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1. INTRODUCTION

Planning and prioritizing resource allocation in prevention and
patient care depends on availability of information on the evo-
lution of incidence and mortality rates, case-fatality, and other
related factors regarding the diseases with the greatest popula-
tion impact on public health®2

Management of diseases with high prevalence and morbidity/
mortality consumes a large amount of resources in developed
societies. For instance, health costs in Spain constituted 15.4%
of the central government’s total 2005 expenditure?. Together
with gathering population data for decision making, scientific
research must be directed to studying the mechanisms of the
disease and the impact of interventions, combining multidisci-
plinary clinical, basic, genetic and epidemiological perspectivess.
One example of the importance of having access to quality in-
formation is our need to understand cardiovascular diseases
(CVD) and the associated risk factors. Indeed, circulatory sys-
tem diseases constitute the main cause of death in Catalonia
and in Spain* and accounted for the largest percentage of the
Catalan and Spanish health budgets (17.6% and 17.3%, respec-
tively)®.

Prevention and control of CVD, particularly ischemic heart
disease (IHD), its most common expression, is of major public
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health importance. In fact, IHD events are precluded by a long
induction period that often begins at very early ages®. Important
insights in the field of CVD and other major non-communicable
diseases stem from an understanding of the epidemiology and
trends of IHD’. A population approach to the study of IHD bur-
den, incidence and mortality trends and related risk factors is
described in the ensemble of scientific publications that are in-
corporated into this doctoral thesis.

1.1 Historical Approach to the Study of Atherosclerotic Dis-
eases

The lipid theory of atherosclerosis has only been known since
the middle 19th century and was well established much later®™.
The strong association between cholesterol and cardiovascular
risk was first observed in ecological studies, then tested in ani-
mal models, and confirmed in large epidemiological and inter-
vention studies®.

The dramatic reduction in mortality from infectious diseases
at the beginning of the 20th century in Western Europe and
North America resulted in the population considerably longer
life expectancy than in the past™ (Figure 1). As a conseguence,
the huge impact of atherosclerosis on the general population
emerged as a public health issue'™.

The author of the “Epidemiologic Transition” theory explained
this change as the effect of eco-biological determinants, such as
the balance between disease agents, the level of hostility in the
environment and the resistance of the host, and socioeconomic
political and cultural determinants, including income, healthy
lifestyles, hygiene and nutrition”. However, different stages of
the epidemiologic transition can be observed all over the world
at any given time owing to the fact that these determinants vary
widely across countries or even over regions within a country’®,

In the 1930s and 1940s, IHD death rate increased at an alarm-
ing rate in the United States of America (USA)“. As a conse-
guence, some prospective cohort studies were designed after
World War Il to better understand the epidemiology of IHD'® 2°,
The Framingham Heart Study has been particularly recognized
as the first large-scale, comprehensive study to determine the
causes of atherosclerotic disease. In fact, that was the context
where, in 1961, the term coronary risk factor was first defined?-23,

The identification of major risk factors, besides age and sex,

for IHD has been one of the most important advances in medi-
cine. Essentially, it was confirmed by means of epidemiologic
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Figure 1.
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research that found IHD was preceded by measurable and re-
versible predisposing conditions®. This approach provided a
new, research-based framework for managing the increasing
uncertainty associated with the occurrence of IHD at that point
in time?. At present, the term “risk factor” is defined as a meas-
urable element or characteristic causally associated with an in-
creased rate of a disease and as an independent and significant
predictor of the risk of presenting that disease™. The “risk fac-
tor approach” involves an explanatory framework giving some
sense of who is at greatest risk and what one might do to de-
crease that risk?.

Beginning in the mid 1960s, the IHD mortality rate fell consider-
ably each year for 30 years in the USA, Canada, Australia, and
New Zealand. The same pattern became apparent in western
Europe after a 10-year lag, including the Mediterranean coun-
tries of southern Europe, where IHD incidence and mortal-
ity rates had been three- or four-fold those observed in USA
or northern Europe’” 2728, In contrast, the countries in eastern
Europe showed remarkably uphill trends in the ’80s, similar to
those recorded in the USA and Australia in the early '60s” 27: 28
(Figure 2).

The Bethesda Consensus Conference in 1979 was the begin-
ning of two epidemiological studies that aimed to answer the
questions about this outstanding decline observed in western
developed countries?®: the international WHO MONICA Project
(World Health Organization - Monitoring Trends and Determi-
nants of Cardiovascular Diseases)*® and the American ARIC
(Atherosclerosis Risk in Communities) Study®'. The follow-up of
the recruited cohorts in the two studies produced different an-
swers to the same questions.
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Figure 2.

Ischemic heart disease
mortality (per 100,000)

in men and women aged
35-74 in (a) Australia,
Canada, the USA and New
Zealand; (b) Northern
European countries; (c)
Eastern European coun-
tries; (d) South Mediter-
ranean European countries
and Japan?6. Above: Men.
Below: Women.

The MONICA Project involved 38 populations in 21 different
countries. Using consistent, validated methods for case finding,
the MONICA investigators studied nearly 80,000 definite acute
myocardial infarction (AMI) or possible coronary deaths among
more than 5 million people aged 35 to 64 years*°. The authors
concluded that the observed changes in rates were real: the fall
in IHD mortality rates was the result of decreasing event rates
rather than reductions in the fatality of these events3? 33, On the
other hand, the ARIC Study concluded that in the USA the fac-
tors predicting better survival after an event, followed by those
associated with declines in recurrent hospitalized AMI, were
likely the prominent components in the decline in IHD mortality
in the past decade®*.

The Seven Countries Study has represented another cornerstone
for the comprehension of IHD. The 25-year follow-up of seven
cohorts from seven countries in different regions of the world
revealed important contributions to identifying population-level
risks®. In summary, long-term exposure to similarly high levels
of total cholesterol and systolic blood pressure, two major risk
factors, may not have the same absolute influence in the devel-
opment of IHD events in southern Europe or Japan as in other
regions, particularly Anglo-Saxon countries®® %, Interestingly, all
regions showed a similar relative risk for a given level of expo-
sure as compared to a reference level. Data from this study also
revealed that the maximum effects of these two risk factors on
IHD mortality may be observed 10 or more years after exposure
onset or measurement®.

CVD is advancing in the developing countries. For instance,
some 80% of all CVD deaths worldwide in 2000 occurred in low-
and middle-income developing countries, while these countries
also accounted for 86% of the global CVD disease burdens.

Globally, CVD deaths have been projected to increase from
16.7 million in 2002 to 23.3 million in 2030, with IHD and stroke
among the four leading causes of death worldwide regardless
of national economic status®® 3°. This projected increase is ex-
plained by demographics. On one hand, population growth will
have the highest impact in low- and middle-income countries.
On the other hand, the aging of the population in western coun-
tries will result in a significant increase in the absolute number
of chronic diseases like IHD, despite the declining trend of age-
specific death rates3®4.
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Population
aging gradually
increases
average
cardiovascular
risk in the
population.

1.2 Magnitude of the Problem in Spain

In Spain, approximately 120,000 CVD deaths occurred in 2007:
54,062 in men and 64,792 in women. More specifically, stand-
ardized IHD mortality rates were 59 and 41/100,000 men and
women, respectively, being the leading cause of death in men
and second highest cause of death in women, responsible for
N% and 9% of deaths, respectively*?. In addition, it was respon-
sible for a large number of premature deaths and the loss of
many potential years of life (267.11 and 47.16 age-adjusted years
in men and women, respectively)*?. The annual cost of IHD is
estimated to be 326,140,000€: 116,920,000€ direct costs,
and 209,220,000€ indirect costs (worker productivity lost to
premature disability, 79,740,000€; to temporary disability,
34,950,000€; and to permanent disability, 94,530,000€)43.

Despite the decrease in age-standardized IHD mortality rates
observed since 1980, population aging gradually increases av-
erage cardiovascular risk in the population, as the disease pre-
dominantly affects people aged more than 55 years*. Therefore,
the crude death rate from this cause continues to increase’4244
(Figure 3). In fact, IHD generated increasing demand for care in
recent years, producing around 145,000 hospital admissions in
Spain in 20074,

Comprehensive and accurate disease surveillance systems are
critical to assess the long-term effect of preventive efforts un-
dertaken to reduce the burden of IHD'. These public health sys-
tems consist of continued, systematic collection, analysis, inter-
pretation, and dissemination of data regarding IHD incidence
and mortality“®.

Measuring the occurrence of IHD in different populations and
settings requires several conditions to be met: first, a well-de-
limited population to generate population-based data on trends
in location-specific incidence and mortality rates? second, a
definition of IHD amenable to standardization, enabling reliable
data collection and ensuring comparability with other studies®’;
third, components of this definition that are relatively immune to
temporal changes so that time trends can be established; finally,
long-term monitoring of incidence and case-fatality, taking ad-
vantage of death certificates’ validation of mortality, as well as
the collection of information on the quality of hospital and sec-
ondary prevention IHD care. Population risk factor trends are
also required to set up valid pre activities proposals.”
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Figure 3.
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In Spain, incidence data available to date come from three
sources, two population studies in Catalonia and one involving
Catalonia and six other Autonomous Communities. The interna-
tional WHO-MONICA study included a region of Barcelona prov-
ince with ~-800,000 inhabitants*, the REGICOR Study (Registre
Gironi del Cor [Girona Heart Registry]), was conducted in Girona
province, with ~600,000 inhabitants*®, and the IBERICA Study
(Investigacion, Busqueda Especifica y Registro de Isquemia
Cardiaca Aguda [Research, Specific Search, and Acute Cardiac
Ischemia Registry]) involved populations from seven regions
with ~8,000,000 inhabitants®°.

In the MONICA Project, North Karelia (Finland) had the highest
10-year mean IHD rate in men, and Beijing (China) and Catalonia
(Spain) the lowest. In women, the highest rate was in Glasgow
(UK) and the lowest was again in Catalonia (Spain)®2. The re-
markable differences observed in IHD mortality rates were not
related to healthcare systems, nor to ethnic composition, nor
to lifestyle characteristics of the countries studied. In addition,
length of survival, death in or out of hospital and the distribu-
tion between men and women were similar internationally32334851
(Figure 4).

REGICOR is a clinical and epidemiology project, both hospital
and population-based, with the primary objective of studying
the magnitude of IHD in Catalonia and Spain, and the associ-
ated risk factors at population scale. REGICOR also monitored
utilisation of health care resources, long-term prognosis of pa-
tients presenting this disease and the evolution of the popula-
tion prevalence of IHD risk factors®. The catchment area com-
prises six counties in the province of Girona that are served by
a hospital network of the University Hospital Dr. Josep Trueta
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(referral hospital), five local public hospitals with the capacity
to admit non-complicated AMI patients, and two private clin-
ics®2. The REGICOR investigators reported that AMI incidence in
Girona was from one-half to one-fourth that found in north, east,
and west European countries and the USA, despite the fact that
the prevalence of risk factors was similar in all these popula-
tions49, 53, 54.

The IBERICA Study monitored AMI incidence and mortality rates
in 7 regions in Spain between 1997 and 1998. AMI cumulative in-
cidence rates for men and women aged 25 to 74 years were 207
(95% confidence interval: 175-252) and 45 (36-65) per 100,000,
respectively. Age-standardized mortality rates were 73 (62-94)
and 20 (13-29) per 100,000. The authors concluded that cumu-
lative AMI incidence and mortality were low in comparison with
other industrialized countries, although considerable interre-
gional variation was observed®°.

In summary, the combination of accurate indicators of IHD (e.g.,
incidence, prevalence, mortality, and case-fatality) over time
provides a description of the disease burden in a particular com-
munity. It also offers a chance to analyze the relative contribu-
tion of treatment versus primary prevention in achieving the
observed trends? %, It has been generally admitted that changes
in the incidence of new IHD events reflect the effects of primary
prevention measures working through improvements in popula-
tion risk factor levels®s %6, Reducing the recurrence rate depends
on the success of secondary prevention efforts, which work in
patients who have already presented an IHD event*. This in-
cludes optimizing the risk factor profile, along with treatments
and therapeutic interventions that can modify the normal pro-
gression of the disease®”®°. Finally, changes in case-fatality are
assumed to be caused by improvements in IHD care, such as
increased use of drugs with proven efficacy®" 62,

1.3 Major Cardiovascular Risk Factors and the Southern Europe
Paradox

Precursors of IHD have been extensively studied in recent dec-
ades, and many causal cardiovascular risk factors have been
identified®s. Major cardiovascular risk factors have been defined,
given their relatively high prevalence in IHD-prone populations,
their causal relationship with an increased incidence rate of dis-
ease, their dominance in risk prediction over other putative car-
diovascular risk factors, and their well-established amenability
to prevention and control?. Many epidemiological studies have
underlined that AMI rarely occurs in the absence of the major
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Figure 4.

Incidence rates in men
(above) and women
(below) aged 35-64 in the
MONICA Study and in the
REGICOR Study324°,

risk factors: inappropriate diet and physical activity -primarily
expressed as unfavourable lipid concentrations, high body mass
index, and elevated blood pressure- together with smoking®7",

Epidemiologic studies have consistently demonstrated a dose-
response relationship between serum total cholesterol level and
IHD risk’> 73, The atherogenic feature of the total cholesterol lev-
el has been recognized as its low-density lipoprotein (LDL) com-
ponent’75, Findings from the Bogalusa Study showed that the
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extent of fatty streaks, the first visible lesion in the development
of atherosclerosis, occurring even in childhood, was associated
with LDL cholesterol prior to death’¢. Moreover, LDL cholesterol
level in young adulthood predicted coronary and cardiovascular
event occurrence later in life® 6>77, These findings support the
idea that the relationship between LDL cholesterol and develop-
ment of IHD should be viewed as a continuous process begin-
ning early in life®.

High-density lipoprotein (HDL) cholesterol, on the other hand,
has been inversely related to atherogenesis’®%°. An analysis of
4 prospective studies conducted in the USA showed a consist-
ent protective effect of HDL cholesterol, suggesting that each
Tmg/dl increment was associated with 2-3% decrease in coro-
nary risk®. In the AFCAPS/TexCAPS (Air Force/Texas Coronary
Atherosclerosis Prevention Study) primary prevention trial, base-
line levels of total cholesterol, LDL cholesterol, triglycerides, and
non-HDL cholesterol —-computed as total cholesterol minus HDL
cholesterol- were not predictive of IHD events, whereas HDL
cholesterol level was significantly predictive at baseline, along
with ratios of LDL cholesterol to HDL cholesterol, total choles-
terol to HDL cholesterol, and non-HDL cholesterol to HDL cho-
lesterol® &, Subsequent publications on this topic have shown
how efficiently total to HDL cholesterol ratio predicts coronary
risk at all ages®* 83,

Both systolic and diastolic blood pressure have a continuous,
independent, positive association with cardiovascular out-
comes®”86 87 For individuals aged 40 to 70 years, each incre-
ment of 20mmHg in systolic blood pressure or 10mmHg in di-
astolic blood pressure doubles vascular mortality risk across the
entire range of blood pressure from 115/75 to 185/115 mmHges.
This continuous relationship is illustrated by the fact that high-
normal blood pressure values have been associated with an
increased risk of CVD?® %°, Nonetheless, the assessment of hy-
pertension has placed greater emphasis on the systolic compo-
nent?. Hypertension has been strongly associated to the athero-
sclerosis of brain vessels as the major risk factor®?, although its
association with IHD seems weaker®.

Some studies have shown a dose-dependent relationship be-
tween smoking and the risk of IHD®* %5, In fact, smoking cessa-
tion resulted in a rapid decline in risk for incident and recurrent
IHD events®6-?? and for sudden cardiac death®® in those of any
age with and without overt IHD% ', As a consequence, IHD risk
for former smokers becomes similar in 5 years to that of never-
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smokers'©2193 |n addition, it has become clear that not only is ac-
tive smoking associated with increased risk of IHD, but passive
smoking also increases the risk by 30%'°4,

Diabetes is associated with a 2- to 4-fold increase in the likeli-
hood of developing IHD'™®, this increase being higher in women
than in men™®& 97 Impaired fasting glucose in women also has
been associated with an increase in the risk of developing IHD™8,
However, determination of cardiovascular risk in type 2 diabetes
continues to be a topic for debate and a moving target. Some
studies suggest that the cardiovascular risk of diabetes patients
is similar to that of IHD secondary prevention patients™®®™. Other
publications, however, did not confirm these observations™.

Finally, obesity is an independent risk factor for all-cause mor-
tality™ " and also for chronic metabolic disorder associated
with numerous comorbidities such as IHD", CVD"¢, type 2 dia-
betes’, and hypertension’. Moreover, higher body mass index
during childhood has been associated with an increased risk of
IHD in adulthood™ and the Coronary Artery Risk Development
in Young Adults (CARDIA) Study found that elevated risk fac-
tors in young adulthood appeared to be a major consequence
of weight gain™.

Results from a meta-analysis of 130,945 subjects from 48 stud-
ies showed that 23% of the Spanish population had total choles-
terol levels above 250mg/dl, 33% were smokers, 34% suffered
hypertension, 20% were obese, and diabetes affected 8% and
12% of women and men, respectively’?°. More recently, a pooled
analysis of data from different studies has shown similar preva-
lence with little variability among communities in Spain™. These
results agreed with those already observed in the cross-section-
al REGICOR study conducted in the same six counties in Girona
in 1995 as the AMI registry study>:. At that time, investigators
observed that in spite of the relatively low AMI incidence and
mortality in this region, the prevalence of major cardiovascular
risk factors was even higher than in countries with incidence
rates two or three times higher than in Spain®. This surprising
situation, which has been confirmed in subsequent studies'’??,
has led to the discussion of a paradox in southern Europe, simi-
lar to that previously described in France, of high fat consump-
tion and low IHD mortality'™3125,

Some evidence from the Prediction of Coronary Heart Disease

in Europe (ERICA) study and, more conclusively, from the Seven
Countries and the Prospective Epidemiological Study of Myo-
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cardial Infarction (PRIME: Etude Prospective de I'Infarctus du
Myocarde) studies indicated that cardiovascular risk factors
may not have the same influence in the development of IHD
events in southern Europe as in other countriess® 37126128 \Within
Europe, similar relative risks for IHD in relation to cholesterol or
systolic blood pressure were observed, but with notably differ-
ent absolute risks®® 7,

All these findings provide further evidence that classic cardio-
vascular risk factors only permit partial assessment of IHD risk
and do not take into account protective factors that may be act-
ing in areas of low IHD incidence'. The role of these protective
factors, such as the interaction between environmental factors
-particularly, diet and physical activity- and genetic character-
istics remain to be elucidated™ ?°. The importance of modify-
ing dietary habits is supported by data from randomized clini-
cal trials™® ¥ as is the recommendation of physical exercise™?,
which has become an important element of preventive policies
in adults™?, the elderly™4, and children'™>. However, the Spanish
population still shows an increasing prevalence of obesity™®,
type 2 diabetes™” and cigarette smoking, particularly in young
women'é,

In summary, knowledge of the trends in the prevalence and con-
trol of cardiovascular risk factors, and the impact of their modi-
fication on IHD incidence, mortality and disease progression, is
essential to perfect the preventive public health interventions
suitable for each country.

1.4 Strategies for Ischemic Heart Disease Prevention

In the organization of IHD prevention programmes, it is common
practice to distinguish between primary and secondary preven-
tion. Primary prevention includes pre-event preventive activities,
while secondary prevention concentrates on recurrence preven-
tion. There are three reasons for the crucial role of primary IHD
prevention in clinical practice. First, IHD is the leading cause of
mortality in the world, and continues to increase in developing
countries®. Second, the long induction period -generally asymp-
tomatic- of atherosclerosis means that its first manifestation is
frequently an event such as AMI, which is fatal in more than
35% of cases® *°. Finally, the control of risk factors leads to a
reduction in IHD incidence™. A major inconvenience is that cur-
rent screening procedures offer no means to identify those in
the population who are developing atherosclerosis and at what
pace atherosclerotic lesions are growing°®. As a consequence,
primary prevention activities must be addressed to the whole
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population, prioritizing certain sectors of the population with
some admittedly blunt screening instruments such as coronary
risk functions™'.

In recent years, some claims have been put forward to con-
sider only one type of prevention, disregarding whether or not
a subject has experienced a first IHD event'*?. However, in the
Reduction of Atherothrombosis for Continued Health (REACH)
study, people with risk factors but no overt IHD were at lower
2-year IHD risk (less than one third) than patients with at least
one previous IHD event, even when preclinical signs of athero-
sclerosis (e.g., abnormal ankle-brachial index and intima-media
thickness) were considered “risk factors””. These findings sup-
port the efficiency of dividing prevention into primary and sec-
ondary strategies.

The estimation of coronary risk initially conceived and developed
by the Framingham investigators makes it possible to structure
the primary prevention of IHD toward the best candidates for
response; therefore, this process should entail the highest pos-
sible level of reliability and accuracy''. The objective of the coro-
nary risk functions was to synthesize the impact of a number of
major cardiovascular risk factors into a single statement of IHD
risk™3. A simple prediction algorithm was then developed using
categorical variables, allowing physicians to predict multivariate
IHD risk in middle-aged patients without overt IHD?4 141144,

As the main consequence of the different risk levels observed
between populationss® 37.126. 128 the Framingham risk functions
overestimated coronary risk when applied to populations that
differed from the American profile*>'%°, However, the Framing-
ham investigators developed a methodology to allow the adap-
tation of these tools to other populations™ and the Framingham
risk function has been adapted and validated for its use in the
Spanish population™s 152,

Although many epidemiological studies have underlined the
rare occurrence of AMI in the absence of the major risk factors,
their sensitivity regarding IHD risk prediction is very low™™5, |t
should be taken into account that the IHD burden is determined
more by a large fraction of the population exposed to a low risk
than by the few who are at high risk™ %6, In fact, people classi-
fied at medium IHD risk have been consistently shown to have
the highest proportion of IHD events that cannot be completely
prevented® 52 156 The potential mechanisms that trigger an
IHD event in some but not all people with similar cardiovascular
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risk factor prevalence remains unknown. Some years ago, this
observation led various authors to encourage the “50% myth”
which implied that, even if we could fully control the established
cardiovascular risk factors, IHD incidence or death would be re-
duced only by half’®16°, Despite this myth being refuted in sev-
eral publications®® 7!, the experts have persevered in their search
for new population screening strategies for atherosclerosis at
the population scale™64,

Three general strategies for the primary prevention of IHD are
generally used (Figure 5). First is the single risk factor “high-risk”
approach promoted by LaLonde'®, which focusses the attention
on that segment of the population with the highest exposure
levels to a particular risk factor'™®®. This approach requires a prior
screening and, most likely, medical interventions expected to
reduce the impact of IHD morbidity and mortality in the short
to medium term™’%°, However, using unrealistic cut-points to
define risk factor prevalence (e.g., total cholesterol <190mg/dl)
could result in inefficient population drug use, such as excessive
use of lipid-lowering medications'”°.

The second strategy includes risk estimation, which has been
described as the best tool for establishing priorities for primary
prevention™. For instance, risk estimation is a key factor when
deciding to begin pharmacological treatment for dyslipemia®”°,
The convention by which individuals at a high level of risk ac-
cording to the Framingham function (greater than 20% at 10
years) receive this type of treatment has been established by
consensus. According to the National Cholesterol Education
Program - Adult Treatment Panel IIl (NCEP-ATPIIl) guidelines,
it is not cost-effective to treat individuals with a risk lower than
10%>. The problem is apparent when we assess the manage-
ment of individuals in the intermediate risk band (10%-20%) to
decide at which point they should receive treatment. Accord-
ing to several clinical trials in primary prevention 775 treat-
ing populations with a coronary risk >16% is effective, whereas
in individuals with a coronary risk <13% there is no proof that
the benefits of statins counterbalance their potential adverse
effects on mortality at 10 years™® 176,

Screening for cardiovascular risk factors is often opportunis-
tic (case-finding), since this is the most feasible method to de-
tect high-risk people. Rather than recruiting patients to attend
for the purpose of being screened, the strategy is to test all
those who present for care (non-selective) or, alternatively, to
test those who meet predefined elegibility criteria (selective)'”’.
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Figure 5.
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Among the factors that limit the effectiveness of opportunistic
screening are nonattendance at the practice by healthy patients
and the preference for immediate care related to health prob-
lems that take precedence over preventive issues'®.

Rose proposed a third preventive strategy based on modifica-
tion of the conditions that lead to a particular risk factor dis-
tribution in a given population. This strategy is known as the
“population” approach: although the excess risk is low for indi-
viduals at average risk factor levels, so many are exposed to it
that in absolute terms the effect is large'™ %¢. This approach relies
basically on population lifestyle modification that leads to the
desired beneficial shift in the population risk factor distribution.

Some advantatges arise from focussing efforts on the entire
population, and not just on high-risk individuals. First, many of
the underlying causes are behavioural; therefore they depend
on social factors and individual preferences. Second, changes in
the IHD incidence may reflect population-wide beneficial shifts
in the associated risk factor distribution: even a small shift in the
distributions may have a large effect on the number of individu-
als falling into the highly vulnerable tail. Third, frequently most of
the risk factor-attributable cases occur in the low/moderate risk
population with average risk factor levels™ %, Since the popula-
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tion approach includes the whole population as the target, these
interventions require national policies with local approaches'°.

In summary, individual and population strategies are fundamen-
tally different but provide complementary benefits and there-
fore should be introduced in parallel.

One way to predict the impact of medical and public health in-
terventions on the health status of a population is to estimate
the population attributable fraction (PAF)*®" 82, This indicator is
most commonly defined as the proportional reduction in aver-
age disease risk over a specified time interval that would be
achieved by eliminating the exposure(s) of interest from the
population while the distribution of other risk factors in the
population remains unchanged™3. Actually, the PAF is not a re-
placement for relative measures of effect; rather, they provide a
public health dimension to the appraisal of risks™®2 183,

The assumptions underlying valid PAF estimation include a
causal relationship between the risk factors and the disease; the
immediate risk reduction of the exposed population when the
risk factor is eliminated, to that of the non-exposed; and inde-
pendence of the considered risk factors from other factors that
influence the disease occurrence™! 3,

The magnitude of PAF varies with age and region®® 84189 which
are known to modify the risk factor prevalences'? '*°. Moreover,
the secular changes in the prevalence of risk factors should also
have an effect on the value®®. Another important determinant of
the magnitude of PAF related to the relative risk or hazard ratio
of the risk factor is the time of follow-up of the cohorts included
in estimating these effect measurements™" 92,

The clinical guidelines on IHD prevention promote an overall
approach that would be similar worldwide, but adapted to dif-
ferent subgroups (e.g., geographic region) on the basis of the
risk factor prevalence, event rates, and economic and cultural
factors®® €0, In fact, the measures to prevent CVD will have an
impact not only on the individuals at risk, but also on the popu-
lation as a whole, as many individual attitudes are shaped by the
community’s attitude toward health problems'™ %6, In addition, it
is worth mentioning the current and future impact on the Na-
tional Health System’s sustainability of the treatment needed to
prevent a given number of cardiovascular events. All in all, the
final measure of the effectiveness of public health programs or
treatment interventions is population-based trends in disease
incidence rates? .
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2. HYPOTHESES

2.1 IHD incidence and mortality rates as well as case-fatality will
have decreased in all or in subgroups of the population aged 25
to 74 years of six counties in Girona since 1990: improvements
in therapeutics during the acute phase of the event may have
played a determinant role in some of these changes, particularly
case-fatality.

2.2 The goal for CVD prevention at population level is to lower
the mean level of cardiovascular risk factors and shift the whole
distribution of exposure in a favourable direction, as expressed
by Geoffrey Rose in 1985%. The efforts directed to better risk
factor control in the studied region in recent decades should
result in population changes in prevalence and control of car-
diovascular risk factors. The impact on IHD population incidence
and mortality should, however, be observed in a distant future
to take into account the induction time required for risk factors
to operate or to decrease their influence on IHD population in-
cidence.

2.3 South European populations, where incidence and mortal-
ity from IHD is low, have shown a cardiovascular risk factor
prevalence close to that observed in countries characterized by
much higher IHD incidence and mortality. Clinical management
guidelines have contributed to homogenize medical practice in
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Europe. Cardiovascular risk factor prevalence, control and man-
agement in stable IHD individuals should be consistent in France
and Spain.

2.4 Attributable risk measures the proportion of disease cases
over a specified time that would be prevented following elimina-
tion of the exposures, assuming the exposures are causal. Since
this measure depends on the prevalence of the considered risk
factor, it could differ by the epoch in which a survey is com-
pleted.
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3. OBJECTIVES

3.1 To analyze trends in AMI mortality, incidence, attack rates,
and 28-day case-fatality between 1990 and 1999 in the popula-
tion aged 35-74 years in Girona, and to analyze trends in the
use of therapies with proven efficacy in the acute phase of the
patients hospitalized for AMI in the same period.

3.2 To analyze the trends of cardiovascular risk factor preva-
lence and distribution in 1995, 2000, and 2005 in the same
Spanish population.

3.3 To compare cardiovascular risk factor prevalence, distribu-
tion, management and control in two independent surveys con-
ducted in men with stable IHD from two countries in South Eu-
rope: France and Spain.

3.4 To estimate the PAF of classical and some emerging cardio-

vascular risk factors in the general population of Girona in 1995,
2000, and 2005.
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4. METHODS & RESULTS

4.1, Chapter |

Gil M, Marti H, Elosua R, Grau M, Sala J, Masia R, Pérez G,
Roset P, Bielsa O, Vila J, Marrugat J.

Analysis of trends in myocardial infarction case-fatality,
incidence and mortality rates in Girona, Spain, 1990-1999.
Rev Esp Cardiol. 2007;60:349-356.
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Introduction and objectives. The incidence of
myocardial infarction in Spain is low, and mortality has
been decreasing over the last few decades. The objective
of this study was to analyze trends in myocardial
infarction mortality, incidence, attack rates, and 28-day
case-fatality attack rates between 1990 and 1999 in the
general population aged 35-74 years in Girona, Spain.

Methods. The study included all myocardial infarction
cases in Girona classified according to the MONICA
algorithm. Attack, incidence, mortality rates and case-
fatality were calculated. In addition, the annual percentage
change in each of these indicators during the study period
was also calculated.

Results. The mean attack rate per 100,000 inhabitants
was 258 (95% Cl, 249-267) in men and 55 (95% ClI, 51-
59) in women. The mean mortality rate per 100,000 was
99 (95% ClI, 93-104) in men and 25 (95% ClI, 22-28) in
women. Significant reductions in attack, incidence and
recurrence rates were observed in men aged 35-64 years
during the period 1990-1999, but not in men aged 65-74
years, nor in women.

Conclusions. Myocardial infarction incidence and
mortality rates were low in the general population aged 35-
64 years. Rates improved in men aged 35-64 years during
the period 1990-1999, but not in those aged 65-74 years,
which indicates that a combination of primary and secondary
prevention has increased the age at which a myocardial
infarction or its recurrence is observed. Rates in woman
were lower and did not change during the study period.

Key words: Myocardial infarction.
Mortality. Incidence. Trends.

Epidemiology.
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Anadlisis de la tendencia en la letalidad,
incidencia y mortalidad por infgarto de
miocardio en Girona entre 1990 y 1999

Introduccion y objetivos. La incidencia por infarto de
miocardio en Espafia es baja y la mortalidad esta disminu-
yendo en las Ultimas décadas. Hemos analizado las ten-
dencias en las tasas de mortalidad, incidencia y ataque, y
en la letalidad a 28 dias por infarto de miocardio entre
1990 y 1999 en la poblacion de 35 a 74 afios de Girona.

Métodos. Se incluyeron todos los casos de infarto de
miocardio de Girona clasificados segun el algoritmo MONI-
CA. Se calcularon las tasas de ataque, incidencia y mortali-
dad, y la letalidad, asi como el porcentaje de cambio anual
en cada uno de los indicadores durante el periodo anali-
zado.

Resultados. La tasa anual media de ataque fue de 258
(intervalo de confianza [IC] del 95%, 249-267) y 55 (IC del
95%, 51-59) por 100.000 habitantes para varones y muje-
res, respectivamente, y la de mortalidad de 99 (IC del 95%,
93-104) por 100.000 en varones y de 25 (IC del 95%, 22-
28) por 100.000 en mujeres. Las tasas de ataque, inciden-
cia y recurrencia disminuyeron significativamente en varo-
nes de 35 a 64 afos durante el periodo 1990-1999, pero
no en los de 65 a 74 afos ni en las mujeres.

Conclusiones. La incidencia y la mortalidad por IAM
fueron bajas en la poblacién de 35 a 64 afos, y mejora-
ron en los varones de 35 a 64 afos durante el periodo
1990-1999, pero no en los de 65 a 74 afnos, lo que indica
que la combinacién de prevencion primaria y secundaria
ha retrasado la edad de aparicion del infarto de miocardio
o de las recurrencias. Las tasas en mujeres fueron infe-
riores y no cambiaron durante el periodo estudiado.

Palabras clave: Infarto de miocardio. Epidemiologia.
Mortalidad. Incidencia. Tendencias.

INTRODUCTION

Coronary heart disease (CHD) is the leading cause of
mortality in most industrialized countries.! In Spain, it
was the cause of 11.2% of deaths in males and 9.6% in
females in 2004,2 although these rates vary considerably

Rev Esp Cardiol. 2007;60(4):349-56 349

Maria Grau | 35



Gil M et al. Analysis of Trends in Myocardial Infarction Case-Fatality, Incidence, and Mortality Rates in Girona, Spain, 1990-1999

ABBREVIATIONS

ARIC: atherosclerosis risk in communities

CHD: coronary heart disease

AMI: acute myocardial infarction

IBERICA: Research, Specific Search, and Registry
of Acute Coronary Heart Disease

MONICA: Monitoring Trends and Determinants
of Cardiovascular Diseases

REGICOR: Girona Heart Registry

between countries.** In southern European countries,
mortality due to CHD and its incidence is between three
to five times less than in northern countries, Spain having
the second-lowest rates in Europe.>*

In Spain, as in most western countries, mortality due
to CHD has been decreasing since 1976,27% probably
due to the effect of primary prevention regarding
improvements in controlling cardiovascular risk factors.
This decrease can also be attributed to secondary
prevention in the patients who have already presented
a coronary event, which includes optimizing the risk
factor profile and treatments and therapeutic interventions
that can modify the natural history of the disease.
Improvements in the treatment of the patients in the
acute phase of a coronary event, such as the increase in
the use of drugs with proven efficacy, have also helped
to maintain this trend.'? Primary prevention reduces
the incidence of new coronary events, and secondary
prevention, the number of recurrent events. In addition,
improvements in treatment in the acute phase after a
coronary event, such as acute myocardial infarction
(AMI), would be associated with a decrease in the
percentage of deaths among such patients. In order to
study the influence of primary and secondary prevention
on the evolution of case-fatality over time, and AMI
incidence and mortality rates, the number of cases (fatal
or not) of this disease in the population has to be
calculated on an annual basis.'

The REGICOR project (Girona Heart Registry) has
recorded all the patients with fatal and non-fatal AMI in
the population of six regions in Girona since 1990.

The aim of this study was to analyze trends in AMI
mortality, incidence, attack, and 28-day case-fatality
rates between 1990 and 1999 in the population aged
35-74 years in Girona, and trends in the use of therapies
with proven efficacy in the acute phase of the patients
hospitalized for myocardial infarction in the same
period.

METHODS

The methodology used to identify and classify the
cases has already been published.>® In short, a population

350 Rev Esp Cardiol. 2007;60(4):349-56

of 227 598 inhabitants aged 35-74 years was studied
in six regions in Girona (1996 census). All AMI episodes
in residents from the area were included in the registry:
this was done prospectively, regarding those admitted
to the only referral hospital in the area, and
retrospectively regarding the nine regional hospitals.
Furthermore, patients transferred to hospital centers
from outside the area were identified. Patients who died
without managing to contact the hospital system were
identified by reviewing the mortality record, and all
suspected cases of death due to CHD were investigated
by interviewing the certifying physician and, if necessary,
the family.'*

Diagnostic and Selection Criteria

In order to be eligible, the subjects had to be clinically
diagnosed with AMI or angina. Once identified, the
patients were classified according to the MONICA
(MONTItoring of trends and determinants in
CArdiovascular diseases) project algorithm,' which
takes into account the type of symptoms,
electrocardiographic findings, enzymes and, for fatal
cases only detected through the registry of deaths, a
background of CHD and the autopsy results, if carried
out. According to this information, each case investigated
was classified as: ischemic cardiac arrest successfully
resuscitated, noncoronary death, definite AMI (fatal or
non-fatal), possible AMI (fatal), and fatal case with
insufficient data to classify it in one of the previous
categories. The last four constitute definition 1 in the
MONICA study, and are used to present the data in our
study. '

Statistical Analysis

The following annual rates have been calculated: a)
attack (or cumulative incidence): number of cases of
AMI (first or recurrent) per 100 000 population; b)
incidence: number of first AMI per 100 000 population;
¢) recurrence: number of cases of recurrent AMI per
100 000 population, d) hospitalization: number of AMI
patients admitted to hospital alive per 100 000
population; e) mortality: fatal cases per 100 000
population; this mortality rate was also calculated
depending on whether death occurred in or outside the
hospital; f) case-fatality in the population: percentage
of fatal cases in the first 28 days among all the patients
with AMI in the region studied; and g) in-hospital case-
fatality: percentage of fatal cases among the patients
with AMI arriving at the hospitals alive. All the indicators
were calculated separately for every year for the period
studied.

The annual inter-census estimations — calculated on
the basis of the electoral censuses of 1991 and 1996 —
were used as denominators to calculate the annual rates.
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The rates, which were standardized using the direct
method, are presented using the world population as the
reference: 12, 11, 8, and 5 for the age groups 35-44, 45-
54, 55-64, and 65-74 years, respectively.'> Case-fatality
was standardized by calculating weights based on the
standard distribution by patient age-group: 7, 16, 26, and
50 for the age groups 35-44, 45-54, 55-64, and 65-74,
respectively.®!¢

To analyze trends, log-linear models were used
assuming a Poisson distribution.'®!” Aggregate data were
analyzed and adjusted using the following general linear
model:

2 2
ln(E[MCJ]):a0+aee+[51t+[52t +y te4m, t +ln(Pm)“

where t is the period, M is the number of cases in age
group e and period 7, E[M ] is the number of cases
expected in age group e and' period ¢, a_is the model
constant, o are coefficients of the age groups (e)m,
is the coefficient of the period (t), B_is the coefficient of
the quadratic term for the period, y is the interaction
between the age groups and the period,n is the interaction
between the age groups and the quadratic term of the
period, and In(P ) is the natural logarithm of the risk
population in aget‘lgroup e and period t. This term is
equivalent to standardization by age.

The annual percentage chang% (APC) was estimated
using the expression APC=(e’ —1)x100. For the
indicators where there is significant interaction between
age groups and perjod, PCA was estimated using the

expression APC:(eMefl )x100.

RESULTS

Between 1990 and 1999, 3951 eligible cases were
recorded: 75.8% were classified as definite AMI and the
remainder as possible AMI (fatal), or unclassifiable due
to insufficient data (Table 1).

Table 2 presents the mean annual attack rate (first
and recurrent) in the population aged 35-74 years
between 1990 and 1999. The standardized mean annual
incidence rate (first AMI only) was: 178 (95% confidence
interval [CI], 170-185) per 100 000 males between 35-
74 years and 39 (95% CI, 35-42) per 100 000 females.
It could not be determined if there was a background
of AMI in 14.1% of the cases. If the cases without
information on a background of AMI were all incident
cases, the standardized mean annual incidence rate
would be 212 (95% CI, 203-220) per 100 000 males
and 48 (95% CI, 44-51) per 100 000 females. Both
approaches showed that the conclusions regarding the
trends were similar.

On the other hand, the mean annual age-specific and
age-standardized mortality rates are presented in Table
2. The standardized mean annual out-of-hospital mortality
rate for the population between 35-74 years was 68 (95%
CI, 63-72) and 16 (95% CI, 14-18) per 100 000 males

TABLE 1. Distribution of Fatal and Nonfatal Acute
Myocardial Infarction in Patients Aged 35-74 Years
in the Different Diagnostic Categories and by Sex.
Aggregate Data 1990-1999*

AMI Case
Classification Males Females Total
Definite non-fatal 1885 (59.7%) 421 (53.1%) 2306 (58.4%)
Definite fatal 554 (17.5%) 134 (16.9%) 688 (17.4%)
Possible fatal 397 (12.6%) 105 (13.2%) 502 (12.7%)
Fatal with

insufficient data 322 (10.2%) 133 (16.8%) 455 (11.5%)
Total 3158 793 3951

*AMI indicates acute myocardial infarction.

TABLA 2. TAttack Rates and Mean Annual Mortality
(Per 100 000 Population and Year) Due to AMI. Period
1990-1999. Distribution by Sex and Age Groups.
Definite Fatal or Non-Fatal Cases, Possibly Fatal

or Those With Insufficient Data

Attack Rate

(Cumulative Incidence) Mortality Rate

Males Females Males Females
35-44 years 65 6 15 3
45-54 years 188 21 50 8
55-64 years 361 79 136 30
65-74 years 709 211 349 109
35-64 years* 185 (176-194) 30 (27-34) 59 (54-64) 12 (9-14)

35-74 years* 258 (249-267) 55 (51-59) 99 (93-104) 25 (22-28)

*Mean annual standardized rates using world population weights. Rate (95%
confidence interval).

and females, respectively. The standardized mean annual
hospital mortality rates were 31 (95% CI, 28-34) and 9
(95% CI, 7-10) per 100 000 males and females,
respectively.

Table 3 shows the distribution of mean case-fatality
by age and by sex. The standardized population mean
28-day case-fatality rate in the age group between 35-
74 years in the study period was 42.1% (95% CI, 41.5%-
42.8%). The age-standardized hospital case-fatality
rate in the period 1990-1999 was 20.0% (95% CI,
19.6%-20.5%). Both were significantly higher in
females than in males (Table 3). Some 66.8% of the
fatal episodes occurred without patients accessing
specialized hospital care: 67.8% in males and 63.2%
in females.

Trend Analysis

Models were adjusted to analyze the effect of the year
of registry on the different rates, including age groups
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TABLE 3. Population and in-Hospital Standardized 28-Day Case-Fatality. Definite Fatal or Non-Fatal Cases,
Possible Fatal Cases or Those With Insufficient Data. Aggregate Data 1990-1999

Population Case-Fatality

In-Hospital Case-Fatality

Males n/N, %

Females n/N, %

Males n/N, % Females n/N, %

35-44 years 52/229 (22.7%) 10/21 (47.6%) 19/195 (9.7%) 6/17 (35.3%)
45-54 years 138/522 (26.4%) 21/55 (38.2%) 27/410 (6.6%) 3/37 (8.1%)

55-64 years 336/890 (37.8%) 76/203 (37.4%) 109/657 (16.6%) 21/148 (14.2%)
65-74 years TATHB17 (49.2%) 265/514 (51.6%) 255/1022 (24.9%) 107/355 (30.1%)

35-64 years* 33.3% (32.6-34.0)
35-74 years* 41.6% (40.9-42.3)

39.1% (35.8-42.4)
45.3% (44.0-46.7)

13.2% (12.8-13.7)
19.3% (18.8-19.9)

15.2% (13.3-17.2)
22.6% (21.7-23.6)

*Standardized rates by patient age distribution in the MONICA study.

35-44, 45-54, 55-64, and 65-74 years. A different trend
was found in the age group 65-74 years compared to age
groups 35-44, 45-54, and 55-64 years, which behaved
similarly. This interaction between age group and year
of registry was statistically significant in males for attack
rates (P=.01) and recurrence (P=.04) and was marginally
significant for mortality (P=.09) (Figure 1A). The
interaction did not reach statistical significance in any
of the indicators for females (Figure 1B). Table 4 presents
the mean annual changes in the linear trend for different
indicators for age groups 35-64 and 65-74 years in males.
There was a statistically significant decrease in attack,
incidence, recurrence, and hospitalization rates in males
aged 35-64 years. There were no statistically significant
annual changes in any of these in males aged 65-74 years.
On the other hand, mortality rates remained stable in
males in both age groups during period studied. In-hospital
case-fatality significantly decreased in males aged 65-
74 years, whereas population case-fatality remained stable
in both groups.

No statistically significant changes were found in any
of the frequency or case-fatality indicators analyzed in
females (Table 4).

Figure 2 shows the evolution of the percentage of
patients hospitalized and treated in the acute phase of
AMI with those drugs and procedures demonstrating
their efficacy in clinical trials. Thus, between 1990 and

1999, a significant increase was seen in the percentage
of patients who received the different treatments. On the
other hand, patient severity as measured by maximum
Killip class did not change significantly (from 17.2%
Killip class II-IV to 19.3%, respectively) during the
period studied.

DISCUSSION

Our results show that Girona, as in other areas of Spain
and southern Europe, has lower AMI attack and mortality
rates in the population aged 35-64 years than those of
other industrialized countries.*® The incidence in the
population aged 65-74 years is much higher than that in
younger people of both sexes and, alarmingly, the
population 28-day case-fatality due to AMI continues to
be above 40%.'® The evolution of the indicators is different
according to age group in males: the decrease in the
number of cases in the population aged 35-64 years was
not found in those aged 65-74 years. This indicates that
the combination of primary and secondary prevention in
the area has contributed to a delay in the incidence or
recurrence of AMI in those aged 35-64 years to more
advanced ages.

In males, the decrease in in-hospital case-fatality
indicates that health care in the acute phase in AMI
patients has significantly helped to reduce the number

TABLE 4. Annual Percentage Change in Girona 1990-1999 for the Different Epidemiological Indicators

of Myocardial Infarction by Sex and Age Group in Males

Males Females
35-64 Years 65-74 Years Total 35-74 Years
Attack rate -1.9 (-3.6--0.3) 1.1(-0.6~2.9) -0.005 (~1.2~1.2) 0.7 (-3.1-17)
Incidence rate 2.1 (-4.0~-0.1) 05 (-2.7~1.7) -0.97 (-2.4~05) 0.5 (-2.4~3.4)
Recurrence rate 5.6 (<9.6~-1.5) 2.2 (-16-~6,1) -0.8 (-3.6~2.0) -4.2(-10.3~2.2)
Hospitalization rate 2.7 (-4.5~-0.8) 1.4 (-35~0.7) -1.7 (-3.1~-0.25) 0.3 (-3.1~2.7)
Mortality rate 2.0 (-4.8-1.0) 1.4 (-1.1~4.0) 0.5 (-1.4~2.5) 1.7 (-5.1~1.8)
Population case-fatality ~0.05 (-3.0~3.0) 0.3 (-2.2~2.9) 0.2 (-1.7~2.2) -1.1 (-4.6~2.5)
In-hospital case-fatality -4.4 (-9.5-1.0) 6.4 (-10.4~-2.1) 5.4 (-8.6~-2.1) 2.7 (-8.1~33)
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Figure 1. Evolution of attack and mortality rates per 100 000 population, and total and in-hospital case-fatality rates due to myocardial infarction for
two age groups in males (A) and females (B) with their linear trends. Definite infarction, fatal or non-fatal, possible fatal or those with insufficient

data are included. Period 1990-1999.
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48 | Trends in Myocardial infartion Incidence and Cardiovasoular Risk Factors Prevalence, 1990-2005



Gil M et al. Analysis of Trends in Myocardial Infarction Case-Fatality, Incidence and Mortality Rates in Girona, Spain, 1990-1999

The two main multicenter collaborative studies,
MONICA, and Atherosclerosis Risk In Communities
(ARIC), which were designed to analyze the trends in
mortality and its determinants, differ in their conclusions
regarding assessing the relative importance of changes
in treatment or modification of risk factors in the reduction
in observed mortality.*® Whereas the MONICA project
researchers concluded that the reduction in mortality
observed between 1985 and 1994 was basically due to
a decrease in the number of cases, the ARIC study
researchers (done in several communities in the United
States) pointed out the key role in increased patient
survival of improvements in treatment. Part of this
discrepancy could be explained by the differences in the
age groups analyzed (35-74 in the ARIC study and 35-
64 years in MONICA), case definition, and study periods,
in addition to the high percentage of Afro-American
patients in the ARIC study and inequalities in access to
the health services in the United States.

The results from the different centers in the MONICA
study* varied considerably regarding the age group 35-
64 years. Both the attack and case-fatality rate decreased
or remained stable in most western European centers. In
the MONICA-Catalonia center the attack rate increased
in males (1.0% per year) and case-fatality decreased in
all the age groups (35-74 years).*!" Part of these
differences could be explained by the overlap of only 5
years between our registry and the MONICA-Catalonia
registry, and the presence of an interaction between our
age group and year of selection data, which is not
addressed in the MONICA-Catalonia study.

Characteristics and Limitations of the Study

One of the problems common to AMI population
registries is that it is not possible to obtain all the
information necessary for definitively classifying the
etiology of death, usually sudden, in some fatal out-of-
hospital cases. Cases with “insufficient data” form a
percentage of deaths similar to the MONICA study mean.*

The linear trend is the simplest of those trends that can
be compared and the one more frequently used by authors
who have addressed this type of analysis.*819.25-27.30
Analyzing the trends via other nonlinear functions
(quadratic or cubic) may present difficulties given the
number of years available. A steady increase in the
indicators of incidence and mortality in males was
observed up to 1994 which subsequently decreased; thus,
the evolution of these two indicators seems to be quadratic
in form.

The trend analysis in woman and its interpretation is
limited by the low number of events and the consequent
instability of the estimations.

The results of the IBERICA® (Research, Specific
Search, and Registry of Acute Coronary Ischemia) study
indicate that Girona has the lowest rate in the regions
studied and, thus, cannot be extrapolated regarding

magnitude to the rest of Spain. However, there is no
reason why the temporal changes should be different
from those observed in other regions.

CONCLUSIONS

Incidence and mortality rates due to AMI are low in
Girona. Almost half of the patients with AMI die within
28 days following symptom onset and two-thirds of these
without accessing hospital care. The improvements found
in the attack, incidence and recurrence rates of cases of
AMI in males aged 35-64 years between 1990 and 1999
were not seen in those aged 65-74 years, indicating a
delay in age regarding AMI onset or recurrence. Attention
in the acute phase of AMI has probably helped to reduce
the number of fatal cases in hospitalized males, especially
in those over 64 years. There are no changes in any
indicator in females, who present extraordinarily low
rates.
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Background High prevalence of cardiovascular risk factors has been observed in Spain along with low incidence of acute
myocardial infarction. Our objective was to determine the trends of cardiovascular risk factor prevalence between 1995 and
2005 in the 35-74-year-old population of Gerona, Spain.

Design Comparison of cross-sectional studies were conducted in random population samples in 1995, 2000, and 2005 at
Gerona, Spain.

Methods An electrocardiogram was obtained, along with standardized measurements of body mass index, lipid profile,
systolic and diastolic blood pressure, glycaemia, energy expenditure in physical activity, smoking, use of lipid-lowering and
antihypertensive medications, and cardiovascular risk. Prevalence of diabetes, hypertension, and obesity was calculated
and standardized for age.

Results A total of 7571 individuals (52.0% women) were included (response rate 72%). Low-density lipoprotein
cholesterol >3.4 mmol/I (130mg/dl) (49.7%) and hypertension (39.1%) were the most prevalent cardiovascular risk
factors. In 1995, 2000 and 2005, low-density lipoprotein cholesterol decreased in both men and women: 4.05-3.91-
3.55mmol/l (156-151-137mg/dl) and 3.84-3.81-3.40 mmol/l (148-147-131mg/dl), respectively. Increases were
observed in lipid-lowering drug use (5.7-6.3-9.6% in men and 4.0-5.8-8.0% in women), controlled hypertension (14.8-
35.4-37.7% in men and 21.3-36.9-45.0% in women); (all P-trends <0.01), and obesity (greatest for men: 17.5-26.0-22.7%,
P-trends =0.020). Prevalence of myocardial infarction or possibly abnormal Q waves in electrocardiogram also increased
significantly (3.9-4.7-6.4%, P-trends=0.018).

Conclusions The cardiovascular risk factor prevalence change in Gerona was marked in this decade by a shift of total
cholesterol and low-density lipoprotein cholesterol distributions to the left, independent of the increase in lipid-lowering
drug use, and better hypertension control with increased use of antihypertensive drugs. Eur J Cardiovasc Prev Rehabil
14:653-659 © 2007 The European Society of Cardiology
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France and Spain show particularly low rates. Several
coronary risk factors (CRF) have been identified in
recent decades [3,4] and most of them are causally
associated with CHD. Therefore, the goal for CHD
prevention at the population level is to lower the mean
level of CRFs and shift the whole distribution of exposure
in a favorable direction [5]. In this context, it is important
to collect valid information about the prevalence of CRFs
and their time trends in the population.

Estimations of the prevalence of classic CRF in Spain
have been made in population samples from various
communities and groups of workers [6-8]. Analyses of
trends in CRF prevalence, however, are seldom done [9].
Knowledge of the trends in prevalence and control of
CRE and of the impact on CHD population incidence
and mortality, when changes occur is essential to design
and implement preventive public health interventions.

The aim of this study was to analyze the trends of CRF
prevalence and distribution in 1995, 2000, and 2005 in
the same Spanish population.

Methods

Population

Population-based cross-sectional studies were conducted
in the province of Gerona, in north-eastern Spain, in
1995, 2000, and 2005. The reference population was
approximately 600000 inhabitants [10].

We selected participants aged 35-74 years stratified by
10-year age and sex groups for the present analysis. A two-
stage sampling method was used in 1995 and 2000: 33
and 17 towns, respectively, were randomly selected in the
first stage. Half of the towns were urban (> 10000
inhabitants) and half were rural (500-10 000 inhabitants).
In both studies, the second sampling stage consisted of
randomly recruiting the same number of women and men
participants, stratifying by 10-year age groups from the
closest census. The survey of 2005 was conducted on a
random sample of participants from the city of Gerona
(approximately 70 000 inhabitants) and three surrounding
rural towns. In all three surveys, selected participants
were contacted by a letter informing them of the aims of
the study and the tests to be performed. Participants
were requested to fast for at least 10h before their
appointment at the health examination site; a telephone
number for inquiries was also supplied. Participants who
provided a phone number were contacted 1 week before
the examination to confirm attendance.

The sample size in each survey was designed to allow (i)
at least an 80% chance to detect as statistically significant
(P < 0.05) differences of at least 15, 11 and 10% units in a
categorical variable, with a point estimate of 50%
between any two strata in the surveys of 1995, 2000

and 2005, respectively, and (ii) a statistical power > 85%
to detect differences greater than 6% units among the
three surveys in each sex at a P value of 0.05.

All participants were duly informed and signed their
consent to participate in the studies. The studies were
approved by the local ethics committee and the results of
the examination were sent to participants.

Measurements

Examinations were performed by a team of trained nurses
and interviewers who used the same standard question-
naires and measurement methods in all three surveys [11].

A precision scale of easy calibration was used for weight
measurement with participants in underwear. Height was
also measured. Body mass index (BMI) was determined
as weight divided by squared height (kg/m?).

Blood pressure was measured with a periodically cali-
brated mercury sphygmomanometer. A cuff adapted to
upper arm perimeter (young, adult, obese) was selected
for each participant. Measurements were performed after
a 5-min rest. Two measurements were taken, at least
20 min apart, and the lower value was recorded for the
study. The cut-off points for blood pressure followed the
criteria in the Seventh Report of the Joint National
Committee [12].

The following rates were calculated regarding hyperten-
sion and its treatment and control (i) history of
hypertension: when participants reported a previous
diagnosis or treatment for hypertension; (ii) real hyper-
tension: systolic blood pressure (SBP) > 140 mmHg or
diastolic blood pressure (DBP) > 90 mmHg in previously
nondiagnosed and nontreated participants; (iii) treated
hypertension: patients with history of hypertension under
drug treatment but not satisfactorily controlled; and
(iv) controlled hypertension: SBP <140 and DBP
<90mmHg in participants with treated hypertension.
SBP and DBP reference values were 130/85 mmHg for
population with diabetes.

A standard 12-lead electrocardiogram (ECG) recording
was obtained for each participant and interpreted by the
same senior cardiologist in all three surveys. We present
the proportion of participants with possibly abnormal Q
waves, left ventricular hypertrophy by ECG Minnesota
code [13], complete right or left branch block, and
rhythm disorders, which includes ventricular extrasysto-
lia, and atrial fibrillation or flutter. Participants were
asked to disclose previous diagnosis of acute myocardial
infarction (AMI); we present the combined information
of history of AMI or possibly abnormal Q waves in ECG.

Blood was withdrawn after 10-14h fasting, with less
than 60-s duration. Serum sample aliquots were stored at
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—80°C. Total cholesterol and triglyceride concentrations
were determined enzymatically (Roche Diagnostics,
Basel, Switzerland). High-density lipoprotein cholesterol
(HDL-c) was measured as cholesterol after precipitation
of apoprotein B-containing lipoproteins with phospho-
tungstic—Mngr (Boehringer, Mannheim, Germany). Ana-
lyses were performed in a Cobas Mira Plus autoanalyzer
(Roche Diagnostics, Basel, Switzerland). Quality control
was performed with External Quality Assessment —
WHO Lipid Program (WHO, Prague, Czech Republic)
and Monitrol-Quality Control Program (Baxter Diagnos-
tics, Dudingen, Switzerland). Interassay coefficients of
variation were 2.5, 4.5, and 3.2% for total cholesterol,
HDL-c, and triglycerides, respectively. Low-density
lipoprotein cholesterol (LDL-c) was calculated by the
Friedewald equation whenever triglycerides were
< 3.4mmol/l (300 mg/dl).

Glucose metabolism alterations were classified as follows
(i) history of diabetes: participants already diagnosed by a
physician; (ii) impaired fasting glycaemia: fasting glycae-
mia 6.1-6.9 mmol/l (110-125mg/dl) in participants not
diagnosed previously with diabetes; and (iii) real
diabetes: participants with history of diabetes or with a
fasting glycaemia > 6.9 mmol/l (125 mg/dl). Insulin and
oral antidiabetic treatments were also recorded.

Cardiovascular risk in participants free of CHD symptoms
was calculated by the REGICOR (Registre Gironi del Cor)
function adapted from the original Framingham function
and validated for Spain [14,15].

The Minnesota leisure-time physical activity question-
naire validated for the Spanish population was used to
assess the amount of leisure time physical activity
performed during the previous year [11,16,17]. This
questionnaire allows us to estimate the average daily
energy expenditure in physical activity in the last year.

Statistical analysis

Prevalence is presented by sex and is standardized for the
world age distribution. Continuous variables are pre-
sented as mean and standard deviation or median and
interquartile range when their distribution departs from
normal (e.g. glycaemia, triglycerides, and energy expen-
diture in physical activity), and categorical variables as
proportions.

Analysis of variance and Kruskall-Wallis tests were used
as appropriate to compare means and medians of
continuous variables, respectively. Chi-squared test was
used to compare proportions. To assess the linear trend of
variables, analysis of variance and chi-squared tests were
used. Standardization for age was done using the world
standard population [18].
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Statistical analysis was done with R Statistical Package
(R Foundation for Statistical Computing, Vienna, Austria;
Version 2.0).

Results

We included 7571 individuals aged 35-74 years: 1480
individuals (52.1% women) from 1995, 2540 (51.1%
women) from 2000, and 3551 (52.7% women) from
2005. The response rates in these three surveys were
72.4, 70.0, and 73.8%, respectively.

Table 1 shows the lipid profile by sex, observed
in the three surveys. Total cholesterol and LDL-c
decreased steeply and significantly for both sexes,
resulting in a shift of the entire population distribution
curve of 2005 to the left as compared with those of 2000
and 1995 (Fig. 1a). On the contrary, the HDL-c mean
showed no significant change (Fig. la). A significant
increase in the percentage of participants under lipid-
lowering treatment was observed. A sensitivity analysis,
however, showed that the LDL-c trends held after
excluding participants with lipid-lowering drugs: values
were 4.02 (1.00), 3.91 (0.97), and 3.57 (1.01) mmol/I [155
(39), 151 (37), and 138 (39) mg/dl], P-trends < 0.001, for
men; and 3.83 (1.06), 3.81 (1.00), and 3.41 (1.07) [148
(41), 147 (39), and 132 (42) mg/dl], P trends < 0.001, for

women.

SBP significantly decreased in both sexes (Tables 2 and 3).
Awareness of hypertension tended to increase together
with the percentage of participants with hypertension
and with participants with controlled hypertension in
both sexes.

Glycaemia and the proportion of participants with
impaired fasting glycaemia values decreased in both
sexes (Tables 2 and 3). History of diabetes increased in
men, but not in women; BMI tended to increase among
men, although reported physical activity also increased
over the studied period in both sexes.

The percentage of smokers significantly decreased,
although this continued to be over 30% in men and
actually increased in women to 21% in 2005. The
percentage of ex-smokers increased for both sexes. The
mean of 10-year cardiovascular risk remained unchanged
over these 10 years for men, and decreased a little, but
significantly, for women (Tables 2 and 3).

The prevalence of several ECG disorders is shown
by sex in Table 4. Intraventricular conduction disorders
were by far the more prevalent ECG finding in
both sexes. The percentage of men with ECG signs of
left ventricular hypertrophy and definite or possible AMI
increased a little, but significantly.
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Table 1 Lipid profile and lipid-lowering treatment in population of Gerona aged 35-74 years from 1995 to 2005

1995 2000 2005 P value P for trends
Men N=709 N=1243 N=1681
Total cholesterol (mmol/l)* 5.91 (1.12) 5.76 (1.09) 5.47 (1.09) <0.001 <0.001
Total cholesterol > 6.5 mmol/I (250 mgldl)b 196 (30.0) 262 (23.5) 279 (17.1) <0.001 <0.001
HDL-c (mmol/l)* 1.24 (0.38) 1.21 (0.32) 1.23 (0.33) 0.133 -
HDL-c < 1.0 mmol/l (40 mg/dI)® 207 (30.8) 350 (31.3) 478 (28.4) 0.162 -
LDL-c (mmol/l)* 4.05 (1.02) 3.91 (0.98) 3.55 (1.00) <0.001 <0.001
LDL-¢c>3.4 mmol/l (130 mg/dl)b 473 (74.6) 751 (70.3) 852 (53.1) <0.001 <0.001
Triglycerides (mmol/l)® 1.20 (0.85-1.70) 1.22 (0.89-1.67) 1.23 (0.89-1.74) 0.291 -
Triglycerides > 2.3 mmol/l (200 mg/dl)® 79 (12.6) 99 (9.28) 212 (13.6) 0.012 0.148
Lipid-lowering treatment® 51 (5.70) 94 (6.28) 211 (9.58) <0.001 <0.001
Women N=771 N=1297 N=1870
Total cholesterol (mmol/l)* 5.79 (1.17) 5.79 (1.15) 5.43 (1.21) <0.001 <0.001
Total cholesterol> 6.5 mmol/l (250 mg/d)® 210 (25.0) 329 (25.4) 360 (16.7) <0.001 <0.001
HDL-c (mmol/)* 1.49 (0.37) 1.48 (0.40) 1.51 (0.38) 0.225 -
HDL-c<1.2mmol/l (46 mg/dl)b 238 (32.5) 413 (36.5) 552 (28.5) <0.001 0.010
LDL-c (mmol/l)* 3.84 (1.06) 3.81 (1.01) 3.40 (1.06) <0.001 <0.001
LDL-¢c>3.4 mmol/l (130 mg/d|)b 474 (64.2) 767 (65.1) 951 (47.2) <0.001 <0.001
Triglycerides (mmol/l)® 0.92 (0.69-1.26) 0.92 (0.70-1.25) 0.94 (0.69-1.32) 0.248 -
Triglycerides > 2.3 mmol/I (200 mg/dl)" 30 (3.48) 40 (3.07) 101 (4.56) 0.036 0.053
Lipid-lowering treatment® 43 (3.95) 98 (5.78) 202 (7.98) <0.001 <0.001

‘P for trends’ have not been computed for those variables whose differences were not significant among the 3 years. To convert total, HDL and LDL cholesterol to mg/dl,
multiply by 88.61. To convert triglycerides to mg/dl, multiply by 88.50. HDL-c, High density lipoprotein cholesterol; LDL-c, Low density lipoprotein cholesterol. *“Mean
(standard deviation). °N (%). “Median (25th percentile. 75th percentile).
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(a) Distribution of LDL-c (above) and HDL-c levels (below) in male population aged 35-74 years. (b) Distribution of LDL-c (above) and HDL-c levels
(below) in female population aged 35-74. Three measurements over the past decade are presented. HDL-c, high-density lipoprotein cholesterol;
LDL-c, low-density lipoprotein cholesterol.

Discussion (50.8%) and hypertension (44.8%). A substantial
The most prevalent CRFs in Gerona in the past 10 years decrease, however, occurred in total and LDL-c
were consistently LDL-c > 3.4mmol/l (130 mg/dl) mean values, but not in HDL-c, with a shift to the
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Table 2 Coronary risk factors in male population of Gerona aged 35-74 from 1995 to 2005

1995 (N=709) 2000 (N=1243) 2005 (N=1681) P value P for trends

Systolic blood pressure (mmHg)® 131 (19) 134 (18) 128 (17) <0.001 <0.001
Diastolic blood pressure (mmHg)* 81 (11) 82 (9) 80 (10) <0.001 0.166
History of hypertension N (%) 168 (19.8) 331 (23.8) 603 (29.6) <0.001 <0.001
Real hypertension N (%) 350 (44.5) 680 (50.6) 854 (43.6) 0.074 -
Treated hypertension N (%)° 99 (36.8) 152 (32.5) 362 (44.8) <0.001 0.018
Controlled hypertension N (%)° 16 (14.8) 20 (35.4) 84 (37.7) 0.008 0.011
History of diabetes N (%) 97 (11.5) 140 (9.7) 259 (11.7) 0.004 0.052
Glycaemia (mmol/l); (mg/dl)d 5.58 (5.12-6.10) 5.71 (5.25-6.30) 5.27 (4.84-5.89) <0.001 0.022
Impaired fasting glycaemia N (%)° 90 (12.6) 154 (15.8) 145 (7.9) <0.001 <0.001
Real diabetes N (%) 125 (15.9) 203 (18.8) 321 (156.3) 0.285 -
Insulin treatment N (%6)" 10 (9.4) 9 (6.7) 35 (19.1) 0.078 -
Oral diabetes treatment N (”/0)' 39 (27.1) 60 (28.2) 125 (48.4) 0.155 -
BMI (kg/m?)? 26.6 (3.8) 27.8 (3.9) 27.6 (4.0) <0.001 <0.001
Obesity (BMI > 30) % 129 (17.5) 347 (26.0) 413 (22.7) <0.001 0.020
EEPA (kcal/day)d 286 (149-557) 283 (138-534) 320 (163-596) <0.001 0.003
Current smoker N (%) 224 (36.2) 386 (35.5) 517 (34.5) <0.001 <0.001
Former smoker N (%) 235 (30.6) 412 (30.5) 697 (38.0)

Ten-year cardiovascular risk® 8.0 (7.8) 8.2 (8.7) 7.3 (7.3) 0.190 -

‘P for trends' have not been computed for those variables whose differences were not significant among the 3 years. To convert glycaemia to mg/dl, multiply by 18.02. BMI,
body mass index; EEPA, energy expenditure in physical activity. *Mean (standard deviation). PAmong participants with history of hypertension. ®Among participants with treated
hypertension. “Median (25th percentile. 75th percentile). *Glycaemia 6.1-6.9 mmol/l (110-125 mg/dl). ‘Among participants with history of diabetes.

Table 3 Coronary risk factors in female population of Gerona aged 35-74 from 1995 to 2005

1995 (N="771) 2000 (N=1297) 2005 (N=1870) P value P for trends

Systolic blood pressure (mmHg)* 126 (20) 125 (21) 122 (20) <0.001 <0.001
Diastolic blood pressure (mmHg)* 76 (12) 77 (10) 77 (11) 0.098 -
History of hypertension N (%) 206 (22.0) 373 (24.6) 600 (26.0) 0.008 0.002
Real hypertension N (%) 357 (38.8) 576 (38.5) 769 (35.1) 0.073 -
Treated hypertension N (%)® 129 (47.8) 217 (41.7) 365 (47.1) 0.337 -
Controlled hypertension N (%)© 28 (21.3) 48 (36.9) 124 (45.0) <0.001 <0.001
History of diabetes N (%) 84 (8.8) 120 (8.1) 221 (10.8) 0.071 -
Glycaemia (mmol/l); (mg/dI)® 5 (5-6) 5 (5-6) 5 (5-5) <0.001 <0.001
Impaired fasting glycaemia N (%)° 49 (6.1) 115 (10.8) 86 (3.9) <0.001 <0.001
Real diabetes N (%) 104 (11.2) 157 (13.9) 273 (13.4) 0.550 -
Insulin treatment N (%) 12 (6.2) 10 (9.7) 24 (6.1) 0.476 -
Oral diabetes treatment N (%)’ 27 (14.0) 48 (30.1) 65 (19.2) 0.102 -
BMI (kg/m?)? 26.4 (4.4) 274 (5.1) 26.3 (5.1) <0.001 0.213
Obesity (BMI > 30) % 166 (19.0) 381 (26.5) 453 (21.2) <0.001 0.756
EEPA (k(:al/day)d 180 (92-313) 194 (101-327) 241 (127-418) <0.001 <0.001
Current smoker N (%) 97 (17.1) 205 (20.1) 308 (21.5) <0.001 <0.001
Former smoker N (%) 25 (4.2) 81 (7.3) 230 (14.1)

Ten-year cardiovascular risk® 2.8 (3.0) 3.0 (3.1) 2.6 (2.6) <0.001 0.004

‘P for trends’ have not been computed for those variables whose differences were not significant among the 3 years. To convert glycaemia to mg/dl, multiply by 18.02.
BMI, body mass index; EEPA. energy expenditure in physical activity. “Mean (standard deviation). PAmong participants with history of hypertension. “Among participants
with treated hypertension. ®Median (25th percentile. 75th percentile). °Glycaemia 6.1-6.9 mmol/l (110-125 mg/dl). ‘Among participants with history of diabetes.

Table 4 Electrocardiographic findings in the population of Gerona aged 35-74 years from 1995 to 2005

1995 2000 2005 P value P for trends

Men N=709 N=1243 N=1681

Acute myocardial infarction N (%)* 35 (3.93) 64 (4.73) 125 (6.38) 0.038 0.018

Left ventricular hypertrophy N (%) 15 (2.06) 27 (2.06) 62 (3.73) 0.022 0.013

Intraventricular conduction disorders N (%) 30 (3.41) 103 (8.00) 120 (6.60) 0.003 0.058

Rhythm disorders N (%) 8(0.72) 19 (1.10) 42 (1.63) 0.040 0.014
Women N=771 N=1297 N=1870

Acute myocardial infarction N (%) 13 (1.35) 18 (1.18) 45 (1.97) 0.1568 -

Left ventricular hypertrophy N (%) 5 (0.46) 23 (1.44) 23 (1.12) 0.086 -

Intraventricular conduction disorders N (%) 22 (2.09) 53 (4.06) 88 (4.50) 0.094 -

Rhythm disorders N (%) 13 (1.25) 10 (0.65) 26 (1.24) 0.141 -

‘P for trends’ have not been computed for those variables whose differences were not significant among the 3 years. *History of acute myocardial infarction or possibly

abnormal Q waves in electrocardiogram.

left in the population distribution curves. BMI and
obesity have dramatically increased over this decade
in hypertension awareness,

in men. Improvements

treatment, and control
Diabetes prevalence remained stable over the studied
decade.

were

also  remarkable.
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The decrease in total cholesterol and LDL-c population
mean level, which has been observed in other European
countries and USA [19-23], and the left shift in their
population distribution curve might be related either to
the increasing use of lipid-lowering drugs or to changes in
lifestyle. Lipid-lowering drugs predominantly affect total
cholesterol and LDL-c levels. Although the proportion of
treated participants increased, particularly between 2000
and 2005, both measures decreased independently of
such treatments. HDL-c mean values, which play a key
role in lowering CHD risk, remained unchanged over the
10-year period. The intake of vegetables, fruits, fish, red
meat, dairy products, pulses, and cereals remained stable
between 2000 and 2005 (data not shown). Weekly
physical activity equivalent to brisk walking, however,
increased from 1995 to 2005 by approximately 40 min in
men and 70 min in women.

BMI increased over this period, particularly in men,
bringing the percentage of male obesity close to 23% in
2005. Smoking prevalence increased in women and
remained steadily high in men over the period, together
with a growth in the percentage of former smokers for
both sexes, probably related to anti-smoking policies
developed in recent years. Concurring with the Spanish
National Health Surveys report, the percentage of
smokers among women significantly increased [24].
Prevalence of smoking for Spanish men is among the
highest for European countries [1].

Hypertension prevalence remained similar in the three
studies. Our data show that almost 50% of men and 40%
of women were diagnosed with hypertension or had blood
pressure measurements beyond the limits of hyperten-
sion. These results concur with those by Wolf-Maier ez a/.
[25] who found the hypertension prevalence in Spain to
be approximately 45% in the general population (35-74
years). This percentage was higher than that observed in
USA or Sweden. More individuals were aware of their
hypertension in 2005 in our region, which probably results
from better hypertension screening and management.

The cardiovascular risk, which was already very low in
initially CHD-free women, decreased. In men, however,
it remained similar over the decade, despite the decrease
in total and LDL-c levels and improved control of
hypertension. The shift to the left observed in the
population distribution curves of total cholesterol and
LDL-c should have an impact on CHD incidence,
according to the ‘population strategy’ theory by Geoffrey
Rose [5], although the efficiency of this approach has
been called into question recently [26]. The slight but
significant increase in the history of AMI or possibly
abnormal Q waves in ECG in men may be due to the
overall stabilization of AMI incidence accompanied by
a significant (-5.4%) decrease in in-hospital AMI case-

fatality observed recently in the region among men,
35-74 years of age [27].

Paradoxically, the prevalence of classical CRF is similar or
even higher in Mediterranean than in other industrialized
countries [7,28]. Therefore, the role of CRF in the
development of CHD may differ among populations
[28,29]. The absolute CHD risk for different levels of
exposure to total cholesterol and SBP varied across
populations in the Seven Countries study [30], although
the relative risk for these risk factors was similar in all
populations.

CHD mortality rates have decreased consistently in most
industrialized countries in the past decade [1]. Despite
this generalized trend, AMI mortality rates continue to be
four times lower in South Mediterranean areas of Europe
[1]. This suggests that primary prevention needs to be
adapted to local characteristics of prevalence of CRE AMI
mortality and incidence rates, and economic and cultural
factors [31]. The achievements in cholesterol levels and
hypertension control in our region are likely to be related
to ‘high risk’ or opportunistic intervention rather than a
population preventive approach [5]. Our findings suggest
that there is room for preventive activity concerning
lifestyle in the studied area to decrease cardiovascular
risk in the population, particularly increased efforts to
promote physical activity, and smoking cessation or
reduction.

Participation in the three independent cross-sectional
studies considered was consistently around 72%, which
guarantees representativeness. The basal age and sex
characteristics of responders and nonresponders were
similar in all three surveys. History of hypertension,
diabetes and dyslipidacmia were also similar in the 2000
and 2005 surveys: in 1995 this information was not
collected in nonresponders (data not shown). Although
minimal differences are to be expected among regions
[7,32], generalization of our results to the rest of Spain
should be made with caution.

In conclusion, the prevalence of classic CRF in Gerona is
high despite the low AMI incidence and death rates
observed in this region. The CRF prevalence change in
Gerona has been marked in the last decade by a shift of
total cholesterol and LDL-c distributions to the left,
independent of the increase in lipid-lowering drug use,
and by better hypertension control, accompanied by
increased use of antihypertensive drugs.
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Erratum

European Journal of Cardiovascular Prevention and Rehabilitation 2008, 15:502

EUROPEAN
SOCIETY OF
CARDIOLOGY®

A typographical error was published in the article “Trends in cardiovascular risk factor prevalence (1995-2000-2005) in
northeastern Spain’ by Grau ez /. [1] which appeared on pp. 653-659 of the European Journal of Cardiovascular Prevention

and Rehabilitation, Volume 14, issue 5.
There was an error in the calculation of the variable “Ten-year cardiovascular risk’ presented in Tables 2 and 3.

The corrected values are presented below:

Table 2 Ten-year cardiovascular risk mean (standard deviation) in male population of Gerona aged 35-74 from 1995 to 2005

Men 1995 (N=709) 2000 (N=1243) 2005 (N=1681) P value P trend
Ten-year cardiovascular 5.3 (4.5) 5.4 (4.7) 4.5 (4.0 0.002 <0.001
risk

Table 3 Ten-year cardiovascular risk mean (standard deviation) in female population of Gerona aged 35-74 from 1995 to 2005

Women 1995 (N=771) 2000 (N=1297) 2005 (N=1870) P value P trend

Ten-year cardiovascular 2.8 (3.0) 2.9 (3.0) 2.4 (2.5) <0.001 <0.001
risk

Reference

1 Grau M, Subirana |, Elosua R, Solanas P, Ramos R, Masia R, et al. Trends in
cardiovascular risk factor prevalence 1995-2000-2005 in northeastern
Spain. Eur J Cardiovasc Prev and Rehabil 2007; 14:653-659.

1741-8267 (© 2008 The European Society of Cardiology DOI: 10.1097/HJR.0b013e32830fb811
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5. ANNEX

5.1 Supplementary Material |

Grau M, Bongard V, Fito M, Ruidavets JB, Sala J,
Taraszkiewicz D, Masia R, Galinier M, Subirana |, Vila J, Puel
J, Marrugat J, Ferrieres J and the REGICOR and GENES
Investigators.

Prevalence of cardiovascular risk factors in men with stable
coronary heart disease in France and Spain.
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Abstract

Background

Unfavourable lipid concentrations, raised blood pressure, diabe-
tes, smoking and overweight are the most prevalent cardiovas-
cular risk factors (CRF) in developed and developing countries.
The aim of our study was to compare CRF prevalence, treatment
and control in two surveys conducted in French and Spanish
men with stable coronary heart disease (CHD).

Methods

Standardized measurements of body mass index, systolic and
diastolic blood pressure, lipids, glycaemia, and smoking were
collected and drug use was registered. Cross-sectional compari-
sons were performed between French and Spanish samples.

Results

A group of 982 individuals was analyzed (420 French and 562
Spanish men). More than 97% of participants presented with at
least one of the five major CRF (dyslipidaemia, hypertension,
diabetes, obesity or smoking). Dyslipidaemia (70.4% vs. 71.9%
in France and Spain, respectively, p=0.632) and hypertension
(66.7% and 51.3%, respectively, p<0.001) were the most preva-
lent CRF. Current smoking was higher in Spanish participants
(24.3% in France vs 54.8% in Spain, p<0.001) and no significant
difference was observed regarding obesity and diabetes. An-
tiplatelet agents, calcium inhibitors, diuretics and hypoglycae-
mic drugs were more frequently used in France, whereas ACE-
Inhibitors and lipid-lowering treatments were more frequent in
Spain.

Conclusion

CRF prevalence is high among French and Spanish patients with
stable CHD. French participants show higher blood pressure lev-
els whereas Spanish patients are more frequently current smok-
ers. A great proportion of CHD patients do not reach recom-
mended levels for CRF control.

Abstract wordcount: 232
Keywords: Cardiovascular risk factors; coronary heart disease;

myocardial infarction; secondary prevention; cardiovascular
drugs; lipids; blood pressure.
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Introduction

Understanding the crucial role of cardiovascular risk factors
(CRF) has established a new paradigm in the epidemiological
study of coronary heart disease (CHD). In the past decades,
many potential new precursors of CHD have been identified,
such as thrombotic and genetic factors, infectious agents, early
life exposures, oestrogen deficiency and psychosocial factors'.
However, traditional risk factors partially promoted by inappro-
priate diet and physical inactivity (unfavourable lipid concentra-
tions, raised blood pressure, diabetes and to a less extent over-
weight), together with cigarette smoking, are the most preva-
lent CRF in both developed and developing areas of the world,
and have also the highest impact on CHD incidence'™.

It has been previously suggested that major CRF may only ex-
plain half of the burden of CHD incidence, based on the obser-
vation that many individuals with significant levels of CRF never
experience CHD events, and, conversely, that some individuals
with CHD lack any of these CRFV"ii, However, this hypothesis is
not supported by epidemiological studies showing that only 15%
to 20% of stable CHD patients lack any of the major CRF**. Epi-
demiological studies have underlined another important issue:
major CRF are largely uncontrolled*-i,

South-European populations, where incidence and mortality
from CHD is low, have shown a CRF prevalence close to the
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prevalence observed in countries characterized by much higher
CHD incidence and mortality™*. Information has already been
published on CRF at discharge after acute myocardial infarc-
tion (AMD) in France and Spain**vixvi byt CRF prevalence and
long-term management in stable CHD individuals have not been
studied in details, especially as regard to lipid disorders.

The aim of our study was to compare CRF prevalence, treatment
and control in two independent surveys conducted in men with
stable CHD from two countries from Southern Europe: France
and Spain.

Materials and methods

Setting

This analysis was designed to compare prevalence of CRF in
stable CHD individuals from two regions from Southern Eu-
rope (France and Spain). In France, participants were recruited
as part of the GENES Study (Génétique et Environnement en
Europe du Sud), a case-control study designed to assess the
role of gene-environment interactions in the occurrence of CHD.
Participants were men living in the Toulouse area (Southwest-
ern France, bordering on Spain) and were included from 2001 to
2004. For the present analysis, only cases with a history of prior
AMI were taken into account. Eligible participants were stable
French male CHD patients, aged 45 to 74, living in the area of
Toulouse and hospitalized in the Toulouse University Hospital
for stable CHD follow-up. Prior AMI had to be documented in
the medical file and determined from evidence of new patho-
logical Q-waves on electrocardiogram (ECG), or from imaging
evidence of healed AMI or a region of loss of viable myocardium
that is thinned and fails to contract, in the absence of a non-
ischaemic cause. Patients with confirmed AMI, ECG changes or
rise in cardiac enzymes (>1.5 the upper limit) in the past two
months, were excluded.

In Spain, the REGICOR Project (Registre Gironi del Cor) reg-
istries all AMIs occurring in local inhabitants in six counties in
Gerona. This province is located in Northeastern Spain and bor-
dering on France. Registry process is done prospectively, re-
garding those admitted to the only referral hospital in the area.
In order to be eligible, subjects had to be clinically diagnosed
with AMI. Once identified, patients were classified according to
the MONICA (MONItoring of trends and determinants in CArdio-
vascular diseases) project algorithm, which takes into account
type of symptoms, ECG findings, and enzymes*ii. Selected pa-
tients were part of the definite non-fatal AMI group identified
as: (1) Definite ECG or (2) symptoms typical or atypical or in-
adequately described, together with probable ECG and abnor-
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mal enzymes, or (3) symptoms typical and abnormal enzymes
with ischaemic or non-codable ECG or ECG not availablexvii xix,
A 6-month follow-up was done in order to measure blood lipid
levels in patients in stable status.

In summary, men, aged 45 to 74, with stable CHD, who reported
a previous history of AMI were selected in both studies for the
purpose of our analysis. The sample size (420 and 562 individu-
als in France and Spain, respectively), allowed us to detect dif-
ferences between centers greater than 10 percent points in CRF
prevalence, with a statistical power of 87.5%, at least. Autho-
rization from the local ethics committees was obtained in ac-
cordance with the French and Spanish laws and the Declaration
of Helsinki. All participants were informed about the aim of the
study and informed consent was signed by each subject.

Questionnaires

Age and socioeconomic variables were collected by means of
standardized interviews. Smoking status was classified as smok-
ers (current smokers or smokers who had quit for less than a
year), former smokers (those who had quit for more than a
year) and non-smokers. All medications taken were also record-
ed. Antiplatelet agents, g-blockers, nitrates, calcium inhibitors,
angiotensin-converting enzyme (ACE) inhibitors, diuretics, angi-
otensin Il receptor antagonists (ARA 1), and lipid-lowering treat-
ments were taken into account for the purposes of the study.
For the last two drugs, information was available in the REGI-
COR Study only from 2001.

Clinical measurements

Examinations were performed by a team of trained nurses,
physicians and interviewers who used equivalent standard
guestionnaires and measurement methods in both surveys[18].
Anthropometrical measurements, including height and body
weight were taken according to standardized procedures. Body
mass index (BMI) was determined as weight divided by squared
height (kg/m?2). Participants were classified in three groups ac-
cording to BMI: 1) normal weight: BMI <25 kg/m?; 2) overweight:
BMI >25 and <30; 3) obesity: BMI >30. Blood pressure was meas-
ured with a periodically calibrated mercury sphygmomanometer
in Spain and an automatic sphygmomanometer (OMRON 705
CP) in France. A cuff adapted to the upper arm perimeter was
selected for each participant. Measurements were performed
after a five-minute rest, at least. Two measurements were taken
and the lower value was recorded for the analysis. The cut-off
points to define hypertension followed the criteria used in the
Second Joint Task Force of European and Other Societies on
Coronary Heart Disease Prevention in Clinical Practice* and in
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the 2000 recommendations from the French Health Product
Safety Agency™. These guidelines were chosen as they were
currently used in Spain and France, respectively, when inclu-
sions were carried out. The following definitions were consid-
ered regarding hypertension and its treatment and control: 1)
history of hypertension: when participants reported a previous
diagnosis or treatment for hypertension; 2) real hypertension:
history of hypertension or systolic blood pressure (SBP) >140
mmHg or diastolic blood pressure (DBP) 290 mmHg; 3) treated
hypertension: patients with a history of hypertension on drug
treatment; and 4) controlled hypertension: SBP <140 and DBP
<90 mmHg among treated patients. Reference values were SBP
<130 and DBP <80 mmHg for diabetic participants.

Blood sample collection and biological analyses

Blood was withdrawn after a 10 to 14 hour fast, with less than
60 seconds duration, in both centres at least two months after
AMI (six months in Spain). Serum sample aliquots were stored at
-80¢2C. Briefly, total cholesterol, glucose and triglyceride concen-
trations were determined enzymatically.

High-density lipoprotein (HDL) cholesterol was measured as
cholesterol after precipitation of apoprotein B-containing li-
poproteins with phosphotungstic-Mg**. Low-density lipopro-
tein (LDL) cholesterol was calculated in both centres, by the
Friedewald equation whenever triglycerides were lower than
3.4 mmol/I* (389 and 544 individuals in France and Spain, re-
spectively). Biological measurements were performed in a core
laboratory in Barcelona for Spanish participants®ii and in a core
laboratory in the Toulouse University Hospital for French sub-
jects, The cut-off points to define dyslipidaemia followed the
criteria used in the Second Joint Task Force of European and
Other Societies on Coronary Heart Disease Prevention in Clinical
Practice (LDL cholesterol 3.0 mmol/l or HDL cholesterol <1.0
mmol/l) in Spain [20]; and the 2000 recommendations from
the French Health Product Safety Agency (LDL cholesterol >3.4
mmol/l or HDL cholesterol <1.0 mmol/l) in France [21].

Glucose metabolism disturbances were classified as follows: 1)
history of diabetes: participants already diagnosed by a physi-
cian; 2) impaired fasting glycaemia: fasting glycaemia ranging
from 6.1 to 6.9 mmol/I in participants not previously diagnosed
with diabetes; and 3) real diabetes: participants with a history
of diabetes or with fasting glycaemia >7 mmol/I; 4) treated dia-
betes: patients with a history of diabetes under drug treatment.

Statistical analyses

The analyses were first performed on the whole sample, and sec-
ondly age-stratified analyses were done (45-59, 60-74 years).
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45-59 years 60-74 years All
GENES REGICOR p-value GENES REGICOR  P-value GENES REGICOR  p-value
n=222 n=272 n=198 n=290 n=420 n=562
Body Mass Index (BMI) (kg/m?) 27.2(40) 27.4(4.0) 0.718 27.0(3.8) 27.3(3.8) 0.370 27.1(4.0) 27.3(3.8) 0.395
Overweight and Obesity, n (%) 0.556 0.137 0.770
BMI <25 kg/m? 67 (30.2) 65(28.3) 58 (29.3) 70 (29.2) 125 (29.8) 135(28.7)
25< BMI <30 kg/m? 100 (45.1) 115 (50.0) 106 (53.5) 111(46.3) 206 (49.1) 226 (48.1)
BMI =30 kg/m? 55 (24.8) 50 (21.7) 34 (17.2) 59 (24.6) 89 (21.2) 109 (23.2)
Smoking, n (%) <0.001 <0.001 <0.001
Non-smokers 48 (21.6) 36 (13.3) 46 (23.2) 67 (23.3) 94 (22.4) 103 (18.5)
Smokers 78 (351 199 (73.7) 24 (12.1) 107 (37.2) 102 (24.3) 306 (54.8)
Former smokers 96 (43.2) 35 (13.0) 128 (64.7) 114 (39.6) 224 (53.3) 149 (26.7)
Systolic Blood Pressure (mmHg) 129 (20) N2 (16) <0.001 139 (22) 15 (19) <0.001 134 (21) 114 (18) <0.001
Diastolic Blood Pressure (mmHg) 82 (1N 66 (12) <0.001 82 (10) 66 (12) <0.001 82 (10) 66 (1) <0.001
History of hypertension, n (%) 82 (36.9) 107 (41.0) 0.362 85(42.9) 162(57.5) 0.002 167 (39.8) 269 (49.5) 0.003
Real hypertension, n (%) * 133(59.9) 14 (425) <0.001 147(74.2) 172(59.3) 0.001 280(66.7) 286(51.3) <0.001
Treated hypertension, n (%) ° 78(95.1) 102(981) 0257 84 (100.0) 158(97.5) 0.146 162(97.6) 260(97.7) 0.918
Controlled hypertension, n (%) © 38(48.7) 70 (68.6) 0.007 30(35.7) MN8(74.7) <0.001 68 (42.0) 188 (72.3)  <0.001

Results are given as mean (standard deviation) or n (%); a History of hypertension or systolic blood pressure 2140 mmHg or
diastolic blood pressure 290 mmHg (=130/80 mmHg in diabetics); b Patients with a history of hypertension on drug treat-
ment; ¢ Systolic blood pressure <140 mmHg and diastolic blood pressure <90 mmHg (<130/80 in diabetics) among treated
patients.

45-59 years 60-74 years All

GENES REGICOR  p-value GENES REGICOR  P-value GENES REGICOR  p-value

n=222 n=272 n=198 n=290 n=420 n=562
Total cholesterol (mmol/1) 5301 4.9 (1.0) <0.001 51(0.2) 4.6 (1.0) <0.001 5201 4.7 (1.0) <0.001
Total cholesterol >4.9 mmol/l, n (%) 131(59.0) 123 (45.4) 0.003 106 (53.5) 97(33.5) <0.001 237(56.4) 220(39.2) <0.001
HDL cholesterol (mmol/I) 11¢0.3) 11(0.3) 0.835 11(0.3) 11(0.3) 0.094 1.1(0.3) 11(0.3) 0.351
HDL cholesterol <1.0 mmol/I, n (%) 129 (58.1) 142 (52.4) 0.205 90 (45.5) 141(48.8) 0.469 219 (52.1) 283 (50.5) 0.618
LDL cholesterol (mmol/l) 3.3 (1.0) 31(1.0) 0.053 3.2 (1.0) 2.9 (0.9) <0.001 3.2 (1.0) 3.0 (1.0) <0.001
LDL cholesterol 3.0 mmol/l, n (%) 16 (59.2) 139(53.98) 0.259 109 (56.5) 119 (41.6) 0.001 225(57.8) 258(47.4) 0.002
LDL cholesterol 3.4 mmol/I, n (%) 82 (41.8) 94 (36.4) 0.242 72 (37.3) 83 (29.0) 0.057 154 (39.6) 177 (32.5) 0.026
Dyslipidaemia, n (%) ? 147 (75.0) 196 (76.0) 0.812 127 (65.8) 195(68.2) 0.586 274 (70.4) 391(71.9) 0.632
Triglycerides (mmol/1) 2204) 1.6 (0.9) <0.001 1.7 (0.9) 1.3 (0.6) <0.001 1.9(.2) 1.4 (0.7) <0.001°
Triglycerides >2.0 mmol/I, n (%) 93 (41.9) 46 (17.0) <0.001 47 (23.7) 321 <0.001 140 (33.3) 78 (13.9) <0.001
Glycaemia (mmol/1) 6.2 (2.4) 5.9 (1.8) 0.293 6.1(2.5) 6.2 (2.2) 0.370 6.2 (2.5) 6.1(2.1) 0.940°
Impaired fasting glycaemia, n (%) © 21(M.3) 23 (10.5) 0.800 14 (8.8) 21(9.) 0.933 35 (10.D) 44 (9.8) 0.856
History of diabetes, n (%) 43 (19.4) 60 (24.2) 0.207 62 (31.3) 73 (26.4) 0.237 105 (25.0) 133 (25.3) 0.907
Real diabetes, n (%) © 78 (35.1) 81(31.8) 0.436 87 (43.9) 97(349) 0.046 165(39.3) 178(33.4) 0.060
Treated diabetes, n (%) ¢ 39 (90.7) 33 (68.8) 0.010 62 (100.0) 51(76.1) <0.001 101(96.2) 84 (73.0) <0.001

HDL, high-density lipoprotein; LDL, low-density lipoprotein. Results are given as mean (standard deviation) or n (%); a LDL
cholesterol >3.0 mmol/I (Spain), 23.4 mmol/| (France) or HDL cholesterol >1 mmol/l; b Glycaemia ranging from 6.1 to 6.9
mmol/I in patients not previously diagnosed with diabetes; ¢ History of diabetes or glycaemia <7 mmol/I; d Patients with a

history of diabetes on drug treatment; e Computed from log-transformed values.

Table 1.

Prevalence of obesity,
smoking, and hyperten-
sion, by age and centre

Table 2.

Prevalence of dyslipidae-
mia and diabetes, by age
and centre

Continuous variables are summarized as means and standard
deviations, and categorical variables as proportions. Student-t
test was used to compare means of continuous variables. A log-
arithmic transformation was done to compute p-value for vari-
ables whose distribution departed from normal (e.g., glycaemia,
triglycerides). 42 test was used to compare proportions. Statisti-
cal analysis was done with STATA Software (Stata Corp. College
Station, Tx, version 9.2).

Results

We included 982 individuals aged 45-74 (420 French and 562
Spanish participants). Mean age was 60 years-old. The percent-
age of smokers was higher in Spanish participants whereas
French subjects showed a higher prorpotion of former-smokers.
On the other hand, the prevalence of obesity did not signifi-
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cantly differ between France and Spain (Table 1). SBP and DBP
were significantly higher in French participants in all age strata.
Real hypertension was significantly higher among French par-
ticipants. In addition, French subjects treated for hypertension
showed a significantly lower percentage of people with blood
pressure levels under those recommended.

Total and LDL cholesterol and triglyceride average levels were
significantly higher in French participants and the proportion
of subjects with LDL cholesterol above 3.4 mmol/l was greater
in France (table 2). However, when dyslipidaemia was defined
according to the guidelines used in both countries (i.e. LDL
cholesterol >3.4 mmol/I in France, >3 mmol/| in Spain, or HDL
cholesterol <1 mmol/l) the percentage of dyslipidaemic subjects
was not significantly different between France and Spain. No
significant difference was observed in HDL cholesterol levels.
The percentage of participants with diagnosed diabetes did not
significantly differ between the two countries, but diabetic par-
ticipants were significantly more frequently treated in France.

French participants were more frequently treated with an-
tiplatelet drugs, calcium inhibitors (especially in younger sub-
jects), and diuretics. The percentage of Spanish participants on
lipid-lowering treatment or under antihypertensive drugs acting
on the renin-angiotensin system (ACE-Inhibitors or ARA Il) were
significantly higher (Table 3).

Figure 1 shows the distribution of major CRF: real hypertension,
dyslipidaemia (LDL cholesterol >3.0 mmol/l (Panel A) or >3.4
mmol/I (Panel B), HDL <1 mmol/l), real diabetes, smoking, and
obesity, among French and Spanish participants. Only 2.6% and
2.8% (panel A) of the French and Spanish participants, respec-
tively, lack any major CRF (less than 5% according to panel B).

Discussion

Our results show a high prevalence of major CRF in CHD pa-
tients both in Gerona (Spain) and Toulouse (France). Indeed,
97.4% and 97.2% of the French and Spanish participants pre-
sented with at least one of the five major CRF (hypertension,
dyslipidaemia, diabetes, smoking, or obesity).

Previous international studies have shown that the overall pat-
tern of CRF exists irrespectively of geographic origin [9,11].
Despite similarities between Toulouse and Gerona areas (two
regions close from a geographic point of view, belonging to
the South-West of Europe and characterized by a low CHD
incidenceX*v), our study shows significant differences between
the two countries regarding CRF levels, treatment and control.
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45-59 years 60-74 years All
GENES REGICOR  P-value GENES REGICOR  P-value GENES REGICOR  p-value

n=222 n=272 n=198 n=290 n=420 n=562
Antiplatelet agents, n (%) 192 (87.2) 193 (75.7) 0.001 170 (85.9) 201(71.8) <0.001 362(86.6) 394 (73.6) <0.001
pB-blockers, n (%) 150 (67.6) 190 (74.2) 0.110 120 (60.6) 162(57.9) 0.547 270(64.3) 352(65.7) 0.656
Nitrates, n (%) 54 (24.6) 42 (16.5) 0.029 57 (28.8) 68 (24.4) 0.280 1M (26.6) 110 (20.6) 0.031
Calcium Inhibitors, n (%) 45 (20.4) 18 (7.4) <0.001 48(24.2) 66 (24.4) 0.978 93 (22.2) 84 (16.3) 0.022
ACE-Inhibitors, n (%) 100 (45.1) 130 (50.8) 0.21n 81(40.9) 154 (55.0) 0.002 181(43.1) 284 (53.0) 0.002
ARA Il n (%) * 14 (6.4) 0 (0.0) 0.01 7 (3.5) 4(4.9) 0.585 21(5.0) 4(2.3) 0.124
ACE-Inhibitors or ARA II, n (%) 114 (51.4) 130 (54.6) 0.482 87 (43.9) 158 (615) <0.001 201(47.9) 288(58.2) 0.002
Diuretics, n (%) 26 (1.8) 15 (5.8) 0.019 48 (24.2) 50 (17.7) 0.078 74 (17.7) 65 (12.0) 0.013
Lipid-lowering drugs, n (%) * 155 (70.5) 144 (92.9) <0.001 127 (64.8) 141(78.3) 0.004 282(67.8) 285(851) <0.001
4 drug combined therapy, n (%) ° 57 (25.1) 64 (30.2) 0.322 29 (14.7) 47 (19.2) 0.208 86 (20.6) M (24.3) 0.189
3 drug combined therapy, n (%) © 99 (45.0) 106 (46.9) 0.687 70 (35.5) 77 (29.6) 0.180 169 (40.5) 183 (37.7) 0.377

Results are given as n (%); ACE, Angiotensin converting enzyme; ARAII, Angiotensin Il receptor antagonist; a available only
from 2001 to 2004 in the REGICOR Study; b Antiplatelet & p-blocker & Lipid-lowering drug & (ACE-Inhibitor or ARA II); ¢
Antiplatelet & b-blocker & Lipid-lowering drug.

50 - 50 -
45 A 45 A
40 A 40 A
035 - 835 A
g 5
230 330 |
S S
2 2
225 | £ 25 A
Q o
R 20 - ® 20 -
15 4 15 4
10 4 10 4
5 4 5 4
0 J . - o J | -
0 1 2 3 4 5 0 1 2 3 4 5
O GENES B REGICOR O GENES B REGICOR

Number of cardiovascular risk factors per individual, in each centre, according to the Second Joint Task Force of European
and Other Societies on Coronary Heart Disease Prevention in Clinical Practice** (left) or the 2000 recommendations from the
French Health Products Safety Agency* (right). Cardiovascular risk factors taken into account: (a) Real hypertension: History
of hypertension or systolic blood pressure >140 mmHg or diastolic blood pressure 290 mmHg (130/80 mmHg in diabetics);
(b) Dyslipidaemia: Low-Density Lipoprotein (LDL) cholesterol >3.0 mmol/I or High-Density Lipoprotein (HDL) cholesterol
<1.0 mmol/I (above, panel A) or (b) Dyslipidaemia: LDL cholesterol >3.4 mmol/I or HDL cholesterol <1.0 mmol/I (below, panel
B); (¢) Real diabetes: History of diabetes or glycaemia <7 mmol/I; (d) Smoking; (e) Obesity: Body Mass Index =30 kg/m2.

Table 3.

Distribution of treatments, The most prevalent CRF in both regions was consistently dysli-

by age and centre. pidaemia. However, the lipid profile in French participants was
more unfavourable than in Spanish subjects and the use of lipid-

Figure 1. lowering drugs was significantly higher in the latter. Consistently

Number of cardiovascular
risk factors per individual,
in each centre.

with the EUROASPIRE Il (European Action on Secondary Pre-
vention by Intervention to Reduce Events II) findings [13], lipid
control was poor in the GENES and REGICOR studies. About half
of the participants did not reach the European goal established
for LDL cholesterol in secondary prevention of CHD [20] and
one third remained above the threshold used in French guide-
lines (3.4 mmol/1)*,

More than half of the patients showed low HDL cholesterol lev-
els (1 mmol/l). CHD-free individuals from the same populations
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(France and Spain) have been shown to have higher HDL cho-
lesterol levels than stable CHD individuals®i-*xv, HDL-cholesterol
could play an important role in the development of CHD in these
populations but raising HDL-cholesterol levels still remains dif-
ficult [26]. On the one hand, lifestyle modifications (i.e. diet, ex-
ercise, weight loss, and smoking cessation) have been shown
to have a favourable impact on HDL cholesterol levels. On the
other hand, the evidence of the clinical efficacy of drugs rais-
ing HDL cholesterol, is far less abundant than for statins, which
mainly act by lowering LDL cholesterolVi,

Hypertension was the second most prevalent CRF in both popu-
lations (66.7% and 51.3%, in France and Spain respectively). The
percentage of treated patients among those who reported a
previous history of hypertension was close to 100%, neverthe-
less, blood pressure control remained poor, especially in French
participants. This failure has been extensively described in oth-
er studies previously published~i xi xi and has been attributed
by the investigators of the EUROASPIRE Il Study to low-dose
treatment prescriptions, at first, and secondly to poor patients’
complianceXi, Despite of the development of numerous antihy-
pertensive drugs, blood pressure control still remains a problem
of crucial importance to reduce the risk of recurrence in CHD
patients.

Diabetes markedly increases the risk of CHD and non-fatal re-
current coronary events in patients with clinically established
CHD*Vii_ A quarter of patients enrolled in the GENES and REGI-
COR Studies were aware to be diabetics. An additional 10% (14%
in France and 8% in Spain) had fasting plasma glucose levels >7
mmol/I, which could be compatible with the diagnosis of dia-
betes.

Results from a previous study showed that CHD events in the
Spanish population could be firstly attributed to an excess of
weight in both sexes, then followed by smoking in men*, De-
spite the design of our study did not allow computing popula-
tion attributable risk fractions, our results show that smoking
prevalence is significantly higher in Spanish participants, being
the most prevalent CRF in participants younger than 60 years
old. These results highlight the need to reinforce all measures
that could help to permanently quit smoking, consistently with
all current recommendations on cardiovascular prevention®x,
From a population point of view, laws aimed at forbidding smok-
ing in public areas have been recently reinforced in France and
Spain and could have a favourable impact on the prevalence of
smoking in CHD patients.
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No difference was found in the percentage of French and Span-
ish participants who were treated with a combination of the four
drugs recommended in secondary prevention: statins, antiplate-
let agents, beta-blockers, and ACE-inhibitors. This drug combi-
nation has been shown to improve survival in high risk patients
with CHD** and is recommended by the European Guidelines
for Cardiovascular Prevention® »* However, the role of ACE
inhibitors in CHD patients without a history of heart failure re-
mains controversial*>xi According to a previous study, heart
failure is the main determinant of the use of ACE inhibitors in
France*.

We have found that less than 3% of the examined CHD patients
in these two countries with low CHD incidence lacked any of
the five major CRF. However, the distribution of major CRF was
different in the two countries. It has been previously shown that
less than a half of CHD-free individuals have optimum risk fac-
tors levels®i x> Despite this situation, France and Spain have
shown a CHD mortality rate unexpectedly low", This observa-
tion suggests that CHD development might be different in these
two countries at low incidence for CHD as compared to high
incidence countries. Therefore, CHD prevention should also be
adapted to local characteristics, since the underlying causes of
CHD are widely dependent on socio-economic and cultural fac-
tors which determine unhealthy lifestyles’ >,

Several limitations should be pointed out in our analysis. First,
the GENES Study included individuals with first or recurrent AMI
whereas participants in the REGICOR Study were all recruited
after a first AMI. Second, the fact that the period of recruitment
was different in the two studies (2001-2004 for the GENES
Study and 1995-2004 for the REGICOR Study) may have pri-
marily affected treatment patterns. However, participants in the
REGICOR study were mainly recruited after 2001 (less than 25%
were recruited before 2001). Finally, the design of the study did
not allow the investigation of differences in CRF prevalence be-
tween AMI survivors and non-survivors in France and Spain and
the assessment of potential regional differences in the impact of
CRF on AMI recurrence.

The strength of the study lies in the comparison of CRF preva-
lence in two different countries, with different lifestyle habits
and health care systems, based on extensive clinical and bio-
logical CRF evaluations. We have shown that CRF prevalence
is high among French and Spanish CHD patients. Particularly,
French participants show higher lipid and blood pressure levels
whereas Spanish patients show a higher smoking prevalence. As
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in previous published studies, the control of CRF is too often
inadequate.
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5. ANNEX

5.2 Supplementary Material Il

Grau M, Subirana |, Elosua R, Fitd M, Covas M|, Sala J, Masid R,
Ramos R, Solanas P, Cordon F, Nieto FJ, Marrugat J on behalf of
the REGICOR Investigators.

Sources of variation of population attributable fractions for car-
diovascular disease.
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Abstract

The population attributable fraction (PAF) combines the magni-
tude of the relative risk of cardiovascular disease (CVD) associ-
ated to a risk factor with its distribution in the studied popula-
tion. The aim of this analysis was to determine the effect of age
and study period on coronary heart disease (CHD) risk attribut-
able to cardiovascular risk factors. A cohort of CVD-free ran-
domly selected participants aged 35-74 years was followed for
an average of 6.9 years. Smoking, hypertension, diabetes, sed-
entary lifestyle, obesity, total cholesterol >240mg/dl, low-den-
sity lipoprotein (LDL) cholesterol >160mg/dl, and high-density
lipoprotein (HDL) cholesterol<40mg/dl were the risk factors
considered. The composite end-point included acute myocar-
dial infarction, angina pectoris, and CHD death. LDL cholesterol
had the highest potential for CHD prevention between 35 and
74 years [41% (95%Confidence interval: 24, 54)]. The PAF for
smoking was 64% (28, 81) in subjects <55 years, whereas among
those >55 years, the PAF for hypertension was 36% (27, 71) and
for HDL cholesterol 23% (9, 36). The decrease observed be-
tween 1995 and 2005 in the population’s mean LDL cholesterol
level has led to a reduction in its PAF in all age groups. There-
fore, periodic recalculation of the PAF in different age groups
may be required to adequately monitor population trends in
world regions.
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Introduction

In public health, decisions about resource allocation, prevention,
and patient care are closely tied to the availability of informa-
tion on prevalence, incidence, mortality, and case-fatality to ad-
dress the illnesses with the greatest impact on the population
and their determinant risk factors. One example of the impor-
tance of access to quality information is our need to understand
cardiovascular diseases (CVD), the main cause of death in the
developed world, and the associated risk factors'.

The population attributable fraction (PAF) is the proportion of
disease incidence in the population that can be attributed to a
risk factor. It combines the concepts of incidence (or alterna-
tively the relative risk or the hazard ratio) of a disease and its
risk factor prevalence. The assumptions underlying valid PAF
estimation include a causal relationship between the risk fac-
tors and the disease; the immediate risk reduction among the
exposed when the risk factor is eliminated from a population, to
that of the non-exposed; and independence of the considered
risk factors from other factors that influence disease occurren-
celitiv,

PAF magnitude varies with age and region, which are known to
modify the risk factors’ prevalence* V. Moreover, secular chang-
es in the prevalence of risk factors also have an effect on the
PAF value'' Vi, For some risk factors, the relative risk or hazard
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ratio have been shown to vary based on length of follow-up"i,
which may in turn slightly influence the PAF estimates.

Estimates of relative risk and risk factor prevalence are typically
obtained from a variety of sources, including published data on
different populations, regions and time periods**. It is impor-
tant to use relative risk and risk factor prevalence data from the
same population to obtain accurate PAF estimates.

The aim of this analysis was to determine the effect of age and
study period on 10-year CHD risk attributable to cardiovascular
risk factors in a population-based study.

Materials and methods

Design

A cohort study was conducted in northeast Spain. Participants
aged 35 to 74 years were randomly recruited from the census of
Girona in two surveys: 1995 and 2000, which have been used to
determine the 10-year hazard ratios and the PAF of CHD for the
different risk factors by age groups.

Baseline examinations at recruitment of these participants and
another survey conducted in the same area in 2005 have per-
mitted the analysis of the PAF of CHD modifications over a 10-
year period. Inclusion criteria and recruitment methodology
have been described in detail elsewhere"i. Only participants free
of CVD at baseline were included in the present analyses. We
also excluded patients who developed heart failure of non-CHD
origin during follow-up. All participants were duly informed and
signed their consent to participate. The surveys and methods
were approved by the local ethics committee and the results
of the examination were sent to participants. Participation in all
three surveys was >72%.

Risk factor measurement

Examinations were performed by a team of trained nurses and
interviewers who used the same standard questionnaires and
measurement methods in all three surveys.

Participants underwent standardized anthropometric measure-
ments to determine waist circumference, height and weight.
Body mass index (BMI) was calculated as weight (kg) divided
by height (cm) squared. Cigarette smoking (current/ex/never)
was ascertained using an administered questionnaire. Blood
pressure was determined from the average of 2 separate read-
ings taken at least 5 minutes apart, as described previously'.
The Minnesota leisure-time physical activity questionnaire vali-
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Cohort
N=4,782
Previous CHD
N=37 (0.8%)
Follow-up
N=4,745
Lost to follow-up
N=220 (4.7%)
Eligible
N=4,525
Age <35 or >74
N=782 (17.3%)
Heart failure
N=9 (0.2%)
Included
N=3,734
Alive Death
N=3,558 N=176
| |
1 1 1 1 1 1
CVD-free CVD events CHD Stroke Other CVD Other causes
N=3,364 N=194 N=23 N=5 N=15 N=133
| |
| 1 1 1 1
AMI Angina Stroke PAD Other CVD
N=35 N=48 N=40 N=14 N=57
AMI, Acute myocardial infarction; CHD, Coronary Heart Disease; CVD, Cardiovascular disease; PAD, Peripheral artery disease.

Figure 1

Participation and Follow-

up Flow Chart

dated for the Spanish population was used to assess leisure ac-

Blood was withdrawn within 60 seconds, after 10-14 hours fast-
ing. Serum sample aliquots were stored at -80C2. Total choles-
terol and triglyceride concentrations were determined enzy-
matically (Roche Diagnostics, Basel, Switzerland). High-density
lipoprotein (HDL) cholesterol was measured as a soluble HDL-
cholesterol determined by an accelerator selective detergent
method (ABXHoriba Diagnostics, Montpellier, France). Analyses
were performed in a Cobas Mira Plus autoanalyzer (Roche Di-
agnostics, Basel, Switzerland). The calibration mode and inter-
nal and external quality controls were established to guarantee
the transferability of the results among surveys. Quality control
was performed with External Quality Assessment-WHO Lipid
Program (WHO, Prague, Czech Republic) and Monitrol-Quality
Control Program (Baxter Diagnostics, Dudingen, Switzerland).
Interassay coefficients of variation were 2.5, 4.5, and 3.2% for to-
tal cholesterol, HDL cholesterol, and triglycerides, respectively.
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Low-density lipoprotein (LDL) cholesterol was calculated by the
Friedewald equation whenever triglycerides were <300mg/dl.

Exposure Criteria

Current smoking was defined as active smoking within the year
preceding the examination. Hypertension was defined by the
use of antihypertensive agents or the presence of systolic blood
pressure >140mmHg or diastolic blood pressure >90*". Diabetes
was defined by the use of insulin or hypoglycemic agents or a
fasting blood glucose >125 mg/dl. Lifestyle was considered sed-
entary when the weekly average energy expenditure in moder-
ate to high intensity physical activity was below 1000 kcal. Obe-
sity markers were BMI >30kg/m? for both men and women, and
waist circumference >102cm for men and >88 for women, con-
sidered separately. The exposure cut-points to define abnormal
lipid levels were total cholesterol >240mg/dl, LDL >160mg/dlI,
and HDL<40mg/dl, according to the National Cholesterol Edu-
cation Program [l (NCEP II1)*.

Case ascertainment

Non-fatal events during follow-up were ascertained by tele-
phone questionnaire and review of medical records. Fatal events
were identified from regional and national mortality registers.
Primary composite end-point event was defined by the occur-
rence of acute myocardial infarction, angina pectoris, or death
from CHD. Secondary composite end-point was CVD events:
fatal and non-fatal acute myocardial infarction, angina pecto-
ris, fatal and non-fatal stroke and peripheral artery disease. All
deaths and suspected CVD events were adjudicated by a panel
of 2 physicians who applied established criteria in their review.

Statistical analysis

Analyses were done in the whole sample and stratified by age
groups (35-54, 55-74 years). Age was summarized as mean and
standard deviation, and categorical variables as proportions.

Cox proportional hazards models were fitted to estimate the
crude and adjusted risk of CHD for cardiovascular risk factors,
with two models for each factor: first a crude model, and a sec-
ond adjusted for age, sex and the cardiovascular risk factors that

were found to differ between event and non-event participants.

PAFs were estimated for each factor, with the following formula
(4):

PAF=1-Y_PD | E.C) / P(D)

Where:
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P(D) = Average probability of disease (D) in the population
(containing both exposed and unexposed individuals),

P(D|E,C) = Marginal conditional probability of disease (D) given
no exposure (E), averaged over strata of potential confounders
.

The Bootstrap method was used to estimate the confidence in-
tervals of PAF point estimates with this formula.

The same two models were also used in a secondary analysis to
estimate the hazard ratios and the PAF of CVD events.

Given the fact that we have not yet begun the 2005 cross-sec-
tional study follow-up, to ensure comparability we estimated
the non-adjusted PAF in the 1995, 2000, and 2005 surveys ac-
cording to the Levin formula, which does not require incidence
rates and uses unadjusted HR:

PAF = [(HR - 1D x Pr]/ [T+ (HR -D x Pr]

Where,
HR = Unadjusted hazard ratio obtained with the cohort follow-
up,

Pr = Cardiovascular risk factor prevalence in general population.

The prevalence estimates of cardiovascular risk factors in 1995,
2000, and 2005 used in our PAF estimations have been previ-
ously published (7, 16) and are shown in table 1.

Statistical analysis was performed with R Statistical Package (R
Foundation for Statistical Computing, Vienna, Austria, Version
2.0).

Results

We followed 1,806 men and 1,937 women for 25,701 person-
years, with 6.9 years mean follow-up. During follow-up, 220
participants (4.7%) were lost, 107 participants suffered an inci-
dent event, and 133 died of other causes (Figure 1). The acute
myocardial infarction age-standardized incidence rate was 294
and 88/100,000 men and women, respectively.

Characteristics of the participants are given in Table 1 for men
and women according to age strata. The prevalence of base-
line hypertension, diabetes, and obesity (as indicated by either
BMI or waist circumference) increased with age. In contrast, the
prevalence of smoking at baseline was lower in older partici-
pants.
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35-54 years 55-74 years 35-74 years

Men Women Men Women Men Women
N=925 N=1005 N=881 N=932 N=1806 N=1937
Age * 45 (6) 45 (6) 64 (6) 64 (6) 54 (1) 54 (1)
Total cholesterol >240 mg/dl| 310 (35.9%) 268 (28.4%) 255 (31.3%) 413 (47.5%) 565 (33.7%) 681 (37.6%)
LDL cholesterol =160 mg/dl 344 (42.2%) 274 (30.3%) 326 (411%) 425 (50.1%) 670 (41.6%) 699 (39.9%)
HDL cholesterol <40 mg/dl 262 (30.5%) 87 (9.34%) 231(28.4%) 10 (12.7%) 493 (29.5%) 197 (11.0%)
Hypertension 325 (35.2%) 225 (22.5%) 563 (64.1%) 618 (66.5%) 888 (49.3%) 843 (43.6%)
Diabetes 99 (11.4%) 63 (6.65%) 204 (24.8%) 177 (20.0%) 303 (17.9%) 240 (13.1%)
Smoking 377 (41.5%) 236 (23.8%) 179 (20.8%) 35 (3.81%) 556 (31.4%) 271 (14.2%)
Body mass index >30 183 (19.9%) 181 (18.2%) 260 (29.9%) 328 (35.5%) 443 (24.7%) 509 (26.6%)
Waist circumference >102 or >88 cm 190 (20.7%) 304 (30.6%) 352 (40.3%) 551(59.6%) 542 (30.2%) 855 (44.6%)
Sedentary 464 (51.5%) 641(65.0%) 427 (49.8%) 674 (73.9%)  891(50.7%) 1315 (69.3%)
Non-fatal Coronary Heart Disease 19 (21%) 3(0.3%) 39 (4.43%) 27 (2.9%) 58 (3.2%) 30 (1.6%)
Non-fatal Cardiovascular Disease 39 (4.2%) 15 (1.5%) 98 (11.3%) 72 (7.8%) 137 (7.6%) 87 (4.5%)
Coronary Heart Disease 10-year mortality 3(0.3%) 0 (0.0%) 13 (1.5%) 8 (0.9%) 16 (0.9%) 8 (0.4%)
Cardiovascular Disease 10-year mortality 3(0.3%) 0 (0.0%) 15 (1.7%) 1 (1.2%) 18 (1.0%) 11 (0.6%)
All-cause 10-year mortality 17 (1.8%) 4 (0.4%) 104 (11.8%) 61(6.6%) 121 (6.7%) 65 (3.4%)

HDL, high-density lipoprotein; LDL, low-density lipoprotein. *Mean (Standard Deviation)

35-54 years 55-74 years 35-74 years
Events during follow-up Events during follow-up Events during follow-up

No Yes p value No Yes p value No Yes p value

N=1875 N=23 N=1621 N=84 N=3496 N=107
Age* 45 (6) 47 (5) 0.064 64 (6) 66 (6) <0.001 53 (N 62 (10) <0.001
Total cholesterol > 240 mg/dl 552 (31.4%) 14 (70.0%) <0.001 592 (39.2%) 40 (52.6%) 0.020 1144 (35.0%) 54 (56.2%) <0.001
LDL cholesterol =160 mg/dl 593 (35.3%) 13 (81.2%) <0.001 669 (45.3%) 46 (64.8%) 0.001 1262 (40.0%) 59 (67.8%) <0.001
HDL cholesterol < 40 mg/dI| 329 (18.9%) 7(36.8%) 0.071 280 (18.6%) 31(40.8%) <0.001 609 (18.8%) 38 (40.0%) <0.001
Hypertension 524 (28.0%) 14 (63.6%) <0.001 1028 (63.5%) 68 (81.9%) 0.001 1552 (44.5%) 82 (78.1%) <0.001
Diabetes 151(8.54%) 7 (33.3%) 0.001 327 (21.5%) 21(26.6%) 0.281 478 (14.5%) 28 (28.0%) <0.001
Smoking 588 (31.9%) 16 (69.6%) <0.001 189 (11.9%) 12 (14.3%)  0.510 777 (22.6%) 28 (26.2%) 0.387
Body mass index =30 348 (18.7%) 5(22.7%) 0.587 518 (32.3%) 28 (341%) 0.721 866 (25.0%) 33 (31.7%) 0.119
Waist circumference >102 or 288 cm 475 (25.5%) 6 (27.3%) 0.853 802 (49.9%) 41(49.4%) 0.932 1277 (36.8%) 47 (44.8%) 0.097
Sedentary 1077 (58.7%) 12 (571%) 0.884 982 (61.9%) 50 (61.7%) 0.973 2059 (60.2%) 62 (60.8%) 0.906

HDL, high-density lipoprotein; LDL, low-density lipoprotein. *Mean (Standard Deviation)

Table 1. Participants aged 35-54 years who presented a CHD event dur-
Ear?'ovastc};"ar R.'tSk . ing follow-up had significantly higher prevalence of hyperten-
actors at mecruttmen sion, diabetes, and smoking, and higher total and LDL choles-

and Number of Events
during Follow-up in the terol levels. On the other hand, those aged 54-74 years who

Population of Girona. presented a CHD event were significantly older, more often
hypertensive, and presented higher total and LDL cholesterol
Table 2. levels and lower HDL cholesterol levels. When we considered

Cardiovascular Risk .. .
Factors at Recruitment the whole sample (35-74 years), participants with a CHD event

According to Acute were significantly older, more frequently hypertensive, diabetic
Myocardial Infarction and smokers, and had higher total and LDL cholesterol levels
or Angina Pectoris and lower HDL cholesterol levels (Table 2).

Occurrence, or Death From
Coronary Heart Disease
during Follow-up in
Population of Girona.

Age, male sex, total and LDL cholesterol, hypertension, diabe-
tes and smoking were significant predictors of CHD events in
people aged 35-54 years. However, hypertension was no longer
significant after adjustment for potential confounders (Table 3).
Total and LDL cholesterol and smoking were the only cardio-
vascular risk factors with significant adjusted PAF in this age
stratum (Table 4).
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35-54 years 55-74 years 35-74 years
HR 95%ClI HR* 95%Cl HR 95%Cl HR** 95%CI HR 95%ClI HR* 95%Cl
Age (1year) 11 10,12 11 10,12 11 10,11 11 1.0, 1.1 111, 11 11,11

Sex (women) 01 0.0,04 01 00,09 06 04,09 05 0309 04 0307 05 0307
Total cholesterol > 240 mg/dlt 49 19,127 32 12,85 1.5 10,24 17 11,28 22 1533 21 14,31
LDL cholesterol > 160 mg/dl 78 22,272 54 15190 20 12,33 22 14,37 30 19,47 27 17,42
HDL cholesterol < 40 mg/dl 26 10,65 09 03,27 3.0 19,48 25 15,42 29 20,44 21 13,33
Hypertension 46 19,11.0 19 0.7,54 27 15,46 20 11,37 46 29,72 21 12,35
Diabetes 51 21,128 32 10,98 1.3 08,22 12 07,21 23 1535 14 0924
Smoking 49 20,1M9 70 22225 12 06,22 12 06,23 12 08,18 18 1131

Body mass index =30 1.3 0535 02 00,17 12 08,19 11 07,18 15 10,22 09 06,15
Waist circumference >102 or >88 cm 11 04,28 0.7 0223 11 07,16 10 06,16 14 10,21 09 06,15
Sedentary 08 04,20 09 0326 10 0615 09 0615 09 0614 09 0615

HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein. * Model adjusted for sex, age, LDL cholesterol,
hypertension, diabetes, and smoking. **Model adjusted for sex, age, LDL cholesterol, HDL cholesterol, and hypertension. *
Model adjusted for sex, age, LDL cholesterol, HDL Cholesterol, hypertension, diabetes, and smoking. i Total cholesterol was
not adjusted for LDL cholesterol.

35-54 years 55-74 years 35-74 years

PAF% 95%Cl PAF%* 95%Cl PAF% 95%Cl PAF%** 95%Cl PAF% 95%Cl PAF%' 95%CI
Total cholesterol > 240 mg/dlf 55 24,81 45 5,78 17 0, 34 24 6, 41 30 15, 45 28 13, 44
LDL cholesterol =160 mg/dl 70 37,86 64 26, 87 31 1,50 36 18, 55 44 28, 59 41 24,58
HDL cholesterol < 40 mg/dl| 23 -5,53 -3 -33, 30 27 14, 39 23 9, 36 26 14, 38 19 5,31
Hypertension 50 22,74 25 -29, 61 50 27,71 36 5,62 61 46, 76 35 9, 60
Diabetes 26 5,50 18 -4, 45 6 -6,19 2 -10, 14 15 6, 26 6 -5,17
Smoking 55 28,80 64 28, 81 2 -6, 10 1 -7, 1 4 -6, 15 10 0,20
Body mass index =30 5 -14, 30 -19 -25,3 6 -9, 21 1 -16,17 n -2,23 -3 -18, 1
Waist circumference >102 or >88 cm 2 -21,28 -10 -32,15 2 -19, 24 -3 -26, 20 14 -2,29 -5 -24,15
Sedentary -1 -58, 44 -5 -64, 59 -3 -29, 24 -9 -42,21 -4 -28, 20 -7 -35,19

HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein. * Model adjusted for sex, age, LDL cholesterol,
hypertension, diabetes, and smoking. **Model adjusted for sex, age, LDL cholesterol, HDL Cholesterol, hypertension. tModel
adjusted for sex, age, LDL cholesterol, HDL Cholesterol, hypertension, diabetes, and smoking. iTotal cholesterol was not
adjusted for LDL cholesterol.

Table3.

Age-Stratified Hazard
Ratio of Acute Myocardial
Infarction or Angina

The hazard ratios of CHD for age, female sex, LDL and HDL cho-
lesterol and hypertension were significantly different from 1in all
adjusted models for people aged 55-74 years (Table 3). PAF for
Pectoris Occurrence, or total, LDL and HDL cholesterol and hypertension had significant
Death From Coronary adjusted PAF in this age stratum and in the whole group (Table

Heart Disease for Various 4).
Cardiovascular Risk
Factors in the Population

: The adjusted PAF of CVD was significant for LDL cholesterol
of Girona.

[31%; (95% Confidence Interval: 5, 54)], HDL cholesterol [22%;
(2, 44)], and smoking [24%; (3, 46)] in participants aged 35-54
years, whereas in those aged 55-74 years HDL cholesterol [14%;
(6, 22)] and hypertension [35%; (15, 54)] were the only risk fac-
tors with significant PAF.

Table 4.

Age-Stratified Population
Attributable Fraction

of Acute Myocardial
Infarction or Angina
Pectoris Occurrence, or

Death From Coronary In our cohort, the all-cause mortality in participants aged 35-54

Heart Disease for Various
Cardiovascular Risk
Factors in Population of
Girona at Recruitment.

years was 2.3% and 0.5% for smokers and non-smokers, respec-
tively (P=0.001). However, this difference was not statistically
significant in those aged 54-74 years (13.6% vs. 9.8%, P=0.100).
PAF of all-cause mortality for smokers was 51% and 4% in par-
ticipants aged 35-54 and 55-74 years, respectively.
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Figure 2.

Age-stratified Population
Attributable Risk for Clas-
sical Risk Factors Accord-
ing to Levin’s Formula in
1995, 2000 and 2005 in
the Population of Girona.

The marked decrease in mean total and LDL cholesterol be-
tween the 1995 and 2005 surveys resulted in a reduction in the
PAF of CHD for these risk factors in all age groups (Figure 2).

Discussion

PAF magnitude depends on the size of the effect of the expo-
sure to a risk factor and on this risk factor prevalence. Effect size
depends in turn on time of follow-up, age group, and prevalence
in the age group itself, period of time and region. Our study
showed that age group and study period are important deter-
minants of the magnitude of PAF of CHD for total, LDL, and
HDL cholesterol, hypertension, diabetes and smoking. In our re-
gion, the risk factors with the highest population impact on CHD
were, by order of importance, smoking and LDL cholesterol in
the population aged 35-54 years; and hypertension, LDL choles-
terol and HDL cholesterol in the group aged 55-74 years. PAFs
for total and LDL cholesterol have experienced the most impor-
tant change, owing to the decreasing prevalence observed in
our region from 1995 to 2005’. Therefore, PAF should be cal-
culated for different age groups and periodically by country or
region to adequately monitor the population risk and identify
the potential benefits of preventive public health initiatives in a
timely manner.

Age and PAF estimates

Elevated LDL cholesterol was the risk factor with the highest
potential impact on CHD prevention in our population. PAF es-
timates from the INTERHEART study using data from 52 coun-
tries, and some other local studies, showed similar results*i-,
However, our findings considerably differed from those previ-
ously observed in the Spanish population, which attributed the
highest PAF of CHD to overweight*: we could not confirm this
finding in our study. The discrepancy may stem from the fact
that risk factor prevalence in the target population for the earlier
study was estimated from a meta-analysis that did not consid-
er age groups or take into account the different study periods
when data were obtained*. In addition, risk factor prevalence
in CHD cases, which is needed to estimate adjusted PAF, was
taken from a national myocardial infarction registry in Spain,
conducted in hospitals with a coronary care uniti.

In our cohort, smokers younger than 55 years had significantly
higher 10-year risk not only of developing a CHD event but also
of dying from any cause: 4 times that of non-smokers of the
same age. These findings concur with those of a young Swed-
ish cohort, in which smoking was the risk factor with the high-
est impact on CHD*, In fact, a previous publication already
showed that PAF of dying from CHD because of smoking de-
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Population attributable fraction (%)

LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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creased with age®V, which is fully corroborated in our cohort.
Lloyd-Jones et al reported that smokers had CVD much earlier
than non-smokers in the Framingham Heart Study*. However,
lifetime risk for CVD was similar for smokers and non-smokers,
due to the competing risk of death from other smoking-related
causes™-*V jllustrated in our study by the increased all-cause
mortality among our younger participants. The potential benefi-
cial effect of smoking cessation is more clearly seen in middle-
aged adults in most world regions, even though it is also present
in older people from some communities*Vi-xix,

Study periods and PAF estimates

Since the simultaneous presence of cardiovascular risk factors
occurs in both men and women more frequently than could be
expected by chance**, it may be difficult to modify any level of
exposure without influencing other risk factors'. Therefore, the
only purpose served by comparing the PAF for different risk
factors is to prioritize interventions. The changes in the preva-
lence of one or various risk factors obtained by interventions
will require PAF recalculation with the new information*. This
phenomenon is illustrated in our study by the fact that the dra-
matic decrease in population distribution of total and LDL cho-
lesterol observed in our region"i resulted in substantial changes
in PAF estimates between 1995 and 2005.

Time of follow-up and PAF estimates

The predictive power of cardiovascular risk factors varies slight-
ly over timeVitx and their maximum effects on mortality may be
observed 10 or more years after exposure onset or measure-
mentoxi. x|y the context of the Framingham Heart Study, obe-
sity has already been associated with an increased relative risk
for the development of CVD in a population aged 35 to 75 years
followed for 44 years®*v, More recently, Baker et al have shown
that higher childhood BMI values elevated the risk of having a
CHD as an adult®*, Therefore, the increase in BMI observed in
our population in the last 10 years'' will take some time to trans-
late into higher myocardial infarction incidence and mortality
rates.

Implications for prevention of CHD

Prevention strategies are usually assessed using different cut-
points to define risk factor prevalence. We followed the NCEP
Il recommendations to categorize total and LDL cholesterol for
our PAF estimates*. Had we used more recent European guide-
lines®*i j.e., total cholesterol <190mg/dl and LDL cholesterol
<115 mg/dl, the prevalence of hypercholesterolemia would have
reached more than 86%; we believe that it would be an unrealis-
tic goal to tackle such a large portion of the general population.
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Therefore, given the factors included in the PAF estimation, a
situation with many individuals at small risk cannot be distin-
guished from one with few individuals at high risk. For cost-
effectiveness, public health decisions will need to take into ac-
count relative risks to distinguish between these situations’ Vi,

Characteristics and limitations of the study

All PAF estimates in this paper should be interpreted with cau-
tion due to the following limitations: first, although the analysis
was age-stratified, we did not stratify by sex despite the dif-
ferences observed in risk factors prevalence*xi, The reason for
combining both sexes for analysis was the low incidence of CHD
events observed, particularly in women, which was, indeed, simi-
lar to that previously observed in our region*vii,

Estimation of PAF with a composite CVD end-point would en-
able broader evaluation of the potential benefits of a compre-
hensive intervention. Despite the fact that both CHD and stroke
have some risk factors in common, the effect size of these risk
factors differs substantially*>**. In addition, our cohort did not
include participants at high risk of stroke, i.e., participants >74
years¥. For these reasons, we focused our attention on CHD
end-points.

The dichotomization of all risk factor exposures might lead to
non-differential misclassification®*vixi, An alternative to dichoto-
mization would be creating more than two groups (a gradient
of exposure in three or more groups), as has been suggested by
some authors*i, The potential benefits expected under this as-
sumption, expressed by PAF, would imply that an intervention
on cholesterol levels would move all participants at risk to the
recommended exposure levels: these expectations are probably
unrealistic and do not take into account the limited effect of
available dietary controls and the high costs of lipid-lowering
drug interventions¥ii. As this would have hampered our statisti-
cal power, we preferred to use cut-points that represented re-
alistic population objectives while preserving the rule that the
non-exposed group was in fact likely to be non-exposed v,

Conclusions

Overall, LDL cholesterol levels had the highest potential for CHD
prevention over 10 years in a Mediterranean population aged
35-74 years. In age-stratified analyses, PAF estimates were
highest for smoking among participants <54 years old and for
hypertension and low HDL cholesterol among those age 55
and older. PAF may need periodic age-stratified recalculation
of prevalence to adequately monitor the population trends in
world regions.
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6. DISCUSSION

The coexistence of low AMI incidence levels and high cardiovas-
cular risk factor prevalence represents the so-called “southern
Europe paradox”s* 2, When this paradox was described, AMI
incidence in Spain was between one-half and one-fourth that
found in north, east, and west European countries, the USA, and
other English-speaking countries®> 4%, Essentially, the results of
the present study found no overall change in AMI incidence in
the REGICOR region over the past decade. Nonetheless, men
under age 65 -about half the total AMI population register cas-
es- showed a significant reduction in incidence rates between
1990 and 1999, while the trend in men age 65-74 did not change
significantly. The prevalence of risk factors in the Girona popu-
lation was surprisingly similar to those countries with high AMI
incidence® 2, In addition, the major cardiovascular risk factors
are present in more than 95% of IHD cases registered in Giro-
na. The prevalence of cardiovascular risk factors, however, has
undergone considerable change from the first cross-sectional
study organized in this area in 1995 to the 2000 and 2005 stud-
ies. The most noteworthy aspects are improvements in partici-
pants’ awareness, control and treatment of hypertension, and
improvement in total and LDL cholesterol distribution.

Definitively, primary prevention must be adapted to local char-
acteristics of cardiovascular risk factor prevalence, AMI mortal-
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ity and incidence rates, and economic and cultural factors. The
estimation of PAF, which represents an important link between
causality and public health action, provides relevant informa-
tion for such adaptation™. The PAF estimates in Girona showed
that LDL cholesterol levels had the highest potential for IHD
prevention in people aged 35 to 74 years, along with history of
smoking for those younger than 55, and hypertension and HDL
cholesterol for those age 55 and older. However, we observed
that the PAF may require periodic recalculation in different age
groups to adequately monitor the population trends in world
regions.

6.1 Incidence, Mortality and Secondary Prevention of Ischemic
Heart Disease

Girona, as in other areas of Spain and southern Europe, is among
the regions with the lowest AMI attack and mortality rate in the
world3®? 4850 |n addition, the incidence rate in the male popu-
lation aged 35-64 years improved since 1990. However, this
finding has not been observed in those aged 65-74, suggest-
ing that combined primary and secondary prevention measures
are postponing the age of AMI occurrence or recurrence rather
than achieving a reduction in the total number of cases*’. The
particularly low incidence rates observed in women in this area
(the lowest in the world) may explain the absence of significant
changes during the studied period. Certainly, the low incidence
observed in the region makes a decline in mortality less statis-
tically significant than in places with much higher rates in the
early 1990532, 34,193, 194.

A significant decrease in in-hospital case-fatality has also been
observed. As more people live with IHD, the burden of preva-
lent disease with its assorted comorbid complications is increas-
ing*’. This fact may explain the increasing number of discharg-
es for IHD observed in Spain and Catalonia“*®, despite the fact
that the overall recurrence rate of major events (i.e., AMI) has
not varied significantly. First, the aging of the population has
translated into an increase in AMI and unstable angina cases in
Spain¥. Second, improvements in medical technology have led
to substantial changes in the treatment®' 62 (e.g., thrombolysis'’®®,
antiplatelet drugs™>'%7, beta-blockers'®®, angiotensine conversive
enzyme inhibitors™®, and statins?°°) and management (e.g., cor-
onary angiography and angioplasty?°"2°2) of AMI patients, which
are more often used now than just a few years ago?2°32°5, Indeed,
following their introduction in the mid-80s, the use of proven
life-saving drugs rapidly increased until it became relatively sta-
ble in new AMI cases?°®. Our study showed huge progress in the
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use of anticoagulants, beta-blockers, coronary angioagraphy,
and revascularization techniques between 1990 and 1999.

Compared with the risk in the general population, IHD patients
have a 5- to 7-fold increased risk of recurrent AMI*’. Thus, pa-
tients with clinically significant atherosclerosis warrant an ag-
gressive approach to managing cardiovascular risk factors to
reduce recurrent events and the need for interventional proce-
dures, and to improve the quality of life>®. However, our results
showed that about half of stable IHD individuals from Girona
and Toulouse did not reach the European goal established for
LDL cholesterol in secondary prevention?°¢, Moreover, despite
the fact that close to 100% of patients who reported a history of
hypertension were receiving treatment, the goal for blood pres-
sure control (140/90 mmHg) was achieved only in 42% and 72%
of the French and Spanish participants, respectively. Regarding
LDL cholesterol, about half of the participants did not reach the
European goal in secondary prevention. This failure has been
extensively described in other studies previously published?°7-210
and has been attributed by the European Action on Secondary
Prevention by Intervention to Reduce Events Il (EUROASPIRE
I1) Study authors first to the prescription of low-dose treatments
and then to poor patient compliance?®’.

Finally, only around 40% of stable IHD patients were treated
with the drug combination (statins, antiplatelet agents, and
beta-blockers) that has been shown to improve survival in IHD-
patients®® 2% the fraction of the population at highest CVD risk?".

6.2 Reducing the Burden of Ischemic Heart Disease in South-
ern Europe

Since the PAF combines the concepts of incidence of a disease
and its risk factor prevalence, estimates should be population-
specific to identify the potential benefits of public health pre-
vention efforts adapted to each region’s characteristics'™.

In our population, LDL cholesterol was the risk factor with the
highest potential impact on IHD prevention. PAF estimates from
the INTERHEART study using data from 52 countries™ and some
other local studies™* 8518 showed similar results. Indeed, LDL
cholesterol levels experienced a dramatic decrease between
1995 and 2005 that has led to a shift to the left in the popula-
tion distribution curves. Geoffrey Rose described this as one of
the essential public health objectives, given the potential conse-
quences for reducing CVD that are implicit in such a change'>¢
This dramatic decrease was also observed in other European
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countries and the USA?226, However, it cannot be attributed
to better lipid-lowering treatment in our population, which did
improve significantly, since a sensitivity analysis that excluded
those under treatment also showed the same shift in the dis-
tribution. Therefore, we should assume that the population has
experienced a growing interest in their health in the case of cho-
lesterol.

The feasibility of medical treatment of dyslipemia in the primary
prevention of IHD has been widely discussed. The first point is
the potential costs involved in treating large segments of the
population?’. When setting therapy thresholds in Spain, we
should also take into account that the main clinical trials were
conducted in high-incidence countries® 7" 74 except for the
Management of Elevated Cholesterol in the Primary Prevention
Group of Adult Japanese (MEGA) study, which was conducted
in Japan, a low-incidence country”>. The absolute risk reduc-
tion in the latter was much smaller than in other countries, even
though blood lipid levels at baseline were similar”>. At the popu-
lation scale, greater clinical benefit and economic efficiency in
reducing the risk of IHD is attained in high-incidence countries™'.

The second point discussed is the high-risk profile of partici-
pants in primary prevention trials® 775 This selection was to
some extent biased since they reflected a fairly small proportion
of the general population?”. For instance, 40% of men and 80%
of women in the Framingham Heart Study had lipid profiles that
did not meet eligibility criteria for inclusion in the large primary
prevention trials?®. Pragmatic clinical trials with higher exter-
nal validity are desirable to establish more realistic population-
based recommendations.

In contrast, HDL cholesterol, which plays a key role in lowering
cardiovascular risk’®®, remained unchanged over the 10-year
period analyzed. This lipid fraction might contribute to the low
IHD incidence found in Southern Europe populations?®. In our
study, although triglyceride, total and LDL cholesterol mean lev-
els were quite similar between IHD-free and stable-IHD people in
Girona, mean levels of HDL cholesterol differed between these
two groups. PAF estimates showed that raising HDL cholesterol
would have a potential impact on IHD prevention in people older
than 54, which is in turn the age group with the highest IHD
incidence. Up to now, lifestyle modifications with greater car-
diovascular benefit (i.e., diet, exercise, weight loss, and smoking
cessation) have shown a favourable impact on HDL cholesterol
levels, whereas the clinical efficacy of drugs raising HDL choles-
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terol is far less abundant than for statins’, which mainly involve
lowering LDL cholesterol?200.220.221,

A large number of placebo-controlled trials have conclusively
demonstrated that, in patients with high blood pressure values
(i.e., systolic values >160 mmHg or diastolic values >100 mmHg),
blood pressure reduction lowers cardiovascular morbidity
and mortality???>??>, Indeed, hypertension was the second most
prevalent risk factor in our region, with the highest potential im-
pact on IHD prevention in people older than 54. Almost 50% of
men and 40% of women were diagnosed with hypertension or
had blood pressure measurements beyond the limits of hyper-
tension; this prevalence reached 70% in participants aged 65
years or above. Primary care with universal coverage in Spain
has probably improved the detection and purposeful treatment
of hypertension, in addition to specific institutional prevention
campaigns.

Smoking prevalence increased in women and remained steadily
high in men over the period, together with a growth in the per-
centage of former smokers for both sexes, probably related to
smoking ban policies developed in recent years in Spain. In addi-
tion, smoking was the most prevalent cardiovascular risk factor
in stable-IHD individuals younger than 60 years. Younger smok-
ers, but not those older than 54 years, had significantly higher
risk (4 times) not only of developing an IHD event, but also of
dying from any cause at 10 years than non-smokers of the same
age in our cohort. Lloyd-Jones et al. reported that smokers had
CVD much earlier than non-smokers in the Framingham Heart
Study??¢. However, lifetime risk for CVD was similar for smokers
and non-smokers, due to the competing risk of death from other
smoking-related causes??6 227,

Overweight and obesity have increased at an alarming rate in
our region in recent years. Indeed, a decrease in overall diet
quality has been described in the Girona population between
2000 and 2005%%8, Recent publications have underlined the con-
siderable increase in the monetary cost of food, in particular of
items associated with a low risk of obesity, over the last few
years??°. Moreover, frequent fast food consumption has been di-
rectly related to body mass index and the risk of obesity?3°. De-
spite obesity being a significant predictor of IHD in the Framing-
ham cohort followed up to 44 years™, our results did not show
a significant association with this disease at 10 years. Therefore,
the sustained increase in body mass index observed in our pop-
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ulation will possibly take some time to translate into higher AMI
incidence and mortality rates.

In summary, an overall approach to IHD prevention that takes
multiple risk factors into consideration generally provides a
more effective measure to substantiate treatment decisions
than separate individual risk factor measurements'®’.

6.3 Future Research

The findings in this research accurately depict the current situ-
ation of IHD epidemics in Spain. The determinants of IHD are
multifactorial, and the impact of the different risk factors on
incidence and fatalities might vary over time and geography*’.
The continued monitoring in a delimited area in South Europe
has allowed detection of changes in the trends and their deter-
minants and the evaluation of the effectiveness of public health
strategies to fight IHD.

The next step in this line of research is to ascertain the potential
role of primary and secondary prevention in the recent declines
in IHD incidence and mortality in those younger than 74 years.
The comprehensive IMPACT model, which has been already ap-
plied and validated in other countries® 23236 will be adapted to
the Spanish population for this purpose.

In addition, many issues regarding the epidemiology of IHD still
remain unsolved. First, the role of potential protective factors in
South Europe remains to be elucidated, such as the interaction
between the environment, particularly diet and physical activity,
and genetic characteristics of the population.

Second, although large randomized clinical trials have estab-
lished the role of statins as effective medical therapy for the
primary prevention of IHD events® 775 the beneficial effects
elicited by this class of drugs may be attributed to the diversity
of their non-lipid-lowering pleiotropic effects?*’. Unless new evi-
dence becomes available, advice on lifestyle, including smoking
cessation, engaging in the maximum physical exercise possible
for one’s age and personal fitness, adopting a healthy diet, and
controlling weight, is supported by robust scientific evidence, is
the most widely accepted prevention strategy and should be
systematically applied in IHD prevention regardless of the level
of coronary risk®7- 69,

Third, the purpose of risk assessment is not to categorize individ-
uals according to a test, but rather to identify and prioritize indi-
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viduals who can be helped by preventive activities™. The Fram-
ingham function adapted to the Spanish population allows reli-
able and accurate coronary risk estimation and responds to the
recommendation that prevention strategies should be adapted
to local characteristics®® ¢°. The problem remains in those indi-
viduals classified in the intermediate risk group, among whom
the greatest proportion of IHD events will occur. The new pop-
ulation screening strategies for atherosclerosis try to identify
the “vulnerable patient”: an individual who is likely to suffer IHD
events, based on vulnerable plague markers (unstable or high-
risk), vulnerable blood (tendency to thrombosis), and vulnerable
myocardium (electrically unstable or arrhythmogenic)?3.
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7. CONCLUSIONS

7.1 Incidence and mortality rates due to AMI are low in Girona
compared to northern, eastern and western Europe, the USA
and other Anglo-Saxon countries. Almost half of patients with
AMI die within 28 days following symptom onset, two-thirds of
these without accessing hospital care. The improvements found
in the attack, incidence and recurrence rates of AMI cases in
males aged 35-64 years between 1990 and 1999 were not ob-
served in those aged 65-74 years, possibly indicating a delay in
age of AMI onset or recurrence. Attention in the acute phase of
AMI has probably helped to reduce the number of fatal cases in
hospitalized males, especially in those over 64 years. There are
no changes in any indicator in females, who present extraordi-
narily low rates in the region.

7.2 The prevalence of classic cardiovascular risk factors in Girona
is high despite the relatively low AMI incidence and death rates
observed in this region. The cardiovascular risk factor preva-
lence change in Girona has been marked in the last decade by a
shift of total cholesterol and LDL cholesterol distributions to the
left, independent of the increase in lipid-lowering drug use, and
by better hypertension control, accompanied by increased use
of antihypertensive drugs.
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7.3 Cardiovascular risk factor prevalence is high among French
and Spanish stable-IHD patients. In particular, French partici-
pants showed higher lipid and blood pressure levels whereas
Spanish patients had higher smoking prevalence. Overall, only
one out of four patients reached the optimal blood pressure or
lipid levels recommended in European guidelines on IHD pre-
vention.

7.4 LDL cholesterol levels had the highest potential for IHD pre-
vention in this population aged 35-74 years, along with smoking
for those younger than 55 and hypertension and HDL cholester-
ol age 55 and older, according to PAF estimations. PAF may re-
quire periodic recalculation in different age groups and periods
to adequately monitor the population trends in world regions.

100 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



8. REFERENCES

1. Essential features of a surveillance system to support the prevention
and management of heart disease and stroke: a scientific statement
from the American Heart Association Councils on Epidemiology and
Prevention, Stroke, and Cardiovascular Nursing and the Interdisciplinary
Working Groups on Quality of Care and Outcomes Research and
Atherosclerotic Peripheral Vascular Disease. Circulation. 2007;115:127-55.

2. Rosamond WD. Invited commentary: trends in coronary heart disease
mortality-location, location, location. Am J Epidemiol. 2003;157:771-3.

3. World Health Statistics, WHO Global Infobase [Homepage on the
Internet]. Geneva: World Health Organization; 2000 [Cited January 8,
2009]. Available from: http://www.who.int/ncd_surveillance/infobase/
web/ InfoBaseCommon/.

4. INEbase [Homepage on the Internet]. Madrid: National Statistics
Institute; 2009 [Cited January 8, 2009]. Available from: http://www.ine.
es/en/inebmenu /mnu_mnp_en.htm.

5. Gisbert R, Brosa M, Bohigas L. Distribution of the public healthcare
budget of Catalonia (Spain) for 2005 among the 17 ICD-9-CM
categories. Gac Sanit. 2007;21:124-131.

6. Rose G. Incubation period of coronary heart disease. Br Med J (Clin
Res Ed). 1982;284:1600-1601.

7. Beaglehole R. International trends in coronary heart disease mortality
and incidence rates. J Cardiovasc Risk. 1999;6:63-68.

8. Lusis AJ. Atherosclerosis. Nature. 2000;407:233-241.

9. Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. N Engl J Med. 2005;352:1685-1695.

Maria Grau | 101



10. Black HR. Cardiovascular Risk Factors. In: Zaret BL, Moser M, Cohen
LS, editors. Yale University School of Medicine Heart Book [e-book].
New Haven: Yale University Medical Library; 1992 [Cited January 8,
2009]:32-36. Available from: http://www.med.yale.edu/library/heartbk.

1. Steinberg D. Atherogenesis in perspective: hypercholesterolemia and
inflammation as partners in crime. Nat Med. 2002;8:1211-1217.

12. O’Donnell CJ, Elosua R. Cardiovascular risk factors. Insights from
Framingham Heart Study. Rev Esp Cardiol. 2008;61:299-310.

13. Rose G. The Strategy of Preventive Medicine. New York: Oxford
University Press, 1992.

14. Stallones RA. The rise and fall of ischemic heart disease. Sci Am.
1980;243:53-59.

15. The National Digital Archives of Datasets. The National Archives
[Homepage on the Internet]. Kew, Richmond, Surrey: The National
Archives; 2009 [Cited May 4, 2009]. Available from: http://www.ndad.
nationalarchives.gov.uk/

16. Appendix statistics: Life expectancy in England and Wales. Office
of Health Economics [Homepage on the Internet]. London: Office of
Health Economics; 2009 [Cited May 4, 2009]. Available from: http://
www.ohe.org/page/knowledge/schools/appendix/life_expectancy.cfm

17. Omran AR. The epidemiologic transition. A theory of the
epidemiology of population change. Milbank Mem Fund Q. 1971;49:509-
538.

18. Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of
cardiovascular diseases: part I: general considerations, the
epidemiologic transition, risk factors, and impact of urbanization.
Circulation. 2001;104:2746-2753.

19. Evaluation of serum lipoprotein and cholesterol measurements
as predictors of clinical complications of atherosclerosis; report of
a cooperative study of lipoproteins and atherosclerosis. Circulation.
1956;14(4 Part 2):691-742.

20. Keys A, Taylor HL, Blackburn H, Brozek J, Anderson JT, Simonson
E. Coronary Heart Disease among Minnesota business and professional
men followed fifteen years. Circulation. 1963;28:381-395.

21. Dawber TR, Moore FE, Mann GV. Coronary heart disease in the
Framingham study. Am J Public Health Nations Health. 1957;47(4 Pt
2):4-24.

22. Oppenheimer GM. Becoming the Framingham Study 1947-1950. Am
J Public Health. 2005;95:602-610.

23. Framingham Heart Study. A Project of the National Heart, Lung
and Blood Institute and Boston University [Homepage on the Internet].
Framingham: Framingham Heart Study; 2009 [Cited January 8, 2009].
Available from: http://www.framinghamheartstudy.org/.

24. Kannel WB, D’Agostino RB, Sullivan L, Wilson PW. Concept and
usefulness of cardiovascular risk profiles. Am Heart J. 2004;148:16-26.

25. Aronowitz RA. The Social Construction of Coronary Heart Disease

Risk Factors. In: Rosenberg C, Jones C, editors. Making Sense of lliness.
Cambridge: Cambridge University Press, 1998.

102 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



26. British Heart Foundation Statistics Website [Homepage on the
Internet]. London: British Heart Foundation; 2009 [Cited March 5,
2009]. Available from: http://www.heartstats.org/

27. Beaglehole R. International trends in coronary heart disease
mortality, morbidity, and risk factors. Epidemiol Rev.1990;12:1-15.

28. Le Fanu J. The case of the missing data. BMJ. 2002;325:1490-1493.

29. Alpert JS. Coronary heart disease: where have we been and where
are we going? Lancet. 1999;353:1540-1541.

30. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas
AM, Pajak. A. Myocardial infarction and coronary deaths in the World
Health Organization MONICA Project. Registration procedures, event
rates, and case-fatality rates in 38 populations from 21 countries in four
continents. Circulation. 1994;90:583-612.

31. White AD, Folsom AR, Chambless LE, Sharret AR, Yang K, Conwill
D, et al. Community surveillance of coronary heart disease in the
Atherosclerosis Risk in Communities (ARIC) Study: methods and initial
two years’ experience. J Clin Epidemiol. 1996;49:223-233.

32. Tunstall-Pedoe H, Kuulasmaa K, Mahénen M, Tolonen H, Ruokokoski
E, Amouyel P. Contribution of trends in survival and coronary-event
rates to changes in coronary heart disease mortality: 10-year results
from 37 WHO MONICA project populations. Monitoring trends and
determinants in cardiovascular disease. Lancet. 1999;353:1547-1557.

33. Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S,
Tolonen H, Evans A, et al. Estimation of contribution of changes in
classic risk factors to trends in coronary-event rates across the WHO
MONICA Project populations. Lancet. 2000;355:675-687.

34. Rosamond WD, Folsom AR, Chambless LE, Wang CH; ARIC
Investigators. Atherosclerosis Risk in Communities. Coronary heart
disease trends in four United States communities. The Atherosclerosis
Risk in Communities (ARIC) study 1987-1996. Int J Epidemiol. 2001;30
Suppl 1:517-S22.

35. Blackburn H. Overview: The Seven Countries Study in brief.
Seven Countries Study [Homepage on the Internet]. Minneapolis:
Epidemiology and Community Health. University of Minnesota; 2009
[Cited January 8, 2009]. Available from: http://www.epi.umn.edu/
research/7countries/overview.shtm.

36. Verschuren WM, Jacobs DR, Bloemberg BP, Kromhout D, Menotti A,
Aravanis C, et al. Serum total cholesterol and long-term coronary heart
disease mortality in different cultures. Twenty-five-year follow-up of the
seven countries study. JAMA. 1995;274:131-136.

37. van den Hoogen PC, Feskens EJ, Nagelkerke NJ, Menotti A, Nissinen
A, Kromhout D. The relation between blood pressure and mortality due
to coronary heart disease among men in different parts of the world.
Seven Countries Study Research Group. N Engl J Med. 2000;342:1-8.

38. Mathers CD, Loncar D. Projections of global mortality and burden of
disease from 2002 to 2030. PLoS Med. 2006;3:e442.

39. Murray CJ, Lopez AD. Mortality by cause for eight regions of the
world: Global Burden of Disease Study. Lancet. 1997;349:1269-1276.

40. Strong K, Mathers C, Leeder S, Beaglehole R. Preventing chronic
diseases: how many lives can we save? Lancet. 2005;366:1578-1582.

Marfa Grau | 103



41. Marrugat J, Elosua R, Marti H. Epidemiology of ischaemic heart
disease in Spain: estimation of the number of cases and trends from
1997 to 2005. Rev Esp Cardiol. 2002;55:337-346.

42. Estudio de mortalidad en Espafia. Area de Analisis Epidemioldgico
y Situacion de Salud [Homepage on the Internet]. Madrid: Instituto

de Salud Carlos Ill, 2009 [Cited January 8, 2009] Available from:
http://193.146.50.130/raziel.php.

43. Plan de Calidad para el Sistema Nacional de Salud. Estrategia en
Cardiopatia isquémica del Sistema Nacional de Salud. Madrid: Ministerio
de Sanidad y Consumo, 2006.

44. Greenland P, Lloyd-Jones D. Time to end the mixed--and often
incorrect--messages about prevention and treatment of atherosclerotic
cardiovascular disease. J Am Coll Cardiol. 2007;50:2133-2135.

45, Instituto Nacional de Estadistica (INE). Encuesta de Morbilidad
Hospitalaria [Homepage on the Internet]. Madrid: Instituto Nacional de
Estadistica, 2009 [Cited January 8, 2009] Available from: http://www.
ine.es/jaxi/menu.do?type=pcaxis&path=/t15/p414&file=inebase&L=0.

46. Centers for Disease Control and Prevention. Updated guidelines

for evaluating public health surveillance systems: recommendations
from the guidelines working group. MMWR Recomm Rep [Serial online].
2001;50(RR-13):1-35. [Cited January 8, 2009] Available from: http://
www.cdc.gov/mmwr/ preview/mmwrhtml/rr5013al.htm.

47. Roger VL. Epidemiology of myocardial infarction. Med Clin North
Am. 2007;91:537-552; ix.

48. Sans S, Puigdefabregas A, Paluzie G, Monterde D, Balaguer-Vintré I.
Increasing trends of acute myocardial infarction in Spain: the MONICA-
Catalonia Study. Eur Heart J. 2005;26:505-515.

49. Pérez G, Pena A, Sala J, Roset P, Masia R, Marrugat J. Acute
myocardial infarction case fatality, incidence and mortality rates in a
population registry in Gerona, Spain, 1990-1992. REGICOR Investigators.
Int J Epidemiol. 1998;27:599-604.

50. Marrugat J, Elosua R, Aldasoro E, Tormo MJ, Vanaclocha H, Segura
A, et al. Regional variability in population acute myocardial infarction
cumulative incidence and mortality rates in Spain 1997 and 1998. Eur J
Epidemiol. 2004;19:831-839.

51. Chambless L, Keil U, Dobson A, Mahénen M, Kuulasmaa

K, Rajakangas AM, et al. Population versus clinical view of case
fatality from acute coronary heart disease: results from the WHO
MONICA Project 1985-1990. Multinational MONItoring of Trends and
Determinants in CArdiovascular Disease. Circulation. 1997;96:3849-
3859.

52. The REGICOR Study. A Heart Registry undertaken in Girona, Spain
1978-2008. Barcelona: Departament de Salut de la Generalitat de
Catalunya, 2008.

53. Masid R, Pena A, Marrugat J, Sala J, Vila J, Pavesi M, et al. High
prevalence of cardiovascular risk factors in Gerona, Spain, a province
with low myocardial infarction incidence. REGICOR Investigators. J
Epidemiol Community Health.1998;52:707-715.

54. Pérez G, Marrugat J, Sala J. Myocardial infarction in Girona, Spain:

attack rate, mortality rate and 28-day case fatality in 1988. Regicor
Study Group. J Clin Epidemiol. 1993;46:1173-1179.

104 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



55. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke
TE, et al. Explaining the decrease in U.S. deaths from coronary disease,
1980-2000. N Engl J Med. 2007;356:2388-2398.

56. Rose G. Sick individuals and sick populations. Int J Epidemiol.
1985;14:32-38.

57. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of The Third Report
of The National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel Ill). JAMA. 2001;285:2486-2497.

58. AHA/ACC guidelines for secondary prevention for patients with
coronary and other atherosclerotic vascular disease: 2006 update
endorsed by the National Heart, Lung, and Blood Institute. / Am Col/
Cardiol. 2006;47:2130-2139.

59. Third Joint Task Force of European and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice. European
guidelines on cardiovascular disease prevention in clinical practice.
Third Joint Task Force of European and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice. Eur Heart J.
2003;24:1601-1610.

60. Fourth 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: executive summary. Eur Heart J. 2007;28:2375-2414.

61. Gil M, Marrugat J, Sala J, Masid R, Elosua R, Albert X, et al.
Relationship of therapeutic improvements and 28-day case fatality
in patients hospitalized with acute myocardial infarction between
1978 and 1993 in the REGICOR study, Gerona, Spain. The REGICOR
Investigators. Circulation. 1999;99:1767-1773.

62. McGovern PG, Jacobs DR Jr, Shahar E, Arnett DK, Folsom AR,
Blackburn H, et al. Trends in acute coronary heart disease mortality,
morbidity, and medical care from 1985 through 1997: the Minnesota
heart survey. Circulation. 2001;104:19-24.

63. Beaglehole R, Magnus P. The search for new risk factors for
coronary heart disease: occupational therapy for epidemiologists? /nt J
Epidemiol. 2002;31:1117-1122

64. Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB,
et al. Major risk factors as antecedents of fatal and nonfatal coronary
heart disease events. JAMA. 2003;290:891-897.

65. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaton
JD. Relationship of baseline serum cholesterol levels in 3 large cohorts
of younger men to long-term coronary, cardiovascular, and all-cause
mortality and to longevity. JAMA. 2000;284:311-8.

66. Stamler J, Stamler R, Neaton JD, Wentworth D, Daviglus ML,
Garside D, et al. Low risk-factor profile and long-term cardiovascular
and noncardiovascular mortality and life expectancy: findings for 5
large cohorts of young adult and middle-aged men and women. JAMA.
1999;282:2012-2018.

67. Daviglus ML, Stamler J, Pirzada A, Yan LL, Garside DB, Liu K, et al.
Favorable cardiovascular risk profile in young women and long-term
risk of cardiovascular and all-cause mortality. JAMA. 2004;292:1588-
1592.

Maria Grau | 105



68. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al.
Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study.
Lancet. 2004;364:937-952.

69. Khot UN, Khot MB, Bajzer CT, Sapp SK, Ohman EM, Brener SJ, et al.
Prevalence of conventional risk factors in patients with coronary heart
disease. JAMA. 2003;290:898-904.

70. Bongard V, Cambou JP, Lezorovcz A, Ferriéres J, Vahanan A,
Jullen G, et al. Comparison of cardiovascular risk factors and drug
use in 14,544 French patients with a history of myocardial infarction,
ischaemic stroke and/or peripheral arterial disease. Eur J Cardiovasc
Prev Rehabil. 2004;11:394-402.

71. Bhatt DL, Steg PG, Ohman EM, Hirsch AT, Ikeda Y, Mas JL, et al.
International prevalence, recognition, and treatment of cardiovascular
risk factors in outpatients with atherothrombosis. JAMA. 2006;295:180-
189.

72. Ballantyne CM, Hoogeveen RC. Role of lipid and lipoprotein profiles
in risk assessment and therapy. Am Heart J. 2003;146:227-233.

73. Kannel WB, Castelli WP, Gordon T. Cholesterol in the prediction of
atherosclerotic disease. New perspectives based on the Framingham
study. Ann Intern Med. 1979;90:85-91.

74. Gofman JW, Young W, Tandy R. Ischemic heart disease,
atherosclerosis, and longevity. Circulation. 1966;34:679-697.

75. Carmena R, Duriez P, Fruchart JC. Atherogenic lipoprotein particles
in atherosclerosis. Circulation. 2004;109(23 Suppl 1:112-1117.

76. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE,
Wattigney WA. Association between multiple cardiovascular risk
factors and atherosclerosis in children and young adults. The Bogalusa
Heart Study. N Eng/ J Med. 1998;338:1650-1656.

77. Klag MJ, Ford DE, Mead LA, He J, Whelton PK, Liang KY, et al.
Serum cholesterol in young men and subsequent cardiovascular
disease. N Engl J Med. 1993;328:313-318.

78. Kontush A, Chapman MJ. Antiatherogenic small, dense HDL--
guardian angel of the arterial wall? Nat Clin Pract Cardiovasc Med.
2006;3:144-153.

79. Assmann G, Gotto AM Jr. HDL cholesterol and protective factors in
atherosclerosis. Circulation. 2004;109(23 Suppl 1):1118-11114.

80. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR.
High density lipoprotein as a protective factor against coronary heart
disease. The Framingham Study. Am J Med. 1977;62:707-714.

81. Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD, Castelli WP,
Knoke JD, et al. High-density lipoprotein cholesterol and cardiovascular
disease. Four prospective American studies. Circulation. 1989;79:8-15.

82. Gotto AM Jr, Whitney E, Stein EA, Shapiro DR, Clearfield M, Weis
S, et al. Relation between baseline and on-treatment lipid parameters
and first acute major coronary events in the Air Force/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS). Circulation.
2000;101:477-484.

106 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



83. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA,
et al. Primary prevention of acute coronary events with lovastatin in
men and women with average cholesterol levels: results of AFCAPS/
TexCAPS. Air Force/Texas Coronary Atherosclerosis Prevention Study.
JAMA. 1998;279:1615-1622.

84. Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L,
Keyes MJ, et al. Clinical utility of different lipid measures for prediction
of coronary heart disease in men and women. JAMA. 2007;298:776-785.

85. Nam BH, Kannel WB, D’Agostino RB. Search for an optimal
atherogenic lipid risk profile: from the Framingham Study. Am J Cardiol.
2006;97:372-375.

86. O’Donnell CJ, Ridker PM, Glynn RJ, Berger K, Ajani U, Manson JE, et
al. Hypertension and borderline isolated systolic hypertension increase
risks of cardiovascular disease and mortality in male physicians.
Circulation. 1997;95:1132-1137.

87. Kannel WB. Blood pressure as a cardiovascular risk factor:
prevention and treatment. JAMA. 1996;275:1571-1576.

88. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective
Studies Collaboration. Age-specific relevance of usual blood pressure
to vascular mortality: a meta-analysis of individual data for one million
adults in 61 prospective studies. Lancet. 2002;360:1903-1913.

89. Vasan RS, Larson MG, Leip EP, Evans JC, O’'Donnell CJ, Kannel WB,
et al. Impact of high-normal blood pressure on the risk of cardiovascular
disease. N Engl J Med. 2001;345:1291-1297.

90. Conen D, Ridker PM, Buring JE, Glynn RJ. Risk of cardiovascular
events among women with high normal blood pressure or blood
pressure progression: prospective cohort study. BMJ. 2007;335:432.

91. Kannel WB, Dawber TR, McGee DL. Perspectives on systolic
hypertension. The Framingham study. Circulation. 1980;61:1179-1182.

92. Kannel WB, Doyle JT, Ostfeld AM, Jenkins CD, Kuller L, Podell RN, et
al. Optimal resources for primary prevention of atherosclerotic diseases.
Atherosclerosis Study Group. Circulation. 1984;70:155A-205A.

93. Keil U. Coronary artery disease: the role of lipids, hypertension and
smoking. Basic Res Cardiol. 2000;95 Suppl 1:152-158.

94. Lakier JB. Smoking and cardiovascular disease. Am J Med.
1992;93(1A):85-12S.

95. Keil U, Liese AD, Hense HW, Filipiak B, Doéring A, Stieber J, et

al. Classical risk factors and their impact on incident non-fatal and
fatal myocardial infarction and all-cause mortality in southern
Germany. Results from the MONICA Augsburg cohort study 1984-1992.
Monitoring Trends and Determinants in Cardiovascular Diseases. Eur
Heart J.1998;19:1197-1207.

96. Critchley JA, Capewell S. Mortality risk reduction associated with
smoking cessation in patients with coronary heart disease: a systematic
review. JAMA. 2003;290:86-97.

97. Wilson K, Gibson N, Willan A, Cook D. Effect of smoking cessation

on mortality after myocardial infarction: meta-analysis of cohort studies.
Arch Intern Med. 2000;160:939-944.

Marfa Grau | 107



98. Rea TD, Heckbert SR, Kaplan RC, Smith NL, Lemaitre RN, Psaty BM.
Smoking status and risk for recurrent coronary events after myocardial
infarction. Ann Intern Med. 2002;137:494-500.

99. McEIlduff P, Dobson A, Beaglehole R, Jackson R. Rapid reduction in
coronary risk for those who quit cigarette smoking. Aust N Z J Public
Health. 1998;22:787-791.

100. Goldenberg |, Jonas M, Tenenbaum A, Boyko V, Matetzky S,
Shotan A, et al. Current smoking, smoking cessation, and the risk of
sudden cardiac death in patients with coronary artery disease. Arch
Intern Med. 2003;163:2301-2305.

101. Godtfredsen NS, Osler M, Vestbo J, Andersen |, Prescott E. Smoking
reduction, smoking cessation, and incidence of fatal and non-fatal
myocardial infarction in Denmark 1976-1998: a pooled cohort study. J
Epidemiol Community Health. 2003;57:412-416.

102. Parish S, Collins R, Peto R, Youngman L, Barton J, Jayne K, et
al. Cigarette smoking, tar yields, and non-fatal myocardial infarction:
14,000 cases and 32,000 controls in the United Kingdom. The
International Studies of Infarct Survival (ISIS) Collaborators. BMJ.
1995;311:471-477.

103. Doll R, Peto R. Mortality in relation to smoking: 20 years’
observations on male British doctors. Br Med J. 1976;2:1525-1536.

104. Law MR, Wald NJ. Environmental tobacco smoke and ischemic
heart disease. Prog Cardiovasc Dis. 2003;46:31-38.

105. Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis:
epidemiology, pathophysiology, and management. JAMA. 2002; 287:
2570-2581.

106. Fox CS, Coady S, Sorlie PD, Levy D, Meigs JB, D’Agostino RB
Sr, et al. Trends in cardiovascular complications of diabetes. JAMA.
2004;292:2495-2499.

107. Goldschmid MG, Barrett-Connor E, Edelstein SL, Wingard DL, Cohn
BA, Herman WH. Dyslipidemia and ischemic heart disease mortality
among men and women with diabetes. Circulation. 1994;89:991-997.

108. Levitzky YS, Pencina MJ, D’Agostino RB, Meigs JB, Murabito JM,
Vasan RS, et al. Impact of impaired fasting glucose on cardiovascular
disease: the Framingham Heart Study. J Am Coll Cardiol. 2008;51:264-
270.

109. Haffner SM, Lehto S, Rénnemaa T, Pyorala K, Laakso M. Mortality
from coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction. N
Engl J Med. 1998;339:229-234.

1O. Juutilainen A, Lehto S, Rdnnemaa T, Pyo6rala K, Laakso M. Type

2 diabetes as a “coronary heart disease equivalent”: an 18-year
prospective population-based study in Finnish subjects. Diabetes Care.
2005;28:2901-2907.

M. Schramm TK, Gislason GH, Kgber L, Rasmussen S, Rasmussen JN,
Abildstrem SZ, et al. Diabetes patients requiring glucose-lowering
therapy and nondiabetics with a prior myocardial infarction carry the
same cardiovascular risk: a population study of 3.3 million people.
Circulation. 2008;117:1945-1954.

108 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



N2. Bulugahapitiya U, Siyambalapitiya S, Sithole J, Idris I. Is diabetes a
coronary risk equivalent? Systematic review and meta-analysis. Diabet
Med. 2009;26:142-8.

N3. Engeland A, Bjgrge T, Segaard AJ, Tverdal A. Body mass index in
adolescence in relation to total mortality: 32-year follow-up of 227,000
Norwegian boys and girls. Am J Epidemiol. 2003;157:517-523.

N4. Jee SH, Sull JW, Park J, Lee SY, Ohrr H, Guallar E, et al. Body-
mass index and mortality in Korean men and women. N Engl J Med.
2006;355:779-787.

15. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an
independent risk factor for cardiovascular disease: a 26-year follow-up
of participants in the Framingham Heart Study. Circulation. 1983;67:968-
977.

16. Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB.
Overweight and obesity as determinants of cardiovascular risk: the
Framingham experience. Arch Intern Med. 2002;162:1867-1872.

N7. Eckel RH, Kahn R, Robertson RM, Rizza RA. Preventing
cardiovascular disease and diabetes: a call to action from the American
Diabetes Association and the American Heart Association. Diabetes
Care. 2006;29:1697-1699.

N8. Baker JL, Olsen LW, Sgrensen Tl. Childhood body-mass index
and the risk of coronary heart disease in adulthood. N Eng/ J Med.
2007;357:2329-2337.

19. Lloyd-Jones DM, Liu K, Colangelo LA, Yan LL, Klein L, Loria

CM, et al. Consistently stable or decreased body mass index in
young adulthood and longitudinal changes in metabolic syndrome
components: the Coronary Artery Risk Development in Young Adults
Study. Circulation. 2007;115:1004-1011.

120. Medrano MJ, Cerrato E, Boix R, Delgado-Rodriguez M.
Cardiovascular risk factors in Spanish population: metaanalysis of cross-
sectional studies. Med Clin (Barc). 2005;124:606-612.

121. Gabriel R, Alonso M, Segura A, Tormo MJ, Artigao LM, Banegas JR,
et al. Prevalence, geographic distribution and geographic variability of
major cardiovascular risk factors in Spain. Pooled analysis of data from
population-based epidemiological studies: the ERICE Study. Rev Esp
Cardiol. 2008;61:1030-1040.

122. Marin A, Medrano MJ, Gonzalez J, Pintado H, Compaired V, Barcena
M, et al. Risk of ischaemic heart disease and acute myocardial infarction
in a Spanish population: observational prospective study in a primary-
care setting. BMC Public Health. 2006;6:38.

123. Ferrieres J. The French paradox: lessons for other countries. Heart.
2004;90:107-111.

124. Artaud-Wild SM, Connor SL, Sexton G, Connor WE. Differences in
coronary mortality can be explained by differences in cholesterol and
saturated fat intakes in 40 countries but not in France and Finland. A
paradox. Circulation. 1993;88:2771-2779.

125. Marrugat J, Masia R, Elosua R, Covas MI. Cardiovascular Protective
Factors: Can they explain for differences in mortality and morbidity
between the Mediterranea and the Anglo-saxon population?
Cardiovascular Risk Factors. 1998;8:128-137

Maria Grau | 109



126. Prediction of coronary heart disease in Europe. The 2nd report
of the WHO-ERICA Project. ERICA Research Group. Eur Heart J.
1991;12:291-297.

127. Evans AE, Ruidavets JB, McCrum EE, Cambou JP, McClean R,
Douste-Blazy P, et al. Autres pays, autres coeurs? Dietary patterns,
risk factors and ischaemic heart disease in Belfast and Toulouse. QJM.
1995;88:469-477.

128. Yarnell JW. The PRIME study: classical risk factors do not explain
the severalfold differences in risk of coronary heart disease between
France and Northern Ireland. Prospective Epidemiological Study of
Myocardial Infarction. QJM. 1998;91:667-676.

129. Marrugat J, Senti M. Why mortality from heart disease is low in
France. High cholesterol may not have same effect on cardiovascular
risk in southern Europe as elsewhere. BMJ. 2000;320:250.

130. de Lorgeril M, Salen P, Martin JL, Monjaud |, Delaye J, Mamelle

N. Mediterranean diet, traditional risk factors, and the rate of
cardiovascular complications after myocardial infarction: final report of
the Lyon Diet Heart Study. Circulation. 1999;99:779-785.

131. Fito M, Guxens M, Corella D, Sdez G, Estruch R, de la Torre R, et al.
Effect of a traditional Mediterranean diet on lipoprotein oxidation: a
randomized controlled trial. Arch Intern Med. 2007;167:1195-1203.

132. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al.
Cardiorespiratory fitness as a quantitative predictor of all-cause
mortality and cardiovascular events in healthy men and women: a
meta-analysis. JAMA. 2009;301:2024-2035.

133. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al.
Physical activity and public health: updated recommendation for adults
from the American College of Sports Medicine and the American Heart
Association. Circulation. 2007;116:1081-1093.

134. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO,

King AC, et al. 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.

135. Pate RR, Davis MG, Robinson TN, Stone EJ, McKenzie TL, Young
JC, et al. Promoting physical activity in children and youth: a leadership
role for schools: a scientific statement from the American Heart
Association Council on Nutrition, Physical Activity, and Metabolism
(Physical Activity Committee) in collaboration with the Councils on
Cardiovascular Disease in the Young and Cardiovascular Nursing.
Circulation. 2006;114:1214-1224.

136. Schroder H, Elosua R, Vila J, Marti H, Covas MI, Marrugat J. Secular
trends of obesity and cardiovascular risk factors in a Mediterranean
population. Obesity (Silver Spring). 2007;15:557-562.

137. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-
2025: prevalence, numerical estimates, and projections. Diabetes Care.
1998;21:1414-1431.

138. Regidor E, Gutierrez-Fisac JL, Calle ME, Navarro P, Dominguez

V. Trends in cigarette smoking in Spain by social class. Prev Med.
2001;33:241-248.

110 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence, 1990-2005



139. Sala J, Rohlfs |, Garcia MM, Masia R, Marrugat J. Effect of reactions
to symptoms onset on early mortality from myocardial infarction. Rev
Esp Cardiol. 2005;58:1396-1402.

140. Braunwald E. Epilogue: what do clinicians expect from imagers?
J Am Coll Cardiol. 2006;47(8 Suppl):C101-C103.

141. Grau M, Marrugat J. Risk functions and the primary prevention of
cardiovascular disease. Rev Esp Cardiol. 2008;61:404-416.

142. van Venrooij FV, Stolk RP, Banga JD, Erkelens DW, Grobbee DE.
Primary and secondary prevention in cardiovascular disease: an old-
fashioned concept? J Intern Med. 2002;251:301-306.

143. Anderson KM, Odell PM, Wilson PW, Kannel WB. Cardiovascular
disease risk profiles. Am Heart J. 1991;121(1 Pt 2):293-298.

144. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz
H, Kannel WB. Prediction of coronary heart disease using risk factor
categories. Circulation. 1998;97:1837-1847.

145. Ramos R, Solanas P, Corddn F, Rohlfs |, Elosua R, Sala J, et al.
Comparison of population coronary heart disease risk estimated by
the Framingham original and REGICOR calibrated functions] Med Clin
(Barc). 2003;121:521-526.

146. Menotti A, Puddu PE, Lanti M. Comparison of the Framingham
risk function-based coronary chart with risk function from an Italian
population study. Eur Heart J. 2000;21:365-370.

147. Menotti A, Lanti M, Puddu PE, Kromhout D. Coronary heart disease
incidence in northern and southern European populations: a reanalysis

of the seven countries study for a European coronary risk chart. Heart.

2000;84:238-244.

148. Marrugat J, D’Agostino R, Sullivan L, Elosua R, Wilson P, Ordovas
J, et al. An adaptation of the Framingham coronary heart disease risk
function to European Mediterranean areas. J Epidemiol Community
Health. 2003;57:634-638.

149. Laurier D, Nguyen PC, Cazelles B, Segond P. Estimation of CHD risk
in a French working population using a modified Framingham model.
The PCV-METRA Group. J Clin Epidemiol. 1994;47:1353-1364.

150. Houterman S, Boshuizen HC, Verschuren WM, Giampaoli S,
Nissinen A, Menotti A, et al. Predicting cardiovascular risk in the elderly
in different European countries. Eur Heart J. 2002;23:294-300.

151. D’Agostino RB Sr, Grundy S, Sullivan LM, Wilson P; CHD Risk
Prediction Group. Validation of the Framingham coronary heart disease
prediction scores: results of a multiple ethnic groups investigation.
JAMA. 2001;286:180-187.

152. Marrugat J, Subirana |, Comin E, Cabezas C, Vila J, Elosua R,
et al. Validity of an adaptation of the Framingham cardiovascular
risk function: the VERIFICA Study. J Epidemiol Community Health.
2007;61:40-47.

153. Comin E, Solanas P, Cabezas C, Subirana |, Ramos R, Gené-Badia J,

et al. Estimating cardiovascular risk in Spain using different algorithms.
Rev Esp Cardiol. 2007;60:693-702.

Marfa Grau | 111



154. Jones AF, Walker J, Jewkes C, Game FL, Bartlett WA, Marshall T, et
al. Comparative accuracy of cardiovascular risk prediction methods in
primary care patients. Heart. 2001;85:37-43.

155. Ware JH. The limitations of risk factors as prognostic tools. N Eng/
J Med. 2006;355:2615-2617.

156. Taylor AJ, Merz CN, Udelson JE. 34th Bethesda Conference:
Executive summary--can atherosclerosis imaging techniques improve
the detection of patients at risk for ischemic heart disease? J Am Coll
Cardiol. 2003;41:1860-1862.

157. Hennekens CH. Increasing burden of cardiovascular disease:
current knowledge and future directions for research on risk factors.
Circulation. 1998;97:1095-1102.

158. Lefkowitz RJ, Willerson JT. Prospects for cardiovascular research.
JAMA. 2001;285:581-587.

159. Nieto FJ. Cardiovascular disease and risk factor epidemiology:
a look back at the epidemic of the 20th century. Am J Public Health.
1999;89:292-294.

160. Braunwald E. Shattuck lecture--cardiovascular medicine at the turn
of the millennium: triumphs, concerns, and opportunities. N Eng/ J Med.
1997;337:1360-1369.

161. Hackam DG, Anand SS. Emerging risk factors for atherosclerotic
vascular disease: a critical review of the evidence. JAMA. 2003;290:932-
940.

162. Tsimikas S, Brilakis ES, Miller ER, McConnell JP, Lennon RJ,
Kornman KS, et al. Oxidized phospholipids, Lp(a) lipoprotein, and
coronary artery disease. N Engl J Med. 2005;353:46-57.

163. Ross R. Atherosclerosis--an inflammatory disease. N Eng/ J Med.
1999;340:115-126.

164. Gémez M, Valle V, Ards F, Sanz G, Sala J, Fiol M, et al. Oxidized
LDL, lipoprotein (a) and other emergent risk factors in acute
myocardial infarction (FORTIAM study). Rev Esp Cardiol. 2009;62:373-
382.

165. Lalonde M. A New Perspectiva on the Health of Canadians. A
working document. [Document on the Internet] Ottawa: Government
of Canada; 1974 [Cited January 8, 2009] Available from: http://www.
hec-sc.gc.ca/hcs-sss/alt_formats/hpb-dgps/pdf/pubs/1974-lalonde/
lalonde-eng.pdf

166. Frohlich KL, Potvin L. Transcending the known in public health
practice: the inequality paradox: the population approach and
vulnerable populations. Am J Public Health. 2008;98:216-221.

167. Manuel DG, Lim J, Tanuseputro P, Anderson GM, Alter DA, Laupacis
A, et al. Revisiting Rose: strategies for reducing coronary heart disease.
BMJ. 2006;332:659-662.

168. Emberson J, Whincup P, Morris R, Walker M, Ebrahim S. Evaluating
the impact of population and high-risk strategies for the primary
prevention of cardiovascular disease. Eur Heart J. 2004;25:484-491.

169. Jackson R, Lynch J, Harper S. Preventing coronary heart disease.
BMJ. 2006;332:617-618.

112 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence 1990-2005



170. Walley T, Folino-Gallo P, Stephens P, Van Ganse E. Trends in
prescribing and utilization of statins and other lipid lowering drugs
across Europe 1997-2003. Br J Clin Pharmacol. 2005;60:543-551.

171. ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. The Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial. Major outcomes in moderately
hypercholesterolemic, hypertensive patients randomized to pravastatin
vs usual care: The Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT-LLT). JAMA. 2002;288:2998-3007.

172. Sever PS, Dahlof B, Poulter NR, Wedel H, Beevers G, Caulfield
M, et al. Prevention of coronary and stroke events with atorvastatin
in hypertensive patients who have average or lower-than-average
cholesterol concentrations, in the Anglo-Scandinavian Cardiac
Outcomes Trial--Lipid Lowering Arm (ASCOT-LLA): a multicentre
randomised controlled trial. Lancet. 2003;361:1149-1158.

173. Shepherd J, Cobbe SM, Ford |, Isles CG, Lorimer AR, MacFarlane
PW, et al. Prevention of coronary heart disease with pravastatin in men
with hypercholesterolemia. West of Scotland Coronary Prevention
Study Group. N Engl J Med. 1995;333:1301-1307.

174. Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on
low density lipoprotein cholesterol, ischaemic heart disease, and stroke:
systematic review and meta-analysis. BMJ. 2003;326:1423.

175. Nakamura H, Arakawa K, ltakura H, Kitabatake A, Goto Y, Toyota T,
et al. Primary prevention of cardiovascular disease with pravastatin in
Japan (MEGA Study): a prospective randomised controlled trial. Lancet.
2006;368:1155-1163.

176. Pignone M, Earnshaw S, Tice JA, Pletcher MJ. Aspirin, statins, or
both drugs for the primary prevention of coronary heart disease events
in men: a cost-utility analysis. Ann Intern Med. 2006;144:326-36.

177. Hutchison B, Birch S, Evans CE, Goldsmith LJ, Markham BA, Frank J,
Paterson M. Selective opportunistic screening for hypercholesterolemia
in primary care practice. J Clin Epidemiol. 1998;51:817-25.

178. Hutchison B, Birch S, Evans CE, Goldsmith LJ, Markham BA, Frank J,
et al. Screening for hypercholesterolaemia in primary care: randomised
controlled trial of postal questionnaire appraising risk of coronary heart
disease. BMJ. 1998;316:1208-13.

179. HERMES Study Protocol [Monograph on the Internet]. Barcelona:
REGICOR, Registre Gironi del Cor, 2004 [Cited January 8, 2009]
Available from: http://www.regicor.org/fitxers_generals/Protocolo
HERMES.pdf

180. Doyle YG, Furey A, Flowers J. Sick individuals and sick populations:
20 years later. J Epidemiol Community Health. 2006;60:396-398.

181. Northridge ME. Public health methods--attributable risk as a
link between causality and public health action. Am J Public Health.
1995;85:1202-1204.

182. Walter SD. The estimation and interpretation of attributable risk in
health research. Biometrics. 1976;32:829-849.

183. Rockhill B, Newman B, Weinberg C. Use and misuse of population
attributable fractions. Am J Public Health. 1998;88:15-19.

Maria Grau | 113



184. Singh-Manoux A, Nabi H, Shipley M, Guéguen A, Sabia S, Dugravot
A, et al. The role of conventional risk factors in explaining social
inequalities in coronary heart disease: the relative and absolute
approaches to risk. Epidemiology. 2008;19:599-605.

185. Woodward M, Martiniuk A, Ying Lee CM, Lam TH, Vanderhoorn
S, Ueshima H, et al. Elevated total cholesterol: its prevalence and
population attributable fraction for mortality from coronary heart
disease and ischaemic stroke in the Asia-Pacific region. Eur J
Cardiovasc Prev Rehabil. 2008;15:397-401.

186. Lee CM, Huxley RR, Lam TH, Martiniuk AL, Ueshema H, Pan WH, et
al. Prevalence of diabetes mellitus and population attributable fractions
for coronary heart disease and stroke mortality in the WHO South-East
Asia and Western Pacific regions. Asia Pac J Clin Nutr. 2007;16:187-192.

187. Medrano MJ, Pastor-Barriuso R, Boix R, del Barrio JL, Damian J,
Alvarez R, et al. Coronary disease risk attributable to cardiovascular risk
factors in the Spanish population. Rev Esp Cardiol. 2007;60:1250-1256.

188. Martiniuk AL, Lee CM, Lawes CM, Ueshima H, Suh |, Lam TH, et
al. Hypertension: its prevalence and population-attributable fraction
for mortality from cardiovascular disease in the Asia-Pacific region. J
Hypertens. 2007;25:73-79.

189. Emberson JR, Whincup PH, Morris RW, Walker M. Re-assessing
the contribution of serum total cholesterol, blood pressure and
cigarette smoking to the aetiology of coronary heart disease: impact of
regression dilution bias. Eur Heart J. 2003;24:1719-1726.

190. Evans A, Tolonen H, Hense HW, Ferrario M, Sans S, Kuulasmaa
K; WHO MONICA Project. Trends in coronary risk factors in the WHO
MONICA project. Int J Epidemiol. 2001;30 Suppl 1:535-540.

191. Menotti A, Lanti M, Kromhout D, Kafatos A, Nedeljkovic S, Nissinen
A. Short and long term association of a single serum cholesterol
measurement in middle-aged men in prediction of fatal coronary and
other cardiovascular events: a cross-cultural comparison through
Europe. Eur J Epidemiol. 2005;20:597-604.

192. Menotti A, Lanti M. Coronary risk factors predicting early and late
coronary deaths. Heart. 2003;89:19-24.

193. Arveiler D, Wagner A, Ducimetiere P, Montaye M, Ruidavets JB,
Bingham A, et al. Trends in coronary heart disease in France during the
second half of the 1990s. Eur J Cardiovasc Prev Rehabil. 2005;12:209-
215.

194. Marques-Vidal P, Ruidavets JB, Cambou JP, Ferriéres J. Incidence,
recurrence, and case fatality rates for myocardial infarction in
southwestern France, 1985 to 1993. Heart. 2000;84:171-175.

195. Baigent C, Collins R, Appleby P, Parish S, Sleight P, Peto R. ISIS-
2: 10 year survival among patients with suspected acute myocardial
infarction in randomised comparison of intravenous streptokinase,
oral aspirin, both, or neither. The ISIS-2 (Second International Study of
Infarct Survival) Collaborative Group. BMJ. 1998;316:1337-1343.

196. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK;
Clopidogrel in Unstable Angina to Prevent Recurrent Events Trial
Investigators. Effects of clopidogrel in addition to aspirin in patients
with acute coronary syndromes without ST-segment elevation. N Eng/ J
Med. 2001;345:494-502.

114 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence 1990-2005



197. Sabatine MS, Cannon CP, Gibson CM, Léopez-Senddén JL,
Montalescot G, Theroux P, et al. Addition of clopidogrel to aspirin and
fibrinolytic therapy for myocardial infarction with ST-segment elevation.
N Engl J Med. 2005;352:1179-1189.

198. Randomised trial of intravenous atenolol among 16 027 cases of
suspected acute myocardial infarction: ISIS-1. First International Study
of Infarct Survival Collaborative Group. Lancet. 1986;2:57-66.

199. Ambrosioni E, Borghi C, Magnani B. The effect of the angiotensin-
converting-enzyme inhibitor zofenopril on mortality and morbidity after
anterior myocardial infarction. The Survival of Myocardial Infarction
Long-Term Evaluation (SMILE) Study Investigators. N Eng/ J Med.
1995;332:80-85.

200. Randomised trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian Simvastatin Survival Study
(4S). Lancet. 1994,;344:1383-1389.

201. Bertrand ME, Simoons ML, Fox KA, Wallentin LC, Hamm CW,
McFadden E, De Feyter PJ, Specchia G, Ruzyllo W; Task Force on the
Management of Acute Coronary Syndromes of the European Society
of Cardiology. Management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation. Eur Heart J.
2002;23:1809-1840.

202. Van de Werf F, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KA,
Julian D, Lengyel M, Neumann FJ, Ruzyllo W, Thygesen C, Underwood
SR, Vahanian A, Verheugt FW, Wijns W; Task Force on the Management
of Acute Myocardial Infarction of the European Society of Cardiology.
Management of acute myocardial infarction in patients presenting with
ST-segment elevation. The Task Force on the Management of Acute
Myocardial Infarction of the European Society of Cardiology. Eur

Heart J. 2003;24:28-66.

203. Lenzen MJ, Boersma E, Bertrand ME, Maier W, Moris C, Piscione F,
Sechtem U, Stahle E, Widimsky P, de Jaegere P, Scholte op Reimer WJ,
Mercado N, Wijns W; European Society of Cardiology. Management and
outcome of patients with established coronary artery disease: the Euro
Heart Survey on coronary revascularization. Eur Heart J. 2005;26:1169-
Nn79.

204. Baz JA, Pinar E, Albarran A, Mauri J; Spanish Society of Cardiology
Working Group on Cardiac Catheterization and Interventional
Cardiology. Spanish Cardiac Catheterization and Coronary Intervention
Registry. 17th oficial report of the Spanish Society of Cardiology
Working Group on Cardiac Catheterization and Interventional
Cardiology (1990-2007). Rev Esp Cardiol. 2008;61:1298-1314.

205. Heras M, Marrugat J, Ards F, Bosch X, Enero J, Suarez MA et al.
Reduction in acute myocardial infarction mortality over a five-year
period. Rev Esp Cardiol. 2006;59:200-8.

206. Prevention of coronary heart disease in clinical practice.
Recommendations of the Second Joint Task Force of European and
other Societies on coronary prevention. Eur Heart J. 1998;19:1434-1503.

207. EUROASPIRE | and Il Group; European Action on Secondary
Prevention by Intervention to Reduce Events. Clinical reality of
coronary prevention guidelines: a comparison of EUROASPIRE | and
Il'in nine countries. EUROASPIRE | and Il Group. European Action
on Secondary Prevention by Intervention to Reduce Events. Lancet.
2001;357:995-1001.

Marfa Grau | 115



208. EUROASPIRE Il Study Group. Lifestyle and risk factor
management and use of drug therapies in coronary patients from 15
countries; principal results from EUROASPIRE Il Euro Heart Survey
Programme. Eur Heart J. 2001;22:554-572.

209. De Velasco JA, Cosin J, Lépez-Senddn JL, De Teresa E, De Oya M,
Sellers G. New data on secondary prevention of myocardial infarction

in Spain. Results of the PREVESE Il study. Rev Esp Cardiol. 2002;55:801-
809.

210. Salomaa V, Paakkoénen R, Hédmalainen H, Niemi M, Klaukka T. Use
of secondary preventive medications after the first attack of acute
coronary syndrome. Eur J Cardiovasc Prev Rehabil. 2007;14:386-91.

211. Hippisley-Cox J, Coupland C. Effect of combinations of drugs on all
cause mortality in patients with ischaemic heart disease: nested case-
control analysis. BMJ. 2005;330:1059-1063.

212. Arnett DK, Jacobs DR Jr, Luepker RV, Blackburn H,

Armstrong C, Claas SA. Twenty-year trends in serum cholesterol,
hypercholesterolemia, and colesterol medication use: the Minnesota
Heart Survey, 1980-1982 to 2000-2002. Circulation. 2005;112:3884-3891.

213. Capuano V, Bambacaro A, D’Arminio T, Del Regno B, Dantonio

V, Lanzara C. Changes in total serum cholesterol for cardiovascular
disease in a Mediterranean area, 1989-1999. Eur J Epidemiol. 2003;18:27-
32.

214. Carroll MD, Lacher DA, Sorlie PD, Cleeman JI, Gordon DJ, Wolz
M, Grundy SM, Johnson CL. Trends in serum lipids and lipoproteins of
adults, 1960-2002. JAMA. 2005;294:1773-1781.

215. Goff DC Jr, Labarthe DR, Howard G, Russell GB. Primary prevention
of high blood cholesterol concentrations in the United States. Arch
Intern Med. 2002;162:913-919.

216. Marques-Vidal P, Ruidavets JB, Amouyel P, Ducimetiére P, Arveiler
D, Montaye M, et al. Change in cardiovascular risk factors in France,
1985-1997. Eur J Epidemiol. 2004;19:25-32.

217. Daviglus ML, Lloyd-Jones DM, Pirzada A. Preventing cardiovascular
disease in the 21st century: therapeutic and preventive implications of
current evidence. Am J Cardiovasc Drugs. 2006;6:87-101.

218. Lloyd-Jones DM, O’Donnell CJ, D’Agostino RB, Massaro J,
Silbershatz H, Wilson PW. Applicability of cholesterol-lowering primary
prevention trials to a general population: the Framingham Heart Study.
Arch Intern Med. 2001;161:949-954.

219. Tomas M, Latorre G, Senti M, Marrugat J. The antioxidant function
of high density lipoproteins: a new paradigm in Atherosclerosis. Rev
Esp Cardiol. 2004;57:557-569.

220. Ballantyne CM, Hoogeveen RC. Role of lipid and lipoprotein
profiles in risk assessment and therapy. Am Heart J. 2003;146:227-233.

221. Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark LT,
Hunninghake DB, et al. Implications of recent clinical trials for the
National Cholesterol Education Program Adult Treatment Panel llI
guidelines. Circulation. 2004;110:227-39.

116 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence 1990-2005



222. Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenhager
WH, et al. Randomised double-blind comparison of placebo and active
treatment for older patients with isolated systolic hypertension. The
Systolic Hypertension in Europe (Syst-Eur) Trial Investigators. Lancet.
1997;350:757-764.

223. Collins R, Peto R, MacMahon S, Hebert P, Fiebach NH, Eberlein KA,
et al. Blood pressure, stroke, and coronary heart disease. Part 2, Short-
term reductions in blood pressure: overview of randomised drug trials

in their epidemiological context. Lancet. 1990;335:827-838.

224, Turnbull F; Blood Pressure Lowering Treatment Trialists’
Collaboration. Effects of different blood-pressure-lowering regimens
on major cardiovascular events: results of prospectively-designed
overviews of randomised trials. Lancet. 2003;362:1527-1535.

225. Collins R, MacMahon S. Blood pressure, antihypertensive drug
treatment and the risks of stroke and of coronary heart disease. Br Med
Bull. 1994;50:272-298.

226. Lloyd-Jones DM, Leip EP, Larson MG, D’Agostino RB, Beiser A,
Wilson PW, et al. Prediction of lifetime risk for cardiovascular disease
by risk factor burden at 50 years of age. Circulation. 2006;113:791-798.

227. Mamun AA, Peeters A, Barendregt J, Willekens F, Nusselder W,
Bonneux L; NEDCOM, The Netherlands Epidermiology and Demography
Compression of Morbidity Research Group. Smoking decreases

the duration of life lived with and without cardiovascular disease:

a life course analysis of the Framingham Heart Study. Eur Heart J.
2004;25:409-415.

228. Valdes J, Grau M, Subirana |, Marrugat J, Covas MI, Schréder H, on
behalf of the REGICOR and HERMES Investigators. Secular trends in
energy intake and diet quality in a Mediterranean population. Ann Nutr
Metab. 2009;54:177-183.

229. Schroder H, Marrugat J, Covas MI. High monetary costs of dietary
patterns associated with lower body mass index: a population-based
study. Int J Obes (Lond). 2006;30:1574-1579.

230. Schroder H, Fito M, Covas MI; REGICOR investigators. Association
of fast food consumption with energy intake, diet quality, body

mass index and the risk of obesity in a representative Mediterranean
population. Br J Nutr. 2007;98:1274-1280.

231. Laatikainen T, Critchley J, Vartiainen E, Salomaa V, Ketonen M,
Capewell S. Explaining the decline in coronary heart disease mortality in
Finland between 1982 and 1997. Am J Epidemiol. 2005;162:764-773.

232. Capewell S, Beaglehole R, Seddon M, McMurray J. Explanation for
the decline in coronary heart disease mortality rates in Auckland, New
Zealand, between 1982 and 1993. Circulation. 2000;102:1511-1516.

233. Unal B, Critchley JA, Capewell S. Explaining the decline in coronary
heart disease mortality in England and Wales between 1981 and 2000.
Circulation. 2004;109:1101-1107.

234. Bjoérck L, Rosengren A, Bennett K, Lappas G, Capewell S. Modelling
the decreasing coronary heart disease mortality in Sweden between
1986 and 2002. Eur Heart J. 2009;30:1046-1056.

235. Bennett K, Kabir Z, Unal B, Shelley E, Critchley J, Perry |, et al.

Explaining the recent decrease in coronary heart disease mortality rates
in Ireland, 1985-2000. J Epidemiol Community Health. 2006;60:322-327.

Maria Grau | 117



236. Critchley J, Liu J, Zhao D, Wei W, Capewell S. Explaining the
increase in coronary heart disease mortality in Beijing between 1984
and 1999. Circulation. 2004; 110:1236-1244.

237. Ludman A, Venugopal V, Yellon DM, Hausenloy DJ. Statins and
cardioprotection- More than just lipid lowering?. Pharmacol Ther.
2009;122:30-43.

238. SHAPE Task Force. From vulnerable plague to vulnerable
patient--Part Ill: Executive summary of the Screening for Heart Attack
Prevention and Education (SHAPE) Task Force report. Am J Cardiol.
2006;98:2H-15H.

118 | Trends in Myocardial Infartion Incidence and Cardiovascular Risk Factors Prevalence 1990-2005



Printed in July 2009
with the support of Fundacié IMIM

Marfa Grau | 119









ABSTRACT

The primary prevention of cardiovascular disease must be
adapted to local characteristics of cardiovascular risk factor
prevalence, acute myocardial infarction mortality and incidence
rates, and economic and cultural factors. Traditionally, acute
myocardial infarction incidence in Spain has been lower than
that found in north, east, and west European countries, the USA,
and other English-speaking countries. However, the prevalence
of risk factors in Spain was surprisingly similar to those coun-
tries with high acute myocardial infarction incidence. Essentially,
no overall change in acute myocardial infarction incidence has
been observed over the past decade. Nonetheless, men under
age 65 showed a significant reduction in incidence rates, while
the trend in men age 65-74 did not change significantly. The
prevalence of cardiovascular risk factors, however, has under-
gone considerable change. The most noteworthy aspects are
improvements in participants’ awareness, control and treatment
of hypertension, and improvement in total and low-density lipo-
protein cholesterol distribution. In this context, the reduction of
low-density lipoprotein cholesterol levels had the highest po-
tential for ischemic heart disease prevention, along with smok-
ing prevention for people younger than 55.





