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Abstract FH, assessed by Dutch Lipid Clinic Network (DLCN)
Background: Familiar hypercholesterolemia (FH) is criteria, in patients with ACS.

genetic disease that leads to increased serum low-
density lipoprotein cholesterol (LDLc) and premature

Methods: We designed a multicentre, observational,

acute coronary syndromes (ACS). The objective of our prospective and nationwide registry of ACS patients

study was describing the prevalence and prognosis of admitted in 30 hospitals. The DLCN criteria were

analysed in all patients and they were classified in:
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unlikely-FH (0-2 criteria), possible-FH (3-5 criteria),
probable-FH (6-7 criteria) or definite-FH (>7 criteria).
Premature ACS was defined if age at admission was

<55 in men or <65.

Results: we included 868 patients, 72.3% males and
20.6% diabetics. Unlikely-FH accounted for 84.2% of
the cohort; the prevalence of possible FH was 14.5%,
probable-FH 1.1% and only 1 patient had definite-FH.
The prevalence of possible or probable FH increased
up to 21% in patients with premature ACS. Patients
with possible/probable FH had lower mean age but
more peripheral arterial disease; also, had been
diagnosed more often of hypercholesterolemia and had
higher LDLc and statins treatments before admission.
A progressive increase in the incidence of major
cardiovascular events (MACE) was observed by each
increase in one DLCN criteria (OR= 1.23 95% CI
1.08-1.39) or, patients  with
possible/probable FH (OR: 2.31 95% CI 1.35-3.96).

globally, in

Conclusions: 15.8% of patients with ACS have
possible/probable FH and the prevalence increases up
to 24% in patients with premature ACS. Patients with
possible/probable FH have higher risk of in-hospital
MACE.

Keywords: Familial hypercholesterolemia; LDLc

Introduction

Familial hypercholesterolemia (FH) is a genetic
condition that leads to increased serum low-density
lipoprotein cholesterol (LDLc) and premature onset of
coronary heart disease [1,2]. FH has an autosomal co-
dominant transmission and several genetic mutations
have been clearly identified [3,4] although the

diagnosis by clinical criteria has an excellent
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correlation with genetic test [3]. The prevalence of FH
has been estimated in 1/300-500 persons although
recent reports have found that prevalence of probable
FH can be as high as 8.3% in patients with established
coronary heart disease [5,6] and even higher in

patients with acute coronary syndromes (ACS) [5-8].

Most available evidence related to prevalence of FH in
ACS is based on retrospective analyses of databases
[5,7,8]. The objective of our study was describing the
prevalence and clinical features of FH, assessed
prospectively by clinical criteria, in a cohort of
patients admitted for ACS.

Methods

We designed a multicentre, observational, prospective
and nationwide registry of patients admitted for an
ACS in 30 hospitals from Spain. The Dutch Lipid
Clinic Network (DLCN) criteria were analysed in all
patients and they were classified in: unlikely-FH (0-2
criteria), possible-FH (3-5 criteria), probable-FH (6-7
criteria) or definite-FH (>7 criteria) [9]. ACS was
defined by presence of typical clinical symptoms of
chest pain and electrocardiographic changes indicative
of myocardial ischemia/lesion and/or elevation of
serum markers of myocardial damage [10]. ACS was
classified as ST-elevation myocardial infarction
(STEMI) and non-ST elevation ACS according to the
electrocardiographic findings. Mortality risk was
assessed by the GRACE score [10] and patients were
categorized, according to current recommendations,
into low (<108), intermediate (109-139) or high risk
(>140). In-hospital prognosis was assessed by the
incidence of any major cardiovascular event (MACE),
that included all-cause mortality, heart failure, stroke,

un-planned revascularization and major bleeding.
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Risk factors, clinical antecedents, treatments,
complementary test and main diagnosis at discharge
were collected from all patients by trained medical
staff. Glomerular filtration rate was estimated from
serum creatinine values with the CKD-EPI equation.
For the antecedent of previous coronary heart disease
patients needed to have a clinical diagnosis of
myocardial infarction, stable or unstable angina or
angina-driven coronary revascularization. Previous
heart failure was codified if patients had at least one
hospitalization with such main diagnosis at discharge-
medical report as well as those with typical signs and
symptoms of heart failure that had a compatible
imagine diagnosis (X-ray or echocardiogram).
According to their equivalencies and the 2013
ACCC/AHA guidelines [11], intensive statin treatment
was considered atorvastatin  40-80 mg/day or
rosuvastatin 20 mg/day; atorvastatin 20-40 mg/day,
simvastatin 20-40 mg/day were considered moderate
intensity regimens; atorvastatin 10 mg/day, simvastatin
10 mg/day and pravastatin 10-40 mg/day were
categorized as low intensity lipid-lowering strategy.
In-hospital outcome was assessed by the incidence of
any major cardiovascular event (MACE), including

death, heart failure, stroke or major bleeding.

The study was promoted the working groups of
Preventive Cardiology and Cardiac Rehabilitation as
well as Coronary Heart Disease and Acute Cardiac
Care of Sociedad Espafiola de Cardiologia (Spanish
Society of Cardiology) and was approved and
endorsed by its Research Agency (Agencia de
Sociedad

Cardiologia). The study protocol and the informed

Investigacion de la Espafiola de

consent were validated by the Ethics Committee of

Hospital La Paz.
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Statistical analyses

Quantitative variables are presented as mean (SD) and
differences were assessed by ANOVA test. Qualitative
variables are presented as percentages and differences
were analysed by t-Student and Chi-square tests.
Statistical difference was accepted at p<0.05. The
relationship between the DLCN criteria and age or
MACE was assessed by logistic binary regression,
adjusted by age, gender, previous cardiovascular
disease,  biochemical  determinations,  medical
treatments and revascularization; results are presented
in histogram with the predicted MACE incidence. The
accuracy of the model was tested by its calibration
assessed by the Hosmer-Lemeshow test, and its
discrimination capacity, evaluated with the area under
the curve (AUC) of the probability predicted by the
model. All analyses were performed using STATA
14.3 (StataCorp. 2009. Stata Statistical Software:

Release 14. College Station, TX: StataCorp LP).

Results

As shown in Table 1, 84.2% were unlikely to have FH,
14,5% had possible FH and 1.3% had probable or
definite FH. Less than half of the cohort had previous
diagnosis of dyslipidaemia but this was higher in all
categories of FH; curiously, 27.3% of patients with
probable or definite FH had no previous diagnosis of
dislipemia. A non-significant trend to higher female
gender was observed in the categories of possible and
probable/definite FH; when these last two categories
were analysed together, women had higher prevalence
of any category of FH (Figure 1A and 1B). One third
of the patients were classified as premature ACS and it
was statistical and exponentially higher in all
categories of FH (Figure 1C and 1D). The rate of
angiography and revascularization were high; patients

with possible or probable/definite FH underwent
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angiography more frequently but no differences were

found regarding the number of vessels with significant

DOI: 10.26502/fccm.92920148

lesions.
Total Unlikely FH  Possible FH Probable/definite FH p
N 868 731 (84.2%) 126 (14.5%) 11 (1.3%)
Age 61.2(11.2) 9(11.3) 57.8(10.3) 7(11.1) 1*
Females 17.8% 16.8% 23.0% 27.3% 0.18
Body mass index 28.4 (4.4) 28.3(4.5) 28.8(4.3) 29.3(4.9) 0.88
Diabetes 20.6% 21.3% 16.7% 18.2% 0.48
Hypertension 48.0% 47.6% 50.0% 54.6% 0.80
Current smokers 27.3% 27.8% 25.0% 0.0% 0.91
Dyslipidemia 72.7% <0.0
47.2% 43.8% 65.1% 1
Previous heart failure 2.3% 2.1% 4.0% 0.0% 0.04
Previous  coronary heart 9.1% 0.63
) 11.1% 10.7% 13.5%
disease
Peripheral arterial disease 36.4% <0.0
5.0% 4.4% 5.6% 1
Previous stroke 4.5% 4.7% 3.2% 9.1% 0.58
COPD 4.4% 4.9% 1.6% 0.0% 0.02
On-treatment with statin 27.9% 26.4% 35.7% 36.4% 0.08
On-treatment with ezetimibe ~ 2.3% 2.5% 1.6% 0.0% 0.73
STEMI 52.6% 51.3% 59.5% 63.6% 0.18
Premature ACS 63.6% <0.0
33.5% 30.4% 49.21% 1
GRACE score 112.3 (21.7) 0.01
118.3(26.0)  119.8 (25.8) 110.9 (26.2) .
GRACE score >140 21.8% 23.5% 14.3% 0.0% 0.06
LVEF (%) 0.55(0.11) 0.55 (0.10) 0.52(0.13) 0.49 (0.13) 0.06
Angiography 89.8% 88.5% 96.8% 90.9% 0.02
Angioplasty 82.4% 81.4% 88.1% 81.8% 0.19
Number of vessels with 0.07
. 1.5(0.9) 1.4(0.9) 1.6 (0.9) 1.6 (1.0)
lesions
Number of vessels treated 1.1(0.7) 1.1(0.7) 1.2(0.7) 1.2(0.7) 0.59
Total cholesterol (mg/dl) 225.8 (37.4) <0.0
183.8(43.4) 174.3(36.5) 227.9(47.9) 1x
LDL cholesterol (mg/dl) 150.6 (31.1) <0.0
1142 (39.1)  105.2 (31.0) 161.5 (44.1) 1x
HDL cholesterol (mg/dl) 42.6 (12.1) 42.5(12.3) 42.9 (11.9) 45.3(7.9) 0.73
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Triglycerides (mg/dl) 1496 (115.7) 148.8(122.7) 154.2(73.6) 1415 (58.3) 0.87
Creatinine (mg/dI) 0.9 (0.6) 0.9 (0.6) 0.9 (0.3) 0.8(0.2) 0.35
GFR ml/min/1.72m? 94.2 (20.2) 0.01
87.1(205)  86.1(205)  92.2(19.9) .
GFR <60 ml/min/1.72m? 10.1% 10.6% 7.6% 10.0% 0.62
Hemoglobin (g/dl) 142 (1.7) 14.1(1.7) 14.4 (1.6) 14.5(1.9) 0.33
HbALc (%) 6.4 (3.3) 6.4 (3.2) 6.5 (3.5) 5.9(0.7) 0.87

COPD: chronic obstructive pulmonary disease; FH: familial hypercholesterolemia; GFR: glomerular filtration rate;HDL: high-
density lipoprotein; LDL: low-density lipoprotein; LVEF: left ventricle ejection fraction; STEMI: ST-elevation myocardial
infarction; p: for the comparison between unlikely HF and the rest

Table 1: Clinical characteristics of the patients according to the DCNL criteria

E ®Men mWomen =Men = Women
100% 100%
85,3% 85,3%
80% 79,4% 80% 79,4%
o p=0.09 60% p=0.04
40% - 40% -
20,6%
18,7% 20% - 14,7% .
i e ]
0% -
Unlikely HF Possible HF Probable/definite HF Unlikely HF Pos/Prob/Def HF
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20,8% 22,7% 23,6% 24,0%
20% 20%
. 2'8% 1'3%
D% d I 0%

Unlikely HF Possible HF Probable/definite HF Unlikely HF Pos/Prob/Def HF

Figure 1: Prevalence of familial hypercholesterolemia in men and women in the whole cohort (A and B), as well as

in patients with premature ACS (C and D).
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The incidence was in-hospital MACE was 10.6%
(95% CI 8.6-12.7). The incidence was significantly
higher (p=0.003) in each category of FH: unlikely
9.4%; possible FH 15.1%; probable/definite FH
36.4%. As shown in Figure 2, the risk of in-hospital
MACE increased as the number of DLCN criteria did
at any age. A progressive increase in the incidence of
MACE was observed by each increase in one DLCN
criteria (OR= 1.23 95% CI 1.08-1.39; p=0.002) and it

DOI: 10.26502/fccm.92920148

was highest in patients with probable/definite FH (OR:
2.31 95% CI 1.35-3.96; p=0.001). To minimize the
effect of age categorized in the DLCN criteria we also
assessed the incidence of in-hospital MACE according
to age, as a continuous variable. The higher presence
of DLCN criteria the higher risk of MACE was
observed at any age (Figure 3). Models were
accurately calibrated (p=0.42) and had an excellent
discriminatory capacity (AUC 0.75 95% CI 0.71-0.79).

2 3 4 5
1 1 1 I

Adjusted risk of in-hospital MACE (95% CI)

A
1

Density DLCN criteria

Number of DLCN criteria

Figure 2: Adjusted risk of in-hospital major cardiovascular events (MACE) incidence according to DLCN criteria.

The use of guideline-recommended clinical guidelines was very high (Table 2). Small but statistically significant

differences were observed between groups regarding some medical treatments. Overall use of statins was 89.0% and

most patients that did not receive statins had unlikely FH since all patients with any category of FH were discharged

on statins. Similarly, the use of ezetimibe was also two-fold higher in any category of FH as compared to patients

with unlikely FH.
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Figure 3: Risk matrix plotting the risk of in-hospital major cardiovascular events (MACE) according to age and the

number of DLCN criteria.

Total Unlikely FH  Possible FH Probable/definite FH p
Aspirin 87.4% 97.6% 97.6% 100.0% 0.082
Clopidogrel 24.1% 24.0% 26.2% 9.1% 0.002
Ticagrelor 40.2% 40.8% 36.5% 45.5% 0.001
Prasugrel 21.3% 19.8% 28.6% 27.3% 0.001
Betablockers 77.7% 76.1% 86.5% 81.8% 0.004
ACEI 90.9% <0.0

61.4% 59.5% 69.8%

01

ARB 11.5% 11.5% 11.9% 0.0% 0.620
Statins 89.0% 87.4% 98.4% 100.0% 0.004
High-dose statin 86.6% 84.8% 96.8% 90.9% 0.001
Ezetimibe 18.2% <0.0

7.1% 5.6% 14.3%

01

Fibrates 2.9% 2.6% 4.8% 0.0% 0.002
Oral hipoglucemiants 17.9% 18.1% 16.7% 18.2% 0.003
Insulin 7.3% 7.4% 6.4% 9.1% 0.003
Calcium channel blockers 7.3% 7.23% 7.9% 0.0% 0.003
Diuretics 15.4% 15.3% 15.9% 18.2% 0.004

ACEI: angiotensin-receptor enzyme-inhibitors; ARB: angiotensin receptor blocker

Table 2: Medical treatments recommended at the time of hospital discharge.
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Discussion

Main results of our study reflect that 16% of patients
admitted for an ACS have possible FH although
roughly 2% have probable or definite FH. The
prevalence of FH is higher in women or patients with
premature ACS. Moreover, despite the largely lower
mean age, patients with >3 criteria of FH have higher
in-hospital MACE. This was a prospective and
multicentre study specifically designed to assess the
actual prevalence of FH in ACS patients and since
clinical features of our population are quite similar to
previous reports [5-8,12,13] we believe that our results

might representative of daily clinical practice.

Low-density lipoprotein cholesterol (LDLc) levels
correlate strongly and linearly with coronary heart
disease incidence [14]. Serum LDLc levels are the
result of the interaction between lifestyle habits and
personal metabolism, mainly genetically determined
[15]. FH is one of the leading causes of abnormally
elevated LDLc and premature CHD [16] and,
therefore, its identification in patients with ACS seems
crucial because it can lead to intensive counselling and
more close follow-up by specific clinical units [7,17].
Our results highlight that the overall prevalence of
definitive or probable FH was low; nonetheless, 16%
of patients had possible or probable FH and it reached
more that 25% in the subset of premature ACS

patients.

The prevalence of FH has not been widely described in
ACS cohorts and, even less, assessed prospectively by
current clinical criteria [12]. Clinical profile of
possible FH patients was marked by much lower mean
age and higher prevalence of dyslipidaemia and statin
treatment before hospital admission. Premature ACS

has been clearly related to smoking, diabetes, drugs
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abuse but also, genetic disorders.
Hypercholesterolemia [18], and specifically FH, have
been outlined as one its leading causes of premature
ACS [17,19]. Cardiovascular disease is a relevant
cause of population loss of potential years of life lost
[20] and premature ACS represents a clinical
challenge since these patients have longer life-long
probability of recurrent events [21]. Therefore,
premature ACS patients should be considered primary
targets for primary and secondary prevention

strategies.

One of the most relevant issues related to FH is that it
usually under diagnosed or unknown by the patients
[1,15]. Our results highlight that one third of the
patients with possible FH had not been previously
diagnosed of hypercholesterolemia despite having a
mean LDLc of 161.5 (44.1) mg/dl. The population
screening for cardiovascular risk factors has
demonstrated to be efficient in terms of primary
prevention of cardiovascular disease [15,22] and,
especially, detecting patients with high levels of
LDLc. The identification of FH in the setting of ACS
has not been accurately investigated and since all
patients should achieve the treatment target for very
high-risk patients, currently recommended >50%
reduction from baseline levels and target LDLc <55
mg by the ESC guidelines [15], the diagnosis of FH
might seem less determinant. In contrast, the
experience of specialized lipid units has provided the
evidence that the accurate identification and diagnosis
of FH increases patients” adherence [16] to medication
and, also, expands the early diagnosis of relatives [23].
Moreover, our results clearly highlight that the
presence of clinical criteria of FH increase the
probability of a MACE within the ACS hospitalization

what might reflect that the clustering of FH criteria
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correlate with the atherosclerotic burden. The multi-
territory imaging analysis have outlined that the
development and progression of atherosclerosis is
triggered even with non-elevated LDLc levels [24] and
the effect is time-dependent’®. Since patients with FH
have elevated LDLc levels since they are born, they
have higher burden of cardiac and non-cardiac
atherosclerosis what might explain that the presence of
DLCN criteria correlate with prognosis. Moreover, the
risk matrix highlights that for the same given age the
higher presence of DLCN criteria increased the
incidence of MACE.

FH patients deserve the strongest medical treatment,
especially intensive lipid-lowering strategies, but also
post-ACS guideline recommended treatments [15].
Almost all patients with possible FH in our cohort
received statins at the time of hospital discharged and
more than 3 quarters at the highest doses. The overall
statin use rate in our cohort was very high, as expected
and recommended by clinical guidelines [15]. Statins
were the only medical therapy that was statistically
more used in patients with possible FH what agrees
with previous reports [7]. Since the diagnosis of FH
was  assessed retrospectively, not  within
hospitalization, our data might reflect that clinicians
were conscious of the relevant role of lipid-lowering
treatment in ACS patients at younger age and elevated
LDLc levels. Intensive LDLc lowering, especially with
statins, has contributed to large improvements in
prognosis of post-ACS patients [25,26]. Intensive
LDLc control is main target for prevention in FH
patients [17] and the risk of cardiovascular events
remains high despite statin treatment [27,28].
Combination of lipid-lowering drugs seems to be the
most attractive lipid-lowering strategy for FH patients
[29] as well as post-ACS patients [26]. The safety and
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effectiveness of ezetimibe have also been
demonstrated by the IMPROVE-IT trial [26] and it
was the only drug available for statin combination at
the time of inclusion period. The proprotein convertase
subtilisinkexin type 9 (PCSK9) inhibitors are
currently available and could be a very useful lipid-
lowering strategy for patients with possible or
probable FH [30]. Recent estimations have outlined
that around 20% of patients with established
cardiovascular disease would be candidate for PSCK-o0
inhibitors treatment despite optimal lipid-lowering
treatment. We hope that the one-year follow-up of our
study would provide reliable information related to
LDLc control as well as actual prognosis in these

patients.

Our study has several limitations that deserve
consideration. There may be many unmeasured
confounders or details about physician or patient
decision-making that were not captured in our study
protocol. Second, the study was based on
observational, non-randomized data, and thus,
associations between various treatments and outcomes
may be confounded by unmeasured variables.
Nonetheless, ssince clinical features and event rates
were similar to other reports [5-8,12,13,16,23] we
believe that this limitation should not impair the

relevancy of our results.

Conclusions

Possible FH is quite prevalent in patients admitted for
ACS, especially when presenting at early ages. Current
smoking, previous cardiovascular disease, elevated
LDLc and younger age are the most eminent features,
because no differences in the extent of coronary
lesions or other features were observed. The number of

DLCN criteria correlated with the incidence of in-
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hospital MACE. Our results highlight the large
prevalence of possible FH in ACS patients and should
increase the awareness on clinicians of this genetic
condition that leads to premature CHD and should
encourage them to treat all risk factors aggressively, as
well as to actively search for related potential FH
patients among family members. The accurate
identification of FH during the hospital stay might be
critical for specific post-discharge referral to specific
units, long-term maintenance of high-dose statins, and

identification of family members.
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