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Aims Untreated familial hypercholesterolaemia (FH) increases the risk of premature atherosclerosis and cardiovascular
disease (CVD). This study investigated the presence of CVD in FH patients at the time of death.

Methods
and results

The presence of CVD, lipid profile, medical treatment, and cause of death was characterized in all deceased Norwegian
FH patients, of whom we had access to medical records (n ¼ 79, from 1989 to 2010). The mean age at first CVD event
was 44 years. The mean age at the time of death was 60 years. Cardiovascular disease was the cause of 50% of the
deaths. At the time of death, 93% of the FH patients had established CVD and 69% had experienced myocardial infarc-
tion. The FH patients were divided into two groups (cut-off 60 years); FH patients who died at a younger age (mean age
51 years) and at an older age (mean age 71 years). More of the younger FH patients received statins (98 vs. 81%,
P ¼ 0.038), and fewer received niacin (0 vs. 17%, P ¼ 0.019) compared with the older patients. The last measured
low-density lipoprotein cholesterol level was higher in the younger patients compared with the older FH patients
(5.3 vs. 4.4 mmol/L, P ¼ 0.033). There were more current smokers among the younger FH patients compared with
the older patients (55 vs. 10%, P ¼ 0.001). Interestingly, there were no sex differences in age at the first CVD event
or age at the time of death.

Conclusion Cardiovascular disease is present in most FH patients at the time of death, underscoring the severity of FH and the need
for early diagnosis and treatment.
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Introduction
Heterozygous familial hypercholesterolaemia (FH) is character-
ized by an accumulation of low-density lipoprotein cholesterol
(LDL-C) in the plasma and increased risk of premature cardiovas-
cular disease (CVD) caused by atherosclerosis.1,2 While the gen-
erally accepted estimate for the prevalence of FH is 1/500 globally,
recent studies suggest a frequency approaching 1/200.1,3,4 Despite
the fact that FH is the most common inherited metabolic dis-
order, less than 10% of FH patients are diagnosed and treated
worldwide.1 If left untreated, clinical symptoms of CVD typically
manifest in men in their fourth decade and in women in their fifth
decade of life.5 However, the onset of clinically manifested CVD

varies widely among patients with FH, even among carriers of
an identical mutation.5 – 7 A large family-tree mortality study in
the Netherlands showed that �60% of untreated FH patients
suffered from premature death, whereas 40% had a normal life
expectancy.8

Cardiovascular disease is the main cause of death worldwide,9

and the foremost cause of premature mortality in Europe.2 How-
ever, there are few published studies concerning mortality among
FH patients and in deceased heterozygous FH patients.10–13 There-
fore, the aim of the present study was to retrospectively analyse the
medical records of deceased FH patients to assess information on
the presence of CVD, the age at the time of death, the cause of
death, lipid profile, and medical treatment.
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Methods

Approvals
This study was performed in accordance with the Declaration of Hel-
sinki and approved by The Regional Committee of Medical and Health
Research Ethics for South-Eastern Norway and by The Norwegian Data
Protection Official at Oslo University Hospital.

Study population
In Norway, all molecular diagnosis of FH is performed at the Unit for
Cardiac and Cardiovascular Genetics (UCCG) at Oslo University Hos-
pital. From 1992 to 2010, 4688 FH patients were included in the registry,
after written informed consent.14 A total of 113 FH patients died within
this time period, representing all registered deaths within the complete
cohort of all FH patients with a molecular diagnosis in Norway.13 Sixty
of these 113 deceased FH patients were included in the present study
on the basis of access to medical records (Figure 1).

The Lipid Clinic at Oslo University Hospital is the major centre for
treatment and diagnosis of FH in Norway. Medical records from 30 de-
ceased FH patients from the period 1989–2006 were identified at the
Lipid Clinic. Eleven of these patients had a verified genetic mutation for
FH and were registered in the UCCG Registry. A mutation had not been
confirmed in the remaining FH patients by the time they died. However,
by investigating the medical records of living first-degree relatives of the
deceased FH patients, a genetic FH mutation was identified in 10 first-
degree relatives. The remaining nine FH patients fulfilled the Dutch Lipid
Clinic Network criteria for definite FH with a score of eight points or
more.15 The final study group consisted of 79 deceased FH patients.

Data collection
The period of analysis ranged from 1989 (time of death in the first pa-
tient) to 2010 (endpoint of data collection).

In Norway, all deaths are reported to the Norwegian Cause of Death
Registry (NCoDR) by physicians completing a death certificate.16,17 The
information in the death certificates are coded according to the World

Health Organization (WHO) International Classification of Diseases
(ICD). From 1989 to 1995, ICD-9 was used, and from 1996 ICD-10
has been used.16 The coupling of the UCCG Registry and the NCoDR
was performed as previously described and included deaths from 1992
to 2010.13 Fourteen deaths were observed before 1996 and had been
coded with ICD-9. These were converted to ICD-10 codes.18 Cause
of death was categorized by the ICD-10 diagnosis coding system; all-
cause mortality (all ICD-10 diagnosis codes), CVD mortality (category
block I [I00-I99]), cancer mortality (category block C [C00-C97]), and
other cause mortality (all ICD-10 diagnosis codes except CVD and can-
cer). Two observed deaths in the UCCG Registry had main diagnosis
code E78.0, pure hypercholesterolaemia, and were classified as CVD
deaths.13 Six deaths occurred between 1989 and 1992 and were there-
fore not included in the coupling between the UCCG Registry and the
NCoDR; these causes of death were based on autopsy reports (two pa-
tients) and information in medical records (four patients).

Information on sex, medical history, the presence of CVD, CVD risk
factors and comorbidity, the presence of the FH stigmata xanthelasms,
xanthomas and corneal arcus, pre-treatment and last measured blood
lipid values, and lipid-lowering treatment was obtained from medical re-
cords. An overview of the main CVD diagnosis codes used in the study is
shown in Supplementary material online, Table S1. Owing to insufficient
access of coronary revascularization procedures obtainable from the
medical records, only information on coronary artery bypass grafting
(CABG) surgery was obtained. In cases where LDL-C was not regis-
tered, the plasma level of LDL-C was calculated by Friedewald for-
mula.19 Body mass index (BMI) was calculated as last registered
weight (kg) divided by height (m) squared (kg/m2). Age at first CVD
event, age at the time of death, and the duration of lipid-lowering treat-
ment were calculated in whole numbers. Lipid-lowering treatment with
statins combined with ezetimibe, resins, fibrates, and/or niacin was con-
sidered ‘combination treatment’. A reported daily dose of 40 or 80 mg
atorvastatin, 80 mg simvastatin or 20 mg rosuvastatin was considered
‘potent statin treatment’.

Statistical analysis
Statistical analyses were performed using the IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp, Armonk, NY, USA). Analysis on dif-
ferences in characteristics between groups was carried out using inde-
pendent samples t-test with mean and standard deviation (SD) for
continuous variables with a normal distribution. In cases of a skewed dis-
tribution, Mann–Whitney U test with median and interquartile range
(IQR), Q1–Q3, was used. Comparison of frequencies between categor-
ical variables was carried out using x2 test for independence or Fisher’s
exact two-tail probability test, and presented in a number of cases and
percentages (%). The level of statistical significance was set at P , 0.05.

Results

The presence of cardiovascular disease in
the familial hypercholesterolaemia
patients
Characteristics of the deceased FH patients are shown in Table 1.
The mean age at the time of death was 60+ 13.2 years (range 33
to 94 years). Women accounted for 41% of the FH patients. Cardio-
vascular disease was the cause of death in 50% of the FH patients,
followed by cancer (32%, data not shown). Ninety-three per cent
of all FH patients had established CVD at the time of death with a
mean age of CVD onset at the age of 44+ 10 years. Coronary heart

Figure 1 Flow chart showing inclusion of familial hypercholes-
terolaemia patients in the study group.
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disease (CHD) was present in 86% of the FH patients and 69% of the
FH patients had experienced one or more myocardial infarction
(MI) at the time of death. Prevalence of atrial fibrillation was 19%
and 39% of the FH patients had other vascular diseases. Xanthe-
lasms, xanthomas, and corneal arcus were present in 31, 57, and
62% of the FH patients, respectively. Hypertension was present in
almost 50% of the FH patients, and 22% had diabetes mellitus
(DM). Ninety-one per cent received statins or combination treat-
ment. The mean duration of statin treatment was 8 years.
Pre-treatment total cholesterol (TC) and LDL-C was 12.3+ 2.9
and 9.6+ 2.4 mmol/L, respectively. The last measured TC and
LDL-C level before death was 6.9+ 1.8 and 5.0+ 1.8 mmol/L,
respectively. Twenty-nine per cent of the FH patients had had
one or more CABG.

Younger vs. older age at the time of death
In a recent study including all registered deaths within the complete
FH cohort in Norway during 1992–2010, the average age at the
time of death was approximately 60 years,13 as was the case in
the present study. Therefore, patients were divided into two groups
with a cut-off of 60 years (Table 2). As shown in Figure 2, whereas
55% of the patients who died at a younger age (mean age at the
time of death 51 years) were active smokers, only 10% of the pa-
tients who died at an older age (mean age at the time of death 71
years) were active smokers (P ¼ 0.001). Ninety-eight per cent of
the younger and 81% of the older FH patients received statins or
combination treatment (Figure 3, P ¼ 0.038). None of the patients
who died at a younger age received niacin compared with 17% of
the patients who died at an older age (P ¼ 0.019). The last measured
mean level of LDL-C was significantly higher among the younger FH
patients compared with that of the older patients (Figure 4, 5.3+2.0
vs. 4.4+ 1.3 mmol/L, P ¼ 0.033). There were no differences be-
tween the groups in the presence of CVD at the time of death.
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Table 1 Descriptions of all familial
hypercholesterolaemia patients

All FH patients

na

Female, n(%) 32 (41) 79

Year of death, year 2004 (1998–2007) 79

Age at the time of death, years 60 (13.2) 79

Age at first CVD event, years 44 (10) 45

CVD cause of death, n(%) 33 (50) 66

Presence of CVD, n(%)

Overall presence of CVD 71 (93) 76

CHD 61 (86) 71

One or more MIs 43 (69) 62

Atrial fibrillation 9 (19) 48

Heart failure 16 (35) 46

Cerebrovascular disease 12 (25) 49

Diseases of arteries, arterioles and
capillaries

21 (39) 54

Aortic aneurysm 8 (15) 54

Lung embolus or deep vein
thrombosis

7 (14) 50

FH stigmata, n(%)

Xanthelasms 22 (31) 72

Xanthomas 41 (57) 72

Corneal arcus 24 (62) 39

CVD risk factors and comorbidity

Smoker (both pre and active), n(%) 31 (61) 51

Smoker (active), n(%) 19 (37) 51

Hypertension, n(%) 32 (46) 69

Diabetes mellitus, n(%) 12 (22) 54

BMI, kg/m2 27.0 (23.4–29.8) 37

Cancer, n(%) 28 (52) 54

Rheumatologic disease, n(%) 7 (15) 48

Lipid-lowering treatment and n-3 supplements

Statins or combination treatment, n(%) 67 (91) 74

Total years of statin treatment, years 8 (3–12) 29

Potent statin type, n(%) 33 (54) 61

Resins, n(%) 17 (27) 62

Niacin, n(%) 4 (7) 62

Ezetimibe, n(%) 13 (21) 62

LDL-C-/plasmapheresis, n(%) 5 (7) 74

n-3 supplements, n(%) 14 (24) 59

Laboratory parameters

Pre-treatment, mmol/L

TC 12.3 (2.9) 72

LDL-C 9.6 (2.4) 46

HDL-C 1.2 (0.4) 47

TG 1.72 (1.20–2.77) 50

Continued

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 1 Continued

All FH patients

na

Last registered, mmol/L

TC 6.9 (1.8) 63

LDL-C 5.0 (1.8) 57

HDL-C 1.3 (0.5) 61

TG 1.39 (1.00–2.01) 62

Lp(a), mg/L 277 (130–517) 29

Coronary revascularization procedures

One or more CABGs, n(%) 18 (29) 63

Data are given as mean(SD), median(IQR) or n(%).
CVD, cardiovascular disease; CHD, coronary heart disease; MI, myocardial
infarction; BMI, body mass index; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG,
triglycerides; Lp(a), lipoprotein(a); CABG, coronary artery bypass graft.
an indicates number of individuals.
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The presence of cardiovascular disease in
female vs. male familial
hypercholesterolaemia patients
The presence of CVD was evaluated according to sex (Figure 5).
Fewer female FH patients had CVD at the time of death compared
with male FH patients (84 vs. 100%, P ¼ 0.011). No other statistical
significant differences between female and male FH patients were
observed; neither in mean age at the time of death, in age at the first
CVD event, nor in the presence of CHD (Table 2).

Cardiovascular disease risk factors and
lipid values in female vs. male familial
hypercholesterolaemia patients
A greater number of female FH patients had rheumatologic disease
(32 vs. 3%, P ¼ 0.011) and significantly fewer females had hyperten-
sion (36 vs. 54%, P ¼ 0.022) at the time of death compared with
male FH patients (see Supplementary material online, Table S2). Fe-
males had lower level of pre-treatment triglycerides [1.40 (0.97–
2.35) vs. 2.09 (1.63–3.60) mmol/L, P ¼ 0.018] and higher last mea-
sured high-density lipoprotein cholesterol (HDL-C) level compared
with males (1.5+ 0.3 mmol/L vs. 1.2+ 0.4 mmol/L, P ¼ 0.007).
There were no differences between sexes in any of the other bio-
chemical and clinical parameters.

Discussion
The present study shows that most FH patients had established
CVD at the time of death. In the death certificates, CVD was re-
corded as the main cause of death in 50% of the FH patients, while
at the same time 93% of the FH patients suffered from CVD at the
time of death, indicating that the main cause of death underestimates
the true presence of CVD in FH patients. Clearly, CVD was a major
issue for many FH patients as 69% had experienced one or more MIs
at the time of death.

A prospective study of 345 FH patients by Mohrschladt et al.12

showed that male FH patients treated with statins from middle
age (age 40–59 years) remained at an increased risk for CVD, espe-
cially if they had had a CVD event before statin treatment was in-
itiated. Most of the FH patients in our study had experienced one
or more CVD events before statins were initiated. This suggests
that the FH diagnosis was set after the first CVD event, underscor-
ing that FH is severely underdiagnosed in the population.1 A recent
study by Nanchen et al. 20 showed that a phenotypic diagnosis of
possible FH was present in 54.1% of 1451 patients hospitalized
with premature acute coronary syndromes.

The FH patients in this study received statins for an average of 8
years prior to death. However, only 54% of the FH patients, with a
highly premature mean age of 44 years at the first CVD event, re-
ceived a potent statin type (bearing in mind that some patients
died in the 1990s, at a time with less aggressive treatment goals). In-
adequate dose and late introduction of lipid-lowering treatment
probably lead to a higher risk of CVD death, as shown in studies
on patients without FH.21 Versmissen et al. 22 showed a CVD risk
reduction of 76% in FH patients on statins vs. untreated patients
during a mean follow-up of 8.5 years. The overall CVD risk of the
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FH patients who reached LDL-C level of 4.0 mmol/L was almost
similar to that of the general Dutch population adjusted for age
and sex, indicating that long-term statin therapy in CVD-free

FH patients is effective, even with LDL-C levels above the recom-
mended goal.22 However, in non-statin-treated FH patients,
the risk of CVD is increased 13-fold compared with FH

Figure 3 Lipid-lowering treatment in familial hypercholesterolaemia patients divided into two groups based upon the mean age at the time of
death; younger (,60 years) and older (.60 years). Bars represent number of patients (%). For total years of statin treatment, bars represent
median (inter-quartile range). Shaded bars indicate younger and blue bars indicate older familial hypercholesterolaemia patients. Numbers of pa-
tients are indicated at each bar.

Figure 2 Cardiovascular disease risk factors and comorbidity in familial hypercholesterolaemia patients divided into two groups based upon the
mean age at the time of death; younger (,60 years) and older (.60 years). Bars represent number of patients (%). For body mass index, bars
represent median (inter-quartile range). Shaded bars indicate younger and blue bars indicate older familial hypercholesterolaemia patients. Num-
bers of patients are indicated at each bar.

H.W. Krogh et al.1402
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patients receiving statins.3 In this study, many patients died young
after having experienced one or more premature CHD events
such as MI.

Cardiovascular disease deaths accounts for 46% of all deaths in
Europe23 and accounted for 37% of all deaths in the Norwegian
population in 2010,13 compared with 50% of the deaths in this FH

Figure 5 The presence of cardiovascular disease in female vs. male familial hypercholesterolaemia patients. Bars represent number of patients
(%). Shaded bars indicate female and blue bars indicate male familial hypercholesterolaemia patients. Numbers of patients are indicated at each bar.

Figure 4 Blood lipid values in familial hypercholesterolaemia patients divided into two groups based on the mean age at the time of death;
younger (,60 years) and older (.60 years). Bars represent mean+ SD. For triglycerides and lipoprotein(a), bars represent median (inter-
quartile range). Shaded bars indicate younger and blue bars indicate older familial hypercholesterolaemia patients. Numbers of patients are indi-
cated at each bar.
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cohort. Even though the prevalence of CVD deaths in the FH
patients is not very different from the general population, in recent
findings from Mundal et al.13 the FH patients had a significantly lower
mean age at the time of CVD death. Data suggest that statins may
lower risk of MI in FH patients to the same level as the general popu-
lation.22 However, both the present study and Mundal’s study were
carried out in the ‘statin era’, and despite statin treatment age at the
time of death was still lower in the deceased FH patients than in the
general population.13 Although more of the FH patients who died at
a younger age received statins when compared with the older FH
patients, their last measured level of TC and LDL-C was significantly
higher than in the older patients. The present study underscores the
vital clinical importance of optimal follow-up of young FH patients in
order to secure a good compliance of medication use and to opti-
mize the treatment once given to reach recommended
lipid-lowering treatment targets. We have previously shown that
despite long-term lipid-lowering therapy in FH patients and normal-
ization of lipid levels, there still was an inflammatory imbalance in
these patients potentially contributing to premature disease, sup-
porting the present findings.24

It has been estimated that by the age of 65 years, �50% of women
and 85% of men with FH have experienced a coronary event if not
appropriately treated.6 The present study suggests that the numbers
are even higher since 80% of the women and 90% of the men who
died of any cause had established CHD at a death age of 59 and 60
years, respectively. The mean age at the time of CVD deaths was 57
years in both sexes. One might hypothesize that life-long exposure
to high LDL-C may be so detrimental that it counterbalances the
positive effect of sex on CVD usually seen among non-familial hy-
percholesterolaemic persons. Also, pregnancy and lactation leads
to the disadvantage of fewer effective years of treatment in women.
The present data underlines the importance of treating both sexes
equally efficient in FH.

Active smoking and high on-treatment LDL-C levels character-
ized FH patients who died prematurely compared with those who
died later. This is consistent with previous findings.25 The presence
of DM was very high among the deceased FH patients (22%) and
much higher than that of the age-adjusted rate in the general popu-
lation. However, the rate of DM in the present study must not be
considered representative of the rate in the general FH population
since this high rate was observed in the FH patients who died. The
most conceivable interpretation of this finding is therefore that DM
represents a major risk factor for death in FH patients.

Twenty-nine per cent of the deceased FH patients had had one or
more CABGs. The relatively high number of CABGs underscores
the severity of the disease, but must also be considered in the con-
text of the time of which the data were collected. The prevalence of
atrial fibrillation among the deceased FH patients aged 60 years was
approximately at the same level as in those aged 85 years or older in
the general population (17.8%),26 reflecting the massive burden of
CVD in the FH population. Fifteen per cent of the FH patients in
our study had aortic aneurysm when compared with 2.2% in women
and 8.9% in men in the general Norwegian population.27 Aortic an-
eurysm is two to six times more prevalent in males than in females;
however, there was no difference between sexes in this study.

An important strength in our study was that the majority of all FH
patients in the study population had a verified genetic mutation for

FH. Furthermore, the coupling of the UCCG Registry to the
NCoDR allowed us to categorize the main cause of death in all
the FH patients. Few, if any, other studies have investigated the med-
ical history and the presence of CVD in such a high number of de-
ceased FH patients.

Some care, however, is needed in interpreting our findings. The
selection and inclusion of FH patients was based on the time of
death (1989–2010). Still, the patients were not a random sample
of the total Norwegian FH population. Most patients were followed
up at the Lipid Clinic with an experienced staff. Reflecting the time
frame the collected data from the medical records represents, all
values were not available for all FH patients. For the same reason,
detailed information on the presence of CVD such as different types
of MIs was scarce and we did not have available information on cor-
onary revascularization procedures or other invasive methods. An-
other study limitation was that the FH population was about 4.8
years younger when compared with the Norwegian population.13

Ideally, when comparing the mean age for CVD deaths in these
two cohorts, similar mean age in the two populations should have
been present.

In conclusion, our results show that over 90% of FH patients were
characterized by the presence of CVD at the time of death. The FH
patients died at a highly premature age of 60 years. Three out of four
FH patients had experienced one or more MIs prior to death. Clas-
sical risk factors were more prevalent in FH patients who died at a
younger age. The present study clearly emphasizes the severity of
carrying an FH mutation and the urgent need for early diagnosis
and treatment for these patients, including young women.

Supplementary material
Supplementary material is available at European Heart Journal online.
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