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ABSTRACT

Aim To investigate the prevalence of familial hypercholesterole-
mia in patients with acute coronary syndrome (ACS).

Methods The study included fifteen patients with first or repeated
ACS and treated/nontreated dyslipidaemia admitted to the Depar-
tment of Cardiovascular Diseases of Clinical Hospital Centre Osi-
jek between 1 January 2020 and 1 January 2021. The cut-off value
of low-density lipoprotein (LDL)-C was 4.5mmol/L as a possible
cut-off value for familial hypercholesterolemia presence. Data were
collected from medical history and during patient’s follow-up.

Results Included patients that fulfilled criteria were predomi-
nantly male — 14 (93%), mean age 61 years. The median level of
LDL cholesterol at admission because of ACS was 5.14 mmol/L,
whereas the follow-up level after one year was 2.27 mmol/L
(p=0.001). At first follow-up, 7 (46%) patients were treated with
atorvastatin 80 mg or rosuvastatin 40 mg, 3 (20%) atorvastatin
80mg + ezetimibe 10mg, 2 (13%) with rosuvastatin 40 mg+ ezeti-
mibe 10 mg, other patients were treated with a lower dose of statin
or ezetimibe. According to LDL-C profile and by calculating the
Dutch Lipid Clinic Network Score, one (of 15) patient was catego-
rized as having definite familial hypercholesterolemia and two (of
15) as having probable familial hypercholesterolemia leading to
the use of triple hypolipidemic therapy (statintezetimibe+PCSK9
inhibitor) in 2 (13%) patients (one female and one male).

Conclusion LDL-C level of 4.5 mmol/L and higher represents an
indication for screening for familial hypercholesterolemia in pati-
ents with ACS. The prevalence of familial hypercholesterolemia in
ACS, estimated by the Dutch Lipid Clinic Network Score, could
be higher than previously reported.
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INTRODUCTION

Familial hypercholesterolemia (FH) is a common
autosomal dominant monogenic disorder which
is characterized by elevated LDL cholesterol
levels (LDL-C) present from birth, leading to
accelerated atherosclerosis and premature acu-
te coronary syndrome (ACS), peripheral arteri-
al disease and cerebrovascular disease (1). The
prevalence of FH in the white race is thought to
be between 1/500 and 1/200 for the heterozygous
form of the disorder and 1/1000000 for the ho-
mozygous form of the disorder (2). Mutation of
genes which are responsible for encoding prote-
ins involved in LDL-C catabolism results in de-
creased endocytosis of LDL-C and consequently
increased levels in plasma (3). The major prote-
ins involved in the process of LDL receptor en-
docytosis are LDLR (mutated in 80-85% of FH
cases), apoB100 (5-10% FH), PSCK9 (2% FH),
and LDL receptor adaptor protein 1 (< 1% FH).
There are approximately 3000 known mutations
in the LDLR protein (4).

If the treatment is not started early, males and
females usually develop coronary heart disea-
se (CHD) by the age of 55 or 60, respectively,
whereas patients with the homozygous form of
the disorder develop CHD very early in life and
usually die due to consequences by the age of 20
(5,6). Although CHD poses a high risk for the de-
velopment of cardiovascular disease, i.e., ACS,
a large number of patients remains undiagnosed,
while those diagnosed with it do not receive the
appropriate therapy (7,8). The risk of CHD is
considered to increase 13-fold in patients with
FH without statin therapy, whereas it increases
10-fold in patients on statin therapy (9). FH is
thought to be present in 1/10 patients with ACS
under 50 years of age (10). Similarly, patients
with FH develop ACS up to 10 years earlier than
patients without FH (11).

The FH is most often diagnosed based on the
following 5 criteria: history of premature CHD,
family history, physical findings of xanthoma and
arcus cornealis, high LDL-C on serial measure-
ments and evidence of a genetic mutation (throu-
gh screening or cascade testing in relatives already
diagnosed with FH) (9). Three criteria are most
commonly used to aid in the diagnosis: MEDPED
(Make Early Diagnosis to Prevent Early Deaths),
Simon Broome criteria and the Dutch Lipid Cli-

nic Network (DLCN) criteria (12). Patients with a
DLCN score higher than 5 are considered to have
probable or definite FH and they are recommen-
ded to undergo genetic testing (13).

Once FH is diagnosed, the most important in-
tervention is the early introduction of hypoli-
pidemic therapy. It is usually started with the
maximum dose of a statin, i.e., atorvastatin or
rosuvastatin (14). The target level of LDL-C in
patients without a history of atherosclerotic car-
diovascular disease or other risk factors such as
diabetes is <1.8 mmol/L or a 50% reduction in
LDL-C from the baseline. In contrast, in patients
with a history of atherosclerotic cardiovascular
disease such as ACS or a risk factor, the target
level of LDL-C is <1.4 mmol/L or a reduction
in LDL-C of 50% of the baseline. If these levels
cannot be achieved with the maximum dose of
statins, the therapy is supplemented with ezeti-
mibe (15,16). Proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors lower LDL-C
by up to 60% when added to dual statin and eze-
timibe therapy. These are monoclonal antibodi-
es that prevent the joining of the LDL receptor
and the PCSK9 protein, resulting in increased
recycling of the LDL receptor (17).

Considering the developments in diagnosis and
treatment opportunities for patients with FH, the-
re is an imposed need to raise awareness about
FH. The main goal is to make an early diagnosis
leading to the reduction in cardiovascular morbi-
dity and mortality (18). In Croatia, starting from
2023, screening for FH will take place as part of
the mandatory screening when children enrol in
the first grade of primary school, using a simple
diagnostic routine test to measure total choleste-
rol. If a child's total cholesterol is found to be
elevated, the school doctor refers the child to a
paediatrician (19).

The aim of this study was to determine the pre-
valence of FH in the group of patients with ACS
who had LDL-C levels of 4.5 mmol/L and higher
at the time of admission.

PATIENTS AND METHODS

Patients and study design

This pilot cohort study included retrospective
data of patients treated for ACS with LDL chole-
sterol level of >4.5 mmol/l in the Department of
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Cardiovascular Diseases of the Clinic for Internal
Diseases of Clinical Hospital Centre Osijek from
1 January 2020 to 1 January 2021.

The LDL value of 4.5 mmol/L was used as a cut-
off because it was thought that it would adequa-
tely capture all patients with FH and ACS (20-23)
the prevalence of FH among a general population
remains unknown, and it is unclear if FH is asso-
ciated with other cardiovascular complications,
including heart failure (HF. Patients in whom
further cardiological control was not possible be-
cause they could not be contacted (six patients)
or who refused to participate in the study (six pa-
tients) were excluded. The criteria were met by
15 adults between the age of 43 and 84. All pati-
ents were introduced to the study at a follow-up
examination one year after the diagnosis of ACS
and they signed an informed consent form.

The research was approved by the Ethics Com-
mittee of Clinical Hospital Centre Osijek and the
Faculty of Medicine of Josip Juraj Strossmayer
University in Osijek.

Methods

Data on age, gender, comorbidities (hypertension,
diabetes mellitus, peripheral arterial disease, epi-
lepsy, malignancies) and hypolipidemic therapy
before hospitalization for ACS were collected by
searching the hospital information system. The
patients were then referred to a cardiac evaluation,
during which information on their family history
and current hypolipidemic therapy was obtained
and laboratory data were recorded: total choles-
terol, high-density lipoprotein cholesterol (HDL-
C; male >0.75 mmol/L, female >0.91 mmol/L),
low-density lipoprotein cholesterol (LDL-C;
<3 mmol/L), triglycerides (<1.7 mmol/L), glu-
cose (4.4-6.4 mmol/L), urea (2.8-8.3 mmol/L),
creatinine (male 64-104 pmol/L, female 49-90
umol/L), aspartat aminotransferase (AST; 8-38
U/L), alanin aminotransferase (ALT; 10-48 U/L),
gamma-glutamyl transpeptidase (GGT; male 11—
55 U/L, female 9-35 U/L), creatine kinase (male
<177 U/L, female <153 U/L) and N-terminal pro—
B-type natriuretic peptide (NT-proBNP).

The Dutch Lipid Clinic Network (DLCN) score
(15,24) was calculated based on four categories:
family history, untreated LDL-C value, clini-
cal history and physical examination. Untrea-
ted LDL-C value was obtained using the online

calculator (25) which requested input of current
LDL-C value, type and dose of the statin that was
used and whether the patient was on ezetimibe or
PCSKO9 inhibitor. Other categories comprised of
yes/no questions as follows:

Family history: First-degree relative with known
premature (<55 years, men; <60 years, women)
coronary heart disease; First-degree relative with
known LDL cholesterol >95th percentile by age
and gender; First-degree relative with tendon
xanthoma and/or corneal arcus; Child(ren) <18
years with LDL cholesterol >95th percentile by
age and gender.

Clinical history: Subject has premature (<55 years,
men; <60 years, women) coronary heart disease;
Subject has premature (<55 years, men; <60 years,
women) cerebral or peripheral vascular disease.

Physical examination: Subject has tendon xant-
homa; Subject has corneal arcus <45 years.

An unlikely FH refers to a DLCN score of 0 to 2
points. A possible FH refers to a DLCN score of
3 to 5 points. A probable FH refers to a DLCN
score of 6 to 8 points. A definite FH refers to a
DLCN score of above 8 points.

Patients were included in the study one year after
their hospitalization for acute coronary syndro-
me. At that appointment with a cardiologist (later
referred as first follow-up) their hypolipidemic
therapy was evaluated based on their LDL-C va-
lues and DLCN score. If their LDL-C values were
not satisfactory (according to the European Soci-
ety of Cardiology guidelines on dyslipidaemias
(15) either their statin dose was increased or eze-
timibe was added. If the patient was on the maxi-
mal dose of statin and ezetimibe and their DLCN
score was > 6, they were prescribed a PCSK9
inhibitor. Patients who received a PCSK9 inhi-
bitor were referred to a second follow-up (three
months after the first follow-up) in which LDL-
C levels were recorded on triple hypolipidemic
therapy (statin + ezetimibe + PCSK9 inhibitor).

Statistical analysis

Categorical data are represented by absolute
frequencies. Due to the small sample size, conti-
nuous data are described by median and interqu-
artile ranges. Differences in LDL-C level during
ACS and at first follow-up were tested with the
Wilcoxon test with a corresponding difference

31



32

Medicinski Glasnik, Volume 21, Number 1, February 2024

and 95% confidence interval (CI). The signifi-
cance level was set at p=0.05.

RESULTS

The research was conducted on 15 patients, of
whom 14 (93.3%) were males and one (6.7%) was
female. The mean age of the patients was 61 ye-
ars (interquartile range (IQR) 55-63 years) in the
range 43-84 years. Of the 15 patients, 14 (93.3%)
had ST elevation myocardial infarction (STEMI)
and one (6.7%) had non-ST elevation myocardial
infarction (NSTEMI). Hypertension was the most
common comorbidity in 13 (86.7%) patients. The-
re was a family history of premature coronary or
vascular disease in 4 (26.7%) patients. Premature
coronary disease was found in seven (46.7%) pa-
tients, while one (6.7%) patient had premature ce-
rebral and/or peripheral vascular disease (Table 1).

Table 1. Characteristics of 15 patients with acute coronary
syndrome

0,
Variable No (./“) of
patients
Male 14 (93.3)
Gend
ender Female 1(6.7)
T £ acut STEMI 14 (93.3)
ype of acute coronary o\ 1(6.7)
syndrome X
Unstable angina 0
Hypertension 13 (86.7)
Diabetes mellitus 2(13.3)
Comorbidity Peripheral artery disease 1(6.7)
Non-Hodgkin lymphoma 2(13.3)
Epilepsy 1(6.7)
First degree relative with premature* coronary and/or
. 4(26.7)
vascular disease
Patient with premature® coronary artery disease 7 (46.7)
Patients with premature* cerebral or peripheral
. 1(6.7)
vascular disease
Tendinous xanthomata and/or arcus cornealis in 0

patient and/or first degree relative

*men age <55 years, women aged <60 years
STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-eleva-
tion myocardial infarction

The median values of the patients’ lipid profile
at the first follow-up were within the reference
values. The median level of LDL-C at follow-up
one year after ACS was 2.29 mmol/L (IQR 1.96 —
2.95 mmol/L), whereas it was 5.14 mmol/L (IQR
4.78 — 5.46 mmol/L) during hospitalization for
ACS, which was a significant change (differen-
ce -2.72 mmol/L; 95% CI of difference -3.2 to
-2.26 mmol/L; p<0.001). The highest measured
level of total cholesterol was 7 mmol/L, triglyce-
rides 6.3 mmol/L, LDL-C 4.6 mmol/L, while
the lowest measured level of HDL-C was 0.8
mmol/L (Table 2).

Table 2. Biochemical values at follow-up

Median (interquartile range)
(minimum — maximum)
4.2 (3.49-5.6) (3.1-7.0)
1.8 (1.38-2.03) (0.8-6.3)
2.29 (1.96-2.95) (1.1-4.6)
1.2 (1-1.29) (0.8-1.6)
6.6 (6.24-7.13) (5.2-14.2)

Variable

Total cholesterol (mmol/L)
Triglycerides (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Fasting glucose (mmol/L)

Urea (mmol/L) 6.7 (5.2-7.4) (3.9-8.5)
Creatinine (mmol/L) 90 (81-97) (71-117)
AST (U/L) 27 (20-30) (15-49)
ALT (U/L) 28 (23-38) (14-57)
GGT (U/L) 35 (25-46) (11-115)
Creatine kinase (U/L) 175 (121-217) (99-220)
NT-proBNP (U/L) 77 (41.5-1158.25) (19-2122)

LDL, low density lipoprotein; HDL, high density lipoprotein; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; GGT,
gamma-glutamyl transferase; NT-proBNP, N-terminal prohormone of
brain natriuretic peptide

Of the 15 patients, two reached the target LDL-C
level at follow-up one year after the hospitaliza-
tion for ACS (1.1 and 1.4 mmol/L, respectively).
The maximum level of LDL-C during admission
for ACS in male patients was 6.38 mmol/L, while
the minimum level was 4.56 mmol/L. The single
female patient had LDL-C of 5.81 mmol/L and
at follow-up, it was 4.67 mmol/L. LDL-C values
were not dependent on age — the oldest patient
had an LDL-C level of 5.14 mmol/L on admissi-
on, while the youngest had 5.46 mmol/L.

On admission for ACS, not a single patient had
hypolipidemic therapy. At follow-up, the maxi-
mum dose of atorvastatin of 80 mg was the most
common therapy option, in six (40%) patients.
The second most common therapy in these pati-
ents was the combination of the maximum dose
of atorvastatin of 80 mg and ezetimibe of 10 mg,
three (20%). Nine (60%) patients received mo-
notherapy, six (40%) dual therapy, while none
received triple hypolipidemic therapy (Table 3).

Table 3. Hypolipidemic therapy at hospitalization for acute
coronary syndrome, at first and second follow-up*
No (%) of patients

Therapy
One year after Three months after
hospitalization the first follow-up
atorvastatin 40mg 1(6.7) 0
Statin atorvastatin 80mg 6 (40) 4(26.7)
rosuvastatin 40mg 1(6.7) 0
Ezetimibe ezetimibe 10mg 1(6.7) 0
atorvastatin 80 mg
+ ezetimibe 10 mg 320) 6(40)
Statin +  rosuvastatin 10 mg
ezetimibe + ezetimibe 10 mg 167 167
rosuvastatin 40 mg
+ ezetimibe 10 mg 2033 2033
_— L
_Sta?lr? ezetimibe + PCSK9 0 2(133)
inhibitor
Total (N) 15 (100) 15 (100)

*the patients did not receive any therapy before hospitalization for
acute coronary syndrome;
PCSKO9, proprotein convertase subtilisin/kexin type 9;
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Using the given data, the patients” DLCN score
was calculated. Considering the score values, 10
(66.7%) patients had possible FH, two (13.3%)
probable FH (both of them had a DLCN score
of 6), while one (6.7%) belonged to the definite
FH group (the patient had a DLCN score of 9).
One patient with DLCN score 6 reached the tar-
get value of LDL-C, while in two other patients
(13.3%), one male and one female, triple hypo-
lipidemic therapy (statinetezetimibe+PCSK9
inhibitor) was used.

The patients who received a PCSK9 inhibitor at
the first follow-up showed a decrease in LDL-C
at the second follow-up. On triple hypolipidemic
therapy, LDL-C decreased by 33% (from 4.67 to
3.8 mmol/L) in one, and by 86% (from 2.8 to 0.4
mmol/L) in the other patient compared to the first
follow-up level.

DISCUSSION

In this study, patients hospitalized for ACS with
LDL-C levels of >4.5 mmol/L were observed.
When the DLCN score was calculated, two (of
15) patients were classified as probable FH and
one as definite FH. The study by Dyrbus et al.
(26) included 7319 patients with ACS in whom
the prevalence of probable/definite FH accor-
ding to the DLCN score was 1.6%, which is si-
gnificantly lower than in our study. One possible
reason for this is the different patient populati-
ons, i.e., this study only included patients with
ACS who had an LDL level of >4.5 mmol/L,
which increases the chance of detecting patients
with FH. Dyrbus et al. (26) observed that the
highest prevalence of FH was in the group of
patients with STEMI (20.3%), which is consi-
stent with our study, in which most patients had
STEML. In a study conducted in China (13)and
to evaluate different diagnostic criteria.\nMET-
HODS: A total of 225 consecutive PMI patients
were recruited. Low-density lipoprotein recep-
tor (LDLR on 225 patients with premature ACS
(males <55 years, females <60 years), the pre-
valence of probable/definite FH was 8%, which
was expected because FH is most often manife-
sted by premature coronary disease, i.e., prema-
ture ACS if not treated in time. Indeed, 66.7%
of the patients in our study with probable/de-
finite FH were younger than 50 years of age
when they were hospitalized for ACS. In Cui et

al. study (13)and to evaluate different diagnostic
criteria.\nMETHODS: A total of 225 consecu-
tive PMI patients were recruited. Low-density
lipoprotein receptor (LDLR, the average untre-
ated LDL-C was 5.33 mmol/L, which is consi-
stent with our study (5.14 mmol/L); all patients
were already receiving statin therapy when they
were hospitalized for ACS. In contrast, none of
the patients in our study received hypolipidemic
therapy for primary prevention.

Jug et al. (8) monitored statin prescription and pa-
tient adherence for primary prevention. Of 40 pa-
tients with LDL-C levels >5 mmol/L, only 25%
were on statin therapy; the other patients were
not taking statins because they did not know they
needed them (53%), were told by their physici-
an they did not need statins (13%), thought that
statin was toxic (30%), or had side effects when
using statins (3%). Our study did not investigate
why patients with elevated LDL-C levels did not
take statin therapy as part of primary prevention,
which would be interesting for future research.

At follow-up, 53.3% of our patients were taking
a statin monotherapy (7 at the maximum dose)
and 40% (5 at the maximum dose) were taking
a combination of statin and ezetimibe. In a stu-
dy by Pintari¢ et al. (7), patients were taking sta-
tins in 92.7% of cases, which is consistent with
our study, while ezetimibe was prescribed in a
smaller number of cases (2.4% versus 40% in
our study). A possible explanation for this is the
initially higher LDL-C level and the significantly
lower number of patients in our study.

The addition of PCSK9 inhibitor in two patients
already receiving the maximum dose of statin and
ezetimibe resulted in a 33% and 86% reduction in
LDL-C, respectively. In a study by Sabatina et
al. (27), the effect of adding evolocumab to statin
therapy was observed. It was found that after 48
weeks, there was a 59% reduction in LDL-C con-
centration, which is the median LDL-C reduction
in our study. Similarly, patients on evolocumab
therapy had a lower risk of death from ACS, ce-
rebrovascular incident or hospitalization for un-
stable angina compared to placebo. Except for
injection site reactions, no significant differences
in the incidence of adverse events were observed
with evolocumab (28)with the need to use asso-
ciation therapy combining agents with different
mechanisms of action. As most cases of FH are
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attributable to mutations in the gene encoding the
low-density lipoprotein receptor (LDLR. In our
study, the long-term benefit of the use of PCSK9
inhibitors was not investigated, but even in the
short period of less than a year, their beneficial
effect on LDL-C lowering was evident in patients
with probable/definite FH.

The major limitation of this study is the small
number of patients.

In conclusion, patients with FH are at a high risk
of developing severe complications of premature
atherosclerosis in the form of ACS, cerebrovas-
cular disease and peripheral artery disease. With
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