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ABSTRACT
INTRODUCTION: Familial hypercholesterolaemia (FH) can be 

diagnosed using clinical criteria or by direct mutation 

identification. The prevalence of clinical FH in Danish lipid 

clinics remains unknown. The objective of this study was to 

explore the prevalence of clinical FH in patients admitted on 

suspicion of FH with plasma low-density lipoprotein 

cholesterol (LDL-C) concentration ≥ 5.0 mmol/l.

METHODS: We reviewed the medical records of 653 patients 

consecutively (from 1 January 2013 to 1 May 2017) referred to 

the lipid clinic at Viborg Regional Hospital, Denmark. Patients 

with LDL-C concentration > 4.9 mmol/l were selected. Clinical 

FH was assessed using the Dutch Lipid Clinic Network 

(DLCN) and Simon Broom criteria. 

RESULTS: Using DLCN, 315 patients (median 82% (95% 

confidence interval (CI): 78-86%)) had possible FH, 33 

patients (median 9% (95% CI: 6-11%)) had probable FH and 

36 patients (median 9% (95% CI: 6-12%)) had definite FH. 

Thus, a total of 69 patients (median 18% (95% CI: 14-22%)) 

had probable/definite FH. Using the Simon Broome criteria, 

284 (median 74% (95% CI: 70-78%)) patients did not have 

FH, 67 patients (median 17% (95% CI: 14-21%)) had possible 

FH and 33 patients (median 9% (95% CI; 6-11%)) had definite 

FH, resulting in a total of 100 (median 26% (95% CI: 22-30%)) 

patients having possible/definite FH. The concordance 

between DLCN and Simon Broome FH was high among 

patients with definite FH (> 90%), but low among patients 

with probable or possible FH. 

CONCLUSIONS: Clinical FH was common among patients 

with LDL-C concentration ≥ 5.0 mmol/l referred to a Danish 

lipid clinic. However, the concordance between the DLCN 

and the Simon Broome criteria was low in a specialised 

clinical setting. 
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Familial hypercholesterolaemia (FH) is an autosomal 
dominant hereditary disease resulting in high levels of 
plasma low-density lipoprotein cholesterol (LDL-C) 
[1]. Patients with heterozygous FH have an increased 
risk of developing premature cardiovascular disease 
(CVD) before the age of 50 years in men and 60 years 
of age in women [2, 3]. The clinical diagnosis of FH re-

quires no positive gene test, and a negative gene test 
does not rule out FH. The clinical criteria commonly 
used are the Dutch Lipid Clinic Network (DLCN) and 
the Simon Broome criteria [4, 5]. These criteria define 
the probability of FH by combining family history of 
CVD, patient history of CVD, physical examination, 
 untreated LDL-C levels and gene testing [3].

Three mutations may give rise to the majority of 
 genetic FH: mutation in the LDL receptor gene (LDLR), 
in the apolipoprotein B gene (APOB) and in genes 
 coding for proprotein convertase subtilisin/kexin type 
9 (PCSK9) [6]. 

The prevalence of heterozygous FH has been re-
ported to vary from 1:200 to 1:500 [7]. In Denmark, 
the estimated prevalence of mutation-causative FH 
may be 1:217 [8]. A diagnosis of FH is important as 
 lipid-lowering treatment (LLT), primarily statins, may 
significantly decrease the risk of CVD [5, 9]. 

In Denmark, FH is often diagnosed and treated in 
specialised lipid clinics. The prevalence of clinical FH 
among consecutively referred patients with LDL-C 
 concentration > 4.9 mmol/l to a large lipid clinic is, 
however, largely unknown. 

METHODS

Study population

The medical records of 653 patients referred for evalu-
ation at the Lipid Clinic, Viborg Regional Hospital, 
 Denmark, from 1 January 2013 to 1 May 2017 were 
 examined. Patients were referred from the primary and 
secondary sector due to either biochemical or clinical 
suspicion of lipid disorders or because of a family mem-
ber being diagnosed with FH.  

The highest documented and untreated levels of 
plasma total cholesterol, LDL-C and triglyceride level 
were obtained through biochemistry history. Further-
more, cholesterol and triglyceride levels at the time of 
referral were also noted. Ischaemic heart disease (IHD) 
was confirmed by examining the medical records and 
included myocardial infarction (MI) and coronary 
 artery bypass grafting (CAGB), percutaneous coronary 
intervention (PCI) or angina pectoris with  documented 
coronary atherosclerosis evaluated by  coronary angio-
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grams. A medical history of cerebral  vascular disease 
(ischaemic stroke) and peripheral  vascular disease 
(PAD) were also noted. PAD included prior peripheral 
revascularisation and patients clinically diagnosed with 
intermittent claudication. Information on CVD (acute 

myocardial infarction (AMI), coronary artery bypass 
grafting, PCI or ischaemic stroke) among first- and 
 second-degree relatives was investigated by examining 
information of  family history. At the first consultation, 
patients were examined for tendon xanthomas and 
 arcus cornealis. Results from a test for FH gene muta-
tions were also  obtained from the patient records. 

The study was approved by the Danish Data 
Protection Agency (Ref: 1-16-02-696-16) and the 
Danish Patient Safety Authority. 

Clinical familial hypercholesterolaemia diagnosis 

Clinical FH was assessed using the DLCN and the 
 Simon Broome criteria (Table 1). For DLCN, it was not 
possible to evaluate plasma LDL-C levels in first-degree 
relatives, first-degree relatives with tendon xanthoma 
and/or arcus cornealis or plasma LDL-C levels of chil-
dren <18 years. Furthermore, only premature CVD was 
known among first-degree relatives. Probable or defin-
ite FH was considered together as having clinical FH by 
DLCN criteria and thus grouped under a single FH diag-
nosis – probable/definite FH.

For the Simon Broome criteria, data on tendon xan-
thomas in first- and second-degree relatives, mutations 
in PCSK9 and total cholesterol levels among relatives 
were not known. Patients with either possible or defin-
ite FH were regarded as having clinical FH determined 
by the Simon Broome criteria and grouped  
under the diagnosis possible/definite FH.

Statistical analysis

Data analyses were performed using STATA, version 
IC/15 (StataCorp LLC, TX, US). Descriptive statistics 
were stratified according to DLCN and Simon Broome 
FH status. All continuous data were described as medi-
ans with interquartile ranges. Continuous variables 
were tested for significance using the Wilcoxon-rank 
sum (Mann-Whitney) test and categorical data using 
the two-sample test of proportions.

Trial registration: not relevant.

RESULTS

A total of 384 patients with a recorded LDL-C concen-
tration ≥ 5.0 mmol/l were referred during the study 
period for evaluation at the lipid clinic, Viborg Regional 
Hospital (Table 2), all of which were scored according 
to the DLCN and the Simon Broome criteria. Patient 
age at referral ranged from nine years to 80 years of 
age.

Clinical diagnosis with the Dutch Lipid Clinic Network 

and the Simon Broome criteria

Using the DLCN criteria, none had unlikely FH, 315 
 patients (median 82% (95% confidence interval (CI): 

TABLE 1 / The Dutch Lipid Clinic Network criteria and the Simon Broome criteria of 

 clinical  

familial hypercholesterolaemia.

criteria  Score

Dutch Lipid Clinic Network
Family history:
1st-degree relative with premature coronary and/or vascular disease:  
men aged < 55 yrs, women aged < 60 yrs
Or 
1st-degree relative with known LDL-C concentration > the 95th percentile for age and gender
1st-degree relative with tendinous xanthomata and/or arcus cornealis
Or
Children aged < 18 yrs with LDL-C concentration > the 95th percentile for age and gender

1

2

Clinical history:
Patients with premature coronary artery disease: men aged < 55 yrs, women aged  
< 60 yrs
Patients with premature cerebral or peripheral vascular disease: men aged  
< 55 yrs, women aged < 60 yrs

2

1

Physical examination:
Tendon xanthoma
Arcus cornealis, aged < 45 yrs

6
4

LDL-C concentration, mmol/l:
 ≥ 8.5
6.5-8.4
5.0-6.4
4.0-4.9

8
5
3
1

FH gene mutation:
LDLR, APOB or PCSK9 mutation
Probable FH
Possible FH
Unlikely FH

8
6-8
3-5
< 3

Simon Broome 
Definite FH:
Adult: total-cholesterol concentration > 7.5 mmol/l or LDL-C concentration > 4.9 mmol/l
Child aged < 16 yrs: total-cholesterol concentration > 6.7 mmol/l or LDL-C concentration  
> 4.0 mmol/l
And
Physical finding of tendon xanthomas or tendon xanthomas in 1st- or 2nd-degree relative
Or
DNA evidence of an LDLR, APOB or PCSK9 mutation

_

Possible FH:
Adult: Total-cholesterol concentration > 7.5 mmol/l or LDL-cholesterol concentration  
> 4.9 mmol/l
Child aged < 16 yrs: total-cholesterol concentration > 6.7 mmol/l or LDL-C concentration  
> 4.0 mmol/l
And
Family history of MI at age ≤ 60 yrs in 1st-degree relative
Family history of MI at age ≤ 50 yrs in 2nd-degree relative
Or
Total cholesterol concentration > 7.5 mmol/l in adult 1st- or 2nd-degree relative 
Total cholesterol concentration > 6.7 mmol/l in child, brother or sister aged < 16 yrs

_

APOB = gene coding for apolipoprotein B; FH = familial hypercholesterolaemia; LDL-C = low-density 
 lipoprotein cholesterol; LDLR = LDL receptor gene; MI = myocardial infarction; PCSK9 = gene coding for 
 proprotein convertase subtilisin/kexin type 9.
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78-86%)) had possible FH, 33 patients (median 9% 
(95% CI: 6-11%)) had probable FH and 36 patients 
(median 9% (95% CI: 6-12%)) had definite FH. This 
equals a total of 69 patients (median 18% (95% CI:  
14-22%)) with probable/definite FH (Table 3). 

Using the Simon Broome criteria, 284 patients (me-
dian 74% (95% CI: 70-78%)) did not have FH, 67 pa-
tients (median 17% (95% CI: 14-21%)) had possible 
FH and 33 patients (median 9% (95% CI: 6-11%)) had 
definite FH. This yielded a total of 100 patients (me-
dian 26% (95% CI: 22-30%)) with possible/definite FH 
by these criteria (Table 3). 

Looking at the concordance between the DLCN and 
Simon Broome criteria stratified across subgroups 
(Figure 1), 33 patients had definite DLCN FH and 
Simon Broome FH, i.e. 92%. Sixteen had both probable 
DLCN and possible Simon Broome FH, i.e. 19%, and 
265 patients had possible DLCN FH and not Simon 
Broome FH, i.e. 79%.

Patient characteristics

Using the DLCN criteria, we found that patients with 
probable/definite FH were younger than patients with 
possible FH (51 versus 57 years, p = 0.002); they had 

higher plasma LDL-C concentration at referral as well 
as highest LDL-C concentration ever recorded (referral: 
4.1 mmol/l versus 4.6 mmol/l; highest: 5.7 mmol/l 
versus 6.7 mmol/l) and they had a higher rate of IHD 
without a previous MI (8.3% versus 29.0%). Likewise, 
any prior CVD was more common for probable/definite 
FH patients than for possible FH (18.4% versus 37.7%), 
p < 0.001). No difference in the prevalence of PAD or 
stroke was observed between the two groups. Statin 
treatment at referral was higher for probable/definite 
FH patients than for those classified as unlikely FH 
(43.8% versus 58.8%). 

Using the Simon Broome criteria, we found no dif-
ference in total cholesterol or LDL-C when comparing 
patients without FH with patients with possible/defin-
ite FH. Possible/definite FH patients showed a higher 
rate of prior non-MI IHD (22% versus 8.5%, p < 0.001) 
and statin use at referral (56.6 versus 42.9%, p = 
0.002). No differences were seen in relation to age, 
smoking status, previous MI, stroke or PAD (Table 3). 
Statin treatment at referral was higher for possible/def-
inite FH patients than for patients without FH (42.9% 
versus 56.6%).

TABLE 2 / Patient characteristics. 

Women 
(n = 214)

Men 
(n = 170)

all
(n = 384)

Gender, % 55.7 44.3 –

Age, yrs, median (± IQR) 60 (± 16) 50 (± 16) 55 (± 18)

Smoker, % 17.5 17.4 17.4

Systolic BP, mmHg, median (± IQR) 138.5 (± 26) 139 (± 24) 139 (± 25)

Concentration at the time of referral, 
mmol/l, median (± IQR)
Total-cholesterol
LDL-cholesterol 
Triglycerides

6.3 (± 2.3)
4.2 (± 2.1)
1.4 (± 1.1)

6.0 (± 2.15) 
4.2 (± 2.2)
1.6 (± 1.3)

6.2 (± 2.3)
4.2 (± 2.1)
1.5 (± 1.2)

Highest concentration recorded, 
mmol/l, median (± IQR)
Total-cholesterol
LDL-cholesterol
HDL-cholesterol
Triglycerides

8.1 (± 1.3)
5.8 (± 1.1)
1.5 (± 0.6)
2.3 (± 1.8)

8.0 (± 1.2)
5.8 (± 1.1)
1.2 (± 0.4)
3.0 (± 2.0)

8.0 (± 1.2)
5.8 (± 1.1)
1.4 (± 0.6)
2.6 (± 2.0)

Health background, %
Diabetes
Prior AMI
CAD, no prior AMI
Prior stroke
Prior PAD
Any CVD
BP medication at referral
Statin at referral 

11.2
  4.2
  8.9
  4.2
  2.3
18.7
32.1
44.8

 7.6
  6.5
15.9
  4.1
  2.9
25.9
23.1
48.5

 9.6
  5.2
12.0
  4.2
  2.6
21.9
28.1
46.5

AMI = acute myocardial infarction; BP = blood pressure; CAD = coronary artery disease; CVD = cardiovascular disease; HDL = high-density lipoprotein;  
IQR = interquartile range; LDL = low-density lipoprotein; PAD = peripheral artery disease.
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DISCUSSION

Of the 653 patients reviewed, 59% (n = 384) had 
 LDL-C concentration ≥ 5.0 mmol/l and were therefore 
suspected of having FH. Of these, 18% had clinical FH 
according to the DLCN criteria and 26% had FH accord-
ing to the Simon Broome criteria. In the general Danish 
population, clinical FH using the DLCN criteria has 

been estimated to be 1:223 (0.45%) [10] and other 
studies have found clinical Simon Broome FH to be 
more prevalent than DLCN FH [8]. A high degree of 
concordance was seen between DLCN and Simon 
Broome diagnosis among patients with definite FH.  
A positive gene test was frequent in these individuals 
(28 were mutation positive), which surely contributed 
to the high degree of concordance between these 
groups. In contrast, we observed a low degree of con-
cordance between DLCN and Simon Broome diagnosis 
among patients with probable or possible FH. Thus, the 
choice of FH algorithm in clinical practice plays a major 
role for overall FH classification.

The data presented in Figure 1 indicates that when 
applying the Simon Broome criteria in clinical practice, 
you will catch more patients with clinical FH than when 
using DLCN as a diagnostic tool. This, however, does 
not necessarily correspond to identifying patients with 
an FH causing mutation. In the general Danish popula-
tion, the DLCN criteria have been shown to have a 
higher mutation detection rate [8] than the Simon 
Broome criteria, but the detection rate of FH gene mu-

TABLE 3 / Characteristics stratified according to familial hypercholesterolaemia diagnosis.

Dutch lipid clinic network Simon Broome

possible FH
probable/
definite FH p-value not FH

possible/
definite FH  
finite FH p-value

Patients, n (%) 315 (82) 69 (18) – 284 (74) 100 (26) –

Age, yrs, median (± IQR) 57 (± 19) 51 (± 14) 0.002 57 (± 19) 52.5 (± 15) 0.051

Smoker, % 15.1 28.4 0.09 17.1 18.4 0.77

Systolic BP, mmHg, median (± IQR) 140 (± 25) 138 (± 32) 0.49 140 (± 24) 135 (± 29) 0.67

Concentration at the time of referral, 
mmol/l, median (± IQR)
Total-cholesterol
LDL-cholesterol
HDL-cholesterol
Triglycerides

6.1 (± 2.1)
4.1 (± 2.2)
1.4 (± 0.5)
1.5 (± 1)

6.55 (± 2.8)
4.6 (± 2.5)
1.3 (± 0.5)
1.5 (1.8)

0.035
0.005
0.004
0.68

6.2 (± 2.2)
4.2 (± 2.1)
1.4 (± 0.5)
1.5 (± 1.1)

5.95 (± 2.55)
4.1 (± 2.1)
1.3 (± 0.5)
1.6 (± 1.4)

0.29
0.37
0.14
0.54

Highest concentration recorded, 
mmol/l, median (± IQR)
Total-cholesterol
LDL-cholesterol
Triglycerides

7.9 (± 1)
5.7 (± 0.9)
2.6 (± 2)

8.9 (± 2.1)
6.7 (± 2.15)
2.6 (± 2.1)

< 0.001
< 0.001
0.84

8 (± 1.2)
5.8 (± 1.1)
2.6 (± 2.2)

8.2 (± 1.4)
5.8 (± 1.2)
2.8 (± 2.2)

0.057
0.21
0.60

Health background, %
Diabetes
Prior AMI
CAD, no prior AMI
Prior stroke
Prior PAD
Any CVD
BP medication at referral
Statin at referral

 9.2
  4.8
  8.3
  4.1
  2.5
18.4
28.1
43.8

11.6
  7.2
29.0
  4.3
  2.9
37.7
27.9
58.8

0.54
0.4
< 0.001
0.93
0.87
< 0.001
0.98
0.02

10.2
  4.9
  8.5
  4.9
  2.1
19.0
28.0
42.9

 8.0
  6.0
22.0
  2.0
  4.0
30.0
28.3
56.6

0.52
0.68
< 0.001
0.21
0.31
0.02
0.96
0.02

AMI = acute myocardial infarction; BP = blood pressure; CAD = coronary artery disease; CVD = cardiovascular disease; FH = familial hypercholesterolaemia; HDL = high-density lipoprotein;  
IQR = interquartile range; LDL = low-density lipoprotein; PAD = peripheral artery disease.

FIGURE 1 / Concordance between Simon Broome (SB) and Dutch Lipid Clinic Network 

(DLCN) subgroups.
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tations stratified according to clinical diagnosis among 
patients referred with LDL-C concentration ≥ 5.0 
mmol/l is unknown and needs further investigation. 

We found more patients with clinical FH who had 
IHD without a previous MI (29% and 22% for DLCN 
and Simon Broome, respectively) than patients who 
had AMI (7.2% and 6%), indicating that a large portion 
of FH patients may be within this population. FH pa-
tients were younger than non-FH patients whether  
the DLCN or the Simon Broome criteria were used. 
However, this was only significant for the DLCN. The 
younger age at diagnosis may be a result of cascade 
screening of family members of patients with known 
FH or with suspicion of FH. 

Notably, more than 40% of patients with LDL-C 
concentration ≥ 5.0 mmol/l and clinical FH did not use 
statins at referral (DLCN 41.2%; Simon Broome 
43.4%). Thus, their LDL-C levels were well above the 
European Society of Cardiology’s treatment targets for 
LDL concentration < 2.6 mmol/l (age < 40 at FH diag-
nosis) or < 1.8 mmol/l (age > 40 at FH diagnosis and/
or known IHD) [5, 7]. This indicates a need to improve 
the management of patients with clinical FH.

Only six patients had tendon xanthomas at their 
physical examination although previous studies have 
reported that the rate may reach 29% among patients 
with FH gene mutations [11]. None of the patients 
were identified with arcus cornealis before the age of 
45 years, even though 85 of the patients were in this 
age group with 27 having probable/definite DLCN FH 
and/or possible/definite Simon Broome FH. Clinical 
examination for xanthomas and arcus cornealis is 
highly dependent on the physician performing the 
physical examination.

In our study, 62.3% with DLCN FH and 70% with 
Simon Broome FH did not have CVD at the time of re-
ferral, which shows the potential benefit in making an 
early diagnosis and initiating LLT.

Limitations

This was a retrospective study. As noted, it was not pos-
sible to obtain all the necessary information to achieve 
a complete clinical FH score. Furthermore, data regard-
ing former transient cerebral ischaemia, carotid sten-
osis or the presence of xantelasmata were not available. 
Genetic testing did not include PCSK9 mutations, 
which account for approximately 2% of FH gene muta-
tions [12]. The highest recorded cholesterol levels were 
used to determine untreated levels; some of these may 
have been recorded while on statins. Statin intensity at 
referral was not known why the above method was 
used rather than cholesterol level correction. Informa-
tion regarding blood pressure was unavailable in 61 pa-
tients; all data on other variables were nearly complete. 

Data on tendon xanthoma and cholesterol levels 

among relatives were unknown. These variables are 
central to the Simon Broome criteria and may cause 
bias, underestimating the prevalence of Simon Broome 
FH compared with DLCN FH.

The included patients were highly selected since 
they represent patients in whom suspicion of FH had 
been raised in either the primary or the secondary 
healthcare sector. The clinical FH scores of referred 
 patients may be influenced by several factors such as 
regional FH awareness and country, making the results 
subject to further investigation in similar settings.   

CONCLUSIONS

Clinical FH is a common finding (18% using the DLCN 
and 26% using the Simon Broome criteria) among pa-
tients with LDL-C concentration ≥ 5.0 mmol/l referred 
to a large Danish lipid clinic. However, the concord-
ance of clinical FH between the DLCN and the Simon 
Broome criteria is low. It would be very interesting to 
prospectively evaluate the mutation detection rate of 
genetically verified FH by these broad referral criteria. 
Evaluated by statin use and LDL-C levels at referral, 
 patients with clinical DLCN FH and Simon Broome FH 
are undertreated, showing the need for increased iden-
tification and treatment. 
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