACCOMPLISH [56] both 
demonstrated similar results.

The mid 1990s saw the first generation of trials in acute MI using 
an ACEi in unselected patients, for example ISIS-4 [57], (captopril 
versus placebo) and GISSI-3 [58] (lisinopril versus open control), 
where unequivocal but mild mortality benefits were obtained. In a 
second generation of trials on LV dysfunction or overt congestive 
heart failure, like SAVE [59] (captopril versus placebo), AIRE [60] 
(ramipril versus placebo), and TRACE [61] (trandolapril versus 
placebo), larger benefits were detected on mortality, hospitaliza-
tion, and CHF progression.

In summary, interesting reductions in mortality and cardiovas-
cular events were demonstrated with the use of ACEi in post-acute 
MI patients, with or without LV dysfunction, with or without 
overt congestive heart failure, probably due to their anti-LV re-
modelling and anti-atherosclerotic effects.

ARBs are less studied in the post-acute MI setting. In the 
OPTIMAAL trial [62], which enrolled patients with congestive 
heart failure, losartan demonstrated similar outcomes to capto-
pril, although it was slightly better tolerated. In the VALIANT trial 
[63], valsartan was compared with captopril and showed similar 
mortality.
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Angio-oedema is a rare but potentially life-threatening side ef-
fect of ACEi. It is easy to recognize in the presence of severe dysp-
noea due to oedema of the larynx, but it can be more difficult to 
recognize if it becomes overt by mild gastrointestinal symptoms, 
like nausea, vomiting, diarrhoea, and colic.

ACEi and ARBs may have other important side effects like hy-
potension, deterioration of renal function, and hyperkalaemia. 
Hypotension and acute impairment of renal function occur more 
frequently after the first dose, due to angiotensin II withdrawal in 
salt- and volume-depleted patients (e.g. patients under high doses 
of diuretics) or patients with congestive heart failure who have 
high plasma renin activity. Deterioration of renal function occurs 
in the same type of patients (hyponatraemic or elderly). Usually, if 
significant renal dysfunction is found upon starting an ACEi or an 
ARB the presence of bilateral renal artery stenosis or single kidney 
artery stenosis must be ruled out. Renal dysfunction normalizes a 
few days after drug interruption in almost all patients.

Hyperkalaemia, due to a decrease in aldosterone secretion 
secondary to an ACEi, an ARB, or an AA, typically occurs in pa-
tients with some degree of renal or hepatic dysfunction and can 
be relatively common in patients with congestive heart failure, the 
elderly, or diabetic patients, especially if they are under potassium 
supplements, any combination of AA/ACEi/ARB, or a non-steroi-
dal anti-inflammatory drug (NSAID).

ACEi can produce some degree of proteinuria. The presence 
of proteinuria previously to starting an ACEi or an ARB is not a 
contraindication.

High doses of captopril have been related to cutaneous rash, 
neutropenia, taste abnormalities, and nephrotic syndrome. These 
manifestations were presumed to be due to the sulphydryl group of 
captopril and are much rarer with daily doses below 100–150 mg.

[49] trial that ARBs should be considered as an alternative in 
ACEi-intolerant patients for stroke prevention, but not as first 
choice medication.

Contraindications and side effects
 Box 19.3 lists practical tips and tricks for RAAS blockers in 
daily practice.

Contraindications
ACEi and ARBs are formally contraindicated in previous severe 
aortic stenosis, angio-oedema, or bilateral renal artery stenosis. 
ACEi can also produce teratogenic effects, which implicates their 
interruption in pregnancy.

Moderate renal insufficiency (serum creatinine < 3 mg/dl), 
mild hyperkalaemia (K+ < 6.0 mEq/L), and asymptomatic low 
blood pressure are not formal contraindications to ACEi or ARBs, 
but in these cases they must be started at low doses, small dosage 
increases must be performed, and renal function closely moni-
tored. If potassium rises to over 6.0 mEq/L or creatinine increases 
by more the 50% over the baseline value or exceeds 3 mg/dl the 
drugs must be stopped.

Side effects
Non-productive cough is the most frequent side effect related 
to ACEi, being present in 5–10% of patients, starting a week to 
several months after drug initiation. It is frequently unnoticed by 
patients. It may be related to increased levels of bradykinin and/
or substance P in the lungs due to ACE inhibition. This side effect 
is not dose dependent and disappears in 1 or 2 weeks after drug 
interruption. The alternative use of ARBs to an ACEi is mainly 
justified by their lower incidence of this side effect.

Box 19.3 Practical tips and tricks for RAAS blockers in daily practice

Indications for ACEi/ARBs
◆	 Arterial hypertension (alone or in combination with a diuretic, 

CCB, or beta-blocker):
●	 metabolic syndrome
●	 diabetes or diabetic nephropathy
●	 renal dysfunction or proteinuria or microalbuminuria
●	 LV hypertrophy
●	 angina pectoris
●	 previous ACS, with or without ST-elevation
●	 heart failure and LV dysfunction

◆	 Coronary artery disease:
●	 angina pectoris
●	 acute phase or post-ACS, with or without ST-elevation

◆	 Heart failure
Contraindications for ACEi/ARBs
◆	 Severe aortic stenosis
◆	 Angio-oedema
◆	 Bilateral renal artery stenosis

◆	 Hypotension
◆	 Hyperkalaemia
◆	 Pregnancy
Most frequent important side effects for ACEi/ARBs
◆	 Dry cough (specially with ACEi, rare with ARBs)
◆	 Hypotension
◆	 Deterioration of renal function
◆	 Hyperkalaemia
Other points
◆	 Aldosterone antagonists (spironolactone and eplerenone) 

proved to be beneficial in heart failure related or not to acute MI.
◆	 The DRi aliskiren is for the moment only indicated for 

hypertension.
◆	 Special precautions: in the presence of high-dose diuretic ther-

apy, hyponatraemia, hypotension, and in the elderly, start all 
RAAS blockers at low doses and increase slowly (not before 2 
weeks) until the target recommended dose in ESC guidelines is 
achieved. Monitor renal function and serum potassium closely.
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High-risk individuals and patients with diabetes
DHP-type CCBs are relatively well tolerated and can be com-
bined with other antihypertensive drugs, they can be used in the 
presence of end-stage chronic kidney disease, and they do not 
have any serious side effects. Like other groups of antihyperten-
sive drugs, they reduce LV hypertrophy, an important risk factor 
for cardiovascular events in the context of hypertension. Nifedi-
pine reduced progression of asymptomatic atherosclerosis in the  
INTACT trial [84] and improved endothelial function in the 
 ENCORE II study [85].

CCBs are especially indicated for the treatment of isolated sys-
tolic hypertension, hypertension in black people, and high blood 
pressure during pregnancy [86]. They do not have any limitation 
in chronic kidney disease, even in end-stage disease or in patients 
under haemodialysis.

AAs can induce oligomenorrhoea in women and men can ex-
perience gynaecomastia, breast pain, or impotence (more com-
mon with spironolactone then with eplerenone). Special caution 
must be taken in the presence of increased levels of potassium 
(>5 mEq/L) or creatinine, namely in type 2 diabetic patients 
with hypertension and microalbuminuria, due to the risk of 
hyperkalaemia.

After ONTARGET [79] the double or triple drug combination 
regime of ACEi/ARBs/AAs is not indicated due to the risk of se-
vere hyperkalaemia and renal dysfunction. The only exception, 
cited in the ESC 2012 heart failure guidelines [36] is symptomatic 
heart failure after optimal medical treatment, taking into consid-
eration the mild reduction in mortality (11%, p = 0.086) found in 
Val-HeFT [80] and CHARM-Added [81].

Calcium antagonists
Mechanisms and cardiovascular effects
CCBs are a heterogeneous group of drugs that have in common 
the ability to produce vasodilatation in coronary and peripheral 
arteries, where they can markedly lower peripheral resistance. 
This property makes them very useful in hypertension and CAD, 
namely in stable angina pectoris and vasospasm angina [82,83].

CCBs can be divided in two main classes of drugs: dihydropyri-
dines (DHPs) and non-dihydropyridines (non-DHPs), subdivid-
ed into benzothiazepines (e.g. diltiazem) and phenylethylamines 
(e.g. verapamil).

DHPs (e.g. nifedipine, amlodipine, felodipine, isradipine, lac-
idipine, lercanidipine, and nisoldipine) are almost pure vasodila-
tors without any significant effect on LVEF or the heart conduction 
system. The last five have increased arteriolar selectivity compared 
with nifedipine and amlodipine.

The non-DHPs (diltiazem and verapamil), although not so po-
tent as vasodilators, can slow heart rate and AV conduction and 
decrease myocardial contractility, similarly to beta-blockers to 
which they are an alternative in management of angina pectoris 
or supraventricular arrhythmias in case of contraindication such 
as asthma.

The main indication for CCBs is in the treatment of arterial 
hypertension, where they have been shown to decrease LV hy-
pertrophy, stroke incidence, and progression of atherosclerosis 
and ameliorate endothelial dysfunction. CCBs are neutral regard-
ing metabolic cardiovascular risk factors such as diabetes and 
hypercholesterolaemia.

In the context of stable CAD, CCBs can be used to control an-
gina when the classical drug regime involving a beta-blocker and a 
long-acting nitrate fails. They are also specifically indicated in the 
presence of uncontrolled hypertension, intermittent claudication, 
or Raynaud’s phenomenon.

Indications
 Tables 19.4 and 19.5 show the indications/magnitude of effect 
by pharmacological class and dosages, respectively, for CCBs.

Table 19.4 Calcium channel blockers: indications/magnitude of 
effect by pharmacological class

Indication Class of calcium channel blocker

Phenylethylamines 
(verapamil)

Benzothiazepines 
(diltiazem)

Dihydropyridines 
(amlodipine)

Hypertension + + + + + +

Angina 
(vasospasm or 
effort)

+ + + + + + + + +

Paroxysmal 
supraventricular 
tachycardia

+ + + + + –

Atrial flutter 
and fibrillation

+ + + + –

Hypertrophic 
cardiomyopathy

+ + – –

Raynaud’s 
syndrome

+ + + + + +

–, no effect/not indicated; +, mild effect/efficacy; + +, moderate effect/efficacy; + + +, 
intense effect/efficacy.

Table 19.5 Calcium channel blocker (CCB) drug dosing

CCB class Drug Form, dose, and frequency

Short acting Long acting

Phenylethylamines Verapamil 40–80 mg, t.i.d. 120–480 mg, o.d.

Benzothiazepines Diltiazem 60–90 mg, t.i.d. 120–480 mg, o.d.

Dihydropyridines Amlodipine 2.5–10 mg, o.d.

Felodipine 2.5–20 mg, o.d.

Isradipine 2.5–10 mg, b.i.d. 5–20 mg, o.d.

Lacidipine 2–4 mg, o.d.

Lercanidipine 10–20 mg, o.d.

Nicardipine 20–40 mg, t.i.d. 30–120 mg, o.d.

Nifedipine 5–10 mg, t.i.d. 30–120 mg, o.d.

Nisoldipine 10–40 mg, b.i.d.

o.d., once a day; b.i.d., twice a day; t.i.d., three times a day.
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Although CCBs have been shown to delay progression of ath-
erosclerosis and improve endothelial function in small mechanis-
tic studies, in the ACTION trial [102], a multicentre, randomized 
controlled trial with long-acting nifedipine (60 mg, once a day) 
compared with placebo in patients with CAD, no positive effects 
could be demonstrated for CCBs as secondary prevention drugs 
(unlike ACEi or ARBs).

The DAVIT-I and DAVIT-II studies taken together demon-
strated that verapamil has positive effects in non-ST elevation 
ACS [103] in patients with preserved LV function, showing 
significant reductions in sudden death, reinfarction, and 
total mortality [38]. Moss et al. described similar results for 
diltiazem in the Multicenter Diltiazem Postinfarction Trial 
[104].

CCBs have not been shown to be useful in ST elevation ACS. 
On the contrary, in the HINT trial (nifedipine versus metoprolol) 
an excess rate of reinfarction was found in the nifedipine group, 
necessitating premature stoppage of the trial [105].

Heart failure
CCBs are not recommended in the ESC heart failure guidelines, 
probably as a consequence of the negative inotropism of non-
DHPs and the lack of a specific indication for non-DHPs [18,106]. 
In the PRAISE [107] and V-HeFT III [108] trials, amlodipine and 
felodipine, respectively, were shown to cause no harm to patients 
with heart failure if there is still a requirement to treat hyperten-
sion or angina after the use of ACE/ARBs and diuretics for hy-
pertension or a beta-blocker with a long-acting nitrate for angina 
pectoris.

Other indications
Nifedipine has proved to be useful in hypertension during 
pregnancy without causing teratogenic effects or complica-
tions of the peripartum [109]. Nifedipine and diltiazem have 
been shown to improve symptoms in pulmonary arterial hy-
pertension in some cases when vasoreactivity is still present 
[110].

Due to their peripheral vasodilatation properties, CCBs can be 
used in intermittent claudication and Raynaud’s syndrome. They 
may be chosen as a first-line drug or as an alternative to beta-
blockers, which frequently worsen the complaints.

Non-DHPs like verapamil and diltiazem have been shown to 
be an alternative to beta-blockers in the setting of hypertrophic 
cardiomyopathy [111,112]. They are also useful for controlling the 
ventricular rate in the setting of multifocal atrial tachycardia, atri-
al flutter, or fibrillation [113,114], alone or in combination with 
digoxin or a beta-blocker due to their property of slowing conduc-
tion and prolonging refractoriness in the AV node. In paroxys-
mal supraventricular tachycardia verapamil and diltiazem can be 
used intravenously to abort the tachycardia or orally to prevent 
the recurrence of arrhythmia. They should not be used in unstable 
patients with supraventricular tachycardia due to the risk of hy-
potension or in wide QRS complex tachycardia (which can have 
ventricular origin), and are contraindicated in tachycardia related 
to pre-excitation.

Unlike diuretics and beta-blockers, CCBs are neutral in terms 
of cardiovascular metabolic risk factors, which make them very 
useful in the setting of diabetes, metabolic syndrome, hypercho-
lesterolaemia, and gout [87].

CCBs act synergistically with the other drugs like ACEi or 
ARBs, or less frequently with diuretics and beta-blockers, in treat-
ment of hypertension. Their efficacy is increased and the second-
ary effects reduced.

Several large randomized controlled trials like ALLHAT [88], 
ASCOT [89], ACCOMPLISH [90], and VALUE [91], showed 
consistent results to support amlodipine, the most used DHP 
in the field of hypertension, as a safe and efficacious drug alone 
or in combination with an ACEi (perindopril in ASCOT and 
benazepril in ACCOMPLISH) or an ARB (valsartan in VALUE). 
The amlodipine groups showed significantly reduced mortality 
and major cardiovascular events like stroke against the compara-
tor groups.

CAFÉ [92], a sub-study of ASCOT, showed that the amlodipine 
+ perindopril regimen lowered central aortic blood pressure to 
a greater extent than the atenolol/thiazide regimen (by 4 mmHg 
systolic). Central pressure was related to cardiovascular and renal 
outcomes, and in another sub-study it was shown that the com-
bination of amlodipine + perindopril was associated with lower 
variability in blood pressure then the other regime [93,94]. Both 
mechanisms, lower central blood pressure and lower variability, 
may explain the better results of the amlodipine + perindopril 
combination.

The most recent European Society of Hypertension/ESC 
guidelines for the management of arterial hypertension rec-
ommend an association of two drugs as initiating therapy 
when blood pressure is beyond 20 mmHg of the systolic goal 
or 10 mmHg above diastolic target, or in milder degrees if 
multiple risk factors, subclinical organ damage, diabetes, renal 
disease, or CAD are present. Knowing that doubling the dose 
of a DHP CCB (amlodipine) is more efficacious than doubling 
the dose of an ACEi or ARB, it is recommended to increase the 
CCB first.

Non-DHPs are recommended in patients who are intolerant 
to beta-blockers and DHP and are an alternative to ACEi and 
ARBs in patients with severe renal failure or at risk of hyper-
kalaemia. It has been advocated to use a combination of CCBs, 
including a non-DHP (like verapamil or diltiazem) and a DHP 
(like amlodipine) to lower blood pressure, but no outcome data 
or long-term safety data are available. Unlike diuretics, ACEi, 
and ARBs, CCBs do not lose their effect by concomitant therapy 
with NSAIDs—frequently used by elderly hypertensive patients 
[95,96].

Coronary artery disease
The main indication for CCBs in patients with CAD is control 
of angina in stable or vasospasm angina when beta-blockers and 
nitrates fail [97,98]. Non-DHP proved to have a similar efficacy 
to beta-blockers to release symptoms in stable angina [99]. DHP 
and non-DHP drugs have similar efficacy in vasospasm angina 
[100,101].
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increased the prevalence of risk factors for CVD [116]. Conse-
quently, in an increasing number of populations there is a high 
level of the risk factors for CVD, especially for many of those liv-
ing in high-income countries [116]. Although effective therapy for 
treating CVD is available, due to high costs, low compliance, and 
poor identification of those at risk many individuals who could 
benefit from treatment remain untreated or inadequately treated. 
It seems evident that new and innovative strategies will be indis-
pensable for controlling the global epidemic of heart disease. With 
this in mind, Wald and Law [116] proposed the concept of the 
polypill as a population CVD prevention strategy based on mass 
treatment. The concept proposes a radical approach based on the 
principle that high risk is common and a large preventive effect for 
CVD would require intervention in everyone at increased risk ir-
respective of their risk factor levels, modifying several risk factors 
together and reducing these risk factors by as much as possible. 
The authors wrote: ‘it is time to discard the view that risk factors 
need to be measured and treated individually if found to be abnor-
mal’ [116]. A polypill is a theoretical combination of six pharma-
cological compounds that, together, could modify four different 
risk factors for CVD (cholesterol modification with statins, low-
ering of blood pressure with three different antihypertensives, 
antiplatelet aggregation with aspirin, and reduction of hyperho-
mocysteinaemia with folic acid) and theoretically reduce CVD by 
more than 80% [116].

The specific components of the originally proposed polypill in-
cluded: one statin (e.g. atorvastatin 10 mg/day, or simvastatin or 
lovastatin 40 mg/day taken in the evening or 80 mg/day taken in 
the morning), three different classes of antihypertensives at half 
standard dose, folic acid (0.8 mg/day), and aspirin (75 mg/day) 
[116]. The concept also includes the strategy of giving this combi-
nation pill to everyone over 55 years of age and all those with ex-
isting CVD irrespective of age, hence stopping all efforts focused 
on the measurement of risk factors and screening for CVD. Since 

Contraindications and side effects
 Box 19.4 lists practical tips and tricks for the use of CCBs in 
daily practice.

Contraindications
CCBs are contraindicated in the presence of heart failure and se-
vere aortic stenosis. The non-DHP compounds are contraindicat-
ed in the presence of sick sinus disease and AV block grade II or 
III due to AV conduction increase, in the absence of a pacemaker. 
They should not be used added to beta-blockers, amiodarone, or 
digoxin, especially if there is any degree of AV block.

With the exception of nifedipine and verapamil, CCBs are con-
traindicated during pregnancy or breast feeding [109].

Side effects
The main side effects of DHPs are facial flush, headache, dizziness 
or light-headedness, tachycardia angina, and pedal oedema present 
in 10–20% of patients. These side effects are more frequent with 
immediate release formulations at high doses [115]. Pedal oedema 
is minimized by combining the CCB with an ACEi or an ARB. Ve-
rapamil is associated with constipation in 10–25% of patients.

Worsening or induction of AV block can be expected with 
non-DHP drugs. They should be used with great caution in the 
presence of grade I AV block and their use is not recommended 
in combination with other dromotropic negative drugs, like beta-
blockers, amiodarone, or digoxin.

Polypills
The polypill concept
Changes in the twentieth century characterized by technological 
advances combined to increase food availability; this, together 
with subsequent deteriorations in levels of physical activity, has 

Box 19.4 Practical tips and tricks for the use of CCBs in daily practice

Indications
◆	 Arterial hypertension alone or as a second- or third-line drug, 

in combination with a diuretic, ACEi, ARB, or beta-blocker. 
Specific indications in hypertension are:
●	 isolated systolic hypertension
●	 hypertension in black people
●	 hypertension in pregnancy (nifedipine)
●	 patients with CAD (angina pectoris)

◆	 Angina pectoris (vasospasm or effort):
●	 a DHP can be added to a beta-blocker and/or a nitrate
●	 a non-DHP can be an alternative to a beta-blocker

◆	 Supraventricular arrhythmia:
●	 rate control on atrial fibrillation or flutter (a non-DHP)
●	 prevention of paroxysmal supraventricular tachycardia (a 

non-DHP)

◆	 Others:
●	 Raynaud’s syndrome
●	 intermittent claudication
●	 hypertrophic cardiomyopathy (a non-DHP)

Contraindications
◆	 Severe aortic stenosis
◆ Grade II or III AV block, for non-DHP
◆ Heart failure (except amlodipine and felodipine for blood pres-

sure or angina)
◆ The association of a non-DHP with a beta-blocker, amiodarone, 

or digoxin
Most frequent side effects
◆	 DHPs (especially with immediate release formulations or high 

doses): facial flush, headache, dizziness or light-headedness, 
tachycardia, angina, and pedal oedema

◆	 Verapamil: constipation
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included in a polypill is still under debate [117]. Furthermore, 
after the key medications to be incorporated in a polypill have 
been identified its registration could also pose a challenge, par-
ticularly so for primary prevention as the efficacy of the com-
bination still requires demonstration. Finally, a major concern 
remains regarding the effect of the availability of a polypill on 
the communication and implementation of healthy lifestyles 
(individuals might rely on a polypill to be effective and aban-
don healthy lifestyle habits).

Despite the uncertainties, the prospects are promising. A polyp-
ill could theoretically prevent over 80% of CVD and increase by 
more than 11 years the CVD-free life expectancy of people aged 
over 55 taking a polypill daily [116]. If a polypill was to be given 
to all US adults aged over 55 and those with a history of CVD 
it could contribute to the prevention of 4 million coronary heart 
disease events and more than 2 million stroke events over 10 years 
of treatment [119].

Since the original polypill publication, different combination 
pills have been developed [117]. A combination of amlodipine 2.5 
mg, losartan 25 mg, hydrochlorothiazide 12.5 mg, and simvastatin 
40 mg in a polypill was tested among individuals aged over 50 who 
were free from CVD and compared with placebo on a crossover 
trial [120]. This polypill effectively reduced systolic blood pressure 
by 17.9 mmHg (12% reduction), diastolic blood pressure by 9.8 
mmHg (11% reduction), and low-density lipoprotein (LDL) cho-
lesterol by 1.4 mmol/L (39% reduction), effects which were very 
similar to those originally predicted [116,120].

Another proposed polypill is the polycap, which was tested in 
the Indian Polycap Study (TIPS) [121]. TIPS was a phase II dou-
ble-blind randomized trial conducted among 2053 individuals in 
India aged 45–80 years and without CVD, in which the efficacy of 
the polycap (a combination of thiazide 12.5 mg, atenolol 50 mg, 
ramipril 5 mg, simvastatin 20 mg, and aspirin 100 mg) was tested 
against its individual components and specific combinations of 
antihypertensives. The polycap had similar effects on risk factors 
and was tolerated in a similar way to the individual components, 
with a potential combined effect of a 62% reduction in coronary 
heart disease events and a 48% reduction in stroke events [126]. 
Although below the originally expected level of CVD reduction of 
80%, the effects calculated are still substantial [1,6].

In TIPS-2 (the second Indian Polycap Study) 8 weeks’ treatment 
with a low-dose polycap (one capsule per day) versus full-dose 
polycap treatment (two capsules per day) with potassium supple-
mentation was tested among 518 individuals at high risk of CVD 
[122]. The two formulations had similar tolerability while the full-
dose polycap was more effective in reducing blood pressure and 
LDL cholesterol [122].

New evidence and new studies are required to confirm the ef-
ficacy and safety of the polypill in preventing hard events (MI and 
stroke) for both the primary and secondary prevention of CVD.

Side effects and cost-effectiveness
Although a polypill could be effective, medicalizing a large pro-
portion of the population could have a great impact in terms of 
costs and side effects.

the introduction of the concept, much debate has been generated 
regarding the potential role of a polypill in CVD prevention and 
treatment, and multiple efforts have focused on developing and 
testing potential polypills.

Strengths, limitations, and efficacy
The proposed polypill could have multiple advantages [116,117]. 
Among these, one of the most relevant is facilitating the deliv-
ery of effective medications for the prevention and treatment 
of CVD. Having multiple medications combined in a single pill 
could dramatically improve adherence to medication and im-
proved compliance could greatly contribute to a reduction in 
CVD events. Other strengths of the polypill include: facilitation 
of prescription and dose titration, reduction of costs by combin-
ing generic components, and provision of a platform for other 
widespread CVD prevention approaches (e.g. lifestyle advice) 
[117]. This is further supported given that such a combination 
pill appears to have high levels of tolerability, bioavailability, and 
no pharmacokinetic drug–drug interactions among the individ-
ual components [118]. Considering these combined strengths, a 
polypill could in theory provide great gains in terms of preven-
tion of cardiovascular events, even among those free from CVD 
( see Fig. 19.1).

The polypill concept is still under evaluation and these po-
tential advantages require further investigation. Besides the 
lack of evidence (given that this is still a concept in the process 
of development and testing), adverse effects and the costs of 
medicalizing large proportions of the population could limit 
the prospects of a future polypill era in CVD prevention. Also 
it is still unclear whether a polypill would be a safe alterna-
tive to individual drugs, and the optimal combination to be 
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Whether a polypill could be a safe and cost-effective alternative 
to current methods of preventing CVD remains unknown, and is 
one of the key challenges for its implementation for the prevention 
of CVD.

Future prospects
The polypill is a promising concept that has the potential to dra-
matically change and improve current strategies for preventing 
CVD. Questions remain regarding its long-term efficacy, safety, 
tolerability, and cost-effectiveness, especially for primary preven-
tion of CVD. In addition, the impact that the availability of a ‘su-
per-pill’ on people’s willingness to follow a healthy lifestyle and the 
consequences of medicalizing large proportions of the population 
remain under debate.

Multiple trials aiming to clarify the role that a polypill could 
have in the treatment and prevention of CVD are currently 
being conducted. One of these, TIPS-3, will evaluate a poly-
cap preparation without aspirin versus placebo over 5 years 
in 5000 individuals free from CVD in China and India [117]. 
It might take some time before sufficient evidence is accumu-
lated to permit the full incorporation of the polypill concept 
in clinical practice, but from initial reports the concept seems 
a promising and potentially effective and affordable solution 
to the current epidemic of CVD: ‘No other preventive method 
would have so great an impact on public health in the Western 
world’ [116].

Once a polypill becomes available, instead of replacing a healthy 
lifestyle it should be combined with adequate levels of physical 
activity, smoking cessation, and an optimal diet to further reduce 
the levels of CVD.

Despite the prevalence of participants in randomized trials re-
porting symptoms attributable to the polypill components being 
low (ranging from less than 0.1% for some antihypertensives to 
3.9% for aspirin), it could be expected that up to 15% of those 
taking the polypill would experience an adverse effect, and these 
could be sufficient for permanent discontinuation in up to 2% 
[116]. Side effects of a polypill would depend on the individual 
components selected, among which aspirin could generate the 
most serious adverse effects including haemorrhagic stroke, ex-
tracranial haemorrhage, upper abdominal discomfort, and gas-
trointestinal bleeding. The specific probabilities of experiencing 
adverse effects while taking a polypill remain unknown, and stud-
ies with longer periods of polypill treatment will be necessary to 
obtain a better estimate. The levels of adverse effects would play a 
key role in the level of adherence to a polypill as well as in the cost-
effectiveness of this treatment.

The potential costs of a polypill have been estimated to be ra-
ther low, given that the combination will include only generic 
components. The costs could range from $1 a day in developed 
countries to even less than 20 cents a day in developing countries 
[117]. However, since a polypill is not yet commercially available 
actual costs are still unknown and will depend on multiple fac-
tors, including levels of adverse effects, the cost of the ingredients 
to be included in the combination, costs of packaging and com-
mercializing, and the costs of research, development, registration, 
marketing, and distribution, and profit margins for the manufac-
turers [117]. Given that the costs are unknown, the existing calcu-
lations on the cost-effectiveness of a polypill are only speculative; 
however, since all the individual components have proven to be 
cost-effective in multiple populations no major differences would 
be expected for a polypill. The first evaluation of the cost-effec-
tiveness of a polypill calculated how much it should cost in order 
to be cost-effective for the primary prevention of CVD among 
men aged 50 years or above [123]. To be cost-effective in popu-
lations having levels of 10-year coronary heart disease risk over 
20%, the annual cost of a polypill should not exceed €300, tak-
ing into account the costs of the medication and costs of care for 
prescription, evaluation, titration, and treatment of adverse effects 
[123]. For populations at lower levels of risk this cost should not 
be above €100 a year for a polypill to be considered cost-effective, 
at a threshold for cost-effectiveness of €20 000 per year of life saved  
( see Fig. 19.2). More recently, using the Dutch primary healthcare  
setting, different potential polypill combinations were tested and 
found to be cost-effective compared with usual care [124]. The lev-
els of cost-effectiveness ranged between €7900 and €12 300 per 
quality-adjusted life year (QALY) [124]. The best levels of cost-
effectiveness were found for polypill combinations without aspirin 
and with a double dose of statins [124].

Although these initial reports indicate that it is very probable 
that a polypill will be cost-effective for the secondary prevention 
of CVD, the actual costs of a polypill once it becomes available 
and its cost-effectiveness for the primary prevention of CVD need 
further evaluation.
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Solution for the clinical case

The problem of dyspnoea and wheezing of this patient does not 
seem to be related to heart failure/elevated filling pressures or is-
chaemia. It is probably caused by his COPD and current intake of a 
non-selective beta-blocker. His blood pressure is also still too high.

In this case the non-selective beta-blocker should be replaced by 
a selective beta-blocker (e.g. bisoprolol 5 mg/day up-titrated to 10 
mg/day). If beta-blockers are not tolerated at all, ivabradine may 
be considered.

For his hypertension problem, the dose of the ACEi is still sub-
optimal and can be increased to 20 mg/day. If the blood pressure 
is still above 140/90 mmHg, amlodipine 5 mg/day could be added. 
The combination of an ACEi with an ARB is not recommended in 
this patient in addition to the treatment with aliskiren.

Both the treatment with the ACEi and the beta-blocker should 
be continued as the patient suffered from a significant MI with left 
ventricular dysfunction.
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CHAPTER 20

General remarks
Pantaleo Giannuzzi

Introduction
Non-communicable diseases (NCDs) are the leading cause of death world-wide, killing 
more people each year than all other causes combined. Of the 57 million deaths that 
 occurred globally in 2008, 36 million, or almost two thirds, were due to NCDs, mainly car-
diovascular diseases (CVD), cancers, diabetes, and chronic lung diseases. About a quarter 
of global deaths from NCDs occur before the age of 60, and the combined burden of these 
diseases is rising fastest in lower-income countries, populations, and communities, where 
they impose large, avoidable human, social, and economic costs. NCDs are caused, to a 
large extent, by four behavioural risk factors that are pervasive aspects of economic transi-
tion, rapid urbanization, and twenty-first-century lifestyles: namely tobacco use, an un-
healthy diet, insufficient physical activity, and the harmful use of alcohol. Together these 
behavioural risk factors are strongly associated with other major cardiovascular (CV) risk 
factors including hypertension, diabetes, obesity, and metabolic syndrome [1].

Interventions to prevent NCDs on a population-wide basis are not only achievable but 
also cost-effective. The level of income of a country or population is not a barrier to suc-
cess. Low-cost solutions can work anywhere to reduce the major risk factors for NCDs.

Currently, the main focus of healthcare for NCDs in many low- and middle-income 
countries is hospital-centred acute care. Patients with NCDs present at hospitals with 
CVD, cancer, diabetes, and chronic respiratory diseases that have reached the point of 
acute events or long-term complications. This is a very expensive approach that will not 
contribute to a significant reduction in the burden of NCDs. It also denies people the 
health benefits of taking care of their conditions at an early stage.

Evidence from high-income countries shows that a comprehensive focus on pre-
vention and improved treatment following CV events can lead to dramatic declines in 

Summary
Cardiac patients should be advised about and have the opportunity to access a com-
prehensive cardiovascular prevention and rehabilitation programme, addressing 
all aspects of lifestyle—smoking cessation, healthy eating, and being physically 
active—together with more effective management of blood pressure, lipids, and 
glucose. To achieve the clinical benefits of a multidisciplinary and multifactorial 
prevention programme we need to integrate professional lifestyle interventions 
with effective risk factor management and evidence-based drug therapies, appro-
priately adapted to the medical, cultural, and economic setting of a country. The 
challenge is to engage and motivate cardiologists, physicians, and health profes-
sionals to routinely practise high-quality preventive cardiology and promote a 
healthcare system which invests in prevention.
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feasible in primary care in low-resource settings, including by 
non-physician health workers [8,9]. It has been estimated that a 
regimen of aspirin, statin, and blood pressure-lowering agents 
may significantly reduce the risk of death from CVD in people 
at high CV risk (people with a 10-year CV risk equal to or above 
15% and those who have suffered a previous CV event). It has been 
estimated that providing such a regimen to those eligible between 
the ages of 40 and 79 could avert about a fifth of CV deaths in the 
next 10 years, with 56% of deaths averted in people younger than 
70 years [4].

For secondary prevention (SP) of CVD (prevention of recur-
rences and complications in those with established disease), aspi-
rin, beta-blockers, angiotensin-converting enzyme inhibitors, and 
lipid-lowering therapies reduce the risk of recurrent CV events, 
including in those with diabetes. The benefits of these interven-
tions are largely independent, so that when used together with 
smoking cessation about three-quarters of recurrent vascular 
events may be prevented [5].

Currently there are major gaps in the implementation of SP in-
terventions that can be delivered in primary care settings [6,7]. 
General practitioners are critical to the implementation and suc-
cess of CVD prevention programmes. In most countries, they de-
liver the majority of consultations and provide most public health 
medicine (preventive care, disease screening, chronic disease 
monitoring, and follow-up). In the case of CVD prevention they 
have a unique role in identifying individuals at risk of but with-
out established CVD and assessing their eligibility for interven-
tion based on their profile. Thus, the physician in general practice 
is the key person to initiate, coordinate, and provide long-term 
follow-up for CVD prevention, while the practising cardiologist 
should be the advisor in cases where there is uncertainty over the 
use of preventive medication or when usual preventive options are 
difficult to apply [6,7].

Nurse-coordinated prevention programmes are also effective 
across a variety of practice settings and should be well integrated 
into healthcare systems. Nurse case management models tested in 
several randomized trials of SP have shown significant improve-
ments in risk factors, exercise tolerance, glucose control, and appro-
priate use of medication, along with decreases in cardiac events and 
mortality, regression of coronary atherosclerosis, and improved pa-
tient perception of health compared with usual care. Other studies 
have demonstrated the effectiveness of nurse-led prevention clinics 
in primary care compared with usual care, with greater success in 
secondary as opposed to primary prevention [10,11].

Hospital-based programmes: 
specialized prevention centres
All patients with CVD should be discharged from hospital with 
clear guideline-orientated treatment recommendations to mini-
mize the risk of further adverse events. The 2012 ESC guidelines 
provide a checklist of measures necessary at discharge from hos-
pital to ensure that intense risk factor modification and lifestyle 
change are implemented in all patients following the diagnosis 

mortality rates. Similarly, progress in cancer treatment combined 
with early detection and screening interventions have improved 
survival rates for many cancers in high-income countries. Survival 
rates in low- and middle-income countries, however, remain very 
low. A combination of population-wide and individual interven-
tions can reproduce successes in many more countries through 
 cost-effective initiatives that strengthen health systems [2,3].

Strategies for preventive cardiology: 
healthcare systems for CV prevention
A strategic objective in the fight against the CVD epidemic must 
be to ensure early detection and care using cost-effective and 
 sustainable healthcare interventions.

High-risk individuals and those with established CVD can be 
treated with regimens of low-cost generic medicines that signifi-
cantly reduce the likelihood of death or CV events. A regimen of 
aspirin, statins, and blood pressure-lowering agents could sig-
nificantly reduce vascular events in people at high CV risk and is 
considered a ‘best buy’. When coupled with preventive measures 
such as smoking cessation the therapeutic benefits can be pro-
found. Another best buy is the administration of aspirin to people 
who develop a myocardial infarction (MI). In all countries these 
best buys need to be scaled up and delivered through a primary 
 healthcare approach [4].

What is needed are high levels of commitment, good planning, 
community mobilization, and an intense focus on a small range of 
critical actions. With these, quick gains will be achieved in reduc-
ing the major behavioural risk factors, namely tobacco use, harm-
ful use of alcohol, unhealthy diet, and physical inactivity, together 
with key risk factors for cancer, notably some chronic infections.

Notable interventions with an evident impact include: increas-
es in tobacco taxes and restrictions on smoking in public places 
and workplaces; increases in alcohol taxes and restriction of sales; 
mandatory and voluntary reduction of salt in foods; and improved 
access to places for physical activities such as walking.

In addressing CVD, the population-wide approach to preven-
tion has great potential to decrease the burden of disease but it 
does not provide an adequate response to the need to strengthen 
healthcare for people with CVD. The burden of disease can be 
 reduced considerably in the short to medium term if the popula-
tion-wide approach is complemented by healthcare interventions 
for individuals who either already have CVD or those who are at 
high risk. CVD can best be addressed by a combination of primary 
prevention interventions targeting whole populations, measures 
that target high-risk individuals, and improved access to essential 
healthcare interventions for people with CVD [4–7].

For primary prevention of coronary heart disease (CHD) and 
stroke, individual healthcare interventions can be targeted to 
those at high total CV risk or those with levels of a single risk fac-
tor above traditional thresholds, such as hypertension and hyper-
cholesterolaemia [4]. The former approach is more cost-effective 
than the latter and has the potential to substantially reduce CV 
events [1,4,6]. Furthermore, application of this approach is also 
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Addressing the factors that limit participation is particularly 
important given recent data that demonstrate an inverse relation-
ship between participation in a CR/SP programme and adverse CV 
events. The relationship between the number of CR/SP sessions at-
tended and CV outcomes was recently evaluated in an analysis of 
Medicare claims data including 30 161 patients with CHD (with 
recent coronary artery bypass surgery, MI, or acute coronary syn-
drome) who attended at least one CR/SP session [20]. After 4 years 
of follow-up, patients who attended 36 sessions had a 14% lower 
risk of death and a 12% lower risk of MI than those who attended 
24 sessions; a 22% lower risk of death and a 23% lower risk of MI 
than those who attended 12 sessions; and a 47% lower risk of death 
and a 31% lower risk of MI than those who attended one session. 
However, only 18% of the patients completed the maximum 36 
sessions. This dose-dependent improvement further highlights the 
importance of patient retention in CR/SP programmes. Clinical 
outcomes following percutaneous coronary intervention were as-
sessed in a retrospective analysis of 2395 patients (40% of whom 
attended CR). Participation in CR was associated with decreased 
all-cause mortality (hazard ratio 0.53–0.55, p < 0.001), although no 
effect on cardiac death or MI was noted [21].

These important and recent findings further support the rec-
ommendations provided in clinical guidelines, and also the reim-
bursement policy instituted in many countries.

CR/SP programmes are based on long-established models in-
volving hospital, ambulatory, community, or home-based pro-
grammes, according to local and national traditions. However, 
most of the CR programmes rely mainly on short-term inter-
ventions and are not adequately implemented in the long term. 
Short-term interventions are unlikely to bring in long-term ben-
efits with regard to lifestyle and risk factor management, improve 
quality of life, or decrease morbidity and mortality. Recent studies 
as EUROACTION and GOSPEL provided scientific evidence for 
a beneficial long-term effect and improved prognosis in patients 
with CHD [22,23]. The EUROACTION model of a nurse-led 
preventive cardiology programme in patients with CHD is an ex-
ample of what a comprehensive approach to reducing total CV 
risk can achieve. This cluster randomized controlled trial dem-
onstrated improved lifestyle and risk factor outcomes compared 
with usual care. Over 1 year EUROACTION prevented smoking 
relapse, increased fruit and vegetable consumption and physi-
cal activity with a corresponding reduction in weight and waist 
circumference, improved blood pressure and lipid control, and 
increased prescribing of angiotensin-converting enzyme inhibi-
tors and statins [22]. The GOSPEL study was a multicentre, rand-
omized controlled trial that compared a long-term multifactorial 
educational and behavioural intervention coordinated by a cardi-
ologist versus usual care after a standard CR programme following 
MI [23]. At 3 years all the clinical end-points were reduced by the 
intensive intervention: CV mortality, non-fatal MI, and stroke by 
33% and cardiac death plus non-fatal MI by 36%, total stroke by 
32%, and total mortality by 21%. So there is considerable potential 
to further reduce the risk of CVD in existing CR/SP programmes.

Different patterns of rehabilitative care are currently delivered 
by specialized hospital-based teams: residential CR for more 

of an acute coronary syndrome, including recommendation for 
enrolment in a CV prevention and rehabilitation programme [7].

Secondary preventive efforts within a structured rehabilita-
tion programme have been shown to be particularly important 
and cost-effective after a CV event. Intensive research in the field 
of preventive cardiology has led to the spread of cardiac reha-
bilitation (CR) programmes, once limited to exercise training, 
to comprehensive SP centres. CR after cardiac events or inter-
ventions in a specialized centre helps to maintain long-term ad-
herence to the optimal treatment programme by educating the 
patient and repeatedly emphasizing the importance of maintain-
ing the prescribed treatments and recommended lifestyle. Data 
demonstrate that CR/SP programmes reduce CV risk and event 
rates, foster healthy behaviours, and promote active lifestyles 
[12–15].

There is compelling scientific evidence that CR is an effective 
treatment for patients with CHD [7,12–15]. A meta-analysis of 
8940 patients from 48 trials of CR showed that a structured ser-
vice, compared with usual care, was associated with a reduction in 
all-cause mortality (odds ratio 0.80; 95% CI 0.68–0.93) and car-
diac mortality (odds ratio 0.74; 95% CI 0.61–0.96) [16]. Another 
meta-analysis of the effectiveness of SP programmes from 63 
randomized controlled trials including 21  295 patients showed 
a summary risk ratio for all-cause mortality of 0.85 (95% CI 
0.77–0.94) and for recurrent myocardial infarction of 0.83 (95% 
CI 0.74–0.94) [17]. In a systematic review of trials of SP, multidis-
ciplinary disease management programmes led to a reduction in 
hospital admissions and recurrent MI [14,15]. So the distinction 
between ‘CR’ and ‘SP’ is artificial, and these meta-analyses dem-
onstrate the overall benefits of an integrated multidisciplinary and 
comprehensive multifactorial approach to reducing CV risk, CV 
events, and all-cause mortality.

However, despite the strength of this evidence, CR in Europe 
continues to be considerably underused with poor referral and a 
low participation rate. The results of the EUROASPIRE III survey 
showed inadequate control of lifestyle and risk factors and under-
use of CR in Europe. Fewer than half of patients with CHD were 
advised to follow a CR programme, and just over a third actually 
participated in some form of CR. Yet, of those who were advised 
to attend a CR/SP programme, four-fifths did so. These results are 
similar to those of the EUROASPIRE Il survey, which demonstrat-
ed that two in five coronary patients reported receiving advice to 
follow a CR programme and only a third actually attended some 
form of CR. The comparison between those 13 countries which 
participated in both the EUROASPIRE Il and III surveys dem-
onstrated that the proportion of patients advised to follow a CR 
programme increased from 44.5 to 55.7% (p < 0.0001) and the 
participation rate also increased from 38.0 to 46.1% (p < 0.0001). 
In EUROASPIRE III, there was considerable variation between 
European countries in participation in a CR programme, with the 
highest attendance reported in Lithuania and Ireland, the lowest 
in Turkey, Cyprus, and the Russian Federation, and virtually no at-
tendance in Greece and Spain. These differences are most likely to 
reflect the heterogeneity of healthcare systems and the availability 
of CR/SP services in some regions of Europe [18,19].
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directed by physicians and coordinated by nurses have also been 
developed as a way of expanding the delivery of SP services.

Conclusions
All coronary patients should be advised about and have the op-
portunity to access a comprehensive CV prevention and rehabili-
tation programme, addressing all aspects of lifestyle—smoking 
cessation, healthy eating, and being physically active—together 
with more effective management of blood pressure, lipids, and 
glucose. To achieve the clinical benefits of a multidisciplinary 
and multifactorial prevention programme we need to integrate 
professional lifestyle interventions with effective risk factor 
management, and evidence-based drug therapies, appropriately 
adapted to the medical, cultural, and economic setting of a coun-
try. The challenge is to engage and motivate cardiologists, physi-
cians, and health professionals to routinely practise high-quality 
preventive cardiology and a healthcare system which invests in 
prevention.

complicated, disabled patients and outpatient CR for more inde-
pendent, low-risk, and clinically stable patients requiring less su-
pervision. Whereas the core components and goals of CR/SP are 
standardized and documented in position papers, the structure 
and type of CR units vary in different countries [14,15]. While the 
objectives are identical to those of the outpatient CR programmes, 
residential rehabilitation programmes are specifically structured 
to provide more intensive and/or complex interventions, and have 
the advantage of being able to start early after the acute event, to 
include more complicated high-risk or clinically unstable patients, 
to include more severely incapacitated and/or elderly patients 
(especially those with comorbidity), and thus to facilitate the 
transition from the hospital phase to a more stable clinical condi-
tion which may allow the maintenance of an independent life at 
home. One major disadvantage of residential programmes is the 
relatively short duration of intervention with regard to risk fac-
tor management and lifestyle changes. Therefore, residential CR 
programmes should be followed up by a long-term outpatient 
risk reduction and SP programme, with appropriate clinical and 
functional monitoring. Home-based rehabilitation programmes 
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CHAPTER 21

Acute care, immediate 
secondary prevention, and 
referral
Ugo Corrà and Bernhard Rauch

Introduction
Despite remarkable progress in diagnosis and therapy, acute events such as coronary 
syndromes (ACS), decompensated heart failure, and major arrhythmia, still pose a 
huge challenge in cardiovascular medicine. Whereas in-hospital mortality of patients 
has markedly decreased since 1990, medium- and long-term prognosis strongly de-
pends on the risk constellation, including age, left ventricular function, persistent ven-
tricular arrhythmias, diabetes, and other risk factors and comorbidities. In a German 
survey, 1-year mortality after acute myocardial infarction (MI) was as low as 3.2% in 
a low-risk population but increased to as much as 25% in high-risk patients [1]. In-
dividual risk management therefore remains a major challenge, and this chapter will 
concentrate on the first steps to be considered during the early days in hospital after 
surviving an ACS and/or after a myocardial revascularization (MR) intervention. The 
basic items described here should be considered in the post-acute management of all 
cardiovascular patients.

Summary
Preventive cardiology (PC), as performed in various cardiac rehabilitation (CR) 
settings, is effective in reducing recurrent cardiovascular events after both acute 
coronary syndromes and myocardial revascularization. However, the need for 
newly structured PC programmes and processes to provide a continuum of care 
and surveillance from acute to post-acute phases is still evident. Phase I CR is be-
coming more and more important, serving as a bridge between acute therapeutic 
interventions and phase II CR. After clinical stabilization, phase I CR ideally in-
volves multifaceted and multidisciplinary interventions, including post-acute clin-
ical evaluation and risk assessment, general counselling, supportive counselling, 
early mobilization, discharge planning, and referral to phase II CR. All these in-
terventions are important and contribute equally to achievement of the preventive 
target, which is to effectively reduce lifelong cardiovascular risk and guarantee an 
individual full participation in social activities. All the interventions within phase 
I CR should be supervised and provided in a comprehensive manner involving 
several healthcare professionals. For explanatory purposes, these components are 
analysed and described separately.
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programme of preventive cardiology and should be regarded as a 
bridge to phase II rehabilitation programmes.

For logistical reasons, in clinical practice not all in-hospital 
phase I CR components outlined in  Box 21.1 can be delivered to 
all patients. However, this form of intervention represents a major 
component of in-hospital care, and provides safe access to a phase 
II CR programme for all eligible patients.

Post-acute clinical evaluation and risk 
assessment
The post-acute clinical evaluation and risk assessment should be 
based not only on the available information about the coronary 
anatomy but mainly on a careful examination of the acute medi-
cal and/or surgical records. It should include a review of the clini-
cal history, the level of physical activity before the acute event, the 
actual clinical signs and symptoms, physical and functional ex-
amination, as well as results of technical diagnostic tests such as 
electrocardiogram (ECG) and ECG monitoring, echocardiogra-
phy, and laboratory examinations [16,17]. In this way the severity 
of coronary artery disease, myocardial damage, arrhythmic burden, 
comorbidities, and potential frailty are evaluated to assess the indi-
vidual cardiovascular risk burden and prognosis and to determine 
subsequent short- and long-term evidence-based  treatment [18].

Importantly, every member of the therapeutic team should be 
well informed about the clinical status and all risk factors. This 
is a prerequisite for a complete counselling intervention and ad-
equate prescription of a physical activity and exercise programme. 
A detailed description of clinical evaluation and risk assessment is 
outlined in Chapter 5.

General counselling
Patients with ACS or after MR differ in their desire for information, 
including advice about their illness, its causes, and prognosis, treat-
ment options, potential lifestyle changes, activity levels, and dis-
ease management in daily life. In addition, individual beliefs and 
attitudes as well as psychosocial factors may influence the coping 
process. Negative emotions (denial, fear, anger) may affect compli-
ance, and patients’ adherence should be addressed during CR.

Interventions correcting misconceptions are important to im-
prove knowledge and reduce emotional stress in patients, partners, 
and family members. Of note, patients’ needs are both diverse and 
specific, depending on issues such as age, gender, ethnicity, and 
educational and social level [19]. Thus, the approach should be 

Preventive cardiology and cardiac 
rehabilitation in the acute setting
Improvements in diagnostic and therapeutic procedures as well 
as increasing economic pressure and competition have led to a 
continuous shortening of the in-hospital stay after an acute event. 
By contrast, there are a growing number of old, increasingly frail 
patients with multiple morbidities who require intense clinical 
supervision and care. Optimal coordination between inpatient and 
outpatient care is an increasing challenge for healthcare providers. 
Furthermore, the long-term success of any acute or elective  cardiac 
intervention strongly depends on the sustained implementation 
of preventive measures. Accordingly cardiac rehabilitation (CR) 
plays a major role as a bridge between the acute treatment and 
outpatient care.

Recent scientific data have demonstrated that preventive car-
diology (PC) as performed in various CR settings is effective in 
reducing recurrent cardiovascular events after both ACS and MR 
[2–13]:

◆	 Phase I CR (described in this chapter) represents the earliest 
preventive intervention beginning right after the acute event 
during the hospital stay.

◆	 Phase II CR is a structured and comprehensive therapeutic 
 intervention starting early after hospital discharge. It may be 
performed in various settings (outpatient, inpatient, centre-
based, or home-based) depending on clinical, administrative, 
or logistic circumstances (see  Chapters 22 and 23).

◆	 Phase III CR represents the long-term outpatient supervision 
of patients’ adherence to prescribed risk control measures and 
is usually the responsibility of general practitioners and cardi-
ologists. Special phase III prevention programmes have been 
established in some countries to support long-term secondary 
prevention [7,14]

This classification may not represent clinical practice in all 
European countries as implementation, organization, and struc-
ture differ considerably for various reasons [14]. In the future 
phase I and phase II CR may become merged because of the need 
for newly structured cardiovascular prevention programmes that 
are able to provide a continuum of care and surveillance from the 
acute to the post-acute phase.

In-hospital phase I rehabilitation: core 
components
Inpatient phase I rehabilitation should begin as soon as pos-
sible after clinical stabilization of the patient [15]. It comprises 
a complex, multifaceted, and multidisciplinary intervention. 
( Box 21.1). All these interventions are important and make an 
equal contribution to achievement of the preventive target [16]. 
In-hospital phase I CR is therefore the first step in the lifelong 

Box 21.1 Core components of phase I rehabilitation after acute 
coronary event or myocardial revascularization

◆	 Post-acute clinical evaluation and risk assessment
◆	 General counselling: basic information and reassurance
◆	 Supportive counselling (i.e. psychological support)
◆	 Early mobilization
◆	 Discharge planning, including referral to outpatient care
◆	 Referral to phase II cardiac rehabilitation
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and risk factor management using audio or video resources. Post-
discharge telephone counselling may reinforce patients’ adherence 
to medication and lifestyle changes. However, these interventions 
do not confer sustained emotional or physical benefit, rather they 
help to increase patients’ and family members’ knowledge and in-
volvement as a bridge to phase II CR.

Psychological and social support
As well as the risk of premature death, many patients may experi-
ence a significant loss of independence and a decline in physical 
function during the first year following an acute cardiovascular 
event.

In addition, after ACS or MR patients are in a clinically and psy-
chologically critical condition and experience difficulties in un-
derstanding and accepting the ‘new’ situation and the potential 
consequences for their future and life expectancy. Life-threatening 
situations may have occurred and survival of the acute phase is 
considered the primary goal, whereas efforts for long-term car-
diovascular prevention and lifestyle changes may be felt to be 
secondary at this stage. Patients therefore need to be supported 
to cope with their situation. Early mobilization to regain physical 
independence and individual self confidence is a prerequisite for 
coping, but clear medical information about the causes and conse-
quences of the disease and psychological support also are required.

During the acute hospital stay structured psychological inter-
ventions are not feasible in most cases, but may be started within 
phase II CR. In addition, hospital discharge is too early in most 
cases to provide sufficient social and vocational counselling. 
Social counselling during phase I CR should therefore reinforce 
patients’ participation in phase II CR, which, apart from imple-
mentation of secondary prevention, supports vocational and so-
cial reintegration.

Recommendations for counselling on 
mobilization and physical activity
In-hospital phase I CR is the first step in regaining physical inde-
pendence and individual self-confidence. The risks and complica-
tions of prolonged immobilization affect almost all organ systems 
and may have severe psychological consequences ( Table 21.1). 
The primary purpose of early mobilization is to prevent such com-
plications. Additional goals are to regain cardiovascular fitness 
and functional abilities and to increase comfort and psychological 
well-being. Early remobilization is therefore now common prac-
tice in the care of hospitalized patients and may be implemented 
through a broad range of activities as outlined in  Box 21.3. The 
following limitations, however, should be considered:
◆	 Scientific data on early remobilization are rare, and there are no 

evidence-based guidelines on how to perform early remobiliza-
tion most effectively in clinical practice. A systematic review 
of experimental data from studies conducted in the 1970s and 
1980s showed a trend towards an increased survival of ACS 
patients receiving early mobilization relative to those who did 
not [20]. More research is necessary to determine the minimum 
standards for safe and effective remobilization.

tailored to the patient, as a unique person. Moreover, patients 
often have difficulties in understanding and accepting detailed 
and complicated information, and their receptivity and under-
standing may be limited by physical illness and psychological or 
cognitive barriers. Information should therefore be provided in a 
clear and simple way, based on a patient’s personal characteristics 
and needs. Reassurance, individual support, and empathy should 
underpin all discussions.

General counselling is based on detailed knowledge of all mem-
bers of the healthcare team about the individual patient’s risk pro-
file as well as social background. All members of the team should 
have regular meetings to discuss clinical cases and to coordinate 
therapeutic interventions. Counselling of patients by a team mem-
ber should be restricted to his or her speciality; medical aspects, as 
well as summarizing information and advice, is the responsibility 
of the cardiologist. Medical and social aspects are always interre-
lated and influence one another to a considerable extent. It is not 
generally sufficient to prescribe medication and lifestyle changes 
without knowing the potential promoters and barriers in the pa-
tient’s social life.

Thus, during phase I CR, counselling should be initiated after 
a careful consideration of the patient’s pre-existing knowledge 
and individual needs ( Box 21.2). This could be accompanied 
by general information on the nature of cardiovascular disease 

Box 21.2 General counselling during in-hospital cardiac 
rehabilitation: suggested topics to discuss during hospital stay 
and at discharge

◆	 Offer reassurance and explanation of cardiac condition, 
 treatment, and procedures

◆	 Give general and individualized information on coronary artery 
disease and acute myocardial infarction and its consequences

◆	 Provide information on how to recognize and interpret signs 
and symptoms of ischaemia, heart failure, and arrhythmias

◆	 Develop an action plan with the patient and the caregiver to 
ensure early response to warning symptoms

◆	 Advise on acute and chronic treatment and type and doses of 
medications, highlighting the importance of compliance and 
adherence

◆	 Reinforce the role of cardiovascular prevention: the identifica-
tion and modification of risk factors should be addressed in 
general and focused on the individual’s needs

◆	 Explain the inpatient activity programme, its advantages, 
 related risks, warning symptoms, and monitoring

◆	 Give initial information on the resumption of physical, sexual, 
and daily living activities (including driving and return to 
work)

◆	 Address the potential consequences for social life, like family 
and personal relationships and social support/isolation

◆	 Provide potential means for social support
◆	 Provide information on phase II cardiac rehabilitation and its 

components (i.e. more educational activity and intense and 
 individualized risk factor management)
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Despites these limitations and potential restrictions, a few rec-
ommendations on how to handle early remobilization in clinical 
practice are available [21] ( Box 21.4).

Discharge planning
Transitions of care are defined as ‘a set of actions designed to en-
sure the coordination and continuity of healthcare as patients 
transfer between different locations or different levels of care in 
the same location’ [22]. Correctly performed care transitions are 
associated with significant reductions in readmissions and total 
healthcare costs [23]. Patients and medical institutions taking over 
care therefore have to be informed and instructed in a very clear 
way about long-term medication and the individual’s most im-
portant lifestyle changes. The importance of these instructions has 
been highlighted by the following studies:
◆	 Among 5353 patients post-MI, those on optimal medication 

(including five guideline recommended drugs; 46%) had a sig-
nificantly lower risk of death after 1 year compared with those 
taking no drugs or one drug only (adjusted OR 0.260, 95% CI 
0.179–0.379, p < 0.001) [24].

◆	 Among 18 835 patients in 41 countries post-ACS, those who 
reported persistent smoking and non-adherence to diet and 
exercise had a 3.8-fold (95% CI 2.5–5.9) increased risk of a 
cardiovascular event (myocardial infarction, stroke, or death) 
compared with those who never smoked and who modified 
their diet and exercise [18].

The importance of starting patients on appropriate secondary 
prevention at the time of hospital discharge cannot be over-empha-
sized, as secondary prevention treatment tends to decrease rather 
than increase after hospitalization [25,26]. In the EUROASPIRE 
III survey of secondary prevention in 22 countries, 95% of patients 
were on antiplatelet drugs at the time of discharge, 82.5% on beta-
blockers, and 81% on statins, but these proportions had decreased 

◆	 The scientific uncertainty may translate into clinical practice 
and lead to unjustified delays in remobilization of patients. 
Some of these uncertainties concern safety and monitoring 
issues as well as the correct adjustment of the programme in-
tensity. Cardiovascular risks like recurrent ischaemia, heart 
failure, and arrhythmias have to be taken into account as well as 
comorbidities, puncture sites, and wound healing or Dressler’s 
syndrome after heart surgery.

◆	 Underuse of a structured early remobilization may also be the 
result of economic pressure and time constraints. Patients with 
multiple morbidities, advanced obesity, and/or frailty may be 
particularly affected by those restrictions.

Table 21.1 Risks and complications of immobility.

Respiratory Retention of secretions and decreased respiratory 
excursions
Atelectasis and pneumonia

Cardiovascular Orthostatic hypotension
Hypovolaemia
Deep-vein thrombosis, local and systemic embolism

Musculoskeletal Muscle mass reduction and wasting
Joint contractures
Bone demineralization (osteoporosis)
Heterotopic ossification

Gastrointestinal Decreased motility
Constipation

Neurological Polyneuropathy

Endocrine Hyperglycaemia with insulin resistance
Catabolism

Genitourinary Urinary stasis
Renal calculi

Psychological Depression
Delirium

Source: Amidei C, Mobilization in critical care: a concept analysis. Intensive and Critical 
Care Nursing 2012; 28: 73–81.

Box 21.3 Physical activities in early mobilization

◆	 Positioning prone or side to side in bed
◆	 Use of continuous lateral rotating therapy beds
◆	 Breathing exercises
◆	 Passive and active range of motion
◆	 Dangling
◆	 Moving out of bed to a chair
◆	 Movement in the bed to an upright position
◆	 Ambulation using aids
◆	 Ambulation using a staircase
◆	 Tilting on a table
◆	 Use of active resistive exercise
◆	 Use of electrical muscle stimulation
Amidei C, Mobilization in critical care: a concept analysis. Intensive and 
Critical Care Nursing 2012; 28: 73–81.

Box 21.4 Recommendations on how to handle early 
remobilization in clinical practice

◆	 Prescribe early mobilization, specifying the type and dosage 
(intensity, duration, frequency)

◆	 Individually adjust mobilization and the physical activity 
 intervention according to the patient’s clinical condition and 
response to exercise

◆	 Adopt a stepwise increase in the dosage in an individualized 
fashion and include additional types of interventions and 
 exercise programmes

◆	 Regularly monitor heart rate, breathing rate, and blood 
 pressure, as well as signs and symptoms of ischaemia, heart 
failure, and arrhythmias

◆	 Use a multidisciplinary approach with frequent interaction be-
tween healthcare providers (physician, nurse, physiotherapist, 
etc.)

Amidei C, Mobilization in critical care: a concept analysis. Intensive and 
Critical Care Nursing 2012; 28: 73–81.
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in a CR programme yields well-established benefits (reduction 
in cardiac and non-cardiac mortality as well as reduced morbid-
ity and cardiac risk factors). CR plays a crucial role in second-
ary prevention, helping individuals to return to a productive and 
satisfying life.

within 6–36 months after discharge. After this time period less 
than half of the patients were meeting risk factor targets such as 
for blood pressure (44%) and lipid (48.5%) control [27]. Attending 
CR, however, was associated with an increased likelihood of meet-
ing risk factor targets [28].

The core components of discharge planning are given in 
 Box 21.5. It is important to involve the patient and relatives/
caregivers in discharge planning as soon as possible, including the 
core components of outpatient care and subsequent phase II CR. 
While discharge policies, protocols, and practices have to con-
sider the individual’s needs and be sensitive to different require-
ments, standardized discharge protocols should be developed 
to promote consistency of clinical practice between specialists 
and general practitioners and to reinforce the appropriate use of 
clinic resources. A structured and comprehensive discharge let-
ter can be regarded as a prerequisite for an effective continuation 
of healthcare and to guarantee consistency within an individual’s 
care. Standardized templates for discharge letters and other com-
munications are available to promote efficiency and consistency of 
clinical practice—an example is given in  Box 21.6.

Referral to phase II cardiac rehabilitation
Referral to phase II CR should be a primary aim for all patients 
recovering from acute cardiovascular disease [16]. Participating 

Box 21.5 Components of the discharge planning process: topics to 
be discussed before discharge

◆	 Early on identify and assess patients requiring assistance with 
discharge planning

◆	 Collaborate with the patient, family, and healthcare team to 
 facilitate discharge planning

◆	 Coach secondary prevention recommendations and strategies
◆	 Recommend options for continuing outpatient care by gen-

eral practitioners and the cardiologist; strongly recommend 
 participation in cardiac rehabilitation

◆	 Communicate and coordinate with community agencies 
and care facilities to promote patient access and to address 
gaps in service; this also may be done during phase II cardiac 
rehabilitation

◆	 Provide a detailed discharge letter
Adapted from CADPACC (1995) [33].

Box 21.6 Example of a structured discharge letter

DATE OF ADMISSION:
DATE OF DISCHARGE:
DIAGNOSIS:

1. Admitting diagnosis: ________________________
2. Secondary diagnosis: _______________________

PATIENT MEDICAL HISTORY:
◆	 Family history: _______________________________________
◆	 Social history: _______________________________________
◆	 Allergies: ___________________________________________
◆	 Brief medical history: _________________________________
◆	 History of present illness: ______________________________
HOSPITAL STAY:
◆	 Physical examination at admission: ______________________
◆	 Diagnostic procedures performed: _______________________
◆	 Consults obtained: ____________________________________
◆	 Hospital course and treatment: __________________________
◆	 Counselling/advising: _________________________________
DISCHARGE:
◆	 Condition on discharge and remaining active problems (if ap-

propriate): __________________________________________
◆	 Functional status at discharge: ___________________________
◆	 Discharge medications: ________________________________
DISCHARGE INSTRUCTIONS:
◆	 Discharge diet (if appropriate): __________________________
◆	 Discharge physical activity recommendation: _______________

PREVENTIVE GOALS:
Non-diabetics
◆	 Stop smoking
◆	 Total cholesterol < 175 mg/dl
◆	 LDL cholesterol < 100 mg/dl
◆	 Blood pressure < 140/90 mmHg
◆	 Ideal body weight: ____kg
◆	 Waist circumference < 102 cm (male) or < 88 cm (female)
Diabetics
◆	 Stop smoking
◆	 Total cholesterol < 175 mg/dl
◆	 LDL cholesterol < 100 mg/dl
◆	 Blood pressure < 130/80 mmHg
◆	 Glycated haemoglobin < 7%
◆	 Ideal body weight: ____kg
◆	 Waist circumference < 102 cm (male) or < 88 cm (female)
REFERRAL AND FOLLOW-UP:
Inpatient, phase II cardiac rehabilitation:
◆	 Why __________________
◆	 When _________________
◆	 Where ________________
Outpatient, phase II cardiac rehabilitation:
◆	 Why __________________
◆	 When _________________
◆	 Where ________________
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Automatic referral to phase II CR using electronic patient re-
cords or standard discharge orders in combination with individu-
al and personal information and reinforcement appears to be the 
best way to get a high admission rate to phase II CR [33,34].

Conclusions
In patients after ACS or MR, phase I CR during the hospital stay 
serves as a bridge between the acute therapeutic interventions and 
a fully comprehensive secondary prevention intervention such 
as phase II CR. Ideally phase I CR is structured and follows an 
evidence-based programme, including psychological support, in-
dividual information, structured physiotherapeutic programmes, 
and early supervised exercise training. During phase I CR, patients 
should be informed about the importance and the contents of sec-
ondary prevention with respect to cardiovascular risk reduction 
and social reintegration. On the basis of this information patients 
should automatically be referred to phase II CR, ideally with a 
choice about the most appropriate rehabilitation setting for them.

Regrettably, referral to phase II CR is unsatisfactory in most 
European countries, with patchy distribution and large dispari-
ties in staffing and uptake. The low service uptake depends on 
environmental factors like the availability of CR centres and/or 
support from the healthcare system, as well as on patient char-
acteristics like age, gender and ethnicity, social factors, clinic-
al conditions (i.e. comorbidities), and psychological factors 
[9,29–31].

In addition, lack of information and support from physicians 
and other healthcare professionals during the hospital stay can 
have a negative impact on participation in CR [32]. Physicians 
themselves therefore need to be better educated about the benefits 
of CR.

The patient’s perspectives and attitudes are also important. As al-
ready mentioned, an increasing number of patients with ACS only 
experience a short hospital stay. For this reason patients often do 
not feel that they are suffering from a serious disease. Participation 
in CR may therefore be felt to be unnecessary. Moreover, enter-
ing a CR programme may make the situation seem more serious, 
which is difficult for some patients to accept.
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CHAPTER 22

Hospital-based 
rehabilitation units
Heinz Völler, Rona Reibis, Bernhard Schwaab, 
and Jean-Paul Schmid

Introduction
Inpatient cardiac rehabilitation (CR) was established in Europe in the late 1960s for pa-
tients who had suffered from an acute myocardial infarction with a long hospital stay 
and—in the time before thrombolysis or percutaneous coronary intervention (PCI)—
often with significant structural damage and a low exercise capacity. Today patients are 
revascularized early and have a shorter length of stay. However, the procedures are often 
complex and are carried out in elderly patients, usually with end stage diseases (e.g. is-
chaemic cardiomyopathy and heart failure), with some requiring an implantable cardio-
verter defibrillator (ICD) or cardiac resynchronization therapy (CRT) or a left ventricular 
assist device (LVAD) as a bridge to transplantation. With rapid technical progress frailer 
patients are being treated, and not only those with coronary artery disease (CAD) but also 
heart valve diseases, predominantly aortic stenosis, and after transcatheter aortic valve 
implantation (TAVI).

Hospital-based rehabilitation units should be considered as a transition phase and as a 
part of integrated healthcare for high-risk patients with different cardiovascular diseases. 
This chapter focuses on how to care for patients in the early phase after the index cardiac 
event or after a long and complicated stay for patients with several comorbidities.

Summary
Inpatient rehabilitation is a transition phase and a component of integrated healthcare  
for high-risk patients with different cardiovascular diseases. Therefore its main 
focus is on functional and structural evaluation and risk stratification for the 
 rehabilitation process and post-discharge period. An exercise electrocardiogram, 
echocardiography, and a 6-minute walk test should be considered in all patients, 
at admission as well as at discharge. Particular attention should be given to specific 
conditions such as diabetes mellitus, myocarditis, patients with cardiac devices, 
and/or after heart valve interventions. Variables of frailty should be considered, 
particularly in the elderly. Because cognitive decline complicates early recovery 
after heart interventions, a cognition test may be needed.
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or ramp stress protocol, starting with 10 to 50 W, followed by 
10–25 W incremental steps every 1–2 minutes until exhaustion 
should be adjusted to the patient’s characteristics. During the test, 
a three-lead ECG should be recorded continuously for ST segment 
analysis and rhythm disorders. Blood pressure should be assessed 
indirectly by arm cuff sphygmomanometry every 2 minutes dur-
ing the load period, and three times during the recovery period. 
Standard ECG and clinical criteria for termination should be 
employed. An abnormal ECG or the development of angina with 
ECG abnormalities during the test will require further investiga-
tion. Improvement in the submaximal work load can be docu-
mented by comparing the submaximal and maximal work loads 
on admission and at discharge.

The cardiopulmonary exercise test includes analysis of ventilator 
gas exchange (peak VO2 uptake and breathing pattern) and should 
be considered in specific subgroups of patients (in chronic heart 
failure or patients with resynchronization devices) for an objective 
estimation of working capability. It has also been proposed as a 
valuable tool in several cardiac conditions (such as risk stratifica-
tion after acute coronary syndrome, myocardial revascularization, 
or to evaluate patients before correction of valve diseases) [5–7].

To stratify the risk of sudden cardiac death and registration of 
post-operative asymptomatic atrial fibrillation, a three-channel 
Holter ECG, including pacemaker analysis if required, should be 
considered. As a measurement of autonomic activity, the heart 
rate variability (SDNN) can be calculated.

At the start and at the end of a CR programme, a standardized 
6-minute walk test based on a distance measuring device should 
be considered. Before starting the test, the patient should be famil-
iarized with the procedure to be followed and their environment. 
The 6-minute walk test is a well-recognized measure of physical 
performance, even in elderly patients, and can be performed in 
75% of patients shortly after the index event [1].

Echocardiography
Immediately after admission, all patients should undergo two-
dimensional echocardiography by an experienced investigator to 
define global and regional LV systolic and diastolic function, LV 
end-diastolic and end-systolic diameter, the morphology and func-
tion of native valves, and measurement of systolic pulmonary artery 
pressure. Following valve replacement or reconstruction, the trans-
valvular gradient, calculated orifice area, and para- or trans-valvu-
lar regurgitation should be evaluated. In patients after coronary 
artery bypass grafting (CABG) attention should be drawn particu-
larly to regional left and right ventricular function to exclude silent 
perioperative myocardial infarction or graft dysfunction.

The incidence of pericardiotomy syndrome has been reported 
in up to 30% of patients after cardiac surgery and must be exclud-
ed [8]. Inflammation of the pleura, pericardium, and pulmonary 
parenchyma has been described early after thoracotomy, and also 
as a result of cardiac injury after radiofrequency catheter ablation 
[9] or PCI intervention [10]—the indication to perform a pleural 
or pericardial puncture depends entirely on the clinical condition 
of the patient. In any case, frequent echocardiographic follow-ups 
should be considered.

Clinical assessment
Laboratory
Beyond cardiovascular risk factors (cholesterol, triglycerides, glu-
cose) special attention must be given to inflammation (red and 
white blood cell count, C-reactive protein), renal function (cre-
atinine/glomerular filtration rate), and electrolytes. Thyroid func-
tion should be checked, because of the risk of hyperthyroidism 
after angiography or a PCI.

If diarrhoea develops after in-hospital treatment with antibiot-
ics, Clostridium difficile must be ruled out [1,2]. After heart valve 
replacement patients must have laboratory tests for anticoagula-
tion (international normalized ratio, INR) and intravascular hae-
molysis (lactate dehydrogenase).

Wound healing
After cardiac surgery clinical risk assessment should include 
physical examination of the chest and legs. Because more than 
5% of patients at the start of inpatient rehabilitation have wound 
infections, standardized procedures should be followed [1]. After 
performing a wound smear to build up an antibiogram (to test 
the sensitivity of an isolated bacterial strain to different antibiot-
ics), treatment with antibiotics must be initiated together with 
consultation by wound nurse and laboratory measurement of 
inflammation.

Testing
All patients referred to CR should be investigated clinically and 
should undergo two-dimensional echocardiography and resting 
and exercise ECG at admission and, if possible, at discharge. The 
main focus is on functional and structural evaluation, and thus 
on risk stratification for the rehabilitation process and the post-
discharge period [3].

Exercise ECG/Holter ECG/6-minute walk test
A symptom-limited exercise ECG is helpful for determining indi-
vidual exercise capacity and training heart rate. It has been shown 
to be safe and reliable even in the early phase of recovery from 
acute myocardial infarction and following myocardial revascular-
ization without any adverse effect on left ventricular (LV) function 
[3]. The duration and watt load depends on age, gender, previous 
exercise capacity, the main diagnosis, comorbidities, type of in-
tervention (after PCI, post-cardiac surgery, surgery of the great 
arteries), and post-operative complications (post-cardiotomy syn-
drome, wound infection, post-operative atrial fibrillation, renal 
failure). Even in patients with an expected low overall capacity (i.e. 
frail, older, or deconditioned patients), exercise ECG is useful for 
estimating resilience and haemodynamic behaviour as well as po-
tential rhythm disorders. In high-risk patients (those with severe 
in-hospital complications, persistent clinical instability, advanced 
heart failure) a submaximal exercise test should be considered 
only after stabilization.

A symptom-limited or submaximal exercise ECG can be per-
formed on a bicycle ergometer or a treadmill [4]. A stepwise 
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without (CRT-P) or with defibrillators (CRT-D). While ICDs may 
reduce the risk of sudden death [22], CRT has been demonstrat-
ed to improve functional and prognostic parameters in selected 
groups of patients with congestive heart failure [23].

Inpatient rehabilitation enables maximization of patient care 
by close observation of clinical behaviour and also allows reliable 
rhythm monitoring at rest, during routine daily activities, and 
under different types and intensities of exercise.

Patients with an implantable device require a multimodal ap-
proach in specialized rehabilitation units. After device implanta-
tion, wound healing is only completed after about 3 weeks, while 
internal lead fixation takes on average 6–8 weeks. During this time 
the main focus is on prevention of local infections and early lead 
dislocation. Nevertheless, immediately after device implantation 
participation in a rehabilitation programme is feasible, as long as 
the rehabilitation clinic maintains close supervision and observes 
medical precautions.

Complete follow-up (including controls of the lead threshold, 
potential and impedance testing, and battery capacity) should be 
routinely performed in every patient with an implantable device 
during CR. Thus, rehabilitation clinics should be provided with 
state-of-the-art programmers for devices from all the main manu-
facturers. The majority of modern devices are equipped for tel-
emetric transmission of technical data via an integrated system. 
During CR the automatic remote monitoring system can be used 
[24]. The Holter ECG recording at rest and during exercise on 
a bike or a treadmill is a useful way to detect possible lead mal-
functions (over- and under-sensing, far-field sensing, cross-talk, 
etc.) or concomitant significant arrhythmias (atrial fibrillation, 
non-sustained ventricular tachycardias) [25]. If there are persis-
tent inappropriate ICD shocks (lead malfunction, supraventricu-
lar tachycardia including fast atrial fibrillation), a magnet placed 
over the ICD deactivates the detection algorithms and stops the 
therapy delivery.

The interpretation of a Holter ECG and exercise ECGs, as well 
as optimization of the device programming, is the task of a spe-
cialist physician. Since interpretation of the ECG during different 
stimulation modalities may be difficult, experienced physicians in 
this field should be on site, or readily available, to set optimal pro-
gramming. For lead or device malfunction, contact with and rapid 
referral to the implantation centre is essential.

Exercise rehabilitation has been considered to potentially in-
crease the risk of both appropriate and inappropriate device shocks, 
but it also improves functional capacity in patients with ICD or 
CRT devices [26]. The prescription of exercise for patients with an 
ICD depends on the underlying disease, and LV function, primary 
rhythm disorders, revascularization status, functional status, co-
morbidities, and age must all be considered [27]. Furthermore, the 
ICD activation threshold for anti-tachycardia pacing (ATP) and 
shock delivery should be included in the training setting to avoid 
unintended ICD shocks. Recent European recommendations [28] 
suggest that peak target heart rates should remain 10 to 20 beats 
below the ICD activation threshold, but there are no specific indi-
cations regarding the optimal modality of exercise rehabilitation 
(intensity, frequency, or duration).

In addition to QRS width criteria for patients after cardiac re-
synchronization therapy the first echocardiographic-guided opti-
mization with individual determination of interventricular delay 
can be performed during inpatient stay [11]. If incomplete in-
terventional revascularization was performed, dynamic or phar-
macological stress echocardiography may be considered before 
considering further interventions in asymptomatic patients.

Cognition/frailty
Cognitive decline starts in the general population in middle age, 
but it is more pronounced in patients affected by CAD and/or heart 
failure [12–14]. Cognitive decline often complicates early recovery 
after CABG (in almost 50% of patients) and after prolonged hos-
pital stay (peri-procedural stroke or resuscitation). Even though it 
is so frequent, no specific studies have been performed in patients 
with this clinical disorder referred for CR. Therefore a cognition 
test should be performed at the start of CR [15–17]. Sensitive and 
practical tests with sufficient reliability are the Mini Mental State 
Examination and the Montreal Cognition Assessment [18].

Beyond cognitive decline, other variables of frailty, such as 
vulnerability to poor resolution of homeostasis after a cardiac 
event and the consequent cumulative decline in many physiologi-
cal systems, should be assessed. Mobility [the ‘Timed up and go’ 
(TUG) test or the handgrip strength test] [19], nutritional state 
(mini nutritional assessment), and activities of daily living (basic 
and instrumental activities of daily living) should be assessed 
[20]. A high frailty index not only has prognostic implications but 
also represents a greater burden on the rehabilitation programme 
(  Table 22.1). In these patients, sessions to enhance postural 
control and strength should be as important as exercise training.

Special conditions
Implanted devices
A growing proportion of patients referred to CR have implanted 
electrical devices, including single- and dual-chamber pacemak-
ers, defibrillators (ICDs), and resynchronization pacemakers 

Table 22.1 Geriatric baseline examination

Instruments Impairment Score

Cognitive function:
MMSE (Mini Mental State Exam)

≥21 to <27 points
<21

1
2

Gait function:
Timed up and go test

≥20 seconds

Nutritional status (Mini Nutritional 
Assessment Short Form [71])

≤12 points 1

Activity of daily living:
Basic activities of daily living
Instrumental activities of daily living

One limitation
One limitation

1
1

Frailty (Clinical Frailty Scale [72]) ≥3

Reproduced from Schoenenberger AW, Stortecky S, Neumann S, Moser A, Jüni P, 
Carrel T, Huber C, Gandon M, Bischoff S, Schoenenberger CM, Stuck AE, Windecker 
S, Wenaweser P. Predictors of functional decline in elderly patients undergoing 
transcatheter aortic valve implantation (TAVI). Eur Heart J 2013; 34: 684–92.
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While there is no direct evidence for CR in patients with myo-
carditis, avoidance of aerobic physical activity in the acute phase 
is recommended [38]. Thereafter, depending on improvement in 
clinical symptoms and stabilization of the patient (with disap-
pearance of immunohistological evidence of inflammatory infil-
trations) physical activity at low to moderate intensity is allowed 
[39–41]. However, physicians must be aware that the same reha-
bilitation programmes offered to patients with CAD should not 
be prescribed for myocarditis patients. Athletes with myocardi-
tis should be withdrawn from all competitive sports for at least 6 
months and may return to training and competition if LV function 
and cardiac dimensions have returned to normal and there are no 
clinically relevant arrhythmias on the Holter ECG [40]. Physical 
exercise is recommended for patients with stable heart failure and 
a previous history of myocarditis [42].

Based on expert opinion, the following advice should be 
 considered for prescription of CR in patients with myocarditis:
◆	 In the acute phase of myocarditis (EMB based) or when the di-

agnosis is presumed based on clinical presentation (reduced LV 
function, pericardial effusion, or rhythm disturbances) patients 
should not be referred to an exercise training programme but 
should be carefully monitored and appropriately treated in a 
hospital setting.

◆	 In the subacute phase (EMB based), if LV function and cardiac 
dimensions have returned to normal and if there are no clini-
cally relevant arrhythmias, CR-based exercise training could be 
initiated at a low level of physical activity (level 6–8 on the Borg 
scale). Only slow and gradual increases in heart rate should be 
considered and low-intensity continuous, or interval, training 
should be preferred.

◆	 When inflammation is resolved in the EMB and cardiac func-
tion and ECG findings return to normal, symptom-limited ex-
ercise testing should be performed to guide exercise training 
[43].

However, patients are usually referred to CR without an 
EMB-proven diagnosis of myocarditis. If the above-mentioned 
non-invasive determinations reveal only mild functional or struc-
tural deterioration, a symptom-limited exercise stress test is a 
pre-requisite to starting training. Aerobic exercise could be safely 
prescribed based on a previously performed cardiopulmonary ex-
ercise test (determining the anaerobic threshold which should be 
avoided). Training must be guided by a physician and monitored 
by ECG, with frequent control of the LV function with two-di-
mensional echocardiography as well as determination of biomark-
ers (brain natriuretic peptide).

Patients who have suffered from myocarditis are often mid-
dle aged and have experienced a long deconditioning period. 
Therefore the implementation of exercise recommendations de-
pends on the interaction between physician and patient. It will 
usually be necessary for clinicians to individualize exercise pre-
scription for particular patients, balancing their clinical status 
with the proposed level of physical activity. Patients with myocar-
ditis need psychosocial support from the interdisciplinary team to 
enhance their return to work.

To avoid electromagnetic interference, electrical devices for 
therapeutic applications are generally contraindicated in this pop-
ulation during the rehabilitation programme; however, exposure 
to microwaves and ultrasound is considered safe [29].

Patients with ICDs often complain of psychological problems 
during their daily activities. A multidisciplinary CR programme 
should include psychosocial support and assistance, with vocation-
al counselling and job analysis in younger employees in particular. 
Counselling and education targeted at reducing depression and 
anxiety have been shown to improve device and disease acceptance 
[30]. In 2009 the European Heart Rhythm Association published 
detailed recommendations for driving by ICD patients [31].

In conclusion, each patient should be assessed individually, ac-
cording to the specific indication for device implantation (primary 
or secondary prevention), the period of haemodynamic stability, 
and the type/frequency of ventricular arrhythmias.

Myocarditis
Myocarditis is an inflammatory disease of the heart and is an im-
portant cause of dilated cardiomyopathy. Because of the broad 
spectrum of symptoms, the clinical manifestation varies from 
asymptomatic to presentation with signs of myocardial infarction 
or life-threatening end stage heart failure. Therefore diagnosis of 
myocarditis based on the clinical presentation alone is not usually 
possible. The ECG is widely used as a screening tool despite low 
sensitivity. Biomarkers lack specificity, but may help to confirm 
the diagnosis of myocarditis [32]. The diagnostic value of virus 
serology in comparison to endomyocardial biopsy (EMB) is low, 
because patients are often referred for diagnosis with a significant 
delay from the onset of the initial infection and most viruses in-
volved in the pathogenesis of myocarditis are widely prevalent in 
the general population. Echocardiography can also reveal non-
specific features of myocarditis and, importantly, it evaluates 
systolic and diastolic function, cardiac chamber sizes, and wall 
thickness. It is one of the important investigations for ruling out 
other causes of heart failure.

Cardiac magnetic resonance imaging (MRI) is becoming the 
only non-invasive test for the confirmation of myocarditis [33], 
but no detailed information about the degree of inflammation or 
the presence and type of virus is available [34]. Therefore, the gold 
standard in the diagnosis of myocarditis is still EMB. Beyond the 
Dallas criteria, only EMB-based immunohistological methods 
and molecular biological detection of cardiotropic viruses can be 
used to try and differentiate the acute phase of virus-induced in-
jury (this takes only a few days) and the subacute phase which is 
characterized by autoimmune reactions and takes a few weeks to 
several months. Because of the limited availability of specialized 
facilities and experience in histological interpretation, EMB is in-
frequently used to diagnose myocarditis.

Therefore in patients who are referred to CR, myocarditis is 
often an underdiagnosed cause of heart failure or the diagnosis of 
myocarditis is unproven. These shortcomings have important clin-
ical implication: myocarditis is a cause of sudden death in young 
adults and additional physical activity in someone with myocardi-
tis may result in ventricular tachycardia/fibrillation [35–37].
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The oral glucose tolerance test (OGTT) will detect impaired 
glucose tolerance in a quarter of patients without a previously 
established glucometabolic disorder [47]. Thus, the goal in every 
cardiac patient should be the formal evaluation of pathological 
glucose metabolism using a routinely performed OGTT dur-
ing CR. This is a class I recommendation in the 2013 European 
Association for the Study of Diabetes (EASD) guidelines [48].

Comprehensive education, dietary counselling, individualized 
antidiabetic treatment, and a training programme are all impor-
tant aspects of care. Physical stress should be avoided in the peri-
od of maximum insulin effect and during the evening (to prevent 
nocturnal hypoglycaemia). In the first days after initiation of an 
exercise programme plasma glucose levels should be measured 
by self-testing at the beginning and 1–2 hours after finishing 
sports. If blood glucose is not decreasing at 1–2 hours the stress 
intensity should be reduced. Cardiopulmonary exercise testing 
may be advisable to determine an individual’s aerobic training 
modality (intensity and frequency). In patients treated with in-
sulin or sulphonylurea/meglitinide a dose reduction might be 
appropriate during physical training. If the glucose level is <100 
mg/dl (<5.6 mmol/L) at the start of exercise, an additional intake 
of carbohydrates can be beneficial. If the glucose level is >250 
mg/dl (>13.8 mmol/L) exercise training is still possible as long as 
the patient is feeling comfortable and has no signs of ketonuria.

Return to work might be complicated by metabolic imbalance 
(hyper- or hypoglycaemia), leading to loss of fitness to drive, pro-
hibition of night shifts, and in rare cases to a ban on employment. 
The organizational structure of modern rehabilitation clinics ena-
bles consultation with social services, ambulatory experts on dia-
betes, and employers to help patients pass the period of instability 
and to complete the restoration of capability.

Heart valve intervention
There is little direct evidence concerning rehabilitation of patients 
after valve repair or replacement, in comparison with that for 
patients with CAD [49]. It has been demonstrated that CR after 
heart valve surgery increases exercise capacity, quality of life, and 
the proportion of patients returning to work [50]. After a 3-week 
inpatient CR programme in patients after mitral surgery, a 22% 
increase in VO2 max has been described [51,52].

Ischaemic cardiomyopathy is frequently associated with rela-
tive insufficiency of the mitral valve due to annulus dilatation, 
papillary muscle dysfunction, or rupture of the chordae. If regur-
gitation is haemodynamically relevant, patients usually undergo 
either valve reconstruction with plastic reduction and ring im-
plantation or complete valve replacement. In rehabilitation set-
tings, and for cases of ischaemic cardiomyopathy and concomitant 
valve surgery, the patient’s management should be mainly focused 
on the underlying disease (CAD) with additional specific recom-
mendations for treatment of the heart valve [53].

In the elderly the percentage of patients with CAD and con-
comitant aortic stenosis is increasing. This population is charac-
terized by a high perioperative risk due to many comorbidities 
(e.g. heart and/or renal failure, lung diseases, peripheral and/or 
cerebrovascular arteriosclerosis) and frailty [54–56]. In Europe 

Diabetes mellitus
CR requires a multilayered diagnostic and therapeutic approach, 
particularly for complicated high-risk patients (the obese, those 
with an inactive lifestyle or with manifest end-organ damage) 
[46]. Thus, diabetic patients should be interviewed, examined, 
educated, and treated in a multidisciplinary fashion.

Medical history is of particular importance and should include:
◆	 year of initial diagnosis of diabetes
◆	 history of anti-diabetic medication
◆	 concomitant cardiovascular risk factors (dyslipidaemia, arterial 

hypertension, smoking behaviour, obesity, sedentary habits, 
family history of cardiovascular diseases)

◆	 previous cardiovascular events (coronary artery disease 
(CAD(?)), heart failure, stroke)

◆	 clinical signs of peripheral artery disease (intermittent 
claudication)

◆	 neuropathic pain (burning, cold pain, electric shocks)
◆	 renal insufficiency and degree of severity
◆	 sleeping behaviour (sleep apnoea)

Patients with diabetes are at increased risk of multiple diabetic com-
plications ( Table 22.2). Thus, clinical investigation plays a key 
role in assessing progression of the disease. Physicians should be 
aware that clinical symptoms in diabetic patients are often atypical.

Table 22.2 Complications associated with diabetes mellitus

Complications Diagnostics

Hypo- and hyperglycaemia 
(including perception disorders)

Fasting plasma glucose level, HbA1c, 
regular self-testing

Retinopathy Ophthalmoscopy (microaneurysms, 
exudates, haemorrhages)

Nephropathy Abdominal ultrasound (nephrosclerosis, 
renal artery stenosis), creatinine clearance, 
microalbuminuria ≥ 30 mg/L in a spot 
urine sample, proteinuria

Coronary artery disease Resting and stress ECG, stress imaging 
testing

Diabetic diastolic heart failure Clinical investigation (signs of 
heart failure), two-dimensional 
echocardiography with tissue Doppler, 
NT proBNP

Peripheral sensory neuropathy Vibration perception, Achilles tendon and 
patellar tendon reflex

Diabetic PAD Arterial pulse status, auscultation, ankle–
brachial index (<0.9 possible PAD, >1.3 
possible media sclerosis)

Diabetic foot syndrome Inspection (wounds, ulcer), X-ray 
(bone deformity), presence of infection 
(antibiogram)

Autonomic neuropathy 24-hour blood pressure, Holter ECG 
(SDNN), pupillary dysfunction

Erectile dysfunction Exploration of sexual behaviour

HbA1c, glycated haemoglobin; NT proBNP, N-terminal pro-brain natriuretic peptide; 
PAD, peripheral arterial disease; SDNN, Standard Deviation of Normal to Normal.
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to CR, inpatient rehabilitation offers the opportunity to support 
aspects of social medicine including disability, employment, 
psychosocial, and gender-related factors as well as the economic 
 circumstances of patients.

The association between socioeconomic status and health is 
widely understood [64]. The impact of unemployment on the in-
cidence of cardiovascular disease is still a matter of debate [65,66], 
but its impact on the incidence of cardiovascular risk factors is 
 regarded as scientifically proven [67,68]. Imminent unemploy-
ment, particularly in younger patients during their early working 
life, can provoke anxiety, uncertainty and overall negative effects 
on social life and psychological behaviour [69].

During the rehabilitation period physicians are urged to esti-
mate the working abilities of patients of working age. To assess 
their overall capacity, patients should undergo pre-discharge 
echocardiography, cardiopulmonary exercise testing, and a Holter 
ECG to detect relevant arrhythmias. Physicians are often request-
ed to provide an expert opinion in case of any reduction in earning 
capacity or insurance conflicts.

Patients with CAD are often concerned about their physical ca-
pacity, which can lead to avoidance behaviour including fear of 
moving, sexual dysfunction, reduced motivation, and personal 
disengagement [70]. Besides education and qualified psychologi-
cal supervision it can be necessary to offer organizational social 
support before returning patients to normal life.

After an acute cardiovascular event older retired patients often 
require high-level, long-term care.

Outlook
Hospital-based rehabilitation units are a cornerstone of integrated 
healthcare for high-risk patients. Inpatient rehabilitation should 
be considered as a transition phase to starting a comprehensive 
residential or ambulatory rehabilitation programme. Because 
these units are highly specialized and are staff- and cost-intensive 
the facilities should be reserved for the patients at highest risk 
and with the most complicated problems. Inpatient rehabilitation 
should be focused on those who are most likely to benefit, repre-
senting cost-effective use of limited resources.

TAVI is being increasingly used to treat this group. TAVI patients 
benefit from inpatient rehabilitation to the same degree as patients 
after surgical heart valve replacement [57]. Physicians in hospital-
based rehabilitation units must be aware of the possible complica-
tions associated with TAVI. The most common are heart block, 
vascular complications, and renal failure, and systolic as well as 
diastolic heart failure [57,62]. Therefore the patient’s weight must 
be recorded every day.

Baseline echocardiography should be performed in all patients 
at admission and at discharge from CR to assess the presence of 
transvalvular gradients, prosthesis para- or transvalvular regur-
gitation, systolic and diastolic LV function, and systolic pulmo-
nary artery pressure [58]. If fever of unknown origin occurs, 
blood cultures and trans-oesophageal echocardiography should 
be  performed to exclude endocarditis of a prosthetic valve [53].

Oral anticoagulation is necessary in patients after heart valve 
replacement—for 3 months after biological valve replacement or 
lifelong after mechanical prosthesis [53,59]. Atrial fibrillation is 
a common post-operative complication, particularly in patients 
after valve replacement, with an incidence of 40% in isolated 
valve surgery and up to 50% if valve surgery and CABG are com-
bined [60]. Thus, heart rate should be monitored during exercise. 
Patients should be educated about INR self-management, phar-
macological interactions, lifestyle, and nutrition [61]. Physically 
active patients on oral anticoagulation should be educated to 
choose low-risk sports to avoid bleeding complications.

Furthermore, depending on the pattern of recovery, an indi-
vidualized aerobic exercise programme must be initiated dur-
ing in-hospital CR. In patients with preserved LV function and 
uncomplicated post-operative follow-up a submaximal exercise 
test can be performed about 2 weeks after surgery to define the 
training programme. After conventional valve replacement with 
median sternotomy any movement involving lateral force should 
be progressively increased slowly to avoid sternal disruption [63].

Social medicine
Due to the high burden of morbidity and mortality, patients with 
cardiovascular diseases and their relatives require interdiscipli-
nary support. As well as treatment of the event leading to referral 
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CHAPTER 23

Ambulatory preventive 
care: outpatient clinics and 
primary care
Jean-Paul Schmid and Hugo Saner

Summary
Cardiac rehabilitation (CR) services aim to restore the physical, psychosocial, and 
vocational status of cardiac patients. In recent times, the role of these services has 
evolved due to the progress of interventional cardiology with its prompt and  effective 
treatment of acute coronary syndromes. The focus has moved from the restoration 
of a patient’s health following an acute event towards a more pronounced long-term 
targeted secondary prevention intervention. As a consequence, CR services have 
also expanded their indication in order to include not just patients after myocardial 
infarction or surgery, but also a variety of ‘non-acute’ cardiovascular disease (CVD) 
states like stable coronary heart disease and peripheral obstructive artery disease 
as well as asymptomatic patients with no history of CVD but with a constellation 
of cardiovascular risk factors, especially metabolic syndrome or diabetes mellitus. 
The biggest challenge for CR in building on its achievements to date is to ensure the 
highest standards of comprehensive evidence-based preventive and rehabilitative 
care. The personnel for a CR programme should comprise professionals who are 
able to provide an effective CR and secondary prevention service and undergo con-
tinuing professional development through regular refresher courses. Furthermore, 
the clinic facilities must provide a safe and functional environment. The most im-
portant part of organizing a CR service is probably recruiting all eligible patients 
and overcoming barriers to their participation. Patient assessment at the beginning 
of a CR programme is essential. It serves to identify the cardiovascular risk profile, 
to set the goals which should be achieved during rehabilitation, to estimate the 
patient’s risk, and to determine exercise capacity and training intensity. Recording 
data prospectively on the process and outcomes of the CR programme allows for 
continuous monitoring of the programme’s efficacy and safety and serves as a tool 
for bench-marking against national standards. Finally, regular audit is needed for 
quality control, both locally and as part of a national audit programme for CR. 
It demonstrates what programmes are achieving in relation to defined clinical 
 outcomes, and enables local results to be compared with national outcomes.



295indications for outpatient cv rehabilitation

evidence A) in individuals at very high risk of CVD [5]. However, 
the initiation of behavioural changes is often difficult and prin-
ciples for effective communication have been recommended 
( Box 23.1) [5].

CR in the era of modern cardiology has become more chal-
lenging with the advent of primary angioplasty for acute coronary 
syndromes and early discharge from hospital, and programmes 
need to evolve with changing trends in acute management of coro-
nary and other vascular diseases and increasing demands for these 
services. The biggest challenge for CR in building on its achieve-
ments to date is to ensure the highest standards of comprehensive 
evidence-based preventive and rehabilitative care. Continuing 
education of all healthcare professionals involved in CR (e.g. how 
to facilitate behavioural changes) as well as reporting and evaluat-
ing of programme outcome data are essential.

Indications for outpatient 
cardiovascular rehabilitation
The 2011 American Heart Association/American College of Car-
diology Foundation update on secondary prevention and risk 
reduction therapy for patients with coronary and other athero-
sclerotic vascular disease [6] states that all eligible patients with 
an acute coronary syndrome or immediately after coronary artery 
bypass surgery or a percutaneous coronary intervention (PCI) 

The role of outpatient clinics in 
preventive cardiology: introduction
As stated by WHO in 1964, in their definition of cardiac reha-
bilitation (CR) for patients with cardiovascular disease (CVD) 
[1], CR services aim to restore the physical, psychosocial, and 
vocational status of cardiac patients. The first structured physical 
activity programme for patients after an acute myocardial infarc-
tion was set up in 1952 by Newman et al. in a fixed in-hospital 
setting in the United States [2], and countries with a tradition of 
spa resorts or mountain sanatoria (Germany, Austria, Italy, and 
some other southern and eastern European countries) adopted 
this residential rehabilitation centre approach, usually involving 
short-duration, intensive CR (3–4 weeks). In most other parts of 
the world, in particular the Anglo-Saxon countries, ambulatory 
services developed with either a centre- or home-based approach.

A typical and well-approved centre-based outpatient format 
today corresponds to an 8–12 week programme, offering 36 train-
ing and information sessions. However, many other programme 
variants, differing in duration, content, and intensity have been 
developed [3]. Although the approach to CR delivery varies be-
tween European countries, depending on their healthcare system, 
cultural traditions, and social norms, all have the same aims:
◆	 to improve the patient’s functional capacity
◆	 to prepare for a return to work and to maintain an independent 

lifestyle as long as possible
◆	 to support psychological adaptation to the chronic disease 

process
◆	 to motivate the patient for long-term behavioural and lifestyle 

changes
◆	 to reduce morbidity and enhance long-term prognosis.

In recent years, the role of CR clinics, in particular as far as the 
outpatient setting is concerned, has changed. It has moved from 
the restoration of a patient’s health following an acute event to 
being a more pronounced long-term targeted secondary preven-
tion intervention. This implies that patient care is not restricted 
solely to patients after a myocardial infarction, cardiac surgery, 
or decompensated heart failure, but now includes a variety of 
‘non-acute’ CVD states like stable coronary heart disease and 
peripheral obstructive artery disease as well as asymptomatic 
patients with no history of CVD but with a constellation of car-
diovascular risk factors, especially metabolic syndrome or dia-
betes mellitus.

Compared with usual care alone, exercise-based CR improves 
the cardiovascular risk factor profile, exercise tolerance, and 
health-related quality of life and reduces mortality in patients with 
coronary heart disease [4]. The long-term benefit of CR is thereby 
driven by successful achievement of healthy behavioural changes. 
This is acknowledged in the most recent European guidelines on 
CVD prevention in clinical practice, where multimodal inter-
ventions, integrating education on healthy lifestyle with medical 
resources, exercise training, stress management, and counselling 
on psychosocial risk factors, are recommended (class I, level of 

Box 23.1 Principles of effective communication to facilitate 
behavioural change

◆	 Spend enough time with the individual to create a therapeutic 
relationship—even a few more minutes can make a difference.

◆	 Acknowledge the individual’s 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 lifelong habits can be difficult 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.

Source: data from Perk J, De Backer G, Gohlke H, et al. European guidelines 
on cardiovascular disease prevention in clinical practice (version 2012). 
The Fifth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (consti-
tuted by representatives of nine societies and by invited experts). Eur Heart J 
2012; 33: 1635–701.
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diagnosis is safe, feasible, and more clinically effective [13] and 
improves programme uptake and adherence [14]. Patients with 
staged PCI do not need to wait until revascularization is com-
plete. The initial medical assessment will determine the ischae-
mic threshold of the patient and whether any remaining coronary 
stenosis is still clinically relevant. Training below the ischaemic 
threshold is safe, provided that the threshold is beyond an exercise 
capacity of 50 W during an ergometer stress test [15].

Organization of an outpatient clinic
Personnel
The personnel for a CR programme should comprise professionals 
who are able to provide an effective CR and secondary prevention 
service (see  Fig. 23.1) [16], for example:
◆	 a programme director—any member of the team, with good 

organizational, management, and interpersonal skills able to 
ensure proper organization, policies, and procedures that are 
consistent with evidence-based guidelines

◆	 a medical director (who could be the programme director) who 
is a specialist in cardiology and oversees the CR programme 
policies and medical care

◆	 trained and well-instructed personnel immediately available to 
respond to medical emergencies

◆	 a multidisciplinary team consisting of cardiologists, physio-
therapists, nurses, psychologist, dietician, exercise physiolo-
gists, occupational therapist, and social services worker

◆	 consultant professionals, i.e. internist, neurologist, diabetolo-
gist, cardiac surgeon, and general physician.

Each team member must have certified qualifications for their 
given areas of expertise and training. The personnel involved in 
the CR process should undergo continuing professional develop-
ment through regular refresher courses providing updates and 
continuing post-graduate education, including in cardiopulmo-
nary resuscitation skills.

Infrastructure
The clinic facilities must provide a safe and functional environ-
ment. Setting this up comprises planning the utilization of space, 
the acquisition of equipment and its maintenance, the reduction 
and control of environmental hazards and risks, the maintenance 
of safe conditions (emergency access to all patient areas), and cli-
mate control (adequate temperature and humidity).

The following should constitute the basic facilities for CR 
services:
◆	 a dedicated consultation area for medical and psychological 

assessment
◆	 appropriate rooms for education and counselling (for individ-

ual or group interventions)
◆	 an examination room (e.g. echocardiography)
◆	 an exercise testing laboratory

should be referred to a comprehensive outpatient cardiovascular 
rehabilitation programme (class I, level of evidence A). However, 
data also support CR for stable coronary artery disease [7] and for 
patients with heart failure [8,9], peripheral artery disease [10], and 
diabetes mellitus [11]. A wide range of other disease states have 
also been recognized as indications for both outpatient and resi-
dential cardiovascular rehabilitation programmes.  Table 23.1 
summarizes one example of the indications for CR as applied in 
Switzerland and Germany.

In general, the indications for referring patients to a CR pro-
gramme, either alone or in combination, are:
◆	 a recent medico-surgical intervention
◆	 reduced exercise capacity
◆	 presence of unsatisfactorily controlled cardiovascular risk factors.

After recent hospitalization CR should be started early after dis-
charge or during the first follow-up office visit. There is solid 
evidence that CR starting within 2 weeks of either discharge or 

Table 23.1 Indications for outpatient CR (a) and conditions favouring 
a residential CR programme if available (b) 

(a) Indications for outpatient CR

Risk profile Indications

Low risk Multiple cardiovascular risk factors in need of an intervention, 
especially diabetes mellitus or metabolic syndrome

Condition after elective percutaneous coronary intervention

Young patients (<45 years of age) with uncomplicated 
heart surgery (heart valves, congenital heart disease without 
relevant systemic impairment)

Medium risk Condition after acute coronary syndrome (NSTEMI or STEMI)

Patients > 45 years after CABG, heart valve surgery, or 
vascular surgery (aorta or large peripheral vessels) with an 
uncomplicated course

Patients with peripheral artery disease

High risk Patients with first diagnosis of heart failure (systolic or 
diastolic dysfunction)

Patients after heart transplantation

Condition of cardiopulmonary decompensation of any origin

Any heart or vascular surgery with complicated course

Patients with complex congenital heart disease

Patients with pulmonary arterial hypertension

Condition after aortic dissection

NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation 
myocardial infarction; CABG, coronary artery bypass graft.

(b) Conditions favouring a residential CR programme

The need for intensive nursing and medical supervision

Unreasonable distance of CR centre from home (e.g. commuting distance 
> 1 hour)

Pronounced frailty/multimorbidity which impairs mobility

Need for temporary relief and/or distance from social environment 
(professional and private)

Source: data for (a) and (b) from Karoff M, Held K, Bjarnason-Wehrens B. Cardiac 
rehabilitation in Germany. Eur J Cardiovasc Prev Rehabil 2007; 14: 18–27.
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Patient assessment
Patient assessment at the beginning of a CR programme is essen-
tial. It serves to identify the cardiovascular risk profile, to set the 

◆	 an exercise (training) room—the space must meet the require-
ments for the activities and services being offered and the unique 
needs of patients (approximately 4 m2 per patient is recommended)

◆	 resting/dressing room with separate toilets and shower facilities.

The specific selection of equipment depends on the preferences 
of the individual programme, the available space, and budget limi-
tations. All equipment should be commercial grade with stringent 
maintenance guidelines to ensure patient safety. Staff should be 
thoroughly trained in the use of all equipment and information 
for its correct use and calibration, and reference standards should 
be readily available. A chair and an examination table, suitable for 
supine or recumbent positions, should be available in all patient 
areas. The minimum equipment requirement for a CR centre is 
summarized in  Table 23.2 [16].

Patient recruitment
One of the most important parts of organizing a CR service is 
recruiting all eligible patients and overcoming barriers to their 
participation. No eligible patient should be missed, but patients 
who may not benefit from CR, for physical, psychosocial, or other 
reasons, should not be offered a place on a programme if the risk 
of premature discontinuation is high.

The main barriers to professionals referring patients for CR in-
clude insufficient knowledge or scepticism about patient bene fits, 
an over-reliance on physicians as gatekeepers, and value judge-
ments that patients are not likely to participate. Systems factors 
are related to territory, remuneration, and insufficient time 
and staff capacity. Patients may also have limited knowledge of 
 programmes and find that the process of obtaining a referral is 
sometimes  confusing and challenging [18].

Programme
director

Programme coordinator
Cardiologist

Administrative
assistant

Cardiac rehabilitation
and prevention staff

Contributing staff
(according to referral)

Consultant professional
staff (if needed)

Cardiac surgeonDieticianCardiologist
assistants

Nurses

Exercise experts

Physiotherapist

Exercise physiologist

Office and ward
health operator

Occupational therapist

Psychologist

Social services expert

Internist

Diabetologist

Neurologist

Pneumologist

General practitioner

Community nurse

Fig. 23.1 Organization chart of 
personnel involved in a cardiac 
rehabilitation and secondary prevention 
programme.

Table 23.2 Minimum equipment requirements for a cardiac 
rehabilitation centre

Function Equipment

Assessment of clinical status Stethoscope and sphygmomanometer
Weighing scale
Chemistry analysis
Urine analysis
ECG

Assessment of left 
ventricular function*

Echocardiography equipment

Assessment of arrhythmias Ambulatory ECG Holter monitoring 
apparatus

Assessment of functional 
capacity*

Treadmill or ergometer for exercise stress test
Respiratory gas analyser for spiroergometry
Equipment/facilities for 6-minute walk or 
shuttle walk test

Assessment of psychosocial 
status

Licensed tests and screening instruments 
(ideally computerized)

Equipment for conducting 
an exercise training 
programme (it is possible 
to conduct CR exercise 
programmes with minimal 
equipment)

Stethoscope and sphygmomanometer
ECG monitoring equipment/telemetry 
system
Exercise equipment (gymnastic tools, Thera 
bands®, weight training machines, treadmills, 
ergometers, arm ergometer)

Emergency equipment [17] Written emergency instructions are required, 
together with ready access to a telephone to 
summon assistance

*Depending on circumstances and type of patients.
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3. psychosocial health

4. medical risk factor management

5. cardioprotective therapies

6. long-term management

7. audit and evaluation.

Outcome measures and audit
Recording data prospectively on the process and outcomes of 
the CR programme allows for continuous monitoring of the 
 programme’s efficacy and safety and serves as a tool for bench-
marking against national standards. Patient data should be col-
lected at programme entry and at the end of the programme. 
Recording of the following variables is recommended:
◆	 exercise capacity
◆	 health-related quality of life (one generic and one disease spe-

cific questionnaire)
◆	 smoking status
◆	 complications (cardiovascular and non-cardiovascular)
◆	 attendance rate and rate of discontinuation
◆	 patient satisfaction.

Regular audit is essential for quality control, both locally and as 
part of a national audit programme for CR. It demonstrates what 
programmes are achieving in relation to defined clinical out-
comes, and enables local results to be compared with national 
outcomes. Therefore outcome data from each individual centre 
should be  entered onto a national database.

The role of primary care in preventive 
cardiology: introduction
Primary care physicians have a pivotal role in the successful im-
plementation of primary and secondary prevention guidelines for 
both population and high-risk approaches to reduce the burden of 
CVD. Increasingly, in this era of health cost containment, the pri-
mary care physician is recognized as: (1) the main and sometimes 
the only source of healthcare for a large number of individuals; 
(2) an affordable physician; and (3) the gatekeeper for referral to 
medical specialists. Although the majority of primary care physi-
cians intuitively support the concept of preventive cardiology and 
generally have a high level of knowledge of cardiovascular risk 
factors, a significant gap remains between physician knowledge 
and attitudes and the actual practice of preventive cardiology. For 
patients with suspected or overt CVD, the cardiologist in clinical 
practice takes over the task of identifying particular risk factors 
to define targets for treatment and to help to motivate patients to 
maintain a healthy lifestyle and to be compliant with drug treat-
ment. In some countries, primary care physicians and clinical car-
diologists are supported by nurse specialists with special training 
in CVD prevention measures.

goals which should be achieve during rehabilitation, to estimate 
the patient’s risk, and to determine exercise capacity and training 
intensity. The key points are enumerated in  Table 23.3.

Delivering a comprehensive CR 
programme: minimum standards and 
core components
The achievements of CR so far may be compromised by CR pro-
grammes which do not comply with the required minimum stand-
ards and/or core components of a comprehensive CR programme 
[20]. The British Association for Cardiovascular Prevention and 
Rehabilitation (BACPR) has defined seven standards and seven 
core components for CVD prevention and rehabilitation (for de-
tails see [21]).

The seven core components of a modern cardiovascular pre-
vention and rehabilitation programme consist of:

1. health behaviour change and education

2. lifestyle risk factor management: physical activity and exercise, 
diet, and smoking cessation

Table 23.3 Key points for patient assessment at CR entry

Clinical 
history

Screening for cardiovascular risk factors, comorbidities, and 
disabilities

Symptoms NYHA class for dyspnoea and CCS class for angina

Adherence To the medical regime and self-monitoring (weight, blood 
pressure, symptoms)

Physical 
examination

General health status, heart failure signs, cardiac and carotid 
murmurs, blood pressure control, extremities for presence 
of arterial pulses and orthopaedic pathology, cardiovascular 
accidents with/without neurological sequelae

ECG Heart rate, rhythm, repolarization

Cardiac 
imaging

Two-dimensional and Doppler echocardiography: in 
particular ventricular function and heart valve diseases

Blood testing Routine biochemical assay, fasting blood glucose (HbA1c if 
fasting blood glucose is elevated), total cholesterol, LDL-C, 
HDL-C, triglycerides

Physical 
activity level

Domestic, occupational, and recreational needs, activities 
relevant to age, gender, and daily life, readiness to change 
behaviour, self-confidence, barriers to increased physical 
activity, and social support in making positive changes

Peak exercise 
capacity

Symptom-limited exercise testing, either on a bicycle 
ergometer or a treadmill

Education Clear, comprehensible information on the basic purpose of 
the CR programme and the role of each component

Expected 
outcomes

Formulation of ‘tailored’, patient-specific, objectives of the 
CR programme, eventually also involving family members

NYHA, New York Heart Association; CCS, Canadian Cardiovascular Society; HbA1c, 
glycated haemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol.
Source: data from Piepoli MF, Corrà U, Benzer W, et al. Secondary prevention through 
cardiac rehabilitation: from knowledge to implementation. A position paper from the 
Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention 
and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2010; 17: 1–17.
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risk calculators by primary care physicians. A European Society 
of Cardiology (ESC) survey conducted in six European countries 
showed that physicians largely rely on their own expertise for the 
prevention and treatment of CVD: although most cardiologists 
and physicians (85%) knew they should base CVD risk assessment 
on the combination of all CVD risk factors, 62% of physicians used 
subjective methods to gauge risk rather than using risk calcula-
tors [27]. The most common barriers to guideline implementation 
were government or local health policy (40%), patient compliance 
(36%), and lack of time (23%). Suggestions proposed to improve 
implementation included the development of clear, easy to use, 
and simple guidelines (46% prompted; 23% unprompted) and fi-
nancial incentives (24% unprompted).

The most important aspects of risk stratification and risk as-
sessment in clinical practice are described in detail in Chapter 5. 
The key messages are: (1) risk factor management unequivocally 
reduces morbidity and mortality; (2) in apparently healthy peo-
ple CVD risk is most frequently the result of multiple interacting 
risk factors; (3) a risk estimation system such as SCORE can assist 
in making logical management decisions, and may help to avoid 
both under- and over-treatment; and (4) all risk estimation sys-
tems are relatively crude, and attention to qualifying statements is 
required. In this regard, the total risk approach allows flexibility: if 
perfection cannot be achieved with one risk factor, trying harder 
with others can still reduce overall risk.

There are a number of barriers to implementing routine risk 
assessment. A survey among general practitioners and internists 
working in clinical practice in two Swiss regions [28] revealed that 
74% rarely or never used CVD prediction rules due to fears of 
oversimplification of risk assessment (58%) or overuse of medical 
therapy (54%). More than half of the physicians (57%) believed 
that the numerical information resulting from prediction rules is 
frequently unhelpful for clinical decision-making [28]. A Dutch 
qualitative study of the use of risk tables as a key component of 
risk assessment for primary prevention reported that physicians’ 
knowledge of the risk tables, and their ability to communicate that 
knowledge to patients, influenced their implementation [29]. The 
most important barrier to conduction of risk assessment by gen-
eral practitioners in a routine patient consultation is the fact that 
there is little time for discussion [29,30].

There is also great concern among general practitioners about 
overestimating risk in national populations, which may lead to 
overuse of medical therapy [29,30]. The results of a Norwegian 
study suggest that using the European SCORE assessment would 
double the number of individuals who need drugs for primary pre-
vention of CVD [31]. Providing medication to increasing numbers 
of patients may result in higher healthcare costs. However, model-
ling strategies to make more efficient use of resources and to identi-
fy most of the CVD burden have shown conflicting results. Finally, 
application of risk scoring in general practice versus individual 
risk factor treatment has not been shown to reduce cardiovascular 
events. The use of risk scoring based on electronic patient records 
is promising, but needs to be tested in a general practice setting.

Patients with established atherosclerosis, namely coronary, cere-
brovascular, and peripheral artery disease, constitute a high-risk 

Cardiovascular disease prevention in 
general practice
The following key points underlie the basis of cardiovascular dis-
ease prevention in general practice:

◆	 Risk factor screening, including the lipid profile, may be con-
sidered in adult men ≥40 years old and in women ≥50 years old 
of age or who are post-menopausal [22].

◆	 The physician in general practice is the key person to initiate, 
coordinate, and provide long-term follow-up for CVD preven-
tion [23]. This includes lifestyle interventions and medication 
for primary and secondary prevention.

◆	 Aspirin, statins, and antihypertensive agents have class I indica-
tions in patients with established atherosclerosis.

◆	 Fewer than 50% of patients are fully adherent with these medi-
cations and non-adherence is associated with worse outcomes.

◆	 Starting these medications is associated with a lowering of 
risk, whereas stopping these medications is associated with an 
elevation of risk; not taking them at all is associated with the 
highest risk.

Primary care physicians are a critical professional group for the 
successful implementation of CVD prevention programmes in 
Europe. In most countries they deliver more than 90% of consul-
tations and provide the vast majority of preventive care, disease 
screening, chronic disease monitoring, and follow-up. The gen-
eral practitioner is in many instances the main, and sometimes 
the only, source of healthcare for a large number of individuals, 
and usually the gatekeeper for referral to medical specialists. The 
majority of primary care physicians intuitively support the con-
cept of preventive cardiology and generally have a high level of 
knowledge about cardiovascular risk factors. However, a signifi-
cant gap remains between physician knowledge and attitudes and 
the actual practice of preventive cardiology. Despite the enormous 
burden of CVD, many patients at high risk remain undiagnosed 
and untreated. General practitioners perform a unique role in 
CVD prevention by identifying individuals at risk of developing 
CVD and assessing their eligibility for intervention based on their 
cardiovascular risk profile.

A major task of the general practitioner is to identify high-
risk individuals. However, despite the enormous burden of CVD 
many patients at high risk remain undiagnosed and untreated. 
Even among patients with established disease there are substantial 
treatment gaps: among patients receiving lipid-modifying thera-
py, 43% do not achieve total cholesterol targets [<4.5 mmol/L (175 
mg/dl) in Europe] [24] whereas 64% failed to reach low-density 
lipoprotein cholesterol targets in the United States [25]. There 
has also been little improvement over time in the management 
of other CVD risk factors such as smoking, obesity, and diabetes 
[26]. Another challenge for primary care physicians is the adop-
tion of risk calculators for predicting those at greatest risk of de-
veloping CVD who may particularly benefit from interventions. A 
number of studies have investigated the use of prediction rules and 
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and general internists. Another pivotal role of the practising car-
diologist consists of the evaluation of patients with cardiovascular 
problems who are referred from the primary care physician. A thor-
ough examination by a practising cardiologist will often include 
assessment of exercise capacity, measurement of the ankle–bra-
chial index, assessment of pre-clinical atherosclerosis by vascular 
ultrasound, and evaluation of cardiac structure and function by 
echocardiography. The results of these interventions in many pa-
tients with perceived low risk will often change the perception of 
risk profoundly. Although the identification and basic treatment 
of risk factors and advice about lifestyle modification is the task of 
the general practitioner or the general internist, the practising car-
diologist needs to advise in cases where there is uncertainty about 
preventive drug therapy or when the usual preventive modalities 
are difficult to apply (e.g. nicotine addiction, resistant obesity, side 
effects, or insufficient efficacy of medication). In women, the ad-
vice of a cardiologist is often requested when balancing hormone 
replacement therapy with symptoms and total cardiovascular risk. 
Cardiologists give important advice on treatment with antiplate-
lets and oral anticoagulation in various cardiovascular conditions, 
with or without previous interventional therapy.

The cardiologist also plays a central role in the implementa-
tion of evidence-based medicine in patients following an acute 
coronary event or intervention. The hospital discharge recom-
mendations are reviewed with the patient, and the cardiologist 
recommends a future treatment strategy. The cardiologist’s rec-
ommendations are also crucial for patient compliance with the 
treatment. Giving written information and ensuring that, at set 
intervals, treatment goals have been reached has a significant im-
pact on mid-term prognosis [33,35].

The impact of the practising cardiologist on CVD prevention 
may be enhanced by the use of electronic medical records. The 
ability to systematically identify all patients with risk factors, ad-
dress and document their barriers to care, and control of imple-
mentation of risk reduction at pre-determined intervals should 
result in better outcomes.

The role of nurses
The following key point underlies the role of nurses in cardiovas-
cular disease prevention in primary care:
◆	 Nurse-led clinics or nurse-coordinated multidisciplinary pre-

vention programmes are more effective than usual care in redu-
cing cardiovascular risk in a variety of healthcare settings.

Several randomized trials of comprehensive CR programmes have 
shown significant improvements in risk factors, exercise tolerance, 
glucose control, and appropriate use of medication, along with 
decreases in cardiac events and mortality, regression of coronary 
atherosclerosis, and improved patient perception of health com-
pared with usual care [16,17]. Other studies have demonstrated 
the effectiveness of nurse-led prevention clinics in primary care 
compared with usual care, with greater success in secondary as 
opposed to primary prevention [38–40].

Differences are found in the degree of effectiveness of various 
nurse-led programmes, which could reflect an inadequate dose of 

group and have a highly elevated risk of future ischaemic events. 
The mainstay of management in these patients is the appropriate 
use of evidence-based secondary prevention measures, including 
lifestyle interventions and medication such as antiplatelet, lipid-
lowering, and antihypertensive agents. However, the number of 
patients with established CVD, and of otherwise healthy indi-
viduals who are at high risk of developing CVD, is large and this 
presents a considerable challenge to the medical community—the 
tasks of CVD prevention are difficult to accomplish in the con-
text of the daily patient workload. Therefore it is useful to define 
priorities for CVD prevention. The Fifth Joint European Society’s 
Task Force on CVD Prevention in Clinical Practice [5] has devel-
oped guidelines proposing the order in which preventive action 
should be taken, because with limited resources full-scale action 
directed to all groups potentially needing preventive advice may 
not be feasible in the national healthcare structure ( Box 23.2). 
The highest priority is given to patients with established CVD, the 
lowest to the general population met in clinical practice.

Cardiovascular disease prevention in 
primary care
The role of the cardiologist
The following key points underlie the role of the cardiologist in 
cardiovascular disease prevention in primary care:
◆	 The practising cardiologist should be the advisor in cases where 

there is uncertainty over the use of preventive medication or 
when the usual preventive options are difficult to apply [32–34].

◆	 The practising cardiologist should regularly review the hospital 
discharge recommendations after a cardiac event or interven-
tion [32–34].

◆	 The practising cardiologist is critical to the implementation of 
primary and secondary CVD prevention based on CVD pre-
vention guidelines.

◆	 The cardiologist working in primary care is crucial for the refer-
ral of eligible patients to CR services and to overcome the barri-
ers to participation.

Cardiologists working out of hospital have an essential role in 
CVD prevention by acting as consultants to general practitioners 

Box 23.2 Proposed list of priorities for CVD prevention

1. Patients with established CVD, peripheral artery disease, and 
cerebrovascular atherosclerotic disease.

2. Asymptomatic individuals who are at high risk of developing 
atherosclerotic CVD.

3. First-degree relatives of patients with early onset CVD (de-
fined as men aged <55 years and women aged <65 years).

4. First-degree relatives of asymptomatic individuals at high risk.
5. Other individuals met in connection with ordinary clinical 

practice.
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exercise class over a 16-week period [42]; other studies have evalu-
ated interventions of shorter durations. A common conclusion 
from all these prevention programmes is the need for sustained 
contact to maintain positive lifestyle changes. However, further re-
search is needed to determine the optimal format of interventions 
necessary to achieve sustained risk reduction, and how this can be 
titrated and adapted for people with different risks and healthcare 
needs in a variety of healthcare and community settings.

the intervention, inconsistencies in the components of the inter-
vention, or a lack of specific expertise, as well as the inherent dif-
ficulty of achieving meaningful change in multiple factors. Models 
of nurse case management which were more intensive with more 
sustained contact have shown the most successful outcomes, in-
cluding regression of atherosclerosis and decreased cardiac events 
[41]. The EUROACTION trial consisted of eight visits with a multi-
disciplinary team, attendance at a group workshop, and supervised 

Further reading
Perk J, Mathes P, Gohlke H, et al. Cardiovascular prevention and rehabili-

tation, 2007. London: Springer.
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CHAPTER 24

Health promotion to 
improve cardiovascular 
health in the general 
population
Emer Shelley and Margaret E. Cupples

Introduction: health promotion—concept and 
practice
The concluding paragraph of the 2012 European guidelines on cardiovascular disease 
(CVD) prevention [1] recognizes the broader context in which patients live and profes-
sionals practise, and the importance of health promotion as complementary to the pre-
vention of cardiovascular disease in the clinical arena. Specifically, the authors hope for:

a real partnership among politicians, physicians, allied health personnel, scientific associations, 
heart foundations, voluntary organizations, and consumers’ associations to foster both health 

Summary
Prevention of cardiovascular disease (CVD) requires a consideration of the extent to 
which the social, physical, and fiscal environment facilitates heart-healthy lifestyles. 
Health promotion encompasses the actions of governments and other agencies to 
enable citizens to ‘make the healthier choice the easier choice’. It may involve ‘health 
proofing’ public policy, the creation of supportive environments, the activities of 
community organizations, health education to develop personal skills, and prior-
itization of prevention by the health services. The high-risk strategy for prevention 
offers major benefits for those with diagnosed CVD and those known to be at in-
creased risk compared with their peers. From a population health  perspective, strate-
gies to reduce risk in the majority not known to be at high risk are potentially of much 
greater benefit. Disadvantaged social groups are at increased risk of CVD compared 
with those who are better off, yet they may be unable to follow advice due to circum-
stances beyond their control. Prevention programmes to improve CVD risk in com-
munities should tailor objectives and programme design, including evaluation, to the 
resources available. Baseline information is required on knowledge, attitudes, and 
behaviours, as well as risk factors and morbidity, in order to raise awareness of needs, 
support programmes appropriately, and help reduce inequalities. Responsibility for 
changing behaviour rests with the individual but preventive services can provide 
support and involve partners and family members. Healthcare settings can take a 
lead, for example by providing healthy food menus and smoke-free environments, 
and professionals can be powerful advocates for  national prevention policies.
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in many countries have been prominent in advocating for policies 
and practices to maintain cardiovascular health.

Health promotion should be considered in the context of a 
comprehensive approach to behaviour change ( Fig. 24.1) [6]. In 
addition to interventions delivered at the level of the individual or 
the whole community, many health promotion programmes focus 
on a setting such as the workplace or social groups at high risk, for 
example local communities in areas with high levels of depriva-
tion [7]. Some initiatives alter the physical environment ‘to make 
the healthy choice the easier choice’ [2], while others address a 
topic across a range of groups and settings, for example promoting 
healthy eating through the education, retail, catering, and health 
sectors in a particular geographical area, supported by sustained 
coverage in local media.

Most population-based interventions for health improvement 
aim to alter health behaviour, either as a primary objective or as an 
intermediate objective towards changing risk factors and impact-
ing on morbidity and mortality. The challenges involved should 
not be underestimated:

However, health promotion activities—and mass public health cam-
paigns in particular—have often failed to have the desired effect in 

promotion at the population level and primary and cardiovascular pre-
vention at the clinical level, using the complete spectrum of evidence in 
medicine from experimental trials to observations in populations [1]

At the World Health Organization (WHO) conference which 
adopted the Ottawa Charter in 1986, health promotion was de-
fined as ‘activities of government and other agencies, including 
health services, to enable communities and individuals to increase 
control over and to improve their health’ [2]. Five areas for action 
were identified:
◆	 build healthy public policy
◆	 create supportive environments
◆	 strengthen community action
◆	 support the development of personal skills
◆	 reorientate health services.

Nurturing health is recognized to be not just the responsibility of the 
individual and the health services. Planners in all sectors of society 
should take account of the impact of local and national initiatives on 
people’s health. Effective health promotion may depend on policies 
relating to environmental planning, transport, economics, educa-
tion, and legislation as well as to health and social care. While there 
have been notable successful initiatives, such as the implementa-
tion of smoke-free public places in many countries, the increasing 
prevalence of obesity, physical inactivity, diabetes, and other non-
communicable diseases has heightened awareness of the need for 
sustained, multisectoral engagement to improve population health.

Health education, involving communication to impart knowl-
edge, influence attitudes, and impact on behaviour so as to main-
tain health, is one component of health promotion. However, the 
general population are unlikely to implement health education 
messages aimed at promoting cardiovascular health if they are 
not supported in doing so. Likewise, patients may find it difficult 
or impossible to follow advice from health professionals unless 
their physical, social, and economic environment facilitates heart-
healthy options. The aim of health promotion can be summed up 
as ‘making the healthy choice the easier choice’. Addressing en-
vironmental and other factors which impact on health is key to 
preventing non-communicable diseases, including CVD [3,4]:

Good health requires a universal, comprehensive, equitable, effec-
tive, responsive and accessible quality health system. But it is also 
dependent on the involvement of and dialogue with other sectors 
and actors, as their performance has significant health impacts. 
Collaboration in coordinated and intersectoral policy actions has 
proven to be  effective. [4]

The WHO conference on health promotion in Adelaide in 2010 
identified strategies to integrate health into policies across all 
sectors and levels of government, including interministerial and 
interdepartmental committees, community consultations, cross-
sector action teams, health impact assessments, and legislative 
frameworks [5]. Guidance on the role of the health sector includes 
providing support to ‘champions’—people who are respected in 
the community for their work, wisdom, and, often, their per-
sonal example of engaging in health-promoting behaviours 
(see  Box 24.1). In accordance with this guidance, cardiologists 

Box 24.1 Partnership between health and other sectors: Adelaide 
statement on Health in All Policies [5]

New role for the health sector
To advance Health in All Policies the health sector must learn to 
work in partnership with other sectors. Jointly exploring policy 
innovation, novel mechanisms and instruments, as well as better 
regulatory frameworks will be imperative. This requires a health 
sector that is outward oriented, open to others, and equipped with 
the necessary knowledge, skills, and mandate. This also means 
improving coordination and supporting champions within the 
health sector itself.

New responsibilities of health departments in support of a 
Health in All Policies approach will need to include:
◆	 understanding the political agendas and administrative im-

peratives of other sectors
◆	 building the knowledge and evidence base of policy options 

and strategies
◆	 assessing comparative health consequences of options within 

the policy development process
◆	 creating regular platforms for dialogue and problem solving 

with other sectors
◆	 evaluating the effectiveness of intersectoral work and inte-

grated policy-making
◆	 building capacity through better mechanisms, resources, 

agency support, and skilled and dedicated staff
◆	 working with other arms of government to achieve their goals 

and in so doing advance health and well-being.
Source: World Health Organization. Adelaide Statement on Health in All 
Policies: moving towards a shared governance for health and well-being. 
WHO, Government of South Australia, Adelaide 2010. <http://www.who.int/
social_determinants/hiap_statement_who_sa_final.pdf>
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[10]. However, the model also highlights that in many countries 
some lifestyle risk factors such as obesity and physical inactivity 
are increasing, emphasizing the ongoing need for effective health 
promotion.

Lower mortality from acute coronary syndromes has been as-
sociated with an increased prevalence of heart failure and other 
non-communicable diseases in ageing populations. Thus, as the 
number of survivors of these diseases increases, there is an in-
creasing need for population-level efforts to promote health and 
well-being. The case for health promotion in the general popula-
tion is strengthened by the parallel effect of some lifestyle risk fac-
tors on cardiovascular health and the prevention of other chronic 
diseases. For example, initiatives which lead to a decrease in the 
prevalence of smoking will not only have an important impact 
on CVD but will also reduce cases of lung cancer and chronic 
 obstructive pulmonary disease.

There are important socioeconomic differentials in risk fac-
tors for CVD [11]. Those who are better off and better educated 
may access information and make personal choices concerning 
healthier lifestyles. Those who are less well off may be unable to 
make such choices even if they wish to do so. The impact of this 
may extend across generations: there is evidence that some indi-
viduals are at increased risk of CVD from a very young age, even 
in utero, and as they get older they are likely to retain that higher 
risk compared with their peers [12,13]. Health promotion poli-
cies have the potential to benefit the whole population, but should 
particularly aim to support those groups in society which are at 
the highest risk and are most disadvantaged in order to avoid the 

terms of reducing disease incidence and burden, simply because 
compliance with the message, in the form of the intended behaviour 
change, is harder to achieve than its precursors of raising awareness, 
providing knowledge and altering attitudes. [6]

The case for health promotion in the 
general population
Geoffrey Rose [8] identified that the ‘high-risk strategy’, that is, 
targeting preventive care at those who have the greatest risk of an 
adverse event, delivers large benefits for those with symptomatic 
disease or known to be at the upper end of the risk distribution. 
However, most events occur in the much larger number of peo-
ple with moderately elevated levels of risk factors. Rose concluded 
that even modest benefits from a population strategy for preven-
tion could result in large reductions in cardiovascular events.

The importance of reducing risk factors in the population has 
been illustrated by the IMPACT model. This was developed to es-
timate the contribution to reductions in CVD mortality of chang-
es to risk factors in the population and of treatments, including 
secondary prevention, in those with CVD [9]. There is substantial 
evidence that approximately half of the decrease in CVD mortal-
ity in many countries in recent decades can be attributed to risk 
factor reduction, including lifestyle changes; in most countries the 
proportion of the decrease in CVD mortality that is attributable to 
risk factor reduction is higher than that attributable to improve-
ments in medication and other cardiac interventions ( Fig. 24.2) 
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applied theories of community organization for health and the 
‘health communication–behaviour change’ formulation, aiming to 
change knowledge, attitudes, and health behaviours, improve risk 
factors, and decrease cardiovascular events [17]. Intervention 
strategies included social marketing, programmes in schools and 
workplaces, education of health professionals and the public, and 
modification of the physical environment [18]. A review of the 
NHLBI-funded community CVD prevention studies concluded 
that overall there was limited evidence of additional risk factor 
reduction in intervention compared with comparison communi-
ties, although there were some benefits, with evidence of improved 
health behaviours in specific settings such as schools and work-
places [19].

Thirty-six community studies reporting from 1970 to mid 2008 
were included in a systematic review of evaluated programmes for 
primary prevention of CVD [20]. The interventions studied were 
multifaceted and most were evaluated using controlled before–
after studies. A minority of studies reported changes in CVD and/
or total mortality, mainly showing greater decreases in the inter-
vention community although these were not statistically signifi-
cant. Similarly, many of the studies reporting changes in CVD risk 
factors found positive trends in favour of the community inter-
ventions. Although it was not possible to do a meta-analysis, the 
authors calculated an average net reduction in 10-year CVD risk 
of 0.65%. They estimated a number needed to treat of 154 to avoid 
one case of CVD over 10 years which, if realized over the whole 
population has a potentially important impact on people’s health.

Many of the studies included in that review [20] were carried 
out in the 1970s and 1980s when knowledge and attitudes, risk 
factors, disease prevalence, and treatments were quite different 
from those now pertaining in most developed countries. It is pos-
sible that a well-planned, focused intervention programme would 
now yield greater benefits than studies done when epidemiologi-
cal and clinical knowledge about risk factors was much less. The 
potential for benefit from modern programmes is supported by 
the results of the Cardiovascular Health Awareness Program 
(CHAP) in Canada, a community cluster randomized trial which 
focused on residents aged 65 and over [21]. Community health 
professionals, supported by volunteers, undertook risk assessment 

potential outcome of increasing health inequalities. It is important 
to identify the specific needs of those who are disadvantaged and 
how best to provide support for them in adopting behaviours such 
as stopping smoking, eating more healthily, and becoming more 
physically active.

There is also a growing awareness of the importance of trans-
lating knowledge about promoting heart-healthy lifestyles for 
implementation in minority communities and preventing the es-
calation of CVD risk factors in emerging economies with different 
cultural contexts. For example, a large survey of adults in China 
in 2007 and 2008 found a low prevalence of CVD; however, 28% 
had at least three risk factors, predicting an increasing prevalence 
of CVD in the near future unless urgent action is taken to imple-
ment interventions to reduce risk factors and actively engage the 
population in health promotion [14].

Community CVD prevention 
programmes
The first comprehensive health promotion programme for cardio-
vascular health was the North Karelia Project in Finland, launched 
in 1972 [15]. It involved a wide range of prevention initiatives, in-
cluding health and education services, the media, food produc-
ers, supermarkets, and voluntary and community organizations. 
Population-based registers and surveys showed a subsequent 
decrease in previously high levels of CVD risk factors and mor-
tality to levels pertaining in the rest of Finland. The project had 
an impact on health behaviours and lifestyles, and the associated 
changes in CVD mortality occurred within a relatively short time 
frame. It was considered that the project, supported by govern-
ment policies, contributed to the continued downward trends in 
CVD mortality in Finland.

In the 1980s demonstration programmes for community CVD 
prevention included the Minnesota Heart Health Program, the 
Stanford Five-City Project, and the Pawtucket Heart Health 
Program supported by the National Heart Lung and Blood 
Institute (NHLBI) in the United States [16]. These programmes 

0% 50% 100%

36 55 9

245323

47 44 9

55540

38 52 10

105535

35 60 5

7624

43 50 7

1044

60

54 6

46

40

40

Treatments Risk factors Unexplained

United States, '68–'76

New Zealand, '74–'81

The Netherlands, '78–'85

United States, '80–'90

Finland, '72–'92

IMPACT New Zealand, '82–'93

IMPACT Scotland, '75–'94

IMPACT England & Wales, '81–'00

IMPACT Italy, '80–'00

IMPACT United States, '80–'00

IMPACT Finland, '82–'97

IMPACT Sweden, '86–'02

Fig. 24.2 Percentage of the decrease 
in deaths from coronary heart 
disease attributed to treatments 
and risk factor changes in different 
populations.
Reproduced from Perk J, De Backer G, 
Gohlke H, Graham L, Reiner Z, Verschuren 
M and The Fifth Joint Task Force of 
the European Society of Cardiology 
and Other Societies on Cardiovascular 
Disease Prevention in Clinical Practice. 
European guidelines on cardiovascular 
disease prevention in clinical practice. Eur 
Heart J 2012; 33: 1635–1701. doi:10.1093/
euroheartj/ehs092



307planning and evaluation

Mindful of that broader context, lessons from CVD prevention 
programmes and from interventions on other issues, such as HIV, 
can be applied to the current and serious threats to the  population’s 
cardiovascular health [19].

Planning and evaluating health 
promotion programmes
The prospect of becoming involved in health promotion for the 
whole population may be daunting, and its feasibility and the 
openness of the target audience to change are key initial consider-
ations. There may also be a need to reflect on the balance between 
potential benefits in the short term, such as working with families 
of recently diagnosed cases of CVD, versus longer-term invest-
ment, for example contributing to health promotion in youth 
organizations.

In addition to reviewing evidence of the effectiveness of previ-
ous interventions, an essential initial step in programme planning, 
reviews recommend that plans for evaluation should be incorpo-
rated from the outset as an integral component of a health promo-
tion programme, tailored to the complexity of the intervention 
[25]. Evidence of the cost-effectiveness of health promotion inter-
ventions, including those focused on heart health, may be found 
in a wide range of parameters relating to patients, their families, 
and the general population [26]. Such parameters include qual-
ity of life, measures of morbidity and mortality, use of healthcare 
services, and, in the wider economy, levels of productivity and 
absence from work. In addition, attention should be given to the 
effect of interventions on health inequalities. Where an interven-
tion is not supported by evidence, a key issue is whether there 
is potential for harm. Negative impacts include the opportun-
ity costs of diverting resources from potentially more beneficial 
programmes.

Feasibility may be facilitated by dividing possible interventions 
into different settings and target audiences. Health promotion 
initiatives in schools may be delivered in the context of health 
education. Voluntary groups working with older people can be 
powerful allies for action in the community. Groups with the low-
est level of education are a priority, and it is a particular challenge 
to engage them in interventions aiming to change their behav-
iour. Voluntary and state-funded organizations may be avail-
able and willing to support health promotion in disadvantaged 
communities.

A key issue in planning is that interventions are sustainable. 
One-off standalone events consume considerable effort and are 
likely to be of limited benefit. However, such events can make use-
ful contributions to a longer-term health promotion programme. 
Thus, ‘heart health weeks’ or similar events organized by heart 
foundations gain media attention for their health education mes-
sages as well as providing opportunities for community events. In 
the context of a longer-term programme, such annual events can 
contribute to maintaining and improving population health.

and education sessions. When the year before the introduction of 
CHAP was compared with the year after, statistically significant 
reductions were reported in the intervention communities in rela-
tion to hospital admissions for acute myocardial infarction and 
heart failure.

Many programmes have demonstrated the feasibility of imple-
menting community-based CVD prevention strategies. However, 
the resources required to influence behaviour in communities and 
populations should not be underestimated [22]. Formative evalu-
ation and community analysis are essential for developing and up-
dating effective health messages: ‘the core of a successful program 
is the community organization process’ [18]. Planning should in-
clude ‘social diagnosis’, using multiple sources of information and 
involving the community, to learn about attitudes and readiness 
to change [7]. In addition to gathering information about risk fac-
tors and health behaviours, information should also be collected 
about aspects of the environment which are relevant to behaviour 
change and about local organizations which may hinder or facili-
tate programme implementation.

Large-scale community interventions acquire information re-
garding the population burden of CVD, risk factors, and unhealthy 
behaviours from population surveys and CVD registers. This in-
formation may be used to strengthen the case for international and 
national policies to support heart-healthy behaviour. It may also 
be used to raise awareness of heart health in communities targeted 
for interventions, but in so doing the messages may also reach 
control or comparator communities. Overlapping media coverage 
between the control and intervention communities is one reason 
that has been suggested for why community CVD programmes 
have not shown greater net benefits [20]. Other possible reasons 
for programmes not showing greater effects include methodologi-
cal issues such as statistical power and study design [19,20]. The 
challenges of programme design and outcome evaluation should 
not be underestimated, particularly when reference populations 
are undergoing secular changes which may impact favourably on 
CVD risk [19].

Despite the acknowledged challenges and limitations, evidence 
of benefit was considered sufficient to warrant community inter-
ventions being included as an essential component of a strategic 
approach to CVD control in the United States [23]. Health profes-
sionals working within the community were recommended to:

‘apply established theory and prior experience in community studies 
and test interventions involving modern forms of health communi-
cation, environmental change, and policy’;

‘design community interventions with shorter durations and in-
termediate end points for widespread implementation; these should 
include smaller, high-risk population subgroups, as defined by race/
ethnicity, socioeconomic status, or geography’[23]

Such community interventions were considered complementary 
to services in primary care relating to primary and secondary 
prevention and cardiac rehabilitation [23]. From a health promo-
tion perspective, a comprehensive integrated approach to CVD 
prevention would incorporate policies supported by legislation 
and public education with population based socioenvironmen-
tal approaches and integrated healthcare delivery systems [24]. 
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meets its intermediate objectives, such as social and environ-
mental factors which affect behaviour [25]. ‘Outcome evaluation’ 
quantifies changes in measurements of the overall objectives iden-
tified at the outset.

Smaller health promotion interventions can use the conclu-
sions from their evaluation to inform further projects. With more 
complex designs, for example incorporating reference commu-
nities or stepwise entry of communities into a study, it may be 
possible to separate the effects of the programme from secular 
change. These larger programmes may test hypotheses and be 
able to attribute change to the intervention, i.e. they can demon-
strate internal validity [25]. If the programme is built on a sound 
theoretical base, it may also demonstrate external validity and 
provide evidence that the findings may apply in other settings or 
populations.

The evidence about planning and evaluation of effective health 
promotion programmes was summarized by a WHO report [6] 
as follows:

Finally, most behavioural interventions may need to be piloted on a 
small scale and over a very limited time frame before they are scaled 
up to the broader community, provincial, regional or national levels. 
A built-in monitoring and evaluation scheme, with continuous data 
collection and analysis for both formative (on-going) and summa-
tive (ex-post) evaluation, is essential, as are the prior definition of 
anticipated primary and secondary outcomes and the establishment 
of benchmarks for proper assessment of programme effectiveness.

These conclusions are consistent with those of reviews by the Na-
tional Institute for Health and Care Excellence (NICE) in the UK 
on the application of theories of behaviour change in populations, 
and on working effectively with communities [26,27].

Having considered the scope of a proposed programme, it is 
important to take a structured approach to planning, incorporat-
ing evaluation from the outset. The ‘precede–proceed’ model in-
cludes eight phases, four of which relate to planning in advance of 
implementation, as well as process evaluation during intervention 
( Table 24.1) [7]. The remaining phases relate to impact and out-
come evaluation, referring to intermediate and overall objectives, 
respectively. In practice there is overlap between the initial phases, 
and there are frequently pressures to commence intervention be-
fore planning details have been completed. While it is essential 
at baseline to consider the overall design, including evaluation, 
implementation can commence before all the planning data have 
been fully assessed.

At the outset it is important to have information about the 
knowledge, attitudes, and behaviours of the target audience, as 
well as about the policy and environmental factors which impact 
on behaviour. This information can be used to tailor efforts to raise 
awareness of the issue and to disseminate information about the 
programme. The reviews, surveys, and focus groups which inform 
programme planning also provide baseline data for evaluation. 
Process evaluation occurs while the intervention is under way, to 
inform further development.

A well-resourced programme may aim to change risk factors 
and affect morbidity and mortality by using a complex design 
and including detailed implementation monitoring and disease 
surveillance. A project with goodwill and enthusiasm but limited 
resources may aim to alter attitudes and increase awareness and 
knowledge, tailoring evaluation in proportion to the scale of the 
project. Having defined and measured the objectives at baseline, 
‘impact evaluation’ measures the extent to which the programme 

Table 24.1 Planning and implementation phases of health promotion programmes, based on the precede–proceed model [7]

Phase Purpose Examples of methods

1. Social diagnosis To place planning and implementation in the context 
of people’s assessment of their quality of life and their 
relationship with their community

Multiple sources of information: interviews, surveys, and focus 
groups. Assess feasibility and use interactions to engage target 
audience in programme planning

2.  Epidemiological, 
behavioural, and 
environmental diagnosis

To collect baseline data on the extent of the health problem, 
on underlying lifestyles and behaviours, and on the extent to 
which the environment facilitates healthier choices

Analysis of demography and health statistics; health 
behaviour surveys; analysis of the social and physical 
environment of factors beyond the control of individuals 
and the community

3.  Educational and ecological 
diagnosis

Having identified interventions, to select personal and 
environmental factors which if modified are most likely to 
result in sustained change in targeted behaviours

Study knowledge, attitudes, and beliefs about the chosen 
behaviours in more depth; database of facilities and services 
to enable change; identify motivators to initiate and sustain 
more healthy behaviour

4.  Administrative and policy 
diagnosis

To plan how the programme will be implemented Quantify resources and describe how the programme will 
be administered, including compatibility with governance 
requirements of parent organization(s); specify arrangements 
for cooperation with other organizations

5.  Programme 
implementation

To deliver the programme to the target audience Detailed plan to communicate messages and provide 
opportunities for target audience to engage with programme 
messages; incorporate findings from baseline and process 
evaluation into plans for further roll-out

6. Process evaluation To detail how the programme is being delivered Quantify how the programme is delivered; blueprint delivery 
against plans; adapt plans to incorporate lessons from process 
evaluation
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Clinicians, through personal interactions with patients, can also 
influence levels of participation in health promotion and preven-
tion services. Evidence shows how patients who are invited to par-
ticipate in cardiac rehabilitation are more likely to attend if invited 
by a clinician, and if they perceive that the person making such a 
referral believes that the programme will make a  worthwhile im-
provement to their future health [29].

General practice also provides important opportunities for 
health promotion. It is estimated that in many countries two in 
three people consult their general practitioner at least once a year 
(rates vary with level of income of different countries and depend-
ing on consultation charges). Patients view general practitioners as 
reliable sources of advice and Lobelo et al. [30] in a review  article 
highlight how health professionals’ own behaviours can influence 
that of their patients. Those who are more active are more likely 
to educate their patients about physical activity, and patients are 
more likely to follow the advice of such individuals. Thus doctor–
patient encounters in primary care present a major opportunity to 
prevent disease and to promote healthy lifestyles.

Within society
Professionals providing clinical care may also provide leadership 
by making the case for policy development and creation of an en-
vironment which supports heart health ( Box 24.2). Policy is 
essential for some aspects of intervention, for example creating 
safe spaces for physical activity or to improve access to healthy 
food options. In this context professionals can become involved in 
heart foundations and similar organizations which can be power-
ful advocates for national prevention policies.

Influenced by such health professionals, the government in 
the Republic of Ireland was the first to introduce legislation to 
ban smoking in workplaces in 2004. The first city in the world 
to ban indoor smoking in all public places was San Luis Obispo, 
California, in 1990, and the success of this legislation encour-
aged other cities and states to follow suit. There is growing evi-
dence of health benefits from reduced exposure to second-hand 
smoke; a meta-analysis in 2012 concluded that implementation 
of smoke-free legislation was associated with a lower risk of 
smoking-related cardiac, cerebrovascular, and respiratory dis-
ease [31]. However whilst some sectors of the population and 
policymakers have approved and supported the extension of 
such actions, others have not, claiming that it was ‘an improper 
intrusion of government into people’s lives’ [32]. Health profes-
sionals and researchers need to lobby to influence key decision 
makers within society and to clearly present the arguments for 
population health benefits that may be derived from supporting 

Cardiovascular health promotion and 
the health professional
A shared responsibility?
Successful health promotion initiatives are based on population 
interventions, with underpinning frameworks based on theoreti-
cal models of behaviour change. Health promotion requires the 
collaborative working of various sectors of government and the 
wider community to support individuals to make healthy life-
style choices. It must also be recognized that individuals have a 
personal responsibility for their own health but the value of sup-
port provided by family and friends and by clinicians needs to 
be acknowledged. Such sources of personal support can make an 
impact, both directly, for example in ensuring that the individual 
is not alone in declining to smoke, avoiding unhealthy food, or 
taking physical activity, and indirectly, by advocating the imple-
mentation of environmental, cultural, and policy changes so that 
healthy lifestyle choices are easier for individuals to make and to 
maintain. Provision of user-friendly community facilities with 
support that is relevant to the culture and context of local peo-
ple can make health-related information that was already pub-
licly available more accessible to individuals and encourage their 
involvement in health-promoting community activities. Where 
individuals share healthy lifestyle goals with significant others in 
their lives, healthy lifestyle behaviours are more likely to be sus-
tained, with a ‘ripple’ effect on other family members, encourag-
ing the wider adoption of these behaviours in the community in 
which they live.

In clinical practice
Those who deliver healthcare are trusted sources of information 
about health. Health service settings provide special opportun-
ities for health promotion, as in the Health Promoting Hospitals 
(HPH) network, of which WHO Europe is a partner [28]. The aim 
of this network is to achieve health gain by improving the qual-
ity of healthcare and of the relationship between hospitals, health 
services, the community, and the environment. Its standards relate 
to patients and their relatives, and to staff.

Hospitals are obviously not the main agents in health promo-
tion, but health promotion is a core dimension of quality in their 
services, along with patient safety and clinical effectiveness. As 
institutions with a large number of workers and service users 
they can set examples which can reach a large section of the pop-
ulation and influence both lifestyle behaviour and professional 
practice in other settings. Awareness of their role within health 
promotion for the general population is important. For exam-
ple, options for healthy eating need to be incorporated in the 
food being served to patients in the coronary care unit; banning 
smoking in and around medical facilities can support similar ac-
tions being taken in other institutions and workplaces; and sup-
porting staff to engage in physical activity initiatives can help 
others recognize that there is value in increasing their own levels 
of activity.

Box 24.2 The role of health professionals in influencing policy

1. Providing evidence on health issues
2. Harnessing public opinion—trusted authority
3. Lobbying politicians for legislative support
4. Leadership and advocacy
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people in their decisions to adopt and maintain health promot-
ing behaviours.

Geoffrey Rose [8] in setting out the theory of the population 
and high-risk strategies, identified the strengths of the population 
strategy as being radical, powerful, and appropriate. However, 
he also identified limitations and problems associated with it, 
including acceptability, feasibility, costs, and safety. While being 
mindful of those disadvantages, and of the ethics associated with 
population health interventions, health professionals can play a 
very powerful role as advocates within society for heart health 
( Box 24.3).

In conclusion, to maximize the effectiveness of efforts to pre-
vent CVD it is imperative that these are set within the context of 
health promotion for the whole population and that this concept 
is supported at all levels—from individuals to governments. As 
highlighted in the 2012 European guidelines on prevention of 
cardiovascular disease in clinical practice, partnership work-
ing between politicians, health professionals, statutory agencies, 
voluntary organizations, and individuals is the key to success in 
reducing cardiovascular morbidity and mortality and improving 
health outcomes [1].

Box 24.3 Guidelines to improve the effectiveness of population-
based behaviour change interventions [6]

◆	 Strong leadership, ownership of and commitment to pro-
gramme objectives, and resoluteness during implementation 
are crucial

◆	 Multi-pronged interventions covering legislation, regulation, 
public education, counselling, etc., are more likely to be effec-
tive than single-target interventions

◆	 Multilevel interventions including policies, programmatic and 
organizational changes, and a built-in intelligence scheme are 
more successful than stand-alone initiatives

◆	 Timing, or a ‘window of opportunity’, is crucial in securing 
buy-in by programme leaders, service providers, stakeholders, 
and, above all, potential beneficiaries

◆	 Without adequate financing, most programmes are likely to fail 
regardless of how solid the underlying theory is

◆	 It is imperative to make a thorough assessment of the (dis) in-
centives and cues for action, in order to influence the  behaviour 
of service providers and beneficiaries
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CHAPTER 25

Community-based 
prevention centres
Susan Connolly and Margaret E. Cupples

Rationale for community services
Concept of community
A clear understanding of the concept of community-based services is dependent on a 
definition of ‘community’. In some contexts ‘community’ may be perceived as meaning 
a specific locality, people belonging to an institution, or individuals who have a common 
interest though they may be disparate in location [1]. The concept on which community-
based prevention centres is based comprises ecological, demographic, and cultural factors. 
Thus, they are designed for use by people who share social interaction, facilities, and ser-
vices within a geographical area, including all age groups, and who have common norma-
tive beliefs, interests, and values. The idea of a shared relationship is of major importance 
to ensure that these centres are relevant to the people for whose benefit they are intended.

Benefits of a community setting
People’s preference for attending prevention programmes which are based outside a hos-
pital setting was shown by Dalal and Evans [2]. They reported that, after myocardial in-
farction, people who were given the option were more likely to choose home-based rather 
than hospital-based cardiac rehabilitation and, of those who did, more (87% vs. 49%, 
respectively) completed the programme. Those who were older and self-employed tended 
to prefer a home-based programme—distance from hospital and parking problems were 
cited as reasons for people choosing this option.

Summary
The need for a new approach to cardiovascular disease prevention, both secondary 
and primary, that is different from traditional health service provision through hos-
pital cardiac rehabilitation services and general practice is evident. The targets set 
in the cardiovascular prevention guidelines for modifiable cardiovascular risk fac-
tors—smoking, diet and physical activity, weight and its distribution, blood pres-
sure, lipids and diabetes—are not being adequately achieved for either coronary or 
other vascular patients or for those at high multifactorial risk of developing CVD. 
There is also evidence of increasing disparity in levels of risk between different com-
munity groups, largely attributable to social determinants of health. Community-
based prevention centres provide a novel approach to reducing cardiovascular risk, 
in which there is shared working between professionals and the public and a shared 
understanding of the barriers individuals experience in their attempts to engage in 
effective measures for both secondary and primary prevention.
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Models of community-based 
prevention programmes
Primary prevention
The literature contains many examples of successful community-
level interventions for cardiovascular disease (CVD) prevention 
but the majority of such interventions to date have been at a popu-
lation level (i.e. health promotion). Examples include screening 
for risk factors, mass media campaigns, collaboration with local 
restaurants, and provision of accessible areas for safe recreation 
[11] based within a diverse array of community settings including 
schools, worksites, religious organizations, and healthcare facil-
ities. Other community-based prevention strategies have focused 
on a more individual approach (via self-selection), for example 
work-based walking programmes or smoking cessation services 
located in local pharmacies [12,13]. Such health promotion ap-
proaches have usually resulted in small changes in risk factors for 
individuals but have the advantage of having a wide impact.

However, whilst small changes in blood pressure (BP) or cho-
lesterol will have a significant impact at a population level, these 
measures will be of insufficient benefit in those at high CVD risk, 
and such individuals will require a more intensive individualized 
approach. For reasons already discussed, the community may pro-
vide the ideal location for a prevention programme caring for such 
high-risk individuals. To date, the concept of community-based 
prevention centres for individuals at high CVD risk has been ex-
plored mostly in the areas of diabetes prevention and reducing ra-
cial disparities in health.

Diabetes prevention
The DEPLOY Pilot study [14] was a randomized controlled trial 
that evaluated the effectiveness of an intensive lifestyle interven-
tion based on that of the Diabetes Prevention Program (DPP) 
[15] but which was delivered by wellness instructors in YMCA 
community facilities rather than case managers. The participants 
were individuals at risk for diabetes mellitus (principally obese 
older women) and the intervention consisted of weekly group-
based education sessions delivered over 16 weeks. At the end of 
6 months and 1 year there was evidence of sustained weight loss 
(6% of total body weight), which was similar to that achieved 
in the DPP, and there were also significant reductions in total 
cholesterol.

However, in contrast to the DPP this study did not report 
any improvement in glycaemic control (glycated haemoglobin, 
HbA1c). The HELP PD Project [16] also examined the effective-
ness of a DPP-type intensive lifestyle intervention in a similar at 
risk group for diabetes mellitus, again in a community setting. 
The intervention, this time delivered by dieticians and commu-
nity health workers (CHWs), consisted of weekly group-based 
education sessions but also included personalized consultations. 
Adherence to the programme was relatively high, and similar 
weight loss to that achieved in DEPLOY was also seen at 6 months 

Community settings, with a location close to home and good 
facilities for car parking [3], can often be more flexible with timing 
of appointments than can hospital-based services and can mini-
mize barriers to people’s participation in prevention programmes, 
not only for those who are self-employed but also others, includ-
ing those with family and caring responsibilities. The importance 
of recognizing these issues is indicated by a Cochrane review [4], 
which found that the main reasons people give for not accepting 
an invitation to attend hospital centre-based cardiac rehabilitation 
services include work or domestic commitments as well as acces-
sibility and parking.

A community-based setting which is easily accessible and lo-
cated in familiar surroundings can provide, especially for older 
people, a level of confidence in their process of engagement with 
health professionals that may be absent in an unfamiliar hospital 
setting. A systematic review of qualitative factors affecting partici-
pation in cardiac rehabilitation [5] highlighted that as well as con-
sidering system-level barriers it is important to consider personal 
patient-level barriers, such as embarrassment, when planning pre-
vention programmes. A patient’s health beliefs concerning illness 
perceptions and approaches to treatment and prevention may be 
more easily identified within a community context than in other 
settings. Addressing these beliefs provides maximal opportunities 
for behaviour change [6].

Moving prevention programmes from the context of hospital, 
a focus for illness, to the context of a community where there is 
more focus on well-being can help with adherence to a healthier 
lifestyle. The role of ‘important others’ in social relationships is 
recognized: they act as ‘subjective norms’ in influencing intentions 
to engage in specific health behaviours and contribute to increas-
ing self-efficacy [7,8].

There is a need to provide both social and professional sup-
port to communicate effectively the health benefits of prevention 
programmes and, in relation to physical activity, convey a belief 
that enjoyable and regular physical activities that are sustained 
are valuable and important for well-being [9]. The ‘behaviour 
change wheel’ is a framework which describes the intricate rela-
tionship of multiple components involved in behavioural change 
[10]. It acknowledges both external influences and personal 
agency, recognizing how physical and social opportunities may 
work for or against motivational factors and how interventions 
and policies may need to be changed in order to promote behav-
ioural change. A community base is the ideal setting in which to 
implement this approach in that it best facilitates identification 
of the conditions in an individual’s social and physical environ-
ment which need to be in place for a specified behavioural target 
to be achieved.

Furthermore, a key component of a community-based centre 
is the concept that information about its facilities and services is 
disseminated through a shared communication network within 
families and between friends. This should ensure the cultural 
appropriateness of the message in respect of its language and 
its implications for the community’s social norms of lifestyle 
behaviour.
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with a family history of CVD were enrolled to participate in an 
enhanced primary care (EPC) group or an urban community-
based multifactorial CVD risk reduction intervention (CBC) [3]. 
In the CBC group, the intervention, designed by a community ad-
visory panel, was delivered by a nurse (who oversaw BP, lipids, 
and pharmacotherapy/compliance) and a CHW (who delivered 
dietary/exercise counselling and smoking cessation advice) in a 
non-clinical site in the community. Medications were provided 
free of charge at local pharmacies and participants were able to 
attend biweekly sessions led by the CHW at the YMCA for free. 
Whilst both groups were found to have significant reductions in 
BP and low-density lipoprotein (LDL) cholesterol at 1 year com-
pared with baseline, the CBC group were twice as likely to achieve 
their BP and LDL cholesterol targets and also showed evidence of 
a significant reduction in smoking. A 5-year follow-up demon-
strated some attenuation of the difference between the two groups 
but, compared with baseline measurements, the positive changes 
were preserved. This integrated approach of clinical (nurse) and 
CHW therefore is promising and worthy of further investigation.

Secondary prevention/rehabilitation
Basic principles for provision of care
Just like those at high multifactorial risk, people who have estab-
lished CVD also require clinical management at the level of the 
individual. There is clear evidence, from a variety of different set-
tings, for the efficacy of secondary prevention initiatives, including 
cardiac rehabilitation, in reducing morbidity and mortality [27, 
28, 29]. However, the implementation of secondary prevention 
in clinical practice remains sub-optimal [30] and the importance 
of investing in interventions for lifestyle changes and appropriate 
pharmacotherapy has been highlighted [29].

A Cochrane review [4] of 12 randomized controlled trials con-
cluded that home- and centre-based forms of cardiac rehabilitation 
seem to be equally effective in patients with a low risk of further 
events after myocardial infarction or revascularization. Tailoring 
provision of care to individuals’ personal preferences for home- or 
hospital-based programmes improved adherence [4] and, in the 
context of everyday practice, improved the achievement of targets 
for secondary prevention [2]. Of particular relevance to the pro-
vision of care in community-based centres, no significant differ-
ences in clinical outcomes were found between traditional cardiac 
rehabilitation, an intensive nurse-managed physician-supervised 
programme, and a community-based programme administered 
by exercise physiologists using a computerized guideline-driven 
management system [31].

Safety
Whether programmes are provided by hospitals or communi-
ty-based centres, core standards have been defined to ensure 
their effective and safe delivery [32,33], including appropri-
ate risk stratification of exercise participants [34], proficiency 

and 1 year. In addition, there were significant reductions in blood 
glucose and improvements in measures of insulin resistance.

Whilst both these studies were small and restricted to single com-
munities, the replication of the weight loss results achieved by the 
DPP in the second study in less controlled settings is encouraging. 
An important common theme to both these projects was the use of 
non-clinical staff (YMCA wellness instructor in DEPLOY; CHWs 
in HELP PD). The DPP intervention was costly to run, mainly due 
to its intensity and involvement of professional healthcare staff: 
the use of non-clinical staff could potentially help to reduce the 
 expense of such effective interventions, which by their nature need 
to be relatively intensive to achieve behaviour change [17].

Addressing racial disparities
The advantage of using CHWs, such as those in the HELP PD 
project, is not just related to their lower cost. CHWs are typically 
indigenous to the community being served and therefore have a 
unique knowledge of local and cultural factors that may influence 
uptake and adherence to such a programme. Evidence for the in-
clusion of CHWs as key resources in delivering preventive inter-
ventions is increasing, particularly in the area of reducing racial 
disparities in health [18].

In developed countries, those from black and minority ethnic 
groups (e.g. UK South Asians, black Americans, Hispanics) are 
at substantially higher risk for CVD, partially due to disparities 
in cardiovascular risk factors but also due to disparities in CVD 
prevention and treatment [19]. The reasons for this are complex 
and exist at three levels including that of the institution/system, 
provider (lack of cultural appropriateness/understanding), and 
patient (education, poverty, literacy, lack of trust in the healthcare 
system) [20]. Some of these barriers may be overcome by employ-
ing CHWs to deliver preventive services to these individuals in 
the familiarity of their own communities, and this approach has 
been used with some success to improve lifestyles in the Hispanic/
Latino population [21, 22, 23] and African Americans in the 
United States [3]. Where the intervention is delivered in the com-
munity (i.e. the venue) will vary depending on the needs of the 
community being addressed. For example, settings as diverse as 
barber shops [24] and churches [25] have been used to success-
fully deliver hypertension outreach and diabetes prevention pro-
grammes to African Americans.

However, in those at high risk for CVD lifestyle interventions in 
themselves will not suffice, and appropriate pharmacotherapy for 
cardiovascular risk factor management (e.g. BP and lipids) is also 
important. The evidence for nurse-led case management of CVD 
in both primary and secondary care is already well established 
and it would seem a logical progression to adapt this model to the 
community setting [26]. Moreover, combining a nurse-led model 
with the integration of CHWs is attractive as it potentially facili-
tates the delivery of not just a more comprehensive multifactorial 
intervention but one that is also appropriate for that particular 
community, for the reasons already discussed.

Such an approach has recently been evaluated in the setting 
of a randomized controlled trial whereby black American adults 
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Integration of primary and secondary 
prevention
Further evolution of prevention initiatives has led to the con-
cept of integrating primary and secondary preventive care. This 
approach represents a logical progression, as the distinction be-
tween patients with established CVD and those who are at high 

in cardiopulmonary resuscitation by staff, and ready access to 
 appropriate equipment and assistance.

Models of delivery
Programmes should be tailored to the needs and preferences of 
local communities within the constraints of local resources, but 
it is recognized that secondary prevention is more effectively 
delivered through organized planned reviews rather than on an 
opportunistic basis [29]. Ongoing support to maintain healthy 
lifestyles, promote adherence to prescribed medications, and fa-
cilitate regular monitoring of risk factors can be provided through 
community-based prevention centres [31]. Better engagement 
is found in groups for whom there is easy access to community-
based facilities that can be shared with family members, such as 
described by an urban initiative which provided a comfortable set-
ting, music, a children’s play area, flexible timing of appointments, 
and the option of follow-up by telephone [3]. Consideration of 
these details can help people overcome barriers to the uptake of 
preventive care.

Effective promotion of secondary prevention in various 
healthcare systems has been achieved by nurses in the commu-
nity engaging with individuals [35, 36, 37] and coordinating 
multidisciplinary, family-based prevention programmes [38]. 
However, tailored care, specifically targeting barriers to secondary 
prevention for individuals within the setting of general practice, 
was found to be no more effective than usual care in improv-
ing lifestyles or risk factor control [39]. In contrast, in a cluster 
randomized controlled trial the EUROACTION demonstration 
project in preventive cardiology evaluated a nurse-led multi-
disciplinary prevention programme in both hospital (coronary 
patients) and primary care (individuals at high risk of developing 
CVD), across eight countries in Europe [38]. The EUROACTION 
programme involved families and multidisciplinary input—nurs-
es, dieticians, physiotherapists, and physicians—in a comprehen-
sive approach to achieving healthier lifestyles and improved risk 
factor management ( Fig. 25.1,  Table 25.1). EUROACTION 
did achieve improvements in lifestyle (diet and physical activity) 
and more effective control of risk factors in both patients and their 
partners in hospital and primary care settings ( Figs 25.2, 25.3, 
25.4, 25.5). These results are in keeping with earlier conclusions 
regarding the value of ongoing support [40], with more sustained 
nurse contact showing the most successful outcomes [38].

Collaborative working
Many different types of secondary prevention programmes exist 
but multidisciplinary input is fundamental to their success, allow-
ing individuals’ needs to be addressed by the most relevant pro-
fessional, lay health worker, or peer. Awareness of people’s social 
circumstances and family history is relevant to an understanding 
of their reluctance to engage in secondary prevention and to the 
identification and provision of appropriate support. Collaborative 
working of staff involved in community-based centres and other 
sources of healthcare should ensure efficient service provision, 
with maximal uptake by patients, their friends, and their families.

Table 25.1 Health promotion workshop topics for a hospital cardiovascular 
prevention and rehabilitation programme

1. Information about coronary heart disease and cardiac procedures

2. Understanding cardiovascular risk:
  (i) Adopting healthy lifestyle habits to reduce cardiovascular risk

◆ smoking and cardiovascular disease
◆ healthy eating: choosing the right foods
◆ benefits of physical activity

  (ii)  Other risk factors: blood pressure, blood cholesterol and blood 
glucose, how lifestyle change and medication help

3. Understanding cardioprotective medications

4. Living with coronary heart disease:
    (i) Recovering from cardiac events and procedures
   (ii) Sexual activity and CHD
  (iii) Returning to work

5.  Coping emotionally with coronary heart disease:
(i) Managing stress and learning how to relax
(ii) Anxiety and depression—positive thinking

Reprinted from The Lancet, 371, DA Wood et al, Nurse-coordinated multidisciplinary, 
family-based cardiovascular disease prevention programme (EUROACTION) for patients 
with coronary heart disease and asymptomatic individuals at high risk of cardiovascular 
disease: a paired, cluster-randomised controlled trial, 1999–2012, 2008, with permission 
from Elsevier.

• Empowering families to change their lifestyle: smoking, diet and

physical activity

• Blood pressure, blood cholesterol and blood glucose management

• Compliance with cardioprotective medication

• Social support: Individual and group approach

• Supervised hospital and home physical activity programme

• Health promotion workshop programme

16-week multidisciplinary cardiovascular prevention and
rehabilitation programme

Multidisciplinary initial
assessment

Reassessment and
discharge to primary care

Identification and
recruitment by nurse

Reassessment at one year

Fig. 25.1 EUROACTION: a European Society of Cardiology demonstration 
project in preventive cardiology. 
Source: data from Wood DA, Kotseva K, Connolly S, Jennings C, Mead A, Jones J, et al. 
Nurse-coordinated multidisciplinary, family-based cardiovascular disease prevention 
programme (EUROACTION) for patients with coronary heart disease and asymptomatic 
individuals at high risk of cardiovascular disease: a paired, cluster-randomised controlled 
trial. Lancet 2008 Jun 14; 371(9629): 1999–2012.
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Fig. 25.2 Proportion of patients 
achieving the European target for a  
healthy diet. 
Source: data from Murphy AW, Cupples 
ME, Smith SM, Byrne M, Byrne MC, Newell 
J. Effect of tailored practice and patient 
care plans on secondary prevention of 
heart disease in general practice: cluster 
randomised controlled trial. BMJ 2009; 339: 
b4220 and Wood DA, Kotseva K, Connolly 
S, Jennings C, Mead A, Jones J, et al. Nurse-
coordinated multidisciplinary, family-based 
cardiovascular disease prevention programme 
(EUROACTION) for patients with coronary 
heart disease and asymptomatic individuals 
at high risk of cardiovascular disease: a paired, 
cluster-randomised controlled trial. Lancet 
2008 Jun 14; 371(9629): 1999–2012.

Fig. 25.3 Proportion of partners 
achieving the European target for a  
healthy diet. 
Source: data from Murphy AW, Cupples 
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clinical outcomes are remarkably similar in both white and BME 
groups [43] thus extending the evidence for generalizability of the 
programme. The MyAction programme in Galway, Republic of 
Ireland, serving a more rural population, has also reported im-
pressive 1-year lifestyle and risk factor outcomes [44].

These outcomes are similar to, and in some cases better than, 
those achieved in EUROACTION (which was a randomized con-
trolled trial) where the benefits were also still evident at 1 year.

The future
Both the COACH and MyAction models support the concept of 
integrating primary and secondary preventive care in communi-
ty-based centres. This is an important concept worthy of further 
exploration as it would permit streamlining of preventive services 
for all those at high CVD risk. Such an approach would have the 
advantage of combating the silos of care that currently exist and 
which can lead to significant disparities in care delivery. For ex-
ample in traditional cardiac rehabilitation programmes, patients 
with exertional angina, peripheral arterial disease, and transient 
ischaemic attack or minor stroke often do not receive the intensity 
of preventive interventions delivered to those following myocar-
dial infarction [45,46]. There is no reason why such patients could 
not also be included in such programmes as they are in MyAc-
tion, making them truly pan-vascular prevention programmes. 
Integrating the care of all vascular patients with those at high risk 
of developing CVD, including those with diabetes, in commu-
nity prevention centres will lead to better outcomes for patients 
and their families. Recruitment and retention of patients will be 
higher in community centres. The delivery of one comprehensive 
programme of care for vascular and high-risk patients addressing 
lifestyle, risk factor control, and use of cardioprotective medica-
tions will replace the existing silos of preventive care. The 1-year 
outcomes of this novel approach to cardiovascular prevention in 
the community are better than those of traditional hospital-based 
cardiac rehabilitation and general practice. MyAction is a cost-
effective service for prevention of CVD.

Conclusion
Community is characterized by commonality of geography, inter-
ests, societal values, and even behaviour. Basing services in the 
community offers much potential for overcoming existing bar-
riers to preventive healthcare such as distance, unfamiliarity, 
and fear/distrust of hospitals while also permitting the delivery 
of a programme that is best placed (i.e. ‘tailored’) to meet that 
 community’s needs, including the use of staff indigenous to that 
community (e.g. CHWs).

There is now a strong evidence base that encompasses success-
ful community-based models of care in primary prevention, both 
in terms of health promotion and interventions focused on high-
risk individuals, the latter mainly relating to diabetes prevention 
and tackling racial disparities in health. Furthermore, secondary 

multifactorial risk is somewhat arbitrary. All these patients merit 
appropriate preventive strategies to help them reduce their car-
diovascular risk, including healthy lifestyle change, the medical 
management of risk factors (e.g. BP, lipids), and the prescription 
of appropriate cardioprotective medication.

COACH was one of the first studies to evaluate such an inte-
grated approach, targeting underserved populations in a com-
munity setting. Eligible patients were either African American or 
white with prior diagnosed CVD or at high risk for CVD (elevated 
cholesterol, BP, type 2 diabetes) who were invited to attend a pro-
gramme delivered by both a nurse practitioner and CHWs in urban 
community health centres in the United States [41]. The study fo-
cused on behavioural interventions to effect therapeutic lifestyle 
change/adherence as well as prescription/titration of medications. 
Over 500 patients participated, and at 1 year the intervention 
group had greater overall improvement in total cholesterol, LDL 
cholesterol, systolic and diastolic BP, and HbA1c, demonstrating 
that an integrated approach to primary and secondary prevention 
in the community was both feasible and efficacious.

Similar to the COACH programme, the MyAction programme 
in the UK [42] is also a model of integrated primary and sec-
ondary preventive care. One-year outcomes in EUROACTION 
showed that such an approach yielded significant improvements 
in both lifestyle and medical risk factors for patients with coro-
nary heart disease, high-risk individuals, and partners compared 
with usual care. In the UK, national health policy has emphasized 
a shift in the delivery of care from the hospital setting to the com-
munity, particularly in the area of chronic disease management. 
Thus, the EUROACTION investigators developed the MyAction 
model for the UK National Health Service whereby primary and 
secondary preventive care was integrated in a community setting. 
The programme was delivered by a skilled, appropriately trained 
multidisciplinary team (MDT) [42] which was nurse-led and in-
cluded dieticians and physical activity specialists and was sup-
ported by a psychologist and consultant cardiologist. Coronary 
patients (with stable and unstable angina) were recruited from the 
local hospital and patients at high multifactorial risk were referred 
from primary care. All patients and their partners received the 
same intervention, which included an extensive individualized 
baseline assessment by the MDT followed by a 12-week education 
and supervised exercise programme with a repeat assessment at 
the end of the programme. The programme successfully recruited 
and retained the majority of patients referred, together with their 
partners, and a significant improvement was seen in both lifestyle 
and medical risk factors, as well as increased use of cardioprotec-
tive medication [42].

The initial MyAction pilot was carried out in a principally 
white, relatively affluent population; it was a descriptive study with 
no control group, and had a relatively short follow-up period of 
16 weeks. However, the programme has since been set up in other 
communities, starting with Westminster in London where there 
are substantial areas of social deprivation and a high prevalence 
of black and minority ethnic (BME) groups. Despite such a cul-
turally and socioeconomically diverse population, the programme 
has achieved high uptake and adherence in its target group, and 
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but requires further exploration before adopting this model on 
a more wider basis. The ideal composition of not just the MDT 
itself but also the intervention remains to be defined. However, 
it is likely that there is not a ‘one size fits all’ approach; rather 
interventions should ideally be tailored to participants’ needs 
and to those of the local community. In addition, the sustainabil-
ity and the cost-effectiveness of such programmes remains to be 
determined.

prevention and rehabilitation in the community has been shown 
to be safe and as effective as traditional hospital-based care for 
many patients, with evidence for higher adherence. Key to the 
successful delivery of all such programmes is the use of a skilled, 
appropriately trained MDT that works collaboratively with exist-
ing community services and user groups.

Integration of primary and secondary preventive care in a com-
munity setting has also been shown to be effective and feasible 
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Evaluation of preventive 
cardiology
Kornelia Kotseva, Neil Oldridge, and 
Massimo F. Piepoli

Measuring quality of care
Introduction
Over the last decade it has become increasingly apparent that the quality of medical care, 
which should be effective, timely, safe, and patient-orientated, has the potential for im-
provement. In the United States it is estimated that as much as 30–40% of healthcare 
spending is wasted—through overuse, underuse, misuse, duplication, system failures, 
unnecessary repetition, poor communication, and inefficiency [1]—suggesting an issue 
concerning the quality of healthcare. The quality of healthcare is under scrutiny in many 
countries and various quality-improvement strategies have been proposed.

The quality of healthcare is defined as ‘the degree to which healthcare services for 
individuals and populations increase the likelihood of desired health outcomes and are 

Summary
The Joint European Societies (JES) guidelines on cardiovascular (CVD) prevention 
published in 1994, 1998, 2003, 2007, and 2012 defined lifestyle and risk factor targets 
for patients with coronary or other atherosclerotic disease and people at high risk 
of developing CVD. However, EUROASPIRE and other surveys in Europe and the 
United States showed inadequate lifestyle and risk factor management and under-
use of prophylactic drug therapies in both primary and secondary prevention of 
CVD. The European Association of Cardiovascular Prevention and Rehabilitation, 
the American Heart Association (AHA), and the American College of Cardiology 
Foundation (ACCF) in collaboration with three other associations have developed 
core components, standards, and outcome measures to evaluate the quality of care 
and to provide guidelines to healthcare professionals and institutions to identify 
opportunities for improvement. Optimal control of cardiovascular risk factors is 
one of the most effective methods for reducing vascular events in patients with 
atherosclerotic disease or in those at high cardiovascular risk. Improving treat-
ment adherence is a very important step in optimizing cardiovascular risk factor 
management. Health-related quality of life (HRQL) is considered as an outcome 
measure in research studies and in clinical practice. HRQL measures can help to 
improve patient–clinician communication, screening, monitoring, and continuous 
assessment of quality of care. Further research is needed to investigate the effects of 
interventions to improve treatment adherence on clinical end-points and the asso-
ciation between assessing HRQL and an improvement in quality of care.
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patients with diabetes). The prevalence of elevated total cholester-
ol (≥4.5 mmol/L) and low-density lipoprotein (LDL) cholesterol 
(≥2.5 mmol/L) was 51% and 55% respectively. Just over a third of 
patients (35%) had diabetes (self-reported or fasting plasma glu-
cose ≥ 7 mmol/L). The therapeutic control of BP was poor, with 
only 37% of patients on BP-lowering medication being controlled 
(BP < 140/90 mmHg; <130/80 mmHg for patients with diabetes). 
In those on lipid-lowering medication just over a half (55%) had 
reached the total cholesterol goal of <4.5 mmol/L. Only 10% of 
patients with self-reported diabetes had fasting plasma glucose of 
<6.1 mmol/L. The use of cardioprotective medication was as fol-
lows: aspirin or other antiplatelet drugs 91%, beta-blockers 80%, 
angiotensin-converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) 71%, statins 78%. Furthermore, only a 
third of patients were referred to and attended prevention and re-
habilitation programmes [15].

Comparison between those countries that participated in the 
three surveys demonstrated a compelling need for more effec-
tive lifestyle and risk factor management of patients with CHD 
[13]. Findings showed a continuing and widening gap between 
the guidelines and patients’ lifestyles in terms of stopping smok-
ing and reducing obesity and central obesity, no improvement 
in blood pressure control, increase in the prevalence of diabetes, 
and at the same time a substantial increase in the use of cardio-
protective medication. Although lipid management continued 
to improve, primarily because of statin therapy, almost half of 
all patients still remained above the recommended lipid targets 
( Fig. 26.1).

In primary prevention the gap between evidence-based guide-
lines and clinical practice was even greater than that seen for 
coronary patients [14]. A total of 4366 patients (58% female) con-
sidered to be at high CV risk were interviewed after the start of 
drug treatment. Overall, 17% smoked cigarettes, 44% were obese 
(62% centrally obese), 71% had raised blood pressure, 66% had 
total cholesterol ≥5 mmol/L (≥4.5 mmol/L in people in diabetes), 
and 39% had diabetes. Risk factor control was very poor, with 
only 26% of patients using antihypertensive medication achiev-
ing the BP goal, and 31% of patients on lipid-lowering medication 
achieving the total cholesterol goal. Only 9% of patients with self-
reported diabetes had fasting plasma glucose <6.1 mmol/L. The 
use of BP-lowering medication in people with hypertension was: 
beta-blockers 34%, ACE inhibitors/ARBs 61%, calcium channel 
blockers 26%, diuretics 37%. Statins were prescribed in 47% of 
people with hypercholesterolaemia.

The slow incorporation of primary prevention strategies into 
clinical practice has been reported in similar studies in Europe 
and the United States. The EURIKA study compared the status of 
primary prevention among patients with varying degrees of CVD 
risk according to the 2007 guidelines on CVD prevention [16]. 
This study was conducted in 2009 in 12 European countries and 
included 7641 outpatients free of clinical CVD and with at least 
one major CVD risk factor. Among patients treated for hyperten-
sion and dyslipidaemia, only 39% and 41% achieved the BP and li-
pids (total and LDL cholesterol) targets, respectively. Only a third 
of patients with diabetes met the goal for glycated haemoglobin 

consistent with current professional knowledge’ [2]. Thus it has 
been classified traditionally under three elements [3]:

1. structure (clinician/organization/patient characteristics)

2. process (appropriateness of treatment, patient/clinician inter-
action), and

3. outcomes (effects of care on the health status of patients).

Clinical audits of lifestyle and risk factor 
management
Audits of clinical practice provide an objective assessment of 
clinical outcomes and quantify the extent to which the standards 
set in the guidelines on cardiovascular disease (CVD) prevention 
are being implemented in everyday clinical practice. The Joint 
European Societies (JES) guidelines on cardiovascular (CV) pre-
vention published in 1994, 1998, 2003, 2007, and 2012 defined 
lifestyle and risk factor goals for both patients with coronary heart 
disease (CHD) and those at high risk of developing CVD [4–8]. 
Guideline implementation has been evaluated with three cross-
sectional surveys called EUROASPIRE (European Action on Sec-
ondary and Primary Prevention through Intervention to Reduce 
Events) starting in the mid 1990s. They were carried out by the 
European Society of Cardiology (ESC) Euro Heart Survey Pro-
gramme in 1995–6 in nine countries, in 1999–2000 in 15 coun-
tries, and in 2006–7 in 22 countries [9–14]. The main outcome 
measures were the proportions of coronary and high risk patients 
achieving the lifestyle, risk factor, and therapeutic targets for CVD 
prevention as defined in the current guidelines. Data collection 
was based on a review of patients’ medical notes and a prospec-
tive interview and examination at least 6 months after an acute 
coronary event or procedure (coronary patients) or the start of 
blood pressure (BP) and/or lipid-lowering and/or glucose-lower-
ing therapy (high-risk individuals), using standardized methods 
and instruments.

The overall objectives of the EUROASPIRE III survey were:
◆	 To determine in hospitalized coronary patients (acute myocar-

dial infarction and ischaemia and following revascularization 
by angioplasty or coronary artery surgery) and in high-risk 
individuals being treated in primary care whether the joint 
European guidelines on CVD prevention are being followed in 
everyday clinical practice.

◆	 To determine whether the practice of preventive cardiology in 
patients with established coronary disease in EUROASPIRE 
III has improved by comparison with those centres which took 
part in EUROASPIRE I and II.

A total of 8966 coronary patients (25.3% of whom were women) 
were interviewed on average 1.2 years following their index event 
[12]. At interview, 17% of patients smoked cigarettes, with only 
one in two of those who smoked before the index event having 
stopped. The prevalence rates of overweight and obesity were 
alarming in all countries: 35% were obese [body mass index 
(BMI) ≥30 kg/m2] and 53% had central obesity (waist circumfer-
ence ≥ 102 cm in men or ≥ 88 cm in women). The majority of pa-
tients (56%) had raised BP (≥140/90 mmHg; ≥130/80 mmHg for 
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with performance measures of the quality of care and to identify 
opportunities for improvement. The development of perform-
ance systems is based on the identification of a set of measures 
targeting a specific patient population observed over a defined 
time period.

Quantifying clinical performance is a necessary step in improv-
ing the quality of healthcare. Performance and outcome meas-
ures are intended as means to measure and improve care, tailored 
to each clinical condition; their application is designed to allow 
transparent control of the quality of healthcare. The intention 
behind the measurement of performance is to allow healthcare 
providers to learn how systems may be redesigned so that the re-
quired processes of care are applied uniformly to patients who are 
most likely to benefit [28]. Without the ability to quantify quality, 
the opportunity to identify practices that lead to higher-quality 
care, and the opportunity to learn how such care was delivered, 
quality cannot be improved.

(HbA1c). Inadequate lifestyle and risk factor management and 
underuse of prophylactic drug therapies in both coronary and 
high-risk patients has also been reported in other national and 
multinational surveys [17–26]. So, the challenge to improve qual-
ity of care is common to many parts of the world.

Outcome measures in primary and secondary 
prevention of cardiovascular disease
The ability to quantify the quality of CV care critically depends 
on the translation of recommendations for high-quality care into 
the measurement of that care. Therefore developing a framework 
to measure components of the quality of healthcare is of para-
mount importance. The ESC, the American College of Cardiology 
(ACC), and the American Heart Association (AHA) have devel-
oped a multifaceted strategy to facilitate the process of improving 
the quality of CV care [27–31]. These documents are designed to 
provide healthcare professionals and institutions that deliver care 
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Fig. 26.1 Comparison between the EUROASPIRE 
I, II, and III surveys. (a) Prevalence of smoking, 
obesity (body mass index ≥ 30 kg/m2), and central 
obesity (waist circumference ≥88 cm for women 
and ≥102 cm for men). (b) Prevalence of elevated 
BP (systolic/diastolic BP ≥ 140/90 mmHg for non-
diabetics or ≥ 130/80 mmHg for diabetics), total 
cholesterol (TC; ≥4.5 mmol/L) and LDL cholesterol 
(LDL-C; ≥2.5 mmol/L), and diabetes mellitus (fasting 
plasma glucose ≥ 7 mmol/L in patients without a 
history of diabetes).
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Outcome measures in secondary prevention
Quantifying clinical performance is a necessary step for improving 
the quality of healthcare. The European Association of Cardiovas-
cular Prevention and Rehabilitation have developed a policy state-
ment on the core components, standards, and outcome measures 
for referral and delivery in the clinical management of patients with 
CVD [28]. Both structure-based and process-based measures are 
designed to help healthcare providers identify potentially correct-
able sources of suboptimal clinical care in cardiac rehabilitation 
(CR) services. Structure-based measures quantify the infrastructure 
for CR and are based on the provision of appropriate environment, 
equipment, and personnel to provide high-quality standards of care.

Process-based measures quantify specific aspects of care and are 
designed to capture all relevant dimensions of secondary preventive 
care while outcome measures identify the expected goals of the inter-
vention. The following steps should apply to all clinical conditions:
◆	 Individualized assessment and evaluation of modifiable CVD 

risk factors.
◆	 Development of individualized risk reduction interventions 

for identified conditions and coordination of care among all 
healthcare providers.

◆	 Evidence of a plan to monitor response and document pro-
gramme effectiveness through ongoing analysis of aggregate 
data. This includes: a plan to assess completion of the prescribed 
course of CR, and prevention and a standardized plan to reas-
sess patient outcomes at the completion of CR.

Outcome measures in primary prevention
The AHA and American College of Cardiology Foundation 
(ACCF) in collaboration with three other associations have de-
veloped recommendations for performance measures for pri-
mary prevention of CVD, providing a detailed specification for 
each measure, including the numerator, denominator, period 
of assessment, method of reporting, sources of data, ration-
ale, and challenges to implementation [31]. They are ideally 
intended for prospective use to enhance the quality improve-
ment process but may also be applied retrospectively. The per-
formance measures recommended in this document are based 
on processes of care that are expected to produce benefit in 
primary prevention of CVD. The Writing Committee identi-
fied 13 measures to be included in the performance measure set 
and evaluated the use of each measure for accountability/pub-
lic reporting (A/PR) and internal quality improvement (IQI). 
 Table 26.1 summarizes the AHA/ACCF Primary Prevention 
of Cardiovascular Disease Performance Measurement Set, in-
cluding measures for lifestyle and medical risk factor manage-
ment. Two measures (global risk estimation and aspirin use) 
were designed for IQI only.

The document also provides a detailed description of each 
performance in terms of screening, lifestyle counselling, and 
management of weight, BP, and lipids.  Figure 26.2 presents a 
data collection instrument to aid compliance and measurement. 
Individual institutions may modify the sample instrument or de-
velop a different tool based on local practice and standards.

Table 26.1 AHA/ACCF primary prevention of cardiovascular disease performance set

Performance measure name Measure description Designation

 1. Lifestyle/risk factor screening Assessment of lifestyles and risk factors for development of CVD A/PR IQI

 2. Dietary intake counselling Counselling to eat a healthy diet A/PR

 3. Physical activity counselling Counselling to engage in regular physical activity A/PR

 4. Smoking/tobacco use Risk assessment for smoking and tobacco use behaviours A/PR IQI

 5. Smoking/tobacco cessation Cessation intervention for active smoking (tobacco use) A/PR

 6. Weight/adiposity assessment Measurement of weight and body mass index and/or waist circumference A/PR

 7. Weight management Counselling to achieve and maintain ideal body weight A/PR IQI

 8. Blood pressure measurement Measurement of blood pressure in all patients A/PR

 9. Blood pressure control Effective blood pressure control or combination therapy for patients with hypertension A/PR IQI

10. Blood lipid measurement Fasting lipid profile performed A/PR IQI

11. Blood lipid therapy and control Proportion of patients who meet current LDL-C treatment targets OR who are prescribed one or more 
lipid-lowering medications at maximum tolerated dose

A/PR

12. Global risk estimation Use of a multivariable risk score to estimate a patient’s absolute risk for development of coronary heart 
disease

IQI

13. Aspirin use Aspirin in patients without clinical evidence of atherosclerotic disease who are at higher CVD risk IQI

A/PR indicates accountability/public reporting measures (appropriate for all uses, including internal quality improvement, pay for performance, physician ranking, and public 
reporting); CVD, cardiovascular disease; IQI, internal quality improvement measures (recommended for use in internal quality improvement programmes only; not appropriate for any 
other use, e.g. pay for performance, physician ranking, or public reporting); LDL-C, low-density lipoprotein cholesterol.
Reproduced from Redberg RF, Benjamin EJ, Bittner V, et al. AHA/ACCF 2009 performance measures for primary prevention in adults: A report of the American College of Cardiology 
Foundation/American Heart Association Task Force on performance measures (Writing Committee to develop performance measures for primary prevention of cardiovascular 
disease): Developed in collaboration with the American Academy of Family Physicians; American Association of Cardiovascular and Pulmonary Rehabilitation; and Preventive 
Cardiovascular Nurses Association. Circulation 2009; 120: 1296–1336.
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intervention during and after a CR programme: a follow-up pro-
gramme is included as well other pharmacological and non-phar-
macological prescriptions.

Examples of tools for monitoring the responses and document 
programme effectiveness in the different areas, through detailed 
individual analysis of the changes in patients’ attitudes, are pre-
sented in  Tables 26.3 and 26.4.

All these tools are provided as examples and not as endorsed 
instruments: local health systems are encouraged to develop and 

◆	 Assessment and documentation of each patient’s risk for ad-
verse events during exercise.

◆	 A process to assess patients for undercurrent changes in 
symptoms.

◆	 Methodology to document programme effectiveness and initi-
ate quality improvement strategies.

 Table 26.2 provides an example of a checklist for monitor-
ing the comprehensiveness and appropriateness of preventive 

American Heart Association and American College of Cardiology Foundation SAMPLE

Sample Prospective Data Collection Flow Sheet

Primary Prevention of Cardiovascular Disease Performance Measurement Set

Today’s Date ____/_____/__

Patient Name or Code ______________________

Medical History

Lifestyle Factors (complete for all patients)

Cardiac Medications (antihypertensives, lipid-lowering medications, and aspirin; smoking cessation medications)

Tobacco Use: Physical Activity:

Age:  ____ years

Check below if patient is:

†Age 45 or older and male

*†‡Family History of
Premature CHD: ____(Y/N)

*†‡Diabetes: ____(Y/N)

*†‡Hypertension: ____(Y/N)

Optional Exposure to Secondhand and Tobacco Smoke:

Optional Global Risk Estimation (Complete for all men age 35 and over and all women
age 45 and over with at least 1 of the risk factors marked with an asterick [*]).

Optional Aspirin (Complete if patient is male with 10–year CHD risk of ≥10% OR female
with 10–year CHD risk of ≥20%)

Vascular Disease: ____(Y/N)

(Systolic BP of 140 mmHg or greater or a
diastolic BP of 90 mmHg or greater on at
least three occasions, or both, or taking
anti-hypertensive medication.)

(Peripheral arterial disease, carotid artery
disease, or abdominal aortic aneurysm)

Gender:

(CHD in male first-degree relative <55
years; CHD in female first-degree relative
<65 years)

Chronic renal disease: _____ (Y/N)

(Glomerular filtration rate <60
mL/min/1.73 m2.)

†Age 55 or older and female

Date of last visit _____/______/_____

Birth Date  _____/______/_____

Never smoked

Diet Assessment:

(from worksheet in Appendix F) (Also available at:
http://www.framinghamheartstudy.org/risk/coronary.html)

Name

Allergies:

Dosage When taken Reason taken (e.g., high blood pressure)

10–year CHD risk = _____%

Was the patient’s usual diet discussed?

Former smoker
Date quit: ____/_____ (month, if known/year)

(Intensity, frequency, and duration of exercise daily/weekly):

Goal: At least 30 minutes of moderate-intensity physical activity (such as brisk walking)
on most (and preferably all) days of the week.

Patient reports usually meeting the physical activity goal:

If no, was patient advised to increase physical activity to reach goal?

1 drink = 4 oz wine, 2 oz spirits, or 1 beer

Intervention: Complete if patient is current smoker:

(Someone at home or at work smokes in presence of patient)

Yes

No

Optional Alcohol Use:

Never

1–2 drinks/day

Patient advised to use aspirin (preferabley low dose)

Medical or patient reason(s) for not advising aspirin use (MD, DO, NP,
or PA only):

>2 drinks per day

Yes

No

Yes

No

Patient was advised to quit smoking

Referred for smoking cessation counselling
Medication prescribed: _____________________________________
(e.g, bupropion, varenicline, nicotine patches, gum, or lozenges)

Other _________________________________________________

*‡†Current smoker

Male

Female

Optional

Fig. 26.2 Sample flow chart for prospective data collection. 
Reproduced with permission from Redberg RF, Benjamin EJ, Bittner V, et al. AHA/ACCF 2009 performance measures for primary prevention in adults: a report of the American College 
of Cardiology Foundation/American Heart Association Task Force on performance measures (Writing Committee to develop performance measures for primary prevention of 
cardiovascular disease): developed in collaboration with the American Academy of Family Physicians; American Association of Cardiovascular and Pulmonary Rehabilitation; and 
Preventive Cardiovascular Nurses Association. Circulation 2009; 120: 1296–1336.

(continued)

http://www.framinghamheartstudy.org/risk/coronary.html
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Physical Exam Findings

Diet Counselling (Complete for all patients)

Weight Management (Complete if BMI >30 kg/m2 OR waist circumference >40 inches in men or >35 inches in women)

Fasting Lipid Profile (Complete for all men age 35 and over and all women age 45 and over with at least 1 of the risk factors marked with a ‡ under medical history in first section)

NOTE: Items marked “optional” are for internal quality improvement only.

Blood Lipid Management
(Complete if LDL-C is:

Height: _____ inches Blood Presssure: ____/_____ mmHg

Medical or patient reason(s) BP could not be measured (MD, DO, NP, or PA only):

Complete if BP is > 140/90 mmHg:
Two or more antihypertensive medications prescribed?

Weight: _____ lbs.

BMI: _____ kg/m2

(from table)

Waist
Circumference: _____ inches

Medical or patient reason(s) that height and/or weight and waist circumference could not be
measured (MD, DO, NP, or PA only):

Goal: An overall healthy eating pattern:

Medical reason(s) that weight management counselling was not provided (MD, DO, NP, or PA only):

Medical or patient reason(s) that fasting lipid profile was not performed (MD, DO, NP, or PA only):

At leat 1 lipid-lowering medication prescribed at maximum tolerated dose?

Enter date of most recent fasting lipid profile:
___/___/_____

Lots of fruits, vegetables
Whole grains
Low-fat or nonfat dairy products
Fish, legumes, poultry, and lean meats
Limit salt intake
Limit alcohol intake (≤2 drinks/d in men, ≤1 drink/d in women) among those
who drink.

Greater than or equal to 190 mg/dL (women) [and <2 of the risk factors marked with† under medical history above are present or global risk is low (<10%)] OR
Greater than or equal to 160 mg/dL (men) [and <2 of the risk factors marked with† under medical history above are present or global risk is low (<10%)] OR
Greater than or equal to 130 mg/dL [and <2 of the risk factors marked with† under medical history above are present or global risk is intermediate (<10% to 20%)] OR
Greater than or equal to 100 mg/dL [and global risk is high (<20%)]

NOTE: Subtract 1 risk factor† if HDL-C ≥60 mg/dL

Results Check all that apply:
Total cholesterol: _____ mg/dL

LDL-C: _____ mg/dL

HDL-C: _____ mg/dL

Patient was advised to lose weight

Specific recommendations: _________________________________________________________________________________________________________
(e.g., reducing calorie intake, increasing physical activity)

Referred to weight management specialist or programme e.g., nutritionist or dietician

Yes

No

Medical or patient reason(s) no lipid-lowering medication was prescribed (MD, DO, NP, or PA only):

Yes

No

Patient was advised to eat a healthy diet

Specific dietary recommendations (e.g., no added salt, decrease
saturated fat, diabetic or DASH diet, decreased cholesterol intake):

Referred to nutritionist or dietician

LDL-C is ≥130 mg/dL*

HDL-C is <40 mg/dL if patient is male OR
<50 mg/dL if patient is female†

*Total cholesterol is 240 mg/dL)*

Diet discussed with patient and literature/brochure provided

Medical or patient reason(s) no (or only 1) antihypertensive medication ordered
(MD, DO, NP, or PA only):

Fig. 26.2 (continued)

implement systemic tools that are most appropriate and effective 
for their particular setting.

Adequate communication with a patient’s on-going healthcare 
provider is crucial, with the development of a complete discharge 
letter for the physician and for the patient, which should underline 
the risk factors, the relevant targets, and the secondary prevention 
measures, exercise capacity, and programme in which the patient 
has been enrolled. This communication should be developed and 
verified at the end of the different phases of the preventive cardi-
ology process—at hospital discharge at the end of the intensive CR 
programme.

Assessment of health-related quality 
of life
Introduction
Outcomes, such as deaths, infections, and objective clinical and 
physiological laboratory tests, are routinely monitored to im-
prove the quality of care but provide little or no information about 
the impact of either an illness or its treatment from the patient’s 
own perspective. On the other hand, patient-reported outcomes 
(PROs) provide direct information about how a patient functions 



assessment of health-related quality of life 329

Table 26.2 Checklist to assess the comprehensiveness of the 
prevention therapies in a cardiac rehabilitation programme

To be completed by physician, nurse, or other care provider at patient’s 
enrolment and discharge

Admission date: ____________________

Discharge date: ______________________

Diagnosis: ____________________________

Check each condition and therapy prescribed or check reason for 
contraindication

◆ Full risk assessment

• Formulation of tailored, patient-specific, counselling with the objectives 
of a secondary preventive programme

• No, with reason in discharge summary

◆ Physical activity counselling

• Made

• No, with reason in discharge summary

◆ Exercise training prescription

• Prescription made

• No, with reason in discharge summary

◆ Diet/nutritional counselling

• Counselling made

• No, with reason in discharge summary

◆ Weight control management (if patient is obese or overweight)

• Made

• No, with reason in discharge summary

◆ Lipid management

• Made

• No, with reason in discharge summary

◆ Blood pressure monitoring

• Made

• No, with reason in discharge summary

◆ Smoking cessation (if patient is a smoker)

• Made

• No, with reason in discharge summary

• Smoking cessation teaching and pharmacological therapy not required 
(patient is non-smoker or former smoker of greater than 1 year)

◆ Psychosocial management

• Made

• No, with reason in discharge summary

◆ Vocational management

• Made

• No, with reason in discharge summary

◆ Education on warning signs of instability and self management

• Made

• No, with reason in discharge summary

◆ Education on appropriate medical therapy given

• Made

• No, with reason in discharge summary

◆ Referral to a phase III or to community programme  
(Coronary Club)

• Made

• No, with reason in discharge summary

◆ Follow-up appointment documented in medical record

• Date: _______________Time: ___________ or Call 
_______________

• No, with reason in discharge summary

Source : data from Piepoli MF, Corrà U, Adamopoulos S, et al. Secondary prevention in 
the clinical management of patients with cardiovascular diseases. Core components, 
standards and outcome measures for referral and delivery. Eur J Prev Cardiol 2012 Jun 20 
[Epub ahead of print] doi: 10.1177/2047487312449597

or feels in relation to a health condition and its therapy without 
interpretation of the patient’s responses by a physician or anyone 
else [32,33].

Initiatives focusing on a greater use of PRO measures have been 
established to assess their potential for improving quality of care 
in the European Union, the UK, and the United States [34–39]. 
The assessment of health-related quality of life (HRQL) has been 
suggested as one potential patient-centred care strategy for im-
proving quality of care in patients with cardiovascular disease 
[40]. This section summarizes the decision-making points that 
help determine which HRQL measure to consider as an outcome 
measure in research studies and in clinical practice.

‘Quality of life is a vague and ethereal entity, something that 
many people talk about, but which nobody very clearly knows 
what to do about’ [42] and is affected by various factors includ-
ing culture, religion, education, finances, and the environment. 
These factors are seldom the direct focus of healthcare, yet the 
goal of healthcare is to improve people’s quality of life. In order 
to link clinical variables with quality of life in healthcare, HRQL 
has become the accepted PRO term when describing the impact 
of healthcare on a patient’s quality of life [43]. While there is no 
consensus regarding the definition of HRQL, it is generally con-
sidered as the patient’s perspective of the impact on their health 
status of either disease or medical care.

Specifically HRQL is the patient’s perception of his or her own 
physical, psychological, and social functioning which is consistent 
with the definition of a PRO [32,33,43].

Measures of health-related quality of life
Patient-reported HRQL outcomes are valuable in national and 
international research studies for assessing achievement of health 
goals and health disparities between population segments, evalu-
ating the effectiveness of healthcare intervention, and making be-
tween-diagnosis treatment comparisons. The European Medicines 
Agency and the US Food and Drug Administration have both pro-
vided guidance to standardize the use and interpretation of HRQL 
PRO measures in randomized clinical trials (RCTs) [44]. In clinical 
practice, HRQL measures can help in improving shared decision-
making (patient–clinician communication), screening (identifying 
at-risk patients), monitoring (determining disease progression and 

(continued)
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Table 26.3 Sample data collection tool for the performance and outcome measurements of each component during and after a cardiac 
rehabilitation programme

Outcome 
measures

Initial assessment Intervention plan and 
communication

Reassessment prior to 
completion of programme

Changes in intervention plan 
and communication

Date:

Physical 
activity 
habits

>30 min, 
minimum 3–4 
days per week

¨ Optimal habits
¨ Suboptimal

¨ Intervention plan developed 
with the patient

¨ Education completed
¨ Education suboptimal: 

please specify

¨ Optimal habits
¨ Suboptimal habits

Complete only if habits remain 
suboptimal
¨ A new intervention plan is 

developed with the patient
¨ Healthcare provider notified

Exercise 
training/
capacity

Development of 
an individualized 
exercise 
prescription

¨ Assessment and 
exercise prescription 
completed

¨ Assessment and 
exercise prescription 
not completed

¨ Exercise prescription 
communicated to the 
patient and healthcare 
provider

¨ Exercise prescription 
completed

¨ Exercise prescription not 
completed

¨ Revised exercise prescription 
communicated to the patient 
and healthcare provider

Diet/
nutritional 
counselling

Wide variety of 
foods; low-
salt foods; 
Mediterranean 
diet

¨ Optimal control
¨ Suboptimal control

Applies to all patients with CVD
Education completed:
¨ Target food goals
¨ Lifestyle modification

Complete only if suboptimal 
control on initial assessment
¨ Patient encouraged to 

contact healthcare provider 
about reassessment

¨ Policy is in place to 
communicate with healthcare 
providers as needed

Weight 
management

Body mass index: 
18.5–24.9 kg/m2

AND
Waist 
circumference:
men < 94 cm
women < 80 cm

¨ At target
¨ Above target

Applies to all patients
¨ Education completed 

concerning target goals, 
diet, change, regular physical 
activity

OR
¨ Referral to a weight 

management programme
AND
¨ Healthcare provider notified 

if above target

¨ At target
¨ Above target

Complete only if remains above 
target
¨ Additional education 

completed for target goals, 
diet, behaviour change, 
exercise

OR
¨ Referral to a weight 

management programme
AND
¨ Healthcare provider notified

Lipid control LDL cholesterol 
level at target

¨ Optimal control
¨ Suboptimal control

Applies to all patients with CVD
Education completed:
¨ Target lipid goals
¨ Medication compliance
¨ Lifestyle modification

Complete only if suboptimal 
control on initial assessment
¨ Patient encouraged 

to contact healthcare 
provider about 
reassessment

¨ Policy is in place to 
communicate with healthcare 
providers as needed

BP control Systolic and 
diastolic values at 
target

¨ Patient with 
diagnosis of treated 
or untreated 
hypertension

¨ Not hypertensive

Complete only if patient has a 
diagnosis of hypertension
Education completed:
¨ Target BP goal
¨ Medication compliance
¨ Lifestyle modification

¨ Intermittent monitoring of 
BP during CR

¨ Policy in place concerning 
communication with 
healthcare providers, 
including thresholds for 
communication

Tobacco use Complete 
cessation of 
tobacco use

¨ Never
¨ Recent (quit less 12 

months ago)
¨ Current

Complete only if current or 
recent
¨ Individual education and 

counselling
OR
¨ Referral to a tobacco 

cessation programme
AND
¨ Healthcare provider notified

¨ Abstaining
¨ Still smoking

Complete only if still smoking
¨ Individual education and 

counselling
OR
¨ Referral to a tobacco 

cessation programme
AND
¨ Healthcare provider notified

Psychological 
distress

Assessment of 
presence or absence 
of psychological 
distress: depression, 
anxiety, type D 
personality, HRQL 
using a valid and 
reliable screening 
tool

¨ Patient screened for 
distress/depression

¨ Patient not 
screened for 
distress/depression

Complete only if screening tool 
indicates possible distress
¨ Results discussed with 

patient
AND
¨ Healthcare provider notified

¨ Patient rescreened for 
distress

¨ Patient not rescreened

Complete only if screening tool 
indicates possible distress
¨ Results discussed with patient
AND
¨ Healthcare provider notified
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Table 26.3 (continued) Sample data collection tool for the performance and outcome measurements of each component during and after a cardiac 
rehabilitation programme

Table 26.4 Sample data collection tool for the outcome and performance measurements in patients with CVD during and after the CR programme

Outcome measures 1. Stabilize clinical status and/or improve functional capacity
2. Optimize cardiovascular therapy
3. Identify and control clinical or behavioural precipitating factors
4. Increased participation in domestic, occupational, and recreational activities
5. Improved psychosocial well-being, prevention of disability, and enhancement of opportunities for independent self-care
6. Improved aerobic fitness
7. Return to work when possible
8. Formulation of ‘tailored’, patient-specific, plan or CR programme

Initial assessment: risk 
stratification tools

 1. Clinical history
 2. Define severity of disease
 3. Response to current and previous therapy
 4. Physical examination
 5. Blood testing
 6. Chest X-ray (optional)
 7. ECG
 8. Two-dimensional and Doppler echocardiography: additional non-invasive imaging tests (if needed)
 9. Exercise tolerance
10. Psychosocial evaluation

Intervention plan and 
communication

1.  Education: provide clear, comprehensible information on the basic purpose of the CR programme and the role of each component
2. Lifestyle approach: patients should initiate and/or maintain lifestyle modifications
3. Weight control management (if needed)
4. Smoking cessation and alcohol restriction
5. Diet/nutritional counselling: fluid and sodium intake, caloric restriction, or self-indulgence (according to severity of disease)
6. Self-care management counselling: to the medical regime and self-monitoring (weight, BP, symptoms)
7. Physical activity counselling
8. Exercise training (if applicable)
9. Psychosocial management (if needed)

Reassessment and 
surveillance

Timing of lifestyle and clinical reassessment should be defined also according to severity of disease and the response to initial 
cardiovascular treatments
Reassess lifestyle approach:
1. Weight management, smoking and alcohol habits
2. Diet/nutritional behaviour
3. Self-care management
4. Exercise prescription
5. Pharmacological adherence
Reassess clinical status:
1. Suboptimal clinical status with non-optimized CV therapy: modify CV evidence-based regime or drug doses if possible
2. Suboptimal clinical status with optimized CV therapy: consider comorbidities, non-pharmacological therapies (if feasible)
3. Improved clinical status with non-optimized CV therapy: modify/improve CV evidence-based regime or drug doses if possible
4.  Improved clinical status with optimized CV therapy: confirm medical evidence-based regime and start updated CV function 

reassessment

Outcome 
measures

Initial assessment Intervention plan and 
communication

Reassessment prior to 
completion of programme

Changes in intervention plan 
and communication

Medications Adherence 
to prescribed 
preventive 
medications

¨  Patient has 
been prescribed 
preventive 
medications by 
his/her healthcare 
provider(s)

¨  Individual education and 
counselling about the 
importance of adherence 
to appropriate preventive 
medications

OR
¨  Group education and 

counselling about the 
importance of adherence 
to appropriate preventive 
medications

¨  Individual or group 
education completed

¨  Patient is encouraged to 
discuss questions or concerns 
about prescribed preventive 
medications with his/her 
healthcare providers

HRQL, health-related quality of life.
Source : data from Piepoli MF, Corrà U, Adamopoulos S, et al. Secondary prevention in the clinical management of patients with cardiovascular diseases. Core components, standards 
and outcome measures for referral and delivery. Eur J Prev Cardiol 2012 Jun 20 doi: 10.1177/2047487312449597.

(continued)
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(vitality, physical functioning, bodily pain, general health percep-
tions, physical role functioning, emotional role functioning, social 
role functioning, and mental health); each is scored on a scale of 
0–100, which can then be aggregated as two component summary 
scores, a physical and a mental component score [48]. Another 
generic HRQL measure, widely used in Europe, is the EuroQoL 
EQ-5D (EQ-5D; <http://www.euroqol.org/eq-5d.html>).

The EQ-5D (replaced by the EuroQoL-5D-5L) is applicable to 
a wide range of health conditions and treatments, is self-admin-
istered, consists of five dimensions (mobility, self-care, usual ac-
tivities, pain/discomfort, anxiety/depression). Each is scored on 
a scale of 1–5, providing a simple descriptive profile and a single 
index value for health status that can also be used for economic 
evaluations.

Specific measures
The majority of patients with CHD present with one of the three 
main diagnoses—angina, myocardial infarction (MI), or heart 
failure—and specific questionnaires are available to assess HRQL 
in each of these three diagnoses.

Seattle Angina Questionnaire (SAQ)
The SAQ is a validated and widely used 19-item, self-administered 
questionnaire designed to measure functional status and HRQL in 
patients with angina and coronary artery disease [49]. The items 
are scored on 5- to 6-point Likert scales in five dimensions (physi-
cal limitation, angina stability, angina frequency, treatment satis-
faction, and quality of life) with higher scores indicating higher 
levels of functioning and HRQL.

Minnesota Living with Heart Failure Questionnaire (MLHF)
The MLHF is a valid and widely used 21-item questionnaire for 
patients with heart failure [50]. The MLHF assesses the effects of 
symptoms, functional limitations, and psychological distress on an 
individual’s HRQL, asking patients to indicate using a 6-point Likert 
scale to assess how much each of 21 facets prevents them from living 
as they desire (higher scores indicate poorer HRQL).

MacNew Heart Disease HRQL Questionnaire
The original interviewer-administered version of the English lan-
guage MacNew for patients with MI [51] was modified and vali-
dated as a self-administered 27-item instrument [52]. The MacNew 
uses a 7-point Likert scale (higher scores indicate higher HRQL) in 

response to treatment), and continuous assessment of quality of 
care [45]. It is important to bear in mind that measures developed 
for research purposes may not be easily used in clinical practice.

In a recent systematic literature review of PRO measures used 
in 180 double-blind, placebo-controlled trials, only 12 CVD 
RCTs (7%) were identified with five using a generic and 11 using 
a disease-specific questionnaire [46]. There is no such thing as a 
‘best measure’ in an absolute sense, only measures which may be 
best suited to a particular purpose. It is necessary to bear in mind 
that HRQL is not a surrogate measure but a meaningful outcome 
of healthcare [43]. To help in making the decision about which 
HRQL measure to use in studies or clinical practice, certain ques-
tions need to be asked about
◆	 the type of measure
◆	 the domains covered
◆	 the population in which the measure was developed and in 

which it is to be used
◆	 the reliability, validity, and responsiveness of the measure
◆	 how the results will be interpreted

as well as questions about
◆	 who completes the measure

and
◆	 the burden associated with administering the measure.

There are three types of measures of HRQL—generic, spe-
cific, and utility measures. For most research studies and clinical 
practices, the choice of HRQL questionnaire will be a selection 
between either a generic measure (which permits comparisons 
with other conditions but is less relevant to a specific disease or 
condition) or a disease-specific questionnaire (which is obviously 
more relevant to patients with that disease, e.g. with CHD, and 
so likely to be more responsive or sensitive to change in health 
status). For studies in which an economic evaluation, i.e. the cost-
effectiveness of an intervention, is the focus, generic health status 
and utility measures are recommended [47].

Generic measures
The Short Form 36 Survey (SF-36) is a widely used generic meas-
ure of HRQL in healthcare [48]. The SF-36 consists of eight scales 

Timing:
Risk Category according to baseline clinical CVD condition:
1. Low: lifestyle, clinical and functional reassessment <12 months
2. Moderate: lifestyle, clinical and functional reassessment <6 months
3. High: lifestyle, clinical and functional reassessment <3 months (consider remote monitoring if available and/or applicable)

Changes in 
intervention plan and 
communication

Complete only if clinical condition remains suboptimal.
Go back to ‘reassessment and surveillance’: review reported items.
1.  Promote patients’ care within the multidisciplinary team, to ensure optimal pharmacological treatment, self-care management, 

and to facilitate access to supportive services
2. Evaluate the new intervention plan and target goals with the patient, caregiver, and healthcare provider

Source: data from Piepoli MF, Corrà U, Adamopoulos S, et al. Secondary prevention in the clinical management of patients with cardiovascular diseases. Core components, standards 
and outcome measures for referral and delivery. Eur J Prev Cardiol 2012 Jun 20 doi: 10.1177/2047487312449597.

Table 26.4 (continued) Sample data collection tool for the outcome and performance measurements in patients with CVD during and after the 
CR programme
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◆	 reliable (does the questionnaire produce results that are repro-
ducible and internally consistent?)

◆	 valid (does the questionnaire measure what it claims to meas-
ure), and

◆	 responsive (does the questionnaire detect changes over time 
that matter to patients?).

Each of the CHD-specific measures mentioned in this discus-
sion have been repeatedly demonstrated to be reliable, valid, and 
responsive in the patient populations for which they were de-
signed, so this is not a problem. A description of CHD-specific 
questionnaires and representative psychometric statistics are pre-
sented in  Table 26.5.

Interpretation of results
The scores obtained in any given questionnaire in any given study 
or clinical practice are numbers representing the distribution 
(central tendency; mean, median, mode) and variation (range, 
standard deviation). These need to be referenced to external data 
from a larger reference group in order to interpret the findings 
in a study or in a clinical practice. To be of most value when in-
terpreting results, normative data need to be available for each 
HRQL questionnaire. Normative scores and ranges for specific 
groups, for example gender, age, or severity of disease, enhance 
the interpretation and understanding of the results in a study or 
clinical practice. Importantly, information about statistical sig-
nificance should be complemented by information about clinical 
meaningfulness:
◆	 Do score differences meet a minimal clinically important differ-

ence criterion?
◆	 If so, does the change in scores in an individual patient mean a 

change in treatment is necessary?
◆	 Do differences in mean scores between groups reflect a clinically 

important difference in the effectiveness of two treatments?

Administration of health-related quality of life measures
PRO measures provide information directly about how a patient 
functions or feels in relation to a health condition and its therapy 
without interpretation of the patient’s responses by a physician or 
anyone else [32,33]. It stands to reason, therefore, that whenever 
possible these measures should be completed by the patient him- 
or herself as the perceptions of a health professional or a proxy 
may be different from those held by the patient. Typically this is 
not a problem when assessing HRQL in patients with CHD but 
may be an issue when a patient has, for example, a cognitive im-
pairment or communication disorder, and then proxies may pro-
vide more useful information. But whenever possible, the patient 
should have the last word.

How often will patients be asked to complete HRQL measures? If 
the purpose is to screen patients, then the HRQL questionnaire may 
need to be administered only once. On the other hand, if the pur-
pose is to monitor the impact of a treatment, procedure, or therapy, 
then the HRQL questionnaire needs to be administered before and 
at various times after the treatment, procedure, or therapy. While 

three domains (physical, emotional, social) with a global score and 
has been validated in patients with angina, MI, and heart failure in a 
number of other languages (<http://www.macnew.org/wp/>).

HeartQoL Questionnaire
The HeartQoL, published in 2014, is a validated 14-item instru-
ment developed in an international sample of over 6300 patients 
with angina, MI, or heart failure [53,54]. There are two domains, 
physical (10 items) and emotional (four items) HRQL, with a 
global score; each item is scored on a 4-point Likert scale with 
lower scores indicative of poorer HRQL.

Core HRQL measures have been used in oncology for about 
20 years allowing between-diagnosis comparisons [55,56]. Two 
of the CHD-specific HRQL questionnaires already described, the 
MacNew and the HeartQoL, permit between-diagnosis compari-
sons in patients with CHD, for example comparing patients with 
MI and heart failure following interventions such as revasculari-
zation or CR which are used in both groups. The major advantage 
of both the MacNew and the HeartQoL questionnaires is that as 
they have been validated in each of the three major CHD diagno-
ses only one questionnaire needs to be used when assessing pa-
tients with any one of the diagnoses.

Utility measures
The essence of economic evaluation is a comparison of the cost-
effectiveness, costs, and consequences of alternative healthcare 
programs [46]. Recent advances have incorporated HRQL to as-
sess the consequences of interventions and are expressed in terms 
of patient preferences for alternative health states or outcomes in 
terms of quality-adjusted life years (QALYs), a utility measure 
which incorporates both quantity (life years expected) and qual-
ity of life during those life years. Utility measures for estimating 
quality of life for economic evaluations include the time trade-off 
and standard gamble as well as generic health state classification 
systems such as the Health Utility Index, the EuroQoL, and the 
Quality of Well-being [46].

Population in which measures were developed
All of these CHD-specific questionnaires meet the criteria of 
whether the domains assessed are relevant in that they were all de-
veloped in patient populations with one of the three major CHD 
diagnoses.

It goes without saying that CHD-specific HRQL measures 
were developed in and designed for use with patients with CHD. 
However, if the study question is about change in HRQL in pa-
tients with angina, the MLHF questionnaire is inappropriate and 
the SAQ would be the questionnaire to use; if the study question 
is about differences in HRQL in patients with angina and patients 
with heart failure, either the MacNew or the HeartQoL would be 
the questionnaire of choice not the MLHF questionnaire.

Reliability, validity, and responsiveness of measures
Whatever HRQL is the preferred HRQL measure for a given study 
or clinical practice is, the HRQL questionnaire selected needs to 
have been shown to be:
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little CHD-specific information—3 hits for clinical trials or RCTs 
in patients with heart disease. As for clinical practice, a similar 
PubMed search with the following terms, ‘quality of care’, ‘quality 
of life’, ‘heart disease’, and ‘clinical practice’ revealed zero hits for 
clinical trials or RCTs in patients with CVD.

There is limited evidence about the value of PROs in clinical 
practice and, while there is evidence of a continuing increase in 
the use and value of PROs in heart disease studies, PROs are ‘un-
derused once their relevance to clinical decision making has been 
taken into account’. [57,58]. Patient-centred strategies, such as pro-
viding information on the patient’s condition and treatment and 
information on complaints procedures, may be associated posi-
tively with quality improvement in hospitals [35]. However, at this 
time, the evidence for an association between assessment of HRQL 
and an improvement in quality of care is limited and uncertain.

Assessment and intervention to 
improve treatment adherence
Introduction

Drugs don’t work in patients who don’t take them
C. Everett Koop

Optimal control of CVD risk factors is one of the most effective 
methods for reducing vascular events in patients with  coronary 
or other atherosclerotic disease or in people at high CV risk. 
Thus, improving treatment adherence is a very important step in 
optimizing management of CV risk factors. Adherence has been 
defined as an ‘active, voluntary involvement of the patient in the 

more frequent assessment means more complete information when 
monitoring change as a result of an intervention or even time, there 
is also added burden on both patient and clinic staff.
◆	 How long does it take to complete the questionnaire? There are 

various modes of administration: in-clinic or out-of-clinic, pen 
and paper, computer, mail, telephone, or web-based. Each has its 
own advantages and disadvantages that need to be considered.

◆	 How many questionnaires are needed? Core instruments val-
idated in patients with angina, MI, and heart failure, such as 
the MacNew and the HeartQoL questionnaires, mean only one 
questionnaire instead of three diagnosis-specific instruments 
and would increase efficiency in a busy clinical practice.

◆	 How long does it take to score and interpret the questionnaire? 
Questionnaires, which can be scored with simple algorithms are 
more useful in clinical practice, while more complicated scoring 
systems may be needed for fine-tuning in a research project.

Health-related quality of life measures and 
quality of care
Assessing PROs such as HRQL has been suggested as one potential 
research strategy for improving quality of care in patients with CVD 
[40, 41]. We already discussed how to decide whether or not to as-
sess HRQL as a PRO in CVD research studies and clinical practice 
and, if the decision is positive, which HRQL measures to consider.

However, whether or not there is an association between assess-
ing HRQL and an improvement in quality of care has not been 
clarified. In mid January 2015, a PubMed search on ‘quality of 
care’, ‘quality of life’ (as less specific than HRQL), and ‘heart dis-
ease’ (as less specific than CHD) in the last 10 years revealed very 

Table 26.5 Description of coronary heart disease-specific questionnaires

SAQ MLHF MacNew HeartQoL

Diagnosis Angina Heart failure CHD; angina; MI; heart failure CHD; angina; MI; heart failure

No. of items 19 21 27 14

Domains Physical limitation; angina stability; 
angina frequency; treatment 
satisfaction; disease perception

Total; physical; emotional Global: physical; emotional; 
social

Global: physical; emotional

Psychometric properties

Reliability*: CHD, angina, 
MI, heart failure

Physical limitation: NA, 0.94*, NA, NA Total: NA, NA, 0.92*, NA Global: 0.95*, 0.96*, 0.96*, 
0.94*

Global: 0.90*, 0.80*, 0.81*, 
0.82*

Validity†: CHD, angina, 
MI, heart failure

Physical limitation: NA, 0.73, NA, NA Total: NA, NA, NA, 0.74 Physical/emotional: 0.69/0.79, 
0.67/0.74, 0.61/0.81, 0.60/0.78

Physical/emotional: 
0.60/0.68, 0.64/0.65, 
0.62/0.64, 0.60/0.67

Responsiveness: CHD, 
angina, MI, heart failure

Physical limitation: NA, 0.87‡, NA, NA Total: NA, NA, NA, 0.89§ Global: 0.81‡, 0.80‡, 0.71‡, 
0.72‡

Global: 0.51–0.64‡, 0.74‡, 
0.70‡

SAQ, Seattle Angina Questionnaire; MLHF, Minnesota Living with Heart Failure; MacNew, MacNew Heart Disease Health-related Quality of Life; HeartQoL, Heart Disease Health-
related Quality of Life; and representative psychometric properties in patients with one of three coronary heart disease (CHD) diagnoses, angina, myocardial infarction (MI), or heart 
failure.
*Cronbach’s alpha (threshold for good internal consistency <0.80; for excellent internal consistency >0.90).
†Convergent validity (threshold for strong >0.50); EQ-5D with reference to SF-12 physical; SAQ, MLHF, MacNew, and HeartQoL with reference to SF-36 physical and emotional.
‡Standardized response mean.
§Effect size.
NA, not applicable.
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These techniques are considered to be more robust than indirect 
methods but have several limitations as patients may hide pills in 
their mouths and discard them later. In addition, measurements of 
the blood concentration of a medication or metabolites, although 
accurate, require substantial time and expense and are not practi-
cal for routine clinical use ( Table 26.6).

Indirect methods of adherence assessment include [60]:

◆	 patient questionnaires
◆	 self-reports
◆	 pill counts
◆	 rate of prescription refills
◆	 assessment of the patient’s clinical response
◆	 MEMS
◆	 measurement of physiological markers, and
◆	 patient diaries.

Each of these methods has advantages and disadvantages, and the use 
of a specific method to assess adherence will depend on the clinic-
al scenario and availability of data. In general, pill counts and self-
reports are not considered to be reliable because they can be biased by 
inaccurate patient recall or by patient’s overly optimistic estimation of 
their behaviour in an effort to please their healthcare providers. This 
bias also affects the ascertainment of patients’ adherence to prescribed 
lifestyle interventions. In outpatient clinical settings there is a need for 
a valid, reliable, cost-effective tool that is acceptable to both healthcare 
providers and patients in measuring medication adherence.

The Morisky Medication Adherence Scale (MMAS-4) is a com-
monly used, validated, self-reported adherence measure that has 
been shown to be predictive of medication adherence. The four-
item questionnaire was originally published in 1986 and modified 
in 1990 [76]. It is used mainly in the clinical setting, with the clini-
cian directly assessing medication-taking behaviour and provid-
ing immediate feedback, either giving suggestions about how to 
incorporate the behaviour into the patient’s lifestyle or reinforc-
ing positive adherence behaviour. In 2008, Morisky published an 
updated eight-item version of the Medication Adherence Scale 
(MMAS-8) which has demonstrated a higher level of reliability 
and higher sensitivity and specificity than the four-item scale. It 
proved to be reliable, with good concurrent and predictive validity 
in patients with hypertension, and can be used as a screening test in 
outpatient settings with other patient groups [77]. Validated trans-
lated versions of the MMAS-8 are available in several European, 
Asian, and South American languages.

The Heart and Soul Study was a prospective cohort study of 
psychosocial factors and CV outcomes in patients with CHD. 
The primary predictor variable was a single question about over-
all medication adherence: ‘In the past month, how often did you 
take your medications as the doctor prescribed?’. Possible responses 
were: ‘All of the time’ (100%), ‘Nearly all of the time’ (90%), ‘Most 
of the time’ (75%), ‘About half the time’ (50%), or ‘Less than half the 
time’ (<50%). The results demonstrated that self-reported medica-
tion non-adherence was strongly associated with adverse CV events 
(hazards ratio 2.3; 95% confidence interval, 1.3–4.3; p = 0.006) [78].

management of his or her disease, by following a mutually agreed 
course of treatment and sharing responsibility between the patient 
and healthcare providers’ [59].

Treatment adherence usually refers to the extent to which pa-
tients take treatments (lifestyle modifications or medications) as 
prescribed, as well as whether they continue to take prescribed 
treatments [60]. Treatment adherence has been divided into two 
main concepts, namely medication adherence and persistence. 
Medication adherence refers to the intensity of drug use during 
the duration of therapy, and is usually calculated by dividing the 
number of treatments actually taken by the number of treatments 
prescribed. Persistence refers to the overall duration of time that a 
patient remains on treatment from the initiation to discontinua-
tion of a prescribed therapy [60–64].

A variety of studies have demonstrated that adherence and per-
sistence in both people at high risk and patients with CVD are low 
and they drop significantly after the first 6 months of therapy [65–
67]. Two-year statin adherence rates were found to be only 40% for 
patients with acute coronary syndrome, 36% for chronic coronary 
disease, and 25% for primary prevention [67]. Almost a quarter of 
patients (23%) did not even fill their cardiac medications prescrip-
tions by day seven of discharge [68]. Among patients discharged 
with prescriptions for aspirin, statin, and beta-blockers after acute 
MI, one study found that 34% of patients stopped at least one medi-
cation and 12% discontinued use of all three medications within 
a month of hospital discharge [69]. A longitudinal database study 
using Medication Event Monitoring System (MEMS) data, demon-
strated that about half of the patients who were prescribed an anti-
hypertensive drug had stopped taking it within a year [70].

Association between medication adherence 
and outcomes
Patients with poor adherence have higher CV event rates and all-
cause mortality and increased healthcare costs compared with those 
with good adherence [8,61,66,71–74]. A meta-analysis of observa-
tional studies on the association between adherence to drug therapy 
and mortality demonstrated that good adherence to drug therapy is 
associated with positive health outcomes [75]. Moreover, the same 
association was observed between good adherence to placebo and 
mortality, which supports the existence of a ‘healthy adherer’ effect, 
implying that adherence to drug therapy may be a surrogate marker 
for overall healthy behaviour. Therefore, measures should be taken to 
improve adherence and health behaviour in general.

Methodology for assessing medication 
adherence
There are many different methods for measuring treatment adher-
ence. In general, these methods can be categorized as direct and 
indirect [60]. Direct methods include:
◆	 directly observed therapy
◆	 measurement of the level of medicine or metabolite in the 

blood, and
◆	 measurement of biological marker in the blood.



CHAPTER 26 evaluation of preventive cardiology336

due to omissions of doses or delay in taking medications. In addi-
tion, it is known that patients improve their medication adherence 
shortly before and after an appointment with a physician, known 
as ‘white-coat adherence’ [60].

The 2003 World Heart Organization report ‘Adherence to long-
term therapies: evidence for action’ categorized the factors affect-
ing adherence into five groups: patient-related, therapy-related, 
condition-related, healthcare system, and socioeconomic factors 
[59]. Although the research on adherence has been focused pri-
marily on patient-related factors, there is increasing evidence that 
the factors in the other four groups are equally important in un-
derstanding and improving adherence ( Fig. 26.3).

Demographic characteristics related to medication non-ad-
herence, including younger age, sex, and non-white race, are not 
strong predictors of patient adherence. In contrast, mental health 
disorders, depression, stress, anxiety, severe physical (e.g. vision 
problems or impaired dexterity) or cognitive impairment, and 
asymptomatic or chronic health conditions requiring long-term 
therapies are strongly associated with non-adherence. Depression 
can double the risk for medication non-adherence, even after con-
trol for age, ethnicity, education, social support, and measures of 
severity of cardiac disease.

Patients’ knowledge about their heart status and their health 
beliefs and attitudes, such as low perceived risk of their condi-
tion, low perceived need, or benefit from medication, poor under-
standing of disease state, ineffectiveness, lack of motivation, low 

Electronic monitoring systems are becoming more widely availa-
ble, and is one of the more frequently used methods in the literature. 
MEMS assessments are considered to be reliable, although they are 
expensive and logistically complex. Assessment of medication refill 
rate is an accurate measure of adherence, especially in a closed phar-
macy system. Adherence based on pharmacy refill data has been 
correlated with a broad range of patient outcomes [71].

Reasons for non-adherence to medication
The reasons for poor adherence are often multifactorial. However, 
many health professionals believe that patients are solely respon-
sible for their adherence behaviour and do not account for other 
causes related to socioeconomics or the healthcare system. Non-
adherence can be intentional or unintentional.

Intentional non-adherence is an active rational decision process 
in which the patient weighs risks and benefits of treatment against 
any adverse effects [79]. Unintentional non-adherence is a passive 
process in which the patient may be careless or forgetful about ad-
hering to the treatment regimen. On the basis of electronic moni-
toring systems, the patterns for medication adherence can range 
from: (1) close to perfect adherence; (2) taking nearly all doses 
with some timing irregularity; (3) missing an occasional single 
day’s dose, and some timing inconsistencies; (4) taking drug holi-
days three or four times per year; (5) taking drug holidays month-
ly or more often and with frequent omissions; and (6) taking few 
or no doses [60,62]. Most deviations in medication adherence are 

Table 26.6 Methods for measuring patient medication adherence

Test Advantages Disadvantages

Direct methods:

Directly observed therapy Most accurate Patients can hide pills in their mouth and then discard 
them; impractical for routine use

Measurement of the level of medicine or 
metabolite in blood

Objective Variations in metabolism and ‘white-coat adherence’ can 
give a false impression of adherence; expensive

Measurement of the biological marker in 
blood

Objective; in clinical trials can also be used to 
measure placebo

Requires expensive quantitative assays and collection of 
bodily fluids

Indirect methods:

Patient questionnaires, patient self-reports Simple; inexpensive; the most useful method in the 
clinical setting

Susceptible to error with increases in time between visits; 
results are easily distorted by patient

Pill counts Objective, quantifiable, and easy to perform Data easily altered by the patient (e.g. pill dumping)

Rates of prescription refills Objective; easy to obtain data A prescription refill is not equivalent to ingestion of 
medication; requires a closed pharmacy system

Assessment of the patient’s clinical response Simple; generally easy to perform Factors other than medication adherence can affect 
clinical response

Electronic medication monitors Precise; results are easily quantified; tracks patterns 
of taking medication

Expensive; requires return visits and downloading data 
from medication vials

Measurement of physiological markers (e.g. 
heart rate in patients taking beta-blockers)

Often easy to perform Marker may be absent for other reasons (e.g. increased 
metabolism, poor absorption, lack of response)

Patient diaries Help to correct for poor recall Easily altered by the patient

When the patient is a child, questionnaire for 
caregiver or teacher

Simple; objective Susceptible to distortion

From The New England Journal of Medicine, Adherence to Medication, Lars Osterberg, Terrence Blaschke, 353, Page No. Copyright © (2005) Massachusetts Medical Society. Reprinted 
with permission from Massachusetts Medical Society.



337assessment/intervention to improve treatment adherence

benefits and possible adverse effects of treatments, the failure to 
consider the patient’s lifestyle or the affordability of medications, 
lack of continuity of care, and lack of access to healthcare. A va-
riety of studies found that fewer than 50% of patients leave the 
hospital or the office not being able to list their medications or did 
not know their purpose and how to take them [82].

Finally, socioeconomic factors are derived from patients’ inabil-
ity (or difficulty) to afford their medication. They may include lack 
of adequate healthcare coverage, concerns about costs, unem-
ployment, retirement, high medication costs, low health  literacy, 
social deprivation, and poor social support. These factors are very 
important for the treatment of chronic cardiac conditions, for 
which multiple medications are required for life-long therapies. 
Cost-related non-adherence is an important problem in many 
healthcare systems, especially in elderly and people of low socio-
economic status [83,84].

Interventions to improve medication adherence
Interventions used to improve adherence can be grouped into two 
categories: unimodal and multimodal. In general, unimodal inter-
ventions have been found to be less successful than multimodal in-
terventions [71]. Unimodal interventions that have demonstrated 
some success include counselling, reducing the number of daily sin-
gle doses, and fixed combinations (polypills) to reduce the number of 
tablets and dose-dispensed medicine. Given that there are many fac-
tors resulting in non-adherence, a multifactorial approach is required. 
In order to be successful and sustainable, the interventions have to 
take into account the multiple barriers to adherence and to involve 
patients, healthcare provider, and healthcare system factors.

Although a variety of studies have highlighted some successful 
interventions to improve medication adherence, their implemen-
tation in everyday clinical practice is far from optimal. Several sys-
tematic reviews have shown that different types of interventions are 
effective in improving adherence for chronic medical conditions 
[85–87], ranging from single adjustments in the medication regi-
men to multimodal interventions addressing patients, healthcare 
providers, and the healthcare system ( Table 26.7). In general, 

self-efficacy, or fear of adverse effects from a treatment often result 
in poorer adherence. In addition, different degrees of readiness to 
change, self-management skills, and active participation in their 
care appear to be strong predictors of patient adherence [61].

On the other hand, condition-related factors are also an impor-
tant component of treatment adherence. Asymptomatic condi-
tions or misperception about CV risk factors can also negatively 
affect adherence, as patients are more adherent with treatment 
of symptomatic heart disease. Chronic health conditions re-
quiring long-term therapies can also adversely affect treatment 
adherence. Adherence is generally worse among patients with 
chronic asymptomatic conditions such as hypertension and hy-
perlipidaemia compared with those who have symptomatic dis-
ease. A meta-analysis of data from 20 studies assessing adherence 
using prescription refill frequency showed that about a third of 
patients who have had an MI and half of those without infarction 
do not adhere to long-term cardioprotective medication [80].

Therapy-related factors are another major aspect of treatment 
adherence. Communication barriers, a complex medication 
schedule, such as frequency of dosing, number of concurrent 
medications, drug tolerability and side effects, and changes in 
medications can have a significant impact on patients’ motivation 
and willingness to adhere to treatments. Increasing numbers of 
single doses were directly associated with dramatically decreas-
ing adherence. [81]. There is evidence that simplifying medication 
regimens increase the likelihood of adherence.

Factors, associated with the healthcare system can also posi-
tively or negatively affect treatment adherence. The actions of 
healthcare providers that can have a negative impact on treatment 
adherence include poor provider–patient therapeutic relation-
ship, poor knowledge on medication and/or low acceptance of 
guidelines, poor communication (e.g. limited or confusing advice 
for how long to take medication, frequency or timing of dosing), 
prescription of complex drug regimens, the failure to explain the 

Health system/
HCT–factors

Social/economic
factors

Condition–related
factors

Therapy–related
factors

Patient–related
factors

HCT, Healthcare team

Fig. 26.3 The five dimensions of adherence.
Reproduced with permission from the World Health Organization, ‘Adherence to long-
term therapies: evidence for action’, Geneva, copyright 2003, World Health Organization. 
Available online at:
<http://www.who.int/chp/knowledge/publications/adherence_full_report.pdf>

Table 26.7 Recommendations for promoting medication adherence

◆ Provide clear advice regarding the benefits and possible adverse effects of 
the medication, and the duration and timing of dosing

◆ Consider patients’ habits and preferences

◆ Reduce dosage demands to the lowest feasible level

◆ Ask patients in a non-judgemental way how the medication works for 
them, and discuss possible reasons for non-adherence (e.g. side effects, 
worries)

◆ Implement repetitive monitoring and feedback

◆ In the case of lack of time, introduce physicians’ assistants and/or trained 
nurses whenever it is necessary and feasible

◆ In the case of persistent non-adherence, offer multisession or combined 
behavioural interventions

From: European guidelines on cardiovascular disease prevention in clinical practice 
(version 2012). EHJ 2012 doi: 19.1093/eurheart/ehs092
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months. The improved adherence was associated with improve-
ments of systolic BP and LDL cholesterol [94]. It was demonstrat-
ed that a harmonized, structured pharmaceutical care programme 
improves the quality of life and the self-reported well-being, 
strongly suggesting that social and psychosocial aspects contrib-
ute to the effects of a pharmacy-based programme of weekly blis-
ters [95].

In addition to simplifying the treatment regimens, motivational 
strategies such as monitoring and feedback, small group sessions, 
reminder calls, or patient education, although less effective, can 
still be valuable for improving adherence.

In contrast to patient-focused interventions, the evidence of 
the effect of provider-focused interventions is mixed and incon-
clusive [61]. Continuing medical education, audit, and feedback 
programmes have been least effective at improving medication 
adherence. Healthcare system interventions have been found to 
be successful in improving CV risk factor management, especially 
when team management approaches and nurse- or pharmacist-led 
intervention programmes were employed [96]. Furthermore, tel-
ephone counselling was found useful in a 2-year RCT in patients 
receiving five or more drugs for treatment of chronic disease [97].

Conclusions
Treatment adherence is essential for the optimal control of CV 
risk factors. Poor adherence is an increasingly recognized cause 
of adverse CV outcomes and increased healthcare costs. Non-
adherence is not solely a patient problem but is influenced by pro-
viders and the healthcare system. Although a number of methods 
for measuring treatment adherence are available, each has its advan-
tages and disadvantages and no particular method is considered  
the gold standard. Several types of intervention have been found to 
be effective in improving treatment adherence, but few were able 
to demonstrate an impact on clinical outcomes. Evidence suggests 
that simplifying dosage demands is the most effective single in-
tervention for enhancing medication adherence. There is limited 
evidence about which interventions are the most effective in dif-
ferent patient groups. Interventions that involve monitoring and 
feedback, encouraging patients to participate in their care,  and 
using information technologies to identify non-adherence and to 
start interventions are probably also effective. In clinical practice, 
physicians should always assess treatment adherence and identify 
reasons for possible non-adherence. Future research is needed to 
test the effects of interventions to improve adherence on clinical 
end-points.

evaluation of effective interventions was difficult because of the 
wide variations in study design, patient population, outcome meas-
ures, duration of follow-up, and the multifaceted nature of many of 
the interventions. Several types of interventions were found to be 
effective in improving medication adherence; however, effect sizes 
on adherence and clinical outcomes varied significantly between 
studies. Nonetheless, behavioural interventions, such as reducing 
dosage demands resulted in strong effects (effect size 0.89–1.20), 
but other interventions such as incorporating monitoring and 
feedback to patients and providers (effect size 0.27–0.81), multises-
sion information (effect size 0.35–1.13), and combined behavioural 
interventions (effect size 0.43–1.20), demonstrated variable (small 
to large) effects. Several informational, behavioural, or combined 
studies showed improvement in at least one clinical outcome, but 
effects ranged from very small to large (effect size 0.17–3.41) [87].

In general, elements of successful interventions can be divided 
into patient, provider, and healthcare system factors [61]. One 
of the most effective patient-focused interventions is simplifying 
the treatment regimen [86]. Simpler and less frequent dosing regi-
mens were associated with improved adherence across a variety of 
therapeutic classes [81]. Other studies found that minimizing the 
total number of daily doses was more effective at improving ad-
herence than minimizing the total number of medications [88,89]. 
A reduction in the number of tablets is therefore important for the 
improvement of drug adherence.

Medication that is not effective (e.g. vitamins for the prevention 
of CVD) may be harmful by reducing adherence to effective med-
ications. Furthermore, selection of ‘more forgiving’ medications 
with longer half-lives (drugs whose efficacy will not be affected 
by occasionally delayed or missed doses) may improve overall 
control of cardiac risk factors such as hypertension despite imper-
fect adherence. Fixed combinations (polypills) can contribute to 
a reduction in the number of single doses and to improving drug 
adherence, and has been proven to be cost-effective [90–93]. They 
could therefore be considered in patients with chronic conditions 
for the improvement of medication adherence, and subsequently 
the improvement of clinical outcomes.

Dose-dispensing of medicine such as the use of time-specific 
packs in the form of pre-packed medication dispensers contain-
ing each patient’s medications is a relatively simple and efficacious 
method for improving drug adherence [90]. This was tested in a 
clinical trial of a pharmacy care programme on medication adher-
ence and persistence in patients with hypertension and hyperlipi-
daemia taking a mean of nine chronic medications. Mean baseline 
medication adherence was 61% which increased to 97% after 6 
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