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Abstract Background and aim: Protein convertase subtilisin kexin type 9 (PCSK-9) inhibitors
demonstrated efficacy in cholesterol reduction and in the prevention of cardiovascular events.
We evaluated changes in lipid profile and carotid stiffness in patients with familial hypercholes-
terolemia during 12 weeks of treatment with a PCSK-9 inhibitor, Evolocumab�.
Methods and results: Patients with familial hypercholesterolemia starting a treatment with
Evolocumab� were included. Total cholesterol (TC), low-density lipoprotein cholesterol (LDL-
C), small dense LDL (assessed by LDL score) and carotid stiffness were evaluated before starting
treatment with Evolocumab� and during 12 weeks of treatment.

Twenty-five subjects were enrolled (52% males, mean age 51.5 years). TC and LDL-C were
reduced of 38% and 52%, respectively during treatment, with LDL score reduced of 46.1%. In par-
allel, carotid stiffness changed from 8.8 (IQR: 7.0e10.4) m/sec to 6.6 (IQR: 5.4e7.5) m/sec,
corresponding to a median change of 21.4% (p < 0.001), with a significant increase
in carotid distensibility (from 12.1, IQR: 8.73e19.3 kPA�1 � 10�3 at T0 to 21.8, IQR: 16.6e31.8
kPA�1 � 10�3 at T12w) corresponding to a median change of 62.8% (p < 0.001). A multivariate
analysis showed that changes in LDL score were independently associated with changes in
carotid stiffness (b Z 0.429, p Z 0.041).
Conclusion: Small dense LDL reduction, as assessed by LDL score, is associated with changes in
carotid stiffness in patients with familial hypercholesterolemia treated with Evolocumab�.
ª 2020 Published by Elsevier B.V. on behalf of The Italian Society of Diabetology, the Italian So-
ciety for the Study of Atherosclerosis, the Italian Society of Human Nutrition, and the Department
of Clinical Medicine and Surgery, Federico II University.
of Translational Medical Sci-
ini 5, 80131 Naples, Italy. Fax:

ail.it (M.N.D. Di Minno).

n behalf of The Italian Society of Diabetolo
cine and Surgery, Federico II University.
Introduction

Several studies consistently showed that increased levels
of low-density lipoprotein cholesterol (LDL-C) represent
the main causative factor for atherosclerosis development
[1]. Patients with high levels of LDL-C exhibit an increased
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prevalence of subclinical atherosclerosis and a more rapid
atherosclerosis progression [2]. This leads to a significantly
higher cardiovascular (CV) risk in patients with high LDL-C
levels [3]. Increased arterial stiffness is one of the earliest
stages of the atherosclerotic process [4] and some studies
reported an association between arterial stiffness and
incident CV disease and mortality [5e7], particularly in
patients with familial hypercholesterolemia (FH) [8]. On
the other hand, some recent reports showed that lipid
lowering treatment with statins is associated with a sig-
nificant reduction in arterial stiffness [9,10].

Although for years the gold standard for lipid lowering
therapy was represented by statin treatment, the target
LDL-C is not always achieved, mainly in patients with very
high levels of LDL-C [11]. More recently, PCSK-9 inhibitors
showed efficacy in LDL-C reduction and in the prevention
from CV events [12,13]. Conflicting results are available
about the association between PCSK-9 plasma levels and
arterial stiffness [14,15] and only data on 2 patients are
available about the effect of PCSK-9 inhibitors on arterial
stiffness [16]. The aim of our study was to prospectively
assess changes in lipid profile and carotid stiffness in pa-
tients with FH before and after the treatment with a PCSK-
9 inhibitor, Evolocumab�.
Methods

From December 2017 to December 2018, within the
framework of LIPIGEN, a national project on familial dys-
lipidemia, consecutive patients attending the lipid clinic of
the Department of Clinical Medicine and Surgery, Federico
II University Hospital with very high levels of LDL-C (above
the 95th percentile when compared with a sex- and age-
matched general population), normal triglyceride levels
and probable autosomal dominant transmission of hyper-
cholesterolemia (DUTCH Lipid Clinic Network score � 6) in
the family were screened for inclusion in the present study
[17].

The major inclusion criterion was the eligibility of pa-
tients to start a treatment with PCSK-9 according to ESC/
EAS guidelines [18]. Exclusion criteria were: age < 18
years, inability to understand or sign the informed con-
sent, high level of transaminases (>3x upper normal limit),
hypertriglyceridemia (>150 mg/dl), end-stage renal dis-
ease (filtration rate < 30 ml/min/mq), current malignant
disease or a diagnosis of malignancy in the 2 years prior to
the first visit, previous exposure to PCSK-9 inhibitors,
presence of hypercholesterolemia secondary to other
causes (hypothyroidism, hormone therapies, corticoste-
roids etc.). Patients with a clinical picture or family history
of familial combined hyperlipidemia were excluded
[19,20]. Patients enrolled in the study continued the
ongoing lipid lowering therapy and added PCSK-9 inhibi-
tor (Evolocumab� 140 mg subcutaneous injection every
14 days).
Study protocol

After informed consent, a detailed medical history was
recorded for each patient. Data about age, gender, previous
and/or current medical conditions, current and past lipid
lowering therapy, vascular risk factors were collected.

Height was measured to the nearest 0.1 cm. Body
weight was assessed by using an electronic beam scale
with digital readout to the nearest 0.1 kg after emptying
the bladder and with the subjects standing barefoot and
wearing light indoor clothing. Body mass index (BMI) was
calculated as body weight/(height2). Clinical diagnosis of
FH was achieved using Dutch Lipid Clinic Network Score
and genetic testing was performed to assess major caus-
ative mutations, including LDLR, APOB and PCSK9 genes as
previously described [21e23].

Blood laboratory parameters

The following blood values were evaluated at baseline
(before starting PCSK-9 inhibitor) and 12 weeks (T12w)
after treatment with Evolocumab�: total cholesterol (TC),
triglycerides (TG), HDL cholesterol (HDL-C), LDL-C, small-
dense LDL (sd-LDL), creatininemia, AST, ALT, CPK,
glycaemia.

LDL particles separation was performed by electropho-
retic Lipoprint System (Quantimetrix Inc., Redondo Beach,
CA). The proportion of sd-LDL particles (subfractions 3e7)
to the whole LDL area (subfractions 1e7) was also calcu-
lated in our sample and expressed as LDL score, with
higher score values representing a higher sd-LDL particles
content [24]. In addition, mean LDL particle diameter was
calculated on the basis of the different areas under the
curve of the 7 LDL species with different electrophoretic
mobility [25].

Carotid stiffness

Patients were asked to abstain from alcohol, tobacco and
caffeine for at least 12 h on the day of examination. All
study procedures were performed in a temperature-
controlled room (23 �C), after �10 min of rest in supine
position. Carotid stiffness was evaluated in each patient
before starting PCSK-9 inhibitor (T0) and repeated after 12
weeks of treatment (T12w) by the same operator blinded
for ongoing treatment and cholesterol levels. To validate
results on the long-term, carotid stiffness was evaluated
also after 104 weeks of treatment (T104w).

Common carotid artery scans (25 frames/s) were ob-
tained by high-resolution ultrasound with a 10 MHz linear
array transducer (MyLab25; ESAOTE, Florence, Italy) by a
trained operator. Longitudinal scans were acquired from
each common carotid artery (1 cm proximal to the carotid
bulb in a region 1-cm wide and free of plaques) and
automatically analyzed with Carotid Studio
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(Cardiovascular Suite�, Carotid studio, QUIPU Srl, Pisa,
Italy), a well validated system based on contour tracking
algorithm [26]. Arterial interfaces were automatically
detected, with estimation of instantaneous mean diameter
as the distance between far and near mediaeadventitia
interfaces. The following parameters were obtained: ca-
rotid distension (DD), that is the stroke change in diam-
eter, calculated as the difference between the systolic and
diastolic diameter values; carotid distensibility
coefficient Z DA/(A*DP), where A represents the diastolic
lumen area, evaluated from the diameter values (assuming
the cross-section of the artery to be circular), DA repre-
sents the stroke change in lumen area, DP the local pulse
pressure obtained by tonometry. Carotid stiffness was
calculated according to the MoenseKorteweg equation
[27]. In particular, carotid distensibility was converted into
carotid stiffness by using the equation: PWV Z [(DP )A)/
(DA) r)](1/2) where r is the blood density. This formula
allows carotid stiffness to be obtained as carotid
stiffness Z (r ) carotid distensibility) (�1/2), expressed in
m/s. The reproducibility of this scanning protocol was
evaluated on a representative sample of 5 subjects
randomly selected from the study population within 1
week from the first examination and the r value
resulted Z 0.91. Carotid distensibility was defined as low
if < 15 kPa�1 x 10�3 [28].
Statistical analysis

Statistical analysis was performed with the IBM SPSS 22
system (SPSS Inc., Chicago, IL, USA). Continuous data were
expressed as mean � standard deviation (SD) or as median
value with inter-quartile range (IQR). The t-test was per-
formed to compare continuous variables for paired sam-
ples and for independent samples. In case of values with a
skewed non-Gaussian distribution, ManneWhitney U test
was used to compare means. The c2 test or Fisher’s exact
test were used to compare categorical variables. Relation-
ships between continuous variables were examined using
simple regressions Spearman’s correlation (rho) for non-
parametric variables. All results were expressed as 2-
tailed values, p values < 0.05 being statistically signifi-
cant. To evaluate potential sources of heterogeneity, a
sensitivity analysis was performed stratifying patients ac-
cording to major clinical and demographic characteristics
and according to genotype of LDLR, APOB and PCSK9 genes.
To adjust for potential confounders and to make pre-
dictions, linear regression analyses (stepwise method)
were implemented with changes in carotid stiffness as
dependent variable and age, gender, BMI, cardiovascular
events, hypertension, diabetes and changes in LDL score as
independent variables.
Sample size

As to sample size, with a pre-defined � 25% reduction in
carotid stiffness from baseline values to T12w, 22 subjects
were needed to obtain an 80% power and a 5% a error. Also
considering a drop-out risk, we aimed at enrolling 25
subjects in the present study.
Results

Twenty-five subjects (13 males and 12 females, mean age
51.5 � 14.5 years) with FH (20 heterozygotes for the
mutation of LDLR, 2 compound heterozygotes for 2
different mutations of LDLR, 1 double heterozygote for
mutations of LDLR and of PCSK9 and 2 subjects were
without major mutation in LDLR, APOB, PCSK9 genes)
were enrolled. The mean Dutch Lipid Clinic Network
Score was 9.3.

Nineteen patients (76%) were under statin treatment,
whereas 6 reported statin intolerance. Among the 19
statin-treated patients, 1 was under simvastatin 40 mg, 3
rosuvastatin 40 mg, 5 rosuvastatin 20 mg, 1 pravastatin
40 mg, 1 fluvastatin 40 mg, 5 atorvastatin 40 mg, 3 ator-
vastatin 80 mg. Thus, 16 patients were under high
intensity-statins treatment (atorvastatin 40 mg or 80 mg;
rosuvastatin 20 mg or 40 mg), whereas the other 3 pa-
tients were under low-intensity statins (pravastatin, flu-
vastatin and simvastatin) because of intolerance to high
intensity-statin. Ezetimibe was present as co-treatment in
16 subjects (68%) and as a stand-alone treatment in the 6
subjects (20%) with statin intolerance, whereas 3 patients
(12%) were under statin-alone therapy without ezetimibe
because of ezetimibe intolerance. Antiplatelet drugs were
used by 9 subjects (36%). None had received a treatment
with PCSK-9 inhibitor before study entry.

Previous vascular events were reported by 7 subjects
(28%), with coronary artery disease being reported in 6
cases and ischemic stroke in 1 case. Major baseline clinical
and demographic characteristics of the study population
are reported in Table 1.
Serum cholesterol profile and lipoproteins levels

After 12 weeks of treatment with PCSK-9 inhibitor (T12w)
patients reported a significant reduction in levels of TC
(from 279.6 � 69.9 to 181.8 � 64.8, p < 0.001) and LDL
(201.0 � 69.5 to 103.0 � 58.0, p < 0.001). No significant
changes were found for HDL (from 52.5 � 12.9 to
55.0 � 12.6, p Z 0.065) and TG (from 107.5, IQR:
79.3e146.3 to 109.0, IQR: 73.5e146.0, p Z 0.607). Overall,
the median reduction was 37.7% for TC and 52.4% for LDL-
C. According to ESC/EAS guidelines [18] LDL-C target
(<100 mg/dl for FH patients without CV risk factors and
<70 mg/dl for high cardiovascular risk subjects), was
achieved by 15 out of 25 patients (60%). LDL-C target was
more frequently reported in patients receiving
statin � ezetimibe treatment combined with PCSK-9 in-
hibitor (73.7%) than in patients receiving PCSK-9 inhibitor
alone (16.7%).

LDL diameter changed from 268.3 Å � 2.99 to
270.5 Å � 2.40 (p Z 0.004) with changes in LDL score from
6.60 (IQR: 4.65e11.7) to 3.7 (IQR: 0.37e4.9) (p Z 0.001).
The median reduction for LDL score was 46.1%.



Table 1 Clinical and demographic features of subjects with familial
hypercholesterolemia starting a treatment with PCSK9 inhibitor.

Variable Study subjects (n Z 25)

Age (years) 51.5 � 14.5
Age > 65 years 4 (16%)
Male gender 13 (52.0%)
Hypertension 12 (48%)
Cardiovascular events 7 (28%)
Obesity 13 (52%)
Diabetes 2 (8%)
Smoking habit 2 (8%)
Body Mass Index (BMI) (Kg/m2) 26 � 4,8
DUTCH score 9,32 � 3,64
Without major mutations 2 (8%)
Heterozygotes 20 (80%)
Compound/double heterozygotes 3 (12%)
Alanine aminotransferase (ALT) (IU/L) 24 (IQR:21e26)
Aspartate aminotransferase (AST) (IU/L) 27 (IQR: 21,3e38,8)
Creatine phosphokinase (IU/L) 110 (IQR: 90e171)
Total Cholesterol (mg/dl) 279,6 � 69,9
Triglycerides (mg/dl) 107,5 (IQR: 79.3e146,3)
HDL-C (mg/dl) 53 � 12,93
LDL-C (mg/dl) 201 � 69,50
LDL score 6,6 (IQR:4,65e11,7)
LDL diameter (Å) 268.3 � 2.99
Use of statins 19 (78%)
Statin intolerance 6 (22%)
Use of ezetimibe þ statin 16 (66%)
Use of ezetimibe alone 6 (22%)
Use of antiplatelet drugs 9 (36%)

Note. Data are presented as number (%) for dichotomous variables,
mean � standard deviation for continuous variables with a normal
distribution and median (interquartile range [IQR]) for non-
parametric continuous variables.
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As showed in Fig. 1, median cholesterol sub-fraction
reduction was more pronounced in patients with LDLR
heterozygote mutation or in patients without major mu-
tations as compared to compound heterozygote/double
heterozygote ones.
Carotid stiffness and distensibility

During the 12-week treatment both systolic and diastolic
blood pressure values remained stable, changing from
132 � 22 to 126 � 16 mmHg (p Z 0.051) and from 76 � 8
to 77 � 9 mmHg (p Z 0.550). At baseline assessment, the
25 subjects showed a carotid stiffness of 8.8 (IQR:
7.0e10.4) m/sec. After 12 weeks of treatment, carotid
stiffness changed from 8.8 (IQR: 7.0e10.4) m/sec to 6.6
(IQR: 5.4e7.5) m/sec at T12w corresponding to a median
change of 21.4% (p < 0.001). In parallel, a significant in-
crease in carotid distensibility was observed from 12.1
(IQR: 8.73e19.3) kPA�1 � 10�3 at T0 to 21.8 (IQR:
16.6e31.8) kPA�1 � 10�3 at T12w corresponding to a me-
dian change of 62.8% (p < 0.001).

The prevalence of low carotid distensibility changed
from 60% at baseline to 20% at T12w (p Z 0.011).

Changes in carotid stiffness and carotid distensibility
showed an inverse significant correlation (rho Z �0.998,
p < 0.001).
Changes in LDL-c levels and in LDL score showed a
significant correlation with carotid stiffness (Fig. 2).

Given the potential influence of clinical and de-
mographic characteristics and concomitant cardiovascular
risk factor on changes in carotid stiffness and carotid
distensibility, we performed sub-group analyses entirely
confirming results obtained in the primary analysis (Fig. 3).

A more pronounced reduction of carotid stiffness and
increase in carotid distensibility was observed in patients
with heterozygote mutation of LDLR as compared to
compound heterozygotes/double heterozygotes subjects
(Fig. 4).

In a multivariate analysis including age, gender, BMI
cardiovascular events, we found that on trial LDL-c, hy-
pertension, diabetes were independently associated with
carotid stiffness and carotid distensibility (Table 2).
Moreover, changes in LDL score were independently
associated with changes in carotid stiffness from baseline
values to T12w (b Z 0.429, p Z 0.041).

At T104w, carotid stiffness evaluation was performed in
16 patients, because 6 patients were lost at follow-up, 1
patient had a new-onset arterial hypertension, 1 patient
changed the lipid lowering treatment adding evinacumab
and 1 patient dead because of laryngeal cancer.

The long-term assessment showed a consistent and
progressive improvement of carotid stiffness and carotid
distensibility as compared to baseline values (Fig. 5).
Discussion

In the present prospective study, we documented, for the
first time, a reduction of carotid stiffness in patients with
hypercholesterolemia treated with Evolocumab�.

After 12 weeks of treatment with Evolocumab�, all
patients showed a reduction of LDL-C levels. LDL-C target
was reached in 74% of subjects receiving Evolocumab�þ
statin � ezetimibe and in 17% of those treated with
Evolocumab��ezetimibe. This finding confirms the
widely recognized LDL-C reduction effect associated with
PCSK-9 inhibitors treatment [29]. Besides these expected
findings, in the present study, we also documented a
significant reduction in LDL score. This parameter repre-
sents a method to quantify sd-LDL, known to have a
greater susceptibility to oxidative modification, a higher
affinity for the arterial wall and widely recognized as
predictor of carotid atherosclerosis, stroke and coronary
heart disease [25].

Interestingly, we found an extremely limited modifica-
tion in LDL score in compound heterozygote/double het-
erozygote patients as compared to those heterozygote for
single mutation of LDLR. This is plausible by a patho-
physiological point of view, considering the mechanism of
action of PCSK-9 inhibitors, which induce an up-regulation
in LDL receptor expression, following the inhibition of
PCSK9-mediated degradation. In patients with heterozy-
gote/double heterozygote LDLR mutation, receptor func-
tion could be seriously compromised, so up-regulation of
LDL receptor expression could be ineffective [29,30].



Figure 1 Percent changes in cholesterol profile and lipoprotein levels during treatment with PCSK9 inhibitor stratified according to genotype.

Figure 2 Scatter plot of correlation between percent change in low-density lipoprotein cholesterol (LDL-C) and LDL score with percent change in
carotid stiffness during treatment with PCSK-9 inhibitor.
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Figure 3 Median percent changes in carotid stiffness and carotid distensibility from baseline values to 12 weeks of therapy with PCSK9 inhibitors in
the study population stratified according to predefined study sub-groups. LDL: low-density lipoprotein; CV: cardiovascular; ASA: aspirin; elderly: age
�65 years. All data are median (IQR) values of percent change.

Figure 4 Changes in carotid stiffness (label A) and carotid distensibility (label B) during treatment with PCSK9 inhibitor stratifying patients ac-
cording to genotype.

Genotype and PCSK-9 inhibitors 1001
Based on this evidence, it could be useful to extend
genetic testing also to APOB and PCSK9 genes, at least in
patients with a limited clinical response to PCSK-9
inhibitors.

Besides the lipid-lowering effect of Evolocumab�, in
the present study we documented a significant improve-
ment in arterial stiffness, an established predictor of car-
diovascular and cerebrovascular morbidity and mortality
[4e7], particularly in dyslipidaemic patients [8].

In detail, we specifically evaluated local stiffness and
distensibility of the carotid artery, a predominantly elastic
artery [31]. Although carotid-femoral pulse wave velocity
(cf-PWV) is currently considered the gold standard for
arterial stiffness assessment [27], carotid stiffness is
recognized as an adequate marker for non-invasive
assessment of arterial stiffness [27]. Some studies re-
ported the importance of carotid stiffness evaluation as an
independent predictor of incident cardiovascular disease
and/or mortality [6,7,32]. In the present study, we
observed a >20% reduction in carotid stiffness, with a
direct correlation with LDL-C and LDL score reduction.
Interestingly, changes in carotid stiffness was confirmed at
a long-term assessment showing a consistent and pro-
gressive improvement of carotid stiffness and carotid
distensibility as compared to baseline values after 2 years
of treatment.

The exact mechanism by which PCSK-9 inhibitor exert a
beneficial effect in improving carotid stiffness is still not
completely described. Lowering LDL-C levels represents
one mechanism by which carotid stiffness reduction can



Table 2 Linear regression analysis. Association of clinical and lab-
oratory parameters with carotid stiffness and distensibility.

Carotid Stiffness Carotid Distensibility

LDL-c b Z 0.511 p < 0.001 b Z �0.506 p Z 0.001
Diabetes b Z 0.346 p Z 0.007 b Z �0.294 p Z 0.040
Hypertension b Z 0.391 p Z 0.004 b Z �0.366 p Z 0.018
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be achieved [9,10]. Several literature data suggested that
lipid-lowering therapies, by reducing oxidative stress and
balancing nitric oxide synthase (eNOS)/nitric oxide syn-
thase (iNOS) ratio, lead to an improvement of endothelial
function [33e35]. Thus, it can be expected that lipid-
lowering therapies may induce functional and structural
modifications in artery wall, positively impacting on
arterial stiffness. In line with this hypothesis, we observed
a correlation between LDL levels and carotid stiffness and,
such an association was confirmed after adjusting for po-
tential confounders.

However, it remains unknown whether this effect on
carotid stiffness is mostly mediated by reduction of
cholesterol levels or by other presently unknown mecha-
nisms. In the present study, we documented that, after
adjusting for potential confounders, changes in LDL score
(expression of sd-LDL concentration) was a predictor of
modifications in carotid stiffness. This finding is in line
with data showing that sd-LDL are associated with arterial
stiffness and predicts cardiovascular events [36].

By a pathophysiological point of view, we have to ac-
count that sd-LDL particles bind with lower affinity LDL
receptor [37]. sd-LDL synthesis is consequent to de-
lipidation of large LDL particles. The up-regulation of the
LDL receptor, induced by inhibition of PCSK-9, enhances
the binding potential, leading to a variation in LDL
Figure 5 Changes in carotid stiffness and carotid distensibility from basel
hibitor. )The analysis was performed on 16 patients with data at baseline,
diameter and composition. Following to LDL receptor
upregulation, the clearance of circulating large LDL parti-
cles hampers de-lipidation and leads to a reduction in sd-
LDL [38].

Although these modifications seem to determine an
improvement in carotid stiffness, to support this hypoth-
esis, some basic science experiments should be conducted,
also including direct effects of PCSK9 inhibitors on human
endothelial cell culture.

Besides evident consequence due to LDL-C reduction,
possible ancillary effects induced by PCSK-9 inhibitors can
be presumed. A recent study showed that PCSK-9 induces
a pro-inflammatory response in macrophages [39] and a
treatment with a PCSK-9 inhibitor was able to induce a
decrease in monocyte migratory capacity, lipid content, as
well as inflammatory responsiveness [40].

Overall, the above described favorable effects might
determine a reduced cardiovascular risk. This hypothesis is
mostly supported by results of the randomized, double-
blinded, placebo-controlled FOURIER trial showing that in
27.564 patients with atherosclerotic cardiovascular disease
the association of Evolocumab� to standard statin treat-
ment significantly reduced the risk of fatal and non-fatal
cardiovascular events (HR: 0.85, 95%CI: 0.79e0.92,
p < 0.001) [12].

A further demonstration of a potential link between
lipid-lowering effect and carotid stiffness derives from the
evidence that, as compared to double/compound hetero-
zygotes, patients with heterozygote mutation of LDLR re-
ported a more pronounced LDL reduction during
treatment with Evolocumab� accompanied by a more
significant reduction in carotid stiffness and increase in
carotid distensibility. However, the limited number of pa-
tients double/compound heterozygote partly hampers
ine values to week 12 and week 104 during treatment with PCSK9 in-
at week 12 and at week 104.
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generalizability of these results and suggests the need of
further studies to definitely address this issue.

Some potential limitations of the present study need to
be discussed. Most of patients included in the present
study have concomitant cardiovascular risk factors,
potentially impacting on carotid stiffness. To overcome this
potential source of heterogeneity, sub-group analyses
were performed and showed that patients not receiving
statins represented the only clinical subset reporting a less
significant reduction in carotid stiffness and increase in
carotid distensibility, thus suggesting a cooperation be-
tween statins and PCSK-9 inhibitors. This hypothesis is also
supported by previous studies showing that PCSK-9 in-
hibitors reduced LDL-C levels of about 50% when used
alone and about 70% when used together with statins [29].
A hypothetical mechanism of a synergic effect of associa-
tion between statins and PCSK-9 inhibitors is due to
increased plasma levels of PCSK-9 in patients treated with
statins alone. This effect is secondary to the activation of
sterol responsive element binding protein (SREBP)
pathway because of the inhibition of cholesterol biosyn-
thesis. Thus, patients receiving chronic statin therapy have
higher levels of PCSK-9 and a more marked response to
PCSK-9 inhibitor [41]. On the other hand, the significant
improvement in carotid stiffness consistently found in all
the other sub-groups considered, suggests that PCSK-9
treatment leads to a reduction of the cardiovascular risk
regardless of the presence of concomitant cardiovascular
risk factors.

In our sample, we observed a trend toward a reduction
in SBP during treatment with PCSK9 inhibitor. We
excluded any modification in antihypertensive treatment
during study period to exclude a potential impact on re-
sults. On the other hand, we cannot explain these changes
as an ancillary effect of PCSK9 inhibition, considering that
previous data showed that PCSK9 levels are unrelated to
blood pressure [42]. Thus, this issue needs to be specif-
ically addressed in future studies.

The lack of a control group might represent a limitation
of the present study. However, PCSK-9 can be used only in
patients not achieving target LDL-C levels under maximal
statin treatment. Thus, a potential control group should be
represented by patients not eligible to treatment with
PCSK-9 or refusing this treatment. These hypothetic con-
trols are not likely to be comparable to cases. Overall, the
pre-post observational design allows for partly overcome
the intrinsic inter-individual heterogeneity, with each pa-
tient being the control of himself. A further potential
limitation is represented by the small study sample and, in
turn, the limited number of patients available for sub-
group analyses. However, FH has a prevalence of 1:300
according to epidemiological data [3] and PCSK-9 in-
hibitors can be used only in patients not achieving target
LDL-C levels under maximal lipid lowering treatment.
Thus, this study enrolled a highly selected population with
defined eligibility criteria with a sample size calculated to
achieve a target power of 80%.

In conclusion, this study showed, for the first time a
long-standing and consistent effect of treatment with
PCSK-9 inhibitor Evolocumab� on carotid stiffness.
Moreover, we found that small dense LDL reduction is
related to changes in carotid stiffness, thus suggesting a
potential impact for changes in lipoprotein composition as
a mechanism for cardiovascular risk reduction. Further
studies are needed to fully investigate underlying mecha-
nisms and the impact on cardiovascular events.
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