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ABSTRACT
Background: Familial hypercholesterolemia (FH) is a monogenic dis-
ease characterized by a high concentration of low-density lipoprotein
cholesterol. This population is considered to be at high cardiovascular
risk; however, disease evolution remains heterogeneous among in-
dividuals. The coronary artery calcium (CAC) score is currently the best
predictor of incidental major cardiovascular events in primary pre-
vention in the general population. Few studies have described the CAC
score in FH populations.
Methods: The objective of our study was to determine the predictors of
the CAC score in FH patients. We retrospectively studied FH patients
followed at the Montreal Clinical Research Institute (IRCM) Lipid Clinic
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R�ESUM�E
Contexte : L’hypercholest�erol�emie familiale (HF) est une maladie
monog�enique caract�eris�ee par une forte concentration de cholest�erol
des lipoprot�eines de basse densit�e. La population touch�ee est con-
sid�er�ee comme �etant expos�ee à un risque cardiovasculaire �elev�e;
toutefois, l’�evolution de la maladie demeure h�et�erogène d’une per-
sonne à l’autre. À l’heure actuelle, le score calcique coronaire (SCC)
est le meilleur outil pr�edictif de manifestations cardiovasculaires
majeures fortuites en pr�evention primaire dans la population g�en�erale.
Peu d’�etudes ont d�ecrit le SCC dans des populations atteintes de HF.
M�ethodologie : L’objectif de notre �etude �etait de d�eterminer les fac-
teurs pr�edictifs du SCC chez les patients atteints de HF. Nous avons
Familial hypercholesterolemia (FH) is the most frequent
autosomal codominant disorder of lipoprotein metabolism
and is characterized by a marked elevation of low-density li-
poprotein cholesterol (LDL-C). The prevalence of the disease
is estimated to be approximately 1 in 200 to 1 in 250,1,2 but it
can be even more elevated in specific population, such as the
French-Canadian population, in which a genetic founder ef-
fect is present.3 FH is most often caused by mutations of the
LDL receptor, but other mutations on apolipoprotein B
(APOB)4 or proprotein convertase subtilisin/kexin type 9
(PCSK9) can be found.5
The resulting lifelong exposure to high levels of LDL-C
leads to an increased risk of premature cardiovascular disease
(CVD).6 In hypercholesterolemic patients with similar LDL-
C concentrations, the presence of an FH-causing mutation
was associated with a 5-fold higher risk of CVD.7 However,
there exists considerable variation in the rate of atherosclerosis
progression and in the onset of CVD events in the FH pop-
ulation due to other genetic, clinical, and environmental
factors.8 In fact, approximatively 40% of untreated patients
with familial hypercholesterolemia have a normal life span.9

To better stratify the cardiovascular risk of FH patients, the
Montreal-FH-SCORE (MFHS) was developed and validated
in a retrospective cohort.10 The variables included in this score
are age, sex, hypertension, high-density lipoprotein choles-
terol, and smoking. Its predictive accuracy is elevated, with an
area under the curve (AUC) of 0.84. MFHS could improve
cardiovascular risk prediction beyond LDL-C in FH patients
already on statin therapy. Therefore, MFHS may help clini-
cians to identify patients who need intensification of their
treatment. The use of MFHS in the FH population is sug-
gested by the latest Canadian Cardiovascular Society Position
Statement.11
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who had a cardiac scan for CAC score, using the Agatston method,
between 2013 and 2019.
Results: Final analysis included 62 FH patients. Mean age was 48 �
14 years old, and 48% were men. Overall, 25 patients had a CAC score
of 0 (40%), and 37 patients had a nonzero CAC score (60%). Sex, age,
Montreal-FH-SCORE (MFHS), waist circumference, and statin exposure
in years were significant predictors (P � 0,05) of a nonzero CAC score
in a univariate model. MFHS was the only factor that remained sig-
nificant in a multivariate model (odds ratio 1.34, 95% confidence in-
terval 1.11e1.61, P ¼ 0.002).
Conclusions: In conclusion, we found that MFHS, which includes
traditional cardiovascular risk factors, was a predictor of a nonzero
CAC score in FH patients. This finding suggests that MFHS may play a
role in determining the cardiovascular risk and therefore the intensity
of treatment in FH patients.

�etudi�e de façon r�etrospective des patients atteints de HF qui �etaient
suivis à la clinique de lipides de l’Institut de recherches cliniques de
Montr�eal (IRCM) et chez qui le score SCC avait �et�e mesur�e pendant un
examen de tomodensitom�etrie cardiaque, au moyen de la m�ethode
d’Agatston, entre 2013 et 2019.
R�esultats : L’analyse finale a port�e sur 62 patients atteints de HF.
L’âge moyen �etait de 48 � 14 ans et la proportion d’hommes �etait de
48 %. Dans l’ensemble, 25 patients avaient un SCC de 0 (40 %) et 37,
un SCC diff�erent de z�ero (60 %). Le sexe, l’âge, le score MFHS (Mon-
treal-FH-SCORE), le tour de taille et le nombre d’ann�ees d’exposition
aux statines ont �et�e des facteurs pr�edictifs significatifs (p � 0,05) d’un
SCC diff�erent de z�ero dans un modèle à une variable. Le score MFHS
est le seul facteur qui est demeur�e significatif dans un modèle à
plusieurs variables (rapport de cotes : 1,34; intervalle de confiance à
95 % : 1,11 à 1,61; p ¼ 0,002).
Conclusions : En conclusion, nous avons observ�e que le score MFHS,
qui englobe les facteurs classiques de risque cardiovasculaire, �etait un
facteur pr�edictif d’un SCC diff�erent de z�ero chez les patients atteints de
HF. Cette observation semble indiquer que le score MFHS pourrait
jouer un rôle dans la d�etermination du risque cardiovasculaire et, par
cons�equent, dans l’intensit�e du traitement chez les patients atteints de
HF.
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The coronary artery calcium (CAC) score, which is derived
from non-enhanced cardiac computed tomography (CT),
measures the accumulated burden of atherosclerosis and is
significantly associated with medium- or long-term incidence
of major cardiovascular events. It has been proven to be a
better predictor of incident cardiovascular events than the
traditional cardiovascular risk factors in the general
population.12

A CAC score of zero is associated with a very low incidence
of cardiovascular events, as demonstrated in a meta-analysis
comprising large retrospective and prospective data.13 The
American College of Cardiology/American Heart Association
Task Force therefore recommends the use of the CAC score in
intermediate-risk patients. Those individuals with a CAC
score of zero may be reclassified as being at low cardiovascular
risk, whereas those with a nonzero CAC score should be
considered for statin therapy.14

CAC scores in FH patients are not often studied, as current
guidelines do not recommend their use in populations
considered to be at high risk of CVD. One study demonstrated
a higher incidence of cardiovascular events in FH individuals
with a nonzero CAC score, and an absence of cardiovascular
events in individuals with a CAC score of zero.15

It is pertinent to determine if MFHS is a predictor of CAC
score in FH patients in order to provide clinicians with a
simple scoring system that could improve cardiovascular risk
assessment in this population.

The objective of our study was therefore to establish the
predictors of the CAC score in a cohort of FH patients.
Methods

Study population

The study population consisted of genetically confirmed
FH patients followed at the Montreal Clinical Research
Institute (IRCM) Lipid Clinic. All subjects presenting at the
IRCM lipid clinic with an untreated LDL-C �5 mmol/L had
a genetic screening for classical French Canadian mutations.
These include the >15-kb deletion, >5-kb deletion, W87G
(exon 3), E228K (exon 4), and C667Y (exon 14) in the low-
density lipoprotein receptor (LDLR). When negative, subjects
underwent a search for gene mutations by next-generation
sequencing of LDLR, apolipoprotein B (APOB), low-density
lipoprotein receptor adaptor protein 1 (LDLRAP1), or pro-
protein convertase subtilisin/kexin type 9 (PCSK9). Patients
that were still negative were further investigated for mutations
on the APOE, ARH, ABCG5, ABCG8, SORT1, and STAP1
genes at the Robarts Research Institute, Ontario, Canada. The
study protocol was approved by the IRCM institutional re-
view board and ethical committees; no informed consent was
required.

Assessment

Baseline clinical information was obtained retrospectively
using electronic medical records. Exposure to statins prior to
obtaining the CAC score was measured in years to obtain
statin-years. Diagnosis of diabetes and hypertension were
made using the more recent Canadian clinical guidelines.16,17

Untreated lipid profile at baseline was defined as the first
blood test done at IRCM and for which the patients under-
went a 4-week washout of any lipid-lowering treatments.
Lipid profile under treatment was defined as blood test done
with statin treatment for at least 4 weeks. Lipid profiles were
measured with standardized methods and in laboratories of
the public health system. The Montreal-FH-SCORE (MFHS)
was calculated for every patient by adding points for their age,
their high-density lipoprotein cholesterol value, their sex, their
smoking status, and the presence of hypertension.10

CAC score

Patients had a CT scan done between 2013 and 2019 for
coronary calcium scoring assessment, at 1 of 2 centers offering



Table 1. Subjects’ characteristics

Variables Reference Monogenic FH (N ¼ 62)

Male sex 30 (48)
Age at time of CAC, y 48 � 14
Hypertension 4 (6)
SBP, mm Hg 114 (107-124)
DBP, mm Hg 71 � 10

Smoking 40 (65)
Never 14 (23)
Past Current 8 (13)
Diabetes 4 of 61 (7)
Montreal-FH-SCORE 22 � 8
BMI, kg/m2 25.6 � 4.5
Waist circumference, cm 88.4 � 10.4
Type of mutationdnull 29 of 46 (63)
Statin exposition before CAC, y 11 � 9
Total cholesterol, mmol/L 8.45 � 2.15
Triglycerides, mmol/L 1.04 (0.90-1.71)
Untreated LDL-C, mmol/L 6.21 � 1.78
Treated LDL-C, mmol/L 3.33 � 1.04
Change in LDL-C, % e44.04 � 23.32
HDL-C, mmol/L 1.38 � 0.48
Non-HDL-C, mmol/L 7.03 � 2.17
Apolipoprotein B, g/L 1.70 � 0.51
Lipoprotein (a), g/L 0.26 (0.10-0.68)

Data for continuous normally distributed variables are expressed as
mean � SD. Continuous logarithmic variables are expressed as median and
interquartile range (SBP, triglycerides, and lipoprotein (a)). Other values are n (%).

AU, Agatston Units; BMI, body mass index; CAC, coronary artery cal-
cium; DBP, diastolic blood pressure; FH, familial hypercholesterolemia;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; SBP, systolic blood pressure.
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this testdUniversity of Montreal Hospital Center and
Montreal Heart Institute. This nonecontrast enhanced
cardiac scan was done using a Somatom Definition Flash 128-
slice dual source CT (Siemens Medical Solutions, Forchheim,
Germany). The thickness of the slices was 3 mm, and an axial
reconstruction interval of 2.5 mm was made. Radiation dose
for CT calcium scoring is approximately 1 mSv. Coronary
calcium was quantified using the Agatston-Janowitz method
based on the area and peak attenuation of coronary lesions
with �130 Hounsfield units (HUs).

The CAC score was used as a continuous variable. CAC
severity was expressed as a score of either zero or nonzero, as
studied previously,18 and categorized as 0, 0 to 100, or >100,
as presented in the American College of Cardiology/American
Heart Association Task Force guidelines for the general
population in primary prevention.14 A CAC score >100 was
also considered a marker of severe disease in the European
guidelines on cardiovascular disease prevention in clinical
practice.19 For coronary artery assessment, the coronary seg-
ments were defined in terms of the 1999 American Heart
Association classification.20 All segments were included.
Multivessel disease was defined as coronary calcification pre-
sent on the 3 major coronary arteries, namely the left anterior
descending, the circumflex, and the right coronary artery.20

Statistical analysis

Normality was assessed using skewness and kurtosis be-
tween e1 and 1. Continuous variables were expressed as mean
� standard deviation (SD) for variables with a normal dis-
tribution or median and interquartile range for variables with
an abnormal distribution. Other categorical variables were
expressed in frequency (n [%]).

To improve data distribution, systolic blood pressure, tri-
glycerides, and lipoprotein (a) were transformed using a log-
arithm. As CAC scores were not distributed normally, results
were transformed using log (CAC score þ1), which displays a
normal distribution. Logistic regression models were used to
assess the univariate and multivariate predictors of a nonzero
CAC score.

MFHS median was used to create 2 groups. Logistic
regression models were used to compare prevalence of nonzero
CAC score, CAC score >100, and multivessel disease. Stu-
dent t tests were used to compare MFHS between patients
with a zero CAC score and a nonzero CAC score. The c2 test
was performed to compare the prevalence of nonzero CAC
scores in each MFHS group. ROC curves were generated to
compare MFHS with a score that only combines age and sex.

Statistical analyses were performed using SPSS 25.0 (IBM
Corp, Armonk, New York). A P value <0.05 was considered
to indicate statistical significance.
Results

Patient characteristics

We identified patients followed at our clinic who had a CT
scan for CAC score done between 2013 and 2019 and pre-
sented a genetic diagnosis of FH. The study population
included 62 FH patients; 61 patients were heterozygous, and
one was compound heterozygous with a mutation on each
allele.21 The > 15-kb deletion was the most frequently
observed mutation (47%). One patient presented a mutation
on APOB, but all the others had mutations on the LDLR.

The clinical characteristics of the patients are shown in
Table 1. At the time of the CT scan, patients had a mean age
of 48 � 14 years, and 30 patients were male (48%). All pa-
tients in the study had a history of statin exposure and were
being treated with statins. Statin exposure before CAC score
measurement was 11 � 9 years. Mean untreated LDL-C was
6.21 � 1.78 mmol/L, and LDL-C undertreatment was 3.33
� 1.04 mmol/L. This value represents a mean change of
44.04% � 23.32%. No patient had a history of CVD at
baseline, and therefore all patients were considered in primary
prevention.

CAC score

Among the 62 FH patients, 25 (40%) had a CAC score of
0, whereas 13 had a CAC score between 1 and 100 (21%),
and 24 had a CAC score > 100 (39%).

Predictors of CAC score in FH patients

The predictors of a nonzero CAC score were sex (odds
ratio [OR] 4.22, 95% confidence interval [CI] 1.41e12.65,
P ¼ 0.01), age (OR 1.11, 95% CI 1.05e1.17, P ¼ 0.0003),
MFHS (OR 1.27, 95% CI 1.13e1.43, P < 0.0001), waist
circumference (OR 1.08, 95% CI 1.00e1.16, P ¼ 0.04), and
statin exposure before CAC (OR 1.08, 95% CI 1.01e1.15,
P ¼ 0.03; Table 2). In a multivariate model including statin
exposure and waist circumference, the MFHS was the only



Table 2. Univariate predictors of CAC score in monogenic FH (logistic
regression zero vs nonzero)

Variables OR 95% CI P value

Sex 4.22 1.41-12.65 0.01
Age at time of CAC 1.11 1.05-1.17 0.0003
Hypertension d d d
SBP 1.04 1.00-1.08 0.07
DBP 1.05 0.99-1.11 0.12
Smoking 1.54 0.72-3.30 0.27
Diabetes 0.68 0.09-5.15 0.71
Montreal-FH-SCORE 1.27 1.13-1.43 < 0.0001
BMI 1.14 0.99-1.32 0.07
Waist circumference 1.08 1.00-1.16 0.04
Type of mutation 1.90 0.55-6.59 0.31
Statin exposition before CAC 1.08 1.01-1.15 0.03
Total cholesterol 1.20 0.93-1.54 0.16
Triglycerides 1.87 0.63-5.54 0.26
Untreated LDL-C 1.31 0.96-1.79 0.09
Treated LDL-C 0.97 0.56-1.66 0.91
Change in LDL-C 0.99 0.96-1.01 0.28
HDL-C 0.81 0.28-2.36 0.70
Non-HDL-C 1.28 0.97-1.70 0.08
Apolipoprotein B 1.49 0.50-4.45 0.48
Lipoprotein (a) 0.97 0.59-1.59 0.89

Bold indicates P <0.05.
BMI, body mass index; CAC, coronary artery calcium; CI, confidence

interval; DBP, diastolic blood pressure; FH, familial hypercholesterolemia;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; OR, odds ratio; SBP, systolic blood pressure.
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predictor that remained statistically significant (OR 1.34,
95% CI 1.11e1.61, P ¼ 0.002; Table 3). Supplemental
Figure S1 represented receiver operating curves (ROC)
curves comparing MFHS with a version of the score that was
combining points for age and sex only. The area under the
curve (AUC) for the MFHS (0.865) was better than the AUC
for the score that combines age and sex (0.824). However, this
difference did not reach statistical significance (P ¼ 0.21).

The median of MFHS among the studied population was
24. The prevalence of nonzero CAC scores was higher in
patients with a MFHS of 24 or more compared to patients
with a MFHS below 24 (87% vs 30%, OR 15.8, 95% CI
4.3e58.3, P < 0.001, respectively). The proportion of CAC
scores above 100 was also higher in patients with a MFHS of
24 or more compared to patients with a MFHS below 24
(87% vs 30%, OR 15.8, 95% CI 4.3e58.3, P < 0.0001,
respectively), as well as the prevalence of multivessel disease
(48% vs 10%, OR 8.4, 95% CI 2.1e33.7, P ¼ 0.003,
respectively; Supplemental Figure S2).

Median MFHS in 25 patients with a zero CAC score was
16 (Q1-Q3; 12e22.5), and median MFHS in 37 patients
with nonzero CAC score was 26.5 (21.75e31.75;
P < 0.0001; Fig. 1). The majority of patients (15 of 18) with
Table 3. Multivariate predictors of CAC score in monogenic FH (logistic
regression zero vs nonzero)

Variables OR 95% CI P value

Montreal-FH-SCORE 1.34 1.11-1.61 0.002
Statin exposition before CAC 1.10 0.98-1.24 0.11
Waist circumference 1.09 0.97-1.22 0.13

Bold indicates P <0.05.
CAC, coronary artery calcium; CI, confidence interval; FH, familial hy-

percholesterolemia; OR, odds ratio.
a MFHS of 17 or less had a CAC score of 0, and all the
patients with a MFHS higher than 28 had a nonzero CAC
score (Fig. 2). Figure 3 displays prevalence of nonzero CAC
score in 3 groups of MFHS (17% in MFHS 17 or less; 67%
in MFHS 18 to 28; and 100% in MFHS more than 28, P <
0.0001).
Discussion
The CAC score is well validated as a marker of cardio-

vascular risk in the general population, but it has been less
studied in FH patients.

In this cohort, 40% of FH patients presented with a CAC
score of 0, which is comparable to percentages in recent
published FH cohorts (51%22 and 49%15). However, other
studies in FH patients have shown a lower prevalence of a
CAC score of 0 (21%23 and 26.6%24). This discrepancy is
probably due to a difference in the mean age of patients
among these FH cohorts. A CAC score of 0 does not exclude
the presence of atherosclerosis, but a previous study estab-
lished that only 4 % of FH patients with a CAC score of 0 had
a noncalcified plaque, which in all cases occluded less than
50% of the lumen.23

Miname et al. studied the predictive value of CAC for
incidence of major atherosclerotic cardiovascular events in a
prospective cohort of 206 patients.15 The authors found that
CAC score was an independent predictor of incident major
atherosclerotic cardiovascular events. No events were reported
in patients with a CAC score of 0 over a median period of
follow-up of 3.7 years. For patients with CAC scores between
1 and 100, the annual rate of events for 100 patients was
26.4%, and 44.1% for a CAC score >100.

As in the general population, male sex and age, 2 major
traditional cardiovascular risk factors, were predictors of a
nonzero CAC score in this FH cohort.25,26 Another predictor
of a nonzero CAC score was waist circumference. Indeed, an
elevated waist circumference is part of the metabolic syn-
drome, which is associated with an increase in atherosclerotic
disease.27,28

In this study, exposure to statins was a predictor of a
nonzero CAC score. This result is consistent with the concept
of a “statin paradox” that has been previously described. In
fact, high-dose and long-term statin therapy increase coronary
artery calcifications.29 However, this increase in calcification is
associated with an overall plaque regression, suggesting that it
may be a reflection of plaque repair rather than plaque pro-
gression.30 Statin exposure may also be a marker of disease
severity, as patients with higher cardiovascular risk will be
treated more aggressively and rapidly. The fact that all patients
in this study were treated with statins does not represent a
limitation. The study by Miname et al. that looked at pro-
spective cardiovascular events in FH patients had 68.9% pa-
tients treated with statins at baseline, and 96.6% at follow-up,
and they still observed an association between CAC score and
incident cardiovascular events.15 It is interesting to note that
LDL-C (at baseline or treated) was not a predictor of
abnormal CAC score in the present cohort.

Finally, MFHS was a strong predictor of a nonzero CAC
score. Two of its components, age and sex, were also signifi-
cant predictors in univariate analysis. In a multivariate model
including waist circumference and years of exposure to statins,
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Figure 1. Montreal-FH-SCORE in FH patients with a zero CAC score
compared to FH patients with a nonzero CAC score. CAC, coronary
artery calcium; FH, familial hypercholesterolemia.

P < 0.0001

0

10

20

30

40

50

60

70

80

90

100

< 18 18-28 > 28

P
ro

p
o
rt

io
n
 o

f 
n
o
n
-z

er
o
 C

A
C

 s
co

re
 

(%
)

MFHS groups

100

67

17

Figure 3. Prevalence of a nonzero CAC score in each MFHS group (<
18, 18-28, and > 28). CAC, coronary artery calcium; MFHS, Montreal-
familial hypercholesterolemia-SCORE.
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the MFHS was the only one to remain statistically significant.
The MFHS ROC curve did not show a statistically higher
AUC than a version of the score that combined only age and
sex. This could be the result of a lack of power, as this analysis
was significant in the original MFHS publication comprising
725 FH patients.10

In the original article that first describes the MFHS, the
group with MFHS above the median of 21 had a 10-fold
increase in the prevalence of cardiovascular disease.10 The
MFHS median of 24 in the present FH cohort is consistent
with the original study. Significant differences in the pro-
portion of nonzero CAC score, CAC score >100, and mul-
tivessel coronary calcifications were found when comparing
the 2 groups along the median.

An MFHS score less than 18 seems to be predictive of a
CAC score of 0, and an MFHS above 28 appears to be pre-
dictive of a nonzero CAC score. An MFHS between 18 and
27 displays more variability regarding prediction of CAC score
and can be considered a grey zone.
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Figure 2. CAC score values according to Montreal-FH-SCORE in FH pa-
tients. CAC, coronary artery calcium; FH, familial hypercholesterolemia.
As all patients with a MFHS higher than 28 had a nonzero
CAC score, we could consider not assessing CAC score in this
group. For patients in the grey zone of MFHS, 67% have a
nonzero CAC score and could be reclassified at very high
cardiovascular risk, and 33% would remain at usual high risk
for FH patients.

In FH patients, the treatment approach has always put
emphasis on the LDL-C target. However, the extent of
atherosclerosis and the age at first cardiovascular event remain
heterogeneous among individuals. Statin therapy has reduced
the severity and age of onset of cardiovascular events.6 The
Framingham Risk Score cannot be used in this population as
it was not created to assess cardiovascular risk in FH patients.
On the contrary, the MFHS has been developed and validated
with FH patients, and our study demonstrates its correlation
with the CAC score. Our results suggest that the MFHS may
be useful as a predictor of subclinical atherosclerosis. Hence,
an MFHS result higher than 28 would lead to a treatment
intensification that implies targeting an LDL-C level lower
than 2.00 mmol/L (beyond the 50% reduction) and would
necessitate the addition of a PCSK9 inhibitor in most cases.
FH patients with an intermediate MFHS result (18e28)
would benefit from a CAC score to reclassify their risk.

Our study also reinforces the importance of managing other
cardiovascular risk factors as part of the treatment, such as
control of blood pressure, smoking cessation, and weight loss.

Possible limitations of this study include its retrospective
design and the relatively small sample size. However, all
included FH patients had a genetic diagnosis and were not
selected using a purely clinical diagnosis such as scoring sys-
tems (Dutch Lipid, Simon Broome). The presence of a
documented FH-causing mutation in all patients eliminated
the risk of misdiagnosis. Another limitation is the absence of
evaluation of soft plaques on coronary arteries with a CT
coronary angiogram. However, the CAC score is a simple
exam that is well validated in the general population for car-
diovascular risk assessment and has been recently studied in
FH patients, whereas CT coronary angiogram is a more
invasive and expansive exam. Exposure to statins was quan-
tified retrospectively, and duration of treatment preceding the
referral to our center was self-reported by patients. Therefore,
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statin exposure was rounded to years. Also, the dosage of the
statins received and the compliance to treatment was not al-
ways available, which led to a less-precise evaluation of true
exposure. Another limitation to the study is the absence of
evaluation of the impact of environmental factors other than
smoking on MFHS, as they were not consistently docu-
mented in the charts. As the CAC score is not routinely
assessed in FH patients, this cohort may represent a different
subgroup of FH patients, which may have introduced a se-
lection bias. Also, the MFHS has been retrospectively vali-
dated, and therefore it can assess CVD prevalence but not
incidence. Finally, this study was not evaluating clinical out-
comes, and results of MFHS obtained could not be used to
predict clinical outcomes based on this study.
Conclusion
This retrospective study demonstrates that traditional car-

diovascular risk factors, combined in the MFHS, were pre-
dictors of a nonzero CAC score in FH patients. This suggests
that the MFHS could be used as a tool in the prediction of
CVD risk, helping clinicians to modulate the intensity of
treatment in FH patients. A prospective study is currently
underway to evaluate the predictive value of MFHS for
incident cardiovascular events.
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