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Aims

 

To assess the level of undertreatment of hypercholesterolaemia in the general
population, taking intra-person variability in serum cholesterol concentrations into
account, and to identify determinants of undertreatment of hypercholesterolaemia.

 

Methods

 

In this cross-sectional study, data from two population-based surveys on
cardiovascular disease risk factors conducted between 1987 and 1997 in the Neth-
erlands were used. For all 64 757 respondents aged 20–59 years, treatment eligibility
for lipid-lowering drug use was established according to the Dutch Cholesterol
Consensus. Multivariate logistic models were used to identify determinants of
undertreatment.

 

Results

 

During the study period, 56.8% of the study population had undesirable
cholesterol concentrations (serum total cholesterol 

 

>

 

5 mmol l

 

-

 

1

 

) and 5.5% of those
were eligible for pharmacological treatment based on their absolute risk of coronary
heart disease. Of those eligible for pharmacological treatment, 16.3% were treated,
and 19.6% of those treated had their serum total cholesterol concentration con-
trolled. Only 3.2% of those eligible for pharmacological treatment were both treated
and controlled. We identified several determinants for undertreatment, e.g. male
gender and younger age for primary prevention and female gender and older age
for secondary prevention. Treatment has improved slightly in more recent years.

 

Conclusions

 

Over 95% of the population eligible for the pharmacological treatment
of hypercholesterolaemia was either untreated or was uncontrolled. To decrease
undertreatment, identification of high-risk patients should be increased. Those who
are treated with lipid-lowering medication could further benefit from more aggres-
sive treatment, especially with statins.
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Introduction

 

HMG-Co A reductase inhibitors (statins) have proven to
be safe and effective in reducing fatal and nonfatal car-
diovascular events in both primary [1, 2] and secondary
prevention [3–5], and produce a reduction in total mor-
tality of approximately 30%. Hence, new and revised
national and international guidelines have been issued to
guide their use [6–8].

From a public health perspective as well as for the
individual patient, adherence to these guidelines is of
great importance. However, undertreatment of hyperc-
holesterolaemia (defined as lack of treatment or inade-
quate treatment) has frequently been observed [9–31].
Most of these studies have been limited to subjects with
established coronary heart disease (CHD) and did not
include primary prevention [9, 12, 14, 15, 19–24, 27–
31]. In addition, they were either not population-based
[17, 18, 25], used old guidelines [13], did not determine
treatment eligibility on a patient level [10] or focused
exclusively on the elderly [16]. Intra-person variability
of serum cholesterol concentrations has not been taken
into account in any of these studies. A previous study
showed that this may lead to a misclassification rate of
National Cholesterol Education Program risk status of at
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least 7% [32]. This correction requires repeated measure-
ments of serum cholesterol concentrations from a sam-
ple of the entire screened population.

The aim of the present study was to assess the level of
undertreatment of hypercholesterolaemia in the general
population, taking intra-person variability in serum cho-
lesterol concentrations into account, and to identify deter-
minants of undertreatment of hypercholesterolaemia.

 

Methods

 

Data

 

Data were obtained from two population-based surveys
on cardiovascular disease risk factors conducted in the
Netherlands. The Monitoring Project on Cardiovascular
Disease Risk Factors was carried out from 1987 to 1992.
Each year a new random sample of men and women
aged 20–59 years in Amsterdam, Maastricht and Doet-
inchem was selected. This project was continued from
1993 to 1997 as the ‘MORGEN’ project (Monitoring
Project on Risk Factors for Chronic Diseases). In
Amsterdam and Maastricht, new random samples were
selected, whereas in Doetinchem the study population
consisted of individuals who had participated in the pre-
vious study. All respondents completed a questionnaire
that contained questions on demographic variables, car-
diovascular risk factors and current use of medication.
Additionally, height, weight and blood pressure were
measured and blood was drawn (nonfasting) for total
cholesterol (Tc) and high density lipoprotein (HDL) cho-
lesterol determination. The design of this study has been
described in detail elsewhere [33].

Total and HDL cholesterol determinations were per-
formed in the Lipid Reference Laboratory (LRL) of the
University Hospital Dijkzigt in Rotterdam. A random
zero sphygmomanometer was used to measure blood
pressure twice by a trained technician (after 5 min) with
the subject in an upright position. Information on other
cardiovascular risk factors, e.g. smoking status and diabe-
tes, were obtained from the questionnaire.

In the Monitoring Project on Cardiovascular Disease
Risk Factors, the overall response rate was about 50% in
men and 57% in women. In the Monitoring Project on
Risk Factors for Chronic Diseases, the overall response
rate was about 40% in men and 46% in women.

A nonresponse survey was conducted in order to assess
possible selection bias. For this survey, all nonrespondents
(

 

n

 

 

 

=

 

 1620) in the period August–December 1991 were
selected [33]. The nonrespondents were approached by
telephone (75%) or by mail (25%). The response was
61%; 23% could not be reached and 16% refused to
participate. Because information on biological risk factors
such as serum cholesterol concentrations and blood pres-

sure could not be obtained from the nonrespondents,
educational level was used to evaluate potential selection
bias with respect to these risk factors, as educational level
is a main determinant of nonresponse and is known to
be associated with these risk factors [34, 35]. The results
of the nonresponse survey suggested that no substantial
selection with respect to educational level had taken
place.

 

Guidelines

 

Treatment eligibility was established according to the
revised Dutch Consensus Cholesterol (DCC), which was
released in 1998 [8]. These guidelines on the manage-
ment of hypercholesterolaemia indicate pharmacological
treatment in three situations:

1 Familial hypercholesterolaemia (FH), which is sus-
pected if Tc concentrations exceed 8 mmol l

 

-

 

1

 

.
Patients with Tc 

 

>

 

 8 mmol l

 

-

 

1

 

 should be referred to a
lipid clinic for further diagnostics and individual treat-
ment strategies.

2 Secondary prevention, including cerebrovascular acci-
dents (CVA) and peripheral arterial disease (PAD),
unless Tc 

 

£

 

 5 mmol l

 

-

 

1

 

. In this study secondary pre-
vention was defined as a self-reported history of myo-
cardial infarction (MI), coronary artery bypass graft
(CABG), percutaneous transluminal coronary angio-
plasty (PTCA), heart catheterization or stroke. The
questionnaire did not include any specific questions
on angina pectoris or PAD.

3 Primary prevention, when Tc 

 

>

 

 5 mmol l

 

-

 

1

 

 and the
absolute level of risk of coronary heart disease exceeds
an age and gender specific cut-off point. These cut-
off points are based on a maximum of approximately

 

€

 

18 000 per life year saved.

In the DCC, the Framingham risk function is used to
estimate the 10-year risk of coronary heart disease
(CHD; consisting of myocardial infarction (MI) and
CHD death plus angina pectoris and coronary insuffi-
ciency) for persons aged 30–74 years. The Framingham
risk function includes gender, age (years), SBP (mmHg),
the Tc/HDLc ratio, diabetes (yes/no), smoking (yes/no)
and ECG-left ventricular hypertrophy (ECG-LVH; yes/
no) [36]. As we had no information on ECG-LVH, all
patients were considered not to have ECG-LVH. Phar-
macological treatment for hypercholesterolaemia is indi-
cated for those aged between 40 and 60 years if the
absolute 10-year risk is 

 

>

 

25%, for those aged between
60 and 70 years if the 10-year risk is 

 

>

 

30% and above
age 70 years if the 10-year risk is 

 

>

 

40% (men) or 

 

>

 

 35%
(women). These levels are 5% lower in patients with
diabetes mellitus or a family history of CHD (CHD in
parents 

 

<

 

60 years).
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We applied the Framingham risk function to our
entire population without established CHD in order to
assess treatment eligibility, including respondents with
Tc 

 

>

 

 8 mmol l

 

-

 

1

 

. As we had no additional information
on a patient’s genetic profile, we could not distinguish
between ‘true’ FH and high Tc concentrations. We chose
to apply the Framingham risk function to these respon-
dents as well. Of all the respondents to whom we applied
the Framingham risk function, 18.6% (

 

n

 

 

 

=

 

 7151) did not
meet the criteria for application of this function, mainly
because they were younger than 30 years of age
(

 

n

 

 

 

=

 

 3710) or had serum total cholesterol or HDL-
cholesterol concentrations not within the Framingham
limits, 3.9–9.4 mmol l

 

-

 

1

 

 and 0.7–2.7 mmol l

 

-

 

1

 

, respec-
tively (

 

n

 

 

 

=

 

 2529).

 

Correction for intra-person variability

 

Repeated measurements of total cholesterol and HDL
cholesterol were available from a sample of 924 subjects
examined in 1989 who were re-examined 1 year later.
These measurements were used to calculate serum total
cholesterol and HDL-cholesterol concentrations cor-
rected for intra-person variability [37].

This correction was performed separately for respon-
dents treated and untreated with lipid-lowering medica-
tion and after stratification by sex and 10-year age
categories. This correction was performed within these
strata because each stratum can be considered as a sepa-
rate subpopulation with a specific distribution of total
cholesterol concentrations. By using this approach, each
individual’s total cholesterol concentration was corrected
by the mean of the stratum to which that individual
belonged.

We established treatment eligibility using both crude
and corrected serum cholesterol concentrations. As there
was only a small difference between both analyses
(approximately 5%), we chose to show the results using
corrected serum cholesterol concentrations only.

 

Missing values

 

Subjects with missing data on gender, serum total cho-
lesterol or HDL-cholesterol concentrations or systolic or
diastolic blood pressure were excluded from the analysis
(

 

n

 

 

 

=

 

 845; 1.3%). For 3176 subjects (4.9%) who acciden-
tally omitted one or more questions on a specific disease
in the questionnaire, we assumed that they did not have
the disease or condition specified.

 

Undertreatment

 

Treatment eligibility was established for all respondents.
Use of lipid-lowering medication was assumed to be

correctly initiated and therefore all subjects using lipid-
lowering drugs were considered eligible for treatment.
In the screening projects, lipid-lowering drug use was
recorded in two ways. Firstly, respondents were asked if
they used medication to lower their cholesterol concen-
trations and secondly, respondents were asked to specify
the drug(s) they were using. In 9.8% of the respondents
with a self-reported history of lipid-lowering drug use,
the information on the type(s) of drug(s) was missing. In
86.6% of all subjects reporting the use of lipid-lowering
treatment, lipid-lowering drug use was confirmed by
checking the registered indications of the drug(s) listed
by the respondent. Therefore, all participants reporting
the use of lipid-lowering medication were considered
pharmacologically treated for hypercholesterolaemia.

We distinguished two types of undertreatment. The
first type was defined as inappropriately not receiving
cholesterol-lowering medication and the second type was
defined as receiving pharmacological treatment but hav-
ing uncontrolled serum total cholesterol concentrations.
The treatment target of the DCC is Tc 

 

£

 

 5 mmol l

 

-

 

1

 

 for
both primary and secondary prevention.

 

Statistical analysis

 

Prevalences of the presence, treatment and undertreat-
ment of hypercholesterolaemia and their 95% confidence
intervals (CI) were estimated and standardized to the age
and gender distribution of the general Dutch population
in 1992. Multivariate logistic regression models were
used to assess the association between demographic vari-
ables, CVD risk factors, medication use and treatment
with lipid-lowering drugs (separate analyses for primary
and secondary prevention) or reaching the treatment
goal.

 

Results

 

From 1987 to 1997, 64 757 men and women between
20 and 59 years of age were examined. After exclusion
of pregnant women (

 

n

 

 

 

=

 

 489) and subjects with miss-
ing data (

 

n

 

 

 

=

 

 845), 63 423 subjects remained for the
analysis.

Table 1 lists the prevalence of suboptimal cholesterol
concentrations (defined as Tc 

 

>

 

 5 mmol l

 

-

 

1

 

 or receiving
lipid-lowering medication), eligibility for treatment
according to the DCC, and treated and controlled hyper-
cholesterolaemia. In the period 1987–97, 56.8% of the
population between 20 and 59 years of age had subopti-
mal cholesterol concentrations, 5.5% of those were eli-
gible for pharmacological treatment based on their total
risk profile, 16.3% of those eligible for pharmacological
treatment were treated and 19.6% of those treated had
their serum total cholesterol concentrations controlled.
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Only 3.2% of those eligible for pharmacological treat-
ment were both treated and controlled.

The prevalence of having suboptimal cholesterol con-
centrations increased with age for both men and women.
More men than women were eligible for pharmacolog-
ical treatment of hypercholesterolaemia. For both gen-
ders, eligibility increased with age. The most pronounced
differences between men and women were observed in
the age category 50–59 years of age. Although eligibility
was higher in men than in women, treatment was more
prevalent in women. The percentages of those treated and
controlled are small for both men and women, not
exceeding 6% except in those younger than 30 years of
age. Of the 2289 subjects who were eligible for treat-
ment, but not receiving lipid-lowering medication,
only 730 (31.9%) were aware of their high cholesterol
concentrations.

The prevalence of having suboptimal cholesterol con-
centrations decreased over time (Table 2), but the prev-
alence of treatment eligibility increased slightly.

Between 1987 and 1992 10.1% of those eligible for
treatment were treated compared with 27.0% in the
period 1993–97. In addition, the prevalence of reaching
the treatment goal among those treated increased, from
7.7% in the period 1987–92 to 27.3% in the period
1993–97. Figure 1 shows that treatment of hypercholes-
terolaemia among those eligible for treatment increased
slightly over the years 1987–95, but increased sharply
between 1995 and 1996.

In secondary prevention all those with suboptimal
cholesterol concentrations (81.4% of those with a history
of CHD) were eligible for treatment, but only a minority
was treated (11.1%) or treated and controlled (3.8%). In
primary prevention, the prevalence of treatment eligibil-

 

Table 1

 

Prevalence of suboptimal cholesterol concentrations, eligibility for treatment, treated and controlled hypercholesterolaemia in 
men and women by 10-year age category, weighted by the age and gender distribution of the general Dutch population in 1992 and 
corrected for intra-person variability.

 

Respondents
Suboptimal cholesterol

concentrations (Tc 

 

>

 

 5 mmol l

 

-

 

1

 

)
Eligible for treatment

 

*

 

(including those treated) Treated Controlled

 

**

 

Overall

 

63 423 40 064 (56.8%) 2719 (5.5%) 430 (16.3%) 83 (19.6%/3.2%)

 

Men

 

20–29 years 5 107 1 471 (28.8%) 6 (0.4%) 4 (66.7%) 1 (25.0%/16.7%)
30–39 years 7 476 4 271 (57.1%) 65 (1.5%) 16 (24.6%) 1 (6.2%/1.5%)
40–49 years 8 693 6 705 (77.1%) 369 (5.5%) 83 (22.5%) 15 (18.1%/4.1%)
50–59 years 8 341 7 089 (85.0%) 1558 (22.0%) 156 (10.0%) 39 (25.0%/2.5%)
20–59 years 29 617 19 536 (58.8%) 1998 (7.9%) 259 (14.1%) 56 (20.7%/2.9%)

 

Women

 

20–29 years 6 248 2 251 (36.0%) 6 (0.3%) 1 (16.7%) 1 (100%/16.7%)
30–39 years 8 484 3 732 (44.0%) 48 (1.3%) 7 (14.6%) 2 (28.6%/4.2%)
40–49 years 9 734 6 328 (65.0%) 136 (2.1%) 29 (21.3%) 8 (27.6%/5.9%)
50–59 years 9 340 8 217 (88.0%) 531 (6.5%) 134 (25.2%) 16 (11.9%/3.0%)
20–59 years 33 806 20 528 (54.8%) 721 (2.8%) 171 (23.1%) 27 (17.4%/4.0%)

*based on the Dutch Consensus Cholesterol, **% of those treated and percentage of those eligible for treatment, respectively.

 

Table 2

 

Prevalences of suboptimal cholesterol concentrations, eligibility for treatment, treated and controlled hypercholesterolaemia for 
different time periods and separately for primary and secondary prevention, weighted by the age and gender distribution of the general 
Dutch population and corrected for intra-person variability.

 

Respondents
Suboptimal cholesterol

concentrations Eligible for treatment Treated Controlled*

 

1987–92 41 647 27 457 (59.6%) 1739 (5.1%) 165 (10.1%) 12 (7.7%/0.8%)
1993–97 21 776 12 607 (51.7%) 980 (6.6%) 265 (27.0%) 71 (27.3%/7.4%)
Primary prevention** 61 918 38 839 (62.7%) 1494 (3.8%) 294 (19.7%) 36 (12.2%/2.4%)
Secondary prevention** 1 505 1 225 (81.4%) 1225 (100.0%) 136 (11.1%) 47 (34.6%/3.8%)

*% of those treated and percentage of those eligible for treatment, respectively, **correction for the age and gender distribution not possible,
because data on the age and gender distribution of the Dutch population among those with or without pre-existing CHD was not available.
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ity was much lower (3.8%), but the prevalence of being
treated and controlled (2.4%) yielded similar results.

Control of serum cholesterol concentrations was better
in secondary prevention (34.6%) than in primary preven-
tion (12.2%) (Table 3). Among all pharmacologically
treated subjects, 3.5% had a serum total cholesterol con-
centration exceeding 8 mmol l

 

-

 

1

 

.
Figure 2 shows the determinants associated with non-

use of lipid-lowering drugs among subjects eligible for
treatment of primary prevention (A) and secondary pre-
vention (B). In primary prevention, elderly subjects and
men had a higher risk of not receiving lipid-lowering
drugs, whereas in secondary prevention women and
younger subjects had a higher risk of not receiving lipid-
lowering drugs. In more recent years, subjects were more
likely to receive lipid-lowering drugs.

Subjects with untreated hypertension, diabetes mellitus
and CHD at age 

 

<

 

 60 years in first degree family mem-
bers tended to be less frequently treated, whereas respon-
dents concomitantly treated with either antihypertensive
drugs or anticoagulant drugs were more frequently
receiving lipid-lowering drugs. Current smoking was
associated with nonuse in primary prevention only and
former smoking was not significantly associated with
lipid-lowering drug use. Although a low educational level

was most prevalent in patients eligible for pharmacolog-
ical treatment (approximately 85%), educational level was
not associated with receiving lipid-lowering medication.
For further details, see Figure 2.

The factors associated with having serum lipids con-
trolled among treated patients are shown in Figure 3.
Respondents using statins compared with respondents
using nonstatin lipid-lowering drugs and respondents
with a history of cardiovascular disease had their choles-
terol concentrations more frequently controlled.

 

Discussion

 

This study demonstrates that a substantial proportion of
the general Dutch population aged 20–59 years who
were eligible for lipid-lowering medication were under-
treated between 1987 and 1997. Of those eligible for
pharmacological treatment of hypercholesterolaemia,
only 16.3% were treated, and only 19.6% of these had
their serum total cholesterol concentrations controlled.
Only 3.2% of those eligible for pharmacological treat-
ment of hypercholesterolaemia were both treated and
controlled.

Results were similar for men and women and for
primary and secondary prevention, but prevalence of
treatment increased over time. The publication and dis-
semination of landmark trials on the treatment of hyper-
cholesterolaemia (1994/1995) coincided with an increase
in treatment of hypercholesterolaemia after a lag time of
about 1–2 years. In primary prevention age, male gender,
untreated hypertension, diabetes mellitus, current smok-
ing and a family history of CHD increased the chance
of not using lipid-lowering drugs when they were indi-
cated, whereas the use of other cardiovascular drugs was
associated with greater use of lipid-lowering drugs. In
secondary prevention we found that subjects with a his-
tory of coronary events and subjects using other cardio-
vascular drugs were more likely to receive lipid-lowering
drugs, while subjects with diabetes mellitus were less
likely to receive these drugs (not statistically significant).
Respondents with a history of cardiovascular disease and
those treated with statins compared with those treated
with nonstatin lipid-lowering drugs had their cholesterol
concentrations more frequently controlled.

 

Figure 1

 

Percentage of respondents treated for 
hypercholesterolaemia among those eligible for pharmacological 
treatment according to the Dutch Consensus Cholesterol [8].
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Table 3

 

Serum total cholesterol concentrations in respondents treated with lipid-lowering drugs, corrected for within-person variability.

 

Serum total cholesterol Primary prevention (

 

n 

 

= 

 

294) Secondary prevention (

 

n 

 

= 

 

136) Total (

 

n = 430)

£ 5.00 mmol l-1 36 (12.2%) 47 (34.6%) 83 (19.3%)
5.01–6.50 mmol l-1 164 (55.8%) 69 (50.7%) 233 (54.2%)
6.51–8.00 mmol l-1 84 (28.6%) 15 (11.0%) 99 (23.0%)
> 8.00 mmol l-1 10 (3.4%) 5 (3.7%) 15 (3.5%)
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Although this large, population-based study has been
carried out in the Netherlands, the results may be appli-
cable to other European and industrialized countries as
well. Most of these countries use guidelines based on the

joint recommendations of the European Society of Car-
diology, the European Atherosclerosis Society and the
European Society of Hypertension [6] and treatment
eligibility may therefore be comparable. In addition, the
use of lipid-lowering drugs in the Netherlands is similar
to the use of these drugs in other western countries [38].

Our study may have several limitations affecting the
validity of our estimates. We relied on self-reported data
on cardiovascular disease risk factors and medication
use. Agreement between the questionnaire information
and information from general practitioners was variable,
but fair to moderate for conditions such as stroke, dia-
betes mellitus and MI [39]. For antihypertensive drug
use, Klungel et al. found that the agreement between
self-reporting and pharmacy records was high [40].
Only 86.6% of all subjects reporting lipid-lowering
drug use listed a drug that was registered for this indi-
cation. Therefore, considering all such respondents as
receiving lipid-lowering treatment probably underesti-
mated the actual prevalence of nonuse of lipid-lowering
therapy.

We had no valid information on angina pectoris and
peripheral artery disease and therefore these diseases
could not be included in our definition of secondary
prevention. This will have underestimated the prevalence
of undertreatment of hypercholesterolaemia in secondary
prevention, because respondents suffering from one of
these diseases who had a Tc > 5 mmol l-1 would have
been eligible for pharmacological treatment. The lack of
information on ECG-LHV may also have underestimated
prevalence of undertreatment in primary prevention.
Subjects with ECG-LVH have a higher 10-year risk of
CHD, and more subjects would have been eligible for

Figure 2 Determinants of nonuse of lipid-lowering drugs among 
those eligible for primary prevention (A) (n = 1494) and secondary 
prevention (B) (n = 1225). All odds ratios are adjusted for 
demographic variables, cardiovascular risk factors and medication 
use. The odds ratio for anticoagulant drug use is based on data 
from the Peilstation project only (n = 1048 and n = 687 for 
primary and secondary prevention, respectively).

Use Nonuse 

Age (per year) 

Male gender (n = 1195) 

Calendar year (per year) 

Dutch nationality (n = 1411)

Intermediate education (n = 92)

High education (n = 82)

Untreated hypertension (n = 384)

Antihypertensive drug use (n = 242)

Diabetes mellitus (n = 193)

Anticoagulant drug use (n = 17)

Former smoker (n = 213)

Current smoker (n = 1112)

CHD in family (n = 281) 

Odds ratio 

1.51

0.63

0.55

0.79

15.1

1.26

13.4

0.24

0.04

11.9

3.5

10.6

0.63

0.01 0.1 10 1001

a

Use Nonuse 

Age (per year) 

Male gender (n = 803)

Calendar year (per year) 

Dutch nationality (n = 1159)

Intermediate education (n = 118)

High education (n = 83)

History of MI (n = 567) 

History of CABG (n = 157)

History of PTCA (n = 103)

History of other cardiac surgery (n = 361)

History of CVA (n = 370)

Untreated hypertension (n = 132) 

Antihypertensive drug use (n = 246) 

Diabetes mellitus (n = 66)

Anticoagulant drug use (n = 206) 

Former smoker (n = 460)

Current smoker (n = 533) 

0.97

0.65

0.47

0.65

0.79

0.54

2.08

1.35

0.80

0.59

0.70

1.19

0.34

0.28

0.46

1.13

0.70

0.1 10

Odds ratio 

1

b

Figure 3 Determinants of having serum total cholesterol 
controlled among those treated with lipid-lowering drugs 
(n = 430). All odds ratios are adjusted for demographic variables, 
cardiovascular risk factors and medication use. The odds ratio for 
anticoagulant drug use is based on data from the Peilstation project 
only (n = 165).

Uncontrolled Controlled 

Age (per year) 

Male gender (n = 259)

Calendar year (per year) 

Intermediate education (n = 70)

High education (n = 37)

Diabetes mellitus (n = 31)

Anticoagulant drug use (n = 25)

Cardiovascular disease (n = 136)

Statin use (n = 364)

5.55 

3.54

4.19

1.27

2.40

0.55

1.16

0.96

1.08

Odds ratio 

0.1 1 10 100
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treatment if we could have taken the presence of ECG-
LHV into account.

Also, genetic information on the presence of FH was
not available for our analysis. We chose to apply the
Framingham risk function to those with higher total
cholesterol concentrations to establish treatment eligibil-
ity as well. Some of these respondents who are not
eligible based on the absolute level of 10-year risk of
CHD, may have had familial hypercholesterolaemia and
therefore may have been eligible for treatment. This also
may have underestimated the prevalence of undertreat-
ment of hypercholesterolaemia in primary prevention.

Besides undertreatment, overtreatment may also occur.
In this study, however, we were not able to assess treat-
ment eligibility for those already treated with lipid-low-
ering drugs. We assumed that the use of lipid-lowering
medication was correctly initiated, but the validity of this
assumption may be questioned for primary prevention.
Many of the respondents treated in primary prevention
were women without diabetes mellitus, although the
indication for lipid-lowering drug use is rare in this
subpopulation [8]. The same was observed for nonsmok-
ing men without diabetes mellitus. Little attention is paid
to overtreatment in literature. Abookire et al. observed
overuse of statin therapy among 69% of patients receiving
lipid-lowering medication for primary prevention and
among 47% of patients receiving lipid-lowering medica-
tion for secondary prevention [29]. For primary preven-
tion, our observations are probably comparable with the
results of the present study.

The low rate of lipid-lowering treatment among those
eligible for treatment was observed in previous studies as
well. The only other large study in a general population
was conducted in 1998 in England [26]. This cross-
sectional survey showed that only 3% of those eligible
for primary prevention used lipid-lowering drugs and
only 30% of those eligible for secondary prevention.
Other studies on undertreatment in both primary and
secondary prevention in the USA yielded estimates of
overall treatment prevalence between 14% and 48% [10,
13, 16–18, 25]. The highest prevalences of treatment
were observed in high risk patients [13, 17]. Many stud-
ies have been conducted in patients with CHD only. The
use of lipid-lowering drugs in those studies ranged from
12%-38% [9, 11, 12, 15, 19, 20, 22, 29, 31, 41].

In our study, only 19.6% of those treated with lipid-
lowering drugs had their serum total cholesterol concen-
tration controlled (< 5 mmol l-1), ranging from 12.6% in
primary prevention to 35.9% in secondary prevention.
This pattern was also observed in Norwegian general
practices [42]. The overall proportion of patients who
achieved the treatment goals was 35.5%, and was higher
in secondary prevention (43.9%) than in primary preven-
tion (17.0%). Others found similar overall rates, but

observed higher rates in primary prevention (up to 68%)
than in secondary prevention (approximately 20%) [43,
44]. The low proportion of patients who reach their
treatment goal may at least partially be explained by the
fact that they require a larger reduction in serum total
cholesterol than can be obtained by many therapies [41].
Over 25% of our population had a serum total choles-
terol of >6.5 mmol l-1 despite lipid-lowering treatment.
Other explanations include lack of dose adjustment and
noncompliance [43].

Adherence to guidelines on the management of hyper-
cholesterolemia might be improved by considering the
patient characteristics that are associated with nonuse of
lipid-lowering drugs. The use of antihypertensive or anti-
coagulant drugs was associated with greater likelihood of
use of lipid-lowering drugs, whereas untreated hyperten-
sion was associated with nonuse. Respondents who visit a
physician more frequently might be better treated with
lipid-lowering drugs because their lipid profile is deter-
mined more frequently or at an earlier stage. Another pos-
sible explanation is higher compliance to drug therapy in
general by these respondents. A substantial proportion of
those who were eligible for treatment but were not treated
were unaware of their high serum cholesterol concentra-
tions. This may also explain the high odds ratio we found
for the association between male gender and nonuse in pri-
mary prevention. Women visit their physician more fre-
quently [45, 46] and may therefore be more likely to receive
lipid-lowering drugs. However, diabetes mellitus was
strongly associated with nonuse as well, while these patients
will receive medical care and diabetes is a well known cause
of secondary dyslipidaemia and of cardiovascular diseases.
Other determinants associated with nonuse in primary pre-
vention were elderly age and a family history of CHD; phy-
sicians should focus on these undertreated subgroups.
Furthermore, more attention should be paid to reaching
the treatment goal, especially in primary prevention.

In conclusion, a large majority of the population stud-
ied were either untreated for hypercholesterolaemia or
were uncontrolled. Treatment improved slightly during
more recent years, and undertreatment was more preva-
lent in secondary prevention than in primary prevention.
To improve the management of hypercholesterolaemia,
the detection of hypercholesterolaemia should be
increased, and physicians should focus on patients with
diabetes mellitus or a family history of CHD and, in
primary prevention, on men. Those who are treated with
lipid-lowering medication could further benefit from
more aggressive treatment, especially with statins.
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