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Recently, primary prevention with statins was liberalized in the USA
and UK but restricted in many comparable European countries.
Supported by risk-benefit and cost-effectiveness analyses, the 2013
ACC/AHA (American College of Cardiology/American Heart
Association)1 and 2014 UK-NICE (National Institute for Health and
Care Excellence)2 risk assessment and prevention guidelines lowered
the risk threshold above which primary prevention with statins should
be considered. In contrast, the 2016 update of the European guidelines
on cardiovascular disease prevention in clinical practice,3 issued jointly
by the European Society of Cardiology (ESC) and nine other societies,
continued a conservative position on statin use in primary prevention
by preserving the high-risk decision threshold introduced in 2003: 5%
10-year risk for fatal atherosclerotic cardiovascular disease (ASCVD)
estimated by SCORE (Systematic Coronary Risk Evaluation).4

Unfounded high-risk threshold
preserved since 1994

The 5% high-risk threshold introduced by the SCORE-based 2003
ESC prevention guidelines4 was chosen because 5% 10-year risk for
fatal ASCVD was considered to equate with 20% 10-year risk for fatal
and non-fatal coronary heart disease (CHD) arbitrarily defined as
high-risk under previous ESC guidelines. No rationale was provided
for choosing >_20% 10-year CHD risk as high risk when introduced in
1994,5 neither for preserving it as >_5% 10-year risk for fatal ASCVD.4

Hence, except for UK and possibly a few other European coun-
tries, the most important threshold for initiating primary prevention
with statins has not been revised in Europe for more than 20 years,
during which time long-awaited generic and inexpensive statins
became available, and their efficacy and safety convincingly docu-
mented. Considering that the prevalence and treatment costs of
ASCVD remain high, such a development would normally favour a
more widespread use of statins in primary prevention. However,
because SCORE depends solely on the ultimate cause of death, in
countries with declining ASCVD mortality it is becoming harder and

harder to qualify for SCORE-based statin therapy, even though this
treatment is contributing to the lower mortality. This and other limi-
tations of SCORE are discussed in this view-point.

SCORE derived from old cohorts

The SCORE model, introduced by the 2003 ESC guidelines, was
developed retrospectively from data originating from 12 European
cohorts undergoing baseline examination in 1967–1991.6 Only tradi-
tional risk factors were generally available and uniformly defined to
allow inclusion in the SCORE model. For this reason, diabetes could
not be included as predictor, and patients with known diabetes were
not excluded from the pooled derivation cohort.6 Only subjects with
a previous history of heart attack were excluded. The predicted out-
come was fatal ASCVD defined by a wide range of atherosclerosis-
related ICD-9 codes.

The predictors included in SCORE (age, sex, smoking, systolic
blood pressure, and total cholesterol), the applicable age range (40–
65 years), and the predicted outcome (fatal ASCVD) were chosen by
necessity, limited by data available from these decades-old
cohorts.4,6,7 Non-fatal endpoints were not generally available and not
uniformly defined to allow inclusion in the predicted outcome, and
reliable risk estimates could not be provided for people older than
65. Hence, in contrast to most other cardiovascular risk models,1,2,7

it was decided to disregard all non-fatal events and only focus on the
prediction of fatal ASCVD in people 40–65 years of age. Further,
focusing only on fatal events was considered necessary to facilitate
the development and update of country-specific recalibrated versions
of SCORE based on routinely collected national mortality
information.4,6,7 However, the reliability of such information obtained
directly from death certificates may be questioned.8 Further, the pro-
posed recalibration approach assumes that it is possible to extrapo-
late from cross-sectional 1-year (annual) ASCVD mortality rates in
the total population to the future 10-year risk for fatal ASCVD in the
healthy sub-population.4,6,7,9 This assumption remains unsubstanti-
ated as discussed below.
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The SCORE prevention paradox

The purpose of primary prevention is to prevent the development of
symptomatic disease. Thereafter, secondary prevention takes over.
Therefore, to make sense, a risk score created for use in primary pre-
vention of ASCVD should focus on the prevention of a first ASCVD
event. SCORE is focusing on the last event rather than the first event,
and only events leading to death count.

SCORE differs in two important ways from other common
ASCVD risk models, including the 2013 ACC/AHA Pooled Cohort
Equations (PCE)1 and the 2014 UK-NICE QRISK2.2 First, SCORE
predicts the risk of dying from ASCVD (mortality), disregarding non-
fatal events (morbidity). Second, SCORE does not predict the natural
history of ASCVD but the end result after using all available means to
keep patients with ASCVD alive. Today, because of effective secon-
dary prevention, the great majority of those who develop ASCVD
survive with chronic ASCVD without dying from it, and such cases
do not count as SCORE events worth preventing. It is indeed a para-
dox for a risk score intended for primary prevention that it depends
simply and solely on the risk of dying from the disease in question.
More specifically, the more statins reduce the risk of dying from
ASCVD in patients with diabetes or known ASCVD (secondary pre-
vention), the harder it becomes to qualify for SCORE-based statin
therapy to prevent a first ASCVD event (primary prevention).
Recent data indicate that the mortality from ASCVD is now so low in
many European countries that SCORE-based statin therapy soon
might be history in these countries despite high ASCVD morbidity
and treatment costs.10

SCORE not applicable beyond
age 65

The burden of ASCVD increases with age, including higher incidence,
case-fatality, longer-term mortality, and prevalence. In a contempo-
rary European population of apparently healthy people, only 18%
(62/339) of all fatal ASCVD events occurred in the target population
for SCORE-based risk assessment (age 40–65 years).10 Thus, the
restricted age range in which SCORE is applicable and risk charts are
available constitute a major limitation of SCORE. Somewhat mislead-
ing, it is possible to enter age up to 100 years in the online risk calcu-
lator, HeartScore (www.heartscore.org), but the age-dependent risk
is truncated at age 65, leading to systematic underestimation of risk
beyond this age if the SCORE function is well-calibrated to the target
population.

The ESC guidelines on cardiovascular disease prevention provide
only limited guidance on primary prevention with statins in people
who just because of aging (>65 years) is no longer eligible for
SCORE-based risk assessment.

Two standard versions of SCORE

When treatment decisions are based on absolute risk, the risk
equations used to estimate risk need to be well calibrated to the
target population. Because background risk for fatal ASCVD differs
across Europe, the 2003 ESC guidelines4 provided two standard

versions of SCORE that are still used for risk assessment3: one
intended for countries with low cardiovascular mortality (low-risk
SCORE version), the other intended for countries with high cardi-
ovascular mortality (high-risk SCORE version). Because of declin-
ing ASCVD mortality, many more European countries are now
classified as low-risk countries (n = 24) than in 2003 (n = 8), and
even the low-risk SCORE version overestimates 10-year risk for
fatal ASCVD in several of these countries today (see
Supplementary material online). The 2016 ESC guidelines3 arbitra-
rily defined low-risk countries as those with 2012 cardiovascular
mortality rates <225 in men and <175 in women per 100 000, age-
adjusted to the WHO World Standard Population (Figure 1).11

The rationale for the chosen cut-points was not provided, neither
for using this unusual age adjustment for a risk score intended for
Europeans 40–65 years of age.

The European country with the lowest age-adjusted cardiovas-
cular mortality is France (86 per 100 000), the highest is
Kazakhstan (636 per 100 000).11 Considering the most prevalent
form of ASCVD, the cross European difference is even more strik-
ing: CHD mortality is >15 times higher in Ukraine than France
(337 vs. 21 per 100 000).12 Thus, it seems to be an understatement
that ‘Very-high-risk countries present levels of risk that are more
than double that of low-risk countries’.3 Obviously, with only two
standard versions of SCORE available for general use, most
European countries are inevitably using a miscalibrated SCORE
model unless a country-specific recalibrated version of SCORE is
available. Thus, how to recalibrate SCORE to the target popula-
tion is critically important.

Recalibration of SCORE based on
cross-sectional data

Natural history studies in contemporary cohorts with appropriate
follow-up for clinical events are the gold standard for the develop-
ment, updating and recalibration of risk scores intended for primary
prevention of ASCVD.13 Realizing that such cohort studies are not
available in many European countries, the 2003 ESC guidelines intro-
duced an alternative cohort-independent recalibration approach
relying solely on cross-sectional risk factors and mortality informa-
tion without follow-up.4,6,7,9 Since then, SCORE has been recali-
brated in many countries across Europe based on national cause-
specific mortality rates from a single year (see Supplementary mate
rial online). However, since the national ASCVD mortality rate
includes everyone, also high-risk patients who do not qualify for
SCORE-based risk assessment (patients with known ASCVD, diabe-
tes, familial hypercholesterolemia, kidney disease or statin use), this
unusual recalibration approach most likely leads to overestimation of
risk in the healthy subpopulation where SCORE is going to be used,
as exemplified below using data from Denmark.

The Danish experience

In 2003, Denmark, Norway, and Finland were arbitrarily chosen to
represent European high-risk countries, and the high-risk version
of SCORE was developed from cohorts in these countries.6
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However, already 1 year later, a recalibrated version of SCORE
was recommended in Denmark because the high-risk SCORE ver-
sion was found to overestimate risk.14 Less than 10 years later,
because of still declining cardiovascular mortality, Denmark was
declared a low-risk country and recommended to use the low-risk
SCORE version instead of the high-risk SCORE version,15 which is
the standard way to improve the calibration of SCORE to the tar-
get population. Evaluated in consecutive real-world patients with a
first myocardial infarction (MI),16 eligibility for SCORE-based statin
therapy before MI (detection rate) dropped from 30% to 6% just
by using the better calibrated low-risk SCORE version—far below
detection rates seen with the 2013 ACC/AHA and 2014 UK-NICE
guidelines (Figure 2).

More recently, an updated country-specific version of SCORE
was provided,17 developed using the guideline-recommended
cross-sectional recalibration approach, which confirmed that
Denmark is a low-risk country as defined by the ESC guidelines.
However, when tested prospectively in a contemporary,
population-based cohort of healthy Danes 40–65 years of age
(target population for SCORE-based risk assessment), the low-
risk SCORE version overestimated risk for fatal ASCVD substan-
tially (�5 times).10 Even worse, using a well-calibrated SCORE-
like risk function, none of those who died of ASCVD during
follow-up qualified for SCORE-based statin therapy.10 These sur-
prising results indicate that (1) the guideline-recommended
cross-sectional recalibration approach is unreliable, and (2) pri-
mary prevention with statins will soon be history in many so-
called ‘low-risk’ European countries if SCORE is recalibrated
according to the gold standard (prospective and contemporary
cohort study with follow-up). This development is thought-

provoking, considering that the prevalence of ASCVD remains
high and even tends to be increasing,18 and is in stark contrast to
the expanded indication for primary prevention with statins in
the recent American and British guidelines.1,2

These observations in a large contemporary cohort of healthy
people revealed another limitation of the mortality-based SCORE
model: there were too few fatal ASCVD events during follow-up to
allow for reliable sex-specific recalibration of SCORE in the target
population. Among 30.824 apparently healthy Danes aged 40–65
years at baseline risk assessment, only 62 of 767 (8%) ASCVD events
observed during 6.8 years of follow-up were fatal.10 More recently,
similar results were obtained in an expanded study population
(Figure 3).19 Obviously, getting enough fatal events will not pose a
problem in the cross-sectional recalibration approach relying on
national mortality data.

Conclusion

Inherent limitations of the mortality-based SCORE model are dis-
cussed, including the SCORE prevention paradox (if a drug can
keep patients alive, there is no need to use it in primary preven-
tion), restricted age range (not applicable beyond 65 years), unreli-
able cross-sectional recalibration approach, and too few fatal
events to allow for reliable sex-specific recalibration of SCORE in
the intended target population. It may indeed be questioned
whether it is possible to update the SCORE model to meet cur-
rent needs in primary ASCVD prevention. With the conservative
position taken by the 2016 ESC guidelines, SCORE-based statin
therapy is soon going to be phased out in European countries with

Figure 1 Cardiovascular mortality in men and women. The ESC guidelines3 arbitrarily classify countries in low-risk, high-risk, and very-high-risk
based on national cardiovascular mortality rates age-adjusted to the WHO World Standard Population.11 For clarity, only some countries are named
on the figure (all countries, see Supplementary material online). Green indicates low-risk, red high-risk, and black very-high-risk countries.
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..low and/or declining ASCVD mortality despite high morbidity and
treatment costs.

New approaches are needed to guide primary prevention with sta-
tins that do not rely solely on traditional natural history studies, taking
the burden of both fatal and non-fatal ASCVD into account, and pro-
viding guidance on statin therapy also in the elderly population. Risk-
based treatment thresholds should be supported by transparent risk-
benefit and cost-effectiveness analyses.

Supplementary material

Supplementary material is available at European Heart Journal online.
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