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Background and aims: We estimated the extent of undertreatment and overtreatment with cholesterollowering therapy according to European guidelines in individuals in the Danish general population
without ischemic cardiovascular disease and diabetes.
Methods: We examined 92,348 such individuals aged 35e100 years recruited from 2004 through 2014 in
the Copenhagen General Population Study. Each individual was assigned their 10-year risk of fatal cardiovascular disease according to the European SCORE chart based on age, sex, smoking, total cholesterol,
and systolic blood pressure. European guidelines recommend cholesterol-lowering therapy deﬁnitely at
10% risk and LDL cholesterol 1.8 mmol/L, deﬁnitely at 5e9% risk and LDL cholesterol 2.5 mmol/L,
possibly at 1e4% risk and LDL cholesterol 3 mmol/L, but not at <1% risk.
Results: 3858 individuals had 10% risk, 16,255 had 5e9% risk, 49,131 had 1e4% risk, and 23,104 had <1%
10-year risk of fatal cardiovascular disease. In these groups, 81%, 86%, 93%, and 99% did not receive
cholesterol-lowering therapy. Deﬁnite undertreatment and overtreatment according to guidelines were
found in 19% and 0.2% or in 187,660 and 1570 per million 35e100 year olds without ischemic cardiovascular disease and diabetes. If deﬁnite and possible undertreatment and overtreatment were combined, the corresponding numbers were 52% and 3% or 519,416 and 29,194 per million.
Conclusions: In the Danish general population, ~190,000 per million 35e100 year olds without ischemic
cardiovascular disease and diabetes are not treated to LDL cholesterol goals according to European
guidelines. Conversely, ~1600 per million received cholesterol-lowering therapy without endorsement in
European guidelines.
© 2016 Elsevier Ireland Ltd. All rights reserved.

Keywords:
Cholesterol
Preventive cardiology
Statins
Hyperlipidaemia

1. Introduction
The SCORE (Systematic COronary Risk Evaluation) chart [1,2] is
used in hospitals and in general practises throughout Europe to
assess risk of cardiovascular disease. The European Society of Cardiology/European Atherosclerosis Society have divided the chart
into a low risk chart and a high risk chart, each speciﬁed to be used
in different countries throughout Europe, with Denmark being low
risk. The SCORE chart divides individuals into different risk groups
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indicated by colour going from green at low risk to dark red at very
high risk, each assigned a number being the percent 10-year risk of
fatal cardiovascular disease. The risk estimates are based on sex,
age, smoking status, systolic blood pressure, and total cholesterol.
To reduce the risk relative to that found in the SCORE chart, an
individual can stop smoking, lower blood pressure, or lower levels
of LDL cholesterol. The SCORE charts can only be used for individuals without cardiovascular disease and diabetes, since patients with these diseases already are at very high risk [1,2]. The
same is true for individuals with plasma cholesterol >8 mmol/L and
likely familial hypercholesterolemia.
Depending on the SCORE risk and LDL cholesterol levels, the ﬁrst
step in lowering LDL cholesterol is to implement lifestyle changes,
while for many individuals at high or very high SCORE risk,

10

A. Langsted et al. / Atherosclerosis 257 (2017) 9e15

immediate drug therapy is recommended [2,3]. Individuals are
advised to stop smoking, lose weight, eat healthier, and increase
their physical activity, and if this does not reduce LDL cholesterol
levels sufﬁciently, then the recommended therapy is cholesterollowering medication [2,3]. European guidelines recommend
cholesterol-lowering therapy deﬁnitely at 10% risk and LDL
cholesterol 1.8 mmol/L, deﬁnitely at 5e9% risk and LDL cholesterol 2.5 mmol/L, possibly at 1e4% risk and LDL cholesterol 
3 mmol/L, but not at <1% risk. Depending on the persons SCORE 10year risk of fatal cardiovascular disease, European guidelines
recommend LDL cholesterol goals in individuals without cardiovascular disease and diabetes of <3 mmol/L at moderate risk
(SCORE 1e4% risk), <2.5 mmol/L at high risk (SCORE 5e9% risk), and
<1.8 mmol/L at very high risk (SCORE 10% risk); individuals with
<1% risk are not advised on LDL cholesterol goals unless they may
have familial hypercholesterolemia [2,3]. How often the prescription of cholesterol-lowering therapy is based in guideline recommendations is at present unknown.
We estimated the extent of deﬁnite and possible undertreatment and overtreatment with cholesterol-lowering therapy according to European guidelines in individuals in the Danish general
population without ischemic cardiovascular disease and diabetes.
For this purpose, we examined 92,348 such individuals aged
35e100 years recruited since 2004 through 2014 in the Copenhagen General Population Study.
Importantly, in Denmark during the entire study period from
2004 through 2014, the European guidelines for cardiovascular
disease prevention [2,3] have been used in English as well as in
translation [4e6], and have been distributed widely to doctors in
hospitals and general practices; Denmark uses identical recommendations as in the European guidelines and no modiﬁed local
guidelines exist. Thus, Denmark can be used as a model to test
whether the European guidelines are implemented sufﬁciently to
secure that those at need of cholesterol-lowering therapy receive
such therapy. We have previously shown that this is far from the
case for individuals with ischemic cardiovascular disease and/or
diabetes in Denmark [7], and we now examine individuals without
these diseases.

2.1. Exclusion criteria
13,073 individuals were excluded because of ischemic cardiovascular disease and diabetes at baseline, while 4120 participants
aged <35 years were also excluded as the SCORE charts only applies
from age 40 years and upwards; we decided that age 40 was age
35e45, as the SCORE chart states that the doctor should “ﬁnd the
cell nearest to the person's age, cholesterol and blood pressure
values” [2,3]. Ischemic cardiovascular disease included myocardial
infarction, other ischemic heart disease, ischemic stroke and claudicatio intermittens; information on diagnoses, using the World
Health Organisation (WHO) International Classiﬁcation of Diseases
(ICD) of ischemic heart disease including myocardial infarction
(ICD8 410e414 until 1994 and ICD10 I20-I25 1994 and later), and
ischemic stroke (ICD8 431e438 and ICD10 I61-I68, G45), was
identiﬁed using the national Danish Patient Registry covering all
hospital diagnosis since 1977. Claudicatio intermittens was deﬁned
by speciﬁc related questions in the questionnaire. Diabetes mellitus
was deﬁned as self-reported disease, use of anti-diabetic medication, a register diagnosis of diabetes (ICD-8250 and ICD10 E11, E13E14), or a nonfasting plasma glucose >11 mmol/L.
2.2. Undertreatment and overtreatment
Deﬁnite undertreatment was deﬁned as lack of cholesterollowering therapy in individuals despite high (5e9%) 10-year risk
of fatal cardiovascular disease and LDL cholesterol 2.5 mmol/L,
despite very high (10%) 10-year risk of fatal cardiovascular disease
and LDL cholesterol 1.8 mmol/L, or despite total cholesterol
>8 mmol/L (likely familial hypercholesterolemia). Possible undertreatment was deﬁned as lack of cholesterol-lowering therapy in

Table 1
Characteristics of individuals aged 35 years with and without ischemic cardiovascular disease and/or diabetes in the Danish general population.
Category

Range

2. Materials and methods
This study is based on the Copenhagen General Population
Study (CGPS), initiated in 2003 and ongoing [8,9]. From 2004
through 2014, 109,541 individuals participated and, in the present
study, we used the 92,348 individuals aged 35e100 years without
ischemic cardiovascular disease and diabetes. Individuals of Danish
descent were recruited randomly from the vicinity of Copenhagen,
using their unique Danish Central Person Registration number,
including information on age and sex. Before examination, the
participants ﬁlled out a questionnaire regarding lifestyle including
smoking habits and medical history, and at the day of the examination, the questionnaire was checked by an examiner. Blood
samples were drawn to measure total and LDL cholesterol, and
blood pressure was measured at examination [10]. The questionnaire question “Do you on a daily basis take medication for elevated
cholesterol?” was used to determine whether a participant was on
cholesterol-lowering medication or not, with more than 95% being
statins. Of the 92,348 individuals included in the study, 12,640
(14%) had estimated glomerular ﬁltration rate (eGFR) < 60 mL/min/
1.73 m2, 2402 (2.6%) had eGFR <50 mL/min/1.73 m2, and 342 (0.4%)
had eGFR <40 mL/min/1.73 m2.
All participants gave written informed consent, the study conforms to the Declaration of Helsinki, and was approved by Herlev
and Gentofte Hospital, and by a Danish ethical committee (No. HKF-01-144/01).

No ischemic
cardiovascular
disease or
diabetes

Ischemic
cardiovascular
disease and/or
diabetes

N

%

N

%

Individuals

92,348

100

13,073

100

Males

40,157

43

7276

56

Smokers
Age, years
40
35e45
50
45.1e52.5
55
52.6e57.5
60
57.6e62.5
65
>62.5
Plasma cholesterol, mmol/L
4
4.5
5
4.6e5.5
6
5.6e6.5
7
6.6e7.5
8
>7.5
Systolic blood pressure, mmHg
120
130
140
131e150
160
151e170
180
>180

15,430

17

2512

19

14,133
19,986
12,406
12,770
33,053

15
22
13
14
36

349
943
1097
1709
8975

3
7
8
13
69

9844
29,536
31,963
15,574
4680

11
32
35
17
5

4167
4204
2969
1221
416

32
32
23
10
3

27,796
33,956
20,980
9585

30
37
23
10

2715
4785
3773
1795

21
36
29
14

Based on individuals aged 35 and above, from the Copenhagen General Population
Study, examined since 2004 through 2014; 4120 individuals aged <35 years were
excluded. Ranges for age, plasma cholesterol, and systolic blood pressure were
chosen resembling the SCORE chart; the SCORE chart states that the doctor should
“ﬁnd the cell nearest to the person's age, cholesterol and blood pressure values”
[2,3].
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Fig. 1. Fraction of individuals without ischemic cardiovascular disease and diabetes on cholesterol-lowering therapy in the period 2004e2014 for individuals at <1%, 1e4%,
5e9%, and ≥10% 10-year risk of fatal cardiovascular disease. The European guidelines recommend cholesterol-lowering therapy deﬁnitely at 10% risk and LDL cholesterol
1.8 mmol/L, deﬁnitely at 5e9% risk and LDL cholesterol 2.5 mmol/L, possibly at 1e4% risk and LDL cholesterol 3 mmol/L, but not at <1% risk [2,3]. Cholesterol levels in individuals treated with cholesterol-lowering therapy were multiplied by 1.43, corresponding to a 30% reduction in cholesterol levels, for assignment of risk. Based on 92,348 individuals without cardiovascular disease and diabetes aged 35e100 years from the Copenhagen General Population Study. CVD, cardiovascular disease.

individuals despite moderate (1e4%) 10-year risk of fatal cardiovascular disease and LDL cholesterol 3 mmol/L. Deﬁnite overtreatment was deﬁned as cholesterol-lowering therapy in
individuals with low (<1%) 10-year risk of fatal cardiovascular
disease and total cholesterol 8 mmol/L. Possible overtreatment
was deﬁned as cholesterol-lowering therapy in individuals with
moderate (1e4%) 10-year risk of fatal cardiovascular disease and
total cholesterol 8 mmol/L.

of examination. Prior to assignment of a 10-year risk, total cholesterol levels in individuals treated with cholesterol-lowering therapy were multiplied by 1.43, corresponding to a 30% reduction in
cholesterol levels [11]. A Wilcoxon extension of a Kruskal-Wallis
test was used to test for trends across the years of examination
(from 2004 through 2014).

2.3. Statistical analyses

From 2004 through 2014, 92,348 of the individuals aged 35
years in the CGPS did not have ischemic cardiovascular disease and
diabetes (Table 1). Among them, 66,886 (72%) had a total plasma
cholesterol level >5.0 mmol/L, 31,996 (35%) had >6.0 mmol/L, 9608
(10%) had >7.0 mmol/L, and 2389 (3%) had a total cholesterol
>8 mmol/L (likely familial hypercholesterolemia).
According to the European SCORE Low Risk Chart, in our study
1% of the women without ischemic cardiovascular disease and
diabetes had a 10% 10-year risk of fatal cardiovascular disease
(very high risk), 10% had a 5e9% risk (high risk), 54% had a 1e4%
risk (moderate risk), and 35% had <1% risk (low risk)
(Supplementary Fig. 1). For men, the corresponding numbers were
9%, 28%, 18%, and 45%, respectively.

We used Stata/SE13.1. Each individual was assigned their
percent 10-year risk of fatal cardiovascular disease according to the
European SCORE chart based on age, sex, smoking status, plasma
total cholesterol, and systolic blood pressure. We did not use HDL
cholesterol to assign risk. Since the SCORE chart states that the
doctor should “ﬁnd the cell nearest to the person's age, cholesterol
and blood pressure values” individuals were divided accordingly
(see Supplementary Table 1 for ranges). In Denmark, it is recommended to use the low risk chart [2]. According to these European
guidelines, cholesterol-lowering therapy is recommended deﬁnitely at 10% risk and LDL cholesterol 1.8 mmol/L, deﬁnitely at
5e9% risk and LDL cholesterol 2.5 mmol/L, possibly at 1e4% risk
and LDL cholesterol 3 mmol/L, but not at <1% risk [2,3]. Therefore,
individuals were stratiﬁed into groups at 10%, 5e9%, 1e4%, and
<1% 10-year risk of fatal cardiovascular disease, and further by year

3. Results

3.1. Cholesterol-lowering therapy
Among 3858 individuals without ischemic cardiovascular
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Fig. 2. Fraction of individuals without cardiovascular disease and diabetes with plasma LDL cholesterol above guideline recommendations from 2004 through 2014 for
individuals at <1%, 1e4%, 5e9%, and ≥10% 10-year risk of fatal cardiovascular disease. The European guidelines recommend cholesterol-lowering therapy deﬁnitely at 10% risk
and LDL cholesterol 1.8 mmol/L, deﬁnitely at 5e9% risk and LDL cholesterol 2.5 mmol/L, possibly at 1e4% risk and LDL cholesterol 3 mmol/L, but not at <1% risk [2,3]. Total
cholesterol levels in individuals treated with cholesterol-lowering therapy were multiplied by 1.43, corresponding to a 30% reduction in total cholesterol levels, before assignment of
risk, but not for the LDL cholesterol values shown in the ﬁgure. Based on 92,348 individuals without cardiovascular disease and diabetes aged from 35 to 100 years from the
Copenhagen General Population Study. CVD, cardiovascular disease.

disease and diabetes and with 10% 10-year risk of fatal cardiovascular disease (very high risk), 19% received cholesterol-lowering
therapy; this number was 7% in 2004 and 26% in 2014 (Fig. 1). The
corresponding numbers for the 16,255 individuals with 5e9% risk
(high risk) were: 14% overall, 6% in 2004, and 16% in 2014; for the
49,131 individuals with 1e4% risk (moderate risk): 7% overall, 2% in
2004, and 9% in 2014; and ﬁnally, for the 23,104 individuals with
<1% risk (low risk): 0.9% overall, 0.5% in 2004, and 0.7% in 2014. For
very high, high, and moderate risk groups, there was an increasing
number of individuals receiving cholesterol-lowering therapy from
2004 through 2014 (Fig. 1). Taken together, this means that 81% of
the individuals at very high risk, 86% at high risk, 93% at moderate
risk, and 99% at low risk did not receive cholesterol-lowering
therapy.

3.2. Treatment to guideline goals
For individuals without ischemic cardiovascular disease and
diabetes with 10% 10-year risk of fatal cardiovascular disease
(very high risk), 91% on cholesterol-lowering therapy did not reach
guideline goals of LDL cholesterol <1.8 mmol/L in 2004, whereas in
2014 the number was 94% (Fig. 2). For individuals in this risk group

but not on cholesterol-lowering therapy, the corresponding
numbers were 97% and 99%. The corresponding numbers for individuals with 5e9% risk (high risk) on cholesterol-lowering therapy not reaching LDL cholesterol <2.5 mmol/L were 46% in 2004
and 45% in 2014, and for those not on cholesterol-lowering therapy
91% and 91%. In addition, the corresponding numbers for individuals with 1e4% risk (moderate risk) not reaching LDL cholesterol <3 mmol/L were 60% and 43% when on cholesterol-lowering
therapy, and 78% and 79% when not on cholesterol-lowering therapy, respectively (Fig. 2).
The overall fraction of individuals on cholesterol-lowering
therapy not reaching guideline goals was 94% in the very high
risk group, 57% in the high risk group, and 29% in the moderate risk
group (Supplementary Fig. 2). For individuals not on cholesterollowering therapy, the corresponding numbers were 99%, 92%, and
71%, respectively.
For individuals with 10% 10-year risk of fatal cardiovascular
disease (very high risk), 1.2% were treated with cholesterollowering therapy to LDL cholesterol goal, 18% were treated, but
not to goal, 80% were not treated, but treatment was recommended, and in 0.8% no treatment was recommended because LDL
cholesterol was <1.8 mmol/L without treatment (Fig. 3). For
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Fig. 3. Fraction of individuals without cardiovascular disease and diabetes treated or not treated to LDL cholesterol goals according to the European guidelines, with
respectively <1%, 1e4%, 5e9%, and ≥10% 10-year risk of fatal cardiovascular disease. The European guidelines recommend cholesterol-lowering therapy deﬁnitely at 10% risk
and LDL cholesterol 1.8 mmol/L, deﬁnitely at 5e9% risk and LDL cholesterol 2.5 mmol/L, possibly at 1e4% risk and LDL cholesterol 3 mmol/L, but not at <1% risk [2,3]. LDL
cholesterol levels in individuals treated with cholesterol-lowering therapy were multiplied by 1.43 corresponding to a 30% reduction in LDL cholesterol levels, before assignment of
risk. Based on 92,348 individuals without cardiovascular disease and diabetes aged from 35 to 100 years from the Copenhagen General Population Study.

individuals in the 5e9% risk group (high risk), 6% were treated to
goal, 8% were treated, but not to goal, 79% were not treated, but
treatment was recommended, and in 7% no treatment was not
recommended. For individuals in the 1e4% risk group (moderate
risk), 5% were treated to goal, 2% were treated, but not to goal, 2%
were not treated, but treatment was recommended, 64% were not
treated but treatment was borderline recommended, and in 27% no
treatment was recommended. Finally, for individuals with <1% risk
(low risk), 0.4% had LDL cholesterol <3 mmol/L, 0.6% were treated
without recommendation, and in 99% no treatment was recommended (Fig. 3).

year old subjects without ischemic cardiovascular disease and
diabetes (0.2%; 1570 per million), in individuals with <1% 10-year
risk of fatal cardiovascular disease and total cholesterol 8 mmol/
L treated with cholesterol-lowering therapy (Table 2). If possible
overtreatment in individuals with 1e4% 10-year risk of fatal cardiovascular disease was included, then total overtreatment
amounted to 3% or 29,194 per million. Possible overtreatment
represents individuals with 1e4% risk receiving cholesterollowering therapy despite total cholesterol 8 mmol/L, where the
European guidelines state either “lifestyle intervention” or “ lifestyle intervention, consider drug if uncontrolled.” (See Table 3 in
Ref. [3]).

3.3. Extent of undertreatment and overtreatment according to
European guidelines

4. Discussion

Deﬁnite undertreatment was found in 17,330 out of 92,348
35e100 year old subjects without ischemic cardiovascular disease
and diabetes (19%; 187,660 per million), either with likely familial
hypercholesterolemia (total cholesterol >8 mmol/L), with 5e9% 10year risk of fatal cardiovascular disease and not treated to guideline
goals of <2.5 mmol/L for LDL cholesterol, or with 10% risk are not
treated to guideline goals of <1.8 mmol/L (Table 2); note that
undertreatment was only considered in the age range 35e79 but
that we calculated undertreatment as a fraction of all 35e100 year
olds. If possible undertreatment in individuals with 1e4% 10-year
risk of fatal cardiovascular disease was included, then total undertreatment amounted to 52% or 519,416 per million. Possible
undertreatment represents individuals with 1e4% risk not at LDL
cholesterol goals where the European guidelines state “lifestyle
intervention, consider drug if uncontrolled.” (See Table 3 in
Ref. [3]).
Deﬁnite overtreatment was found in 145 out of 92,348 35e100

In the Danish general population, ~190,000 per million 35e100
year olds without ischemic cardiovascular disease and diabetes are
not treated to LDL cholesterol goals according to the European
guidelines [2,3], despite high or very high 10-year risk of fatal
cardiovascular disease. Conversely, ~1600 per million receive
cholesterol-lowering therapy without endorsement in the European guidelines. Importantly, the European guidelines for cardiovascular disease prevention have been used by and promoted
widely to Danish clinicians in hospitals and general practises alike,
during the entire study period from 2004 through 2014 [4e6]. It is
not possible from our data to explain the reason for the extent of
undertreatment or overtreatment with cholesterol-lowering therapy in individuals without ischemic heart disease and diabetes, that
is, according to the European guidelines for prevention of cardiovascular disease [2,3,12].
It has previously been shown that there is a low adherence rate
to cholesterol-lowering medications, where a recent meta-analysis
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Table 2
Extent of undertreatment and overtreatment in 92,348 35e100 year olds in the Danish general population according to European guidelines.
10-year risk of fatal CVDa
Deﬁnite undertreatment
Low
Moderate
High
High
Very high
Very high
Possibled undertreatment
Moderate
Moderate

<1%

Reason

Number of individuals Number of individuals per
million

Total cholesterol >8 mmol/L (likely FH)

101

(0.4% of
1093
23,104)
905
(2% of 49,131) 9800
11,704 (83% of 14,034) 126,738

1-4% Total cholesterol >8 mmol/L (likely FH)
5-9% No cholesterol-lowering therapy & LDL cholesterol
2.5 mmol/Lb
5-9% Cholesterol-lowering therapy & LDL cholesterol 2.5 mmol/Lb 1169
10% No cholesterol-lowering therapy & LDL cholesterol
2822
1.8 mmol/Lb
10% Cholesterol-lowering therapy & LDL cholesterol 1.8 mmol/Lb 629

(53% of 2221)
(90% of 3130)

12,659
30,558

(86% of 728)

6811

1-4% No cholesterol-lowering therapy & LDL cholesterol 3 mmol/ 31,530 (69% of 45,685) 341,426
Lb
(28% of 3446) 10,471
1-4% Cholesterol-lowering therapy & LDL cholesterol 3 mmol/Lb 967

Total deﬁnite undertreatment
Total possibled undertreatment
Total deﬁnite and possibled
undertreatment

17,330 (19% of 92,348) 187,660
32,497 (35% of 92,348) 351,281
47,967 (52% of 92,348) 519,416

Deﬁnite overtreatment
Low

<1%

Possiblee overtreatment
Moderate

1-4% Cholesterol-lowering therapy & total cholesterol 8 mmol/Lc 2551

Cholesterol-lowering therapy & total cholesterol 8 mmol/Lc 145

Total deﬁnite overtreatment

145

Total possiblee overtreatment
Total deﬁnite and possiblee
overtreatment

2551
2696

(72% of 201)

1570

(74% of 3446)

27,624

(0.2% of
1570
92,348)
(3% of 92,348) 27,624
(3% of 92,348) 29,194

CVD, cardiovascular disease; FH, familial hypercholesterolemia.
a
See Fig. 3 for categories.
b
Individuals aged 80 years are not included.
c
Cholesterol levels in individuals treated with cholesterol-lowering therapy were multiplied by 1.43 corresponding to a 30% reduction in cholesterol levels.
d
Possible undertreatment represents individuals with 1e4% risk not at LDL cholesterol goals where the European guidelines state “lifestyle intervention, consider drug if
uncontrolled.” (See Table 3 in Ref. [3]).
e
Possible overtreatment represents individuals with 1e4% risk receiving cholesterol-lowering therapy despite total cholesterol 8 mmol/L, where the European guidelines
state either “lifestyle intervention” or “ lifestyle intervention, consider drug if uncontrolled.” (See Table 3 in Ref. [3]).

on the effect of interventions to improve adherence to cholesterollowering medication found adherence rates from 25% to 80%
[13e15]. There has been little success in identifying predictors of
adherence [16]; however, in Denmark, early statin discontinuation
has increased from 6% in 1995 to 18% in 2010, with factors like
statin-related news, cardiovascular disease, diabetes, calendar year,
and socio-demographic status explaining part of the discontinuation [17]. It is also disturbing that early statin discontinuation was
associated with higher risk of cardiovascular disease and cardiovascular death.
The EURIKA study, a cross-sectional study from 12 European
countries not including Denmark, conducted with 7641 patients
free of cardiovascular disease, like in the present study found a low
percentage of persons treated with cholesterol-lowering medication, a low fraction of whom reached total cholesterol goals, and
also a low percentage among all individuals to reach cholesterol
goals [18]. In the present study, only 2% (1.2% þ 0.8%; see Fig. 3) of
individuals with 10% 10-year risk of fatal cardiovascular disease
(very high risk), either on or not on cholesterol-lowering therapy,
reached the guideline goal of LDL cholesterol <1.8 mmol/L. For all
individuals at very high risk, it is indeed very important to lower
their LDL cholesterol levels substantially and almost all individuals

in this group should be treated with high-dose cholesterollowering therapy.
In a young person, a low total risk can conceal a high relative risk
and to address this, the European Guidelines on CVD prevention in
Clinical Practice included a relative risk chart including smoking
status, systolic blood pressure, and total cholesterol to be used for
the young with risk factors [3]. Moreover, not all risk factors which
could be taken into account are included in the SCORE chart, such
as obesity, family history, diabetes, other lipid risk factors, and severe chronic kidney disease. As we did not take any of the above
into account, then the undertreatment reported here should be
viewed as a minimal estimate and overtreatment as a maximal
estimate.
Limitations of the present study include that we only studied
people of white Danish descent living in Denmark, why the present
results may not necessarily apply to all other countries. However,
we ﬁnd it likely that the present results would apply to most
countries with similar economic standard and health care system
as in Denmark. For individuals aged >65 years, it can be difﬁcult
calculating the SCORE value and in individuals aged >75 years it is
almost impossible, but on the other hand, physicians are usually
reluctant to prescribe cholesterol-lowering therapy in elderly
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individuals; therefore, this group could introduce a bias in the
concept of untreated subjects. Importantly, however, in the estimation of undertreatment, we only included those subjects aged
35e79, but we calculated undertreatment as a fraction of all
35e100 year olds. Further, as the study period in the present study
was from 2004 through 2014, another limitation is that the
guidelines and the European SCORE chart examined in the present
study were published in 2011 and before that slightly higher LDL
cholesterol goals were recommended. Even in the years 2011
through 2014, it may be expected that implementation of the new
guidelines has taken some time, which could affect the present
results. Therefore, the exact number of individuals estimated to be
undertreated and overtreated, naturally needs cautious interpretation. Irrespective of these limitations, the data clearly show that
undertreatment with cholesterol-lowering therapy is a major
problem, while overtreatment at most is a minor issue.
In conclusion, in the Danish general population, ~190,000 per
million 35e100 year old subjects without ischemic cardiovascular
disease and diabetes are not treated to LDL cholesterol goals, according to the European guidelines. Conversely, ~1600 per million
received cholesterol-lowering therapy without endorsement in the
European guidelines. These results suggest that implementation of
guideline recommendations needs even more emphasis in the
future, to decrease the cardiovascular disease burden in Europe and
elsewhere below current levels.
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