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prospettive future con particolare 
riferimento agli aspetti clinico-appli-
cativi. 

Glossario: È uno strumento di comu-
nicazione fortemente raccomandato. 

Esso dovrebbe contenere una conci-
sa ma esauriente spiegazione dei 
termini “nuovi o meno comuni” uti-
lizzati nella rassegna. Qualora l’auto-
re lo ritenga utile, al glossario può 
essere allegata una o più “finestre 
esplicative” dedicate ad argomenti a 
cui si fa riferimento nella rassegna e 
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n NUTRIZIONE
Counseling dietetico-comportamentale per i pazienti con elevati livelli di lipoproteina(a):  
ha senso sulla base della letteratura esistente?
L’Lp(a) è oggi considerata un importante fattore di rischio lipidico aggiuntivo nell’ambito della valutazione 
del rischio cardiovascolare residuo. Essa viene tradizionalmente considerata resistente a modifiche nutri-
zionali e dello stile di vita. La rassegna prende in esame le principali evidenze che supportano modifiche 
della dieta e dello stile di vita in grado di migliorare i livelli plasmatici di Lp(a) nel contesto della prevenzio-
ne cardiovascolare. In particolare, vengono descritti gli effetti favorevoli sui livelli plasmatici di Lp(a) della 
restrizione calorica, di un lieve aumento della quota di grassi saturi nella dieta, del consumo moderato di 
bevande alcoliche, dell’assunzione di nutraceutici e di modifiche del livello di attività fisica. 

Dietary-behavioural counseling for patients with elevated lipoprotein(a) levels:  
does it make sense based on the existing literature?
Lp(a) is now considered an important additional lipid risk factor in the assessment of residual cardiovascu-
lar risk. It is traditionally considered resistant to nutritional and lifestyle changes. The review examines the 
main evidence supporting dietary and lifestyle changes that can improve plasma Lp(a) levels in the context of 
cardiovascular prevention. In particular, the favourable effects on plasma Lp(a) levels of caloric restriction, a 
slight increase of saturated fat in the diet, moderate consumption of alcoholic beverages, treatment with nutra-
ceuticals and changes in physical activity level are described.

n FISIOPATOLOGIA
Le ceramidi come attori emergenti nella malattia cardiovascolare
Le ceramidi sono una sottoclasse di sfingomieline che si accumulano sia nei tessuti metabolicamente attivi, 
che a livello della placca ateromasica. Essi svolgono un ruolo fisiopatologico nella progressione della malat-
tia aterosclerotica, ma costituiscono anche possibili biomarcatori per una migliore valutazione del rischio 
cardiovascolare individuale. La rassegna considera il ruolo delle ceramidi nella malattia aterosclerotica e 
descrive in modo approfondito il ruolo delle differenti diete ed in particolare della composizione in acidi 
grassi sulla loro omeostasi.

Ceramides as emerging players in cardiovascular disease
Ceramides are a subclass of sphingomyelins that accumulate both in metabolically active tissues and in ather-
omatous plaque. They play a physio pathological role in the progression of atherosclerotic disease, but they also 
constitute possible biomarkers for a better assessment of individual cardiovascular risk. The review considers 
the role of ceramides in atherosclerotic disease and describes in depth the role of different diets and in particu-
lar of fatty acid composition on their homeostasis.

PRESENTAZIONE DEL NUMERO
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Presentazione del numero

n TERAPIA
Statine, dosaggio ed effetti avversi muscolari
La rassegna prende in considerazione le relazioni fra il dosaggio dell’assunzione di statine e i possibili ef-
fetti avversi muscolari. In particolare, vengono trattati la patogenesi del danno muscolare farmaco-mediato 
e immuno-mediato, la classificazione degli effetti avversi muscolari e le possibili relazioni tra dosaggio 
statinico e miopatia. Infine, vengono brevemente descritti i principali trial clinici condotti con le statine nei 
quali è stata valutata la possibile associazione con la comparsa di tossicità muscolare.

Statins, dosage and adverse muscle effects
The review considers the relationships between statin dosage and possible muscle adverse effects. In particular, 
the pathogenesis of drug-mediated and immune-mediated muscle damage, the classification of muscle adverse 
effects and the possible relationships between statin dosage and myopathy are described. Finally, the main 
clinical trials conducted with statins in which the possible association with the onset of muscle toxicity was 
evaluated are briefly described.

n FATTORI DI RISCHIO
Lp(a) nei bambini e negli adolescenti: evidenze attuali e prospettive future
La Lp(a) è riconosciuta come fattore di rischio indipendente e causale per lo sviluppo dell’aterosclerosi in 
età adulta. La rassegna prende in esame il ruolo della Lp(a) in relazione alla patogenesi dell’aterosclerosi 
nei bambini e negli adolescenti. Nel lavoro viene descritta la struttura e il metabolismo della Lp(a), la sua 
concentrazione plasmatica ed i fattori che la influenzano, l’associazione in età pediatrica con lo sviluppo 
di ictus ischemico e danno endoteliale, e le strette relazioni con la familiarità per malattie cardiovascolari. 
Viene inoltre descritta l’associazione in età pediatrica fra Lp(a) e danno vascolare e sono indicati i livelli 
plasmatici nei bambini e negli adolescenti. Infine, la rassegna descrive le indicazioni sulla misurazione 
dell’Lp(a) nei documenti di consenso e linee guida in età pediatrica alla luce della valutazione precoce del 
rischio cardiovascolare, e della prospettiva delle nuove opzioni terapeutiche.

Lp(a) in children and adolescents: current evidence and future prospects
Lp(a) is recognized as an independent and causal risk factor for the development of atherosclerosis in adult-
hood. The review examines the role of Lp(a) in relation to the pathogenesis of atherosclerosis in children and 
adolescents. It describes the structure and metabolism of Lp(a), plasma concentration and factors that influ-
ence it, the association in paediatric age with the development of ischemic stroke and endothelial damage, and 
the close relationships with family history of cardiovascular disease. The association during developmental 
age between Lp(a) and vascular damage is also described and plasma levels in children and adolescents are 
indicated. Finally, the review describes the indications for the measurement of Lp(a) in consensus documents 
and guidelines in young people in light of the early assessment of cardiovascular risk, and the prospect of new 
therapeutic options.

n NOTIZIE DA CONGRESSI INTERNAZIONALI 
Meeting annuale dell’European Society of Cardiology (ESC) 2024

Annual meeting of the European Society of Cardiology (ESC) 2024
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NUTRIZIONE

COUNCELING DIETETICO-
COMPORTAMENTALE  

PER I PAZIENTI CON ELEVATI 
LIVELLI DI LIPOPROTEINA(A): 

HA SENSO SULLA BASE DELLA 
LETTERATURA ESISTENTE?

Dietary-behavioral counseling for patients 
with elevated lipoprotein(a) levels:  

does it make sense based on the existing 
literature?

ARRIGO F.G. CICERO, FEDERICA FOGACCI

Dip. di Scienze Mediche e Chirurgiche, Alma Mater Studiorum Università di Bologna

Indirizzo per la corrispondenza
Arrigo F.G. Cicero

arrigo.cicero@unibo.it

Giornale Italiano dell’Arteriosclerosi 2024; 15 (4): 5-13

SUMMARY
Lipoprotein(a) [Lp(a)] is a cardiovascular risk factor, whose level is mainly genetically determined, considered 
resistant to any lifestyle modification. However, some dietary and behavioural measures seem to be able to modify 
these levels significantly up to a 10% reduction, and therefore (sometimes) reclassify the risk category to which 
the subjects belong. Caloric restriction limited to the carbohydrate quota, a slight increase in the quota of saturat-
ed fats in the diet, the chronic intake of small quantities of alcohol in the context of an overall healthy diet and 
moderate physical activity could be associated with a positive effect on levels circulating Lp(a). In high-risk pa-
tients, this effect could be associated with that obtained with PCSK9 inhibitors, waiting to be able to use specific 
drugs for the reduction of Lp(a). Further studies are necessary to understand whether certain nutrients or dietary 
patterns can influence the plasma concentration of Lp(a) and/or the risk of developing cardiovascular complica-
tions in patients affected by HyperLp(a), especially in patients undergoing primary prevention and/or hardly 
treatable with specific drugs for high but not extreme levels of Lp(a) in the plasma.

Keywords: Physical activity, counceling, diet, Lipoprotein(a).
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Introduzione

È ben noto come uno stile di vita terapeutico 
ha generalmente un impatto significativo sul 
miglioramento dei fattori di rischio metabolico 
per le malattie cardiovascolari (CV), così come 
sul rischio stesso di sviluppare malattie car-
diovascolari (1). La lipoproteina(a) (Lp(a)) è 
una variante della lipoproteina a bassa densità 
(LDL), legata all’apolipoproteina B100 e carat-
terizzata da una apolipoproteina(a) (apo(a)) di 
lunghezza variabile, tradizionalmente conside-
rata poco influenzabile dalle modifiche dello 
stile di vita (2). Negli ultimi decenni, un cre-
scente numero di studi epidemiologici ha di-
mostrato in modo definitivo che alti livelli pla-
smatici di Lp(a), dopo aggiustamenti per altri 
noti fattori di rischio, sono associati a un signi-
ficativo aumento del rischio di eventi cardiova-
scolari correlati all’aterosclerosi, come malattia 
coronarica, ictus e malattia arteriosa periferica 
(3), oltre che a stenosi aortica (4) e fibrillazione 
atriale (5).

Una recente meta-analisi di 75 studi di coor-
te e caso-coorte (N=957.253) ha utilizzato il mo-
dello ad effetti casuali di DerSimonian-Laird 
per calcolare gli hazard ratio (HR) aggregati e 
gli intervalli di confidenza al 95% (95%CI) per il 
confronto tra il terzile più alto e quello più bas-
so dei livelli di Lp(a) e il rischio di mortalità per 
tutte le cause. I risultati mostrano un HR di 1,09 
(95%CI: 1,01-1,18) nella popolazione generale e 
di 1,18 (95%CI: 1,04-1,34) nei pazienti in preven-
zione secondaria per malattie CV. Gli HR per la 
mortalità CV sono stati di 1,33 (95%CI: 1,11-
1,58) nella popolazione generale e di 1,25 
(95%CI: 1,10-1,43) nei pazienti in prevenzione 
secondaria per malattie CV. È stato inoltre sti-
mato un aumento del rischio di morte CV del 
31% nella popolazione generale e del 15% nei 
pazienti in prevenzione secondaria per ogni in-
cremento di 50 mg/dL dei livelli plasmatici di 
Lp(a) (6).

I livelli plasmatici di Lp(a) sono strettamen-
te determinati geneticamente (7), per cui le 

modifiche dello stile di vita hanno un impatto 
limitato, così come i trattamenti farmacologici 
attualmente disponibili (8). L’effetto protrom-
botico della Lp(a) può essere in parte contra-
stato dall’uso di antiaggreganti, ma i benefici 
sono più evidenti nei pazienti in prevenzione 
secondaria, che comunque dovrebbero assu-
mere questi farmaci (9). Attualmente, sono in 
fase di sviluppo nuovi farmaci ipolipemizzanti, 
in particolare piccoli RNA interferenti (siRNA) 
come olpasiran, SLN360, LY3819469 e il secon-
do antisenso oligopeptidico di generazione pe-
lacarsen. Questi farmaci mirano a interrompe-
re selettivamente la sintesi della Lp(a) nel fega-
to, impedendo la traduzione dell’mRNA del-
l’apolipoproteina(a) (10). L’obiettivo principale 
è silenziare geneticamente il gene della lipo-
proteina(a) (LPA), ridurre la produzione di 
apolipoproteina(a) e, di conseguenza, abbassa-
re i livelli sierici di Lp(a). Le prove attuali indi-
cano che i risultati ottimali si ottengono con 
somministrazioni sottocutanee mensili, con u-
na riduzione persistente e significativa dei livel-
li di Lp(a) fino al 95%, con un potenziale impat-
to sul rischio cardiovascolare (11). Un effetto 
rilevante di riduzione della Lp(a) (fino al 65%, 
portando i livelli plasmatici di Lp(a) a meno di 
50 mg/dL nel 93% dei partecipanti) è stato re-
centemente dimostrato anche in un trial di fase 
2 su muvalplin, un piccolo farmaco orale (12). 
Tuttavia, questi farmaci sono ancora in fase 
sperimentale e testati solo in pazienti già colpiti 
da malattia coronarica con livelli molto elevati 
di Lp(a), mentre al momento non esistono far-
maci in fase di sviluppo per gestire pazienti in 
prevenzione primaria con alti livelli di Lp(a).

Sebbene le linee guida attuali suggeriscano 
di dosare Lp(a) una sola volta nella vita in quan-
to fattori extra-genetici sembrano avere poco 
impatto sui suoi livelli plasmatici, recenti evi-
denze mostrano come in realtà questi valori 
possano muoversi nel tempo e determinare u-
na riclassificazione di rischio dei pazienti, con 
le conseguenze che ne possono derivare in me-
rito ai target di LDL da perseguire (13). 
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In questo contesto, l’obiettivo di questa revi-
sione è riassumere le evidenze che supportano 
le modifiche dello stile di vita in grado di mi-
gliorare i livelli plasmatici di Lp(a) nel contesto 
della gestione cardiovascolare nei pazienti con 
IperLp(a). 

L’effetto della restrizione calorica

L’epidemiologia non mostra particolari ef-
fetti del pattern dietetico rispetto ai livelli pla-
smatici di Lp(a) (14). I dati relativi agli studi di 
intervento hanno in genere arruolato pochi 
soggetti e raramente hanno raggiunto follow-
up uguali o superiori ai 6 mesi. Con tutte le li-
mitazioni del caso, riassumendo le evidenze 
disponibili sugli interventi dietetici potremmo 
trarre le seguenti conclusioni:
 – La restrizione calorica di per sé non sem-

bra essere in genere associata a riduzione 
dei livelli plasmatici di Lp(a) (15). 

 – La restrizione calorica potrebbe avere un 
impatto significativo sui livelli di Lp(a) in 
soggetti con valori basali subottimali di 
Lp(a) (15), mentre potrebbe avere un effet-
to paradosso in obesi e diabetici (16).

 – La restrizione calorica selettivamente ba-
sata su una forte riduzione del contenuto 
di carboidrati nella dieta (20% delle calorie 
totali) sembra essere l’unica con una qual-
che ef ficacia quantitativamente rilevan-
te nel ridurre i livelli plasmatici di Lp(a) 
(17). Sebbene questa evidenza sia basata 
su un solo trial ben disegnato, questa ha 
supportato lo statement della European 
Society of Atherosclerosis circa la possibi-
lità che la restrizione della quota di carboi-
drati nella dieta possa ridurre i livelli di 
Lp(a) (18).

Paradossalmente, i dati disponibili sull’effet-
to della chirurgia bariatrica sono relativamente 
più forti. Essi si basano su una metanalisi di 13 
studi che hanno coinvolto 1551 pazienti, che 
mostra invece un effetto di riduzione significa-
tiva dei livelli di Lp(a) (SMD: -0.438, 95% CI: 

-0.702, -0.174, p < 0.001, I 2: 94.05%) (19), indi-
pendentemente dal calo ponderale ottenuto. In 
ogni caso, in soggetti sovrappeso/obesi vi è in-
dicazione all’ottimizzazione del peso corporeo 
per ridurre il rischio cardiometabolico, anche 
se recenti meta-analisi mostrerebbero come in 
pazienti affetti da diabete di tipo 2 o scompenso 
cardiaco (20) un calo di peso rilevante possa 
associarsi ad aumento di rischio di mortalità. 

Con le limitazioni relate alla qualità e quan-
tità di letteratura disponibile si potrebbe quindi 
concludere che in soggetti affetti da elevati li-
velli di Lp(a) si debba perseguire una dieta ipo-
calorica con una bassa percentuale di carboi-
drati rispetto alle calorie totali assunte nella 
giornata.

Intake lipidico e livelli di Lp(a)

È peculiare come l’assioma della non modi-
ficabilità dei livelli di Lp(a) in risposta a varia-
zioni dietetiche si basi su pochi trials, usual-
mente brevi e condotti su pochi pazienti. Tutta-
via alcuni dati disponibili possono farci trarre 
qualche conclusione preliminare circa l’intake 
di specifiche tipologie di lipidi ed i livelli pla-
smatici di Lp(a): 
 – La supplementazione con frutta secca, che 

ha notoriamente un effetto positivo su diver-
se frazioni lipidiche, non sembra avere al-
cun impatto sui livelli di Lp(a) (21, 22).

 – Alcuni studi, ma non tutti (23), suggerisco-
no come l’aumentato intake di grassi saturi 
si associ ad una leggera riduzione dei livelli 
di Lp(a) (24, 25).

 – L’utilizzo di prodotti contenenti acidi grassi 
transesterificati aumenterebbe significativa-
mente i livelli di Lp(a) (26, 27).
Data l’associazione in popolazione generale 

fra consumo di acidi grassi saturi e rischio di 
malattia cardiovascolare (28), è difficile con-
cludere per un avvallo di un maggior consumo 
di acidi grassi saturi per ridurre i livelli plasma-
tici di Lp(a). Tuttavia in soggetti normocoleste-
rolemici e normopeso con soli livelli elevati di 
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Lp(a) si potrebbe suggerire una dieta non rigo-
rosamente restrittiva per quanto riguarda i 
grassi saturi. Chiaramente gli alimenti conte-
nenti acidi grassi transesterificati dovrebbero 
essere eliminati dalla dieta perché di per sé 
associati ad aumento del rischio di malattia 
cardiovascolare (29).

Consumo di bevande alcoliche ed Lp(a)

In uno studio trasversale che ha coinvolto 
300 uomini di mezza età, le concentrazioni di 
Lp(a) nei sottogruppi con basso (<39 g/setti-
mana), intermedio (39-132 g/settimana) e alto 
(>132 g/settimana) consumo di etanolo erano 
rispettivamente di 13.7, 10.9 e 9.4 mg/dL 
(P<0,05). È interessante notare che gli astemi 
hanno mostrato una concentrazione di Lp(a) 
più elevata (mediana, 20.6 mg/dL) rispetto ai 
bevitori abituali (30). In un altro studio trasver-
sale su 402 soggetti con ipertensione non trat-
tata, coloro che avevano un consumo leggero 
(1-20 g/giorno), moderato (20-50 g/giorno) e 
pesante (>50 g/giorno) di etanolo mostravano 
concentrazioni mediane di Lp(a) minori del 
21%, 26% e 57%, rispettivamente, rispetto agli a-
stemi e ai bevitori occasionali (31). Sembrereb-
be che il consumo di vino rosso possa avere u-
na maggiore capacità di ridurre i livelli di Lp(a) 
rispetto al vino bianco. In uno studio randomiz-
zato in cross-over condotto su venti volontari 
maschi sani, l’assunzione di 200 mL di vino ros-
so al giorno per 10 giorni ha comportato una 
riduzione dei livelli di Lp(a) da 18,6 a 13,2 mg/
dL (p<0,001), mentre un effetto simile non è 
stato osservato con il vino bianco dopo un pe-
riodo di washout di 6 settimane (32). Inoltre, in 
uno studio crossover randomizzato di 4 setti-
mane su 67 uomini con alto rischio cardiova-
scolare stimato, i livelli di Lp(a) sono stati con-
frontati dopo l’assunzione di vino rosso (30 g di 
alcol/giorno), di una quantità equivalente di 
vino rosso dealcolizzato e di gin (30 g di alcol/
giorno). Il livello di Lp(a) era significativamen-
te (ma lievemente) ridotto (da 54,4 mg/dL al 

basale a 50,2 mg/dL) solo dopo l’intervento 
con vino rosso (33). I dati disponibili sull’asso-
ciazione fra intake di alcool e livelli di alcool 
sono molto eterogenei e quantitativamente li-
mitati ma lascerebbero pensare che l’assunzio-
ne quotidiana di piccole quantità di vino (prefe-
ribilmente rosso) potrebbero avere un impatto 
tendenzialmente positivo sulle concentrazioni 
plasmatiche di Lp(a). 

Nutraceutici ed Lp(a)

Mentre numerosi nutraceutici hanno un pic-
colo ma significativo impatto sulla colesterole-
mia LDL, pochi hanno dimostrato un qualche 
effetto sui livelli plasmatici di Lp(a) (34). In re-
altà, pochissimi sono anche stati testati per il 
loro potenziale effetto sui livelli di Lp (a) par-
tendo dall’assioma della sua resistenza al tratta-
mento con approcci farmacologici convenzio-
nali. Fra i pochi nutraceutici con effetti misura-
bili su Lp(a) abbiamo L-carnitina, Coenzima 
Q10, semi di lino e curcumina. L’effetto è co-
munque sempre piccolo e limitato ad un 5-10% 
di riduzione dei livelli plasmatici e le evidenze 
si basano su studi di dimensione contenuta (an-
che se talora compensato dalla disponibilità di 
meta-analisi) e di breve durata.  

L’effetto della L-carnitina sui livelli plasmati-
ci di Lp(a) è stato valutato in alcuni trials clinici 
controllati e randomizzati in doppio cieco nei 
quali la dose media testata era di 2 gr/die. Una 
meta-analisi di 7 trials che ha incluso 300 pa-
zienti ha mostrato come la somministrazione 
L-carnitina si associasse ad una riduzione signi-
ficativa dei livelli plasmatici di Lp(a) (WMD: 
-8.8 mg/dL, 95% CI: -10.1, -7.5, p<0.001), senza 
effetti evidenti sugli altri parametri lipidici. L’ef-
fetto è stato evidente per la somministrazione 
per via orale (WMD: -9.0 mg/dL, 95% CI: -10.3, 
-7.7, p<0.001) ma non per quella endovenosa 
(WMD: -2.9 mg/dL, 95% CI: -10.2, 4.4, p= 0.436). 
L’analisi di metaregressione ha mostrato che 
l’effetto era dose-indipendente (slope: -0.30; 
95% CI: -4.19, 3.59; p = 0.878) e durata-indipen-
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dente (slope: 0.18; 95% CI: -0.22, 0.59; p= 0.374) 
(35). Effetti simili sono stati osservati anche in 
una meta-analisi più recente (36). Esiste anche 
uno studio clinico in cui 2 gr di L-carnitina sono 
stati somministrati in associazione a simvastati-
na 20 mg versus simvastatina da sola per 12 
settimane. Nel gruppo trattato con L-carnitina 
si è osservato un calo dei livelli di Lp(a) del 12% 
rispetto al gruppo di controllo trattato con sola 
statina (37).

L’effetto del Coenzima Q10 sui livelli pla-
smatici di Lp(a) è stato anche esso valutato in 
alcuni trials clinici controllati e randomizzati in 
doppio cieco (38). Una meta-analisi di 7 studi 
clinici randomizzati in doppio cieco che hanno 
arruolato in tutto 409 soggetti ha mostrato co-
me la supplementazione con Coenzima Q109 
si sia associata ad una lieve ma significativa 
riduzione dei livelli plasmatici di Lp(a) (WMD: 
-3.5 mg/dL, 95% CI: -5.5, -1.6; p<0.001). L’effetto 
sem bra essere maggiore nei soggetti con Lp(a) 
basale più elevata (slope: -0.44; 95% CI: -0.80, 
-0.08; p= 0.018) e proporzionale alla dose testata 
(slope: 0.04; 95% CI: 0.01, 0.07; p=0.004) (39). 
La minima dose efficace è stata di 200 mg/die. 

I semi di lino (Linum usitiatissimum L.) co-
stituiscono una fonte importante di Acido alfa-
linolenico. La supplementazione con semi di 
lino ha dimostrato in una meta-analisi di 6 studi 
clinici randomizzati in doppio cieco di ridurre 
leggermente, ma significativamente i livelli pla-
smatici di Lp(a) nei soggetti arruolati (SMD: 
-0.22, 95% CI: -0.41 to -0.04, p=0.017), con un 
ottimo profilo di tollerabilità (40).

Infine, tre trials clinici randomizzati in dop-
pio cieco condotti su 264 soggetti suggeriscono 
come i curcuminoidi estratti da Curcuma longa 
siano associati ad una riduzione significativa 
dei livelli plasmatici di Lp(a), quantificabili glo-
balmente in un 5% di riduzione rispetto al basa-
le, con una discreta variabilità fra i trials dispo-
nibili. In tutti i trials citati la curcumina testata 
era associata a piperina, utilizzata come “bioa-
vailability enhancer” e sono stati condotti in I-
ran (41).

In conclusione, i pochi trials a disposizione 
suggeriscono come la supplementazione con 
L-carnitina, Coenzima Q10, Semi di lino e Cur-
cumina possano influire positivamente sulla 
concentrazione plasmatica di Lp(a). 

Attività fisica

L’attività fisica si associa ad un miglioramen-
to dei livelli plasmatici di diverse frazioni lipidi-
che (in particolare VLDL, trigliceridi e HDL-
C), ma gli studi disponibili non sembrano di-
mostrarne la stessa efficacia sulla modulazione 
dei livelli di Lp(a) (42).

Una di queste eccezione è un ampio studio 
finlandese condotto su bambini e giovani adul-
ti di 9, 12, 15, 18, 21 e 24 anni (n= 2464, Lp(a) 
che varia da <2 a 90,8 mg/dL), in cui la concen-
trazione sierica di Lp(a) era correlata in modo 
statisticamente significativo con il livello di at-
tività fisica indipendentemente dall’età e dal 
sesso e livelli elevati di Lp(a) (>25 mg/dl) era-
no meno frequenti nei soggetti più attivi fisica-
mente (43).

In un ulteriore piccolo studio trasversale 
condotto su 80 giovani pazienti affetti da diabe-
te di tipo 1, un’attività fisica abituale di intensità 
intermedia era associata a livelli più bassi di 
Lp(a) (44).

Inoltre, alcuni studi trasversali suggerisco-
no che i livelli sierici di Lp(a) aumentano in ri-
sposta all’allenamento con carico intenso (2-3 
ore al giorno), come la corsa a distanza o il sol-
levamento pesi, per diversi mesi o anni. Questi 
cambiamenti sono generalmente modesti, con 
un aumento compreso tra il 10 e il 15% (45).

In conclusione, è poco probabile che l’atti-
vità fisica influenzi i livelli plasmatici di Lp(a). 
Tuttavia, essendo la frequenza e l’intensità 
del l’attività fisica inversamente proporzionali 
al rischio di sviluppare malattie cardiovascola-
ri è comunque indicato suggerire un’imple-
mentazione dell’attività fisica extra-lavorativa 
stessa nei soggetti con Iperlipopoproteine-
mia(a) (46).
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Discussione

Sulla base dei pochi studi disponibili si con-
ferma la nota osservazione che ha portato al-
l’assioma della scarsa sensibilità dei livelli pla-
smatici di Lp(a) al variare di abitudini dietetico-
comportamentali. Questo assioma ha forte-
mente limitato, da anni, la ricerca attiva di de-
terminanti dietetico-comportamentali della 
concentrazione plasmatica di Lp(a) o di sua va-
riazione nel tempo. Tuttavia, singolarmente, 
alcuni interventi sembrano ridurre i livelli pla-
smatici di Lp(a) di ca. il 10% e non è detto che 
la somma di più interventi mirati possa ottene-
re anche qualche risultato migliore, anche se 
sicuramente non additivo. Queste osservazio-
ni, riassunte in tabella 1, sono importanti per-
ché da un lato dovrebbero spingere la ricerca a 
non fossilizzarsi sull’assioma della non modifi-
cabilità dei livelli di Lp(a) (ad esclusione dell’ef-
fetto dei nuovi farmaci in via di sviluppo), ma 
anche perché lo spostamento dei livelli di Lp(a) 
verso il basso potrebbe far riclassificare la cate-
goria di rischio dei soggetti non affetti da Iper-
lipoproteinemia(a) severa e ridurre l’esposizio-
ne ad un fattore di rischio che esercita comun-
que la sua azione dannosa long-life. In seconda 
analisi dobbiamo ricordare che al mo mento, le 
terapie finalizzate alla riduzione dei livelli di 
Lp(a) nel plasma sono efficaci ed apparente-

mente molto sicure, ma testate su (e destinate) 
soggetti ad alto rischio cardiovascolare con li-
velli molto elevati di Lp(a). In attesa di poter 
prescrivere questi farmaci, nei pazienti in pre-
venzione secondaria piccoli miglioramenti dei 
livelli di Lp(a) indotti da modificazioni dieteti-
co-comportamentali potrebbero sommarsi a 
quelle indotte dagli inibitori di PCSK9 (47), 
quando indicati.

Ulteriori studi sono necessari per compren-
dere se determinati nutrienti o pattern dietetici 
possano influenzare la concentrazione plasma-
tica di Lp(a) e/o il rischio di sviluppare compli-
canze cardiovascolare in pazienti affetti da 
IperLp(a), specie nei pazienti in prevenzione 
primaria e/o che difficilmente saranno trattabi-
li con farmaci specifici per livelli elevati ma non 
estremi di Lp(a) nel plasma.

In conclusione, i suggerimenti dietetico-
comportamentali finalizzati alla riduzione del 
rischio di malattia cardiovascolare dovrebbero 
essere proposti a tutti i pazienti, indipendente-
mente dai livelli di Lp(a). In soggetti con livelli 
di Lp(a) non estremi, potrebbe essere utile una 
dieta non particolarmente restrittiva per quanto 
riguarda l’intake di acidi grassi saturi (in pazien-
ti non ipercolesterolemici) accettando un mini-
mo intake alcolico (in soggetti non sovrappeso, 
né affetti da ipertrigliceridemia steatosi epatica 
o altre manifestazioni di insulino-resistenza). 

Tabella 1 – Proposta operativa di gestione del counceling dietetico-comportamentale in pazienti con Lp(a) >30 mg/dL

LDL-C>115 mg/dL
Lp(a)>30 mg/dL

Lp(a) >30 mg/dL
LDL-C <target
TG>150 mg/dL, Insulino-
resistenza/diabete/steatosi epatica, 
Sovrappeso/Obesità

Solo Lp(a) >30 mg/dL

Priorità Ottimizzazione 
LDL-C 

Ottimizzazione quadro metabolico 
extra Lp(a)

Riduzione livelli di Lp(a)

Suggerimenti 
su stile di vita

Standard finalizzati 
a ridurre LDL-C  
e rischio CV, 
eventuale supporto 
con nutraceutici

Standard finalizzati a ridurre TG  
e rischio CV, eventuale supporto 
con nutraceutici

Standard finalizzati a ridurre rischio 
CV con minore pressione su grassi 
saturi e maggiore su riduzione carico 
glicemico, piccole assunzioni di vino 
rosso, eventuale supporto con 
nutraceutici
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Questionario di autoapprendimento

1) La dieta ipocalorica ha un  
impatto positivo sui livelli  
di Lp(a) se:

a) Globalmente ipocalorica
b) Basata principalmente  

su restrizione carboidratica
c) Basata principalmente  

su restrizione lipidica
d) Associata a calo ponderale

2) Quale fra queste componenti 
lipidiche della dieta sembra 
associarsi a minori livelli di Lp(a):

a) - Acidi grassi polinsaturi
b) - Acidi grassi monoinsaturi
c) - Acidi grassi saturi
d) - Acidi grassi trans-insaturi

3) Il rapporto dell’intake di vino rosso 
coi livelli di Lp(a) è:

a) Neutro
b) Direttamente proporzionale
c) Inversamente proporzionale
d) Inversamente proporzionale  

per modico consumo

4) Quale fra questi nutraceutici 
potrebbe ridurre in modo 
significativo i livelli plasmatici  
di Lp(a)?

a) Riso rosso fermentato
b) Berberima
c) Coenzima Q10
d) Fitosteroli

5) L’attività fisica standard rispetto  
ai valori di Lp(a) ha effetto: 

a) Neutro 
b) Lievemente migliorativo
c) Lievemente peggiorativo
d) Nettamente migliorativo

Risposte corrette:
1) b - 2) c - 3) d - 4) c - 5) b

RIASSUNTO
La concentrazione plasmatica di Lipoproteina(a) [Lp(a)] è un fattore di rischio cardiovascolare considerato resi-
stente a qualunque modificazione dello stile di vita. Tuttavia alcuni accorgimenti sembrano poter modificare tali 
livelli in modo significativo fino ad un 10% di riduzione, e quindi far riclassificare la categoria di rischio a cui appar-
tengono i soggetti. La restrizione calorica limitatamente alla quota carboidratica, un leggero aumento della quota 
di grassi saturi nella dieta, l’assunzione cronica di piccole quantità di alcool nel contesto di una dieta globalmente 
sana e di un’attività fisica moderata potrebbero associarsi ad un effetto positivo sui livelli circolanti di Lp(a). In 
pazienti ad alto rischio questo effetto si potrebbe associare a quello ottenuto con gli inibitori di PCSK9, in attesa di 
poter utilizzare farmaci specifici per la riduzione di Lp(a). Ulteriori studi sono necessari per comprendere se deter-
minati nutrienti o pattern dietetici possano influenzare la concentrazione plasmatica di Lp(a) e/o il rischio di svi-
luppare complicanze cardiovascolare in pazienti affetti da IperLp(a), specie nei pazienti in prevenzione primaria 
e/o che difficilmente saranno trattabili con farmaci specifici per livelli elevati ma non estremi di Lp(a) nel plasma.

Parole chiave: Attività fisica, counceling, dieta, Lipoproteina(a).
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SUMMARY
An aberrant circulating lipid profile plays a pivotal role in the development and progression of cardiovascular dis-
eases (CVD). Defective lipid metabolism also results in an impairment in ceramide homeostasis, with these sphin-
golipids accumulating in metabolically active tissues, such as the skeletal muscle, as well as the atherosclerotic 
plaques. In this regard, ceramides, and particularly ceramides C16:0, C18:0 e C24:1, are emerging as putative 
players in the pathogenesis of atherosclerotic disease as well as novel biomarkers able to predict cardiovascular 
risk. Beside these ceramide species, ceramide C24:0 has also been associated with CVD risk but its role in this 
context remains controversial. The aim of this narrative review is to provide an updated overview on the patho-
physiological role of ceramides in the development and progression of CVD and dissect the implication of specific 
ceramide species as potential independent predictors of cardiovascular risk. Additionally, this manuscript will 
elucidate whether ceramide metabolism may be modulated through dietary interventions as a strategy to lower 
CVD risk.

Key words: Ceramides – cardiovascular risk, MACE, high fat diet, PUFA.

Cenni di fisiopatologia

Le ceramidi rappresentano una sottoclasse 
di sfingolipidi caratterizzati da una molecola di 
sfingosina legata ad un acido grasso di lun-

ghezza variabile. Questi sfingolipidi sono sinte-
tizzati attraverso tre vie metaboliche: 
1) la sintesi “de novo” mediante l’intervento de-

gli enzimi serina-palmitoil-transferasi (SPT) 
e ceramide-sintasi (CerS);
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2) la via dell’idrolisi della sfingomielina cataliz-
zata dalle sfingomielinasi (SMase);

3) la “via di recupero” o salvage pathway (1-3). 
Le ceramidi sono lipidi bioattivi come sotto-

lineato dal loro coinvolgimento in diversi pro-
cessi fisiologici che vanno oltre il loro ruolo 
strutturale. Infatti, non solo sono componenti 
della membrana plasmatica e mitocondriale, 
dove influenzano l’espressione recettoriale e la 
stabilità (4) ma sono anche in grado di modula-
re diversi processi fisiopatologici inclusa la pro-
liferazione e differenziamento cellulare e l’a-
poptosi (5, 6). Il ruolo delle ceramidi come 
molecole bioattive è anche dimostrato dal loro 
impatto sulla salute cardio-metabolica. A tal 
proposito, diverse sottoclassi di ceramidi sono 
state implicate nello sviluppo di malattie cardio-
vascolari (cardiovascular disease, CVD) e/o di 
diabete di tipo 2 (type 2 diabetes, T2D), nonché 
come nuovi biomarcatori capaci di predire le 
suddette patologie (7, 8). 

Le patologie cardiovascolari sono tra le 
principali cause di morte nel mondo (9) e il 
loro andamento epidemiologico è strettamen-
te legato all’epidemia di obesità che a livello 
mondiale affligge sia i paesi sviluppati che 
quelli in via di sviluppo (9). L’incremento e-
sponenziale del tasso di obesità e delle sue 
comorbidità, incluse le patologie cardiovasco-
lari, a livello globale è una diretta conseguen-
za di uno stile di vita tipicamente occidentale 
e caratterizzato da inattività fisica e abitudini 
alimentari scorrette. In particolare, un’alimen-
tazione sbilanciata e basata sul consumo di 
cibi ultra-processati, tipica della dieta occiden-
tale, unita alla sedentarietà favorisce l’incre-
mento di peso e il deterioramento della salute 
cardio-metabolica sottolineato dall’alterazione 
del metabolismo glucidico è lipidico. Nello 
specifico, l’alterazione dell’omeostasi dei lipidi 
circolanti ha un ruolo cardine nello sviluppo 
della malattia aterosclerotica nella cui patoge-
nesi il colesterolo associato alle LDL (low den-
sity lipoprotein cholesterol, LDL-C), risulta un 
fattore chiave, oltre ad essere un fondamenta-

le biomarcatore della salute cardiovascolare 
utilizzato a livello clinico. 

Ciò nonostante, le alterazioni metaboliche a 
carico del metabolismo lipidico e cruciali nello 
sviluppo delle CVD sembrano impattare anche 
sull’omeostasi delle ceramidi. Infatti, queste 
ultime stanno emergendo come potenziali nuo-
vi biomarcatori del rischio cardiometabolico 
(10, 11).

Questa revisione narrativa della letteratura 
punta a fornire un aggiornamento sul ruolo 
delle ceramidi come marcatori o attori nello 
sviluppo di malattia cardiovascolare, oltre a 
chiarire come l’alimentazione possa modular-
ne i livelli, sia nel sangue che nei tessuti.

 Il ruolo delle ceramidi nella malattia 
aterosclerotica 

Tra i fattori metabolici e mediatori infiam-
matori coinvolti nel processo aterosclerotico, 
il principale rimane il LDL-C. Ciononostante le 
ceramidi sono state delineate come ulteriori 
fattori indipendenti in grado di predire lo svi-
luppo di CVD, specie alcune sottoclassi quali 
C16:0, C18:0 e C24:0 (12, 13). A ulteriore con-
ferma di ciò, l’inclusione delle ceramidi in un 
modello di stratificazione del rischio, conte-
nente altri fattori di rischio tradizionali, tra cui 
proteina C reattiva, ha incrementato la capaci-
tà predittiva nei confronti di CVD (14). Tali li-
pidi sono rilevabili, non soltanto nel sangue, 
ma in diversi fluidi biologici, compreso il liqui-
do cerebrospinale e sinoviale, e pertanto di 
interesse come possibili biomarcatori di ma-
lattia, non solo nell’ambito delle CVD (15), ma 
anche in altre patologie, tra cui demenza e 
cancro (16). Gli effetti biologici delle singole 
sottoclassi, però, rimangono oggetto di studio 
con opinioni in letteratura sono spesso discor-
danti. Ad esempio, l’incremento dei livelli del-
le ceramidi C16:0, C18:0 e C24:1 e viceversa la 
riduzione dei livelli della ceramide C24:0 sono 
stati associati a mortalità cardiovascolare e e-
venti cardiovascolari avversi (major adverse 
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cardiovascular events, MACE) (15, 17, 18) o 
ad insorgenza di coronaropatia nel paziente 
diabetico (19). Le ceramidi stanno emergendo 
come utili nello sviluppo di nuovi score per la 
stratificazione prognostica degli outcomes 
cardiovascolari, analogamente a quanto ac-
cadde per il LDL-C (10). Un esempio deriva 

dal Coronary Event Risk Test, che si è dimo-
strato capace di stratificare in modo affidabile 
i MACE nei pazienti con patologia coronarica 
stabile, basandosi sulle ceramidi e i loro rap-
porti derivati (20). Inoltre, la ceramide C16:0 
è risultata essere associata positivamente 
all’insorgenza di scompenso cardiaco nel trial 
PREDIMED (21). Sono emerse inoltre evi-
denze discordanti sulla ceramide C24:0 in 
quanto, mentre alcune evidenze supportano 
una sua associazione positiva con la disfunzio-
ne endoteliale ed l’infarto miocardico (22), al-
tre suggeriscono che questa ceramide è nega-
tivamente associata alla mortalità cardiova-
scolare (Tabella 1) (19, 22-34).

A livello fisiopatologico le ceramidi appaio-
no direttamente coinvolte nell’aterosclerosi, 
grazie alla loro capacità di attivare risposte pro-
infiammatorie e promuovere disfunzione endo-
teliale. Inoltre, questi sfingolipidi sono stati i-
dentificati all’interno della placca ateromasica 
ove agiscono da facilitatori per l’internalizzazio-
ne del C-LDL ossidato nella tonaca intima (7) e 
ne favoriscono l’aggregazione (35). In aggiun-
ta, sembrano essere capaci di influenzare l’atti-
vità dell’inflammasoma NLRP3 (nucleotide-
binding oligomerization domain, leucine-rich 
repeat-containing protein 3) promuovendo la 
sintesi di citochine infiammatorie (36) oltre 
che determinare disfunzione endoteliale, inter-
ferendo con la produzione di ossido nitrico da 
parte dell’endotelio stesso e favorendo lo svi-
luppo di agenti ossidanti (37) (Figura 1).

Per ottimizzare il loro valore predittivo nei 
confronti di CVD, oltre a prendere in conside-
razione esclusivamente i livelli di ceramidi cir-
colanti, sono stati elaborati anche dei rapporti 
tra le diverse sottoclassi. Nello specifico, i rap-
porti tra la ceramidi C18:0/C24:0 o C16:0/
C24:0 sono stati associati sia a patologie meta-
boliche, come nel caso del T2D, sia all’inciden-
za di patologie aterosclerotiche (Tabella 1, Fi-
gura 1) (15, 19, 22, 25-34, 38). Invece il rapporto 
inverso (ceramidi C24:0/C16:0) appare inver-
samente correlato con la disfunzione ventrico-

Tabella 1 - Associazione tra rischio cardiovascolare, spe-
cifiche ceramidi e i loro rapporti.  

Ceramide Associazione descritta
C14:0 Epatosteatosi nell’adolescenza (34)
C16:0 Disfunzione endoteliale (23),  

scompenso cardiaco (21, 39),  
MACE (17, 24), coronaropatia in diabete 
tipo 2 (19), vulnerabilità di placca  
(24, 32) e mortalità (15, 24)

C18:0 Scompenso cardiaco (21, 39),  
MACE (17, 24), coronaropatia  
in diabete tipo 2 (19), vulnerabilità  
di placca (24, 32) e mortalità (15, 24)

C20:0 Scompenso cardiaco (21, 39)
C20:1 Scompenso cardiaco (21, 39)
C22:1 Scompenso cardiaco (21, 39)
C24:0 Disfunzione endoteliale (23)  

tuttavia inversamente associata  
ad età avanzata/tabagismo (30), 
scompenso cardiaco (21, 39),  
MACE (17), vulnerabilità di placca (32)  
e morte cardiovascolare (15)

C24:1 Scompenso cardiaco (21, 39),  
MACE (17, 24), coronaropatia  
in diabete tipo 2 (19), vulnerabilità  
di placca (24, 32) e mortalità (15, 24)

Rapporto Associazione descritta
C16:0/C24:0 Mortalità in pazienti coronaropatici (16)  

e incidenza di malattia cardiovascolare 
(38, 15)

C18:0/C24:0 Mortalità in pazienti coronaropatici (16)  
e incidenza di malattia cardiovascolare 
(38, 15)

C24:1/C24:0 Disfunzione endoteliale (23), mortalità in 
pazienti coronaropatici (16) ed incidenza 
di malattia cardiovascolare (38, 15)

C24:0/C16:0 Associazione inversa con età avanzata/
tabagismo(30), progressione di 
scompenso cardiaco e morte (21)

MACE = eventi cardiovascolari avversi (“Major Adverse Cardio
vascular Events”). Tabella adattata da (11).
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lare ed il rischio di sviluppare scompenso car-
diaco (39). 

Le ceramidi appaiono rilevanti anche nella 
patogenesi dell’ipertensione arteriosa, l’obesi-
tà e il T2D, tutti fattori di rischio per le malattie 
cardiovascolari (Figura 1). È stato osservato, 
infatti, come i pazienti ipertesi presentino in-
crementate ceramidi circolanti che rientrano 
nei range quando sono correttamente trattati 
con terapia antipertensiva (7). Analogamente, 
in uno studio su modelli murini di Spiikers et 
al. (40), è stata descritta una concentrazione 
più elevata di ceramidi all’interno delle carotidi 
di topi ipertesi rispetto ai normotesi. A ulterio-
re supporto di ciò, l’inibizione della SPT ed il 
conseguente calo dei valori delle ceramidi 
C16:0, C24:1 e C24:0 nel cardiomiocita sembra 

limitare la progressione a scompenso cardiaco, 
una possibile complicanza dell’ipertensione ar-
teriosa (41) (Figura 1).

Quanto al ruolo delle ceramidi nella patoge-
nesi dell’obesità, questi sfingolipidi, perlomeno 
su modelli animali, sembrerebbero impattare 
sul controllo dell’omeostasi energetica da parte 
dell’ipotalamo promuovendo un bilancio ener-
getico positivo e favorendo quindi l’incremento 
ponderale (Figura 1). In modelli murini la som-
ministrazione di ceramidi a livello intracerebro-
ventricolare, si traduce in un accumulo della 
ceramide C16:0 a livello ipotalamico con conse-
guente attivazione di risposte infiammatorie 
locali, ridotto dispendio energetico ed incre-
mento ponderale (42). L’incremento dei livelli 
delle ceramidi a livello ipotalamico sembra in-

Figura 1 - L’impatto delle ceramidi sul rischio cardiovascolare. Potenziali meccanismi attraverso cui le ceramidi influen-
zano il rischio cardiovascolare. LDL, lipoproteine a bassa densità; ROS, specie reattive dell’ossigeno; GLUT4, traspor-
tatore di glucosio-4; NLRP, dominio di oligomerizzazione legante i nucleotidi, ricco di residui di leucina e contenente 
un dominio di pirina; NF-κβ, fattore-nucleare-kappa-beta. Questa figura è stata creata utilizzando BioRender.com e 
adattata da (11).
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terferire con i segnali ormonali coinvolti nell’o-
meostasi di fame e sazietà, essendo implicati 
nel promuovere gli effetti oressizzanti della 
grelina e nell’inibire gli effetti anoressizzanti 
espletati dalla leptina (43). Sempre in modelli 
animali, è stata dimostrata la capacità di un re-
gime dietetico iperlipidico di promuovere l’ac-
cumulo di ceramidi a livello ipotalamico, sugge-
rendo che questi sfingolipidi possano rappre-
sentare dei mediatori degli effetti obesogeni 
promossi da diete iperlipidiche (44, 45). 

Tale disfunzione ipotalamica indotta dall’au-
mento dei livelli di ceramidi, sembra avere un 
effetto anche in termini di metabolismo glucidi-
co; infatti, l’inibizione della sintesi delle cerami-
di all’interno dell’ipotalamo è risultato in un mi-
glioramento della sensibilità insulinica e del-
l’omeostasi del glucosio a livello periferico (46). 
Non stupisce quindi un possibile coinvolgimen-
to di questi lipidi nello sviluppo del T2D. Infatti, 
la lipotossicità, definita, tra l’altro,come il depo-
sito di lipidi in sedi ectopiche, ha sicuramente 
un ruolo importante nello sviluppo dell’insulino 
resistenza e del T2D (47). In particolare, l’accu-
mulo di ceramidi a livello muscolare rappresen-
ta un fattore chiave nello sviluppo di insulino 
resistenza (Figura 1) (48, 49). Nel muscolo, le 
ceramidi riducono la capacità dell’insulina di 
promuovere l’assorbimento di glucosio, sia ini-
bendo la traslocazione insulino-dipendente del 
trasportatore GLUT4 (glucose transporter type 
4), sia alterando la fosforilazione della proteina 
chinasi B (AKT), enzima chiave nella via di tra-
sduzione del segnale insulinico, determinando 
quindi insulino-resistenza (50). L’accumulo di 
questi sfingolipidi impatta negativamente sulla 
sensibilità insulinica a livello muscolare tramite 
l’attivazione della forma atipica della proteina 
chinasi C (PKCζ), della proteina fosfatasi 2A, 
della via della protein-chinasi-R/c-Jun N- china-
si terminale (51) e della Pbx-reculation-pro-
tein-1/p160 (52). A conferma di ciò, in alcuni 
modelli murini obesi è stato dimostrato che ini-
bendone la sintesi, si osservava un migliora-
mento della sensibilità insulinica (53).

Le principali ceramidi imputate risultano an-
cora una volta essere C18:0 e C16:0, seppur 
quale delle due rivesta un ruolo preponderante 
rimane ancora oggetto di discussione anche 
nell’uomo (25, 54). Ad esempio, più alti livelli di 
ceramide C18:0 sono stati rilevati nel muscolo 
scheletrico di volontari obesi e con T2D, a pari-
tà di ceramidi totali (26) mentre la sintesi de-
novo di ceramide C16:0 a livello del tessuto adi-
poso sembra il principale driver di resistenza 
insulinica (27).

Pertanto, alcune classi di ceramidi non solo 
sono coinvolte direttamente o indirettamente 
nella patogenesi di CVD, ma risultano anche 
dei biomarcatori di notevole interesse per mi-
gliorare la nostra capacità di stratificazione del 
rischio cardiovascolare.

Effetto della qualità degli acidi grassi 
sull’omeostasi delle ceramidi

La dieta svolge un ruolo chiave nello svilup-
po delle malattie cardiovascolari e pertanto non 
sorprende il coinvolgimento della dieta nella 
regolazione dell’omeostasi delle ceramidi. 

Alcuni nutrienti sono noti per la loro capaci-
tà di promuovere la sintesi e l’accumulo delle 
ceramidi sia in circolo che nei tessuti, altri inve-
ce per ridurne i livelli. Tra i nutrienti in questio-
ne, i lipidi giocano un ruolo cruciale. Infatti, gli 
acidi grassi costituiscono il componente princi-
pale dello scheletro degli sfingolipidi, e sono 
anche in grado di modulare la sintesi delle ce-
ramidi. Dunque non sorprende che in modelli 
animali il consumo di una dieta iperlipidica ric-
ca di acidi grassi saturi a catena lunga (LCSFA) 
induca l’aumento delle ceramidi circolanti e 
tessutali (55-59). In particolare, in topi nutriti 
con una dieta iperlipidica è stato evidenziato un 
incremento dei livelli delle ceramidi C16:0 e 
C22:0 nel fegato (55, 56) e della ceramide C18:0 
nel muscolo scheletrico (57-59). Alla base del 
legame tra una dieta iperlipidica ricca di acidi 
grassi saturi (SFA) e l’accumulo di ceramidi vi 
è il ruolo degli acidi grassi come substrato ne-
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cessario per la sintesi delle ceramidi stesse 
(60). Tra questi, l’acido palmitico rappresenta 
uno dei principali componenti della dieta iperli-
pidica nonché precursore della sintesi de novo 
delle ceramidi. In aggiunta, la dieta iperlipidica 
è anche coinvolta nella regolazione degli enzi-
mi chiave di questi processi anabolici, come 
SPT (61) e CerS (62). L’aumento dell’espressio-
ne degli enzimi coinvolti nella sintesi delle ce-
ramidi non avviene senza conseguenze. A tal 
proposito, in modelli murini con steatosi epati-
ca e sottoposti ad una dieta iperlipidica è stato 
osservato un aumento dello stress del reticolo 
endoplasmatico probabilmente esacerbato dal-
la concomitante upregolazione di CerS6 (63), 
enzima coinvolto nella sintesi della ceramide 
C16:0, a sua volta associata a mortalità cardio-
vascolare (25). Al contrario, le ceramidi a cate-
na lunga, come le ceramide C22:0 e C24:0, spe-
cie se presenti in proporzioni maggiori rispetto 
a ceramidi a catena più corta come la C16:0, 
sono state inversamente associate al rischio di 
malattia coronarica (30). Le diete iperlipidiche, 
inoltre, inducono un aumento di sfingomieline 
nel fegato, e questo potrebbe rappresentare un 
ulteriore meccanismo attraverso il quale l’ec-
cessivo consumo di SFA contribuisce all’accu-
mulo di ceramidi (Figura 2). A tal proposito, 
l’aumento della sintesi de novo di sfingomieline 
si riflette anche in un incremento di questa ca-
tegoria di sfingolipidi all’interno delle lipopro-
teine VLDL e LDL, dove fungono da substrato 
per la sfingomielinasi associata alle LDL. L’ar-
ricchimento in sfingomieline delle VLDL e 
LDL alimenta quindi la sintesi di ceramidi 
all’interno delle lipoproteine stesse, potenzian-
done l’aggregabilità e la suscettibilità all’ossida-
zione (64). La disfunzione e ridotta capacità 
ossidativa dei mitocondri potrebbe rappresen-
tare un ulteriore anello di congiunzione tra die-
te iperlipidiche e l’aumento delle ceramidi, sia 
circolanti che tissutali. Infatti, il sovraccarico 
energetico ed in particolare di SFA sembrereb-
be promuovere inflessibilità metabolica e ri-
durre la capacità ossidativa dei mitocondri (65) 

compromettendo processi catabolici come la 
beta-ossidazione (66) e pertanto determinando 
una aumentata biodisponibilità degli acidi gras-
si, come l’acido palmitico che, invece di essere 
diretto verso la beta-ossidazione, funge da sub-
strato per vie anaboliche, inclusa la sintesi di 
nuove ceramidi (47).

Tuttavia, la capacità delle diete iperlipidiche 
di promuovere la sintesi delle ceramidi appare 
anche influenzata dalla tipologia degli acidi 
grassi consumati. Infatti, una dieta iperlipidica 
arricchita di SFA, contrariamente a quanto ac-
cade nel caso di regimi iperlipidici arricchiti 
con acidi grassi insaturi (67-70), aumenta signi-
ficativamente il contenuto di ceramidi nei car-
diomiociti e nel muscolo scheletrico di modelli 
murini (71).

Anche la lunghezza degli acidi grassi che co-
stituiscono i trigliceridi introdotti con la dieta 
gioca un ruolo nella sintesi de novo delle cerami-
di nonché nell’idrolisi delle sfingomieline. A tal 
proposito, contrariamente a quanto accade con 
le tipiche diete iperlipidiche arricchite in lardo, 
una dieta arricchita di trigliceridi costituiti da a-
cidi grassi a media catena (MCSFA) ha ridotto 
l’espressione di CerS6 e sfingomielina fosfodie-
sterasi 3, enzimi implicati nella sintesi delle cera-
midi (72). Viceversa, incrementando l’introito di 
LCSFA rispetto a MCSFA in una dieta obesoge-
nica, si osserva un aumento del l’epatosteatosi e 
dell’infiammazione (73). Da un punto di vista 
meccanicistico, la capacità di MCSFA di contra-
stare l’accumulo di ceramidi sembrerebbe lega-
ta al loro impatto positivo sul metabolismo ossi-
dativo. I MCSFA sono infatti in grado di aumen-
tare il rapporto tra adenosina monofosfato e ade-
nosina trifosfato, con conseguente attivazione 
della proteina chinasi attivata dall’adenosina 
monofosfato (AMPK), che si traduce nell’inibi-
zione dei processi anabolici, compresa la sintesi 
di ceramidi, e l’attivazione di pathway catabolici, 
inclusa la beta-ossidazione (72).

Pertanto, i lipidi, ed in particolare i LCSFA, 
sembrano influenzare i livelli di ceramidi circo-
lanti e tissutali, tuttavia questa relazione ben evi-
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denziata nei modelli animali è ancora dibattuta in 
ambito clinico. Ad esempio, uno studio trasver-
sale con 2860 partecipanti ha mostrato che l’as-
sunzione di SFA era direttamente associata a 
concentrazioni più elevate di sfingolipidi 16:1;O2 
circolanti, incluse le ceramidi e loro derivati 
(sfingomieline e sfingosina 1-fosfati) (74), men-
tre uno studio su undici soggetti con T2D, ha 
mostrato che l’aderenza ad una dieta iperlipidica 
isocalorica per 3 settimane, rispetto a una dieta 
ricca di carboidrati, non è in grado di modificare 
i livelli di ceramide nel tessuto muscolare e la 
sensibilità all’insulina (75). L’incapacità della die-
ta ricca di grassi di aumentare i livelli di cerami-
de nel muscolo scheletrico potrebbe dipendere 
dall’aumento dei livelli di adiponectina in rispo-
sta a questo regime dietetico e dal fatto che le 
diete utilizzate in questo studio erano isocalori-
che (75). Sorprendentemente, infatti, in questo 
studio i livelli di adiponectina sono risultati au-
mentati dopo 3 settimane di sovralimentazione 
lipidica e, poiché l’adiponectina rappresenta 
un’adipochina in grado di stimolare l’ossidazione 
degli acidi grassi, la biogenesi mitocondriale e il 
catabolismo delle ceramidi, il suo aumento po-
trebbe rappresentare un meccanismo compen-
satorio innescato dal l’aumentata assunzione di 
grassi (75). Quando si considerano studi sull’uo-
mo, ci sono altri fattori oltre alla dieta che posso-
no influenzare l’omeostasi delle ceramidi. Tra 
questi, la dimensione e la posizione delle gocce 
lipidiche intramuscolari può influire sulla capaci-
tà delle diete iperlipidiche di indurre l’accumulo 
di ceramidi nel muscolo scheletrico umano. In 
effetti, è stato dimostrato che il numero di goc-
cioline lipidiche intramuscolari piccole e distri-
buite nel tessuto muscolare a livello periferico è 
associata a una maggiore efficienza di ossidazio-
ne dei lipidi in risposta ad una dieta iperlipidica. 
Ciò comporta un ridotto accumulo di precursori 
per la sintesi della ceramidi, nonché un migliora-
mento della sensibilità all’insulina (76).

Come già descritto, soprattutto nei modelli 
animali, i LCSFA sembrano essere i principali 
mediatori della sintesi delle ceramidi, specie se 

forniti con regimi dietetici ipercalorici. Al con-
trario, altri tipi di acidi grassi, come gli acidi 
grassi polinsaturi (PUFA) e monoinsaturi, non 
sembrano agire come promotori della sintesi 
delle ceramidi ma piuttosto, in alcuni casi, con-
trastare l’accumulo di ceramidi indotto dai 
LCSFA (67-70). In particolare, il consumo di o-
lio di pesce ha ridotto specifiche sottoclassi di 
ceramidi plasmatiche (C16:0, C22:0, C24:0 e 
C26:0) e abbassato la pressione sanguigna e il 
trombossano circolante, migliorando così la 
funzione endoteliale (67) (Figura 2). Tuttavia, 
la supplementazione di olio di pesce ricco in a-
cidi grassi ω-3 ha anche aumentato i glucosilce-
ramidi C20:0 e C24:1 (67). Effetti simili sono 
stati osservati anche nei tessuti, in particolare 
nel muscolo scheletrico murino, dove gli ω-3 
hanno attenuato l’aumento della ceramide 
C18:0 indotto da una dieta iperlipidica arricchita 
con LCSFA, nonostante non siano state rilevate 
variazioni nel peso corporeo o nei livelli di tria-
cilgliceroli tra i gruppi analizzati (68, 69). Allo 
stesso modo, nel fegato gli ω-3 PUFA dall’olio di 
pesce hanno contrastato l’accumulo di ceramidi 
indotto da una dieta ricca di grassi e zuccheri 
(70). Anche in questo caso, l’effetto degli ω-3 
PUFA sui livelli circolanti di ceramidi e l’accu-
mulo nei tessuti sembra essere influenzato dal-
la loro qualità e dalla fonte. Ad esempio, nei to-
pi, il consumo di olio di Krill è stato più efficace 
dell’olio di pesce nel ridurre il contenuto epati-
co di ceramidi (77). Questo effetto è in accordo 
con l’ipotesi che l’olio di Krill abbia un effetto 
antinfiammatorio più potente rispetto all’olio di 
pesce (77) e potrebbe essere in grado di ridurre 
i livelli di citochine proinfiammatorie, riducen-
do così l’attivazione di SMase (77) (Figura 2).

Tra i PUFA, l’acido docosaesaenoico (DHA) 
ed eicosapentaenoico (EPA) sono di particola-
re interesse per la loro capacità di regolare i li-
velli e la sintesi delle ceramidi. In modelli muri-
ni, la supplementazione di DHA e EPA è stata 
dimostrata influenzare la concentrazione e la 
qualità delle ceramidi totali, in particolare ridu-
cendo le specie sature e aumentando quelle 
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insature come C24:1 nel tessuto adiposo e nel 
tessuto scheletrico muscolare, contribuendo a 
una miglior sensibilità insulinica e a una ridu-
zione delle citochine infiammatorie (78). An-
che negli studi sull’uomo, gli ω-3 PUFA del pe-
sce sono stati in grado di diminuire il livello 
delle ceramidi circolanti, come osservato in u-
no studio pilota condotto su pazienti affetti da 
coronaropatia, mentre il consumo di pesce ma-
gro, povero in questi acidi grassi, non ha avuto 
tale effetto (79). Altri acidi grassi insaturi, co-
me l’acido oleico, sono stati implicati nel con-
trastare l’effetto degli SFA sulla sintesi delle 
ceramidi. In un’analisi del lipidoma condotta su 
un gruppo di donne, in cui si comparava una 
dieta ricca di acido palmitico con una ricca di 
acido oleico, è stato dimostrato che, mentre la 

prima ha promosso una maggiore adiposità e 
insulino-resistenza, la seconda ha portato a una 
riduzione dei livelli di ceramide, sia circolanti 
che nel tessuto muscolare (80). Dato il poten-
ziale anti-infiammatorio dell’acido oleico, è pos-
sibile che la riduzione dei livelli di ceramidi sia 
attribuibile, almeno in parte, alla sua capacità di 
abbassare i livelli di citochine pro-infiammato-
rie, note per promuovere l’attivazione degli en-
zimi coinvolti nella sintesi di ceramide (80). 

Regolazione del metabolismo  
delle ceramidi attraverso  
diversi regimi dietetici

Non soltanto i lipidi sembrano in grado di 
influenzare la produzione delle ceramidi, ma 

Figura 2 - L’impatto di pattern dietetici e dei nutrienti sul metabolismo delle ceramidi. Il diverso effetto della Dieta 
Mediterranea comparata alla dieta occidentale, inclusi specifici nutrienti, sulla regolazione dei meccanismi che sotten-
dono all’omeostasi delle ceramidi. CerS, ceramide sintasi; SMase, sfingomielinasi; SPT1, serina-palmitoil-transferasi-1. 
Questa figura è stata creata utilizzando BioRender.com e adattata da (11).
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anche gli zuccheri, in particolare il fruttosio. La 
somministrazione di fruttosio liquido nei topi 
ha incrementato i livelli di ceramidi nel fegato, 
determinato iperleptinemia e resistenza alla 
leptina del fegato stesso, probabilmente causa-
ta dall’attivazione della fosfatasi 2A per azione 
della ceramide (81). La capacità del fruttosio di 
promuovere l’accumulo epatico di ceramidi po-
trebbe dipendere dal suo impatto negativo sul 
microbiota intestinale, tale effetto infatti risulta 
attenuato quando somministrato in contempo-
ranea con antibiotici (82).

Il microbiota intestinale può rappresentare 
un ulteriore fattore che lega dieta, metaboli-
smo lipidico e salute metabolica. Infatti, in uno 
studio clinico su volontari sani è stato dimostra-
to che l’assunzione di inulina e acidi grassi ω-3 
ha ridotto la ratio dei livelli di ceramidi circo-
lanti C16:0/C24:0 legate a CVD. Questo effetto 
può essere dovuto all’attività prebiotica di inuli-
na e acidi grassi ω-3 (83). In un altro studio in-
terventistico è stato dimostrato che una dieta 
ipocalorica arricchita con fibre solubili, elevato 
apporto proteico e carboidrati a basso indice 
glicemico, può aumentare la diversità genica 
nel microbiota, che, a sua volta, è inversamente 
correlata ai livelli di ceramidi circolanti, in par-
ticolare C18:1 (84).

Oltre che dai singoli nutrienti, i livelli delle 
ceramidi possono anche essere modulati da di-
versi regimi dietetici. La dieta occidentale con-
tiene nutrienti in grado di favorire la sintesi 
delle ceramidi, ovvero LCSFA e fruttosio, men-
tre ciò non è vero per la dieta mediterranea. 
Quest’ultima, infatti, è caratterizzata da un ri-
dotto introito di cibi ultra processati, LCSFA, e 
zuccheri raffinati, e da un’elevata quantità di 
fibre, acidi grassi insaturi, come ω-3 PUFAs e 
acidi grassi monoinsaturi, ma anche polifenoli, 
i quali è stato dimostrato migliorino la salute 
cardiometabolica (85). 

La dieta chetogenica rappresenta un ulte-
riore approccio nutrizionale in grado potenzial-
mente di modulare l’omeostasi delle ceramidi. 
Infatti, in modelli murini, la dieta chetogenica, 

down-regolava CerS6 mentre up-regolava 
CerS2, un effetto che ha prevenuto l’accumulo 
di ceramidi a lunga catena potenzialmente dan-
nose (C16:0 e C18:0), mentre ha incrementato 
l’accumulo delle ceramidi a lunghissima cate-
na che espletano effetti metabolicamente pro-
tettivi a livello epatico (86). Analogamente alla 
dieta chetogenica, la restrizione calorica è ca-
pace di diminuire il contenuto epatico delle 
ceramidi seppur tali effetti sembrano essere 
tessuto-specifici: ad esempio, la restrizione ca-
lorica non ha influenzato i livelli complessivi 
delle ceramidi nel miocardio dei topi, seppur 
riducendo le ceramidi C20:0 e C22:0 con una 
conseguente attenuazione della lipotossicità 
miocardica (87). 

La dieta può quindi svolgere un ruolo im-
portante nel modellare l’omeostasi delle cera-
midi, ma le evidenze sulla capacità dei diversi 
regimi dietetici di modulare i livelli e il tipo di 
ceramidi circolanti rimangono scarse, soprat-
tutto in ambito clinico. Resta pertanto da chia-
rire se l’effetto della dieta sulla salute cardiova-
scolare sia effettivamente mediata dalla modu-
lazione del metabolismo delle ceramidi.

Conclusioni

Le ceramidi sono fattrici patogenetiche e-
mergenti nello sviluppo dell’aterosclerosi, an-
che in considerazione del loro ruolo nell’obesi-
tà e nell’insulino-resistenza e della loro capacità 
di attivare risposte pro-infiammatorie (11). La 
loro capacità di predire gli eventi cardiovasco-
lari, le rende un papabile ed innovativo biomar-
catore clinico per una miglior stratificazione 
del rischio cardiovascolare individuale. Tutta-
via, questo potere predittivo appare specifico 
per le ceramidi C16:0, C18:0 e C24:1, anche in-
dipendentemente da altri fattori di rischio (10, 
88). L’alimentazione appare in grado di influen-
zare l’omeostasi delle ceramidi. Di fatto, gli 
stessi regimi dietetici e fattori nutrizionali ge-
neralmente associati ad un aumentato rischio 
cardiovascolare, quali i LCSFA, il fruttosio o la 
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dieta occidentale, vanno anche a promuovere 
la sintesi delle ceramidi, sia in modelli animali 
che nell’uomo. Viceversa, i nutrienti che sono 
associati ad una riduzione del rischio, quali gli 
ω-3 PUFA, ne riducono la sintesi, seppur tale 
effetto sia descritto principalmente su modelli 
animali. Rimane tuttavia da chiarire se le cera-
midi possano essere considerate un target nu-
trizionale per migliorare la salute cardiometa-
bolica. Alla luce di queste osservazioni, futuri 

studi saranno necessari per definire se appositi 
interventi nutrizionali possano modulare diret-
tamente, a livello ematico e tissutale, l’omeosta-
si delle ceramidi determinando di conseguenza 
un effettivo beneficio clinico. Nonostante que-
sti aspetti rimangano da chiarire, le ceramidi 
rappresentano un promettente biomarcatore di 
qualità della dieta e di salute cardiometabolica 
ed un eventuale target nutrizionale per la ridu-
zione del rischio cardiovascolare.
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RIASSUNTO
Un assetto lipidico alterato è un fattore cardine nello sviluppo e progressione delle patologie cardiovascolari. Mo-
difiche nell’omeostasi dei lipidi possono determinare anche variazioni nei livelli delle ceramidi circolanti, le quali 
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SUMMARY
Statins shocked the history of Medicine, rewriting the prognosis of cardiovascular diseases.
International bibliography supports the plausibility about the relationship between the dose of statins 
and the possible muscle toxicity.
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Introduzione

Le statine costituiscono una peculiare cate-
goria di molecole, capace di inibire la sintesi 
colesterolica, agendo da antagonisti competiti-
vi dell’enzima HMG-CoA reduttasi, tappa chia-
ve nella produzione del mevalonato (1). La de-
flessione della sintesi epatica di colesterolo 
determina un incremento in seno all’attività 
recettoriale periferica (up-regulation), con ac-
centuazione della clearence delle LDL (2).

Capostipite di questa classe di farmaci: la 
mevastatina, un metabolita fungino isolato nel 
1975 da Penicillium citrinum e Penicillium bre-
vicompactum (3). Da allora, numerose altre sta-
tine sono state isolate ovvero sintetizzate, al 
fine di promuovere la contenzione del rischio 
cardiovascolare in pazienti dislipidemici.

Attualmente, la farmacopea ufficiale italiana 
annovera sei differenti statine:
– lovastatina (20, 40 mg)
– pravastatina (20, 40 mg)
– fluvastatina (80 mg RP)
– simvastatina (10, 20, 40 mg)
– atorvastatina (10, 20, 40, 80 mg)
– rosuvastatina (5, 10, 20, 40 mg)

La prescrizione in regime di rimborsabilità 
ad opera del SSN prevede l’adozione della nota 
AIFA 13. Quest’ultima è molto articolata e con-
templa le seguenti indicazioni terapeutiche:
– ipercolesterolemia non corretta dalla sola 

dieta e ipercolesterolemia poligenica;
– dislipidemie familiari;
– dislipidemie associate a patologie ovvero a 

farmaci.
A fronte di una riduzione significativa del co-
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lesterolo sierico, le statine possono causare ef-
fetti collaterali, tra i quali figurano le miopatie.

Stabilire se tale fenomenologia sia effettiva-
mente correlata al dosaggio del farmaco è lo 
scopo di questa review.

Statine e dolori muscolari: patogenesi
Tutte le statine possono causare tossicità 

muscolare (4).
I meccanismi che presiedono a questa con-

dizione non sono completamente chiari.
La letteratura individua almeno cinque cau-

se eterogenee, riconducibili a due ambiti di-
stinti:
a) danno muscolare farmaco-mediato, conse-

quenziale a:
 - irrigidimento del plasmalemma, quale con-
seguenza supposta della riduzione sierica 
dei livelli di colesterolo, lipide essenziale 
secondo il modello fisiologico di membra-
na di Singer-Nicolson (5). Tale tesi, tutta-
via, appare insussistente (6).

 - Alterazione della sintesi di ubiquinone, 
con deterioramento delle reazioni biochi-
miche preposte alla produzione di energia 
endocellulare. Questa ipotesi non trova 
una ratio scientificamente solida, allorché 
pecca di presupposti di univocità e ripro-
ducibilità (7).

 - Stress ossidativo, con disfunzione mito-
condriale (8).

 - Induzione dell’espressione di atrogin-1, pro-
teina che regola i processi di autofagia cel-
lulare, mediante la via del proteasoma (9).

b) danno immuno-mediato, secondario a:
 - coinvolgimento abnorme del sistema im-
munitario: il quadro clinico ingenerato è la 
miopatia necrotizzante autoimmune indot-
ta da statine (SINAM). La SINAM è un’en-
tità nosologica estremamente rara, causa-
ta da incongrua produzione di immuno-
globuline dirette contro HMG-CoA redut-
tasi. A differenza della rabdomiolisi secon-
daria a terapia statinica, la SINAM perdura 
all’interruzione del trattamento farmaco-

logico, rivelandosi, quindi, una patologia 
invalidante, a decorso cronico (10).

Statine ed effetti avversi muscolari: 
classificazione

In quanto farmaci, le statine possono essere 
gravate da reazioni avverse; tra le più comuni: 
gli effetti sul muscolo scheletrico, rubricati sot-
to l’acronimo SAMS (sintomi muscolari asso-
ciati all’assunzione di statine).

I SAMS costituiscono un ricco corteo seme-
io-sintomatologico, caratterizzato da sensazio-
ne di affaticamento, torpore, debolezza, dolore 
muscolare, più o meno spiccati. Tali manifesta-
zioni possono decorrere in forma subclinica, 
oppure produrre l’oggettivazione del dato labo-
ratoristico. La condizione più grave cui la mio-
patia statinica può pervenire è la rabdomiolisi: 
essa individua l’esito di una distruzione massi-
va jatrogena del tessuto muscolare striato (11). 

Il PROSISA study, indagine osservazionale-
retrospettiva, multicentrica in real-life setting, 
ha rivelato una prevalenza di SAMS, all’interno 
della popolazione esaminata (N 16717), pari a 
9,6% (N 1599); nondimeno, è interessante sot-
tolineare come solo in un terzo circa di questi 
pazienti (N 504) siano stati confermati sintomi 
coerenti con SAMS in seguito a sospensione/
ripresa della terapia ipolipemizzante (12).

Al fine di operare una stratificazione organi-
ca circa lo spettro di affezioni correlato alla 
miotossicità statinica (SRM), il gruppo PRE-
DICTION-ADR ha identificato sette categorie 
di SRM (13). Tale classificazione poggia preli-
minarmente sull’indagine clinico-anamnesica, 
cui si embrica la diagnostica di laboratorio. Nel-
la fattispecie:
– la mialgia è definita come dolore muscolare 

senza elevazione della CK o elevazione della 
CK <4 volte il limite superiore della norma 
(ULN).
La mialgia può essere tollerabile (SRM 1) o 
intollerabile (SRM 2).

– La miopatia (SRM 3) è definita come dolore 
muscolare (spesso accompagnato a debo-
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lezza muscolare) non correlato a traumi o 
esercizio fisico, con elevazione della CK >4 
e <10 volte ULN. I sintomi e l’aumento della 
CK sono completamente reversibili, previa 
interruzione farmacologica.

 Nella miopatia grave (SRM 4), dolore mu-
scolare e debolezza non correlati ad eventi 
traumatici si associano ad incremento di CK 
>10 e <50 volte ULN. I sintomi, come pure 
l’aumento della CK, tendono a normalizzarsi 
completamente dopo sospensione della te-
rapia ipolipemizzante.

– La rabdomiolisi (SRM 5) è definita come un 
aumento della CK >50 volte ULN ovvero >10 
volte ULN in concomitanza di nefropatia in-
cipiente. I pazienti sono generalmente sinto-
matici, lamentando dolore muscolare e/o 
debolezza, non correlati ad esiti traumatici. 
Istologicamente, la rabdomiolisi è caratte-
rizzata da imponente necrosi muscolare.

– Miopatia autoimmune necrotizzante indotta 
da statine (SINAM).

 La miopatia autoimmune necrotizzante in-
dotta da statine è indicata come SRM 6. A 
differenza delle miopatie di cui sopra, essa 
persiste alla sospensione della terapia ipoli-
pemizzante.
Il tentativo di inquadrare il dolore muscola-

re associato a trattamento statinico, in chiave 
semantica e sinottica, per quanto utile, non ha 
tuttora partorito un documento validato di con-
senso, capace di riassumere ed uniformare le 
posizioni divergenti in materia.

A scopo esemplificativo: la definizione di 

miopatia formulata da parte del gruppo PRE-
DICTION-ADR differisce dalla definizione resa 
nota in un altro documento, promosso dal Cana-
dian Working Group Consensus Conference (14).

Nel 2019 è stato pubblicato un lavoro molto 
esaustivo, vidimato dalla Società Americana di 
Cardiologia (AHA) (15), laddove si compendia-
no, in una tabella, le principali condizioni clini-
che correlate a miotossicità indotta da statine.

In essa è possibile riscontrare alcune diffe-
renze significative rispetto a quanto elaborato 
dal l’EAS. Nel documento redatto dall’EAS (16), 
infatti, è possibile cogliere una maggiore atten-
zione circa la categorizzazione di tutte quelle 
entità cliniche avulse dalla miopatia conclama-
ta, ovvero “miosite”. Inoltre, il lavoro dell’EAS 
contrasta con il documento redatto dall’AHA 
riguardo alla definizione di rabdomiolisi indot-
ta da statine; infatti, secondo quanto enunciato 
dall’EAS, tale stato morboso è fattuale allorché 
si instauri un’elevazione importante della 
CK>40 x ULN in presenza di insufficienza rena-
le e/o mioglobinuria; tale vincolo non è strin-
gente nella sintesi proposta dall’AHA.

L’assenza di univocità circa l’esatta denomi-
nazione clinica dei sintomi muscolari associati 
alle statine contribuisce alla variabilità epide-
miologica dei SAMS, descritta in letteratura.

Statine, dosaggio e miopatia: esiste un nesso?
La letteratura corrente converge sul sodali-

zio infelice tra dosaggio statinico e miopatia 
(17). Nella fattispecie, un documento di con-
senso, redatto dalla Società Americana di Car-

Tabella 1 - Statine: dosi, intensità e risposta attesa.

Statine Alta intensità:
Riduzione LDL ≥50%

Moderata intensità:
Riduzione LDL ≥30% e <50%

Bassa intensità:
Riduzione LDL <30%

Atorvastatina 40 mg - 80 mg 10 mg - 20 mg

Rosuvastatina 20 mg - 40 mg 5 mg - 10 mg

Lovastatina 40 mg 20 mg

Simvastatina 20 mg - 40 mg 10 mg

Pravastatina 40 mg 20 mg

Fluvastatina 80 mg
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diologia, inferisce il nesso causale tra incre-
mento della posologia statinica e miotossicità 
(15). Nondimeno, a tale affermazione non se-
gue alcuna voce bibliografica specifica. Eppu-
re, non mancano riferimenti che avallano tale 
posizione (18-21). La cui evanescenza, tuttavia, 
emerge chiaramente in un RCT, teso a ricerca-
re un’eventuale correlazione tra dolori musco-
lari e posologia statinica; in esso non traspare 
significatività statistica in seno all’outcome pri-
mario analizzato (p=0,17). In questo studio, la 
terapia statinica ad alte dosi è definita come ≥ 
20 mg di atorvastatina; 80 mg di simvastatina; ≥ 
10 mg di rosuvastatina (22).

Al fine di approfondire questo argomento, 
esamineremo gli stessi lavori che hanno con-
corso a suggellare l’importanza delle statine 
quale categoria farmacologica in grado di mo-
dificare la prognosi delle dislipidemie.

L’RCT STELLAR (23), indagando, contempo-
raneamente, su efficacia e sicurezza delle princi-
pali statine in uso, ha contribuito ad evidenziare 
alcuni aspetti salienti di farmacologia clinica.

Nonostante l’esiguo campione investigato, 
gli autori sottolineano come gli effetti avversi 
muscolari, nei vari sottogruppi, fossero lievi e 
pressoché affini; se comparata con altri inibito-
ri della HMG-CoA reduttasi, soltanto rosuva-
statina 80 mg palesava un potenziale miotossi-
co differente. Per queste ragioni, ed in forza di 
due ulteriori RCTs (24, 25), segnatamente al 
rapporto tra simvastatina 80 mg e miotossicità, 
gli enti regolatori hanno depennato tali formu-
lazioni. Focalizzeremo, pertanto, il cuore della 
nostra disquisizione entro il perimetro dei far-
maci attualmente disponibili sul mercato. E, 
nell’alveo di siffatto novero, indirizzeremo ogni 
nostra speculazione sulla miopatia jatrogena, 
essendo le mialgie statiniche gravate da un bias 
di soggettività, sovente aleatorio (26).

Di seguito, passeremo in rassegna un nume-
ro considerevole di RCTs – alcuni tratti da riviste 
di primissimo spessore nel panorama scientifico 
internazionale – vagliando gli effetti av versi mu-
scolari coerenti con la posologia statinica.

RCT Intensive versus Moderate Lipid Lowering 
with Statins after Acute Coronary Syndromes 
– Thrombolysis in Myocardial Infarction 22 
Investigators (27)

Questo lavoro ha esaminato 4162 soggetti 
ospedalizzati per sindrome coronarica acuta. I 
pazienti arruolati sono stati quindi randomizza-
ti all’assunzione di pravastatina 40 mg/die ov-
vero atorvastatina 80 mg/die.

Dopo un follow-up medio di 24 mesi, ator-
vastatina 80 mg/die ha suscitato una riduzio-
ne marcata in seno ai livelli medi di LDL-c 
(p<0,001); l’endpoint primario composito (mor-
te per ogni causa, infarto del miocardio, angina 
instabile, interventi di rivascolarizzazione, ic-
tus) ha sancito una riduzione del RR del 16% in 
favore del gruppo trattato con atorvastatina 80 
mg (p=0,005; IC=95%).

Questo RCT ha il grande pregio di cristalliz-
zare la superiorità di un trattamento statinico, 
precoce ed intensivo, in pazienti coronaropatici.

In esso non emerge alcuna significatività 
statistica (p=0,23) inerente agli effetti avversi 
muscolari tra i fruitori di atorvastatina 80 mg 
contro pravastatina 40 mg. Non sono stati regi-
strati casi di rabdomiolisi in nessuno dei gruppi 
esaminati.

RCT A to Z: Early Intensive vs a Delayed 
Conservative Simvastatin Strategy in Patients 
With Acute Coronary Syndromes Phase Z  
of the A to Z Trial (24)

Studio randomizzato in doppio cieco, inter-
nazionale, multicentrico; popolazione investi-
gata: 4497 individui.

Il trial si prefigge l’obiettivo di confrontare 
l’utilità clinica di un trattamento precoce con 
simvastatina ad alto dosaggio contro un tratta-
mento differito con placebo più simvastatina a 
dosaggio ridotto, in una coorte di pazienti affet-
ti da sindrome coronarica acuta.

L’endpoint primario composito include morte 
per cause cardiovascolari, infarto non fatale, re-
missione di sindrome coronarica acuta e stroke.

Follow-up compreso tra 6 e 24 mesi.
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Tra i pazienti nel gruppo placebo più simva-
statina, il livello medio di LDL raggiunto duran-
te l’assunzione di placebo è stato di 122 mg/dL 
ad un mese; 77 mg/dL il valore a otto mesi, 
previa assunzione di 20 mg/die di simvastatina.

Tra i pazienti nel gruppo della sola simvasta-
tina, il livello medio di LDL, ad un mese dall’as-
sunzione di 40 mg/die, è stato di 68 mg/dL; 63 
mg/dL il valore a otto mesi, previa titolazione a 
80 mg/die di simvastatina.

Sebbene il trial non abbia conseguito l’end-
point primario, ha ugualmente stabilito la valen-
za di un trattamento statinico precoce e intensi-
vo volto al contenimento dei casi di scompenso 
cardiaco congestizio in pazienti affetti da sin-
drome coronarica acuta (p=0,04).

Analizzando il profilo di sicurezza del trial, 
in riferimento alla miopatia, non trapela nessu-
na differenza statisticamente significativa in 
seno ai gruppi trattati con placebo + simvastati-
na 20 mg/die contro simvastatina 40 mg/die. 
Da sottolineare, invece, il danno muscolare in-
sorto nella popolazione trattata con simvastati-
na 80 mg (p=0,02), di cui si è già discusso.

RCT IDEAL: High-dose atorvastatin vs usual-
dose simvastatin for secondary prevention after 
myocardial infarction: the IDEAL study: 
a randomized controlled trial (28)

Il trial è stato disegnato al fine di stimare 
l’efficacia di due strategie ipolipemizzanti diffe-
renti (una aggressiva, l’altra conservativa) in 
soggetti in prevenzione secondaria per patolo-
gie cardiovascolari. Lo studio, prospettico, ran-
domizzato, in aperto con endpoint in cieco, ha 
coinvolto 8888 soggetti infartuati, di età inferio-
re ovvero uguale ad 80 anni, i quali sono stati 
randomizzati all’assunzione di simvastatina 20 
mg/die (titolato a 40 mg/die per valori di cole-
sterolemia totale superiori a 200 mg/dL) ovve-
ro atorvastatina 80 mg/die (suscettibile di tito-
lazione decrementale a 40 mg/die).

Follow-up di quasi 60 mesi.
Endpoint primario: incidenza di nuovi even-

ti coronarici maggiori, intesi come infarto del 

miocardio non fatale, arresto cardiocircolatorio 
e morte coronarica.

Al termine del trattamento, il livello medio 
di colesterolemia LDL era di 104 mg/dL nel 
gruppo randomizzato a simvastatina; di 81 mg/
dL nel gruppo destinato ad atorvastatina (diffe-
renza statisticamente significativa).

L’incidenza di eventi coronarici maggiori 
(endpoint primario), nei due gruppi, rasenta la 
significatività statistica, senza tuttavia raggiun-
gerla (p=0,07), essendo del 10,4% nel braccio in 
trattamento con simvastatina e del 9,3% nel 
braccio in terapia con atorvastatina.

L’incidenza di eventi cardiovascolari maggio-
ri (eventi coronarici maggiori + ictus), invece, è 
stata significativamente minore nel gruppo de-
stinato ad atorvastatina (RR=0,87; p=0,02). Pari-
menti inferiore risulta l’incidenza di ogni evento 
coronarico (eventi coronarici maggiori + riva-
scolarizzazione + angina instabile) nel braccio 
assegnato ad atorvastatina (RR=0,84; p<0,001).

In nuce: lo studio ha estrinsecato come l’a-
dozione di una strategia ipolipemizzante con 
atorvastatina 80 mg/die cagioni una sintomati-
ca riduzione degli endpoints cardiovascolari.

Analizzando il profilo di sicurezza pertinen-
te alla miopatia, i ricercatori non hanno eviden-
ziato alcuna differenza significativa in termini 
statistici tra i due gruppi avviati ad intervento 
statinico (p=0,33). Parimenti negativa la signifi-
catività statistica relativa alla rabdomiolisi jatro-
gena (p>0.99).

RCT ALLIANCE: Statin use in a “real-world” 
clinical setting: aggressive lipid lowering 
compared with usual care in the Aggressive 
Lipid-Lowering Initiation Abates  
New Cardiac Events (29)

Lo studio è stato disegnato per saggiare le dif-
ferenze, in 2442 soggetti coronaropatici, tra terapia 
ipolipemizzante usuale contro terapia ipolipemiz-
zante statinica (atorvastatina fino a 80 mg/die; 
goal terapeutico esplicitato: LDLc <80 mg/dL).

Dopo poco più di 48 mesi di follow-up, lo stu-
dio ha evidenziato una riduzione statisticamen-



A. Pujia, T. Montalcini, M. Prastaro

 32 

te significativa della colesterolemia in seno al 
gruppo avviato a trattamento aggressivo stati-
nico (147 mg/dL [3,8 mmol/L] → 95 mg/dL 
[2,5 mmol/L]) rispetto a quello trattato con te-
rapia usuale (146 mg/dL [3,8 mmol/L] → 111 
mg/dL [2,9 mmol/L]).

La notevole riduzione del LDLc correla con 
un miglioramento sostanziale dell’outcome 
composito di morte cardiovascolare (-17% con 
atorvastatina contro terapia usuale; p=0,02,), 
con riferimento particolare all’IMA non fatale 
(-47% con atorvastatina contro terapia usuale; 
p=0,0002).

In nessuno dei gruppi investigati i ricercato-
ri hanno riscontrato casi di miopatia conclama-
ta, definita dall’incremento di CPK >10 ULN.

RCT TNT: Treating to new target: intensive 
lipid lowering with atorvastatin in patients 
with stable coronary disease (30)

Questo trial valuta l’utilità clinica dell’ab-
battimento dei livelli di LDLc in soggetti affet-
ti da cardiopatia ischemica in fase di stabilità 
clinica.

Una popolazione di 10001 soggetti, con sto-
ria di cardiopatia ischemica e colesterolemia 
LDL <130 mg/dL, è stata sottoposta a rando-
mizzazione previa ripartizione in due bracci: 
l’uno assegnato ad atorvastatina 10 mg/die; 
l’altro assegnato ad atorvastatina 80 mg/die.

Dopo un follow-up di circa 59 mesi, i valori 
medi di colesterolemia LDL sono stati di 77 
mg/dL nel gruppo trattato con atorvastatina 80 
mg e 101 mg/dL nel gruppo trattato con ator-
vastatina 10 mg.

L’endpoint primario (evento cardiovascolare 
maggiore, definito come morte cardiaca, infar-
to non fatale, arresto cardiaca, ictus fatale o 
non fatale) ha subito una deflessione del 2,2% 
nel gruppo gestito con atorvastatina 80 mg 
(RR=0,78; IC=0,69-0,89; p<0,001).

Il tasso di mialgia statinica, in ambedue i grup-
pi, risulta pressoché sovrapponibile (p=0,72).

Non sono stati registrati casi con valori di 
CPK persistentemente elevati.

Gli autori, tuttavia, descrivono cinque episo-
di di rabdomiolisi: è interessante constatare 
come tre di essi ricadano all’interno del braccio 
trattato con atorvastatina 10 mg; i restanti due, 
invece, afferiscono al braccio trattato con ator-
vastatina 80 mg.

RCT ACTFAST: The Achieve Cholesterol 
Targets Fast with Atorvastatin Stratified 
Titration (ACTFAST) study (31)

Studio multicentrico, in aperto, prospettico, 
operato in un arco temporale di dodici settima-
ne. Lo studio indaga la percentuale di pazienti 
dislipidemici ad alto rischio che raggiunge il 
goal terapeutico (diminuzione del colesterolo 
LDL) allorché trattata con dosi di atorvastatina 
di 10 mg o 20 mg o 40 mg o 80 mg.

Il trial conferma che iniziare il trattamento 
con una dose di atorvastatina idonea a suscita-
re la necessaria riduzione colesterolica potreb-
be condurre un’ampia percentuale di soggetti 
ad alto rischio cardiovascolare agli obiettivi di 
LDLc entro 12 settimane.

Gli autori descrivono un solo caso di eleva-
zione di CPK>10 ULN nel gruppo assegnato ad 
atorvastatina 80 mg (0,02 %), scevro da conse-
guenze clinicamente importanti; gli autori spe-
cificano, inoltre, che il paziente affetto da mio-
patia sarebbe caduto due giorni prima di in-
traprendere la terapia statinica; e che il giorno 
del prelievo ematico (per saggiare i valori di 
CPK, e non solo) era apprezzabile una tumefa-
zione a carico della caviglia destra.

Conclusioni

Quanto dianzi esplicato pone in essere l’as-
senza di una relazione lineare tra dosaggio sta-
tinico e miopatia jatrogena. Quali, dunque, le 
possibili cause in grado di precipitare una mio-
patia indotta da statine?

Le statine differiscono tra loro non solo in 
termini di potenza e/o efficacia; in senso lato, 
divergono principalmente in ragione delle ca-
ratteristiche biochimiche che ne condizionano 
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il metabolismo. Infatti, sebbene le statine con-
dividano la medesima via farmacodinamica, 
diverso è il profilo farmacocinetico che caratte-
rizza ciascuna molecola.

È possibile discernere tra statine idrofile (pra-
vastatina e rosuvastatina) e statine lipofile (sim-
vastatina, lovastatina, atorvastatina, fluvastatina). 
Tutti gli inibitori della HMG-CoA reduttasi, ad 
eccezione della pravastatina, subiscono un effet-
to di primo passaggio epatico ad opera degli iso-
enzimi del citocromo P450 (CYP). In particolare, 
l’isoenzima CYP3A4 provvede al metabolismo di 
lovastatina, simvastatina e atorvastatina. La fluva-
statina, invece, è metabolizzata principalmente 
dall’isoforma CYP2C9, e in minima parte, dall’i-
soforma CYP3A4 e CYP2C8. La rosuvastatina, 
infine, è metabolizzata dall’isoenzima CYP2C9, 
sebbene in misura marginale (32).

Coinvolta nel destino metabolico delle stati-
ne è pure una classe distintiva di protidi, intrin-
seca a numerosi organi: i polipeptidi trasporta-
tori di anioni organici (OATP). Il polipeptide di 
trasporto degli anioni organici 1B1, in partico-
lare, media la captazione epatica di tutte le sta-
tine, modulandone, quindi, assorbimento ed e-
liminazione (33).

I fattori genetici ed i polimorfismi adempio-
no, altresì, ad una funzione cruciale nel soste-
nere efficacia, sicurezza e tollerabilità di tutte 

le statine (34) e, in generale, di tutte le sostanze 
farmaceutiche.

Conoscere, quindi, le modalità attraverso 
cui ogni statina è processata all’interno del cor-
po umano è di vitale importanza per compren-
dere (e dunque evitare) ogni possibile intera-
zione farmacologica, potenzialmente deleteria. 

Considerazioni finali

L’assenza di effetti avversi muscolari dose-
dipendenti, evidenziata e documentata in nu-
merosi RCTs, porta ad una rideterminazione 
dell’approccio usato classicamente dai prescrit-
tori. Infatti, ha poco senso prediligere una certa 
posologia, se il paradigma che guida tale orien-
tamento è “arginare” il rischio di una possibile 
miopatia jatrogena. 

Una corretta procedura dovrebbe, piuttosto, 
prevedere il conseguimento del goal terapeuti-
co attraverso l’utilizzo sollecito di una posolo-
gia funzionale al risultato, senza trascurare, al 
contempo, le possibili interazioni farmacocine-
tiche, in caso di politerapia. Questo avrà impor-
tanti ricadute anche sullo stato di salute della 
popolazione, poiché è ampiamente dimostrato 
che minori sono i livelli raggiunti di LDLc, 
maggiore sarà la riduzione del rischio cardiova-
scolare.

RIASSUNTO
Le statine hanno rivoluzionato la storia della medicina come pochi altri farmaci.
I grandi trials clinici, infatti, hanno ampiamente ratificato il ruolo centrale degli inibitori della HMG-CoA 
reduttasi circa la riduzione del rischio cardiovascolare, attraverso la diminuzione della concentrazione 
sierica del colesterolo LDL.
La letteratura internazionale avalla un’associazione diretta tra dosaggio statinico e possibile tossicità 
muscolare. Tale correlazione, tuttavia, appare stocastica.

Parole chiave: Statine, dosaggio, miopatia, farmacocinetica.
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SUMMARY
Lipoprotein (a) is structurally very similar to low-density lipoprotein, LDL-C and is currently recognised as a 
causal risk factor for cardiovascular disease and atherosclerosis in the adult population. The assessment of Lp(a) 
in children and adolescents is still a debated topic and in recent years several authors have attempted to charac-
terise its role in the definition of cardiovascular risk and in the pathogenesis of atherosclerosis in childhood. From 
the earliest scientific descriptions of Lp(a), we have retraced some of the stages in its history, trying to focus on 
the main scientific evidence associated with high plasma levels of Lp(a) and ischaemic stroke, endothelial and 
vascular damage, up to the possible direct involvement in the pathogenesis of early atherosclerosis starting from 
childhood. We then delved into the plasma distribution of Lp(a) in the paediatric population and analysed the main 
consensus documents dealing with the determination of Lp(a). Finally, in the last part of the paper, we focused 
on current or very recent studies describing Lp(a) in the context of cardiovascular risk in the whole family and 
hypothesised a near future in which, thanks to a targeted pharmacological intervention, Lp(a) represents a target 
for early intervention to control the atherosclerotic process from childhood.

Keywords: Lipoprotein (a), cardiovascular risk, children/adolescents, early atherosclerosis, ischemic stroke.
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Introduzione

La lipoproteina(a), Lp(a), è strutturalmente 
simile alle lipoproteine a bassa intensità, lipo-
proteine LDL (Low Density Lipoprotein), sia per 
la componente lipidica che per quella proteica 
ed è costituita da una molecola di apolipoprotei-
na B100 e una di apolipoproteina (a) (1). La 
presenza di apo(a) è la sua caratteristica pecu-
liare che determina la differenza rispetto alle 
lipoproteine LDL in termini di densità, mobilità 

elettroforetica e peso molecolare (2, 3). Negli 
ultimi anni l’interesse nei confronti di Lp(a) è 
notevolmente aumentato e sono stati pubblicati 
diversi lavori che hanno approfondito il suo 
ruolo non solo come fattore di rischio per lo 
sviluppo di malattie cardiovascolari, ma anche 
come fattore causale di aterosclerosi. Nel 2022, 
la European Atherosclerosis Society (EAS) ha 
pubblicato una Consensus su Lp(a) in relazio-
ne alla aterosclerosi e alle malattie cardiovasco-
lari dove viene sottolineata l’importanza della 

Figura 1 - Lp(a) nei bambini e negli adolescenti: evidenze attuali e prospettive future. 
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sua determinazione sia per una migliore e più 
accurata definizione del rischio cardiovascola-
re, sia per un eventuale trattamento quando 
molto elevata (4). La maggior parte degli studi 
su Lp(a) sono stati condotti su soggetti adulti; 
pertanto, sebbene ci sia stato un crescente in-
teresse per il ruolo di Lp(a) anche nella popola-
zione pediatrica, molti aspetti sono ancora da 
esplorare. Questa revisione si propone di forni-
re una panoramica sull’importanza di Lp(a) nel-
la popolazione pediatrica e di fare il punto sulle 
attuali conoscenze sul suo ruolo nel processo 
aterosclerotico e nelle malattie cardiovascolari 
nei bambini e negli adolescenti.

Struttura biochimica e metabolismo  
di Lp(a)

Lp(a) è strutturalmente simile alla plasmina 
e al plasminogeno: apo(a) contiene uno specifi-
co dominio proteico chiamato “kringle”, che è 
composto da più di 80 amminoacidi (5). La 
componente apo(a) della particella Lp(a) è co-
dificata dal gene LPA, situato sul braccio lungo 
del cromosoma 6 all’interno del locus 6q2.6-2.7 
(6) e ha un’omologia superiore al 70% con il ge-
ne del plasminogeno (7). I polimorfismi a sin-
golo nucleotide (SNPs) del gene LPA sono de-
terminanti fondamentali nell’eterogeneità della 
molecola in quanto influenzano lo splicing del-
l’RNA (8). Il preciso meccanismo di azione di 
apo(a) è stato ampiamente studiato, ma non è 
stato ancora completamente chiarito: evidenze 
sperimentali dimostrano che essa ha un ruolo 
regolatorio sia nell’infiammazione che nella 
guarigione delle ferite, oltre ad avere un ruolo 
modulatorio nella gestione dell’efflusso di cole-
sterolo dalle cellule (2).

I livelli plasmatici di Lp(a) dipendono dalla 
velocità di sintesi epatica dell’apolipoproteina(a): 
il suo metabolismo è ancora in fase di studio, 
ma evidenze supportano l’ipotesi che apo(a) sia 
condotta in ambiente extracellulare legata co-
valentemente alle lipoproteine contenenti apo-
B100, quindi prevalentemente LDL (9). Il tasso 

di secrezione epatica è inferiore per le grandi 
isoforme di apo(a); ne consegue che in circolo 
si ritrovino prevalentemente le isoforme più 
piccole. Il catabolismo della lipoproteina (a) è 
sia epatico che renale, ma i livelli plasmatici 
della molecola non sembrano essere influenza-
ti da tali vie metaboliche (1, 2).

Concentrazione plasmatica di Lp(a)

Il numero di copie di K-IV2 determina l’ete-
rogeneità della dimensione di apo(a) e, di con-
seguenza, della stessa Lp(a). La dimensione di 
Lp(a) è un fattore fondamentale nel regolarne i 
livelli ematici (10). Studi di popolazione su lar-
ga scala hanno evidenziato che i polimorfismi 
del gene LPA, come rs783147, rs3798220 e 
rs10455872, sono fortemente associati a lesioni 
aterosclerotiche, aumento dello spessore me-
dio-intimale della carotide e a compromissione 
della funzione endoteliale. I polimorfismi SNP 
a carico del gene LPA sembrano svolgere un 
ruolo diretto nella determinazione delle altera-
zioni aterosclerotiche precoci, anche se sono 
necessari ulteriori studi per definire meglio 
questa relazione (11). La concentrazione pla-
smatica di Lp(a) inoltre non è determinata sola-
mente da fattori genetici, ma è influenzata an-
che dalla sua struttura biochimica, dalla area 
geografica e dalla etnia (4). 

Le caratteristiche biochimiche di Lp(a) sono 
sicuramente un fattore importante nel determi-
narne la concentrazione plasmatica. In partico-
lare, il polimorfismo della ripetizione di Kringle-
IV (K-IV) spiega fino al 70% della variabilità 
della concentrazione di Lp(a): quando il nume-
ro di ripetizioni è inferiore al valore soglia di 23, 
le isoforme di apolipoproteina(a) presenti in 
circolo sono più piccole e la concentrazione pla-
smatica di Lp(a) è più elevata (12). Anche l’etnia 
gioca un ruolo fondamentale nella modulazione 
dei livelli plasmatici di Lp(a), come dimostrato 
in diversi studi condotti su soggetti adulti (4). 
Nel Dallas Heart Study sono stati considerati 
3481 campioni di sangue di tre gruppi etnici ap-
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partenenti alla popolazione di Dallas composta 
per il 50% da soggetti afroamericani. Gli autori 
hanno messo in luce che la presenza di elevati 
livelli ematici di fosfolipidi ossidati a funzione 
proinfiammatoria, di cui Lp(a) è il principale tra-
sportatore in circolo, costituiscono una predi-
sposizione genetica allo sviluppo di stress ossi-
dativo e che le differenze nelle isoforme dell’a-
polipoproteina (a) spiegano alcune delle diffe-
renze etniche in Lp(a) osservate nella popola-
zione in esame (13). Nello studio ARIC (Athero-
sclerosis Risk in Communities), è stata presa in 
esame la concentrazione plasmatica di Lp(a) e 
la sua relazione con la malattia coronarica e l’ic-
tus ischemico su una coorte di 9851 soggetti a-
dulti bianchi e 3467 neri: gli autori hanno evi-
denziato che i livelli plasmatici di Lp(a) sono 
positivamente associati a eventi coronarici e 
cardiaci, con una relazione molto simile in en-
trambi i gruppi etnici (14). Dati recenti della UK 
Biobank hanno infine messo in luce che le con-
centrazioni plasmatiche di Lp(a) sono significa-
tivamente differenti nelle diverse etnie, con va-
lori medi crescenti rispettivamente nei soggetti 
cinesi, caucasici, dell’Asia meridionale e nei 
neri, ma il gradiente di rischio associato a malat-
tia cardiovascolare risulta sovrapponibile (15).

La concentrazione plasmatica di Lp(a) sem-
bra poter essere modificata anche da fattori 
non geneticamente determinati, come la dieta 
e lo stile di vita. Alcuni autori hanno evidenzia-
to una influenza di lieve entità della abitudine 
alimentare sul livello di Lp(a), talvolta in dire-
zione opposta rispetti a LDL-C e sottolineato 
che sono necessari ulteriori studi di approfon-
dimento sull’argomento (16).

La concentrazione di Lp(a) è inoltre influen-
zata dagli ormoni che regolano il metabolismo 
delle lipoproteine, come gli ormoni sessuali, 
tiroidei e l’ormone della crescita (17, 18). In u-
no studio longitudinale condotto su donne in 
gravidanza, gli autori hanno concluso che c’è 
un aumento di due volte dei valori di Lp(a) nel 
corso di una gravidanza fisiologica, e ciò può 
avere effetto sulla fibrinolisi (19).

Anche la malattia renale cronica può condi-
zionare i valori plasmatici di Lp(a). Nei sogget-
ti con sindrome nefrosica, questi aumentano 
fino a cinque volte rispetto alla popolazione sa-
na (20).

L’effetto dello stato infiammatorio sul meta-
bolismo di Lp(a) è ancora argomento di dibatti-
to. Nell’ambito di una revisione sistematica, 
Missala et al. hanno approfondito l’associazio-
ne tra Lp(a) e le malattie autoimmuni e hanno 
messo in evidenza che in alcune condizioni au-
toimmuni sono stati riscontrati anticorpi anti-
Lp(a) che potrebbero spiegare un aumento dei 
valori plasmatici di Lp(a) con un conseguente 
aumento del rischio di malattia coronarica (21). 
Mooser et al. hanno invece analizzato i valori 
plasmatici di Lp(a) in 9 pazienti ricoverati in te-
rapia intensiva per sepsi e 4 pazienti con ustioni 
estese, concludendo che nella loro coorte 
Lp(a) si comporta come un fattore negativo in 
fase acuta durante la risposta infiammatoria 
maggiore (22).

Lp(a) nei bambini e negli adolescenti

Il crescente interesse per Lp(a) nei bambini 
e negli adolescenti si è sviluppato insieme alla 
sua caratterizzazione e definizione genetica. 
Storicamente le pubblicazioni su Lp(a) in età 
pediatrica si concentrano soprattutto sui valori 
plasmatici e sull’aumento del rischio di ictus. 
Più recentemente, diversi lavori scientifici han-
no valutato Lp(a) come un fattore di rischio per 
malattia cardiovascolare a partire dall’infanzia, 
in particolare in relazione a una storia familiare 
positiva per evento cardiovascolare precoce. Al 
contrario, solo una minoranza di studi ha ap-
profondito il ruolo di Lp(a) nello sviluppo di a-
terosclerosi precoce e nel danno endoteliale e 
vascolare nei pazienti pediatrici.

Lp(a) e ictus ischemico

Molti studi hanno riportato un’associazione 
tra elevati valori plasmatici di Lp(a) e l’insor-
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genza di ictus ischemico arterioso. Nel 1996 
Nowak-Göttl et al. (23) hanno analizzato una 
coorte di 14 bambini considerando i valori ema-
tici di Lp(a) in relazione al rischio di sviluppo di 
ictus ischemico e successivamente descritto 
una correlazione tra valori elevati di Lp(a) e in-
cidenza di trombosi sia arteriosa che venosa in 
una coorte di 72 soggetti pediatrici (24). Alcuni 
anni dopo, gli stessi autori hanno discusso il 
ruolo di Lp(a) come fattore di rischio per l’ictus 
ischemico in una coorte di pazienti di età com-
presa tra 6 e 16 anni, concludendo che valori 
plasmatici di Lp(a) superiori a 30 mg/dL sono 
fortemente predittivi di ictus ischemico (OR 
7,2, 95% CI 3.8-13.8) (25). Lo stesso anno, il 
gruppo di lavoro di Peynet ha descritto una co-
orte di giovani adulti con ictus ischemico evi-
denziando valori plasmatici elevati di Lp(a), ma 
non trovando una relazione tra l’incidenza 
dell’ictus e le dimensioni dell’apo(a) (26). Nel 
2010 una revisione sistematica e metanalisi di 
studi osservazionali ha ulteriormente sostenu-
to Lp(a) come fattore fortemente associato a 
ictus ischemico e trombosi venosa nei neonati 
e nei bambini (27), dato supportato anche da 
uno studio clinico di qualche anno dopo e con-
dotto sempre su soggetti pediatrici (28). Una 
metanalisi pubblicata nel 2015 su Atherosclero-
sis conferma il ruolo di Lp(a) come fattore di 
rischio indipendente per lo sviluppo di ictus i-
schemico, soprattutto nei soggetti giovani (29). 
Qualche anno dopo in una revisione sistemati-
ca e metanalisi sulla trombosi ereditaria e 
sull’ictus ischemico, troviamo invece che Lp(a) 
non è più elencato tra i fattori di rischio (30) e 
nella Consensus del 2022 Lp(a) non è indicato 
come fattore di rischio per trombosi venosa ma 
associata solamente ad ictus ischemico nei pa-
zienti pediatrici (4).

Lp(a) e malattia cardiovascolare  
nei familiari 

Nel Bogalusa Heart Study, uno degli studi 
più importanti sulla patogenesi dell’ateroscle-

rosi, Lp(a) è messa in relazione alla storia fami-
liare positiva per infarto del miocardio in una 
coorte di 2438 bambini di età compresa tra 8 e 
17 anni. I pazienti che avevano parenti con in-
farto miocardico avevano valori ematici di 
Lp(a) più elevati rispetto a quelli con storia fa-
miliare negativa (22,4 vs 17,1 mg/dL) e questa 
correlazione era più forte in coloro che aveva-
no valori plasmatici di Lp(a) superiori a 25 mg/
dL, specialmente nei soggetti caucasici. Nello 
stesso studio gli autori hanno inoltre evidenzia-
to come gli appartenenti all’etnia nera avessero 
valori plasmatici medi di Lp(a) più elevati ri-
spetto ai caucasici senza apparente conseguen-
za in termini di familiarità positiva per evento 
cardiovascolare e hanno concluso sottolinean-
do l’importanza di eseguire una valutazione dei 
livelli plasmatici di Lp(a) nella definizione e 
nella stratificazione del rischio di malattia coro-
narica sin dall’infanzia (31). Bailleul et al. han-
no preso in esame una coorte di 499 bambini e 
hanno descritto Lp(a) come un fattore di ri-
schio fondamentale in relazione alla storia fami-
liare positiva per malattia cardiovascolare nei 
nonni, concludendo che il dosaggio plasmatico 
di Lp(a) nei bambini è molto importante per i-
dentificare quelli con un aumentato rischio car-
diovascolare (32). Diversi studi pubblicati negli 
anni successivi hanno confermato il ruolo di 
Lp(a) come fattore di rischio per lo sviluppo di 
aterosclerosi precoce già a partire dall’infanzia 
anche su popolazioni più estese (32-37). Guar-
damagna et al. descrivono, in una coorte di 
bambini con dislipidemia familiare, una relazio-
ne positiva tra i livelli plasmatici elevati di Lp(a) 
e il numero di eventi cardiovascolari nell’albero 
familiare (38), mentre nel lavoro di Zawacky et 
al. Lp(a) viene riportata come miglior marker 
predittivo di malattia cardiovascolare prematu-
ra nei familiari di bambini con elevati valori pla-
smatici di Lp(a) rispetto al valore del colestero-
lo LDL (39). Nel nostro lavoro pubblicato nel 
2022 abbiamo analizzato una coorte di 700 sog-
getti pediatrici con ipercolesterolemia familiare 
(FH) del registro LIPIGEN pediatrico e confer-
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mato la relazione tra Lp(a) elevato nei bambini 
e storia familiare positiva per malattia cardiova-
scolare prematura (40). Infine, uno studio re-
cente ribadisce che i valori plasmatici di Lp(a) 
nei soggetti giovani sono correlati ad una au-
mentata incidenza di eventi cardiovascolari 
maggiori in età adulta (41).

Lp(a) e danno vascolare  
nei pazienti pediatrici

Alcuni lavori hanno valutato l’associazione 
tra livelli plasmatici di Lp(a) e alterazioni vasco-
lari funzionali e strutturali a partire dai primi 
anni di vita, con risultati talvolta contrastanti (42 
- 44). Sorensen et al. hanno analizzato la possi-
bile relazione tra dilatazione endotelio-dipen-
dente e i livelli plasmatici di Lp(a) in una coorte 
di trenta bambini (di età compresa tra 7 e 17 
anni) con ipercolesterolemia familiare (FH). 
Sono state riscontrate alterazioni patologiche 
della funzione endoteliale a partire dall’infanzia, 
con una correlazione diretta con i valori plasma-
tici di Lp(a) (42). Tali alterazioni sono state rile-
vate anche da altri autori come Lapinleimu et al. 
(45) e di Qayum et al. (37). Nel Young Finns 
Study, pietra miliare tra gli studi sul rischio car-
diovascolare, Lp(a) è stato valutato come possi-
bile fattore di rischio per lo sviluppo di atero-
sclerosi nei giovani attraverso studi epidemiolo-
gici e di randomizzazione mendeliana, senza e-
videnziare di alcuna correlazione diretta tra va-
lori di Lp(a) e aterosclerosi precoce (46). Allo 
stesso modo, una recente analisi retrospettiva 
condotta in Austria su 113 bambini e adolescen-
ti affetti da ipercolesterolemia di età compresa 
tra 1 e 18 anni, non ha evidenziato alcuna rela-
zione statisticamente significativa tra lo z-score 
dello spessore medio-intimale (IMT) e i valori 
plasmatici di Lp(a) (47). Al contrario, altri lavori 
scientifici hanno supportato la correlazione tra 
valori plasmatici di Lp(a) e danno vascolare sin 
dall’infanzia. Kosmeri et al. hanno valutato 
Lp(a) in una coorte di 100 bambini e adolescen-
ti con dislipidemia (di età compresa tra 7 e 16 

anni) e hanno riportato che l’alterazione della 
funzione endoteliale dell’arteria brachiale (valu-
tata mediante FMD, la dilatazione mediata dal 
flusso) era associata in modo indipendente ad 
alti livelli plasmatici di Lp(a) a partire dai dieci 
anni di età (48). De Boer et al. hanno recente-
mente confermato l’associazione tra i valori pla-
smatici di Lp(a) e lo spessore medio-intimale 
nei bambini con ipercolesterolemia familiare 
(214 soggetti di età compresa tra 8 e 18 anni, 
valutati in uno studio di follow-up di 20 anni), e 
hanno sottolineato l’importanza di determinare 
il valore di Lp(a) a partire dall’infanzia, in modo 
da individuare precocemente e tempestivamen-
te i soggetti a più alto rischio di malattia cardio-
vascolare (49).

Valori di Lp(a) nei bambini  
e negli adolescenti

Nel documento di Consenso EAS del 2022 
viene riportato che il gene LPA completa la sua 
piena espressione all’età di circa 2 anni, mentre 
i livelli plasmatici di Lp(a) raggiungono un va-
lore stabile all’età di 5 anni di vita (4). Uno dei 
primi studi pubblicati su questo argomento 
confronta i livelli plasmatici di Lp(a) di 44 neo-
nati nati a termine con quelli di soggetti adulti 
sani, evidenziando che i valori di Lp(a) nei neo-
nati sono considerevolmente più bassi rispetto 
a quelli degli adulti (50). Alcuni studi successi-
vi hanno valutato Lp(a) alla nascita, trovando 
che il valore è correlato all’età gestazionale 
(51) e all’etnia (52, 53) e confermando una di-
stribuzione asimmetrica dei livelli plasmatici di 
Lp(a) nei pazienti pediatrici, come già riportato 
nella popolazione adulta (54). Wood et al. han-
no valutato i valori plasmatici di Lp(a) alla na-
scita, nei primi giorni e nei primi mesi di vita in 
una coorte di 220 neonati, rilevando una debole 
correlazione con i valori di Lp(a) alla nascita e 
quella nei primi giorni e una tendenza all’au-
mento della concentrazione plasmatica nei pri-
mi mesi di vita (55). Nello studio STRIP, i valo-
ri plasmatici di Lp(a) sono stati valutati in una 
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popolazione di bambini di età inferiore ai 4 anni 
(430 bambini di età compresa tra 6 e 36 mesi) 
con determinazioni eseguite a 7, 13, 24 e 36 me-
si. I valori di Lp(a) a 7 mesi correlavano molto 
bene con quelli riscontrati a 36 mesi, mettendo 
in luce una buona stabilità dei livelli plasmatici 
di Lp(a), in particolare per valori molto bassi e 
molto elevati (56). Questa tendenza è stata con-
fermata anche da studi più recenti: nello studio 
COMPARE, il valore plasmatico di Lp(a) è stato 
valutato in una coorte di 450 neonati della popo-
lazione di Copenaghen. Se si considerano i va-
lori di Lp(a) del sangue cordonale (campione 
venoso) e i valori a 2 e 15 mesi, questi aumen-
tano con l’età; i valori di Lp(a) nel sangue cor-
donale sono coerenti con quelli valutati alla 
nascita, mentre la correlazione è più debole se 
si considerano campioni prelevati a 2 e 15 mesi. 
Questa correlazione diventa invece più forte 
quando i valori plasmatici di Lp(a) alla nascita 
sono >90° percentile; gli autori concludono in-
dicando che valori di Lp(a) superiori a 90° per-
centile alla nascita possono identificare i neona-
ti a rischio di sviluppare valori plasmatici eleva-
ti di Lp(a) negli anni successivi (57). De Boer 
et al., riportano un aumento del valore di Lp(a) 
all’aumentare dell’età in una coorte di bambini 
e adolescenti affetti da dislipidemia e suggeri-
scono la necessità di un’ulteriore determinazio-
ne dei valori plasmatici di Lp(a) nella vita adul-
ta (58).

Lp(a) e documenti di consenso  
per l’età pediatrica

Le indicazioni specifiche per la determina-
zione di Lp(a) in bambini e adolescenti risulta-
no ancora poco codificate anche se i documen-
ti di consenso più recenti sono complessiva-
mente concordi sull’importanza della sua misu-
razione in condizioni di aumentato rischio car-
diovascolare nell’infanzia.

Uno dei primi documenti che tratta il ri-
schio cardiovascolare in bambini ed adole-
scenti risale al 1992 ed è principalmente foca-

lizzato sulla messa in evidenza di come l’iper-
colesterolemia LDL sia fattore di rischio car-
diovascolare su base familiare, di come lipidi e 
lipoproteine in età pediatrica siano predittivi 
del profilo lipoproteico dell’adulto e sull’impor-
tanza di identificare i soggetti con ipercoleste-
rolemia il più precocemente possibile; in esso 
manca una indicazione specifica per Lp(a) 
(59). Nel documento storico del 2011 che si 
propone come linea guida specifica per la salu-
te cardiovascolare di bambini e adolescenti 
troviamo invece citata anche Lp(a) con l’indi-
cazione a misurarla già in età pediatrica nei 
soggetti con stroke emorragico e ischemico e 
nei soggetti giovani con una storia familiare 
positiva per malattia cardiovascolare non ascri-
vibile ai fattori di rischio classici (60). Nel do-
cumento americano NLA del 2015 la determi-
nazione plasmatica di Lp(a) non viene consi-
gliata di routine, ma soltanto nei soggetti gio-
vani con ipercolesterolemia familiare (FH) 
clinica o genetica, nei soggetti con storia fami-
liare positiva per malattia cardiovascolare o 
con storia personale di stroke emorragico o i-
schemico (61). Nel documento europeo dello 
stesso anno, specifico per la diagnosi e il trat-
tamento di bambini e adolescenti affetti da FH, 
la misurazione di Lp(a) viene indicata nei bam-
bini e adolescenti con storia familiare positiva 
per morte su base cardiovascolare e in quelli 
con FH, come fattore di rischio aggiuntivo per 
una migliore stratificazione del rischio (62). 
Nel documento della AHA del 2019, Lp(a) vie-
ne menzionata come un marcatore utile ad i-
dentificare i pazienti giovani con FH con ri-
schio molto elevato di malattia cardiovascolare 
precoce (CVD precoce) e troviamo anche l’in-
dicazione a modulare in senso positivo tutti gli 
altri fattori di rischio, compreso LDL-C, per ri-
durre il rischio associato a Lp(a) elevata (63). 
In un altro documento di consenso americano 
dello stesso anno (NLA 2019) vengono indica-
te con maggiore dettaglio le categorie di sog-
getti giovani (età <20 anni) in cui valutare il 
valore di Lp(a): soggetti con FH (clinica o ge-
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netica), soggetti con storia familiare positiva 
per malattia cardiovascolare precoce, soggetti 
con storia di stroke ischemico senza causa i-
dentificata, soggetti con genitori o fratelli por-
tatori di Lp(a) elevata. Viene inoltre indicata la 
necessità della messa in atto dello screening a 
cascata inversa quando identifichiamo un bam-
bino con Lp(a) elevato e ribadita l’indicazione 
di un intervento precoce ed efficace sugli altri 
fattori di rischio modificabili (64). Nel docu-
mento europeo del 2022 ESC/EAS la determi-
nazione di Lp(a) viene raccomandata nei sog-
getti giovani quando è presente una storia per-
sonale di stroke ischemico o una familiarità 
per malattia cardiovascolare precoce; viene i-
noltre sottolineata la necessità di ripetere la 
determinazione in più occasioni dell’arco della 
vita in virtù di un possibile aumento del valore 
in età adulta (4). Nel recente documento ame-
ricano del 2024 ritroviamo una indicazione più 
dettagliata e specifica per la popolazione pedia-
trica (età <18 anni): viene ribadita la stretta as-
sociazione tra Lp(a) elevato e stroke ischemi-
co e indicato uno screening per Lp(a) nei bam-
bini ad alto rischio cardiovascolare (Tabella 
1); viene inoltre caldeggiato lo screening a ca-
scata inversa, a partire dal bambino con valori 
elevati di Lp(a) verso tutti i componenti della 
famiglia e sottolineata l’importanza di eseguire 
più di una misurazione in età pediatrica in ac-
cordo con le recenti evidenze che ne dimostra-
no un aumento plasmatico anche nelle prime 
decadi di vita (58, 65).

Tabella 1 - Determinazione di Lp(a) in soggetti di età in-
feriore ai 18 anni.

Screening selettivo nei soggetti ad elevato 
rischio cardiovascolare, in particolare  
in bambini e adolescenti con:

– Ipercolesterolemia familiare (clinica o genetica)
– Stroke ischemico a causa non identificata
– Parente di primo grado con evento  

cardiovascolare precoce 
(<55 anni per gli uomini, <60 anni per le donne)

– Parente di primo grado con Lp(a) elevato

Lp(a): presente e futuro

Negli ultimi anni, grazie allo sviluppo di nuo-
ve opzioni terapeutiche (66-68), l’interesse per 
Lp(a) è cresciuto costantemente e molti lavori 
scientifici ne hanno confermato il ruolo come 
fattore di rischio per malattia coronarica e ate-
rosclerosi precoce. Sagris et al. hanno conside-
rato le caratteristiche e le differenze dell’infarto 
del miocardio in soggetti giovani e anziani: livel-
li elevati di Lp(a) emergono come fattore di ri-
schio causale per la malattia, soprattutto nei 
pazienti giovani (69). Olmastroni et al. hanno 
elegantemente evidenziato come il genotipo di 
Lp(a) influenza la diagnosi clinica di FH e han-
no sottolineato l’importanza della valutazione 
dei valori plasmatici di Lp(a) nel contesto di una 
corretta diagnosi (70). Nel breve commento di 
Averna et al. Lp(a) viene addirittura descritta 
come possibile causa genetica di ipercolestero-
lemia familiare nei bambini e negli adolescenti 
(71) e nel lavoro di De Boer et al. viene detta-
gliatamente riportata la distribuzione dei valori 
plasmatici di Lp(a) nei bambini con sospetta i-
percolesterolemia familiare con evidenza di va-
lori più elevati nei soggetti con diagnosi clinica 
di FH suggerendo un ruolo causale di Lp(a) nei 
bambini con diagnosi clinica quando non sia 
stata evidenziata una variante genetica causati-
va sui principali geni associati a FH (72). Ree-
skamp et al. hanno recentemente analizzato i 
valori plasmatici di Lp(a) in un’ampia popolazio-
ne di soggetti con valori elevati di Lp(a) (dati 
provenienti da studi della UK Biobank e coppie 
casuali di soggetti non imparentati), mettendo 
in relazione tali livelli con quelli dei parenti di 
primo e secondo grado ed evidenziando una 
forte correlazione tra valori elevati di Lp(a) nei 
soggetti considerati e valori elevati di Lp(a) non 
solo nei parenti di primo, ma anche di secondo 
grado (73). Diversi lavori scientifici conferma-
no l’importanza di misurare Lp(a) (74), sia in 
un contesto di screening a cascata messo in at-
to per la diagnosi di FH (75) sia come screening 
a cascata indipendente condotto per la diagnosi 
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precoce di soggetti con valori elevati di Lp(a) 
(76) o addirittura come valutazione precoce 
(pediatrica o nel giovane adulto) di un marker 
specifico per un rischio futuro (41). Dopo la 
pubblicazione del Consensus EAS 2022 (4) 
Lp(a) è stata riconosciuta sia come fattore di 
rischio che come fattore causale di malattia car-
diovascolare e tutti i principali documenti di 
consenso successivi sia per adulto che per bam-

bini e adolescenti concordano sull’importanza 
della sua determinazione nei soggetti ad eleva-
to rischio cardiovascolare (77 -79).

Nel prossimo futuro saranno disponibili 
nuove opzioni terapeutiche specifiche per ri-
durre i livelli plasmatici di Lp(a) e saremo in 
grado di dare un ulteriore concreto contributo 
nella prevenzione dell’aterosclerosi e nel suo 
trattamento precoce.
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Un parametro OCT traccia  
la progressione dell’aterosclerosi

Lo stato istopatologico di una placca atero-
sclerotica può essere non solo quantificato, ma 
anche monitorato nel tempo grazie a un para-
metro calcolato dalle immagini della tomogra-
fia a coerenza ottica (OCT). 

L’indice di attenuazione della placca (IPA) è 
una misura delle proprietà ottiche di un tessu-
to. Utilizzando l’IPA, i ricercatori sono stati in 
grado di identificare stadi patologici crescenti 
delle placche aterosclerotiche, da quelle fibro-
se e fibrocalcifiche ai fibro-ateromi a cappuccio 
spesso e sottile. Sono stati anche in grado di 
determinare la probabile stabilità delle plac-
che.

Lo studio si basa sulle conoscenze prece-
denti secondo cui l’OCT è in grado di differen-
ziare le strutture e l’organizzazione del tessuto, 
che si riflettono nelle sue proprietà ottiche o 
nel coefficiente di attenuazione. Questi cambia-
menti potrebbero non essere visibili con le tec-

niche di imaging convenzionali. Un coefficien-
te di attenuazione più elevato indica instabilità 
del tessuto, aree con cellule morte (nuclei ne-
crotici) e infiltrazione di macrofagi. Al contra-
rio, valori di attenuazione più bassi indicano 
calcificazione e tessuto fibroso.

Per quantificare e caratterizzare in modo 
completo le placche aterosclerotiche coronari-
che utilizzando l’OCT, il team del Chinese PLA 
General Hospital ha utilizzato 10 cuori umani 
sottoposti ad autopsia. I risultati hanno mostra-
to che il valore IPA era significativamente cor-
relato con la stadiazione patologica delle plac-
che, con un valore IPA di 10 che è risultato il 
più ottimale per rilevare le placche avanzate. 
L’area sotto la curva ROC era pari a 0,844 
(p<0,001).

La combinazione dell’IPA10 con la percen-
tuale di stenosi osservata nel campione di arte-
ria coronaria ha permesso un’identificazione 
ancora più accurata delle placche avanzate, con 
un valore AUROC di 0,088 (p<0,001) e corri-
spondenti valori di sensibilità e specificità del 

Nel mese di agosto 2024, si è tenuto a Londra il meeting annuale  
della European Society of Cardiology (ESC).
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91,4% e 80,8%, rispettivamente, nonché valori 
predittivi positivi e negativi del 79,1% e 92,2%, 
rispettivamente.

Le nuove linee guida sulla pressione 
arteriosa abbassano gli obiettivi di 
trattamento

Obiettivi semplificati e più aggressivi sono 
tra le modifiche significative apportate alle li-
nee guida aggiornate sull’ipertensione pubbli-
cate dalla Società Europea di Cardiologia.

Per la maggior parte dei pazienti trattati, il 
nuovo obiettivo di pressione arteriosa sistolica è 
un valore compreso tra 120 mm Hg e 129 mm Hg, 
che rappresenta un allontanamento dalle prece-
denti linee guida europee, che in genere racco-
mandavano di trattare i pazienti con l’obiettivo di 
ridurre la pressione al di sotto di 140/90 mm Hg 
e, solo dopo aver raggiunto questo obiettivo, con 
un obiettivo inferiore a 130/80 mm Hg.

Sebbene le linee guida aggiornate, presenta-
te al Congresso ESC, continuino a definire l’i-
pertensione come una pressione sistolica di al-
meno 140 mm Hg e una pressione diastolica di 
almeno 90 mm Hg, è stata introdotta una nuova 
categoria: la pressione elevata. Questa è definita 
come una pressione sistolica compresa tra 120 
mm Hg e 139 mm Hg o una pressione diastolica 
compresa tra 70 mm Hg e 89 mm Hg; in questi 
soggetti si consiglia la valutazione del rischio 
cardiovascolare per guidare il trattamento.

Le linee guida introducono anche nuove rac-
comandazioni sullo stile di vita per aiutare a ri-
durre la pressione arteriosa, tra cui modifiche 
ai consigli sull’esercizio fisico e l’aggiunta di 
un’integrazione di potassio. Per la prima volta, 
inoltre, le linee guida ESC forniscono racco-
mandazioni sull’uso della denervazione renale 
per il trattamento dell’ipertensione in determi-
nate circostanze.

L’importante cambiamento dell’obiettivo 
pressorio in queste linee guida è basato su nuo-
vi dati che confermano che pressioni più basse 
portano a tassi di eventi cardiovascolari più 

bassi. Tuttavia, questa raccomandazione pre-
senta diverse avvertenze, tra cui il requisito 
che il trattamento sia ben tollerato; obiettivi più 
indulgenti possono essere presi in considera-
zione nelle persone con ipotensione ortostatica 
sintomatica, negli anziani di 85 anni e in quelli 
con fragilità moderata o grave o con un’aspetta-
tiva di vita limitata. Per questi pazienti, le linee 
guida raccomandano un obiettivo “che sia il più 
basso ragionevolmente raggiungibile”.

Le nuove linee guida europee sono ora più in 
linea con quelle americane. Entrambe le linee 
guida raccomandano ora un obiettivo di pres-
sione inferiore a 130/80 mm Hg per la maggior 
parte delle persone.

Nessun beneficio dell’anticoagulazione 
dopo la rivascolarizzazione dello 
STEMI: il trial RIGHT

Non sembra esserci alcun vantaggio nel 
continuare il trattamento anticoagulante dopo 
un intervento coronarico percutaneo primario 
(PCI) per infarto miocardico con innalzamento 
del tratto ST (STEMI), secondo i risultati di un 
ampio studio randomizzato e controllato.

I dati aggiornati dello studio RIGHT hanno 
dimostrato che a 1 anno non vi è alcuna diffe-
renza tra la prosecuzione dell’anticoagulazione 
e l’assenza di anticoagulazione per quanto ri-
guarda gli esiti ischemici o emorragici. I dati 
suggeriscono inoltre che potrebbe esistere una 
differenza tra gli anticoagulanti a 30 giorni e a 
1 anno, risultati che richiedono una conferma 
in studi futuri.

Lo studio RIGHT è stato un trial avviato da 
ricercatori del gruppo China Research Allies 
for Thrombosis & Embolism in collaborazione 
con esperti del gruppo di studio ACTION in 
Francia. Hanno partecipato 53 siti in Cina. L’o-
biettivo era dimostrare la superiorità in termini 
di efficacia e sicurezza dell’uso di un’anticoagu-
lazione prolungata rispetto all’assenza di anti-
coagulazione dopo PCI primario per i pazienti 
con diagnosi di STEMI. Tutti i 2989 pazienti 
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che hanno partecipato allo studio sono stati ini-
zialmente trattati con bivalirudina durante e fi-
no a 4 ore dopo le procedure. I pazienti sono 
stati poi randomizzati a un gruppo “anticoagu-
lazione prolungata” (n = 1494) o a un gruppo 
placebo “senza anticoagulazione” (n = 1495).

I risultati dell’endpoint primario, MACE e 
sanguinamento maggiore a 30 giorni, già pre-
sentati al Congresso ESC del 2023 e recente-
mente pubblicati su Circulation, hanno mostra-
to che i MACE si sono verificati in una percen-
tuale uguale di pazienti sia nel gruppo con anti-
coagulazione prolungata che in quello senza 
anticoagulazione (entrambi 2,5%; hazard ratio 
[HR] 1,0; p=0,988). Anche le emorragie mag-
giori si sono verificate in percentuali simili di 
pazienti in entrambi i gruppi, rispettivamente 
0,5% vs 0,7% (HR 0,74; p=0,51).

Secondoi risultati aggiornati, il 99,2% dei pa-
zienti ha completato 1 anno di follow-up (1482 
in entrambi i gruppi). La percentuale di pazien-
ti con MACE è aumentata al 4,2% nel gruppo 
con anticoagulazione prolungata e al 4,9% nel 
gruppo senza anticoagulazione, ma la differen-
za non è significativa (HR 0,86; p=0,38). Analo-
gamente, non vi è stata alcuna differenza tra i 
gruppi per quanto riguarda il sanguinamento 
maggiore (HR 0,87; p=0,67).

Esiti avversi dopo l’interruzione dei 
beta-bloccanti: lo studio ABYSS

Per i pazienti con una storia di infarto mio-
cardico e una funzione ventricolare sinistra 
conservata potrebbe non essere consigliabile 
interrompere la terapia a lungo termine con 
beta-bloccanti.

Nello studio randomizzato ABYSS, sebbene 
non vi sia stata alcuna differenza in termini di 
morte, infarto o ictus tra i pazienti che hanno 
interrotto e quelli che hanno continuato ad as-
sumere i beta-bloccanti, coloro che hanno smes-
so di assumere i farmaci hanno avuto un tasso 
più elevato di ospedalizzazione cardiovascola-
re. L’interruzione era inoltre associata a un au-

mento della pressione arteriosa e della fre-
quenza cardiaca, senza alcun miglioramento 
della qualità di vita.

Lo studio ABYSS, in aperto, di non inferiori-
tà, ha randomizzato 3698 pazienti con una sto-
ria di IMA all’interruzione o alla continuazione 
del trattamento con beta-bloccanti. Tutti i par-
tecipanti allo studio avevano una frazione di e-
iezione ventricolare sinistra di almeno il 40%, 
erano in trattamento con beta-bloccanti a lungo 
termine e non avevano avuto eventi cardiova-
scolari nei 6 mesi precedenti. 

A un follow-up mediano di 3 anni, l’endpoint 
primario - un composito di morte, IMA, ictus 
e ospedalizzazione per motivi cardiovascolari 
- si è verificato più spesso nel gruppo che ha 
interrotto il trattamento rispetto a quello che 
lo ha continuato (23,8% vs 21,1%; HR 1,16; IC 
95% 1,01-1,33). Ciò non ha soddisfatto i criteri 
di non inferiorità dell’interruzione, rispetto al-
la continuazione, della terapia con beta-bloc-
canti.

La differenza nei tassi di eventi tra i due 
gruppi è stata determinata dalle ospedalizzazio-
ni cardiovascolari, che si sono verificate più 
spesso nel gruppo ad interruzione rispetto al 
gruppo di continuazione (18,9% vs 16,6%). inol-
tre, 6 mesi dopo la randomizzazione, si sono 
verificati aumenti della pressione sanguigna e 
della frequenza cardiaca nel gruppo ad interru-
zione. La pressione arteriosa sistolica è aumen-
tata di 3,7 mm Hg e quella diastolica di 3,9 mm 
Hg. La frequenza cardiaca a riposo è aumentata 
di 9,8 battiti al minuto.

I risultati dell’ABYSS sembrano inizialmente 
differire da quelli del recente studio REDUCE-
AMI, che non ha dimostrato la superiorità della 
terapia con beta-bloccanti, rispetto al non tratta-
mento, nei pazienti con MI acuto con frazione 
di eiezione conservata. Tuttavia, l’end point pri-
mario del REDUCE-AMI era un composito di 
morte per qualsiasi causa o nuovo infarto mio-
cardico; non includeva l’ospedalizzazione car-
diovascolare, che era il principale fattore di dif-
ferenza negli esiti dello studio ABYSS.
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HUMAN SIMPSON-GOLABI-BEHMEL 
SYNDROME (SGBS) ADIPOCYTES MOUNT 
A METABOLIC ADAPTIVE RESPONSE 
TO PREVENT PALMITIC ACID-INDUCED 
INSULIN RESISTANCE
Sharon Angelini 1, Fabiola Castaldo 1, Marco Beccaria 2,  
Carlo Bellinghieri 2, Flavio Franchina 2, Stefania Merighi 1,  
Stefania Gessi 1, Carlo Cervellati 1, Juana M. Sanz 2,  
Angelina Passaro 1, Domenico Sergi 1
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Adipocytes contribute to systemic metabolic health by buffer-
ing excess energy and secreting endocrine mediators, including 
extracellular vesicles (EVs), which influence the metabolism of 
other tissues. Besides protein and nucleic acids, EVs also carry 
lipids which act as additional metabolic messengers of adipo-
cytes. However, it remains to elucidate if saturated fatty acids, 
particularly in the form of palmitic acid (PA), are able to disrupt 
adipocyte metabolic health and modulate EVs lipid cargo. This 
study aimed at evaluating the effects of PA overload on SGBS 
adipocytes metabolic health and the putative repercussions on 
the fatty acid profile of EVs secreted by these cells. SGBS adi-
pocytes were treated with 1000 μM PA for 48h followed by the 
assessment of intracellular triglyceride accumulation, mitochon-
drial membrane potential using the JC-10 fluorescent probe and 
oxygen consumption rate (OCR) assessed by MitoXpress assay. 
Insulin-mediated phosphorylation of protein kinase B (Akt) and 
insulin receptor substrate (IRS), the activation of AMP-activated 
protein kinase (AMPK) and NF-κB signalling were assessed by 
Western blot. EVs were isolated via ultracentrifugation and both 
intracellular and EVs fatty acid profile characterised using gas 
chromatography coupled with mass spectrometry. PA induced 
an increase in intracellular triglyceride accumulation (p<0.001). 
However, it did not hamper insulin-mediated AKT or IRS1 phos-
phorylation (both p>0.05) or trigger the activation of NF-κB sig-
nalling (p>0.05). Additionally, relative to controls, PA increased 
mitochondrial membrane potential (p<0.01) and OCR (p<0.001) 
in the presence of PA as an energy substrate, despite no chang-
es in AMPK activation. Finally, PA increased SFA content in 
both adipocytes and EVs (p<0.001). SGBS adipocytes undergo a 
metabolic rewiring marked by increased mitochondria function 
and secretion of SFA in EVs. The latter may be a compensatory 
mechanism to export excess SFA which, however, may contrib-
ute to systemic metabolic dysregulation.

BRAIN DERIVED NEUROTROPHIC FACTOR 
(BDNF) IN CARDIOVASCULAR AGING
Marta Zarà 1, Giovanna Dilella 1, Leonardo Sandrini 1,  
Rosa Simone 1, Alessia Di Nubila 1, Mattia Chiesa 1,  
Alessandro Ieraci 2, Silvia S. Barbieri 1

1Centro Cardiologico Monzino IRCC, Milan, Italy;  

2eCampus University, Istituto di Ricerche Farmacologiche  
Mario Negri IRCCS, Milan, Italy 
E-mail: silvia.barbieri@ccfm.it

Aging brings about biological changes that increase the risk of 
atherothrombosis; understanding the underlyng mechanisms 
is crucial for better prevention and treatment. Recent studies 
suggest Brain-Derived Neurotrophic Factor (BDNF) play a key 
role in the cardiovascular system by influencing platelet activ-
ity, coagulation, endothelial growth, vascular remodeling, and 
inflammation. Low BDNF levels have been detected in older 
adults and associated with poorer cardiovascular outcomes. In 
this study we explore whether an unbalance between mature- 
and pro-BDNF levels contributes to vascular aging predisposing 
to thrombosis. We found that in aorta tissue of wild-type (WT) 
mice, the ration of mature to pro-BDNF decreased with age, 
reaching levels at 12 months comparable to those measured in 
a young BDNFMet/Met mice, a model with naturally low ma-
ture-BDNF levels. As expected, older WT mice (18-22 months) 
showed an increase in leucocyte and platelet count, platelet/leu-
cocyte aggregates and enhanced arterial thrombosis compared 
to young WT mice. Interestingly, young BDNFMet/Met mice 
had a higher number of circulating blood cells, a greater tenden-
cy to form platelet/leucocyte aggregates, and developed carotid 
occlusion in response to FeCl3 faster than young WT mice, ex-
hibiting a prothrombotic profile similar to old WT mice. Gene 
expression analysis revealted that middle-age BDNFMet/Met 
mice and old WT mice shared similar aging markers (eg. p16, 
p19, p21, p53, SIRT1, and Nfil3CLOCK-gene expression), with a 
negative correlation between mature-BDNF levels and aging re-
lated genes. Additionally, BDNFMet/Met mice had significant-
ly higher mortality rates than WT mice (35% vs. 1%). Notably, 
administration of pro-BDNF accelerate aging, while m-BDNF 
delays it. In conclusion, our findings suggest that BDNF acts as 
a senolytic hormone, and its reduction contributes to vascular 
aging and a prothrombotic state. Whether BDNF modulation 
could prevent aging and atherothrombosis in human requires 
further investigation.
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Background: Statins are the cornerstone of cardiovascular pre-
vention in patients at risk of atherothrombotic events. However, 
intolerance frequently hampers patients’ adherence in clinical 
practice. Alongside statins, therapeutic options such as pro-
protein convertase subtilisin/kexin type 9 inhibitors (PCSK9i) 
have been flourishing over the past years, paving the way for 
statin-free lipid-lowering strategies that hold the potential of im-
proving cardiovascular risk prevention in intolerant individuals. 
Because these are burdened by significant costs, refining the 
identification of truly intolerant patients may have profound im-
pact on health-care systems.
Aims: To appraise the appropriateness of PCSK9i prescription 
and estimate the prevalence of statin intolerance in a contempo-
rary cohort of patients prescribed on lipid-lowering medication.
Methods: Prescriptions of lipid-lowering drugs between 2017 
and 2023 were retrieved from region-wide, post-marketing da-
tabases patronized by the Agenzia Italiana del Farmaco (AIFA) 
and the Italian Ministry of Health. The prevalence and appro-
priateness PCSK9i prescription was appraised using the AIFA 
recommendations as a reference. Statin-intolerant patients were 
defined according to AIFA reimbursement criteria. The inci-
dence of adverse cardiovascular events (ACE) in patients taking 
PCSK9i was also assessed.
Results: Prescription of non-statin lipid-lowering drugs in-
creased steadily across treatments over the analyzed time-win-
dow. Among PCSK9i users, 2135 (65%) met the criteria for ap-
propriate prescription whereas 1159 (35%) did not, and were 
therefore considered a pool of intolerant individuals and patients 
inappropriately prescribed on the medication. Average statin-in-
tolerant in individuals’ prevalence was estimated to be 3.7%, pro-
gressively increasing from 2.2% in 2017 to 5.2% in 2023. Prescrip-
tion of non-statin lipid-lowering medication increased over time, 
paralleled by a reduction of ACE and of the number of patients 
experiencing an event.
Conclusions: In this region-wide, regulatory registry-based, 
observational study, statin intolerance was estimated to occur in 
3.7% of patients on average over a seven-year period, whereas 
possible inappropriate prescription of PCSK9i occurred in as 
many as one out of three cases.

ANGPTL3 AND PCSK9 MODULATE  
THE UPTAKE OF LDLS IN LIVER CELLS
Simone Bini, Valeria Pecce, Laura D’Erasmo,  
Alessia Di Costanzo, Daniele Tramontano, Stella Covino,  
Ilenia Minicocci, Marcello Arca
Sapienza Università di Roma - Dipartimento di Medicina 
Traslazionale e di Precisione, Rome 
E-mail: simone.bini@uniroma1.it

Background and Aim: We have already proven the existence 
of an ANGPTL3-PCSK9 complex both present intracellularly 
and extracellularly in cellular models. This complex is mod-
ulated by nutrient availability and is more represented in the 
feeding state. In the literature, patients harboring homozygous 
LOF of ANGPTL3 show hypobetalipoproteinemia and lower 
PCSK9 levels. This study aims to characterize the function of the 
ANGPTL3-PCSK9 concerning LDL uptake.
Methods: A liver cell model (HepG2 cells) was used to investi-
gate the interaction between ANGPTL3 and PCSK9 and LDL up-
take. We generated cells transiently over expressing ANGPTL3, 
PCSK9, or both. Human LDLs were isolated through ultracen-
trifugation and then labeled with red oil-O. Cells were treated 
with red-oil-labeled LDLs, and intracellular red-oil accumulation 
was measured in a timelapse for 24h. ANGPTL3 and PCSK9 
were co-localized in liver cells treated or not with a standard con-
centration of human LDLs. 
Results: 
1) HepG2 cells overexpressing ANGPTL3 showed reduced intra-

cellular Red-LDL accumulation and increased LDL turnover. 
PCSK9 overexpressing cells show increased intracellular LDL 
entrapment. Cells overexpressing both ANGPTL3 and PCSK9 
show an LDL uptake similar to the control. 

2) ANGPTL3 and PCSK9 co-localize in a lipid-free medium in all 
experimental conditions. However, LDL treatment is a suffi-
cient stimulus to separate the ANGPTL3-PCSK9 complex; the 
separation is complete when ANGPTL3 and PCSK9 are over-
expressed, ANGPTL3 and PCSK9 separation remains incom-
plete in the control condition, and in cells overexpressing both 
ANGPTL3 and PCSK9.

Conclusion: ANGPTL3 and PCSK9 modulate LDL uptake in 
opposite ways. The first increases LDL particle turnover, and 
the other reduces it. The dissociation of the ANGPTL3-PCSK9 
complex allows ANGPTL3 and PCSK9 to regulate LDL uptake.
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Introduction: Homozygous Familial Hypercholesterolemia 
(HoFH) is a rare disease characterized by LDL cholesterol 
(LDL-C) levels >400 mg/dL due to mutations in the LDL re-
ceptor (LDLR), apo-B, PCSK9 and LDLRAP1 genes. If untreat-
ed, HoFH patients have a life expectancy of less than 20 years. 
Pharmacological approaches currently used in pediatric patients 
(statins, ezetimibe, and PCSK9 inhibitors) are insufficient to 
achieve optimal LDL-C control and it is often necessary to resort 
to an invasive method such as lipoprotein apheresis. Neverthe-
less, most patients do not reach the therapeutic goal of LDL-C 
<115 mg/dL. Lomitapide is an oral inhibitor of microsomal tri-
glyceride transfer protein (MTP), which reduces the production 
of apo-B-containing lipoproteins in the liver and intestine. The 
drug, already approved in adults, reduces LDL-C regardless of 
residual LDLR activity.
Aim of the Study: To evaluate the safety and efficacy of lom-
itapide use in HoFH pediatric patients on stable lipid-lowering 
therapy.
Methods: 4 HoFH children, aged 8 to 12 years, were evaluat-
ed. These patients, originally selected for a 2-year multicenter 
open-label international study, continued to take lomitapide as 
part of a compassionate-use follow-up trial. Lomitapide was add-
ed to statins, ezetimibe and lipoprotein apheresis and progres-
sively titrated up to the maximum tolerated dose. Subjects were 
monitored regularly with outpatient visits, blood tests, ECG and 
imaging.
Results: In our cohort, lomitapide, at the dose range of 15 to 
30 mg daily, in addition to standard therapy, reduced LDL-C by 
an average of 38.4% (324±52 vs. 198±82 mg/dL; mean±SD), al-
lowing lipoprotein apheresis to be reduced or discontinued. The 
effect remained stable over 2 years. The drug was well tolerat-
ed and neither gastrointestinal nor hepatic adverse events were 
observed. 
Conclusions: The use of lomitapide is safe, effective and well 
tolerated in HoFH children. Lomitapide resulted in a reduction/
discontinuation of apheresis sessions, leading to a significantly 
improved quality of life.
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Background and Aim: In childhood, the diagnosis of familial 
hypobetalipoproteinemia (FHBL) is often underestimated, espe-
cially if heterozygous, and guidelines are still lacking. The aim 
of the study is to describe the phenotypic features of a cohort of 
children and adolescents with a genetic confirmed FHBL attend-
ing our pediatric lipid clinic. 
Methods: This is a monocentric, observational study collect-
ing anamnestic, anthropometric, biochemical and instrumental 
(liver ultrasound and elastographic profile) data in children and 
adolescents with a genetically confirmation of heterozygous 
FHBL. Statistical analysis was carried out on STATISTICA (Stat-
Soft Inc, Tulsa, OK, USA).
Results: 12 children and adolescence (4 females), aged 12.14± 
1.80 years, were genetically diagnosed with heterozygous FHBL 
(9/12 carrying a mutation on ApoB, 2/12 on ANGPTL8 and one 
case on MYLIP). At diagnosis, overweight and obesity were 
identified in 7/12 cases. Only one patient was fully asymptomat-
ic. In all cases, lipid assessment was suggestive of FHBL (mean 
TC 80.41±14.81 and LDL-C 31.54±12.88 mg/dl) independently 
from BMI SDS (obese vs. normal-weight patients: p 0.62 and 
0.39, respectively). In 6/12 patients, steatosis was graded from 
moderate to severe, mainly when accompanied by overweight 
and/or obesity (p 0.05). Moreover, transient elastography, an in-
direct surrogate of fibrosis, was more elevated in FHBL patients 
if overweight and/or obese (5.65±0.71 vs. 4.60±0.28, p 0.06). 
Conclusions: Our data document an unexpectedly wide phe-
notype of FHBL in childhood and adolescence with a high 
percentage of overweight or obesity. Moreover, we document 
a frequent precocious hepatic involvement in FHBL children, es-
pecially if obese and overweight, with a potential rapid evolution 
in fibrosis. In conclusion, even if these preliminary data require 
the confirmation from sizable cohort, they support the need of a 
precocious diagnosis of FHBL in childhood that could let to early 
plan a personalized follow up.
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Cardiovascular diseases (CVD) are the leading cause of death 
around the world. As is well known, high triglycerides (TG) and 
low high-density lipoprotein (HDL) cholesterol are important CV 
risk factors. Recently, many studies reported that triglyceride to 
high-density lipoprotein cholesterol (TG/HDL-C) ratio, a simple 
surrogate markers of insulin resistance, is a useful predictor of 
CV diseases. The aim of the present study was to evaluate TG/
HDL ratio as a CV risk factor and its possible correlation with 
subclinical myocardial damage examined by speckle tracking 
echocardiography. We enrolled 470 Caucasian patients (mean age 
60.0±11.7, 293 male and 177 female) referring to Catanzaro Met-
abolic Risk Factors (CATAMERI) Study. Main exclusion criteria 
were secondary hypertension, clinical evidence of CV complica-
tions, endocrinological and malignant disease, alcohol or smok-
ing abuse. All patients underwent to Oral Glucose Tolerance test 
(OGTT). Plasma glucose was measured by the glucose oxidation 
method and plasma insulin concentration was determined by a 
chemiluminescence-based assay. Insulin sensitivity was evaluat-
ed using the Matsuda index (Matsuda/ISI). Renal function was 
tested by measurement of estimated glomerular filtration rate 
(e-GFR) with CKD-Epi formula. TG and total cholesterol, LDL 
and HDL concentrations were measured by enzymatic methods 
(Roche Diagnostics, Mannheim, Germany). TG/HDL ratio val-
ues were assessed by arithmetic ratio between plasma TG and 
HDL concentrations. Echocardiographic recordings were per-
formed using an E-95 Pro ultrasound system. ANOVA test was 
used to test the differences between groups. A linear correlation 
analysis was performed to compare values of global longitudinal 
strain (GLS) with different covariates. Patients were divided into 
4 quartiles based on increasing values of TG/HDL ratio: I quar-
tile (0.5-1.79) (n=120), II quartile (1.80-2.63) (n=115), III quartile 
(2.65-3.75) (n=118) and IV quartile (≥3.77) (n=117). From the I 
to the IV quartiles, there was a progressive increase in the prev-
alence of male gender, type 2 diabetes mellitus (T2DM), obesity. 
From the I to the IV quartile, there was a significant increase of 
TG values (p<0.0001), LDL cholesterol (p=0.008) and a significant 
reduction of HDL cholesterol (p<0.0001). Moreover, there was a 
progressive deterioration of glucose metabolism as reported by 
the increasing values of fasting plasma glucose (FPG) (p<0.0001), 
2h-glucose (p<0.0001), fasting plasma insulin (FPI) (p<0.0001), 
2-h insulin (p<0.0001), HbA1c (HbA1c) (p<0.0001) and a wors-
ening of insulin sensitivity accounting for the reduction in MAT-
SUDA/ISI (p<0.0001). In addition, we observed a statistically sig-
nificant increase in high-sensitivity C-reactive protein (Hs-PCR) 
values (p<0.0001) and a reduction of e-GFR (p<0.0001). The left 
global systolic function, evaluated as myocardial deformation and 
GLS, appeared progressively deteriorated proceeding from the I 
to the IV quartile (p<0.0001). Moreover, for similar values of ejec-

tion fraction (EF), IV quartile subjects presented increased GLS 
compared to I quartile (p<0.0001). In the whole study population, 
the linear regression analysis showed that GLS was significant-
ly and directly correlated with TG/HDL (r=0.233, p<0.0001), hs-
PCR (r=0.110, p=0.009), E/e’ (r=0.408, p<0.0001), left ventricular 
mass index (LVMI) (r=0.381, p<0.0001) and inversely correlated 
with Matsuda Index (r= -0.198, p<0.0001) and e-GFR (r= -0.121, 
p=0.005). Subsequently, stepwise multivariate linear regression 
model showed that E/e’ was the major predictor of GLS justifying 
16.5% of its variation (p<0.0001) and LVMI and TG/HDL added re-
spectively 7.3% and 1.2%. The present study demonstrated that pa-
tients with increased TG/HDL ratio present functional alterations 
of myocardial contractile fibres, evaluated as GLS, in the absence 
of symptoms as well as pathological reductions in EF. In conclu-
sion, the evaluation of TG/HDL ratio can be a useful, simple and 
inexpensive indicator of CV risk.
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Overconsumption of long-chain saturated fatty acid, mainly in 
the form of palmitic acid (PA), as well as refined sugar has been 
implicated in impairing metabolic health. However, the metabolic 
effects of these nutrients on isolated adipocytes remain elusive. 
The aim of this study was to evaluate the impact of PA overload, 
alone or in combination hyperglycaemic condition, on human adi-
pocyte metabolic health. SGBS adipocytes were treated with 1000 
μM BSA-conjugated PA, alone or in combination with high-glu-
cose concentrations (Glucose 13mM), for 96 hours. Following the 
treatments, mitochondrial function was assessed by quantifying 
mitochondrial membrane potential (MMP) using the fluorescent 
probe JC-10 and oxygen consumption rate (OCR) via MitoXpress 
assay kit. Western blot was employed to investigate insulin-medi-
ated phosphorylation of insulin receptor substrate-1 (IRS) and pro-
tein kinase -B (Akt) as well as the activation of NK-κB signalling 
pathway and AMP-activated protein kinase (AMPK). Real-time 
qPCR was performed to quantify the expression of IL-6 and IL-
1β.96h PA exposure did not impair insulin-mediated phosphoryla-
tion of IRS and Akt and failed to trigger the NK-κB inflammatory 
pathway and induce the expression of IL-6 and IL-1β cytokines 
(all p>0.05) in SGBS adipocytes. Additionally, PA did not hamper 
MMP but increased OCR (p<0.001) relative to controls, despite no 
changes in AMPK activation. However, PA combined with hyper-
glycaemic milieu, lowered MMP (p<0.001) and decreased OCR 
compared to PA alone-treated cells (p<0.001). PA alone did not 
compromise adipocyte metabolic health, and this may be depend-
ent on the preserved metabolic flexibility to lipids which allows 
adipocytes to cope with excess PA. However, the supply of PA 
in an hyperglycaemic milieu, appears to compromise adipocytes 
metabolic adaptation to fatty acid availability which, in turn, may 
be at the basis of adipocyte metabolic health deterioration.
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Objectives: Homozygous familial hypercholesterolemia (HoFH) 
is an inherited disorder of lipid metabolism characterized by 
severe elevation of low-density lipoprotein cholesterol (LDL-C) 
and a high risk of early atherosclerotic cardiovascular disease 
(ASCVD). Lomitapide, an inhibitor of microsomal triglyceride 
transport protein, has been shown to be effective in reducing 
LDL-C levels, albeit with a variable response in a real-world set-
ting. Sex-based differences in the efficacy and safety of this treat-
ment have not yet been investigated.
Methods and Rsesults: Through a retrospective analysis of 
the “Pan-European Lomitapide Study”, sex-specific differences 
in the efficacy and safety of lomitapide in patients with HoFH 
(N=38 women and N=37 men) were examined. Data from HoFH 
patients treated with lomitapide across Europe were collected. 
Clinical characteristics, lipid profile and adverse events were 
compared between women and men. Baseline characteristics 
and ASCVD risk factors were comparable between the sexes. 
Both groups achieved a significant reduction in LDL-C com-
pared to baseline with lomitapide, but a trend towards a greater 
reduction emerged in women compared to men, particularly ev-
ident after 6 months of treatment (-53.0% vs. -32.9% P=0.051). No 
sex differences were observed in the median dose of lomitapide 
or the intensity of concomitant lipid-lowering therapies. Univar-
iate regression analysis showed that LDL-C reduction could be 
predicted by pre-treatment plasma LDL-C concentration. Among 
adverse events, gastrointestinal disorders were more frequent 
in women than in men (78 events vs. 32, P=0.0002), although in 
most cases they were mild/moderate. The analysis of survival 
without ASCVD events showed no significant differences be-
tween the two sexes (P=0.363).
Conclusion: Lomitapide demonstrates comparable efficacy in 
reducing LDL-C levels in men and women with HoFH, with po-
tential sex-specific differences in tolerability.
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Background and Aims: Statins are still one of the most 
common and effective treatments to reduce high plasma con-
centration of LDL, preventing atherosclerosis progression in 
cardiovascular (CV) risk. Endothelial dysfunction correlates 
to a reduced availability of circulating endothelial progenitor 
cells (EPCs), physiologically recruited from bone marrow in re-
sponse to vascular damage. EPCs contribute to re-endothelializa-
tion and vascular integrity. Several other beneficial effects have 
been proposed, including statins protective effects on vascular 
inflammation. We investigate whether statins might help to ame-
liorate EPCs number and function, therefore helping to elucidate 
potential additional mechanisms for statins protective effects on 
CV disease-prone patients. 
Methods: Patients with CV diseases and administered (STAT, 
n=51, 24F, aged 67.7±9.6) or not (NO-STAT, n=24, 13F, aged 63.1± 
11.3) with statins will undergo routine hematological and bio-
chemical tests as well as instrumental examinations to assess 
arterial stiffness and organ damage (ABI, PWV). Quantitative 
(flow cytometry) and functional (wound healing) analysis will be 
performed on EPCs isolated from both groups. Small RNAseq 
will be carried out to identify potential changes in miRNAs ex-
pression under statins treatment. Data presented are those with 
P less 0.05, that was considered significant.
Results: STAT group has a significantly decreased level of to-
tal Cholesterol, LDL and HDL. On the contrary, PWV estimated 
vascular age was significantly increased in STAT group. Total 
number of EPCs was lower in NO-STAT and their migration 
(measured by wound healing assay) was significantly improved 
in STAT. Concomitantly, miRNAseq analysis suggests that miR-
3960, mir-328-3p, mir-10400-5p, all involved in invasion and in-
flammation, were downregulated in STAT compared to NO 
STAT patients. 
Conclusion: Obtained preliminary data support the improved 
EPCs frequency and their functional role both representing an 
additional mechanism by which statins improve vascular protec-
tion. Modulation of specific miRNAs expression should have a 
role in this mechanism. Moreover, our results emphasize the 
importance of EPCs as a specific readout of tissue damage in 
patients at risk for cardiovascular complication.
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Aim: Aim of the study was to evaluate MASLD prevalence and 
its characteristics across age groups, in a population of meta-
bolic patients. MASLD is a disease characterized by liver accu-
mulation of lipids due to metabolic disorders. Little data exists 
on MASLD characteristics in elderly patients. Previous data 
showed that MASLD is less prevalent in the elderly and that it 
associates with a less severe liver disease and metabolic burden.
Methods: In the Plinio Study we assesed the prevalence of 
MASLD across ages. To minimize confounders, MASLD char-
acteristics were evaluated in patients aged below and above 65 
years after propensity score matching (PSM) for sex and spe-
cific therapeutic interventions (antidiabetic, antihypertensive, 
antiplatelet, and statins). PRO-C3 was measured as a marker of 
collagen III deposition during liver fibrogenesis, sNOx2-dp and 
oxidated-LDL (ox-LDL) as markers of oxidative stress.
Results: The study included 1080 patients. 78,6% of them had 
a diagnosis of MASLD. In the older patient the prevalence of 
MASLD was lower than the youngest group (81.1% in patients 
aged below 65 years, 58.8% in those aged 80 years or older). Af-
ter PSM, a subset of 374 patients was selected. Among patients 
aged 65 years or older, there was a more favorable lipid profile 
(HDL-C: 48.5 [42.0-61.0] vs. 46 [39.0-56.7], p=0.022; LDL-C: 108.0 
[81.2-132.0] vs. 118.0 [96.4-141.7], p=0.005), lower HOMA-IR (2.9 
[0.6-4.9] vs. 3.7 [2.5-5.6], p=0.001), and pro-C3 levels (6.1 [5.2-7.8] 
vs. 6.8 [5.7-8.3], p=0.022). However, despite the most favorable li-
pid profile, elderly patients with MASLD presented no-differenc-
es in sNOx2-dp (p=0.126) and higher ox-LDL (24.9 [16.5-35.6] vs. 
21.4 [16.7-29.1], p=0.011).
Conclusions: Our data confirm a lower prevalence of MASLD 
in elderly with less severe liver disease and most favourable lipid 
profile. However, the data on the oxidative stress markers show 
that the elderly should not be assumed to have less severe dis-
ease overall.
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative 
disease, with metabolic alterations, abnormal cholesterol and 
lipid levels in the bloodstream and CNS reported in patients. 
Similar to plasma, cholesterol in the cerebrospinal fluid (CSF) 
is carried by lipoproteins known as “HDL-like particles,” due 
to their close similarity in density and composition to plasma 
HDL. Lecithin cholesterol acyltransferase is a key enzyme in 
HDL metabolism. It catalyses the cholesterol esterification both 
in plasma and CSF, thus leading to HDL maturation. A recent 
study conducted in our laboratory demonstrated a hampered 
cholesterol esterification in the CSF of patients with Alzheimer 
disease (AD). For this reason, the purpose of this work was to 
investigate cholesterol esterification in plasma and CSF, and to 
characterize HDL subclass distribution in patients with ALS. The 
study included 20 ALS patients and 20 controls, in whom lipopro-
tein profile and cholesterol esterification were evaluated both in 
plasma and CSF. Plasma lipids are similar between patients and 
controls; however, the amount of discoidal preβ-HDL is signif-
icantly reduced in patients compared to controls (8.5±4.9% vs. 
13.6±4.1%, p<0.0001). A significant increase in CSF unesterified 
cholesterol levels is observed in ALS patients compared to con-
trols (0.22±0.07 mg/dL vs. 0.15±0.04 mg/dL, p<0.01), leading to 
an increased unesterified/total cholesterol ratio in ALS patients 
(0.52±0.12 vs. 0.40±0.12, respectively). Stratification for the 
presence of SOD1 variant shows that the UC/TC ratio does not 
depend on the genetic background (0.23±0.06 vs. 0.21±0.07, in 
carriers vs. non-carriers). ALS patients do not show alterations 
in plasma cholesterol esterification, but the cholesterol esteri-
fication rate is significantly reduced in the CSF of the patients 
(0.16±0.10 vs. 2.41±1.98, p<0.01). In conclusion, these results 
suggest an impairment of cholesterol esterification in the CSF 
of ALS patients and support the evidence that this is a common 
feature in neurodegenerative diseases.
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Aim: To evaluate the long-term effectiveness and safety of the 
microsomal triglyceride transfer protein inhibitor lomitapide in 
patients with HoFH.
Methods: LOWER is a global, prospective, observational co-
hort study of the long-term safety and effectiveness of lomitapi-
de in clinical practice across sites in the US, Europe, Canada, 
Argentina and Taiwan. Enrolment began in March 2014 and data 
collection will continue for 10 years from enrolment of the 300th 
patient. 
Results: As of February 2023, 226 patients (43.4% male) were 
enrolled in LOWER, with a mean±SD [range] age of 51.4±15.1 
[18–83] years and baseline LDL-C level of 237.1±105.4 [71–632] 
mg/dL. Post-lomitapide data were available for 223 patients 
(98.7%); mean lomitapide [range] exposure was 38.5 [0.3–118.1] 
months, with 78.9% receiving lomitapide for ≥12 months and 
25.6% for 5≤10 years. Lomitapide doses ranged from 2.5–50 mg/
day and the global mean dose was 13.0 mg/day (17.4 mg/day 
in patients treated in Europe). Figure shows LDL-C reductions 
from baseline in the full analysis set and in patients who re-
mained on treatment. 

Figure - Percentage change in LDL-C from baseline.

Patients in the registry were included at each time point where 
evaluable LDL-C data values were available.
Mean LDL-C reduction in patients who remained on treatment 
was 43.2%. At any time after lomitapide initiation, 73.1% (n=163) 
patients achieved an LDL-C level <100 mg/dL and 47.1% (n=105) 
achieved <70 mg/dL. The most common events of special inter-
est (ESI) were gastrointestinal and hepatic in nature. During 
nine years follow-up, hepatic steatosis was reported in 6.3% of 
patients (n=14). Asymptomatic elevated aminotransferase levels 
≥3 ≤5x and ≥5x the upper limit of normal were observed in 15.0% 
and 6.5% of patients, respectively. 
Conclusions: Data from the LOWER registry support the sus-
tained lipid-lowering effect and safety of lomitapide, with ~50% 
patients achieving LDL-C <70 mg/dL at some point during fol-
low-up. ESIs in this large cohort were consistent with the known 
safety profile of lomitapide.

IMPACT OF HIGH NEUTROPHIL- 
TO-LYMPHOCYTE RATIO ON  
THE CARDIOVASCULAR BENEFIT  
OF PCSK9 INHIBITORS IN FAMILIAL 
HYPERCHOLESTEROLEMIA 
SUBJECTS WITH ATHEROSCLEROTIC 
CARDIOVASCULAR DISEASE: REAL-
WORLD DATA FROM TWO LIPID UNITS
Francesco Di Giacomo Barbagallo 1, Giosiana Bosco 1,  
Giuseppe Mandraffino 2, Antonino Di Pino 1, Michele Scuruchi 2, 
Arianna Toscano 2, Giovanni Squadrito 2, Francesco Purrello 1, 
Salvatore Piro 1, Roberto Scicali 1

1Università di Catania; 2Università di Messina 
E-mail: fdigiacomobarbagallo@gmail.com

Background and Aims: Neutrophil-to-lymphocyte ratio (NLR) 
is a novel inflammatory biomarker strongly associated with ath-
erosclerotic cardiovascular disease (ASCVD). Our aim was to 
evaluate the role of NLR on pulse wave velocity (PWV) after add-
ing-on proprotein conver- tase subtilisin/kexin type 9 inhibitor 
(PCSK9-i) in familial hypercholesterolemia (FH) subjects with 
ASCVD. 
Methods and Results: In this prospective observational study, 
we evaluated 45 FH subjects with ASCVD on high-intensity stat-
ins plus ezetimibe and with an off-target LDL-C. Study popula-
tion was divided into two groups according to the mean value 
of NLR. All patients received PCSK9-i therapy and obtained bi-
ochemical analysis as well as PWV evaluation at baseline and 
after six months of PCSK9-i. After six months of add-on PCSK9-i 
therapy, a significant reduction of TC, LDL-C, Non-HDL-C, Lp(a) 
and ApoB plasma levels was observed in the two groups; while 
low-NLR group exhibited a significant PWV reduction after six-
month therapy with PCSK9-i (D 16.2%, p<0.05), no significant 
changes in PWV were observed in the high-NLR group. 
Conclusions: Only FH subjects with low-NLR experienced a 
significant reduction of PWV after PCSK9-i. Our findings sug-
gest a role of NLR in predicting PCSK9-i effect in FH subjects 
with ASCVD.
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ANGPTL3 LOSS OF FUNCTION VARIANTS 
WITH RISK FACTORS IN SHAPING  
THE RISK OF CHRONIC LIVER DISEASE
Alessia Di Costanzo 1, Ilaria Pirona 2, Laura D’Erasmo 1,  
Silvia Buonaiuto 3, Simone Bini 1, Daniele Tramontano 1,  
Stella Covino 1, Carlo Maiorca 1, Ilenia Minicocci 1,  
Marialuisa Sponziello 1, Francesco Baratta 4,  
Daniela Commodari 1, Vincenza Colonna 5, Allegra Via 6, 
Marcello Arca 1
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and Informatics, University of Tennessee Health Science 
Center, Memphis, TN, USA; 4Department of Clinical Internal, 
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Background: Reducing LDL-C is essential for cardiovascular 
prevention, but achieving this through inhibition of apoB or 
ANGPTL3 may raise concern about liver safety. Recently we 
have reported that cholesterol lowering variants in APOB, but 
not ANGPTL3, associates with increased risk of liver disease in 
a large cohort of UK Biobank. Whether this effect may be modu-
lated by the common risk factors is undetermined.
Objective: To investigate how metabolic risk factors may modu-
late the hepatic consequences of genetic inhibition of the APOB 
and ANGPTL3 genes.
Methods: The association of inactivating variants in APOB 
and ANGPTL3 with liver disease was tested in 910 carriers and 
410,721 non-carriers from the UK Biobank. Chronic liver disease 
(CLD) was defined as a composite of alcoholic and non-alcoholic 
fatty liver, liver cirrhosis and liver cancer. Patients were strati-
fied according to diabetes (yes/none), obesity (BMI<25kg/m2 
– BMI 25-29.9 kg/m2 - BMI ≥30kg/m2) and PNPLA3 rs738409 
genotype (dominant model). Multivariable regression analy-
ses were used to assess the risk of liver disease. Kaplan-Meier 
curves and multivariable Cox proportional hazards regression 
models with covariates were employed to estimate the lifetime 
risk of incident CLD. Two-tailed P values ≤0.05 were considered 
to indicate statistical significance. Python (v3.10.13) and R soft-
ware (v4.3.1) were used for all statistical analyses.
Results: A total of 411,631 UK Biobank participants (aged 57 
[49-62] years, 177,793 [43%] male) were included in the study. 
Of these, 241 were identified as carriers of inactivating variants 
in APOB, 669 in ANGPTL3 and 410,721 as non-carriers. After 
adjustment for potential confounders, individuals with the APOB 
variants had a fourfold increased risk of chronic liver disease 
(OR 4.34, 95%CI 2.56–7.37; Padj=4.8E-8). In contrast, inactivat-
ing variants in ANGPTL3 did not demonstrate a statistically sig-
nificant association with the risk of any liver-related outcomes. 
After stratifying for the presence or absence of metabolic risk 
factors, the occurrence of CLD was higher in the APOB group 
compared to non-carriers, independently of diabetes and obesity 
status or PNPLA3 genotype (all P<0.005). It is noteworthy that 
within both APOB and ANGPTL3 groups, patients with diabetes 
exhibited a higher prevalence of CLD compared to those without 

(P=1.9E-8 and P=0.004, respectively). However, in a multinomial 
regression analysis, only APOB carriers demonstrated the high-
est risk of CLD within each risk factor category (all Padj<0.04). 
Similar results were obtained in the analysis of lifelong event-
free survival. 
Conclusions: Genetic inhibition of APOB, but not ANGPTL3, is 
associated with an increased risk of liver disease, independently 
of the presence or absence of metabolic risk factors.

DECIPHERING THE MECHANISM  
OF LIPID FAT ACCUMULATION IN 
RESPONSE TO siRNA ANTI ANGPTL3
Nicola Ferri 1, Ilaria Rossi 1, Giorgia Marodin 1,  
Maria Giovanna Lupo 1, Maria Pia Adorni 2, Bianca Papotti 2, 
Enidia Hazizaj 1, Alessandra Giannella 1, Giulio Ceolotto 1

1Università degli Studi di Padova;
2Università degli Studi di Parma
E-mail: nicola.ferri@unipd.it

Background: Angiopoietin-like 3 (ANGPTL3) is an hepatokine 
acting as negative regulator of lipoprotein lipase (LPL). Vupan-
orsen, ANGPTL3 directed antisense oligonucleotide, showed 
an unexpected increase in liver fat content in humans and was 
discontinued from clinical trial. We investigated the molecular 
mechanism linking ANGPTL3 silencing to hepatocyte fat accu-
mulation. 
Methods: Human hepatocarcinoma Huh7 cells were treated 
with siRNA-ANGPTL3, siRNA-PCSK9, or the combination of 
the two siRNA. Western blot, Oil red-O, RTqPCR, biochemical 
and ELISA assays were performed to assess changes in lipid 
metabolism. RNAseq was performed on the same experimental 
conditions. Livers from PCSK9 KO mouse in standard diet were 
analyzed by western blot. 
Results: Oil red-O analysis demonstrated that lipid content 
increased significantly after ANGPTL3 or PCSK9 silencing as 
well as the combination of both (respectively 3.5, 0.45, 1.40 fold) 
compared to siRNA scramble control. When ANGPTL3 gene ex-
pression was reduced by 99.5% we observed an increase in main 
genes involved in de novo lipogenesis (FAS +36%, ACC1 +54%, 
ACLY +18%, SCD1 +89%) and in SREBP1 (+49%), SREBP2 (+27%) 
and PCSK9 (+163%). We also found a significant increase in FAS 
and SCD1 proteins (2.81 and 3.16 fold vs. basal, respectively) 
after siRNA-ANGPTL3. Moreover, PCSK9 silencing increases 
ANGPTL3 expression by 1.58 fold, and vice versa, ANGPTL3 
silencing induces PCSK9 by 2.63 fold. The modulation of 
ANGPTL3 expression in absence of PCSK9 was confirmed also 
in PCSK9 KO mice. RNA sequencing identified 338 differential-
ly regulated genes (DEGs) between siRNA scramble and siR-
NA-ANGPTL3, including LMAN1 and SERPINA1. 
Conclusions: Silencing of ANGPTL3 may reduce the intracel-
lular concentration of free cholesterol determining the activa-
tion of the SREBP pathway. ANGPTL3 and PCSK9 are inversely 
regulated in vitro and in vivo but fat accumulation occurs in-
dependently from PCSK9. 338 DEGs were found significantly 
regulated in response to siRNA-AGPTL3, including LMAN1 
and SERPINA1. De novo lipogenesis and SERPINA1 deficiency 
represents possible mechanisms contributing to the hepatic fat 
accumulation observed after ANGPTL3 ASO treatment.
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IDENTIFICATION OF CREB3L3  
VARIANTS IN PATIENTS  
WITH HYPERTRIGLICERIDEMIA
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Introduction: Hypertriglyceridemia (HTG) is a prevalent form 
of dyslipidemia, strongly associated with an increased risks of 
cardiovascular diseases and pancreatitis. Current guidelines de-
fine normal fasting plasma TG levels as <1.7 mmol/L (150 mg/
dL), while levels ranging from 2 to 10 mmol/L (175-885 mg/dL) 
and >10 mmol/L (885 mg/dL) classify mild-to-moderate and 
severe hypertriglyceridemia, respectively. Very severe HTG, 
defined as TG levels >20 mmol/L (>1770 mg/dL), is extreme-
ly rare, with a prevalence of only 0.014%. Autosomal recessive 
monogenic forms typically involve loss-of-function variants in 
key genes that regulate triglyceride metabolism, such as LPL, 
APOC2, APOA5, GPIHBP1, and LMF1. In addition, variants in 
genes such as CREB3L3 and GCKR have been implicated in 
dominant forms of familial hypertriglyceridemia. CREB3L3 var-
iants may play a role in a broader spectrum of lipid metabolism 
disorders involved in phenotypic heterogeneity associated with 
hypertriglyceridemia.
Materials and Methods: Targeted Next Generation Sequenc-
ing (NGS) was employed to analyze the coding regions and in-
tron-exon junctions of genes implicated in the synthesis and met-
abolic pathways of triglycerides. NGS Analysis was performed 
on a cohort of 19 patients who had various degrees of hypertri-
glyceridemia, ranging from moderate to severe and very severe 
HTG.
Results and Conclusion: Several variants of CREB3L3 were 
identified in 15 patients belonging to this cohort. Five distinct 
variants associated with phenotypic variability ranging from 
mild to severe hypertriglyceridemia were identified. Four pa-
tients were identified as heterozygous carriers of the nonsense 
c.610C>T mutation (p.Arg204Ter) and had hypertriglyceridem-
ia of varying severity, ranging from mild to severe. One patient 
with mild hypertriglyceridemia was identified as carrying the 
previously characterized pathogenic c.718G>A (p.Glu240Lys) 
variant, while three other patients carrying the same variant 
had moderate and severe forms of the condition. Another pa-
tient with mild hypertriglyceridemia was a carrier of a loss-of-
function variant, c.732_733insG (p.Lys245GlufsTer130), while 
two patients with moderate and severe hypertriglyceridemia 
were identified as heterozygous carriers of the c.742C>T vari-
ant (p.Arg248Cys). In addition, three patients were found to be 
carriers of the c.333delG variant (p.Lys111fsX20), although func-
tional studies on this variant are still ongoing. The phenotypic 
heterogeneity associated with CREB3L3 variants underscores 
the complexity of the genotype-phenotype relationship in hyper-
triglyceridemia. These findings highlight the need for further 
functional studies to elucidate the specific impact of CREB3L3 
variants on triglyceride metabolism, suggesting the involvement 
of additional genetic or environmental modifiers, which require 
further investigation.

ACUTE PANCREATITIS AND SEVERE 
HYPERTRIGLYCERIDEMIA: THE RARE 
CASE OF A YOUNG PATIENT AMIDST 
DIAGNOSTIC CHALLENGES AND CLINICAL 
MANAGEMENT
Sofia Donnarumma 1, Vincenzina Palermo 1, Greta Chiarelli 1, 
Raffaele Russo 1, Carmine De Luca 1, Francesca De Ruberto 1, 
Roberta Lupoli 2, Ilenia Lorenza Calcaterra 1,  
Gabriella Iannuzzo 1, Matteo Di Minno 1

1Department of Clinical Medicine and Surgery, Federico II 
University, Naples, Italy; 2Department of Molecular Medicine  
and Medical Biotechnology, University of Naples Federico II, 
Naples, Italy 
E-mail: donnarumma.med@gmail.com

Introduction: Acute pancreatitis is a potentially life-threatening 
condition, often caused by gallstones or alcohol abuse. However, 
the rising rates of obesity and diabetes have led to an increase 
in cases of pancreatitis induced by hypertriglyceridemia (HTG), 
a less common but clinically significant condition. We present a 
rare case of edematous acute pancreatitis associated with severe 
hypertriglyceridemia in a 26-year-old patient with no history of 
alcohol use or a family history of pancreatitis, but with a family 
background of mixed dyslipidemia.
Case Report: In September 2022, a 26-year-old man presented 
at the Regional Center for Dyslipidemias of the A.O.U. of Napoli 
Federico II due to severe hypertriglyceridemia (Triglycerides 5900 
mg/dl, Total Cholesterol 1012 mg/dl) associated with edematous 
acute pancreatitis. The patient reported no alcohol consumption or 
family history of cardiovascular events or pancreatitis, but he did 
have a family history of mixed dyslipidemia (father and brother). 
His medical history included moderate hypertriglyceridemia (Max 
TG 372 mg/dl) and nodular thyroid disease in euthyroid status. His 
BMI was 28 kg/m².
Laboratory tests showed the following values: Total choles-
terol 429 mg/dl, triglycerides 710 mg/dl, blood glucose 235 mg/
dl, elevated inflammatory markers (fibrinogen >1000 mg/dl, CRP 
431 mg/L), and neutrophilic leukocytosis (WBC 11420/uL). An 
abdominal ultrasound revealed hepatic steatosis without biliary 
calculi and splenomegaly. Therefore, the patient began parenter-
al nutrition, insulin therapy, and lipid-lowering treatment. Genetic 
testing for hypertriglyceridemia yielded negative results. At the 
6-month follow-up, lipid profiles were normalized, and the pan-
creatic pseudocyst showed reduction, but blood glucose was 
slightly elevated (112 mg/dl, HbA1c 6.2%). A decision was made 
to implement strict monitoring of glucose levels, with subsequent 
reassessment in 3 months, revealing a worsening glycometabolic 
profile (blood glucose 225 mg/dl, HbA1c 10.8%). Further tests 
ruled out type 1 diabetes, except for the presence of anti-IA2 an-
tibodies (1832.29 uI/ml), suggesting an autoimmune type, for 
which insulin therapy was initiated with a basal-bolus regimen. 
Genetic testing for MODY diabetes was positive for the PDX1 
mutation associated with MODY4 diabetes. Given the complex 
glycometabolic condition, a decision was made to continue close 
clinical and laboratory monitoring of the patient, who currently, 
due to normalization of glucose values, has discontinued insulin 
and lipid-lowering therapy.
Conclusions: This case highlights the complexity of managing 
patients with severe hypertriglyceridemia and the diagnostic 
challenges associated with conditions like autoimmune diabetes. 
Therefore, a multidisciplinary approach and careful follow-up 
are crucial to ensure proper clinical management and prevent 
complications.
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HDL SUBFRACTIONS AS AN ADDITIONAL 
BIOMARKER OF HDL METABOLISM  
IN HYPERCHOLESTEROLEMIC PATIENTS
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Introduction: Familial Hypercholesterolemia (FH) is an auto-
somal dominant disease mainly caused by pathogenic variants 
in LDLR, APOB and PCSK9 genes. It is characterized by high 
levels of LDL-cholesterol (LDL-c) and increased risk of coronary 
artery disease (CAD). We aim to investigate additional biomark-
ers useful in the evaluation of HDL metabolism in FH patients 
with (FH/V+) and without (FH/V-) pathogenic variants.
Methods: Lipid profile of each patient includes total cholesterol, 
LDL-c, HDL-c, triglycerides and ApoA1. We analysed the distri-
bution of HDL subfractions in 192 patients (116 FH/V+ and 76 
FH/V-) with clinical suspicion of FH using a method based on 
polyacrylamide gel electrophoresis. This method allows to sep-
arate 10 subfractions of HDL that are grouped in: HDL Large, 
HDL Intermediate and HDL Small. 
Results: No difference of HDL-c and HDL-c/ApoA1 were ob-
served between FH/V+ and FH/V- patients, whereas ApoA1 lev-
els resulted higher in FH/V+. This group of patients also showed 
higher levels of the ratio between HDL Large and Small (HDL 
L/S): 2.23 (1.38-3.74) in FH/V+ and 1.63 (1.10-2.45) in FH/V- 
patients (p<0.001). The association of this ratio with the pres-
ence of pathogenic variants remains significant independently 
from age, sex, LDL-c, HDL-c and ApoA1 levels OR=1.507 (95% 
CI 1.174 - 1.933; p=0.001). We observed that HDL L/S correlated 
positively with HDL-c (Spearman coefficient = 0.444; p<0.001) 
and negatively with triglycerides (Spearman coefficient = -0.577; 
p<0.001) in the whole population. A positive correlation of HDL 
L/S with ApoA1 (Spearman coefficient = 0.386; p<0.001) was ob-
served only in FH/V- patients.
Conclusions: HDL L/S ratio could represent an additional bi-
omarker of HDL metabolism that differentiate FH/V- and FH/
V+ patients independently from standard HDL biomarkers. The 
altered size of HDL could explain the increased predisposition 
to cardiovascular disease of FH/V+ patients compared to FH/V- 
patients.

COULD BE AN ECHOCARDIOGRAPHIC 
“CALCIUM-TARGETED” SCORE  
A GOOD SURROGATE OF CT-scan 
AGATSTON CALCIUM SCORE  
TO PREDICT CARDIOVASCULAR 
RISK IN HETEROZYGOUS FAMILIAL 
HYPERCHOLESTEROLEMIA?
Carola Maria Gagliardo, Emilio Nardi, Antonina Giammanco, 
Carlo Maria Barbagallo, Federica Furia, Maria Laura Furnari, 
Federica Brucato, Chiara Scrimali, Maria Grazia Fasciana, 
Rossella Spina, Marina Lanza, Davide Noto,  
Angelo Baldassare Cefalù, Maurizio Averna
Department of Health Promotion, Mother and Child Care, 
Internal Medicine and Medical Specialties “G. D’Alessandro” 
(PROMISE), University of Palermo, Italy 
E-mail: carola.gagliardo@libero.it

Background: Heterozygous familial hypercholesterolemia (HeFH) 
determines a high risk of atherosclerotic-based cardiovascular 
disease. Coronary artery calcification (CAC) score by Ct-scan 
Agatston calcium score (ACS) >100 classifies FH as severe dis-
ease. Echocardiographic calcium score (ECS) evaluates aortic 
valve calcifications and is considered a good predictor of athero-
sclerotic burden and cardiovascular outcome.
Objective: To test ECS as predictor of ACS >100 in a HeFH co-
hort. 
Methods: Coronary CT-scan with determination ACS and at 
rest-transthoracic echocardiogram with ECS evaluation were 
performed in 81 HeFH patients. Patients were divided into 2 
groups according to ACS: high-risk ACS patients (high-ACS) 
with Agatston value >100 and low risk ACS patients (low-ACS) 
with Agatston value <100. Patients were stratified according to 
ECS=0 or ECS >0. 
Results: High-ACS patients were older and exhibited higher 
atherosclerotic burden at carotid US exam (p<0.032) than Low-
ACS patients; BMI, waist circumference and blood systolic pres-
sure were significantly higher (p<0.001) in high-ACS patients. 
ECS predicted a ACS >100 with sensitivity = 0.84, specificity = 
0.89, accuracy = 0.86, precision = 0.76.
Conclusion: ECS could be a good surrogate of CT-scan CAC 
evaluation in the specific subset of HeFH patients.
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Lysosomal acid lipase (LAL) hydrolyzes cholesterol esters and 
triglycerides in the lysosome. Genetic LAL-deficiency (LAL-D), 
a rare autosomal-recessive lysosomal storage disorder, induc-
es hepatic steatosis and hypercholesterolemia resulting in an 
increased cardiovascular risk. An enzyme replacement thera-
py (ERT) with sebelipase-alfa is available, which was shown to 
reduce liver steatosis and fibrosis and to correct dyslipidemia. 
Little is known about the impact of LAL-D, and consequently 
of ERT, on other organs and systems. In this context, experi-
mental evidence suggests that LAL-D may affects both innate 
and acquired immune response. Therefore, whether LAL-D 
causes immune alterations contributing to the cardio-metabolic 
dysfunction and whether ERT is effective in normalizing these 
alterations have not yet been investigated. Thus, aim of the pro-
ject was to characterize the immunophenotype of ERT-naïve and 
ERT-treated LAL-D patients versus controls. A trend of reduc-
tion in circulating levels of leukocytes in ERT-naïve LAL-D pa-
tients was observed, when compared to controls. No difference 
was observed in the frequency of T lymphocytes. Neutrophils 
were significantly increased in LAL-D naïve patients, compared 
to controls, and normalized by ERT. More interestingly, in 
LAL-D patients we reported a 75% decrease of NK cells, with 
a shift in the distribution from CD56dim (cytotoxic) towards 
CD56bright NK subset (cytokine-releasing). Consistently, the 
functional characterization showed an impaired cytotoxic and 
degranulation capacity in NK cells from ERT-naïve patients com-
pared to controls. The frequency of NK population persists even 
in ERT-treated patients, with a partial correction of the subset 
distribution. Thus, our data suggest that LAL-D affects the distri-
bution of immune cells and particularly that of NK cells, which 

seems to be only partially corrected by ERT. Further studies 
are needed to understand the underlying molecular mechanisms 
linking LAL to NK biology.

CYTOTOXIC AND DYSMETABOLIC 
IMPACT OF A NEW POTENTIAL 
ATHEROSCLEROTIC CARDIOVASCULAR 
RISK FACTOR, NANO-PLASTICS, ON  
A STEATOSIS MODEL OF HepG2 CELLS
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Lorenzo Da Dalt 1, Paolo Magni 2
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Introduction and Aim: The pervasiveness of nano-plastics 
(NPs) gave raise to serious concerns on the environmental, 
animal, and human health linked to the One Health principle. 
Most research activity was performed in animal models, show-
ing how NPs can induce macrophage lipid accumulation, leading 
their differentiation into foam cells observed in atheromas. In 
cardiometabolic disease-mouse models polystyrene (PS)-NPs 
were found to disrupt lipid metabolism and induce weight gain 
by promoting adipogenesis. In vitro PS-NPs induced migration 
of mouse aortic smooth muscle cells, promoting atherosclerotic 
plaques formation. Microplastics were recently found in human 
atheromas associated with reduced collagen production and in-
creased pro-inflammatory cytokine expression. Nevertheless, 
the knowledge gap about the adverse impact of NPs in human 
beings remains. This project aims at unveiling the potential cy-
totoxic and dysmetabolic acute effects induced by PS-NPs in 
hepatocytes, since the liver plays a major role in the clearance of 
xenobiotics and supports the cardiometabolic health. 
Methods: Human hepatoma HepG2 cell line and the steatosis 
model of HepG2 cells differentiated with oleic acid (HepG2-OA) 
were selected. Both in vitro models were exposed to fluorescent 
and non-fluorescent PS-NPs (20, 100, 200, 500 nm) at concen-
trations of 10, 100, and 200 ug/mL. NPs uptake was quantified 
by cytofluorimetric analysis. Cell viability was evaluated by MTT 
assay after 24/48 hours. Metabolic derangements were assessed 
by flow cytometry, namely glucose uptake and reactive oxygen 
species production. 
Results: PS-NPs reduced viability mainly in HepG2-OA after 
24/48h NP-treatment. PS-NPs uptake increased in a dose-re-
sponse fashion after 24/48h-exposure as revealed by cytofluori-
metric analysis. Exposure to NPs resulted in an impaired glu-
cose uptake. 
Conclusions: These findings highlighted PS-NPs-driven cyto-
toxic and dysmetabolic effects in HepG2 and HepG2-OA cells. 
Considering the impact of PS-NPs in the liver may help to better 
understand the pathological mechanisms exhausting liver stea-
tosis and leading to MASLD and atherosclerotic cardiovascular 
disease.
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INSULIN RESISTANCE SURROGATE 
BIOMARKERS AND 24-HOUR BLOOD 
PRESSURE MONITORING IN A 
POPULATION OF OVERWEIGHT  
NON-DIABETIC HYPERTENSIVE PATIENTS
Matteo Landolfo, Francesco Spannella, Sara Moriglia, 
Alessandro Gezzi, Riccardo Sarzani
1Internal Medicine and Geriatrics, SISA LIPIGEN Centre, 
IRCCS INRCA, Ancona, Italy - Department of Clinical and 
Molecular Sciences, University “Politecnica delle Marche”, 
Ancona, Italy
E-mail: alessandro.gezzi@gmail.com

Background and Aim: Insulin resistance (IR), a pathological 
condition associated with visceral adiposity excess and char-
acterised by impaired glucose-lipidic metabolism and compen-
satory hyperinsulinemia, promotes hypertension and dyslipi-
demia through multiple pathophysiological mechanisms. The 
triglycerides-HDL cholesterol ratio (TG/HDL-C), the TG/
glucose index (TyGi), and the metabolic score for insulin re-
sistance (METS-IR) are surrogate biomarkers of IR based on 
routinely available anthropometric parameters. Regarding 
office blood pressure (BP), higher values of these biomark-
ers are invariably associated with an increased risk of hyper-
tension and poor BP control. However, no investigation has 
been conducted to compare the IR surrogate biomarkers and 
the 24-hour ambulatory blood pressure monitoring (ABPM), 
and data on IR surrogate biomarkers in patients undergoing 
anti-hypertensive treatment is lacking. Our study evaluated 
the association between TG/HDL-C, TyGi and METS-IR with 
24-hour blood pressure control in a non-diabetic hypertensive 
outpatient population. 
Methods: We designed an observational cross-sectional study 
on 1514 consecutive outpatients who were consecutively eval-
uated for the diagnosis and treatment of hypertension at our 
ESH Excellence Centre for Hypertension and Cardiovascular 
Disease, IRCCS INRCA Internal Medicine and Geriatric Unit of 
Ancona, and who had a recent and valid ABPM available. TG/
HDL-C, TyGi, and METS-IR were calculated based on available 
anthropometric and metabolic parameters. Anti-hypertensive 
therapies were assessed considering the number of drugs and 
the treatment intensity score (TIS), calculated as the ratio of 
the administered dose to the maximum dose. Participants were 
compared on the base of the 24-hour blood pressure control. 
Multivariate logistic regression models (Model 1: adjusted for 
age, sex, and BMI; Model 2: further adjusted for the number 
of anti-hypertensive drugs and TIS) were used to evaluate the 
association between TG/HDL-C, TyGi and METS-IR quartiles 
(referenced to the first quartile) and the prevalence of uncon-
trolled 24-hour BP, in the overall population and subgroups 
based on the anti-hypertensive therapy. 
Results: 1.514 patients with a mean age of 56±14 years, 59.1% 
male. The mean body mass index (BMI) was 28±5 kg/m2. The 
median TG/HDL-C ratio was 2.17 (IQR 1.44-3.40), the median 
TyGi was 8.56 (IQR 8.21-8.93), and the median METS-IR was 40 
(IQR 35-47). Type 2 diabetes mellitus (T2DM) was diagnosed 
in 11.8% of patients, and 72.2% were on anti-hypertensive treat-
ment(s), predominantly renin-angiotensin system inhibitors 
(RASi, 72.5%). The median number of anti-hypertensive drugs 
was 2 (IQR 1-3), and the median TIS was 1.35 (IQR 0.75-2). 
Twenty-four-hour BP with hypertensive BP criteria despite 
therapy was found in 62.9% of the (n=953). Patients with un-
controlled 24-hour BP were younger, predominantly male, with 

lower rates of cardiovascular comorbidities (obesity, T2DM, 
dyslipidemia, chronic kidney disease) and use of anti-hyperten-
sive drugs and TIS. There were no differences between groups 
in median TG/HDL-C, TyGi, or METS-IR levels. In Model 1, 
higher METS-IR quartiles were significantly associated with 
an increased risk of uncontrolled 24-hour BP compared to the 
first quartile (OR 1.62, 95% CI 1.18-2.23 for the second quartile, 
OR 1.46, 95% CI 1.07-1.99 for the third quartile, and OR 1.39, 
95% CI 1.03-1.86 for the fourth quartile, p=0.018). In patients 
not on anti-hypertensive treatment, only the higher TG/HDL-C 
quartile showed a higher risk of uncontrolled BP (OR 2.40, 95% 
CI 1.27-4.55). In Model 2, compared to the number of anti-hy-
pertensive drugs and TIS, none of the three IR surrogate bio-
markers was independently associated with an increased risk 
of uncontrolled 24-hour BP.
Conclusions: Surrogate biomarkers IR based on simple and 
readily available anthropometric and metabolic parameters, 
especially the METS-IR, suggest a common dysmetabolic (ad-
ipo-centric?) origin of both IR and higher BP with increased 
cardiovascular risk. In treated hypertensives, the independent 
association between surrogate biomarkers of IR and 24-hour 
BP control was lost when the model included the number of an-
ti-hypertensive drugs and TIS, further highlighting the crucial 
role of adequate pharmacological treatment.
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IMPACT OF IMMUNE SYSTEM HUMANIZA-
TION ON ATHEROSCLEROSIS IN DYSLIP-
IDEMIC IMMUNOCOMPROMISED MICE
Sara Greco, Annalisa Moregola, Giovanni Battista Vingiani, 
Laura Gullà, Elsa Franchi, Marco Busnelli,  
Giuseppe Danilo Norata, Fabrizia Bonacina
Department of Pharmacological and Biomolecular Sciences, 
Università degli Studi di Milano
E-mail: sara.greco@unimi.it

Background and Aim: Immune cells are key players in ath-
erosclerosis development and interest in targeting cardiovascu-
lar immune response has grown lately. Indeed, the availability 
of immunomodulatory biologics targeting human proteins has 
prompt the need of experimental models to investigate molecu-
lar mechanisms and test therapeutic approaches to cardiovascu-
lar disease.Hence, we provide an immune and metabolic charac-
terization of a novel immunodeficient mouse model humanized 
with human hematopoietic cells on an atheroprone background.
Methods: LDLR-KO mice were crossed with the immunode-
ficient C57BL/6J strain Rag2-KO/IL2rg-KO/CD47-KO (TKO, 
IMSR_JAX:025730) to generate an immunocompromised dys-
lipidemic mouse (TKO-LDLR KO mice) recipient of human he-
matopoietic stem cells (hCD34+).
Results: TKO mice present a deficiency in mature lymphocytes 
and NK cells. This characteristic is conserved in TKO-LDLR KO 
mice with an added atheroprone background. When fed with a 
high cholesterol diet, TKO-LDLR KO develop marked dyslipi-
demia and atherosclerosis. This profile confirms the suitability 
of TKO-LDLR KO mice for atherosclerosis studies. We, then, 
tested the impact of immune system humanization on disease 
progression. TKO-LDLR KO were irradiated with a low-dose 
irradiation (200 cGy) at births and thereafter underwent intra-
hepatic injection of 2 x 10^5 hCD34+. Engraftment of human 
leukocytes (hCD45+) was evaluated starting from two months 
after injection by flow cytometry from tail blood. This approach 
allowed the reconstitution of 10-30% of hCD45+, mainly T and 
B cells. hCD45 were also successfully engrafted in the thymus 
(95%), spleen (20%), and liver (25%). The humanization process 
did not affect cholesterol levels (939,8±94,41 vs. 987,4±48,82 mg/
dL) and didn’t seem to contribute greatly to the worsening of ath-
erosclerosis development and lesion area compared to internal 
non-injected controls. 
Conclusion: We have generated and characterized the human-
ized dyslipidemic TKO-LDLR KO model. It presents human B 
and T cells and represents a promising tool to investigate the 
impact of human adaptive immune cells modulation as a thera-
peutic strategy in the context of atherosclerosis.

ROLE OF KUPFFER CELL-DERIVED  
ApoE ON HDL COMPOSITION  
AND FUNCTIONALITY
Laura Gullà 1, Annalisa Moregola 1, Francesca Fantini 1,  
Sara Greco 1, Maria Deneuve San Pedro 1, Lucia Belotti 2,  
Alice Ossoli 2, Giuseppe Danilo Norata 1, Fabrizia Bonacina 1

1Department of Pharmacological and Biomolecular Sciences 
“Rodolfo Paoletti”, Università degli Studi di Milano, Italy;  

2Center E. Grossi Paoletti, Department of Pharmacological  
and Biomolecular Sciences, Università degli Studi di Milano, 
Italy 
E-mail: laura.gulla@studenti.unimi.it

Background and Aim: Apolipoprotein E (ApoE) is one of the 
main proteins associated with lipoproteins packaging and trans-
port as well as cholesterol efflux regulation. Hepatocytes are 
the main producers of ApoE, despite myeloid cells, especially 
macrophages including Kupffer cells, liver-resident macrophag-
es, have been shown to contribute to ApoE production. This 
suggests an immuno-modulatory role of the protein, promting 
the investigation of the role of Kupffer cell-derived ApoE (KCs-
ApoE) in the modulation of immunometabolic response at sys-
temic and cellular level. 
Methods: Kupffer cells selective ApoE-KO mice were gener-
ated by crossing ApoE flox/flox mice with Clec4f-Cre (ApoE 
KC-KO) mice. They were fed a normal chow diet for 12 weeks 
and FPLC, western blot, 2D-electrophoresis and flow cytometry 
analyses were performed to characterize the metabolic and im-
munophenotype profile of the mice. 
Results: Cholesterol (53,93±9,313 vs. 49,59±12,16) and triglyc-
erides (90,33±30,89 vs. 82,27±22,67) levels resulted comparable 
between ApoE KC-WT and KO. However, a western blot anal-
ysis on total plasma revealed a significant reduction of circu-
lating ApoE in KO mice, suggesting that a portion of ApoE in 
normo-cholesterolemic conditions may also derive from KCs. 
An FPLC analysis revealed no changes in cholesterol distribu-
tion, with the majority of cholesterol in HDL. To asses whether 
KC-derived ApoE contribute to the total amount of lipoproteins 
ApoE, a western blot on HDL plasma fractions was performed 
and showed a significantly low level of HDL-ApoE in KO mice. 
We also performed a more in-depth HDL characterization by 
2D-electrophoresis. We observed an increase in the percentage 
of immature pre-beta HDL (6,5% vs. 2,1%) compared to WT. No 
changes in the liver and circulation were reported in immune 
cell distribution.
Conclusion: We highlighted the contribution of Kupffer cell-de-
rived ApoE on total HDL ApoE levels which seem to affect their 
composition. Although molecular mechanisms are still to eluci-
date, our data unveil cell-specific hepatic functions of ApoE.
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TRANSCRIPTOME APPROACH UNRAVELS 
POTENTIAL BIOMARKERS IN ACUTE 
ISCHEMIC STROKE PATIENTS
Ada Kura 1, Elena Sticchi 1, Giulia Cassioli 1,  
Alessandro Sodero 2, Rebecca Orsi 1, Alberto Magi 3,  
Samuele Suraci 1, Lapo Squillantini 1, Arturo Consoli 4,  
Andrea Rosi 4, Sergio Nappini 4, Leonardo Renieri 4,  
Nicola Limbucci 4, Benedetta Piccardi 2, Francesco Arba 2, 
Cristina Sarti 2, Domenico Inzitari 2, Salvatore Mangiafico 4,  
Rossella Marcucci 1, Anna Maria Gori 1, Betti Giusti 1

1University of Florence, Department of Experimental and Clinical 
Medicine, Florence; 2AOU Careggi,Stroke Unit, Florence; 

3Department of Information Engineering, University of Florence; 

4AOU Careggi, Interventional Neuroradiology, Florence 
E-mail: ada.kura@unifi.it

Background and Aims: Acute ischemic stroke (AIS) is a cer-
ebrovascular disease leading to death and disability. Recent ad-
vancements in omics technologies suggest relevant information 
into clot composition, stroke mechanisms and etiology. The main 
goal of the study is to delve genetic aspect of AIS through the 
application of transcriptomic approaches. Our focus centers on 
the exploration of molecular signatures within cerebral thrombi 
(CT) and venous peripheral blood (PB) related to etiology. 
Methods: The transcriptomic profiles from CT and PB from 92 
ischemic stroke patients were analyzed with Affymetrix tech-
nology, followed by a Gene Ontology (GO) and Reactome en-
richment analysis. Olso, we performed a Cibersort analysis, to 
evaluate the immune system. 
Results: Analysis of CT data unveiled significant differences in 
gene expression profiles when comparing strokes of LAA origin 
with CE and cryptogenic strokes. Notably, LAA strokes exhibit-
ed overexpression of 301 genes compared to CE strokes, with 
differential expression of 209 genes compared to cryptogenic 
strokes. GO and REACTOME enrichment analysis, showed, re-
spectively, biological processes involved in inflammation. Genes 
such as S100A12, S100A9 and S100A8, associated with inflamma-
tion and atherosclerotic plaque instability, were overexpressed 
in LAA strokes. Genes involved in inflammation, including 
MMP9, IL-1β and VNN2. Concerning microRNA, we found over-
expression of miRNA-223 in atherosclerotic-origin strokes. The 
Cibersort analysis, suggest a similar immune cell composition 
in both CT and PB, specifically, a predominance of neutrophil. 
Conclusions: Transcriptome profiling has provided valuable in-
sights into the molecular landscape of AIS. The overexpression 
of genes such as MMP-9, S100A12, S100A9 and S100A8 in ath-
erosclerotic strokes underscores their association with plaque 
instability and adverse neurological outcomes. Dysregulation of 
genes such as IL-1β exacerbates ischemic injury, highlighting 
their crucial role in AIS pathophysiology. Transcriptome signa-
tures hold promise in distinguishing between stroke etiologies, 
paving the way for personalized approaches to secondary stroke 
prevention.

CROSSTALK BETWEEN LDL RECEPTOR 
AND MITOCHONDRIA: THE ROLE OF 
CARBAMOYL PHOSPHATE SYNTHETASE 1
Maria Giovanna Lupo 1, Cinzia Franchin 2, Ilaria Rossi 3,  
Giorgia Marodin 3, Giorgio Arrigoni 2, Nicola Ferri 1

1Department of Medicine, University of Padua, Italy;  

2Department of Biomedical Sciences, University of Padua, Italy; 

3Department of Pharmaceutical and Pharmacological Sciences, 
University of Padua, Italy
E-mail: mariagiovanna.lupo@unipd.it

Background and Aim: LDL receptor (LDLR) is the main reg-
ulator of LDL-cholesterol plasma levels. The aim of study was 
to identify proteins associated to differently expressed levels of 
LDLR.
Methods: HuH7 cells were incubated with fluo-LDLs and sort-
ed by FACS in 2 subpopulations expressing high and low levels 
of LDLR. Proteomic analysis was performed, and some of pro-
teins found differentially expressed (DEPs) have been knocked 
down by siRNA in HuH7 cells. RT-qPCR and WB assays were 
performed to check for LDLR (and LDLR-turnover related pro-
teins) expression. 10% or 0.4% FBS, as well as increasing concen-
trations of simvastatin, were used to stimulate SREBP2 pathway 
and investigate for any changes in the DEP identified. Jaspar 
database was interrogated for the presence of SREBP1 and 
SREBP2 responsive elements on the promoter of the identified 
DEP. HepG2 mock and overexpressing PCSK9 (HepG2PCSK9) 
were used as in-house in-vitro model for differential expression 
of LDLR.
Results: The proteomic analysis on HuH7 High and Low point-
ed-out an enrichment in several mitochondrial proteins differen-
tially expressed. Among them, carbamoyl phosphate synthase 1 
(CPS1), that catalyzes the rate limiting step of the urea cycle, re-
sulted significantly upregulated in cells with higher expression 
of LDLR. siRNA anti CPS1 in HuH7 cells resulted in a significant 
decrease in LDLR mRNA levels (-40%, p<0.05 vs. scr). Surprising-
ly, we observed a significant decrease in PCSK9 (-50%, p<0.05), 
HMG-CoA red (-90%, p<0.001), and SREBP2 (-70%, p<0.01) 
mRNA levels vs. scr cells. Simva induced the expression of CPS1 
mRNA (+25% at 40µM, p<0.05 vs. ctr) and protein (+40% at 40µM, 
p<0.001 vs. ctr) after 24h of treatment in HuH7 cells. Challenging 
HepG2 cells with starving medium±simva 40µM brought us to 
observe a significant 1.5-fold increase in CPS1 mRNA in starving 
conditions vs. ctr cells, with an additive effect upon simva treat-
ment. These results suggest an involvement of SREPB2 pathway 
in the regulation of CPS1. Indeed, the search for SREBP1 and 
SREBP2 responsive elements (RE) on human CPS1 promoter 
revealed the presence of 6 SREBP1 RE and 5 SREBP2 RE. HepG-
2PCSK9 cells showed a nearly total decrease in CPS1 protein 
and mRNA compared to HepG2 cells (p<0.001).
Discussion and Conclusions: modulation of the LDLR either 
by selection of cells with high capacity of lipoprotein uptake or 
by overexpressing PCSK9 led to the identification of CPS1 as 
a coregulatory protein. This association suggest a feed-forward 
regulatory loop between LDLR and CPS1 (and mitochondria), 
thus paving the way to new therapeutic scenarios in cholesterol 
dysfunctional diseases.
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IMPACT OF BEMPEDOIC ACID  
ON SKELETAL MUSCLE MITOCHONDRIAL 
ACTIVITY IN ApoE-/- MICE –  
A PRELIMINARY ANALYSIS
Chiara Macchi, Isabella Fichtner, Elsa Franchi,  
Alessandra Rizzuto, Chiara Pavanello, Marco Busnelli,  
Cesare Sirtori, Giulia Chiesa, Valerio Magnaghi,  
Alberto Corsini, Massimiliano Ruscica
Department of Pharmacological and Biomolecular Science, 
Università degli Studi di Milano, Italy 
E-mail: chiara.macchi@unimi.it

Lipid-lowering therapy is a cornerstone in preventing coro-
nary disease. Bempedoic acid (BA) can be prescribed when 
statin-associated muscular side effects are observed. Based on 
the hypothesis that statins impact skeletal mitochondrial activ-
ity, this study aimed to evaluate the effect of BA on this aspect 
in a murine model of hypercholesterolemia and compare it to 
the results obtained using atorvastatin. ApoE-/- mice were fed 
a high-fat high-cholesterol (HFHC) diet for 12 weeks, either 
alone (n=15) or with atorvastatin (40 mg kg-1 day; n=13) or BA 
(30 mg kg-1 per day; n=15). The primary outcome measured 
was skeletal muscles mitochondrial functionality. Secondary 
outcomes were locomotion and riding time. Tertiary outcomes 
included changes in lipids, plaque deposition, energy expendi-
ture and oxygen consumption. Safety was assessed by evaluat-
ing organ weights and glycemia. After 12 weeks, body weight, 
food intake, glycaemic profile, and organ weights were unaf-
fected by BA vs. HFHC diet alone. BA significantly reduced 
HDLc and neutral lipid accumulation in thoracic and abdomi-
nal aorta. The necrotic core of aortic sinus was also reduced 
with BA (all p<0.05). Mitochondrial functionality of skeletal 
muscles (tibialis anterior, extensor digitorum longus, soleus, 
gastrocnemius, quadriceps, and biceps brachii) in mice receiv-
ing BA (Mito stress analysis) was not reduced vs. HFHC alone, 
whereas mice receiving atorvastatin showed a significant 22% 
reduction in basal and maximal mitochondrial respiration. BA 
did not affect proteins of mitochondrial dynamics and of OX-
PHOS complexes (WB). No changes were found in locomotion 
(stride width and length, distance to opposite foot) and riding 
time in mice with BA or atorvastatin vs. HFHC. Metabolic cag-
es revealed a significant 12% increment in pedestrian locomo-
tion in mice given BA vs. those on HFHC diet, which was also 
associated with a significant rise in oxygen consumption rate. 
BA positive impacts plaque burden while preventing skeletal 
muscle mitochondrial functionality and locomotion.

CORRELATION BETWEEN CHOLESTEROL 
BURDEN AND CORONARY 
ATHEROSCLEROSIS IN PATIENTS 
WITH HETEROZYGOUS FAMILIAL 
HYPERCHOLESTEROLEMIA (HeFH)
Carlo Maiorca, Alessia Di Costanzo, Daniele Tramontano, 
Simone Bini, Martina Carosi, Ilenia Minicocci, Laura D’Erasmo, 
Marcello Arca 

Sapienza, Università di Roma 
E-mail: carlo.maiorca@uniroma1.it

Introduction to the project and state of the art Heterozygous Fa-
milial Hypercholesterolemia (HeFH) is an autosomal dominant 
disorder causing high LDL cholesterol and increased risk of 
premature atherosclerosis and cardiovascular disease, including 
aortic stenosis. Cholesterol burden (CB) is key in developing 
atherosclerosis, though its exact relationship with atheroscle-
rotic burden (BA) remains uncertain. Computed tomography 
coronary angiography (CCTA) is a valuable tool for assessing 
BA and aortic valve disease. Recent studies indicate that early 
lipid-lowering therapy reduces coronary plaque volume, linking 
CB to plaque size. 
Project objectives: The main objective of this study is to in-
vestigate the association between CB and BA in patients with 
genetically confirmed HeFH. Secondary objectives include the 
evaluation of the impact of lipid-lowering on the reduction of BA.
Methodology: The is a retrospective-prospective, observation-
al, non-randomized study on 250 patients with molecularly con-
firmed HeFH carrying pathogenic variants in LDLR, included 
in the LIPIGEN study and undergoing CCTA for routine clini-
cal practice. Among these patients, 92 have already undergone 
CCTA and will be included in the present preliminary analysis. 
Medical records were retrospectively revised to collect clinical, 
biochemical, pharmacological and imaging data. BA was esti-
mated by a comprehensive assessment of plaque phenotype, as-
sessment of the degree of coronary stenosis by Coronary Artery 
Disease-Reporting and Data System (CAD-RADS score from 0 
to 5) and evaluation of calcium quantity by Agatston score (ex-
pressed in HU, Hounsfield Units)]. 
Preliminary results: The cohort of patients undergoing CCTA 
(n=92, 59.8% male) had a mean LDL-C levels of 150,22 mg/
dl corresponding to a CB equal to 6276 mg-year/dl (4769.25 - 
8636.25). 44.6% (n=41) had a CAD-RADS score of 0, while more 
than half of the patients (n=51, 55.5%) had a CAD-RADS ≥1. The 
entire cohort of patients also had a median Agatston score of 
8.85 (0 - 125.3). Regression analyzes highlighted a positive cor-
relation between CB and CAD-RADS (Beta=0.26, P=0.009) which 
remained significant even after adjustment for major confound-
ing factors, such as sex, BMI and smoking habits (Beta=0.33, 
P=0.001). Furthermore, the CB emerged as a predictor of the 
increase in the Agaston score (Beta=0.25 P=0.016), even after 
adjustment for confounding factors (Beta=0.27 P=0.008) 
Conclusions: This preliminary analysis confirmed a positive 
correlation between cholesterol burden and atherosclerotic 
burden. Further investigation will enable us to assess whether 
pharmacological modulation of LDL cholesterol can lead to a sig-
nificant reduction in atherosclerotic plaque burden.
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NEONATAL SCREENING FOR LYSOSOMAL 
ACID LIPASE DEFICIENCY IN THE 
SARDINIA REGION, ITALY
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Cholesterol Ester Storage disease (CESD) is a term used to 
group lysosomal acid lipase deficiencies associated with a less 
severe clinical phenotype than that of Wolman disease, a fatal 
disease within one year of the newborn’s life. This is because 
in CESD the enzymatic defect is subtotal, while in Wolman the 
enzymatic deficiency is practically totally. In both cases the 
transmission is autosomal recessive. The enzyme deficiency is 
due to mutations in the acid lipase gene (LIPA or LAL). This en-
zyme plays a fundamental role in the hydrolysis of lipoproteins 
at the endosomal and lysosomal levels. In CESD, lipid storage 
abnormalities mainly concern the accumulation of esterized 
cholesterol, with abnormalities in the accumulation of triglycer-
ides less evident than in Wolman’s disease. The age of onset and 
progression of CESD are extremely heterogeneous, with a con-
tinuous spectrum of the disease between almost asymptomatic 
forms, early-onset and severe forms which may be related to a 
change in the level of residual acid lipase activity. The estimated 
prevalence of the enzyme deficiency in the Caucasian popula-
tion causing Wolman is not known, while the estimate varied be-
tween 1/40,000 and 1/300,000 in CESD. In the latter pathology, 
hepatomegaly is the main, and sometimes the only, clinical sign. 
The age of onset varies but is usually early (generally before 
the age of 10-12), although the appearance of first symptoms in 
adulthood has been described. Splenomegaly is also present in a 
third of cases. Liver disease may remain asymptomatic for a long 
period, but tends to progress to steatosis, liver failure, fibrosis 
and even micronodular cirrhosis in severe cases. In the majority 
of patients, plasma hyperlipidaemia with hypercholesterolemia 
is present, associated with an increase in LDL cholesterol levels, 
a reduction in HDL cholesterol levels with variable hypertriglyc-
eridemia (Phenotype IIB). Adul patients have a significant risk 
of atherosclerosis. Radiographs can detect adrenal calcifications 
in Wolman disease, but not in CESD. In both forms the diag-
nosis can be made by measuring the enzymatic activity on Dry 
Blood Spot (DBS). Genetic analysis can be used to confirm the 
diagnosis. The differential diagnosis of CESD must be made 
with IIB related dyslipidaemias (Combined Hyperlipidaemia) 
and with liver diseases that lead to micronodular cirrhosis. For 
both disorders, replacement therapy of acid lipase (Sebelipase 
Alpha) is available intravenously once every two weeks with re-
sults of remission of the disease. The aim of the present study, 
financed by Alexion and approved by local ethics committee, 
was the early identification in Sardinian newborns, by means of 
a drop of blood obtained with a heel stick and normally used 
for neonatal screening for congenital hypothyroidism and phe-
nylketonuria, of Wolman disease and CESD, respectively, due 
to a total or subtotal acid lipase enzyme deficiency. Every year 
approximately 6,000 babies born in Sardinia. In spite of a discon-
tinuously activity due to the Covid-19 pandemia, from February 
2020 until October 2023, 4,889 enzymatic assays on DBS have 

been performed. Until now, no samples with zero activity and 
no sex differences were found; 14 samples with very low activ-
ity have been obtained (<0.20). The considered normal range 
of LAL activity is 0.20–0.80 nmol/spot/h; the mean normal LAL 
activity is 0.44; The genetic analysis of the 14 samples with low 
enzymatic activity revealed only already known SNPs variants 
for all 10 exons. At the present time, neonatal LAL screening 
analysis is still in progress. The goal of an extension of the study 
would be to screen more than 40,000 newborns.

STRUCTURE AND TRAFFICKING  
OF PCSK9 IN LDL BINDING
Sara Matteucci 1, Lorenzo Arnaboldi 2, Liliana Grigore 3, 
Erica Gianazza 4, Cristina Banfi 4, Alberico L. Catapano 1,2
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Introduction: Circulating PCSK9 is known to interact with the 
LDL-R thus promoting its degradation and blunting the uptake 
of LDL from the circulation. In this context, anti-PCSK9 mAbs 
and siRNAs are approved for the treatment of hypercholester-
olemia. Previous studies have demonstrated that a significant 
proportion of circulating PCSK9 associates to LDL. The purpose 
of our research is to better understand the basis of the PCSK9-li-
poprotein interaction and its synthesis.
Methods: A three-layered iodixanol gradient was used to iso-
late lipoproteins fractions from patients’ plasma before and after 
treatments. Lipoproteins components were studied by spectro-
photometric, lipidomic and proteomic approaches.
Results: The LDL-C levels decreased from 103±50 to 42±17 mg/
dL after siRNA treatment and from 126±50 to 57±31 mg/dL after 
mAbs therapy. Circulating PCSK9 decreased 65% after siRNA, 
while plasma PCSK9 levels increased 10-fold after mAbs (n=18 
and 30 respectively; p<0.05). Independent of the therapy, PCSK9-
bound to LDL was on average 10% (n=30; p<0.01). Immunoblot-
ting analysis demonstrated that PCSK9 binds to LDL with its 
active form. Lipidomic and LC-MS analyses revealed that PCSK9 
associates with a subfraction of LDL that has a lower density and 
contains higher amounts of ApoE, ApoCs than average LDL. In 
post-prandial subjects, PCSK9 levels decreased from 468.6 to 
407.2 ng/mL, by 10%.
Conclusions: Our study identified an LDL subfraction more 
buoyant than classical LDL (IDL-like lipoproteins) that is in-
volved in PCSK9 binding. Although the therapies significantly 
modify the total circulating levels of LDL and PCSK9, the per-
centage of PCSK9-bound LDL remains constant. The active form 
of PCSK9 appears to be involved in binding both LDL and the 
LDL receptor. The analysis of post-prandial samples requires 
further investigation due to the observed decrease in PCSK9 
levels.
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FACTORS INFLUENCING THE INITIATION 
OF LIPID-LOWERING TREATMENT  
IN HOSPITALIZED PATIENTS AFTER  
A CARDIO-CEREBROVASCULAR EVENT:  
A RETROSPECTIVE COHORT STUDY
Elena Olmastroni 1,2, Stefano Scotti 1, Federica Galimberti 1,  
Asiiat Alieva 3, Sining Xie 2, Alberico L. Catapano 1,2,  
Manuela Casula 1,2

1IRCCS MultiMedica, Sesto S. Giovanni, Milan, Italy;  

2Epidemiology and Preventive Pharmacology Service (SEFAP), 
Department of Pharmacological and Biomolecular Sciences, 
University of Milan, Milan, Italy; 3Research laboratory of lipid 
disorders and atherosclerosis, Almazov National Medical 
Research Centre, Saint Petersburg, Russia
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Background: Current European guidelines on cardiovascu-
lar prevention recommend the use of lipid-lowering therapies 
(LLTs) in patients who have experienced an atherosclerotic car-
diovascular event (ASCVD).
Objectives: This study aims to provide updated data on the pre-
scription of LLTs in patients discharged after an ASCVD event 
and to investigate which demographic and clinical character-
istics are associated with a higher likelihood of receiving such 
therapy after the event.
Methods: Using administrative data from Lombardy, indi-
viduals aged ≥40 hospitalized for an ASCVD event in the first 
9 months of 2022 were identified. The prevalence of those pre-
scribed LLTs within 90 days was assessed. A multivariate logistic 
regression model was then applied to evaluate the impact of var-
ious factors on the likelihood of initiating treatment (odds ratio 
[OR] and 95% confidence intervals [95% CI]).
Results: Out of a cohort of 16,025 subjects with an incident AS-
CVD event, 41.14% did not receive a prescription for LLTs. The 
likelihood of initiating lipid-lowering treatment was higher in 
subjects who had a cardiovascular event compared to a cerebro-
vascular event (OR 2.22, 95%CI 2.07-2.38), in patients aged 51-60 
years (OR 1.30, 95%CI 1.16-1.46, vs. 61-70 years), and in patients 
previously treated with antidiabetic (OR 1.42, 95%CI 1.25-1.62), 
antihypertensive (OR 1.96, 95%CI 1.80-2.13), and antihypothy-
roidism medications (OR 1.34, 95%CI 1.10-1.63). Conversely, old-
er age (71-80 years: OR 0.79, 95%CI 0.71-0.87; >80 years: OR 0.47, 
95%CI 0.42-0.52), female sex (OR 0.73, 95%CI 0.68-0.79), previ-
ous exposure to antithrombotic medications (OR 0.65, 95%CI 
0.59-0.72), and polypharmacy (OR 0.90, 95%CI 0.81-0.99 for 5-9 
medications, OR 0.61, 95%CI 0.52-0.72 for ≥10 medications) were 
associated with a lower likelihood of initiating treatment after 
the event.
Conclusions: The study reveals suboptimal initiation of LLTs in 
patients discharged after an ASCVD event. Additionally, it under-
scores the importance of understanding influencing factors to 
enhance patient management in secondary prevention.

INFLUENCE OF APOE4 GENOTYPE  
ON PCSK9-LIPIDS ASSOCIATION  
IN CEREBROSPINAL FLUID AND SERUM 
OF PATIENTS IN THE ALZHEIMER’S 
DISEASE CONTINUUM
Bianca Papotti 1, Marcella Palumbo 1, Maria Pia Adorni 2,  
Lisa Elviri 1, Manuela Tondelli 3, Annalisa Chiari 3,  
Roberta Bedin 3, Enrica Baldelli 4, Giulia Lancellotti 5,  
Maria Giovanna Lupo 6, Nicola Ferri 7, Marco Bertolotti 5, 
Franco Bernini 1, Chiara Mussi 5, Francesca Zimetti 1

1Department of Food and Drug, University of Parma, Italy; 

2Department of Medicine and Surgery, University of Parma, Italy; 

3Neurology Unit, Azienda Ospedaliero-Universitaria di Modena, 
Italy; 4Department of Biomedical, Metabolic and Neural 
Sciences, University of Modena and Reggio Emilia, Modena, 
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Alterations in factors involved in cholesterol homeostasis are 
critical in Alzheimer’s Disease, but the stage of occurrence, their 
association, and the possible relationship with the APOE4 gen-
otype are not clarified. We aimed to quantify and correlate spe-
cific lipid factors in patients with different degrees of cognitive 
decline, namely patients with Alzheimer’s dementia (AD) and 
patients with mild cognitive impairment due to AD (MCI-AD), 
carriers or non-carriers of the APOE4 genotype. We evaluated 
PCSK9, cholesterol and 24-, 25-, 27-hydroxycholesterol (HC) in 
the cerebrospinal fluid (CSF) and serum of AD (n=28) and MCI-
AD (n= 27) patients. Human neuroblastoma IMR-32 cells were 
incubated with recombinant ApoE4; PCSK9 expression was 
analysed by WB. CSF and serum PCSK9 and lipids were simi-
lar, except for higher serum PCSK9 and triglycerides in MCI-
AD compared to AD. AD APOE4-carriers showed higher CSF 
PCSK9 expression (+61.3%, p=0.027), suggesting the existence 
of a mechanistic link between cerebral PCSK9 and ApoE4, con-
firmed in vitro in IMR-32 cells by the increase in PCSK9 expres-
sion following ApoE4 exposure (+12%, p=0.018). CSF 24-HC was 
higher among AD APOE4-carriers (+32.7%, p=0.037 compared 
to non-carriers). A negative association was observed between 
CSF PCSK9 and 27-HC in AD (r=-0.444, p=0.049) and, exclusive-
ly in AD APOE4-carriers, a negative association between CSF 
PCSK9 and 24-HC (r=-0.786, p=0.028). A positive correlation was 
found between CSF and serum PCSK9 in AD (r=0.520, p=0.004), 
driven by APOE4-carriers (r=0.544, p=0.038), suggesting PCSK9 
exchange between brain and periphery. A positive correlation 
was found between serum and CSF 27-HC (r=0.465, p=0.039) 
in AD. None of these observations were found in MCI-AD. We 
identified an altered pattern, evident in AD and particularly in 
APOE4-carriers, involving CSF PCSK9 and 24-HC, suggesting a 
mechanistic association between ApoE4 isoform and lipid mark-
ers, possibly contributing to the complex interplay between al-
terations in cerebral lipid metabolism and AD pathogenic mech-
anisms.
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STATIN-INTOLERANT PATIENTS  
ARE CHARACTERIZED BY A DECREASED 
MUSCLE QUALITY INDEX INDEPENDENT 
OF LIPID LOWERING THERAPY
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Emiliano Panizon 1, Arianna Ius 2, Alessia Pirulli 1,  
Letizia Maria Tosoni 1, Nicola Altamura 1, Stefania Rizzo 1, 
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Background and Aims: Statin-associated muscle symptoms 
(SAMS) is a frequent side effect of statin therapy (2-3% of popu-
lation), limiting its clinical use and, therefore, increasing cardio-
vascular risk. Its nature is not completely understood, particular-
ly muscle performance and quality. The aim of our study was to 
retrospectively compare muscle quality, body composition and 
lipid profile in dyslipidemic patients according to their tolerance 
for statins.
Material and Methods: In a secondary level outpatient clinic 
for hypercholesterolemia, cardiovascular risk factors, body com-
position, handgrip (as a marker of muscle quality) and lipid pro-
file were analyzed in 148 statin-intolerant (SI) and in 145 sex and 
age matched statin tolerant (ST) patients in a four-year follow-up.
Results: At baseline, Body Mass Index (BMI), fat mass, cho-
lesterol and triglycerides in SI patients were higher than in ST 
patients. While, during follow-up, BMI further increased and 
total and low-density lipoproteins (LDL)-cholesterol remained 
significantly higher in SI than in ST patients. At the end of the fol-
low-up, BIA-assessed fat mass percentage was higher in SI than 
in ST. Handgrip absolute value or standardized for BMI, fat free 
mass and appendicular muscle mass were significantly lower in 
SI patients (P<0.001) but, in a sub-analysis, this was confirmed 
only in their non-dominant arm (P<0.01 for all arms). Circulat-
ing Creatine Kinase (CK) levels were significantly higher in SI 
patients at baseline (P<0.001) and decreased during follow-up, 
but remained higher in those who never restarted statins after 
re-challenge (0.029).
Conclusion: Statin intolerance is clinically associated with low-
er muscle quality, particularly in less exercised arms, suggesting 
a role for physical activity in prevention of muscle deterioration. 
Circulating muscle enzyme patterns suggests that the effects of 
SAMS persist also long time after statin discontinuation.

CLINICAL BURDEN OF ELEVATED LEVELS 
OF LIPOPROTEIN(a) ON PATIENTS WITH 
ATHEROSCLEROTIC CARDIOVASCULAR 
DISEASE: AN ANALYSIS IN THE ITALIAN 
REAL CLINICAL PRACTICE
Chiara Biancotto 1, Diletta Valsecchi 1, Claudia Cristofani 1, 
Simone Poli 1, Chiara Veronesi 2, Valentina Perrone 2,  
Luca Degli Esposti 2

1Novartis Farma S.p.A., Milan, Italy; 2CliCon S.r.l. Società 
Benefit, Health Economics & Outcomes Research, Bologna, Italy 
E-mail: valentina.perrone@gmail.com

Background and Aims: Elevated Lp(a) is independently and 
causally associated with increased risk of atherosclerotic cardi-
ovascular disease (ASCVD). This real-world analysis compared 
the characteristics of ASCVD patients with normal (<30 mg/dL) 
or elevated Lp(a) (≥50 mg/dL) levels and assessed the impact of 
elevated Lp(a) on future cardiovascular event occurrence.
Methods: A retrospective cohort study was conducted on pa-
tients with available Lp(a) measurement and established ASCVD 
between 2012 and March 2023 in laboratory and administrative 
databases of a pool of Italian healthcare entities. The index-date 
was the time of the first detected ASCVD hospitalization during 
the observation period. After stratification by normal and elevat-
ed Lp(a) levels, the groups were compared for demographics, 
clinical characteristics, comorbidities, medications at baseline, 
and occurrence of cardiovascular events within 2 years from the 
index-date (first ASCVD event). 
Results: At index-date, patients with elevated Lp(a) levels 
(N=719) vs. those with normal levels (N=2585) were younger 
(67.5±12.9 vs. 69.2±13.4 years, p<0.010), had similar sex distribu-
tion (nearly 70% males), higher likelihood of ischemic heart dis-
ease as index ASCVD hospitalization (73.9%, vs. 68.5% p<0.010) 
and higher rates of previous atrial fibrillation. Patients with ele-
vated Lp(a) levels showed a larger utilization of lipid-lowering 
therapies and antihypertensives, and had higher LDL-cholester-
ol levels (107.1±42.0 vs. 99.5±39.4 mg/dL, p<0.001). At 2 years of 
follow-up, the rates per 100 person-year for ASCVD-events were 
higher among patients with elevated Lp(a) than those with nor-
mal levels (9.7 vs. 5.8, p<0.001). 
Conclusion: This real-world analysis showed that ASCVD pa-
tients with elevated Lp(a) levels are at increased risk of expe-
riencing a second ASCVD event within two years from the first 
event. These findings corroborate the importance of Lp(a) test-
ing/screening to implement more effective cardiovascular risk 
assessment and prevention of future events in high-risk ASCVD 
patients, which in turn might alleviate the economic burden sus-
tained by the healthcare system for disease management.
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SLCO1B1 IS A GENETIC PREDISPOSITION 
FOR STATIN INTOLERANCE IN PATIENTS 
WITH HYPERCHOLESTEROLEMIA 
INDEPENDENTLY FROM FH MUTATION
Riccardo Mattia Ricciardi, Alessia Cipollone, Artenca Shehu, 
Paola Vizzarri, Damiano D’Ardes, Ilaria Rossi,  
Emmanuele Tafuri, Maria Teresa Guagnano,  
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Azienda Sanitaria Locale n° 2 Abruzzo Lanciano-Vasto-Chieti, 
Chieti, Italy 
E-mail: riccardomattiaricciardi@gmail.com

Background and Objectives: The aim of this study is to ana-
lyze lipid target achievement in patients attending our Lipid Clin-
ic using real-life data. The presence of the SLCO1B1 mutation 
were evaluated to identify potential differences in achieving lipid 
targets and statin intolerance, in patients with hypercholester-
olemia with and without FH.
Methods: The study involved 185 patients (96 F, 89 M), strati-
fied based on the presence or absence of familial hypercholes-
terolemia (FH+ and FH-). All patients underwent genetic anal-
ysis as part of the LIPIGEN project, screening for mutations in 
LDLR, APOB, PCSK9, LDRAP1, LIPA, SLCO1B1, and ABCB1. 
Data were collected and analyzed to assess lipid target achieve-
ment and statin intollerance, comparing results by gender and 
SLCO1B1 mutation status.
Results: Females showed greater difficulty compared to males, 
associated with a higher rate of statin intolerance. Patients with 
a positive SLCO1B1 mutation demonstrated slightly more diffi-
cult in achieving lipid targets. Mutations in LDRAP1, LIPA, and 
ABCB1 genes were found in several patients, distributed evenly 
regardless of gender or the presence of the SLCO1B1 mutation.
We further subdivided our patients as follows:
– Men with FH+ and SLCO1B1 mutation failed to achieve the tar-

get in 14.29% of cases, while those without the mutation failed in 
11.63% of cases. Additionally, there was a significant increase in 
statin intolerance among men with FH+ and the SLCO1B1 mu-
tation compared to those without it (33% vs. 7%, respectively).

– Women with FH+ and SLCO1B1 mutation failed to achieve the 
target in 43.48% of cases, compared to 22.73% in those without 
the mutation. However, the degree of statin intolerance was not 
significantly affected by the presence of SLCO1B1 mutation, 
with 22% in mutated women vs. 25% in non-mutated women.

– Men with FH-, the presence of the SLCO1B1 mutation led to 
greater difficulty in reaching the target (14% failed compared 
to 8% without the mutation). However, there was little differ-
ence in statin intolerance between those with and without the 
mutation (14% vs. 19%, respectively).

– Women with FH- showed a similar rate of target achievement 
regardless of SLCO1B1 mutation, with approximately 20% fail-
ing to reach the target in both groups. However, the presence 
of the SLCO1B1 mutation significantly increased statin intol-
erance, with 50% of mutated women experiencing intolerance 
compared to 30% of non-mutated women.

Conclusions: Likely, female gender and the presence of the 
SLCO1B1 mutation are two independent risk factors both for 
achieving lipid targets and for the degree of statin intolerance. 
Although limited to a single-center study, these results suggest 
that older individuals, women, obese patients, and carriers of 
the SLCO1B1 mutation face greater challenges in reaching lipid 
goals. Further multicenter studies are needed to confirm these 
trends and improve dyslipidemia management in more vulnera-
ble patient subgroups.

EXECUTIVE COGNITIVE DYSFUNCTION 
IN PEOPLE LIVING WITH SEVERE 
HYPERTRIGLYCERIDEMIA INDEPENDENT 
OF CARDIOVASCULAR RISK FACTORS
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Francesca Curcio 2, Giusy Torchia 2,  
Fabio Michelangelo Pirrotta 2, Ludovica Curcio 1,  
Samantha Maurotti 1, Gennarina Arabia 2, Arturo Pujia 2,  
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Grecia, Catanzaro, Italy
E-mail: valeriarizzo284@gmail.com

Background: Patients with Hypertriglyceridemia (HTG) often 
report dizziness and confusion, especially during triglyceride 
spikes. Recent studies have indicated a potential relationship 
between triglyceride levels and cognitive function. Brain blood 
barrier dysfunction or amyloid metabolism alterations may rep-
resent some of the mechanisms involved in this process. The 
causal link between dyslipidemia and neurodegeneration or 
cognitive decline remains uncertain and debated. Our aim was 
to investigate the relationship between triglycerides and neuro-
emotional functions in HTG.
Methods: This cross-sectional study included 36 adults (aged: 
30-53 years) of both genders. Exclusion criteria included: neu-
rological/psychiatric diagnoses, uncorrected hearing/vision 
deficits, brain injury and diabetes. Participants were classified 
into three groups based on their fasting triglyceride levels: se-
vere HTG (≥500 mg/dL), moderate HTG (150-500 mg/dL) and 
control group (<100 mg/dL). All participants underwent the 
following neuropsychological assessments: Frontal Assessment 
Battery (FAB), Trail Making Test (TMT), Digit Span Test (DGS, 
forward and backward), Digit Symbol Test (DST), and State-
Trait Anxiety Inventory (STAI-Y).
Results: Individuals with severe HTG exhibited significantly 
lower mean scores in total FAB (13.1±3 vs. CTR:15.5±0.9; p=0.03), 
backward DGS (p=0.04), DST (p=0.02), and STAI-Y (p=0.01) 
compared to the moderate HTG and control groups, while also 
showing significantly higher TMT scores than the other groups 
(p=0.001). Severe executive dysfunction was observed in 33% of 
the severe HTG group, 7% of the moderate HTG group, and none 
of the controls (p=0.02). There was no significant correlation be-
tween FAB scores, hypertension, creatinine, and LDL cholester-
ol. In contrast, only the FAB (r=-0.72; p<0.001), backward DGS 
(r=-0.61; p<0.001), and DST (r=-0.54; p=0.001) tests showed sig-
nificant correlations with serum triglyceride levels.
Conclusions: These findings suggest that severe hypertriglyc-
eridemia is linked to impaired cognitive performance in rela-
tively young adults, independent of cardiovascular risk factors. 
Further research is needed to prevent neuropsychological dys-
function in individuals with hypertriglyceridemia.
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ACUTE AND CHRONIC EFFECTS OF 
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Aging and smoking are major risk factors for cardiovascular 
diseases (CVD). Cellular senescence, a process characterized 
by permanent proliferative arrest, senescence-associated se-
cretory phenotype (SASP), and high levels of reactive oxygen 
species (ROS) in cells, has emerged as a potentially important 
contributor to aging and age-related diseases. Senescent vascu-
lar smooth muscle cells (VSMCs) are present in atherosclerotic 
plaques and contribute to their instability. Traditional cigarette 
(TC) smoke is a known exacerbator of age-related diseases. To 
reduce the harm associated with TC, alternative next-generation 
tobacco products (NGTPs), such as tobacco heating products 
(THP) and electronic cigarettes (ECIG), have been developed. 
We studied the acute and chronic effects caused by exposure 
to aqueous extracts (AEs) of smoke from TC, THP, or ECIG on 
VSMC aging compared to doxorubicin-induced senescent (DIS) 
human VSMCs. Cells were incubated for 48 hours or 7 days 
with 10% TC, THP, ECIG AEs, or doxorubicin 100nM. Then, we 
measured SA-β-gal activity (senescence marker), senescence-as-
sociated gene and protein expression, cell proliferation, cell cy-
cle, and ROS production. After 48h of exposure to TC, VSMCs 
behaved similarly to aged cells, showing an increased expres-
sion of senescence markers, DNA damage, inflammation, oxi-
dative stress, and decreased proliferation. On the contrary, THP 
and ECIG did not affect VSMC aging. However, after 7 days of 
exposure to AEs, also NGTPs exacerbated the aging effect in 
VSMCs, while TC further increased its aging effects. Our results 
show that TC AE accelerates aging in VSMCs after both acute 
and chronic smoke exposure. Instead, THP and ECIG did not 
show any significant effect on VSMC aging after acute smoke 
exposure, but chronic THP and ECIG exposure did affect VSMC 
senescence. In conclusion, our preliminary results give new in-
sights into the real long-term effects of these NGTPs.

TREATMENT WITH INCLISIRAN DURING 
PERITONEAL DIALYSIS: A CASE REPORT
Elena Sani, Elisabetta Rinaldi, Elena Orlandi, Elisa Molinaroli, 
Gabriele Giachetti, Giacomo Zoppini 

Division of Endocrinology, Diabetes and Metabolism,  
University of Verona, Italy 
E-mail: elenasani@live.it

Introduction: Inclisiran is a small interfering RNA that pre-
vents PCSK9 synthesis, lowering low-density lipoprotein cho-
lesterol (LDL-C). In ORION trials, efficacy and safety outcomes 
were similar among different renal impairment degrees, there-
fore no dose adjustments are necessary. However, the effect of 
peritoneal dialysis on inclisiran pharmacokinetics has not been 
studied and no data are available in literature regarding the use 
of inclisiran in patients undergoing peritoneal dialysis.
Case Report: We present the case of a 47-year-old female pa-
tient with non-familial hypercholesterolemia and Lp(a)hyperlipo-
proteinemia, complicated by severe atherosclerotic cardiovascu-
lar disease (ASCVD). Medical history included acute myocardial 
infarction in 2011, chronic kidney disease stage 5 secondary to 
acute renal failure on post-streptococcal glomerulonephritis 
background, for which she has been on peritoneal dialysis since 
2019, quadruple coronary artery bypass graft (CABG) surgery 
in 2021, subsequent CABG failure in 2022 for restenosis of 3 
grafts. When she came to our attention, lipid-lowering therapies 
included atorvastatin 80 mg and ezetimibe 10 mg, with mean 
LDL-C and Lp(a) concentrations of 76 mg/dl and 102 mg/dl, 
respectively. A baseline lipid profile was taken before the start 
of inclisiran treatment and repeated at 1 and 3 months. Follow-
ing a single subcutaneous injection, LDL-C levels significantly 
decreased from 63 mg/dl to 40 mg/dL (-35%) at 1 month and 
28 mg/dL (-55%) at 3 months. As expected, we observed signif-
icant reductions in ApoB concentrations. Lp(a) levels were also 
remarkably reduced to 62 mg/dL (-26%) at 3 months. No side 
effects were reported.
Conclusion: This report suggests that inclisiran therapy may 
have a significant effect on lipid levels in patients on peritoneal 
dialysis, with results comparable to those reported in clinical 
trials and a good tolerability profile. Its relevance as a highly ef-
fective and safe treatment in patients on peritoneal dialysis with 
documented ASCVD and Lp(a)hyperlipoproteinemia warrants 
further investigation in larger studies.
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AND LIPID LOWERING THERAPIES  
ON VASCULAR AND COGNITIVE PROFILE 
IN FAMILIAL HYPERCHOLESTEROLEMIA 
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Aims: Familial hypercholesterolemia (FH) is a monogenic 
lipid disorder characterized by high levels of LDL-C that is a 
well-known causative factor of atherosclerotic cardiovascular 
diseases (ASCVD). Few data exist about the association of an in-
creased LDL-C plasma level and cognitive abnormalities, thus an 
early assessment of FH patients’ cognitive condition is essential. 
The Short Blessed Test (SBT) is a 6-item orientation-memory 
concentration neuropsychological test that has been validated 
as a measure of cognitive impairment and has been shown to 
discriminate among mild and sever cognitive deficits. The aim of 
this study was to evaluate cognitive impairment, clinical features 
and medications in FH patients and the association between 
early cognitive impairment (evaluated via the SBT) and CV risk 
stratified with arterial stiffness (Pulse Wave Velocity, PWV).
Methods: All patients underwent a physical examination, a re-
view of clinical history, assessment of smoking status and med-
ications, and the SBT. PWV, intima-media thickness (IMT), ca-
rotid and femoral atherosclerosis were evaluated in 253 subjects 
with FH aged 18-75 years, stratified according to SBT results 
into three groups: normal cognition (n=202), mild cognitive im-
pairment (n=35), dementia (n=16). 
Results: Age and BMI were significantly higher in the dementia 
than the normal cognition group. The groups were homogene-
ous for sex and smoking status, total and LDL cholesterol, and 
triglycerides. Diabetes and hypertension were significantly 
more prevalent in groups with impaired cognitive function. Re-
garding treatments, we found statistically significant differences 
among the groups, with a greater use of all lipid-lowering drugs 
in dementia group, especially statins and ezetimibe. Dutch score 
calculated at the diagnosis of FH showed statistically significant 
higher values in patients who developed cognitive decline. PWV 
was significantly increased from normal cognition to severe cog-
nitive impairment groups (6.7±1.1 m/s, 8.2±1.9 m/s, 11.2±3.2 
m/s). No statistically significant results were obtained for IMT 
and atherosclerosis. Furthermore, multiple regression analyses 
revealed that PWV was independently associated with cognitive 
impairment (β=0.16, P=0.039) and age (β=0.44, P<0.001).
Conclusions: In our study population, the cognitive impairment 
was present in 20% of subjects. Patients with dementia were 
found to be the most medicalised. We found increasing PWV 
in FH patients with progressively worse cognitive decline. This 
result suggests a potential underlying association between vas-
cular damage and the cognitive decline in FH patients.

CARDIOVASCULAR RISK IN FAMILIAL 
HYPERCHOLESTEROLEMIA MAY EXTEND 
BEYOND CAUSATIVE MUTATIONS:  
A RETROSPECTIVE ANALYSIS FROM  
THE LIPIGEN DATABASE IN FERRARA
Riccardo Spaggiari 1, Alessandro Scopa 1, Flavia Albonetti 1, 
Edoardo Dalla Nora 2, Beatrice Gigante 1,  
Giovanni Battista Vigna 3, Juana Maria Sanz 4,  
Domenico Sergi 1, Angelina Passaro 1

1Department of Translational Medicine, University of Ferrara, 
Italy; 2University Hospital of Ferrara Arcispedale Sant’Anna, 
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Introduction: Familial hypercholesterolemia (FH) is an au-
tosomal disease characterized by high LDL cholesterol levels 
(LDL-C) and increased cardiovascular risk. While some muta-
tions have been clearly linked with FH, other genetic variants 
are considered “not causative” (NCG). This study aimed at in-
vestigating the impact of different genetic profiles on the occur-
rence of major adverse cardiovascular events (MACE) in hyper-
cholesterolemic patients.
Methods: A cohort of 347 adult patients (age 48,7±13.4 years) 
enrolled in the LIPIGEN Project in Ferrara between 2016 to 
2021 were genotyped into three groups: individuals negative for 
mutations on candidate genes (NEG, n=156), positive for NCG 
variants (n=77) and positive for FH-causing mutations (POS, 
n=114). Demographic and clinical data were obtained from 
outpatient visits or clinical records along with blood samples. 
MACE included cardiovascular mortality, myocardial infarction, 
stroke and unstable angina. Statistical analyses were performed 
through contingency tables or ANOVA test using SPSS software. 
Results: Subjects with NEG and NCG at presentation were old-
er (50.9 vs. 48.2 vs. 45.8 years, p=0.008), had a lower Dutch Lipid 
Score (6.0 vs. 7.0 vs. 8.3, p<0,001), LDL-C levels (200.0 vs. 209.1 
vs. 225.2 mg/dl, p=0.047) and were diagnosed later (36 vs. 31 
vs. 27 years, p<0.001) than POS patients. The latter experienced 
their first MACE earlier compared to NCG and NEG (48.7 vs. 
50.3 vs. 54.2 years, p=0,017). Although not statistically significant 
(p=0,554), MACE prevalence appeared highest in NCG patients 
(16,9%) followed by NEG (13,5%) and POS (11,4%). 
Conclusions: Despite differences are more pronounced be-
tween NEG and POS patients, NCG appears to have an inter-
mediate risk between the two extremes. However, their limited 
access to specific lipid lowering therapies reserved for FH may 
exacerbate their risk for MACE. Further studies with increased 
sample size are needed to further examine this possibility.



ABSTRACT

 s 22 

ANGIOPOIETIN-LIKE 3 (ANGPTL3) 
DEFICIENCY PROMOTES METABOLIC 
SUBSTRATE REROUTING
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Laboratory of Pharmacology of Cardioimmunometabolic 
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ANGPTL3, a hepatokine which inhibits lipases, acts by sparing 
triglyceride-rich lipoproteins from hydrolyzation and controlling 
the postprandial triglycerides partitioning. This project aims to 
unravel the connection between hypolipidemia-derived metabol-
ic alterations and possible hepatic responses according to sub-
strate availability in ANGPLT3 deficiency setting. Angptl3-defi-
cient (KO) mice and WT littermates, were fed chow or a High-Fat 
Diet (HFD, 60% kcal from fat) for 16 weeks. Metabolic adaptation 
to different diets was assessed by indirect calorimetry. Lipid tol-
erance test and lipoprotein production assay were performed. As 
expected, Angptl3 KO mice were hypolipidemic when fed and at 
fasting, on both chow diet and HFD. Following oral oil gavage, 
ANGPTL3 KO mice showed lower triglycerides absorption when 
fasting or postprandially; this was coupled with a decreased rate 
of hepatic lipoprotein production at 4 hours after Poloxamer in-
jection in KO mice compared to WT (triglycerides HO:401.1mg/
dL±669.0 vs. WT:2209.7mg/dL±106.0; p=0.009), and numerically 
on HFD (triglycerides HO:444.6mg/dL±566.9 vs. WT:808.1mg/
dL±541.6; p=0.330). Glucose metabolism was not impaired. Data 
from indirect calorimetry in KO mice indicate a decrease in the 
Respiratory Exchange Ratio, with more oxidative metabolism 
when KO mice were fed a chow diet. To investigate a metabolic 
alteration, we assessed the activation of hepatic mTOR pathway, 
a sensor for caloric restriction; downstream effectors phospho-
rylation was assessed by western blotting and a reduction in 
S6K (fold on housekeeping: HO:0.28±0.122 vs. WT: 0.647±0.119; 
p=0.021) and 4E-BP1 (fold on housekeeping: HO:0.503±0.193 vs. 
WT:1.043±0.270, p=0.048) activation was observed, suggesting a 
lower protein synthesis. Liver RNA sequencing data confirmed 
that KO mice experience a different metabolic setting when 
compared to WT, facing an upregulation of urea cycle, higher 
lipid oxidation and synthesis, especially of bile acids, while he-
patic signalling pathways (NR1H2/NR1H3) are shut down. The 
latter changes were common with HFD KO mice. ANGPTL3 de-
ficiency affects the metabolic landscape by reducing circulating 
lipemia. Parallel changes occur in systemic metabolism, depend-
ing on the dietary setting.
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Lipoprotein(a) (Lp(a)) is a low-density-lipoprotein(LDL)-like 
lipoprotein, with an additional apolipoprotein calledapolipopro-
tein(a). Elevated Lp(a) levels are an independent significant 
additional risk for cardiovascular diseases, including coronary 
artery disease(CAD) and stroke. Lp(a)levels are largely geneti-
cally-determined and marginally-influenced by lifestyle and diet. 
Thus, the higher the Lp(a)level, the lower LDL-C-level should 
ideally be. The recently-developed tool Lp(a)clinical guidance 
risk ristratification tool allows to estimate lifetime CAD/stroke 
risk. However, little is understood about how to effectively incor-
porate Lp(a)values into 10-year cardiovascular(CV) risk stratifi-
cation and how to adjust LDL-C targets. 
Our study aimed to: 
1) assess the concordance of different validated clinical scores 

for CVrisk estimation; 
2) explore Lp(a) distribution in moderate, high and very-high 

CVrisk patients; 
3) reclassify CVrisk based on Lp(a)levels; 
4) identify an Lp(a) threshold that identifies patients at higher 

CVrisk.
We selected 422 patients (55±15 years, 51% female) attending our 
tertiary-care outpatient clinics. We collected: biometric param-
eters; data on smoking habits, diabetes, hypertension and AS-
CVD; glycemic and lipid profiles -including Lp(a). The following 
scores were calculated when appropriate: SCORE2/SCORE2-
OP/SCORE-2-Diabetes, ESCU-prevent 10 years/lifetime score, 
Lp(a) CGtool. We found a concordance between SCORE-2/
SCORE2-OP/SCORE2-Diabetes and the 10-year ESC-U-pre-
ventscore, and between the lifetime ESC-UPrevent and the life-
time Lp(a) CGtool -before and after adjustment forLp(a). Lp(a)
distribution in our patients’ cohort mirrored that of Caucasians. 
The cohort’s average estimated lifetime CV risk increased after 
adjustment for Lp(a)values (22.36%±18.82 vs. 28.38%±22.04). The 
Lp(a) threshold associated with higher CV risk was set at ≥114 
mg/dL (ROC curve). These values characterized 64 (15.2%) pa-
tients; out of them, 40 (62.5%) also had baseline LDL-C ≤160mg/
dL. In conclusion, while it is easier to focus on lipid targets in 
high/very - high CVrisk patients - with ambitioustherapeutic 
goals leading to low circulating levels of LDL poor in cholesterol 
content- it seems mandatory toconsider Lp(a) contribution in pa-
tients classified at lower CVrisk.
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AN EARLY ONSET OF DEMENTIA: 
A DELAYED DIAGNOSIS OF 
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Background: Cerebrotendinous Xanthomatosis (CTX) is a rare 
autosomal recessive lipid storage disorder caused by congenital 
abnormalities of bile acid synthesis. Cholesterol and cholestanol 
deposition could affect virtually all tissues. A delayed diagnosis 
can lead to devastating complications including severe cognitive 
impairment and dementia.
Case Report: A 74-year-old female referred to our clinic for 
a subcutaneous mass of right Achilles tendon with the size of 
an apricot, progressively grown over the last three months and 
causing walking disability. Tendon ultrasound and CT scan con-
firmed the xanthoma. Her parents were first cousins. Medical 
history included chronic diarrhea, cataract surgery at 33 years 
old, osteoporosis, neuropsychiatric manifestations with a previ-
ous suicide attempt and dementia from 55 years old. She had 
urine incontinence and dysphagia with a previous respiratory 
arrest due to suffocation. She was never investigated with neu-
roimaging, and she never undergone a neurologic assessment. 
Physical examination showed deteriorated general conditions 
with cachexia. Patient appeared poorly oriented with slurred 
speech; she was not able to walk in a straight line. Multiple 
smaller xanthomas were also present in left Achilles tendon and 
bilateral knees. Routine laboratory exams were normal, includ-
ing serum cholesterol levels. These elements were suggestive of 
CTX. Molecular genetic testing is still underway.
Conclusions: CTX is characterized by a pleomorphic clinical 
phenotype and variable penetrance. Despite most diagnosis 
occur in young adulthood, in some patients this is missed until 
advanced age, with severe neurologic consequences. Improved 
diagnostic algorithms could be an efficacy strategy to anticipate 
the treatment and slow down the progression of CTX.

ASSOCIATION OF CORONARY COMPUTED 
TOMOGRAPHY ANGIOGRAPHY  
AND STRESS ECHOCARDIOGRAPHY WITH 
LONG-TERM CARDIAC OUTCOME:  
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Aims: This study aimed to assess which variables on coronary 
computed tomography angiography (CTA) and vasodilator 
stress-echocardiography (SE) are best associated with long-
term cardiac outcome in patients presenting for suspected 
chronic coronary syndrome (CCS) who performed both tests.
Methods: We identified 397 patients with suspected CCS who, 
between 2007 and 2019, underwent both SE and CTA within 30 
days. Coronary artery calcium score (CACS) and the number 
of coronary arteries with diameter stenosis >50% were assessed 
on CTA. The presence of reversible regional wall motion abnor-
malities (RWMA) and reduced Doppler coronary flow velocity 
reserve in the left-anterior descending coronary artery (CFVR) 
were assessed on SE. The association of SE and CTA variables 
with cardiac outcome (cardiac death or myocardial infarction) 
was evaluated using Fine and Gray competing risk models.
Results: During a median follow-up of 10 years, 38 (9.6%) pa-
tients experienced a nonfatal myocardial infarction and 19 (4.8%) 
died from a cardiac cause. RWMA (HR 7.189, p<0.001) and a 
lower CFVR (HR 0.034, p<0.001) on SE, along with CACS (HR 
1.004, p<0.001) and the number of >50% stenosed coronary ves-
sels (HR 1.975, p<0.001) on CTA, were each associated with car-
diac events. After adjusting for covariates, only CACS and CFVR 
remained associated (both p<0.001) with cardiac outcome.
Conclusion: Our data suggest that only CFVR on vasodilatory 
SE and CACS on CTA are independently and strongly associated 
with long-term cardiac outcome, unlike RWMA or the number of 
stenosed coronary arteries, usually considered the hallmarks of 
coronary artery disease on each test.
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Alteration of cerebral cholesterol homeostasis and neuroinflam-
mation are typical features of Alzheimer’s disease (AD). The pro-
protein convertase subtilisin/kexin 9 (PCSK9), beyond regulat-
ing plasma cholesterol, is also expressed in the central nervous 
system (CNS), where a pathogenetic role in AD has been postu-
lated. We previously demonstrated in vitro that PCSK9 enhances 
the β-amyloid (Aβ)-induced neurotoxicity and neuroinflamma-
tion, while PCSK9 genetic deletion in an AD-mice model showed 
an improvement in cognitive performance. This research aims 
to investigate the potential protective effect of PCSK9 pharma-
cological inhibition with newly-synthesized small molecules 
through in vitro and in vivo studies. Two novel PCSK9 inhib-
itors (MR-532, MR-533) were tested in human microglial cells 
(HMC3) to assess: cerebral PCSK9 inhibition (Western blot), 
the modulation of Aβ-induced neurotoxicity (MTT assay), cy-
tokines’ secretion (ELISA assay). The two compounds were sub-
cutaneously injected at 40mg/Kg for 7 days in C57BL6/J mice 
evaluating macroscopic (weight and locomotion monitoring) 
and hepatic toxicity (histological analysis), plasma and brain 
inhibitors concentrations (LC-MS/MS), plasma cholesterol con-
centrations (colorimetric assay). In vitro, MR-532 and MR-533 
[10µM] significantly decreased PCSK9 expression in HMC3 
cells. Microglial viability, significantly reduced after incubation 
with Aβ-fibrils (-28%; p<0.0001), was dose-dependently restored 
by PCSK9 inhibitors (p>0.05 vs. basal condition). Furthermore, 
MR-532 and MR-533 [10µM] significantly reduced microglial 
IL-6 release (-60%, -32% respectively; p<0.05). In vivo treatment 
with MR-532 and MR-533 showed absence of macroscopic and 
hepatic toxicity. Moreover, the two molecules were significantly 
detected in plasma and brain samples; the treatment showed a 
downward trend of plasma cholesterol concentrations. In con-
clusion, our in vitro results show the protective role of PCSK9 
pharmacological inhibition in Aβ-induced neurotoxicity and 
neuroinflammation. The in vivo treatment exhibited a good tol-
erance of these compounds, their ability to reach the CNS and 
a cholesterol-lowering effect. Although further studies will be 
necessary, this pharmacological strategy may potentially open 
the way for novel therapies in AD.

LncRNA H19: A CIRCULATING 
BIOMARKER OF ATHEROSCLEROSIS 
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Aim: The influence of long non-coding RNAs (lncRNAs) in the 
onset of several diseases is emerging over the last decade. How-
ever, their regulatory role in the development of atherosclerosis 
is still under investigation. The aim of this study was to evaluate 
the role of lncRNAs as effector and biomarker of carotid athero-
sclerosis in humans. 
Materials and Methods: Carotid atherosclerotic plaques, their 
adjacent regions (AR) with a lower grade lesion and plasma sam-
ples were collected from 15 patients undergoing endarterecto-
my and processed for total RNA-Seq analysis by next generation 
sequencing (NGS). Circulating RNA was extracted by MirVana 
PARIS kit from additional 34 plasma samples from atheroscle-
rotic patients and 19 plasma samples from healthy controls 
(in total 48 cases and 19 controls). Quantitative real-time PCR 
(qRT-PCR) experiments were conducted on QuantStudio 6 PRO 
Real-Time PCR System with SYBR Green PCR Master Mix and 
primers were designed for lncRNA H19 and GAPDH as house-
keeping gene. Data analysis was performed by using Design and 
Analysis (DA2) Software and SPSS.
Results: Among the differentially expressed genes at NGS anal-
ysis, lncRNA H19 caught our attention, showing a very high fold 
change between plaque and AR and a positive correlation with 
plasma levels. qRT-PCR results about tissues confirmed that ln-
cRNA H19 is overexpressed in plaques samples [16.5 (6.6-40.5)] 
respect to AR [0.12 (0.07-1.82) - p=0.001]. Circulating lncRNA 
H19 levels were higher in plasma from atherosclerotic patients 
[0.35 (0.21-0.74)] than in plasma from healthy controls [0.22 
(0.11-0.32) - p=0.004].
Conclusion: We demonstrated the overexpression of lncRNA 
H19 in human advanced atherosclerotic carotid plaques respect 
to low-grade lesions from the same subjects, confirming its role 
in the development of atherosclerotic plaque, previously report-
ed only in animal models. Additionally, our results confirmed 
that lncRNA H19 can be considered a circulating biomarker, 
since its high levels in plasma were associated with plaque pres-
ence.
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THE USE OF BEMPEDOIC ACID IN DAILY 
CLINICAL PRACTICE, DATA SUGGESTIVE 
OF EXCELLENT FUTURE PROSPECTS
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Claudio Borghi, Sergio D’Addato
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Introduction: Bempedoic acid is the first of a new class of aden-
osine triphosphate citrate lyase (ACL) inhibitor drugs, which is 
used as a lipid-lowering agent in patients with hypercholester-
ole-mia who do not have an adequate response to specific thera-
py already in place or who are intol-erant to conventional statin 
therapy. This innovative molecule, on 27 January 2023, was ap-
proved by AIFA with class A reimbursement for patients with 
absolute contraindication or proven intolerance to statins and/
or ezetimibe or not at target despite 1st and 2nd level treatment 
with statins at the maximum tolerated dose in combination with 
ezetimibe.
In addition to the demonstrated effectiveness in reducing LDL 
levels, the drug appears to be ex-tremely safe, including among 
its most frequent side effects (>10% of patients treated): hype-
ru-ricemia (16%), increase in serum creatinine levels (11%) and 
thrombocytosis (19%).
Methods: We performed a descriptive observational study in 
our Level III ‘Dyslipidemia Center’, enrolling 168 patients of 
both sexes and Caucasian ethnicity. Of these, 123 were being 
treated with a lipid-lowering drug (statin - ezetimibe - iPCSK9) 
and, among them, 35 subjects were al-ready undergoing combi-
nation therapy with bempedoic acid. We measured the baseline 
total and LDL cholesterol of all subjects before the introduction 
of bempedoic acid therapy (Total cholesterol 229.21 ⊥ 51.75 
mg/dL; LDL cal 140.47 ⊥ 43.24 mg/dL). Subsequently, serial 
blood tests showed a reduction in both total and LDL cholester-
ol levels three months after the start of treatment (total choles-
terol 177.12 ⊥ 32.84 mg/dL; [p<0.0001]; LDL cal 95.16 ⊥ 30.29 
mg/dL; [p<0.0001]), confirmed six months into therapy (total 
cholesterol 180.25 ⊥ 33.59 mg/dL; [p<0.0001]; LDL cal 99.29 ⊥ 
29.46 mg/dL; [p<0.0001]). Analyzing the different subgroups, 
we ob-served that in patients treated only with ezetimibe for 
manifest intolerance to the statin, the in-troduction of bempe-
doic acid caused a clear reduction in LDL at 3 months, con-
firmed at 6 months of treatment (n 41; baseline LDL cal 141.41 
⊥ 42.96; LDL cal 3 months 96.22 ⊥ 28.67; LDL cal 6 months 
101.54 ⊥ 29.05; [p<0.0001]). This data was also superimposa-
ble for those patients treated only with statins (n 11; baseline 
LDL cal 140.66 ⊥ 43.06 vs. LDL cal 3 months 93.99 ⊥ 30.29 vs. 
LDL cal 6 months 99.29 ⊥ 31.65; [p<0.0184]). Regarding side 
effects, in ac-cordance with the available scientific data, we re-
corded an increase in uric acid levels 3 months after the start of 
treatment (baseline value 4.75 ⊥1.1 mg/dL vs. 5.72 ⊥ 1.27 mg/
dL at 3 months; [p<0.0001]) which, however, with new plasma 
titration at 6 months, remains unchanged (5.69 ⊥ 1.44 mg/dL; 
[p<0.0001]). We also observed an increase in plasma creatinine 
levels at 3 months from the start of bempedoic acid therapy 
compared to baseline values (baseline 0.84 ⊥ 0.15 mg/dL vs. 
0.92 ⊥ 0.19 mg/dL at 3 months; [p<0.0001]) but this showed 
a stabilization over time (value at 6 months 0.87 ⊥ 0.16 mg/dL 
[p<0.0771]).

Conclusions: the adoption of bempedoic acid in clinical practice 
is depicted as an effective strategy in hypercholesterolemia both 
in conjunction with traditional therapies and for that fringe of 
patients who present an absolute intolerance or a poor response 
to therapy with statins or ezetimibe. In addition to the proven 
efficacy and interesting prospects, this new molecule ap-pears to 
be extremely safe and free of significant side effects, impacting 
minimally on the quality of life of patients.

VESICLE-MEDIATED ROLE  
OF MMP-9 IN TUMOR PROGRESSION. 
NEW HIGHLIGHTS ARISING FROM 
SUBPOPULATIONS OF VESICLES 
SECRETED BY DIFFERENT TUMOR  
CELL LINES
Lorenzo Arnaboldi 1, Laura Bianchi 2, Felice Accattatis 3, 
Francesco Valle 4, Marco Brucale 4, Federica Imbò 1, 
Zixiong Tang 1, Alberto Corsini 1, Stefano Bellosta 1
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The comprehension of extracellular vesicles (EVs)’ cargo role in 
tumor progression is hampered by their intrinsic heterogeneity 
and suboptimal separation methods. Several data demonstrate 
that metalloproteinase-9 (MMP-9, a member of extracellular 
matrix degrading enzymes), which is involved in melanoma in-
vasion/metastatization processes, is part of EVs cargo. In order 
to unravel the function(s) of EVs and MMP-9 in cancer devel-
opment, we utilized our in vitro size-separation method, which 
allowed us to obtain five EVs subfractions (dimensional range 
>200nm/<50nm) secreted from cancer cell lines by sequen-
tial ultracentrifugazions, following the algorithm developed by 
Livshits et al. (2015). After method validation, fractions have 
been characterized by light-scattering, electron transmission/
atomic force microscopy techniques (size), fatty acid profile, 
cholesterol/phospholipid (lipidomics). Proteomics (LC-MS, 
western blot) revealed that in the melanoma metastatic line LM-
16, MMP-9 is exclusively present and functional in the <50nm 
fraction, which is constituted by “non-vesicular extracellular 
particles (NVEPs)” or “exomeres” (MISEV 2023 Guidelines). 
Interestingly, we found that MMP-9 is present and functional not 
only in melanoma-derived NVEPs, but also in those secreted by 
metastatic mammary adenocarcinoma MDA-MB-231 and bone 
metastatic prostate cancer PC-3, as assessed by western-blot 
and zymography, suggesting a common involvement of MMP-9 
in tumor development. Altogether, these data suggest a possible 
utilization of MMP-9 as an exomer biomarker, but the mecha-
nism(s) of its shuttling to membrane after cellular biosynthesis 
and the interplay with its physiological inhibitor TIMP-1 are still 
to be understood. We are actually performing functional assays 
in order to address this point and to assess whether MMP-9 
matrix-digesting activity is directly due to the protein carried by 
NVEPs and subsequently released in the extracellular fluids or 
is mediated by target cell effectors. Pharmacological studies will 
be designed to unravel MMP-9 roles in metastatic niche forma-
tion, with the goal to find a valuable pathology biomarker and 
new innovative therapeutical strategies
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Background: Many familial hypercholesterolemia (FH) sub-
jects did not demonstrate functional mutations in major can-
didate genes. According to this observation, we assessed FH 
patients genetic profile by high-throughput sequencing (HTS).
Methods: We analysed 129 patients [with possible/probable/
definite FH according to Dutch Lipid Clinic Network Score 
(DLCN)]. Targeted HTS (57 genes involved in lipid metabolism, 
dyslipidaemia, pharmacogenetics of statins, related to polygenic 
forms, HDL and triglycerides related diseases) was assessed by 
Illumina technology.
Results: Among 129 patients, 52 (40%) carried a rare variant in 
LDLR gene [42 (33%) carrying a likely pathogenic/pathogenic 
(LP/P) variant, 6 (5%) carrying an uncertain significance vari-
ant (VUS), and 4 (3%) carrying a likely benign/benign variant]. 
Talmud score evaluation showed a significantly higher medi-
an value in patients LDLR-negative for the presence of a VUS 
or LP/P variant, with respect to LDLR-positive [median(IQR): 
1.015(0.897-1.090) vs. 0.887(0.754-1.038),p=0.012]. Ten out of 
42 LDLR-positive patients also carried a rare variant in another 
gene. In patients without LDLR mutation, at least 2 rare variants 
were identified in 44 patients (54%), and at least 3 rare variants 
were identified in 31 patients (38%). A total of 170 rare variants 
have been identified in 41 different genes (ABCA1, ABCB1, 
ABCG2, ABCG5, ABCG8, ANGPTL3, APOA4, APOA5, APOB, 
APOC3, APOE, CELSR2, CREB3L3, DAB2, EPHX2, GCKR, 
GHR, GPD1, HFE, HMGCR, INSIG2, ITIH4, LDLRAP1, LIPC, 
LIPI, LMF1, LPA, LRP1, MTTP, NPC1, NPC2, NYNRIN, PCSK9, 
PON1, PPP1R17, SCARB1, SLC22A1, SLCO1B1, SREBF1, SRE-
BF2, ST3GAL4). Among FH patients, 32 were younger than 
18yrs. Among adults, LDL-cholesterol levels were comparable 
between LDLR-positive and LDLR-negative group, whereas in 
younger subjects significantly higher LDL-cholesterol levels 
were observed among LDLR-positive. As concerns DLCN score, 
significantly higher values in adults carrying LDLR mutation 
were found.
Conclusions: Present data suggest the involvement of multiple 
loci beyond LDLR in the modulation of lipid profile, as well as 
cardiovascular risk.

RESIDUAL PLATELET ACTIVATION  
IN CHRONIC CAD PATIENTS  
WITH DEPRESSION
Patrizia Amadio, Marta Zarà, Mattia Giuliani, Nicolò Capra, 
Giovanna Dilella, Rosa Simone, Alessia Di Nubila,  
Alice Bonomi, Daniela Trabattoni , Elena Tremoli,  
Silvia S. Barbieri 

Centro Cardiologico Monzino IRCCS, Milan, Italy 
E-mail: silvia.barbieri@ccfm.it

Depression has been linked to cardiovascular events and pre-
dicts mortality more effectively than other risk factors, comor-
bidities, or follow-up conditions. This suggests that standard an-
tiplatelet therapy might not be enough to prevent poor outcomes 
in patients with this condition. To date, no specific studies have 
investigated the impact of depression on standard antiplatelet 
therapy in coronary artery disease (CAD) patients. In our study, 
we aimed to determine whether chronic CAD patients with de-
pression (CAD-DEP) exhibit hyper-reactive platelets compared 
to CAD patients without depression. Additionally, we explored 
the potential relationship between platelet function and circu-
lating brain-derived neurotrophic factor (BDNF), a marker for 
depression. We evaluated 232 chronic CAD patients on stand-
ard aspirin treatment for depression using the BDI-II scale. Of 
these, 96 patients were enrolled (37 with depression and 59 with-
out). CAD-DEP patients had significantly higher residual serum 
thromboxane levels compared to CAD patients (p<0.007). They 
also exhibited enhanced platelet aggregation in response to dif-
ferent doses of collagen (0.5, 1, 2 and 4 mg/L; p<0.01) and ADP 
(0.5, 1 and 2 µM, p<0.03), though their response to serotonin 
and TRAP was similar to CAD patients. Moreover, CAD-DEP 
patients had a higher percentage of platelet/leukocyte aggre-
gates (p<0.0001), increased P-selectin exposure and GPIIbIIIa 
activation, and abnormal platelet calcium homeostasis (p<0.02). 
Circulating BDNF was lower in CAD-DEP patients compared to 
CAD patients (p<0.002), with BDNF levels in CAD group posi-
tively associated with P-selection exposure (r:0.367 p<0.01) and 
platelet count (r:0.398 p<0.002). In our population, CAD-DEP 
patients underwent clinical percutaneous coronary Intervention 
more frequently than CAD patients during a five-year follow-up 
period (p<0.002; HR: 3.91). In conclusion, our study highlights 
the presence of hyper-reactive platelets and lower BDNF levels 
in CAD-DEP patients, raising the question of whether standard 
aspirin alone is sufficient to prevent future thrombotic events in 
these individuals.
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ALAGILLE SYNDROME: 
CHARACTERIZATION OF LIPID PROFILE 
AND EVALUATION OF LIPOPROTEIN 
NEPHROTOXICITY
Lucia Belotti 1, Mara Cananzi 2, Valentina Masenello 3,  
Chiara Pavanello 1, Enrico Vidal 2, Laura Calabresi 1,  
Alice Ossoli 1
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Alagille Syndrome (ALGS) is a rare genetic disease (1/30.000) 
due to heterozygous variants in genes involved in the Notch sig-
naling pathway. This syndrome exhibit with chronic cholestasis, 
stenosis of the peripheral pulmonary arteries, anomalies in ver-
tebral segmentation, unique facial characteristics, pigmentary 
retinopathy, kidney dysfunction and xanthomas. The aim of the 
study is to investigate lipid alterations in patients with ALGS and 
to assess the relationship between these changes and renal com-
plications. Sixteen pediatric patients (11.17±5.67) with a diagno-
sis of ALGS were enrolled. Lipid and lipoprotein profile were 
assessed and in vitro experiments on renal cells carried out. The 
results indicated a wide variability in lipid profiles, with LDL-C 
levels ranging from 41 to 301 mg/dL and HDL-C levels from 13 
to 126 mg/dL. The activity of the enzyme lecithin-cholesterol 
acyltransferase (LCAT), which is responsible for cholesterol 
esterification in plasma, was found to be reduced on average 
(18.79±11.28 nmol/mL/h, reference range 25-55 nmol/mL/h). 
However, plasma LCAT concentrations was within the normal 
range (5.41±0.62, reference range 3.1-6.7 μg/mL), suggesting 
normal enzyme synthesis. An inverse correlation was observed 
between LCAT activity and the apoB/LDL-C ratio (r=-0.532, 
p=0.0411), suggesting the presence of Lipoprotein LpX, an ab-
normal lipoprotein rich in unesterified cholesterol and phospho-
lipids. Indeed, LpX was detected in the plasma of nine subjects.
In vitro experiments on podocyte cell cultures incubated with 
plasma fractions containing LDL+LpX from six patients demon-
strated the nephrotoxic effects of LpX. In particular, it was ob-
served an increase in cellular necrosis (+25.55%) and a reduction 
in podocin expression (-66.86%). Conversely, no changes were 
detected in the gene expression of key inflammatory mediators 
(VCAM-1, IL-6, MCP-1, TGFβ).In conclusion, the presence of 
LpX may help explain the renal complications observed in ALGS 
patients, and reducing its plasma levels may represent a poten-
tial therapeutic target.

REAL-WORLD EXPERIENCE OF EFFICACY 
AND SAFETY OF EVINACUMAB IN 
PATIENTS WITH HOMOZYGOUS FAMILIAL 
HYPERCHOLESTEROLEMIA: CHECKMATE  
TO SEVERE HYPERCHOLESTEROLEMIA?
Marta Biolo, Camila Portinari, Paola Tosin, Michele Bortolussi, 
Raffaella Marin, Sandra Bertocco, Lorenzo Previato,  
Anna Colpo, Sabina Zambon, Paolo Simioni, Alberto Zambon
Department of Medicine - DIMED, University of Padua 
E-mail: marta.biolo@unipd.it

Background: Homozygous familial hypercholesterolemia (HoFH) 
is a rare genetic disease characterized by high low-density lipo-
protein cholesterol (LDL-C) levels and premature atherosclerot-
ic cardiovascular disease. The availability of novel lipid-lower-
ing therapies (LLTs) has changed the clinical management of 
HoFH. Evinacumab, an inhibitor of angiopoietin-like 3 protein, 
was recently introduced in Italy, offering a new approach to 
achieving guideline-directed LDL-C control in this very high-
risk population.
Objective: This study investigates the safety and efficacy of 
evinacumab in adults and adolescents with HoFH not undergo-
ing lipoprotein apheresis (LA) in real-world clinical practice.
Methods: Evinacumab was administrated intravenously (15 
mg /kg every 4 weeks) to 6 patients with genetically confirmed 
HoFH, of whom 2 adolescents started therapy on a compassion-
ate-use basis due to being <12 years of age. At each visit, patients 
underwent medical examinations, and blood samples were col-
lected to assess lipid profiles and to evaluate liver and kidney 
function for safety monitoring.
Results: 6 patients were studied, of whom 3 were adults (mean 
age 64.4 years) and 3 adolescents (mean age 11.4 years). All 
adults had a history of coronary artery disease and aortic 
valve replacement. All patients had discontinued LA, and were 
receiving the best standard LLTs, including lomitapide. The 
mean treatment duration was 19 weeks. Evinacumab treatment 
decreased LDL-C by 58±15% (mean±standard deviation) in the 
overall population from baseline to week 24; mean LDL-C reduc-
tion in adults and adolescents was 61±17% and 56±18%, respec-
tively. No serious treatment-related adverse events occurred in 
any patient.
Conclusion: In this small cohort, evinacumab was associated 
with a robust and persistent LDL-C lowering effect, enabling the 
permanent discontinuation of LA, and an excellent safety profile. 
Evinacumab is a potential game changer in the clinical manage-
ment of HoFH, with predictable significant clinical cardiovascu-
lar benefits related to the magnitude of LDL-C reduction.
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EVALUATIONS OF METABOLIC 
AND INNATE IMMUNITY PROFILES 
IN SUBJECTS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA  
WITH OR WITHOUT SUBCLINICAL 
ATHEROSCLEROSIS
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Antonino Di Pino 1, Luis Masana 2, Francesco Purrello 1, 
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Background: Familial hypercholesterolemia (FH) is a genetic 
condition characterized by high low density lipoprotein choles-
terol (LDL-C). The presence of risk modifiers could promote the 
atherosclerotic injury beyond LDL-C. Our aim was to evaluate 
metabolic and innate immunity profiles in FH subjects with or 
without subclinical atherosclerosis.
Methods: In this cross-sectional observational study, we evalu-
ated 211 genetically confirmed FH subjects on LDL-C target and 
without cardiovascular diseases. Biochemical analyses, LDL-C 
burden (LCB) calculation and vascular profile evaluation were 
obtained from all subjects. Study population was divided into two 
groups according to subclinical atherosclerosis presence.
Results: Exposed group had higher LDL-C at diagnosis 
(288.35±24.52 vs. 267.92±23.86, p<0.05) and LCB (13465.84± 
3617.46 vs. 10872.63±3594.7, p<0.001) than the non-exposed. 
Exposed group had larger amounts of White blood cell count 
(WBCC, 6.9±1.66 vs. 6.1±1.16), neutrophil count (NC, 4.2±1.3 
vs. 3.6±1.11), monocyte count (MC, 0.8±0.2 vs. 0.4±0.1) than the 
non-exposed (p value for all <0.01). Multivariate logistic regres-
sion analysis showed that LCB (p<0.01), WBCC (p <0.01), NC 
(p<0.05) and MC (p<0.05) were associated with subclinical ath-
erosclerosis. Simple linear regression analyses showed that LCB 
was associated with WBCC, NC and MC (p value for all <0.01).
Conclusion: An increased LCB and an impaired innate immuni-
ty profile were found in FH subjects with subclinical atheroscle-
rosis and they were independently associated with atheroscle-
rotic injury. LCB could modulate the innate immunity profile.

GENETIC CHARACTERIZATION  
OF SUBJECTS WITH AND WITHOUT 
CAD CARRYING “EXTREME LIPID 
PHENOTYPES”
Federica Brucato 1, Marina Lanza 1,  
Teresa Maria Grazia Fasciana 1, Nicola Martinelli 2,  
Fabiana Busti 2, Chiara Scrimali 1, Marco Di Lorenzo 1,  
Davide Noto 1, Antonina Giammanco 1, Carlo Maria Barbagallo 1, 
Oliviero Olivieri 2, Domenico Girelli 2, Angelo Baldassare Cefalù 1, 
Maurizio Riccardo Averna 1

1Department of Health Promotion, Mother and Child Care, 
Internal Medicine and Medical Specialties (PROMISE), 
University of Palermo, Italy; 2Department of Medicine,  
University of Verona, Italy 
E-mail: federicabrucato21@gmail.com

Introduction: Coronary artery disease (CAD) is the leading 
cause of mortality and morbidity in the world. The increase 
in circulating low-density lipoproteins cholesterol (LDL-C) 
and triglyceride (TG)-rich lipoproteins, while the reduction of 
high-density lipoproteins cholesterol (HDL-C) are associated 
with an increased or reduced risk of developing CAD. All these 
factors in practice can be combined to identify clusters of pop-
ulations that have a higher risk of developing CAD and would 
benefit most from preventive therapies.
Material and Methods: The study sample includes patients 
enrolled in the Verona Heart Study (VHS) with angiographical-
ly documented CAD (positive CAD) and subjects without CAD 
(negative CAD). We selected patients with extreme LDL-C, TG 
and HDL-C phenotype with cut-offs >98th percentile and <2nd 
percentile. We also recruited patients with extreme phenotype of 
ApoC-III (<5° percentile and >95° percentile). For genetic analy-
sis, a large-scale targeted sequencing analysis was performed on 
Ion Torrent technology. 
Results and Conclusion: Among the patients with LDL-C> 98th 
percentile, the NGS analysis revealed the presence of a pathoge-
netic mutation in LDLR gene. The analysis of patients with low 
levels of LDL-C allowed the identification of two causative mu-
tations in the APOB gene and one missense variant in PCSK9. 
Among the patients with ApoC-III levels <5° percentile, the 
NGS analysis revealed the presence of a pathogenetic mutation 
in APOC3 gene. Among subjects with low HDL-C we identified 
an ABCA1 gene mutation. We analyzed shared variants among 
these patients and classified them as rare, polymorphism or un-
known using the minor allele frequency (MAF). Although most 
of these variants are classified as polymorphism and individually 
cannot explain the phenotype, the presence of multiple variants 
in different genes could contribute to determine the clinical and 
biochemical phenotype.
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LYSOSOMAL ACID LIPASE DEFICIENCY: 
THE FOLLOW-UP OF FIVE CASES  
WITH MILD PHENOTYPE
Raffaele Buganza, Giulia Massini, Luisa de Sanctis,  
Ornella Guardamagna
Department of Public Health and Pediatric Sciences,  
University of Turin, Ospedale Infantile Regina Margherita 
E-mail: buganzaraffaele@gmail.com

Background: Lysosomal acid lipase deficiency (LAL-D) late-on-
set phenotype, cholesteryl esterstorage disease (CESD), is a 
rare disorder potentially underdiagnosed. The mid/long term 
follow-up of 5 CESD subjects is here shown.
Methods: 3 children and 2 adults were suspected of LAL-D as 
affected, as first signs, by dyslipidemia (n. 1), liverenlargment 
(n. 1), selected screening as a patient sibling (n. 1), lymphade-
nopatia (n. 1) andgastroenterogical symptoms (n. 1). LAL-D was 
confirmed by LAL activity measurement(<0.03nmol/punch/h) 
and LIPA gene analysis. Treatment with ezetimibe (10 mg/day, 
meanduration 8.4 years, range 3-20 years) was started, the out-
come monitored focusing on lipid andtransaminase changes, 
liver steatosis/fibrosis by liver transient elastography (TE) and 
magneticresonance (MR).
Results: All patients carry the variant c.894 G>A, showed vari-
ability of clinical presentation andthe efficacy of treatment. The 
mean decrease on treatment was 19.2% and 26.6% for LDL-C and 
ALTrespectively. Mean HDL-C increase was 13.4%. No evident 
progression of liver fibrosis wasobserved during the follow-up. 
MR and TE detected steatosis and F0-F1 fibrosis stage. At the 
lastevaluation the TE, liver stiffness measurement was 5.1, 5.5, 
5.9 kPa in children and 5.1, 6.2 kPa inadults.
Conclusion: Late-onset LAL-D presentation mimics common 
disorders, then it should bemisdiagnosed, despite diagnostic 
tools are easily available. The treatment is challenging as theout-
come is difficult to be established. Ezetimibe should be a valid 
option but precocious diagnosisand strict follow-up are needed 
before considering the enzyme replacement therapy.

SEX DIFFERENCES IN LIPID PROFILE  
OF PEDIATRIC PATIENTS AFFECTED  
BY FAMILIAL HYPERCHOLESTEROLEMIA 
AND TREATED WITH STATIN
Isabella Tarissi De Jacobis 1, Elisabetta Straface 2,  
Ippolita Rana 3, Camilla Cittadini 4, Elena Inzaghi 1,  
Andrea Bartuli 5, Paola Sabrina Buonuomo 5
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2Center for Gender-Specific Medicine, Istituto Superiore di 
Sanità; 3Rare Disease and Medical Genetics Unit, Bambino Gesù 
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Specific Medicine, Istituto Superiore di Sanità, Roma, Italy;  

5Rare Diseases and Medical Genetics Unit, Bambino Gesù 
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Background: Differences between males and females in lipid 
profile are observed in distribution and trajectory during pediat-
ric age, and are more pronounced in hereditary lipid disorders 
such as familial hypercholesterolemia (FH) when absolute cho-
lesterol levels are higher from birth onwards. However, little is 
known about the response to statin therapy. 
Methods: Sex-specific analyses for this retrospective cohort 
study was performed using data from pediatric patients refer-
ring to Rare Diseases and Medical Genetics Unit, Ospedale 
Bambino Gesù, Rome, Italy. Data from a total of 152 patients, age 
8-17 years, M/F ratio 78/74, were collected. For each patient, 
lipid profile ad diagnosis and 1 year after the start of statin ther-
apy was registered. 
Results: The value of total cholesterol (TC), HDL- cholesterol 
(HDL-C), LDL- cholesterol (LDL-C) and triglycerides (TG) at di-
agnosis was compared to the results after 1 year of treatment, ac-
cording to sex and age. A different rate of response was observed 
in females more than males in all lipid fractions.
Conclusions: These findings, although preliminary, highlight 
the importance of personalized therapy according to sex and age 
also in pediatric age.
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Background: Common Variable Immunodeficiency (CVID) is a 
rare immunological disease characterized by a deficiency in an-
tibody production. Clinical manifestations are variable and range 
from increased susceptibility to infections to non-infectious man-
ifestations secondary to immune dysregulation. In particular,  
the presence of non-infectious complications identifies the so-
called “complicated” phenotype. The relationship between CVID 
and the risk of developing atherosclerosis and its impact on car-
diovascular (CV) mortality is currently debated.
AIM of the Study: To evaluate the frequency of CV risk factors, 
the prevalence of atherosclerotic disease
(AsCVD) and its role as cause of death within an Italian cohort 
of CVID patients.
Materials and Methods: We conducted a retrospective-pro-
spective multicentre observational study on Italian patients af-
fected by CVID, enrolled between 1/1/2018 and 12/31/2023 in 
5 Italian centres (Cagliari, Naples, Treviso, Rome and Turin). 
For each patient, anamnestic information, anthropometric data, 
biohumoral parameters and immunological characteristics were 
collected. Finally, we analysed the main causes of death of pa-
tients who died during the study period.
Results: We enrolled 411 CVID patients, predominantly female 
(n=229, 56%), with a mean age of 52±15.8 years. Of these, 210 
(51%) had a complicated disease phenotype and 42 were affect-
ed by AsCVD. We compared the prevalence of CV risk factors 
and immunological parameters of AsCVD patients (n=42) with 
the rest of the cohort (n=369). As expected, hypertension, dys-
lipidaemia, diabetes and advanced age were associated with the 
presence of AsCVD. Furthermore, the presence of bronchiec-
tasis and replacement therapy with intravenous immunoglob-
ulin were associated with the presence of AsCVD. There were 
62 deaths with a mean age of 61±15.5 years. The main cause of 
death (40%) was the presence of neoplasms, followed by infec-
tions (18%) and terminal lung disease (14.5%). 6 patients (10%) 
died from CV disease.
Conclusions: Our study analyses for the first time the preva-
lence of AScVD disease and the distribution of cardiovascular 
risk factors in a large cohort of CVID patients. We found no 
significant differences in immunological parameters between 

patients with and without history of AsCVD. Although the prev-
alence of common cardiovascular risk factors in our cohort is 
not different from that of the general population, CV disease is 
only the fourth cause of death. These preliminary data suggest 
that CVID patients do not have an increased risk of CV disease.

IMPACT OF WESTERN DIET AND PCSK9 
ON THE EXPRESSION OF AMYOTROPHIC 
LATERAL SCLEROSIS-PREDISPOSING 
GENES
Marco Busnelli, Elsa Franchi, Alice Colombo,  
Stefano Manzini, Giulia Chiesa
Dipartimento di Scienze Farmacologiche e Biomolecolari, 
Università degli Studi di Milano 
E-mail: marco.busnelli@unimi.it

Background and Aim: Amyotrophic lateral sclerosis (ALS) 
is a fatal neurodegenerative disorder characterized by progres-
sive degeneration of motor neurons. Mutations in three genes, 
C9orf72, SOD1, TARDBP, account for the disease in about 70% 
of patients with familial ALS. Since cholesterol may play a role 
in the onset/progression of ALS, the impact of PCSK9, as well 
as that of different dietary lipid contents, on the expression of 
genes relevant in ALS and cholesterol metabolism was evaluated 
in brain and liver.
Methods: Six-week-old C57BL/6J WT and PCSK9-KO female 
mice were fed for 16 weeks either standard chow diet (CD), or 
Western-type diet (WD). After sacrifice, gene expression in liver 
and brain was evaluated via qPCR.
Results: When comparing dietary treatments, in the liver of 
both genotypes, WD significantly increased the expression of 
Sod1, Tardbp and C9orf72, as well as that of Dhcr24, Cyp27a1, 
Cyp46a1 and Soat1 vs. CD. In the brain, WD did not alter the ex-
pression of any of the genes considered. When comparing gen-
otypes, the hepatic expression of Sod1, Tardbp and C9orf72 was 
comparable in PCSK9-KO and WT when fed the same diet. On 
WD, increased hepatic expression of Dhcr24, Dhcr7, Msmo1, 
Hmgcr and Ldlr was observed in PCSK9-KO vs. WT. Conversely, 
in the brain, PCSK9-KO mice showed increased expression of 
C9orf72, Tardbp, Ldlr and Hmgcr, vs. WT when fed the same 
diet.
Conclusions: WD administration increases the expression of 
ALS-predisposing genes only in the liver but not in the brain in a 
genotype-independent manner. The lack of PCSK9 consistently 
results in increased expression of C9orf72 and Tardbp in the 
brain. Additional studies may shed light on the role of PCSK9 
in the onset of ALS.
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INTESTINAL METABOLITES OF HIGH 
AMYLOSE WHEAT PHENOLIC EXTRACT 
IMPROVE ENDOTHELIAL FUNCTION: 
ROLE OF FERULIC ACID AND ITS 
METABOLITES
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Atherosclerosis and inflammatory bowel diseases share com-
mon pathophysiological mechanisms in terms of their genetics, 
immunology, and contributing environmental factors, with en-
dothelial cells playing a central role in both conditions (1). Di-
etary polyphenols, known for their antioxidant and anti-inflam-
matory properties, represent a promising approach to preserve 
endothelial function. Newly developed high-amylose durum 
wheat cv. Svevo (Svevo-HA), an innovative material character-
ized by a high content of resistant starch and phenolic acids, is 
attracting interest as a functional food ingredient (2). Given the 
extensive metabolic processing of wheat in the intestine, this 
study aimed to evaluate the effects of the intestinal metabolites 
of Svevo-HA phenolic extract (HAPE) on endothelial activation 
and to analyze underlying mechanisms of action. To this aim, we 
established a transwell intestinal epithelial-endothelial co-culture 
system with Caco-2 and HMEC-1 cells mimicking the gut-vascu-
lar barrier (3). In detail, Caco-2 were grown on semi-permeable 
membrane until fully differentiated into an enterocyte-like phe-
notype, and then shifted to plates containing HMEC-1 in the low-
er compartment. HAPE (1-10 μg/mL GAE), or its main compo-
nent ferulic acid, were added to the upper compartment for 2h. 
Alternatively, the ferulic acid metabolites, ferulic acid 4-O-sul-
fate and dihydroferulic acid (5-10 μmol/L) were added to the 
lower compartment. Afterwards, TNF (10 ng/mL) was added to 
HMEC-1 for 16h to recreate the vascular inflammatory milieu.
The results showed that HAPE intestinal metabolites dose-de-
pendently suppressed TNF-stimulated leukocyte-endothelium 
interaction, reduced the expression of endothelial adhesion 
molecules ICAM-1 and VCAM-1 and decreased the release of 
inflammatory mediators IL-6 and MCP-1. These protective ef-
fects were attributed to ferulic acid and its derivatives and were 
linked to a significant reduction in intracellular ROS production 
and NF-κB activation.In conclusion, our findings highlight Sve-
vo-HA’s potential as a functional food ingredient, rich in ferulic 
acid, capable of reducing endothelial inflammation and support-
ing intestinal and vascular health.
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Background and Aims: Gut dysbiosis is a major determinant 
of low-grade endotoxaemia via dysfunction of the intestinal bar-
rier scaffold, which is a prerequisite for Lipopolysaccharide 
(LPS) translocation into the systemic circulation. Endotoxaemia 
is associated with atherosclerotic burden and its clinical se-
quelae. Moreover, current data show that LPS is cleared from 
the circulation via low-density lipoprotein receptors (LDLR) on 
hepatocytes, which are downregulated by proprotein convertase 
subtilisin/kexin type 9 (PCSK9), protein directly associated with 
circulating LDL cholesterol (LDL-C) level and in the onset of 
hypercholesterolemia.The aim was to analyze the relationship 
between PCSK9, gut permeability and endotoxemia after the 
treatment with PCSK9 inhibitors (PCSK9i).
Methods: We performed a before-after study including 40 pa-
tients with heterozygous familial hypercholesterolemia (HeFH) 
on treatment with maximum tolerated statin dose±ezetimibe 
before and after six months of PCSK9i therapy. We analysed 
plasma PCSK9 levels, intestinal permeability marker such as 
zonulin, endotoxemia marker such as LPS and oxidized-LDL 
(ox-LDL) that play a central role in atherosclerotic process, by 
enzyme-linked immunosorbent assay (ELISA). To study a po-
tential mechanism of intestinal permeability, Caco2 cells, a well 
characterized intestinal in vitro model, were treated in vitro with 
PCSK9, and the expression of occludin, an integral membrane 
thigh junction protein, and zonulin levels were evaluated. 
Results: cWe observed a significant decline in LDL-C, zonulin, 
LPS, and ox-LDL levels after six months of PCSK9i compared to 
baseline. Furthermore, linear regression analysis showed that 
LPS levels were associated with LDL-C and zonulin reduction, 
suggesting a relationship between gut permeability and PCSK9 
levels. In vitro, PCSK9, at concentration of 50-150-300 ng/ml, 
significantly reduced the protein levels of occludin compared 
to unstimulated cells whereas increased levels of zonulin. The 
treatment with NOX2ds-tat and PCSK9i significantly improve 
occludin expression and reduced zonulin levels in cell media. 
Conclusions: This study provides evidence that PCSK9i could 
improve gut permeability by reducing circulating endotoxemia 
as well as oxLDL production by counteracting the atherosclerot-
ic process in HeFH patients.
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Introduction: Concordance of LDL-C estimating equations 
with direct enzymatic assay is lower in diabetes. Previous stud-
ies have demonstrated that the Martin-Hopkins (MH) equation 
provides better concordance than the Friedewald (F) equation. 
In our prior analysis of a population of inpatients, we found that 
LDL-C target achievement declines progressively in higher-risk 
categories, with only 32.1% of diabetic patients reaching their 
LDL-C targets.
Methods: Retrospective real-world data were extracted from 
the Hospital Information System using automated data extrac-
tion strategies and stored in a patient-centered repository (the 
Dyslipidemia Data Mart). Patients were excluded if triglycerides 
were >400 mg/dl. LDL-C was calculated using both the MH and 
F equations, and Pearson correlation was performed. Differenc-
es in LDL-C (ΔLDL-C) between the two equations were calculat-
ed for the entire population, as well as the diabetic and non-dia-
betic subgroups. LDL-C target achievement was assessed based 
on the 2019 ESC/EAS guidelines. 
Results: 13.834 patients were included (30,5% with diabetes). 
The Pearson correlation coefficient between MH and F equa-
tions was 0.99 (p<1x10-16). The mean LDL-C was higher when 
calculated using MH compared to F. ΔLDL-C was 2.66 mg/dl, 
2.16 mg/dl and 3.78 mg/dl (p<0.001) for the entire population, 
non-diabetic subgroup and diabetic subgroup, respectively. 
Overall, on-target patients were 35.8% with MH compared to 
38.9% with F. The percentage of on-target patients (according to 
F) switching to off-target (according to MH) was significantly 
higher in diabetics compared to non-diabetics (5.1% vs. 2.8%, 
p<0.001). Distance-to-target (DTT) was higher when LDL-C was 
calculated with MH than with F. The increase in DTT observed 
comparing MH vs. F was higher in the diabetic subgroup than in 
non-diabetics (3.8 mg/dl vs. 2.2 mg/dl, p<0.001).
Conclusions: Cardiovascular risk management is pivotal in di-
abetes and the methodology for LDL-C estimation could have a 
significant impact on LDL-C target achievement and therapeutic 
choices.

COMPARISON OF METHODS  
FOR THE QUANTIFICATION OF SMALL 
DENSE LDL-c
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Aim: Increased small dense low-density lipoprotein-cholesterol 
(sdLDL-c) is recognized as a risk factor for atherosclerotic cardi-
ovascular disease (ASCVD). Traditional methods (ultracentrifu-
gation) used to measure sdLDL-c are labor intensive and cannot 
be utilized for routine diagnostic testing. We aim to evaluate the 
agreement between an automated direct method for measure-
ment of sdLDL-c (d-sdLDL-c), and the estimation by the Samp-
sons equation (E-sdLDL-c - Clin. Chem. 2021: 67, 987-997).
Patients and Methods: We analyzed data of 99 patients with 
clinical suspect of Familial Hypercholesterolemia. Levels of 
sdLDL-c were measured by automated direct homogeneous 
method (Denka Seiken) on Cobas c-503 (Roche Diagnostics). 
Traditional lipid parameters, used for evaluation of the estima-
tion of sdLDL-c, (LDL-c, total cholesterol (TC), high-density 
lipoprotein-cholesterol (HDL-c), and triglyceride (TG)) were 
measured by standard enzymatic methods.
Results: We observed a good correlation between E-sdLDL-c 
and d-sdLDL-c (Spearman coefficient r=0.812). The greater dis-
cordance was observed for very high values (>80 mg/dl), that 
were measured by the direct method and greatly underestimat-
ed by the Sampson equation. In fact, the maximum observed 
value for E-sdLDL-c was 81 mg/dl and for d-sdLDL-c was 100 
mg/dl. We searched for possible explanations related with this 
underestimation, and we identified a possible role of high LDL-c 
and TC levels, whereas no impact of TG was observed. 
Conclusion: There is a good agreement between the values ob-
tained from the Sampson equation and ones directly measured. 
However, since there is an underestimation of high values of 
sdLDL-c by the formula estimation, the homogenous methods 
could be a more appropriate choice for measuring sdLDL-c. A 
correct identification of patients with very high sdLDL-c levels 
can improve the assessment of residual cardiovascular risk.
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The essential role of endothelium in maintaining vascular home-
ostasis can be undermined by cell senescence and aging, which 
can lead to endothelial dysfunction and age-related diseases. 
Due to the biological and clinical importance of health endothe-
lium, it is necessary to identify and therapeutically target senes-
cent endothelial cells (1). Grape pomace is an important source 
of bioactive polyphenols with potential beneficial properties for 
the endothelium, but the effects on endothelial senescence are 
not clear (2, 3). 
The aim of this research is to enhance grape pomace, by ap-
plying green chemistry, to achieve high-value materials, with 
healthful properties for the prevention of vascular aging. Ne-
groamaro grape pomace was extracted in distilled water at 90°C 
and dehydrated under spray dryer, before being chemically 
characterized by HPLC/DAD and NMR and finally used for its 
bioactivity in primary endothelial cell cultures. Human umbili-
cal vein endothelial cells (HUVECs) were pretreated with grape 
pomace extract (GPE) and exposed to H2O2, as an in vitro aging 
model, detected by SA-β-gal staining, or to TNF, to induce en-
dothelial dysfunction, analyzed by the expression of inflammato-
ry markers, at protein (EIA/ELISA/Western) and mRNA levels 
(qRT-PCR). MTT, DCFH-DA and Griess assay were used to eval-
uate cell viability, reactive oxygen species (ROS) and nitric oxide 
(NO) levels, respectively. 
Our results showed that H2O2 exposure promoted endothelial 
senescence, which was significantly alleviated by pre-treatment 
with 5μg/ml GPE. Furthermore, GPE ameliorated TNF-stimu-
lated endothelial dysfunction by increasing eNOS expression 
and NO production and reducing ROS levels, and COX-2 expres-
sion. 
The GPE effects could be mainly explained by the presence of 
bioactive polyphenols including anthocyanins, catechins, epicat-
echins and resveratrol. 
Overall, the results show that a natural extract of red grape pom-
ace, as obtained by green chemistry, inhibits endothelial dys-
function and senescence and may contribute to the prevention 
of age-related diseases.
Funding: This work was carried out within the WINPROAGE 
project entitled WIne by-products metabolomic profiling in Nat-
ural chemoPRevention Of vascular AGEings – (Codice proget-
to: P2022TKYNN), Bando PRIN 2022 PNRR – Settore ERC LS4 
“Physiology in Health, Disease and Ageing”, financed by the Eu-
ropean Union through the Next GenerationEU plan, Mission 4, 
Component C2, Investiment 1.1. as part of the PRIN 2022 PNRR 
Call (D.D. 1409 of 14/09/2022) of the Italian Ministry of Univer-
sity and research (MUR).
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Introduction: Severe Hypertriglyceridemia is a genetic disease 
characterized by high levels of triglycerides caused by pathogen-
ic variants in the LPL, APOA5, APOC2, LMF1, GPIHBP1 and 
CREB3L3 genes. Two forms of the disease were defined, one 
usually caused by 2 pathogenic variants (Familial Chylomicrone-
mia Syndrome - FCS) and one usually caused by a single variant 
(Multifactorial Chylomicronemia Syndrome - MCS). We report 
the case of a patient that received the genetic confirmation of 
FCS after the analysis of her relatives.
Methods: We analyzed a patient with a maximum triglycerides 
value of 6500 mg/dL and clinical diagnosis of FCS. The genetic 
analysis was made by Next Generation Sequencing (NGS) us-
ing a panel including 43 genes related to lipid metabolism. The 
pathogenicity classification of variants was carried out accord-
ing to the American College of Medical Genetics and Genomics 
(ACMG) guidelines.
Results: We identified 2 variants at the heterozygous state in 
the APOA5 gene: c.427delC - p.(Arg143Alafs*57), classified as 
Pathogenic, and c. 49+5 G>A, classified as uncertain significance 
variant (USV). The identification of the first variant in the moth-
er and the second one in the father allowed to establish that the 
patient is a compound heterozygote for variants in APOA5 gene. 
After 2 years also the patient’s sister (TG max of 5000 mg/dL) 
was analyzed, and the genetic analysis revealed that she is a 
compound heterozygote like the proband. Based on the segre-
gation analysis and on the identification of the variant in another 
FCS patient in the family, the c. 49+5 G>A variant was reclassi-
fied as Likely Pathogenic.
Conclusion: The analysis of this family comprising two FCS pa-
tients allowed to define a pathogenic role for the variant c. 49+5 
G>A in the APOA5 gene. We reported one of the few cases of 
patients with biallelic variants in APOA5 gene present in the lit-
erature.
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IN PEG-ASPARAGINASE THERAPY:  
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Background: PEG-Asparaginase or Pegaspargase (PEG) is an 
asparagine-specific enzyme that selectively kills leukemic cells 
by depleting plasma asparagine and is approved for the first-
line treatment of acute lymphoblastic leukemia (ALL). PEG is 
associated with several adverse effects, including thrombosis, 
hypersensitivity reaction, hepatotoxicity, and severe hyper-
triglyceridemia (HTG), complicated with acute pancreatitis. 
HTG-associated PEG-based mechanisms are poorly understood.
Case Presentation: We present the case of a 31-year-old wom-
an with T-cell acute lymphoblastic leukemia who developed se-
vere hypertriglyceridemia (triglyceride levels >5000 mg/dL) 
following treatment with PEG-asparaginase. In the emergency 
department, initial management included fasting, fenofibrate, 
and omega-3 fatty acids, which effectively reduced triglyceride 
levels during her hospitalization. In addition, she was found 
to have a significant elevation in liver function tests (LFTs, 
>5 times the upper limit of normal). A review of her medical 
records revealed no prior history of plasma lipid disturbances 
or LFT elevations. It is noteworthy that she had a history of 
systemic lupus erythematosus (SLE), for which she was not 
receiving treatment due to remission. Additionally, a family 
history of cardiovascular disease and diabetes suggested a 
possible genetic predisposition to lipid metabolism disorders. 
After informed consent signing, she underwent blood drawn 
for genotyping within the LIPIGEN study. Genetic testing iden-
tified a rare heterozygous missense variant (rs268) in the LPL 
gene (NM_000237: exon 6: c.A953G: p.N318S), classified as a 
variant of uncertain significance but associated with familial 
combined hyperlipidaemia. The patient was also homozygous 
for the c.162-43G>A variant (rs2072560) in the APOA5 gene, 
which is known to increase triglyceride levels. Sequencing of 
the APOC3 gene is pending to further investigate potential 
genetic factors. After withdrawal of PEG-asparaginase, the pa-
tient’s lipid profile normalised, allowing triglyceride-lowering 
therapies to be discontinued. 
Conclusion: This case highlights the importance of personal-
ised medicine approaches in oncology to identify and manage 
genetic susceptibilities that may exacerbate treatment-related 
side effects. In the new era of targeted therapy and cardio-oncol-
ogy, further studies are needed to achieve a personalised treat-
ment approach tailored to the patient.
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Dyslipidemias are a leading cause of cardiovascular disease, 
with pharmacological interventions playing a crucial role in pre-
venting adverse events. Statins are the first-line treatment, but 
many patients experience side effects, particularly muscle-relat-
ed symptoms or hepatic issues, leading to reduced compliance 
and long-term efficacy. I patients who are stati intolerant, at high 
cardiovascular risk, or unable to achieve target lipid levels, alter-
native therapies like bempedoic acid and PCSK9 inhibitors are 
viable options.
This study aimed to evaluate the use of lipid lowering drugs in 
a clinical setting, focusing on statin intolerance and subsequent 
treatments. Furthermore to assess the correlation between age, 
sex, and the likelihood of developing statin intolerance among 
patients with dyslipidemia.
We performed a two-month retrospective analysis of 286 consec-
utive dyslipidemia patients (51.4% women) with a mean age of 
64.2 (±13.8) years. Statins were prescribed to 65% of patients, 
while 30% discontinued use due to intolerance. Statin-intolerant 
patients were older, with a mean age of 65.5 (±12.8) years, and 
had a higher prevalence among women (58.3%), though the dif-
ference was not statistically significant (p = n.s.). Second-line 
treatments were common, with 20% of all patients using bempe-
doic acid, although 5% experienced intolerance. A PCSK9 inhibi-
tor was used primarily by 12% of statin-intolerant patients.
Statin intolerance was most frequent in patients under 60: 14 
women and 9 men (mean age 48.2) and over 70: 19 women and 
12 men (mean age 74.9).
The study highlights that statins remain the cornerstone of dys-
lipidemia treatment but emphasizes the significant challenge 
of intolerance, particularly in women and older patients. This 
underscores the need for personalized therapy, with valuable 
alternatives like
bempedoic acid and PCSK9 inhibitors. Further research is need-
ed to optimize treatment strategies based on individual patient 
characteristics.
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Sarcopenia is common in patients with heart failure (HF), and 
it is frequently associated with other comorbidities. The prev-
alence of sarcopenia in HF patients varies significantly depend-
ing on the population considered: sarcopenia rates are notably 
higher among hospitalized patients compared to outpatients. 
Sarcopenia could potentially worsen the prognosis observed in 
patients with HF; in fact, sarcopenia has been linked to an in-
creased risk of all-cause mortality and MACE in patients with 
HF. SGLT2 inhibitors (SGLT2i) are antidiabetic drugs indicated 
to improve glycaemic control and reduce MACE in patients with 
type 2 diabetes mellitus (T2DM). The aim of this study was to 
evaluate the impact of sarcopenia on prognosis and the potential 
role of SGLT2 inhibitors on the incidence of MACE in outpa-
tients with HF. In this retrospective study, 670 outpatients with 
HF (369 males and 301 females, average age of 65.6±12.5 years) 
were enrolled and stratified based on the presence of sarcopenia. 
The median follow-up was 4.7±2.8 years. MACE were identified 
as study endpoints. MACE included non-fatal ischemic stroke, 
nonfatal coronary events, and cardiovascular (CV) death. Ad-
ditionally total mortality during follow-up was also evaluated. 
The entire population was stratified by sarcopenia diagnosis 
(340 sarcopenic patients and 330 non-sarcopenic patients). Be-
tween the two groups, statistically significant differences were 
observed for male gender (63.5% in the sarcopenia group and 
46.4% in the non-sarcopenia group, p=0.0001), body mass index 
(BMI) (p=0.0001), vitamin D levels (p=0.0001), albumin levels 
(p=0.0001). A total of 245 (7.8 events/ 100 patient-year) MACE 
were observed. In particular, 78 (4.9 events/100 patient-year) 
were non-fatal coronary events, 198 (6.3 events/100 patient-year) 
non-fatal stroke events, and 88 (2.8 events/100 patient-year) CV 
deaths. In the sarcopenia group, MACE observed were 213 (13.3 
events/100 patient-year) while in the no sarcopenia group they 
were 32 (2.1 events/100 patient-year) (p<0.00001). Non-fatal 
coronary events were 78 (4.9 events/100 patient-year) in the 
sarcopenia group and 12 (0.8 events/100 patient-year) in the no 
sarcopenia group (p<0.00001). Furthermore, non-fatal stroke 
events were 181 (11.3 events/100 patient-year) in the sarcopenia 
group and 17 (1.1 events/100 patient-year) in the no sarcopenia 
group (p<0.00001). CV death events were 84 (5.3 events/100 
patient-year) in the sarcopenia group and 4 (0.3 events/100 
patient-year) in the no sarcopenia group (p<0.00001). Non-CV 
mortality was not significantly different between the sarcopenia 
group (18, 1.1 events/100 patient-year) and the no sarcopenia 
group (24, 1.5 events/100 patient-year) (p=0.291). Total mortal-
ity was higher in the sarcopenia group (102, 6.4%) compared to 
the no sarcopenia group (28, 1.8%) (p<0.00001). Cox regression 
analysis showed that SGLT2i reduced the risk of MACE by 89%. 
In contrast, Sarcopenia significantly increase the risk of MACE, 
with a hazard ratio of 5.82, indicating a nearly sixfold increase in 
risk. In conclusion, we provide evidence that sarcopenia signif-

icantly increases incidence of MACE, thus early detection and 
treatment is mandatory to improve outcome of these patients. 
For a deeper understanding, additional sources and detailed 
study results are necessary to confirm these findings and elu-
cidate the underlying biological mechanisms. Furthermore, this 
study highlights the protective effect of SGLT2i in patients with 
HF. Assumption of SGLT2i reduced the composite endpoint of 
non-fatal stroke, non-fatal coronary event and cardiovascular 
death for HF by 89%; in addition, we also observed a reduction 
of total mortality.

ACHIEVING LDL-C GOALS IN STATIN-
INTOLERANT PATIENTS: INSIGHTS FROM 
BEMPEDOIC ACID TREATMENT
Greta Chiarelli, Sofia Donnarumma, Vincenzina Palermo, 
Carmine De Luca, Luigi Jr Valletta, Miriam Giovanna Mazzone, 
Raffaele Russo, Guido D’errico, Ilenia Lorenza Calcaterra, 
Iannuzzo Gabriella, Matteo Di Minno
Department of Clinical Medicine and Surgery, 
Federico II University, Naples, Italy
E-mail: gretachiarelli@live.it

Background: Statins remain the gold standard for treating hy-
percholesterolemia. The introduction of ezetimibe and PCSK-9 
inhibitors allowed the therapeutic goals, set for each risk class, 
to be achieved more easily. However, LDL-targets are not always 
met but therapeutic goals are not always met, especially in high-
risk patients, such as those with familial hypercholesterolemia 
or statin intolerance. In these cases, bempedoic acid offers an 
additional therapeutic option. By inhibiting ATP-citrate lyase, 
bempedoic acid triggers the upregulation of low-density lipopro-
tein receptor expression in the liver, resulting in increased clear-
ance of low-density lipoprotein particles and LDL-C reduction.
Methods: We conducted a real-world study to assess the effi-
cacy and safety of bempedoic acid in patients with statin intoler-
ance that didn’t reach the therapeutic target, yet. We evaluated 
the lipid profile, liver enzymes, at baseline and after 12 weeks 
and of treatment.
Results: We preliminarily enrolled 52 patients, with a mean 
age of 59 years: 69 ,2% were hypertensive, 42,3% had carotid 
atherosclerosis and hepatic steatosis, 13,5% were diabetic, only 
three patients reported cardiovascular events. After 12 weeks, 
we observed a significant reduction in LDL-C levels (from 
134.63±42,083 mg/dl to 85.44±41,846 mg/dl, p<0.001). No ad-
verse events, including significant elevations in liver and muscle 
enzymes; however, there was an increase in triglyceride levels 
(123,730±50,976 mg/dL to 142,08±72,116 mg/dL). The increas-
ing of Creatinine and uric acid, effects commonly reported in the 
literature, are not statistically significant (p>0,05) in our sample
Conclusions: These preliminary data show that bempedoic 
acid could be an additional therapeutic option for patients, who 
have failed other therapies, such as those who are intolerant to 
statins. The fact that there were no events in our patients, al-
though the observation period is still too short, makes bempe-
doic acid a valid additional therapeutic option, also in terms of 
safety.
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Background: Statin therapy represents the gold standard in lipid 
lowering therapy, although it is associated with an increasing rate 
of therapeutic abandonment especially due to the onset of muscle 
symptoms (statin associated muscle symptoms SAMS).In liter-
ature, a higher incidence of SAMS in the female population has 
already been documented, probably attributable to differences 
in pharmacokinetics and pharmacodynamics between genders. 
A relevant element in this condition would seem to reside in the 
SLCO1B1 gene (1), responsible for the tissue transport of statins, 
whose mutation would determine an increased plasma concentra-
tion of the same with consequent development of SAMS.
Aim: The aim of our study was to evaluate the real-life preva-
lence of statin intolerance in patients referred at our Center and 
how this determines whether or not the 2019 ESC guideline’s 
LDL target was reached. The influence of genetic factors (specif-
ically the SLCO1B1 mutation) and of patients’ general and clini-
cal characteristics (gender, age, BMI) on the achievement of the 
target was also analyzed.
Methods: We selected a population of 185 patients attending 
our Center and enrolled in the LIPIGEN project (96 F ; 89 M), of 
whom 131 FH+ (67 F; 64 M). In 97% of the total population it was 
possible to evaluate the SLCO1B1 gene, which was found to be 
mutated in 67 out of 179 patients (37 F; 30 M).The mean age of 
our patients was 35 years (18 to 74 years; 41 f , 30 m), the mean 
BMI was 24.2 (23.9 f; 24.5 m).
Discussion: In accordance with the literature, our data showed 
a greater statin intolerance in female (58% f vs. 42% m). In par-
ticular, Atorvastatin was the worst tolerated, with predominantly 
SAMS development even in the absence of CPK elevation (only 2 
patients). If intolerance was referred by the patient, we preferred 
to shift to Rosuvastatin, generally characterized by better toler-
ability.Intolerance showed a continuous growth trend in relation 
to age in both sexes, more significant in female (5-fold increase 
from 35 to 75 years). The evaluation of the BMI was affected by 
the different numerical representation between classes, given the 
prevalence of normal weight and overweight population. From 
our preliminary data, the BMI would seem to be directly correlat-
ed with the development of statin intolerance; less significant the 
correlation with the achievement of the target since the poor rep-
resentation of some groups could determine confounding results.
Of the 179 patients analyzed for mutations of the SLCO1B1 gene, 
37% presented its mutation. By stratifying the data based on sex, 
the influence of this mutation on the development of statin intoler-
ance in female was confirmed, independently of the diagnosis of 
familial hypercholesterolemia, particularly in female FH+.
Conclusions: Statin intolerance still represents an obstacle to 
therapeutic compliance and the achievement of the LDL target. 
Particular importance seems to be related to age and the pres-
ence of SLCO1B1 mutations; the role of BMI/waist circumfer-
ence is still uncertain. 
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SLCO1B1 rs4149056 on LDL-C target achievement after lipid lowering 
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NEUTROPHIL CATHEPSIN G AND 
PLATELET ACTIVATION IN TYPE 2 
DIABETES: ROLE OF GLIFOZINS
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Background and Aims: Type 2 diabetes (T2D) is frequently 
complicated by cardiovascular disease (CVD). Platelet dysfunc-
tion plays a central role in the development of CVD in patients 
with T2D, as these patients have an increased thrombotic state 
associated with endothelial dysfunction and increased plate-
let reactivity. Neutrophils may contribute to platelet activation 
through the release of cathepsin G, a serine protease released 
upon neutrophil activation. There is also evidence that gliflozins 
reduce platelet activation, but their role in modulating neutro-
phil-derived cathepsin G release has never been studied in T2D.
In this study, we investigated whether serum cathepsin G is el-
evated in patients with type 2 diabetes mellitus (T2DM) and the 
relationship between cathepsin G levels and platelet activation.
Methods: In 32 patients with T2D on ongoing metformin ther-
apy before and after Gliflozin therapy and in 20 healthy subjects 
(HS), Cathepsin G levels and platelet activation markers includ-
ing soluble platelet selectin (sP-selectin), serum thromboxane 
B2 (TxB2) and soluble CD40 ligand (sCD40L) were analysed. 
The association between serum cathepsin and platelet activation 
was also investigated.We also performed an in vitro study to 
compare the effect of gliflozin on the release of cathepsin G and 
then on the interaction between platelets and neutrophils.
Results: Compared to HS, T2D patients had significantly 
higher blood levels of cathepsin G (p<0.0001). Furthermore, 
reduced circulating levels of cathepsin G and reduced markers 
of platelet activation were observed after gliflozin treatment.In 
addition, the reduction in serum cathepsin G levels significantly 
correlated with TxB2 (rS=0.474, P=0.047), sP-selectin (rS=0.589, 
p<0.010) and sCD40L (rS=0.507, p<0.032) delta in T2D patients. 
Finally, an in vitro study on platelet-neutrophil mixture treated 
with gliflozin (10-30µM) resulted in higher cathepsin G levels in 
the medium than untreated platelet-neutrophil.
Conclusions: This study suggests that cathepsin G contributes 
to platelet activation in patients with T2D and that Gliflozins, in 
addition to their hypoglycemic effects, may have a beneficial ef-
fect on cathepsin G-mediated platelet-neutrophil interaction.
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IMPACT OF DIETARY CHOLINE 
SUPPLEMENTATION ON PLASMA 
METABOLOME AND HEPATIC 
TRANSCRIPTOME IN APOLIPOPROTEIN  
E KNOCKOUT MICE
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Epidemiological studies proved a positive correlation between 
cardiovascular risk and TMAO plasma levels, a microbiota-de-
rived metabolite of choline. With the aim of investigating if 
dietary choline could modulate cardiovascular risk affecting 
additional metabolic pathways, a multi-omics approach was per-
formed. Ten-weeks-old EKO female mice were fed two chow 
diets, differing for a standard (0.09%, STD) or high (1.2%, HC) 
choline content. To test whether the choline-shaped microbi-
ota might impact host metabolism, after 16 weeks of dietary 
treatment, the cecal content of STD and HC microbiota-donor 
mice was transplanted into antibiotic-treated, microbiota-recip-
ient, EKO female mice (FMT-STD and FMT-HC), fed STD for 
16 weeks. In all mice, atherosclerosis development, targeted 
plasma metabolome and hepatic transcriptome were evaluated.
In microbiota-donor mice, HC diet worsened atherosclerosis 
development. Moreover, HC increased TMAO plasma levels 
together with those of methionine, sarcosine, glycine, carni-
tine, propionylcarnitine and butyrylcarnitine and lowered ho-
mocysteine. Consistently, liver transcriptome showed that the 
expression of 1247 genes was upregulated in HC mice. These 
genes enriched pathways mainly involved in the amino acid and 
one-carbon metabolism. In microbiota-recipient mice atheroscle-
rosis development was comparable, but plasma metabolome of 
those that received the HC-shaped microbiota showed a lower 
concentration of several triglyceride species. Again, consistently 
with metabolomic findings, the analysis of liver transcriptome 
revealed that several among the 477 genes downregulated in 
FMT-HC mice were involved in pathways linked to metabolic 
processes, in particular lipid metabolism. In conclusion, dietary 
choline supplementation impacted on the hepatic transcription-
al profile and influenced atherosclerosis development not only 
by increasing TMAO levels, but also by modifying several me-
tabolites belonging to one-carbon metabolism. Finally, the gut 
microbiota shaped by the HC diet per se was able to influence 
liver metabolism by leading to reduced synthesis of several tri-
glyceride species. These results suggest new choline-dependent 
mechanisms implicated in atherosclerosis development which 
deserve further investigation.

PRUNUS DOMESTICA EXTRACT 
TREATMENT IMPROVES MASDL-RELATED 
METABOLIC PARAMETERS  
IN A STEATOTIC-LIKE MODEL BASED  
ON THE HepG2 CELL LINE
Laura Comi 1, Claudia Giglione 1, Fationa Tolaj Klinaku 1, 
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Introduction: Metabolic dysfunction-associated steatotic liv-
er disease (MASLD) is a widespread chronic liver condition 
linked to an increased risk of atherosclerotic cardiovascular dis-
ease (ASCVD). Current treatment strategies focus on lifestyle 
changes, such as weight loss and regular exercise, while phar-
maceutical solutions are still under investigation. Nutraceuticals, 
particularly Prunus domestica extracts rich in hydroxycinnam-
ic acids, flavanols, and glycosylated flavonols, show promise. 
These extracts have been shown to inhibit enzymes like α-am-
ylase, α-glucosidase, pancreatic lipase, and HMG CoA reduc-
tase, and reduce inflammation, indicating potential benefits for 
MASLD treatment.
Aim: This study aims at developing and characterizing an in 
vitro model of hepatic steatosis and at evaluating the effects 
of Prunus domestica extract on cellular pathways involved in 
MASLD pathogenesis.
Methods: Human hepatoma HepG2 cells and a steatotic-like 
HepG2 cell model (HepG2-OA), differentiated with 100 μM oleic 
acid for 7 days, were used. Both models were characterized by 
evaluating glucose uptake, lipid droplet accumulation, reactive 
oxygen species (ROS) production, triglyceride levels, gene ex-
pression and NMR metabolomics. Different concentration of 
Prunus domestica extract (0.01, 0.1, 0.5, and 1 mg/mL) at dif-
ferent time points (6, 24, and 48 hours) were tested in both cell 
lines.
Results: The characterization confirmed the steatotic-like phe-
notype in HepG2-OA cells. Prunus domestica extract did not 
show toxicity after 24/48 hours (MTT assay) and increased glu-
cose uptake in a dose-dependent manner after 6 and 24 hours. 
The extract improved glucose absorption by 64.1% in HepG2 
cells and 39.1% in HepG2-AO cells. Additionally, it reduced ROS 
and triglyceride levels and decreased the expression of genes 
related to lipid metabolism and oxidative stress.
Conclusion: These results demonstrate that the HepG2-OA cell 
model effectively mimics hepatic steatosis and that Prunus do-
mestica extract positively influences key mechanisms involved 
in MASLD. This suggests its potential as a nutraceutical for man-
aging MASLD and reducing the associated ASCVD risk.
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AN INNOVATIVE FUNCTIONAL PASTA 
WITH OAT β-GLUCAN, PHYTOSTEROLS, 
AND CHITOSAN REDUCE LDL-
CHOLESTEROL IN INDIVIDUALS  
WITH HYPERCHOLESTEROLEMIA
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Background: There is a growing interest in reducing serum 
lipid levels thought lipid-lowering agents from natural source 
especially in intolerant individuals. Evidence suggests that β-glu-
can, phytosterols, and chitosan are safe and effective in reducing 
lipids, but no studies have specifically investigated their syner-
gistic effect on cholesterol levels when carried by foods. Pasta is 
the main dish for Italian people and is gaining popularity world-
wide. The aim of this study was to evaluate the lipid-lowering 
effect of an innovative functional pasta containing a combination 
of oat β-glucan, phytosterols, and chitosan in individuals with 
polygenic hypercholesterolemia.
Methods: Eighty patients with hypercholesterolemia were ran-
domized into four groups: control (CTR), pasta with oat beta-glu-
cans and chitosan (PBC), pasta with oat beta-glucans and phy-
tosterols (PBF), and pasta with oat beta-glucans, chitosan, and 
phytosterols (PBCF). The intervention consisted of 100 g/day of 
pasta for 4 weeks. The control group receiving only Mediterra-
nean Diet advice. Serum lipid levels were measured at baseline 
and at the follow-up visit. 
Results: A total of 69 subjects completed the protocol. After 4 
weeks of treatment, participants who consumed PBCF showed 
a significantly greater reduction in LDL cholesterol compared 
to those who consumed PBC, PBF, and CTR (-34 mg/dL, -22 
mg/dL, -21 mg/dL, and -9 mg/dL, respectively; p<0.001). Fur-
thermore, a higher percentage of patients in the PBCF group 
achieved an LDL cholesterol reduction of ≥20 mg/dL compared 
to the other groups (56%, 37%, 28%, and 5%, respectively; p=0.004).
Conclusions: These preliminary results demonstrate that the 
consumption of an innovative functional pasta containing a com-
bination of oat β-glucan, phytosterols, and chitosan significantly 
reduces LDL-cholesterol. This innovative dietary intervention 
could represent a promising natural alternative to improve lipid 
profiles in individuals with hypercholesterolemia.

LCAT DEFICIENCY LEADS TO SEVERE 
MYOCARDIAL HYPERTROPHY  
AND MITRAL STENOSIS
Francesco Corvasce 1, Marco Fiorentino 2,  
Marialuisa Sveva Marozzi 3, Roberto Ria 4,  
Loreto Gesualdo 2, Angelo Vacca 4, Sebastiano Cicco 3

1Unit of Internal Medicine “Guido Baccelli” and Unit of 
Hypertension “A.M. Pirrelli”, Department of Precision and 
Regenerative Medicine and Ionian Area - (DiMePRe-J), 
University of Bari “Aldo Moro”, AUOC Policlinico di Bari, Italy; 

2Unit of Nephrology, Department of Precision and Regenerative 
Medicine and Ionian Area - (DiMePRe-J), University of 
Bari “Aldo Moro”, Italy; 3Unit of Internal Medicine “Guido 
Baccelli” and Unit of Hypertension “A.M. Pirrelli”, Department 
of Precision and Regenerative Medicine and Ionian Area - 
(DiMePRe-J), University of Bari “Aldo Moro”, AUOC Policlinico 
di Bari, Italy; 4Unit of Internal Medicine “Guido Baccelli”, 
Department of Precision and Regenerative Medicine and Ionian 
Area- (DiMePRe-J), University of Bari “Aldo Moro”,  
AUOC Policlinico di Bari, Italy 
E-mail: f.corvasce@icloud.com

Introduction: LCAT (lecithin-cholesterol acyltransferase) defi-
ciency is a rare genetic disorder characterized by a deficiency or 
malfunction of the enzyme involved in cholesterol esterification. 
The impaired or absent activity of this enzyme leads to the accu-
mulation of free cholesterol and phospholipids in blood, due to 
undosable HDL and ApoA. 
Case Report: A 54-year-old patient with chronic kidney disease, 
history of two kidney transplants, familiar deficiency of LCAT, 
corneal opacities, atrial fibrillation and hypertrophic cardiomy-
opathy was admitted to our hospital. The patient underwent a 
series of tests, particularly focusing on his renal and cardiovas-
cular conditions, such as blood tests, including complete blood 
count, metabolic panel, lipid profile, proteinuria levels (>1 g/
die), immunologic tests that detected the presence of antibod-
ies anti-DSA (DQ7, DQ8, and DQ9). Moreover, eye examination 
revealed corneal opacities. HDL was indosable and ApoA was 
strongly under laboratory reference value as normal. Echocardi-
ography showed severe concentric hypertrophy of the left ven-
tricle, suspected for infiltrative cardiomyopathy, post-capillary 
pulmonary hypertension. Right heart catheterization (RHC) 
confirmed the value. The patient underwent Cardiac Magnetic 
Resonance Imaging (MRI) that confirmed the diagnosis of hy-
pertrophic cardiomyopathy with obstructive features. Exten-
sive calcification was described including posterior mitral leaf-
let down to papillary muscle with severe transmitral gradient. 
Furthermore, dynamic severe subaortic stenosis was found.
Myocardial biopsy showed focal sarcoplasmic vacuolizations 
and mild increase in myocellular size but no sign of infiltrative 
material. Renal biopsy described glomerular sclerosis. 
Conclusion: Lcat patients may have a complex medical history 
with multi-organ involvement. Cardiovascular and Kidney com-
plications are challenging management and they need a multi-
disciplinary care.
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FUNCTIONAL CHARACTERIZATION OF 
VARIANTS OF UNCERTAIN SIGNIFICANCE 
(VUS) IN PATIENTS WITH HETEROZYGOUS 
FAMILIAL HYPERCHOLESTEROLEMIA 
(HeFH) USING A FLOW CYTOMETRY 
ASSAY
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Background: Familial hypercholesterolemia (FH) is an auto-
somal lipid disorder increasing cardiovascular risk. It is primar-
ily caused by pathogenic variants in the LDLR gene. However, 
some variants are classified as variants of uncertain significance 
(VUS), which presents a challenge in diagnosing FH. Functional 
tests are recommended to confirm variant pathogenicity.
Aim: To assess the functional impact of VUS in LDLR identified 
in FH patients using a flow-cytometry technique.
Methods: PBMCs were isolated from 33 FH patients and stim-
ulated with CD3/CD28 beads in a lipoprotein-deficient serum 
(LPDS). The entire LDLR cycle (cell surface expression, LDL 
binding, and uptake) was assessed using flow-cytometry. Results 
were expressed as the ratio of the mean fluorescence intensity 
(gMFI) of activated CD4 T-lymphocytes to gMFI of wild-type 
controls. Measurements were repeated three times and present-
ed as median (25-75th percentiles). ACMG guidelines were fol-
lowed to classify variant function as normal or abnormal based 
on activity thresholds of >95% and <85% of wild-type levels.
Results: Out of 19 unique VUS tested, 14 (73.7%) showed 
deleterious effects on at least one of the LDLR functions. The 
c.1530_1532del, c.*34C>T and c.1007A>G variants disrupted the 
entire LDLR cycle. The remaining variants exhibited defects in 
LDLR expression on the cell surface localization (n=5-35.7%) or 
a combination of binding/expression or binding/uptake (n=6-
42.8%). Thus, 28 of 33 FH-VUS patients (85%) showed at least 
one LDLR cycling defect. Interestingly, patients with damaging 
VUS had slightly higher untreated LDL-C levels than those with 
non-damaging variants (220±72.8 vs. 180.1±89.0 mg/dl; P=0.06). 
Furthermore, damaging VUS were more prevalent among pa-
tients with a Dutch Lipid Clinic Network (DLCN) score ≥6 
(81.5%), suggesting that DLCN may serve as valuable predictor 
of biological effects.
Conclusions: This study illustrates the significance of func-
tional testing for LDLR variants to clarify biological effects and 
include VUS in FH diagnosis.

STATIN TREATMENT REDUCES  
LONG-TERM RISK OF REVISION SURGERY 
FOLLOWING TOTAL HIP ARTHROPLASTY 
IN OSTEOARTHRITIS PATIENTS:  
A REGISTRY-BASED STUDY
Andrea D’Amuri 1, Barbara Bordini 2, Mauro Pagani 3, 
Jacopo Ciaffi 4, Claudio D’Agostino 5, Alberto Di Martino 5, 
Cesare Faldini 5, Francesco Ursini 5
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Background: Statins, commonly prescribed for lowering cho-
lesterol, have been linked to various beneficial effects beyond 
lipid control. Research conducted both in vitro and in vivo has in-
dicated a potential connection between statins and bone metab-
olism. Observational studies in humans also suggest a reduced 
fracture risk in individuals using statins. Total hip arthroplasty 
(THA) revision is a significant and costly medical procedure, but 
it remains unclear whether statins influence the risk of THA fail-
ure. This study aims to investigate whether preoperative statin 
use affects the likelihood of THA revision in patients with hip 
osteoarthritis.
Methods: We conducted a retrospective study of patients who 
underwent THA for osteoarthritis (OA) from the RIPO registry. 
Data on comorbidities and statin prescriptions were gathered 
from electronic health records. Propensity score matching was 
used to pair statin users with non-users in a 1:1 ratio, adjusting 
for factors like age, sex, and follow-up duration. THA survival 
was compared between the two groups, and secondary analyses 
examined the influence of mortality, sex, statin therapy indica-
tions, and statin potency or lipophilicity.
Results: A total of 10927 patients were classified as statin users 
(SU) and matched with statin non-users (SNU) using propen-
sity score matching. Statin users exhibited a 24% reduced risk 
of THA revision over a 15-year period (adjusted HR 0.76, 95% 
CI: 0.67–0.88; p<0.001). This reduction in risk was consistent re-
gardless of the indication for statin therapy or the specific type 
of statin used, with the effect being more significant among male 
patients (adjusted HR 0.64, 95% CI: 0.52–0.80, p<0.001).
Conclusions: This study suggests that statin therapy is asso-
ciated with a reduced risk of long-term THA revision in osteo-
arthritis patients, regardless of the original indication for statin 
use.
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INCLISIRAN AND PCSK9 INBITORS: 
ONGOING REAL WORL EVIDENCE STUDY 
ON THE THERAPEUTIC EFFICACY  
OF THESE TWO TOOLS
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Backgound: PCSK9-inhibiting monoclonal antibodies opti-
mized the management of hypolipidemic therapy, reducing 
LDL-C and cardiovascular events. Inclisiran silences PCSK9 
mRNA and is administered less frequently. 
Methods: 52 patients were enrolled for the real-world evidence 
study, which consists of 1 enrollment visit (V0), mid-term (V1) 
and long-term (V2) visits, and assigned to 2 groups. Group 1 
involves patients who switched to Inclisiran (284 mg every 6 
months) after at least 6 months of PCSK9i (Alirocumab or Evo-
locumab). 26 patients on PCSK9i treatment were assigned to 
Group 2 (13 on Alirocumab 150 mg and 13 on Evolocumab 140 
mg every 2 weeks). Risk factors, lipid profile (total cholesterol, 
C-TOT, and LDL), and clinical history (V0) were assessed for 
each patient. At follow-up, blood C-TOT and LDL levels were 
reassessed. 
Results: Group 1 consisted of 12 females and 14 males, with 
average age of 56.1±14.8 years; 13 in secondary prevention. 
Mean C-TOT value was 179.6±67.5 mg/dl, while the mean LDL 
value was 105.7±62.2 mg/dl. At V1, which only 22 patients un-
derwent, C-TOT values were 175.4±53.1 mg/dl and LDL values 
were 97.6±47.9 mg/dl (Δ=-8.9%). Group 2 consisted of 15 females 
and 11 males, with average age of 61.5±12.4 years; 12 in second-
ary prevention. At V0, mean C-TOT value was 232.9±67.0 mg/dl, 
while mean LDL value was 151.8±59.2 mg/dl. At V1, C-TOT val-
ues were 137.19±48. 96 mg/dl and LDL values were 63.61±44.93 
mg/dl (Δ=-41.9%) with a reduction of LDL values in both co-
horts. The two cohorts LDL values at V1 show 30.73±52.25 mg/
dl difference between the two groups (p=0.12).
Conclusions: The comparison of the two groups shows that in 
the medium term, PCSK9 mab inhibitors can bring a quicker 
LDL reduction. Although the study is still ongoing, inclisiran is 
an effective tool in reducing LDL, especially for lower therapeu-
tic adherence patients, requiring less frequent administrations.

INCLISIRAN: AN EFFECTIVE  
APPROACH IN THE TREATMENT  
OF HYPERCHOLESTEROLEMIA
Luigi Junior Valletta 1, Greta Chiarelli 1, Raffaele Russo 1,  
Sofia Donnarumma 1, Vincenzina Palermo 1, Carmine De Luca 2, 
Ilenia Lorenza Calcaterra 2, Gabriella Iannuzzo 2,  
Matteo Dario Nicola Di Minno 2

1Department of Clinical Medicine and Surgery; 

2Dipartimento di Medicina Clinica e Chirurgia 
E-mail: vallettaluigijunior@gmail.com

Background: Lipid-lowering therapy is a crucial aspect in re-
ducing cardiovascular risk. The most recent guidelines require 
us to achieve increasingly ambitious therapeutic targets, de-
pending on the patient’s cardiovascular risk.
Objective: Our study aims to evaluate the effects of lipid-low-
ering therapy with Inclisiran 284 mg in patients who had not 
reached the therapeutic target with oral lipid-lowering agents 
treatment (such as statins and ezetimibe).
Methods: The evaluation was based on a short-term (3 months), 
medium (6 months) and long-term (12 months) follow-up system, 
during which data were collected on total cholesterol (C-TOT), 
triglycerides (TGL), HDL and LDL. For each patient, cardiovas-
cular risk was calculated according to the SCORE charts.
Sample composition: The sample consisted of 26 patients, 12 
women (46.2%) and 14 men (53.8%), aged 56.1±14.8 years. 17 
patients were initially treated with statins: 5 with low-intensity 
statins (19.2%) and 12 with high-intensity statins (46.2%). Among 
the patients, 19 individuals had familial hypercholesterolemia 
(73.1%) with a DUTCH-score of 14.6±3.9. Finally, 11 patients 
were found to be smokers (42.3%) and only 1 patient had type 2 
diabetes mellitus (3.8%).
Results: Data on the first visit and short-term follow-up for the 
first 22 patients enlisted are reported. At the initial visit, the 
C-TOT values were 105.7+62.2 mg/dl, while LDL values were 
94.9+39.3 mg/dl. At short follow-up, 22 patients were reduced by 
6.1+12.5* mg/dl C-TOT and 9.6+11.5*mg/dl (*standard error).
Conclusions: Although the data collected refer only to the 
short follow-up, the introduction of inclisiran represented a valid 
tool in the study population, contributing significantly to the re-
duction of C-TOT and LDL values.
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PHARMACOTOXICOLOGICAL EVALUATION 
OF ‘AGLIANICO DEL VULTURE’  
RED WINE POLYPHENOLIC EXTRACT  
AS A PREVENTIVE DIETARY SUPPLEMENT 
FOR PROTECTION AGAINST THE ONSET 
OF ATHEROSCLEROSIS
Vanessa Desantis 1, Antonietta Scaringella 1,  
Alesandro Andriano 1, Ingrid Catalina Caradonna 1,  
Maria Luisa Sveva Marozzi 2, Sebastiano Cicco 2,  
Vittoria Infatino 3, Carmela Nacci 4, Monica Montagnani 4,  
Maria Assunta Potenza 4

1Section of Pharmacology, Department of Precision and 
Regenerative Medicine and Ionian Area (DiMePRe - J), 
University of Bari “Aldo Moro” Medical School, Bari, Italy;  

2Unit of Internal Medicine “Guido Baccelli”, Department of 
Precision and Regenerative Medicine and Ionian Area (DiMePRe 
- J), University of Bari “Aldo Moro” Medical School, Bari, Italy; 

3Department of Science, University of Basilicata, Potenza, Italy; 

4Section of Pharmacology, Department of Precision and 
Regenerative Medicine and Ionian Area (DiMePRe - J), 
University of Bari “Aldo Moro” Medical School, Bari, Italy 
E-mail: vanessa.desantis@uniba.it

Background and Aims: Evidence suggests that polyphenol- 
containing nutraceuticals can prevent obesity and cardiometa-
bolic disease (CMD) by modulating signaling pathways in en-
dothelial and inflammatory cells of the vascular system. Recent 
studies have shown that the polyphenolic extract of “Aglianico 
del Vulture” red wine (RWP) exhibits significant in vitro ef-
fects, including modulation of polarization, inhibition of lipid 
peroxidation, regulation of histone acetylation, and reduction 
of proinflammatory ROS, NO⋅, and PGE2 production in human 
macrophages, indicating its potential protective role against 
atherosclerosis. This study aims to evaluate the pharmaco-tox-
icological activities and immunometabolic effects of RWP on 
spontaneously hypertensive rats (SHR), an established animal 
model of metabolic syndrome, as well as on endothelial cells 
(ECs) from patients with CMD (obesity, dyslipidemia, and in-
sulin resistance). 
Methods: SHR 9 weeks old (n=20) were randomized into four 
groups and treated with either vehicle or RWP (200, 400, or 
800 mg/kg/day) via gavage for 3 weeks. Body weight and food 
intake were recorded daily, and systolic blood pressure (SBP) 
was measured every 3 days using a tail cuff. At the end of the 
treatment period, plasma glucose levels and pro-inflammatory 
cytokine concentrations were assessed. Vasodilation responses 
to acetylcholine (ACh, 10 nM to 3 µM/30 seconds) and RWP (5 
to 20 µg/mL/30 seconds) were evaluated in mesenteric arteries 
(MVA) isolated and pre-constricted with noradrenaline (5 µM), 
both before and after preincubation with N-nitro-L-arginine me-
thyl ester (L-NAME, 100 µM/20 minutes).ECs isolated from 12 
patients with cardiometabolic disease (CMD) were treated with 
varying doses of RWP (0, 100, 200, 400, 800, 1600, and 3200 µg/
mL) for different time points (0, 24, 48, or 72 hours) to initially 
assess toxicological effects (apoptosis via flow cytometry) and 
functional effects (migration using a wound healing assay). 
Results: In in vivo studies with SHR, RWP treatment for 3 
weeks significantly reduced SBP across all doses (p<0.001 RWP-
SHR vs. vehicle treated-SHR), without evidence of organ toxicity, 
and without significant changes in body weight or fasting blood 
glucose levels. Additionally, levels of pro-inflammatory cytokines 
(CCL5, CXCL7) and adhesion molecules (TIMP1) showed a de-
creasing trend. Ex vivo, RWP treatment (400 to 800 mg/kg/day) 
significantly enhanced ACh-mediated vasorelaxation in MVA 

compared to vehicle treatment (p<0.05). Direct administration 
of RWP to MVA from 12-week-old vehicle-treated SHR produced 
a dose-dependent and reversible vasorelaxation effect, which 
was abolished by preincubation with L-NAME (p<0.001 vs. re-
spective control), indicating that RWP-mediated vasodilation is 
dependent on nitric oxide (NO). Preliminary results on human 
ECs indicate that RWP treatment induced apoptosis only at the 
highest concentrations (800 to 3200 µg/mL for 72 hours), did 
not affect ECs migration at concentrations up to 400 µg/mL, and 
was able to modulate pro-inflammatory cytokine levels.
Conclusions: Data obtained so far indicate that RWP may offer 
significant protection against cardiometabolic risk. Underway 
research involving co-cultures of ECs and macrophages from 
CMD patients will elucidate the cellular mechanisms through 
which RWP may confer protection against the onset of athero-
sclerosis. This research was supported by “European Research 
Council (ERC) STARTING GRANT” (codice identificativo pro-
getto 2023-UNBACLE-0245596 to Vanessa Desantis).

IMPACT OF TREATMENT  
WITH EVOLOCUMAB ON BIOMARKERS  
OF CHRONIC SYSTEMIC AND VASCULAR 
INFLAMMATION
Federica Fogacci 1, Serra İlayda Yerlitaş 2, Marina Giovannini 1, 
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Arrigo Francesco Giuseppe Cicero 3
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The aim of this study was to evaluate the impact of treatment 
with Proprotein Convertase Subtilisin/Kexin type 9 inhibitor 
(PCSK9i) Evolocumab on biomarkers of chronic systemic and 
vascular inflammation, in a real-life clinical setting. For this pur-
pose, we pooled data from 202 outpatients (Men: 111; Women: 
91) clinically evaluated at baseline and every six months after 
starting Evolocumab. Individuals who had been on PCSK9i for 
less than 36 months and nonadherent patients were excluded 
from the analysis. Over time, absolute lymphocyte concentra-
tions, monocyte-to-HDL-C ratio (MHR) and platelet-to-mono-
cyte ratio (PMR) did not change in the entire sample and 
between-sex. According to the nonparametric analysis of longi-
tudinal data in factorial experiments, the main effects and the 
interaction of the sex was found to be statistically significant in 
the MHR and in the PMR (P<0.001 always). Our data partially 
reinforce the presence of differences in response to treatment to 
PCSK9i between men and women. Further research will clarify 
whether these sex-related significant differences translate into 
a meaningful difference in the long-term risk of atherosclerotic 
cardiovascular disease.
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LIPOPROTEIN CHOLESTEROL RATIO  
(TG/HDL), BUT NOT TRIGLYCERIDES  
AND GLUCOSE PRODUCT (TyG) INDEX,  
IS ASSOCIATED WITH ARTERIAL 
STIFFNESS IN PREDIABETES
Maurizio Di Marco 1, Sabrina Scilletta 1, Nicoletta Miano 1, 
Stefania Capuccio 1, Marco Musmeci 1, Stefania Di Mauro 1, 
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Background: Individuals with prediabetes (preD) are at in-
creased risk of cardiovascular (CV) events in comparison to per-
sons with normal glucose tolerance (NGT). Insulin resistance is 
a hallmark of prediabetes, linked to CV risk. Thus, CV risk as-
sessment is critical in preD. Recently, triglycerides to high-den-
sity lipoprotein cholesterol ratio (TG/HDL) and TG and fasting 
glucose (FG) product (TyG) have emerged as surrogate mark-
ers of insulin resistance. Our aim was to evaluate the association 
of these indexes with CV risk assessed through arterial stiffness 
in prediabetic individuals.
Methods: 377 individuals without prior diagnosis of diabetes 
underwent: 

1) metabolic evaluation via oral glucose tolerance test, FG, 
HbA1c, cholesterol, and TG dosage;

2) CV risk assessment through tonometry measured arterial 
stiffness (i.e. pulsed wave velocity – PWV – and augmenta-
tion index – AugI) and intima-media thickness (IMT). Partici-
pants were split into three groups according to current guide-
lines: NGT (n=100), preD (n=216), and newly-diagnosed type 
2 diabetes (ND-T2D) (n=61).

Results: TG/HDL and TyG were higher in preD than NGT 
(respectively, 2.9±2.0 vs. 2.3±1.7, P=0.008 and 4.6±0.2 vs. 4.5±0.2, 
P=0.001), with no difference between preD and ND-T2D regard-
ing TG/HDL. In addition, PWV was higher in preD than NGT 
(7.8±1.6 vs. 7.3±1.8 m/s, P=0.03), as well as AugI (29.9±11.7 
vs. 25.2±12.9, P=0.001) and IMT (0.75±0.12 vs. 0.68±0.11 mm, 
P<0.0001). Moreover, individuals with preD showed no differ-
ence in terms of AugI in comparison with ND-T2D. In preD, after 
adjusting for age, sex, and body mass index, PWV was corre-
lated with TG/HDL and homeostasis model assessment insulin 
resistance (HOMA-IR), but not with TyG. Further adjusting for 
smoking status, systolic blood pressure, low-density lipoprotein 
cholesterol, C-reactive protein, FG, and HbA1c, PWV was still 
correlated with TG/HDL (β=0.16; P=0.02) and there was a trend 
toward association with HOMA-IR (β=0.17, P=0.08). Further-
more, in logistic regression analysis, being in the higher tertile 
of TG/HDL was associated to an increased risk of having a high-
er PWV (odds ratio 2.54, 95% CI 1.02–6.29, P=0.04).
Conclusions: In individuals with preD, TG/HDL was inde-
pendently associated with PWV, suggesting it could be a simple, 
cost-effective tool for assessing CV risk in this population.

REAL WORLD EVALUATION OF LDL-C  
IN ELDERLY INPATIENTS
Nicoletta Di Giorgi 1, Umberto Capece 2, Chiara Iacomini 1, 
Stefano Patarnello 1, Carlotta Masciocchi 1, Alfredo Cesario 3, 
Shawn Gugliandolo 2, Cassandra Morciano 2,  
Gianfranco Di Giuseppe 2, Gea Ciccarelli 2, Michela Brunetti 2, 
Laura Soldovieri 2, Teresa Mezza 2, Francesca Cinti 2,  
Andrea Giaccari 2
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Introduction: Hospitalized patients are often frail, and frailty 
is associated with all-cause and cardiovascular (CV) mortality. 
However, elderly patients have even a greater CV risk since 
age is an important CV risk factor and is linked to a higher co-
morbidity burden and frailty. We have previously analyzed an 
entire adult population of inpatients and found relevant gaps in 
LDL-C control. Otherwise, polypharmacy is common in elderly 
patients, raising the risk of adverse drug effects, while late initia-
tion of lipid-lowering therapies has limited impact on prolonging 
CV disease-free life expectancy.
Methods: Disease-related real-world data were collected retro-
spectively from Hospital Information System using automated 
data extraction strategies and through the implementation of a 
patient-centered data repository (the Dyslipidemia Data Mart). 
Patients were divided in two groups: non elderly (<80 years 
old) and elderly (≥80 years old). CV risk profiles, LDL-C target 
achievement were assessed based on the 2019 ESC/EAS guide-
lines.
Results: The elderly subgroup included 2,945 patients (21.3% 
of the entire population): 0.3%, 20.3% and 79.4% were moderate 
(M), high (H) and very high-risk (VH) patients, respectively. 
Although mean LDL-C resulted significantly low (79.9±32.0 
vs. 89.4±35.0 mg/dL), the percentage of patients not achieving 
LDL-C targets was significantly higher in the elderly group com-
pared to the non-elderly group (74.3 % vs. 58.1%, p<0.001). Specif-
ically, percentage of on-target elderly patients was progressively 
lower towards the worst CV categories (87.5% in moderate risk, 
43.1% in high risk and 21.2% in very high risk).
Conclusions: Gaps in LDL-C target achievement were even 
more pronounced among elderly inpatients. These data under-
score the need for improved CV risk stratification and personal-
ized therapy. Optimizing LDL-C control in this high-risk popula-
tion could improve clinical outcomes and reduce the burden of 
risk on healthcare systems.
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SPECTRUM OF HOFH IN CAMPANIA:  
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Introduction: Homozygous Familial Hypercholesterolemia 
(HoFH) is a rare genetic disease characterized by very high 
levels of LDL-cholesterol (LDL-c) and increased cardiovascular 
risk. It is caused by two pathogenic variants in the LDLR, APOB 
and PCSK9 genes. We are here reporting the experience on 
HoFH patients based on the data from a single centre for genetic 
diagnosis of dyslipidemias.
Methods: We analysed 815 patients with clinical suspicion of Fa-
milial Hypercholesterolemia (FH). Genetic screening was made 
firstly by traditional sequencing of causative genes, analyzed 
sequentially, thereafter analysing all FH causative genes (includ-
ing large rearrangements in the LDLR gene) by next generation 
sequencing (NGS - Devyser’s FH v.2 kit). Pathogenicity evalu-
ations of identified variants was made according to the ACMG 
guidelines with the most recent suggestions to adapt them to the 
genetic characteristic of FH.
Results: We identified 32 unrelated patients with 2 pathogen-
ic variants in FH-causative genes: 5 true homozygotes (15.5%), 
22 compound heterozygotes (69%), and 5 double heterozygotes 
(15.5%). All homozygotes and compound heterozygotes carried 
LDLR pathogenic variants, whereas double heterozygotes car-
ried a pathogenic variant in LDLR and a pathogenic variant in 
APOB (4 patients) or a pathogenic variant in PCSK9 (1 patient). 
All double heterozygotes were identified after the introduction 
of NGS. Considering only the 25 patients with 2 variants in LDLR 
originating from the Campania region, the HoFH prevalence was 
calculated as 1:240,000. Among all the 3 genetic statuses, many 
of the identified HoFH patients didn’t reach the cut-off of 400 
mg/dL used for the clinical diagnosis.
Conclusions: A high prevalence of HoFH was identified in our 
region. A wide genetic screening allows the identification of 
HoFH patients, being particularly relevant in those that do not 
show a very severe phenotype that otherwise would be under-
diagnosed.

MILD HYPERCHOLESTEROLEMIA  
IN OTHERWISE HEALTHY  
POST-MENOPAUSAL WOMEN DISPLAYS  
AN EPIGENETIC SIGNATURE
Mariarosaria Distaso, Alice Del Zoppo, Chiara Rovera,  
Francesco Raggi, Chiara Rossi, Anna Solini
Università di Pisa 
E-mail: mariarosaria.distaso@phd.unipi.it

Women in the post-menopausal state are often characterized by 
a progressively worsening lipid profile. DNA methylation in sev-
eral genes has been associated with regulatory mechanisms of 
cholesterol metabolic pathways; in detail, when located in a gene 
promoter, DNA methylation can repress gene transcription, 
while its reduction promotes gene expression.After exclusion of 
secondary causes of dyslipidaemia, 457 healthy women (no pre-
vious CVD, no diabetes, age 58±4.39, BMI 25.42±4.24) attending 
the outpatient “Donna-Cuore” clinic for cardiovascular preven-
tion of post-menopausal women in the years 2017-2023 formed 
the study cohort. They were divided in 135 NC (LDL cholester-
ol <130 mg/dl), 220 HC (LDL>130 mg/dl and no lipid lowering 
therapy [LLT]), and 102 HC-LLT (LTT: statin or nutraceuticals). 
Participants underwent clinical evaluation, complete routine 
biochemical analyses heart and carotid ultrasonography. DNA 
methylation of genes involved in the regulation of cholesterol 
metabolism (SIRT6, HMGCR, CYP27A1) and storage (SOAT1, 
ABCG1) was measured by Methylation-sensitive high-resolu-
tion melting (MS-HRM), a post-PCR analytical methodology. 
Student’s t-test, ANOVA or Kruskal Wallis/Mann Whitney test, 
according to variables distribution, were applied to compare 
differences between groups. Percent of methylation of SIRT6, 
HMGCR and SOAT1 was significantly reduced in HC and HC-
LLT vs. NC (p<0.0001, p<0.02 and p<0.02, respectively), with 
no difference between statins and nutraceuticals. Previous hor-
mone replacement therapy was associated only with increased 
SOAT1 methylation, while no relation emerged between current 
FSH and LH levels and methylation level of such genes. When 
participants were stratified according to absence or presence of 
IMT ≥0.9 and/or plaque, HMGCR methylation was significantly 
reduced and SOAT1 methylation was increased in women with 
carotid atherosclerosis. In the whole study group intima-media 
thickness (IMT) was positively related with SOAT1 (p=0.03), 
SIRT6 (p=0.008) and CYP27A1 (p=0.03) and negatively with 
HMGCR methylation (p<0.0001). Collectively, these data sug-
gest the presence of an epigenetic regulation potentially over-
expressing HMGCR, the rate-limiting enzyme in the de novo 
synthesis of cholesterol; this is coupled with increased expres-
sion of genes involved in the negative regulation of cholesterol 
synthesis (SIRT6) or elimination (SOAT1), as a potential defen-
sive mechanism. A link with carotid atherosclerosis was also 
observed. Epigenomic studies are an opportunity to expand the 
knowledge of the molecular basis of polygenic hypercholester-
olemia, and to identify novel biomarkers potentially useful for 
prognosis and follow-up of post-menopausal women carrying 
this cardiovascular risk factor.
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Background: Kupffer cells (KCs) are hepatic resident mac-
rophages essential for liver physiology that contribute to the de-
velopment of metabolic associated fatty liver disease (MAFLD). 
The liver of patients with MAFLD shows different expression 
of some key regulators of the inner mitochondrial membrane 
fusion compared with healthy subjects, including OPA1 protein, 
which is a mitochondrial dynamin whose activity promotes mi-
tochondrial fusion and modulation of oxidative phosphorylation.
Aim: Given the close interaction that KCs have with the other 
cells in the hepatic niches, they play both a crucial immune and 
metabolic role, which is why their mitochondria are critical for 
their functions. This project aims to investigate how the modula-
tion of OPA1-driven mitochondrial fusion in KCs can affect lipid 
metabolism and immune response at the systemic and hepatic 
levels.
Methods: Mice selectively lacking OPA1 in KCs were fed a 
Standard Diet or a High-Fat Diet for 20 weeks. The immune 
phenotype was assessed by cytofluorimetry while the metabolic 
profile was evaluated by in vivo indirect calorimetry and with 
plasma and tissue lipid profile analysis. Single cell RNA sequenc-
ing was also performed to profile the impact of OPA1 deficiency 
on KCs function and possible paracrine effects on hepatocytes.
Results: Under Standard dietary conditions, mice selectively 
lacking OPA1 in KCs exhibit a metabolic substrate preference 
toward carbohydrates, with an immunophenotype characterized 
by a higher proportion of pro-resolving KC2s than pro-inflam-
matory KC1s. Functionally, KCs also exhibit different phago-
cytic and proliferative capacity. During the High-Fat Diet, we 
observed a significant reduction in liver fibrosis.
Conclusions: Taken together, these data suggest that OPA1 
plays a key role in the function of Kupffer cells and that the lack 
of OPA1, by causing metabolic reprogramming, affects their in-
teraction with resident liver cells, thus influencing the develop-
ment of fibrosis and the progression of MAFLD.

HIGH INTERINDIVIDUAL VARIABILITY  
IN LDL-CHOLESTEROL REDUCTIONS 
AFTER INCLISIRAN ADMINISTRATION  
IN A REAL-WORLD SETTING
Teresa Maria Grazia Fasciana, Marina Lanza, Federica Brucato, 
Chiara Scrimali, Marco Di Lorenzo, Davide Noto,  
Maria Laura Furnari, Carola Maria Gagliardo, 
Giuseppe Rizzotto, Federica Furia, Antonina Giammanco,  
Carlo Maria Barbagallo, Maurizio Riccardo Averna,  
 Angelo Baldassare Cefalù
Department of Health Promotion, Mother and Child Care, 
Internal Medicine and Medical Specialties (PROMISE), 
University of Palermo, Italy 
E-mail: mariagrazia.fasciana@alice.it

Introduction: High levels of low-density lipoprotein cholesterol 
(LDL-c) are a risk factor for atherosclerotic cardiovascular dis-
ease. Statins remain the cornerstone of lipid lowering treatment, 
but many patients fail to reach their LDL-C goal. Inclisiran is a 
small ribonucleic acid molecule that interferes with the synthe-
sis of proprotein convertase subtilisin/kexin type 9 (PCSK9), 
approved by the Food and Drug Administration (FDA) in 2021, 
which reduces PCSK9-mediated LDL receptor degradation and 
promotes the elimination of LDL-c from the bloodstream.
Material and Methods: Twenty-six patients ≥18 years old re-
ceived inclisiran in the lipid clinic at the University Hospital of 
Palermo, Italy, for elevated LDL-C levels. We describe baseline 
characteristics, LDL-C changes (%) and side effects in these pa-
tients 3 months (n=26) and 9 months (n=10) after inclisiran. We 
assayed total cholesterol (CT), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-c) levels by automated analyzer 
using colorimetric-enzymatic methodology, while LDL-c values 
were calculated by Friedewald’s formula.
Results and Conclusion: We included twenty-six patients 
(50% women, median age 59.5). 34% had a genetic diagnosis of 
familial hypercholesterolemia (FH), 31% had a history of coro-
nary artery disease. The median LDL-c levels was 127 mg/dL at 
baseline. We observed a wide interindividual variability in LDL-C 
change from baseline. At 3 months, first follow-up evaluation, the 
twenty-six patients showed a median LDL-C reduction of -34% 
(-4,4; -86,2). Ten patients who received the third dose of inclisir-
an at 9 months showed a median LDL-C reduction of -32% (-22; 
-60,8). Inclisiran was well-tolerated, and side effects were not re-
ported in the period of observation. Our results showed an high 
interindividual variability in LDL-cholesterol reductions.
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DYSLIPIDEMIA TREATED WITH PCSK9-I 
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Introduction: Atherosclerotic cardiovascular disease (ASCVD) 
remains a leading cause of death globally, with dyslipidemia be-
ing a major risk factor. Proprotein convertase subtilisin/kexin 
type 9 inhibitors (PCSK9-I: alirocumab and evolocumab), have 
enhanced the management of hypercholesterolemia. However, 
some patients fail to reach LDL-C targets. This study aims to 
assess the impact of overweight and obesity, and other contrib-
uting factors on the effectiveness of PCSK9-I therapy.
Methods: A retrospective cohort study was conducted on pa-
tients treated with PCSK9-I at the Lipid Clinic of Policlinic San 
Martino Hospital, Genoa, between January 2018-September 
2023. Demographic, clinical, and anthropometric data were col-
lected. Lipid profile was measured at baseline and after 6, 12, 24, 
and 36 months. The primary outcome was LDL-C target achieve-
ment according to ESC/EAS guidelines.
Results: Among the 180 patients (94 females, 86 males, median 
age 67 years), approximately 45% achieved the recommended 
LDL-C target. Patients with overweight and obesity showed 
significantly lower LDL-C reductions (47.8%, 50.0%, and 44.0% 
for overweight; 25.6%, 29.4%, and 28.6% for obesity) compared 
to normal-weight patients at 12 (54.5%, p=0.021), 24 (62.5%, 
p=0.024), and 36 months (65.4%, p=0.024). Multivariate analysis 
confirmed these findings (OR 0.18, 95%CI 0.06–0.53, p=0.002) 
during the 36-months follow-up and highlighted that heterozy-
gous familial hypercholesterolemia (He-FH) was associated with 
lower likelihood of achieving LDL-C targets (OR 0.35, 95%CI 
0.15–0.82, p=0.015). Conversely, patients with coronary artery 
disease were more likely to reach LDL-C targets (OR 4.54, 95%CI 
1.98–10.41, p<0.0001) during the 36-month follow-up. Additional-
ly, the use of concomitant oral lipid-lowering therapy was linked 
to a higher probability of achieving LDL-C goals compared to 
PCSK9-I monotherapy (OR 14.5, 95%CI 2.26–92.9, p=0.005) over 
the 36-month follow-up.
Conclusion: It is essential to consider factors such as over-
weight condition, diagnosis of He-FH and use of concomitant 
oral lipid-lowering therapy to optimize the achievement of LDL-C 
targets.

EFFECT OF APOLIPOPROTEIN  
A-I ON THE LIVER TRANSCRIPTOME  
OF APOLIPOPROTEIN E KNOCKOUT MICE
Elsa Franchi, Alice Colombo, Stefano Manzini, Marco Busnelli, 
Giulia Chiesa
Dipartimento di Scienze Farmacologiche e Biomolecolari 
“Rodolfo Paoletti”, Università degli Studi di Milano 
E-mail: elsa.franchi@unimi.it

Fatty liver disease is a condition characterized by lipid accumula-
tion in the hepatocytes and it is generally accompanied by a dys-
lipidemic condition characterized by low HDL levels. Being the 
interrelation between fatty liver disease and low HDL not clearly 
understood, in the present study, the impact of different apoA-I/
HDL levels on the transcriptome of diet-induced fatty liver was 
investigated. Eight-week-old mice lacking apoA-I/HDL (DKO) 
and mice with physiological levels of apoA-I/HDL (DKO/hA-
I) were fed either a standard rodent diet (SRD) or a Western 
diet (WD) for 22 weeks. Steatosis was evaluated, and the hepat-
ic transcriptome was analyzed by RNAseq. The lack of apoA-I/
HDL in DKO mice fed SRD was not associated to hepatic his-
tological alterations. The transcriptome of DKO and DKO/hA-I 
mice fed SRD diverged in a relatively small number of genes, 
suggestive of a greater activation of the PPAR signaling pathway 
and the retinol metabolism pathway in DKO/hA-I mice. Follow-
ing WD, both genotypes comparably showed marked lipid ac-
cumulation in the liver. Transcriptomic analysis highlighted an 
upregulated expression of immune/inflammatory genes and a 
reduced activation of the retinoid metabolism in both DKO and 
DKO/hA-I mice. The evaluation of the hepatic response of the 
two genotypes to the dietary switch from SRD to WD revealed 
strong divergences in genes involved in metabolic pathways 
only in the presence of apoA-I/HDL, with reduced endogenous 
sterol biosynthesis, together with increased glucose metabo-
lism. In conclusion, although not histologically overt, apoA-I/
HDL seems to exert a substantial impact on hepatic metabolism 
during steatosis.
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LIPID-LOWERING TREATMENT 
STRATEGIES IN PATIENTS 
HYPERCHOLESTEROLEMIC: A REAL-LIFE 
EXPERIENCE WITH BEMPEDOIC ACID
Federica Furia 1, Antonina Giammanco 1,  
Carola Maria Gagliardo 1, Maria Laura Furnari 1,  
Chiara Scrimali 1, Federica Brucato 1, Davide Noto 1,  
Maurizio Averna 2, Angelo Baldassare Cefalù 1

1Department of Health Promotion, Mother and Child Care, 
Internal Medicine and Medical Specialties (PROMISE), 
Università degli Studi di Palermo, Italy; 2Istituto di Biofisica, 
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Background: Bempedoic acid, an ATP citrate lyase inhibitor, 
reduces low-density lipoprotein cholesterol (LDL-C) levels and 
is associated with a low incidence of muscle-related adverse 
events; its effects on cardiovascular outcomes remain uncertain.
Objectives and Methods: To assess the efficacy and safety 
profile of bempedoic acid in a real-life setting. We performed 
a retrospective analysis in 35 subjects who have been received 
bempedoic acid in monotherapy or in combination with other 
hypolipidemic drugs. Lipid profile was evaluated at baseline, at 
3 months and 6 months follow-up. Medical history, background 
LLT and side effects were also evaluated. 
Results: 35 subjects (25 females and 10 males, age 65±12,4 
years) were treated with bempedoic acid. 37.1% were heterozy-
gous familial hypercholesterolemia (HeFH), 62.9% were non-FH. 
20% had suffered at least one episode of MACE. At baseline, 60% 
of subjects were receiving high-intensity statin (rosuvastatin 20 
mg or atorvastatin 40 mg) plus ezetimibe, 40% reported a history 
of statin intolerance and no subjects were ezetimibe intolerant. 
5 patients were also on PCSK9 inhibitors. Mean LDL-C levels 
at baseline were 108.5±35.22 mg/dl. Overall, LDL-C percent 
reduction was 22.93% (range +50.85%/-80.76%) at 12 weeks and 
33.59% (range +35%/-69%) at 26 weeks. LDL-C levels decrease, 
was more pronounced in statin intolerant (-31%) than in statin 
users -14.2% vs. LDL-C goals in high (< 70 mg/dl) and very-high 
risk patients (< 55 mg/dl) was reached in 32.1 % and 14.3 % re-
spectively at 6 months. No side effects were reported.
Conclusions: Bempedoic acid reduces LDL-C levels in patients 
at high or very-high CV risk with high interindividual differenc-
es in a real-world experience. Bempedoic acid was safe and back-
ground LLT influences the effectiveness of this new therapeutic 
option.

MANAGEMENT OF A PATIENT 
WITH HETEROZYGOUS FAMILIAL 
HYPERCHOLESTEROLEMIA (HeFH)  
AND CANCER: CASE REPORT AND 
CHALLENGE IN LIPID-LOWERING 
TREATMENT IN REAL LIFE
Maria Laura Furnari, Antonina Giammanco, Federica Brucato, 
Chiara Scrimali, Teresa Maria Grazia Fasciana, Marina Lanza, 
Rossella Spina, Carola Maria Gagliardo, Luca Vecchio,  
Federica Furia, Carlo Maria Barbagallo, Davide Noto,  
Maurizio Averna, Angelo Baldassare Cefalù
Department of Health Promotion, Mother and Child Care, 
Internal Medicine and Medical Specialties,  
University of Palermo, Italy 
E-mail: laura_furnari@hotmail.it

Background: Familial Hypercholesterolemia (FH) is a co-dom-
inant inherited disorder of lipid metabolism characterized by 
elevated plasma levels of LDL-C and early atherosclerotic car-
diovascular disease (ASCVD).The aim of treatment of FH is 
to reduce the cumulative burden of elevated LDL-C levels and 
prevent or delay the development of ASCVD. Intercurrent condi-
tions may complicate the management of this condition.
Methods: We describe the clinical management of a patient 
with severe hypercholesterolemia while receiving chemother-
apy for endometroid carcinoma.
Results: The proband is a 55-year-old woman who has been 
diagnosed with FH (heterozygous carrier of the pathogenic 
mutation c.1285G-A V408M (V429M), known as Afrikaner-2.
Treatment with high-efficacy statin at the maximum tolerated 
dose (atorvastatin 40 mg/dl) in association to ezetimibe did not 
allow to reach the suggested LDL-C goal (LDL-C <70 mg/dl). 
Therefore, treatment with PCSK9-i (Alirocumab 75 mg biweek-
ly) was started and the goal was achieved. In 2022, the patient 
was diagnosed with a metastatic synchronous endometrioid car-
cinoma of the ovary and endometrium. Hence, she underwent 
surgery and adjuvant maintenance chemotherapy with bevaci-
zumab. Although potential interaction between bevacizumab an 
alirocumab are not anticipated, the oncologist suggested to halt 
alirocumab. This prompt us to switch the treatment to inclisiran 
was started in combination with the background LLT. However, 
the association between inclisiran and background LLT was not 
as effective as alirocumab in lowering LDL-C levels. 
Conclusions: This case points out possible difficulties that 
clinicians may encounter in the treatment of FH patients with 
cancer or other acute or chronic intercurrent conditions and the 
need of collegial management with other medical consultants for 
the management of complex cases.
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VERY HIGH AND VERY LOW LDL 
LEVELS CONTRIBUTE TO Lp(a) PLASMA 
CONCENTRATION?
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Background and Aims: Lipoprotein(a) [Lp(a)] is a well-recog-
nized risk factor for atherosclerotic cardiovascular disease (AS-
CVD). Few data are available on the distribution of Lp(a) levels 
among subjects at different cardiovascular risk and in subjects 
with monogenic and polygenic dyslipidemias (familial hypercho-
lesterolemia, FH and familial hypobetalipoproteinemia type 1, 
FHBL1). The aim of this study was to investigate the distribution 
of Lp(a) plasma levels in subjects with high and low LDL-C levels 
(FH and FHBL1) and in the general population.
Methods and Results: The study cohorts included 356 hyper-
cholesterolemic patients, 212 carrying a FH causative mutation, 
144 with clinical FH (mutation negative - FHneg), 52 FHBL1 and 
797 free-living subjects. Lp(a) levels were significantly higher 
in FH subjects (both FH and FHneg) (median 12.46 mg/dl and 
14.0 mg/dl, respectively) compared with FHBL1 and free-living 
subjects (7.68 mg/dl and 7.18 mg/dl, respectively). More, Lp(a) 
levels were similar in FH subjects carrying LDLR defective and 
null mutations and FHneg. Subjects at high and very high CV 
risk exhibited significant higher Lp(a) levels (median 10.68 mg/
dl and 9.20 mg/dl, respectively) compared with low and moder-
ate CV risk (median 5.72 mg/dl and 7.80 mg/dl, respectively) 
(p<0.0008).
Conclusions: FH subjects exhibit higher Lp(a) levels than 
FHBL1 and general population. Lp(a) slightly contribute to hy-
percholesterolemia in FH patients. Subjects at high and very 
high CV risk exhibited significant higher Lp(a) levels compared 
with low and moderate CV risk. Combined evaluation of Lp(a) 
levels in FH subjects with other traditional risk factors could 
identify very high-risk individuals who may benefit from early 
aggressive treatments to avoid premature CV events.

C-PEPTIDE REPLACEMENT THERAPY 
IMPROVES CARDIAC FUNCTION  
IN DIABETIC MODELS
Angelo Galluccio 1, Francesca Rita Noto 2, Samantha Maurotti 2, 
Rosario Mare 1, Angela Mirarchi 1, Francesca Scionti 1,  
Miriam Frosina 1, Maria Giovanna Settino 2, Simona Greco 3, 
Arturo Pujia 3, Tiziana Montalcini 2

1Department of Medical and Surgical Science, University  
Magna Græcia, Catanzaro, Italy; 2Department of Clinical  
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Catanzaro, Italy; 3Department of Medical and Surgical Science, 
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E-mail: angelo.galluccio@studenti.unicz.it

Background: Diabetic cardiomyopathy consists of left ventricu-
lar hypertrophy with systolic dysfunction or diastolic dysfunc-
tion, which may present as heart failure with preserved ejection 
fraction, fatty acid accumulations in cardiomyocytes, oxidative 
stress, generation of lipid intermediates and accumulation of 
lipid droplets. Unfortunately, insulin therapy does not prevent 
cardiac dysfunction while improving glucose levels. Proinsulin 
C-peptide, important for insulin biosynthesis and long consid-
ered biologically inert, has beneficial effects on several tissues. 
However, its role in regulating cardiac lipid metabolism and re-
ducing oxidative stress is not well understood. The aim of this 
study is to explore the protective effects of C-peptide replace-
ment therapy on lipid metabolism, oxidative stress and cardiac 
contractility in diabetic models.
Methods: Twenty-three male Wistar rats were randomized into 
three groups: normal control (CTR), diabetic group (D-CTR) and 
diabetic group plus C-peptide (C-PEP). Diabetes was induced 
with a streptozotocin injection, and C-peptide was administered 
subcutaneously for six weeks. We evaluated proteins involved 
in lipotoxicity and mitochondrial stress, such as Sirt1, PGC-1α, 
ATGL, and PLIN2, as well as proteins implicated in cardiac re-
modeling, such as Troponin I and Vimentin, in cardiac muscle. 
Additionally, we assessed contraction marker and hypertrophy 
cardiac in a model of diabetes induced by high glucose using 
the H9C2 cell. 
Results: We found a lower Sirt1, PGC-1a, Atgl and Plin2 ex-
pression and an higher pErk1/2 in C-PEP rats compared to 
the D-CTR group cardiac muscle. In addition, the C-PEP group 
showed improved contractile and vascular function by increas-
ing protein levels of Troponin I (p<0.05) and Vimentin (p<0.05) 
compared with D-CTR group. Furthermore, we demonstrated 
that C-peptide reduces hypertrophy induced by high glucose 
levels (p<0.01) and increases protein expression of α-Actinin 
(p<0.001) in in vitro cardiomyopathy model. 
Conclusion: Our results, for first time, suggest C-peptide thera-
py can improve cardiac function and reverse cardiac remodeling 
in diabetic rats.
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THE ROLE OF CX3CR1-T280M  
IN CHRONIC KIDNEY DISEASE:  
A LONG-TERM PROSPECTIVE STUDY
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Chronic kidney disease (CKD) is a leading cause of mortality 
worldwide, primarily due to population aging and an increased 
incidence of hypertension and type 2 diabetes mellitus. Low-
grade systemic inflammation and genetic factors play a key role 
in CKD pathogenesis. CX3CR1, the sole known receptor for the 
chemokine fractalkine, has garnered scientific interest for its in-
volvement in various inflammatory processes across multiple tis-
sues. Specifically, the single nucleotide polymorphisms (SNPs) 
T280M and V249I in the CX3CR1 gene have been shown to play 
roles in the progression of AIDS, cardiovascular disease, and 
glomerular and tubulointerstitial kidney diseases.
This prospective observational study included 121 patients with 
CKD of vascular or diabetic etiology, divided into two groups 
based on the CX3CR1-T280M genotype: group 1, wild-type T/T 

(71.9% of the sample) and group 2, heterozygous T/M and ho-
mozygous M/M (28.1%). The primary outcome was initiation of 
renal replacement therapy (RRT) over an 18-year observation 
period. Figure 1 shows that the M allele is associated with high-
er baseline serum creatinine levels; these results are consistent 
with findings from previously published cross-sectional studies. 
The two groups considered showed no statistically significant 
differences in other baseline parameters. Survival analysis re-
veals a significant correlation between the CX3CR1-T280M pol-
ymorphism and CKD progression (Figure 2); group 2 patients 
exhibit a higher rate of RRT initiation, with a hazard ratio of 
43.8% (p=0.039).
In conclusion, despite the limited sample size, this study con-
firms the role of the CX3CR1-T280M polymorphism in determin-
ing prognosis in CKD patients, particularly in predicting the risk 
of a critical outcome such as initiation of RRT.
Serum creatinine (a) and eGFR calculated with CKD-EPI 2021 
formula (b) are compared between patients carrying the 280 
T/T wild-type, heterozygous T/M and homozygous M/M. Sig-
nificance have been taken for p values <0.05, using independent 
samples T-test; the difference results statistically significant for 
both variables only between wild-type and heterozygous, proba-
bly due to sample size (p=0.033 and p=0.029, respectively)
The figure shows that subjects carrying the M allele (Group 
2) present a greater incidence of KRT that wild type subjects 
(Group 1). A total of 26 events is reported: 15 in T/T patients, 
11 in T/M or M/M patients. The analysis was performed with 
Cox univariate (hazard ratio 43.8%, CI 0.200-0.958, Wald statistic 
4.271, p 0.039).

Figure 1 - In-depth analysis of baseline renal function based on T280M genotype.

Figure 2 
Renal survival of patients carrying 
-280 T/T and the M allele.
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LONG-TERM FOLLOW-UP OF CAROTID 
ATHEROSCLEROTIC DAMAGE  
IN NON-DIABETIC PATIENTS  
WITH METABOLIC SYNDROME
Matteo Landolfo, Francesco Spannella, Ilaria Rampino,  
Giorgia Laureti, Riccardo Sarzani
Internal Medicine and Geriatrics, SISA LIPIGEN Centre, IRCCS 
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Background and Aim: Metabolic syndrome (MetS), defined 
by excess visceral adiposity, high blood pressure, and altered 
glucose-lipid metabolism, is a highly prevalent condition in the 
general population and a risk factor for developing atheroscle-
rotic cardiovascular disease (ASCVD). The study aims to eval-
uate atherosclerotic vascular damage in the carotid district by 
ultrasound in patients with a previous diagnosis of MetS that we 
recalled and re-evaluated after at least 15 years.
Methods: We performed a long-term follow-up study on 32 
non-diabetic outpatients with a previous diagnosis of MetS and 
who received the indication to cardiovascular risk primary pre-
vention treatments evaluated at the Clinical Medicine and Ger-
iatrics Unit, IRCCS-INRCA Ancona, “Politecnica delle Marche” 
University. Participants were re-evaluated in a later outpatient 
visit after at least 15 years and underwent carotid bilateral ultra-
sonography. Based on the available demographic, anthropomet-
ric, metabolic, and therapeutic parameters, insulin resistance 
(IR) was calculated (triglyceride-glucose index or TyGi as a sur-
rogate biomarker), and cardiovascular risk was assessed using 
the SCORE2-SCORE2OP score. A comparison within the study 
population was performed based on the presence of atheroscle-
rotic plaque at the ultrasound assessment.
Results: The median follow-up was 18 years. 71% (n=23) of 
participants had carotid lesions compatible with atherosclerot-
ic plaque. Patients with carotid plaque had a mean age of 72±8 
years; 36% were male, with a mean body mass index (BMI) of 
27±3 Kg/m², mean waist circumference of 101±12 cm, mean 
waist-to-height ratio of 0.60±0.06 cm, with a frequency of over-
weight and/or visceral obesity of 73%, mean systolic blood pres-
sure (SBP) of 129±11 mmHg, mean diastolic blood pressure 
(DBP) of 81±7 mmHg, mean serum glucose of 103±14 mg/dL, 
mean total cholesterol (TC) of 163±23 mg/dL, mean HDL cho-
lesterol (HDL-C) of 52±13 mg/dL, median triglycerides (TG) of 
73 mg/dL (IQR 68-89), mean LDL cholesterol (LDL-C) of 90±17 
mg/dL, and mean non-HDL cholesterol (non-HDL-C) of 113±22 
mg/dL. The median TyGi was 8.6 (IQR 8.2-8.7). Seventy per 
cent of patients were on anti-hypertensive therapy, and 70% were 
on lipid-lowering therapy. Seventy per cent had office BP con-
trolled. Almost all participants had a high or very high cardio-
vascular risk (29% and 67%, respectively), according to SCORE2/
SCORE2-OP. According to the individual cardiovascular risk, 
LDL-C and non-HDL-C therapeutic goals were achieved in 22% 
and 12%, respectively. There were no clinically significant differ-
ences between groups except for the prevalence of patients with 
LDL-C at a therapeutic goal based on cardiovascular risk, which 
was significantly lower in patients with carotid plaque than those 
without plaque (8% vs. 22%, p=0.013).
Conclusions: In non-diabetic patients with MetS at high and 
very high cardiovascular risk, failing to achieve the LDL-C thera-
peutic goal is associated with the presence of carotid atheroscle-
rotic plaque in long-term follow-up. These findings strengthen 
the necessity to lower LDL and non-HDL cholesterol to protec-
tive goals in MetS patients.

A REAL-LIFE STUDY ON THE EFFICACY  
OF BEMPEDOIC ACID IN A POPULATION 
OF OUTPATIENTS AT HIGH AND  
VERY-HIGH CARDIOVASCULAR RISK
Matteo Landolfo, Francesco Spannella, Roberto Zampa, 
Beatrice Ortensi, Riccardo Sarzani
Internal Medicine and Geriatrics, SISA LIPIGEN Centre, IRCCS 
INRCA, Ancona, Italy Department of Clinical and Molecular 
Sciences, University “Politecnica delle Marche”, Ancona, Italy 
E-mail: alessandro.gezzi@gmail.com

Background and Aim: Bempedoic acid (BA) reduces serum 
low-density lipoprotein cholesterol (LDL-C) by selectively in-
terfering with the endogenous production of cholesterol in the 
hepatocytes. Guidelines recommend BA alone or on top of the 
background lipid-lowering therapy (LLT) with the maximum 
tolerated statin +/- ezetimibe whenever LDL-C is not at goal 
according to individual cardiovascular risk and in patients who 
have no access to PCSK9-inhibitors. The study aimed to evaluate 
the impact of LLT with statin and BA +/- ezetimibe in a “real life” 
setting of outpatients, comparing the trend in their metabolic se-
rum lipid profile.
Methods: An observational longitudinal study on 108 adult out-
patients referred to the Clinical Medicine and Geriatrics Unit, 
IRCCS-INRCA Ancona, “Politecnica delle Marche” University 
for diagnosing and managing cardiovascular risk. All patients 
enrolled in the study had the clinical indication to add BA or 
BA plus ezetimibe to the maximum tolerated statin to reach the 
LDL-C goals based on the individual cardiovascular risk estimat-
ed using the SCORE2-SCORE2OP. The complete fasting lipid 
profile was assessed at the first visit (t0) and reassessed at the 
follow-up visit, scheduled after about three months, including 
total cholesterol (TC), LDL-C, high-density lipoprotein choles-
terol (HDL-C), non-HDL-C, triglycerides (TG), lipoprotein (a) 
(Lp(a)), and ApoB.
Results: Mean age 67±13 years, 51% women, mean body mass 
index (BMI) 26.8±4.4 Kg/m2, 71% hypertensives, 59% smokers 
(previous and actual), 20% diabetics, 21% with a history of ischem-
ic heart disease (IHD). All patients fell into the high or very high 
cardiovascular risk category according to SCORE2-SCORE2OP 
(20% and 80%, respectively). Ninety per cent of patients were al-
ready on statin at the enrolment. Forty-seven patients reached 
the follow-up visit at a median of 109 (IQR 90-152) days. At fol-
low-up, 28 patients were on BA plus statin, and 19 were on BA 
plus ezetimibe and statin. In both groups, an improvement in the 
serum lipid profile was observed regarding atherogenic indices, 
with a mean LDL-C reduction of -20.2% and -25.1% from base-
line, respectively. However, according to individual cardiovascu-
lar risk, only 38.3% of patients reached the LDL-C goal. In the 
remaining 61.7%, the LDL-C mean deviation from the goal was 
21±18.6 mg/dL. Besides a slight and statistical/clinical non-sig-
nificant increment of mean creatinine, AST, ALT, urea and uric 
acid, no side effects were reported during the follow-up. 
Conclusions: In this “real-life” setting, despite the bias derived 
from potential suboptimal adherence to the prescribed thera-
pies, our data confirmed the efficacy in reducing LDL-C of BA 
+/- ezetimibe on top of the maximum tolerated dose of statin, 
which was similar in terms of % reduction to what previous RCTs 
reported. However, after about three months of therapy, the 
LDL-C goal was not reached in most cases, eventually suggest-
ing the need for a therapeutic indication broadening regarding 
PCK9-inhibition.
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AND 2021 ESC GUIDELINES USING  
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Background and Aim: In 2022, we introduced a user-friend-
ly, free-to-use web application, www.humtelemed.it, based on 
the SCORE2/SCORE2-OP model and 2021 ESC Guidelines risk 
charts. This was meticulously designed to simplify cardiovascu-
lar risk (CVR) assessment, particularly for non-expert users or 
busy physicians, ensuring a comfortable and effortless experi-
ence in three languages. The application has recently been vali-
dated with a peer-reviewed published study, and we are report-
ing the first primary analyses of the dataset. 
Methods: We performed a descriptive analysis based on the 
www.humtelemed.it data set. The web application reached over 
17 thousand accesses. After checking for double inputs, com-
plete data of 7317 40-year-old or older individuals were available.
Results: The mean age was 59.4±11.8 years, with a male 
prevalence (55.3%). Ninety-eight per cent were from Italy, ep-
idemiologically considered a moderate risk region. The mean 
body mass index (BMI) was 26.4±8.5 Kg/m2, with 18% of indi-
viduals with obesity. The mean estimated glomerular filtration 
rate (eGFR, based on the CKD-EPI equation) was 81.6±20.9 
mL/min, with 11.8% of likely chronic kidney disease (CKD) 
(eGRF<60 mL/min) and with 1.7% of stage 4 CKD (eGFR<30 
mL/min). Ninety-six per cent of patients were in primary CV 
prevention. Actual smokers and past smokers were 20% and 
17.3%, respectively. Nine per cent were diabetics, 16% reported 
peripheral artery disease (PAD, intending plaque detection and 
not as an obstructive disease), and 46.4% were hypertensive 
based on the use of blood pressure (BP) lowering treatments. 
About one-third (29.5%) of the population was on lipid-lowering 
treatment (LLT). The mean systolic BP (SBP) and diastolic BP 
(DBP), based on reported data and office measurements, were 
127.8±14.1 mmHg and 78.2±9.5 mmHg, respectively. The mean 
total cholesterol (TC) was 199.3±42.7 mg/dL, and the mean 
high-density lipoprotein cholesterol (HDL-C) was 57.1±15.6 
mg/dL. The median value of triglycerides was 100 mg/dL (IQR 
75-138 mg/dL). The mean low-density lipoprotein cholesterol 
(LDL-C), calculated using the Friedewald formula as modified 
by Martin/Hopkins, was 118.7±51.7 mg/dL. The mean non-
HDL-C was 142.1±41.6 mg/dL. The median SCORE2 (or SCO-
RE2OP if age >70 years) was 6% (IQR 3-10%). The application 
classified 21.9% (n=1603), 38% (n=2779), 39.3% (n=2876), and 
0.8% (n=59) patients into low-moderate, high, very high and 
extreme CV risk, respectively. Considering all BP reports as 
office measures, 75% (n=5537) were at goal. In the overall sam-
ple, a risk-based LDL-C at goal was found only in 11.2% (n=822). 
Similarly, a risk-based LDL-C at goal was found only in 15.9% 
(n=342) in the group on LLT (n=2156). 
Conclusions: Our web application, www.humtelemed.it, was 
first designed to assist occasional users and busy clinicians in 
assessing individual CVR. On a larger scale, it may also be con-
sidered a reliable epidemiological population-based data source. 

Analysing the trends of the demographic, anthropometric, met-
abolic and therapeutical patterns in the general population must 
be part of the fundamental strategy to identify and adequately 
manage the gaps in CVR assessment and prevention. Our data 
showed that most of the users had high and very high CVR and 
evidenced the unacceptable and discouraging reality of scarce 
CVR factor control, particularly LDL-C.

LOMITAPIDE AND EVINACUMAB 
COMBINATION IN A PATIENT 
WITH HOMOZYGOUS FAMILIAL 
HYPERCHOLESTEROLAEMIA
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Elisa Molinaroli 1, Maria Grazia Zenti 2, Giacomo Zoppini 1
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Introduction: Treatment of homozygous familial hypercholes-
terolaemia (HoFH) involves high-intensity statins and ezetimibe 
as first-line therapy, to which PCSK9-directed therapy can sub-
sequently be added. In many patients, however, this is still in-
sufficient to reach low-density lipoprotein cholesterol (LDL-C) 
targets, making lipoprotein apheresis (LA) necessary. The intro-
duction of new LDL-C receptor-independent therapies, such as 
Lomitapide and Evinacumab, and their combination may allow 
for the achievement of target LDL-C levels, potentially eliminat-
ing the need for LA.
Case Report: We present the case of a 56-year-old HoFH female 
patient. Medical history included previous statin-induced rhab-
domyolysis and mild non-obstructive coronary artery disease. 
Due to statin and ezetimibe intolerance, her baseline LDL-C 
level was 434 mg/dL. PCSK9 inhibitor (Evolocumab 140 mg 
every 2 weeks) was then started, without a significant reduction 
in LDL-C levels, making the initiation of LA necessary. In 2022, 
treatment with Lomitapide was initiated at a dose of 5 mg and 
increased until 30 mg, enabling the discontinuation of LA. How-
ever, LDL-C target (<55 mg/dl) for this patient was not achieved, 
with mean concentration of 98 mg/dL, prompting the decision to 
add Evinacumab (15 mg/kg every 4 weeks). A baseline lipid pro-
file was taken before starting Evinacumab and repeated before 
each subsequent infusion. LDL-C level decreased from 74 mg/
dL to 33 mg/dL (-55.4%) after the first infusion, further reducing 
to 28 mg/dL (-62.2%) after the second one. No gastrointestinal 
symptoms or elevated transaminase levels were reported; how-
ever, a slight increase in liver fat was observed during follow-up. 
No adverse effects were noted during any of the infusion ses-
sions.
Conclusion: This report suggests that combination of 
Evinacumab and Lomitapide may have a significant effect on 
lipid levels in HoFH patients, with results comparable to those 
reported in clinical trials and a good tolerability, representing an 
effective and less burdensome alternative to LA.
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PREGNANCY THREE MONTHS  
AFTER INCLISIRAN INJECTION:  
A UNIQUE CASE REPORT INCLUDING 
NEWBORN BABY MONITORING
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Background: Proprotein convertase subtilisin/kexin type 9 
(PCSK9)-inhibition is pivotal in treating high low-density lipo-
protein-cholesterol (LDL-C). The LDL metabolism is critical in 
placentation and early embryogenesis, and PCSK9 plays a cru-
cial role in its regulation. Both monoclonal antibodies (mAbs) 
directed against PCSK9 and inclisiran, a small interfering RNA 
(siRNA) specifically designed to hamper hepatic PCSK9 produc-
tion, have been shown to reduce LDL-C levels with a reassuring 
safety profile. PCSK9 inhibitors can cross the placenta. Despite 
lacking clinical data, manufacturers advise against PCSK9 inhi-
bition during pregnancy.
Methods: We present a case report of a pregnancy in a young 
woman with basal LDL-C of 364 mg/dL secondary to heterozy-
gous familial hypercholesterolemia (HeFH), genetically con-
firmed by the presence of loss-of-function variant affecting an 
allele of the gene coding for the LDL receptor [c.1374_375del 
AG (exon 10) p.Arg458Serfs*8 Null allele]. Clinical course: The 
patient developed a painful and relapsing injection site reaction 
to both available mAbs against PCSK9 (alirocumab and evolo-
cumab) with a consequent treatment shift to the siRNA inclisir-
an. The patient had an unplanned pregnancy 13 weeks after the 
second administration of inclisiran. As soon as the pregnancy 
was diagnosed, the patient was advised to discontinue lipid-low-
ering treatment. To date, this is the first documented case of 
pregnancy initiated after an inclisiran injection. Consequently, 
the patient’s gestation was closely monitored throughout its du-
ration, and after delivery, the newborn’s health was assessed in 
the first three months of life. The pregnancy proceeded without 
complications except for mild gestational hypothyroidism. Pre-
natal ultrasound was performed at the first, second and third 
trimester of pregnancy, always with normal findings. After a nor-
mal and full-term gestation, birth occurred in the 41st week. De-
livery was vaginal, eutocic, and without complications. The Ap-
gar score was 9 at 1 minute, 10 at 5 and 10 minutes. The newborn 
was healthy, with standard anthropometry for gestational age. 
Growth and development in the first months followed a regular 
course. At the last measurement we took at 3 months, length 
was 60.5 cm (50-75th percentile, with mother of short stature), 
weight 6.3 kg (75-90th percentile), body mass index (BMI) 17.21 
kg/m2, and head circumference 40.7 cm (50-75th percentile). 
Conclusions: Due to ethical concerns, clinical trials evaluating 
the safety of PCSK9 inhibition during pregnancy are not prac-
ticable. To the best of our knowledge, this is the first case of 
pregnancy initiated a few months after inclisiran administration. 
Inclisiran is no longer detectable in the circulation 48 hours after 
administration. Given its highly selective hepatic uptake, we can 
reasonably assume there was no circulating drug at conception 
and during gestation. More data on the pharmacodynamics and 
safety of siRNAs in this specific setting are needed.

TOWARDS A SUSTAINABLE 
NUTRACEUTICAL TREATMENT: 
CARDIOMETABOLIC EFFECTS  
OF AGRO-FOOD WASTE EXTRACTS  
ON SW872 ADIPOCYTE MODEL
Claudia Giglione 1, Laura Comi 1, Fationa Tolaj Klinaku 1, 
Lorenzo Da Dalt 1, Maria Daglia 2, Paolo Magni 3

1Department of Pharmacological and Biomolecular Sciences, 
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University, Zhenjiang; 3Department of Pharmacological  
and Biomolecular Sciences, Università degli Studi di Milano, 
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Introduction: Metabolic Syndrome (MetS) is a worldwide 
health concern associated with higher risk to develop cardio-
vascular and metabolic diseases. Inflammatory and oxidative 
signatures and other alterations of adipose tissue, including 
the perivascular one, are involved in pathological mechanisms 
leading to the development of MetS. While lifestyle changes and 
conventional therapies are considered standard approaches to 
counteract MetS patients, nutraceuticals represent a promising 
strategy for prevention, and management as add-on therapy. Re-
cently, a Prunus domestica extract showed to exert promising 
anti-inflammatory and antioxidative effects, which could be ex-
ploited in the management of MetS. 
Aim: This study aims at characterizing the SW872 cell model 
and exploring how the sustainable extract of Prunus domestica 
could revert the inflammatory and oxidative status of the adi-
pose tissue. 
Methods: A human-derived in vitro model of adipocytes, SW872, 
a dysfunctional model of SW872 induced with 100 mM oleic acid 
(OA), SW872-OA, and a spontaneously differentiated model of 
SW872 (SW872-AUTO), obtained after seventeen days in stand-
ard culture conditions, were selected. Each in vitro model was 
characterized by evaluating gene expression, lipid accumulation, 
oxidative stress, glucose internalization and NMR metabolom-
ics. Then, cells were treated with Prunus domestica extract at 
different exposure time (6, 24 and 48 hours) and concentrations 
(0.01, 0.1, 0.5, 1 mg/mL). 
Results: The characterization confirmed the dysfunctional 
metabolic phenotype in SW872-OA and SW872-AUTO. Prunus 
domestica extract showed no toxicity across all cell models. It 
stimulated glucose uptake, reduced reactive oxygen species and 
lipid accumulation, and positively modulated gene expression in 
a dose-dependent manner.
Conclusion: This study may contribute to evaluate the appli-
cability of SW872-OA and SW872-AUTO in the study of MetS. 
Moreover, our findings suggest that Prunus domestica may pos-
itively modulate adipose tissue functions, which in turn affect 
the cardiometabolic health. Overall, these data value the effects 
of sustainable extracts aligned with the One Health approach.
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CARDIOVASCULAR RISK IN SUBJECTS 
WITH METABOLIC DYSFUNCTION-
ASSOCIATED STEATOTIC LIVER DISEASE 
(MASLD) AND VARIABLE ADHERENCE  
TO MEDITERRANEAN DIET.  
THE INTERNIST’S PERSPECTIVE
Hala Abdallah 1, Ewa Awada 1, Agostino Di Ciaula 1,  
Piero Portincasa 1, Mohamad Khalil 2
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Background: The novel definition of MASLD underscores the 
close association of steatotic liver disease (SLD) with cardiovas-
cular disease (CVD). We investigated the association between 
each subtype of SLD and CVD risk, including the adherence to 
Mediterranean diet (MD) and amount of abdominal fat.
Methods: A cohort of 405 consecutive patients (age 58.5±SEM0.9 
yrs; BMI 28.9±0.3 Kg/m2; M/F=224/181) were enrolled at the 
outpatient clinic for cardiometabolic diseases. A validated ques-
tionnaire on MD adherence (score: low 0-6; intermediate 7-12; 
high 13-18) was used. SLD, subcutaneous (SAT), and visceral 
fat (VAT) were evaluated by ultrasonography. SLD patients were 
subclassified into No-MASLD (cryptogenic SLD, liver steatosis 
without metabolic disorders), MASLD, and MetALD (MASLD 
with increased alcohol intake). CVD risk was determined by the 
ASCVD (Atherosclerotic Cardiovascular Disease) Risk Calcula-
tor, determining 10-year risk of heart disease or stroke.Result: 
Among subjects, 34.1% had type 2 diabetes, 58.0% arterial hy-
pertension, 43.8% metabolic syndrome, and 40.5% obesity. MD 
adherence score was intermediate in 83.1% of subjects. No-SLD 
were 140 subjects (34.6%), while SLD was detected in 265 (65.4%) 
subjects. The majority of patients with SLD were classified as 
MASLD (92.0%), while few subjects were no-MASLD (2.3%) or 
MetALD (5.7%). Subjects without SLD had comparable ASCVD 
score and higher adherence to MD than patients with SLD (MD 
score 10.5±0.2 vs. 9.6±0.1, P=0.002). Among SLD patients, AS-
CVD score increased significantly from No-MASLD (3.3%), to 
MASLD (14.2%) to MetALD (29.7%, P=0.0007, ANOVA), while 
MD score and the extent of fat thickness (SAT/VAT) remained 
comparable. 
Conclusion: Individuals with MASLD or MetALD have in-
creased CVD risk. The risk was higher in subjects with MetALD, 
as compared to MASLD, pointing to an additive and harmful im-
pact of alcohol consumption. In clinical practice, a comprehen-
sive screening for CVD risk factors, alcohol consumption and 
adherence to MD in subjects with MASLD/MetALD is highly 
recommended.

MOLECULAR CHARACTERIZATION  
BY NEXT GENERATION SEQUENCING  
IN PEDIATRIC PATIENTS  
WITH DYSLIPIDEMIAS
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Introduction: Genetic dyslipidaemia includes inherited diseas-
es caused by variants in the genes responsible for the processes 
of synthesis, transport and metabolism of plasma lipoproteins. 
The most well-known lipid disorders in children include familial 
hypercholesterolemia (FH) and familial chylomicronemia syn-
drome (FCS). Therefore, early diagnosis, especially in pediatric 
patients, plays a fundamental role for early treatment and pre-
vention of clinical events in these patients. 
Material and Methods: The study included twenty-four pa-
tients with age below 18 years, referred to the lipid clinic at the 
University of Palermo, Italy from 2015 to 2021. We performed 
targeted Next Generation Sequencing (NGS) analysis to study 
the coding regions and intron/exon boundaries of genes in-
volved in the metabolism of total cholesterol (TC), triglycerides 
(TG), low-density lipoprotein cholesterol (LDL-c) and high-den-
sity lipoprotein cholesterol (HDL-c). 
Results and Conclusion: Our results have showed that ten 
were not carriers of pathogenetic variants in candidate genes, 
three were carrier of pathogenetic variants in heterozygosity in 
LDLR gene, two were carrier of pathogenetic variants in hete-
rozygosity in APOB gene, two were carrier of pathogenetic vari-
ants in LPL (one in heterozygosity and the other in homozygosi-
ty) and one patient was carrier of biallelic pathogenetic variants 
in LIPA. The analysis also allowed us to identify variants with 
rare allelic frequency. Screening performed on patients below 
18 years of age is useful for early diagnosis of genetic dyslipide-
mias and early intervention for preventing dyslipidemia-related 
comorbidities.
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N-ACETYL THREONINE PREDICTS 
THE BURDEN OF CORONARY 
ATHEROSCLEROSIS IN PATIENTS  
WITH ACUTE CORONARY SYNDROME
Susanna Longo 1, Lorenzo Antonetti 1, Daniela Benedetto 2, 
Giuseppe Massimo Sangiorgi 2, Rossella Menghini 1,  
Massimo Federici 1

1Department of Systems Medicine, University of Rome  
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Background and Aim: The SYNTAX score (SS) is a semi-quan-
titative screening tool calculated on angiograms to assess the ex-
tent and complexity of coronary atherosclerotic lesions. It is cru-
cial to determine the most effective treatment method between 
coronary artery bypass grafting and percutaneous coronary 
intervention. This study investigates the relationship between 
the cardiometabolic characteristics, metabolomic profile, and 
the burden of coronary atherosclerosis in patients with acute 
coronary syndrome. The aim is to identify early detection and 
intervention biomarkers in high cardiovascular-risk conditions.
Method: Thirty-nine patients admitted to the Cardiac Intensive 
Care Unit of the Policlinic Tor Vergata in 2014 for an acute coro-
nary event were evaluated and divided into four groups using the 
interquartile ranges of SS: Q1 SYNTAX group (n=7), Q2 SYN-
TAX group (n=11), Q3 SYNTAX group (n=8), and Q4 SYNTAX 
group (n=11). To assess the influence of metabolic comorbidi-
ties on the relationship between SS and circulating metabolites, 
we divided the cohort based on the presence of at least two co-
morbidities among obesity, diabetes mellitus, arterial hyperten-
sion, low HDL cholesterol values, and high triglyceride values, 
identifying two groups: MetCom_NO (n=20) and MetCom_YES 
(n=19). To reduce the dimensionality of the metabolomics data, 
weighted correlation network analysis (WGCNA) was done us-
ing the R WGCNA package. We identified three metabolite clus-
ters highly associated with SS and arbitrarily named MEblue, 
MEbrown, and MEturquoise clusters. The eigenvalues in each 
sample of the resulting clusters were used for further analyses.
Results: The four Q SYNTAX groups were comparable for 
clinical, anthropometric, and laboratory variables. Applying a 
linear regression model adjusted for major cardiovascular risk 
factors, the SS was positively associated only with stenosis >50% 
of the common trunk. Regarding metabolomic analysis, the SS 
was associated with the MEblue cluster comprising 63 metab-
olites even after linear regression model adjustment for eGFR 
(p<0.05). Metabolomic comparative analysis between Q1 SYN-
TAX and Q4 SYNTAX groups was performed using the LIM-
MA R package, identifying N-acetyl threonine (logFC 0.37826, 
p adj. 0.00302471), N-methyl pipecolate (log FC 1.24873, p adj. 
0.00302471), O-sulfo-L-tyrosine (log FC 0.44222, p adj. 0.00302), 
and stachydrine (log FC 1.07538, p adj. 0.024574386) as sig-
nificantly more abundant in the Q4 SYNTAX group and all be-
longed to the MEblue cluster. Furthermore, the concentrations 
of MEblue cluster metabolites were higher in the MetCom_YES 
group (p.0.048). Combining SS, metabolic comorbidities, and 
the MEblue cluster, we have drawn a Venn diagram highlighting 
27 metabolites associated with SS and metabolic comorbidities. 
N-acetyl threonine was present among these.
Conclusion: Increased circulating levels of some metabolites 
have a clinically significant predictive value for major coronary 
atherosclerotic damage. N-acetyl threonine may directly contrib-
ute to vascular damage and predict the extent and complexity 
of coronary atherosclerosis in patients with acute coronary syn-
drome.

AN UNUSUAL COMBINATION  
OF AN UNKNOWN VARIANT OF FAMILIAL 
HYPOBETALIPOPROTEINEMIA TYPE 1 
AND ALPHA1 ANTITRYPSIN DEFICIENCY
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Ludovico Graziani 3, Giuseppe Novelli 3, Paolo Sbraccia 1, 
Massimo Federici 1
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A 47-year-old Hispanic woman presented with deficient plasma 
concentrations of low-density lipoprotein cholesterol (LDL-c) 
and apolipoprotein (apo) B since adolescence in the absence of 
typical symptoms and signs of hypobetalipoproteinemia such as 
growth failure, malabsorption, hepatomegaly, and neurologic 
and neuromuscular signs. The patient reported a previous diag-
nosis of alpha1 antitrypsin (AAT) deficiency and hepatic steato-
sis. No family history of these conditions was found. Laboratory 
tests showed plasma AAT levels at the low limits of routine (90.1 
mg/dl) and a lipid profile characterized by total cholesterol 97 
mg/dl, HDL-c 53 mg/dl, LDL-c 31 mg/dl, triglycerides 20 ml/
dl, lipoprotein A <3.1 mg/dl, apo A1 143 mg/dl, apo B 23 mg/
dl.Ultrasounds showed a liver of average size and mild-mod-
erate steatosis. Non-invasive evaluation of hepatic fibrosis by 
transient elastography shows stiffness values equal to 5.3 kPa. 
Pulmonary function tests were regular.Genetic testing revealed 
a homozygous mutation of the S allele of the gene encoding 
AAT (p.E288V – E264V – c.863A >T rs17580), identifying the 
genotype PI*SS. Additionally, the heterozygous presence of the 
variant NM_000384.3:c.11404C>T,p. (Gln3802Ter) in the Apo B 
gene HGVS genotype N M_000384.3:c. [114040C>7]; [11404 =] 
was highlighted.This unique case shows an unusual combina-
tion of an unknown variant of Familial Hypobetalipoproteinemia 
Type 1 and AAT deficiency, both associated with a significantly 
increased risk of liver steatosis and impaired lipid secretion. The 
PI*SS genotype is consistent with plasma AAT levels measured 
on the sample, corresponding to an intermediate protein defi-
ciency. The c. 11404C>T, p.(GIn3802Ter) in the APOB gene is 
not reported in the literature or reference databases. Based on 
the ACMG-AMP criteria, this variant can be classified as proba-
ble pathogenic (class 4) since truncating variants of the APOB 
gene are associated with Familial Hypobetalipoproteinemia 
Type 1 (FHBL1, OMIM:615558). The implications of these ge-
netic findings are significant and warrant further investigation.
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siRNA ANTI-PCSK9: SYNERGISTIC EFFECT 
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Aim: Small interfering RNA anti-PCSK9 (inclisiran) degrades 
PCSK9 mRNA in the liver, thus leading to a reduction of circu-
lating PCSK9. In this study, we investigated the pharmacological 
modulation of LDL receptor (LDLR) by siRNA anti-PCSK9 alone 
and in combination with simvastatin in in vitro cultured cells.
Methods: Human hepatocarcinoma HepG2 overexpressing- 
PCSK9 (HepG2over-PCSK9) and Huh7 cells were treated with 
siRNA anti-PCSK9 (ON-TARGETplus-SMARTpool, Dharmacon) 
and Simvastatin (Merck). LDLR and PCSK9 protein expres-
sion were measured by western blot. From conditioned media 
PCSK9 was measured by using ELISA assay. 
Results: In Huh7, siRNA anti-PCSK9 efficiently reduced PCSK9 
protein expression, determined by western blot, after 24 and 48h 
(-46 and -67%, respectively), while the extracellular levels showed 
a reduction of 60% after 48 and 72h, as measured by ELISA. De-
spite the reduction in PCSK9, there was no modulation on LDLR. 
The combination of siRNA anti-PCSK9 with increasing con-
centration of simvastatin increased LDLR expression in a con-
centration-dependent manner compared to single treatments. 
Differently, in HepG2over-PCSK9, a 2-fold increase of LDLR ex-
pression was observed after transfection of siRNA anti-PCSK9. 
As expected, in this cell line, simvastatin (5µM) increased LDLR 
protein expression by 5.7-fold. However, the combination of 
siRNA anti-PCSK9 and simvastatin caused a synergistic 10-fold 
increase of LDLR. Under the same experimental conditions, ex-
tracellular levels of PCSK9 were reduced with siRNA anti-PCSK9 
of 42%, while the combination led to a dose-dependent increase 
of PCSK9.Finally, short time-course experiments revealed that 
siRNA starts reducing intracellular PCSK9 from 4 to 8h (-30 
and -35%, respectively), effect associated to lower extracellular 
PCSK9 starting from 8h post-treatment (-37%).
Consclusions: siRNA anti-PCSK9 reduced PCSK9 expression 
from 4 until 72h after treatment. Despite this, there is no modula-
tion on LDLR in Huh7 cells, while HepG2over-PCSK9 seemed a 
more suitable experimental model. siRNA anti-PCSK9 in combi-
nation with simvastatin leads to a synergistic induction of LDLR 
especially in HepG2over-PCSK9.

COVID-19 INCREASES ARTERIAL 
STIFFNESS INDUCING GREATER 
DIFFICULTY IN BLOOD PRESSURE 
CONTROL
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Introduction: COVID-19 causes endotheliitis, leading to long-
term cardiovascular complications. Pulse wave velocity (PWV), 
a key marker of arterial stiffness, has been associated with ad-
verse outcomes in various cardiovascular conditions. However, 
the long-term effects of COVID-19 on vascular stiffness in hyper-
tensive patients are still under investigation.
Aim: The aim of this study is to investigate the relationship be-
tween COVID-19 and vascular stiffness, as measured by PWV, in 
hypertensive patients.
Methods: We enrolled, in a multicenter study, 185 hypertensive 
patients with a positive nasopharyngeal swab for SARS-CoV-2 
in the 6 months prior to the follow-up visit (Group1, 90F, age 
63.38±10.29 years) and 97 hypertensive patients consistently 
negative for SARS-CoV-2 (Group2, 49F, age 64.20±10.79 years), 
comparable in terms of age, sex, weight, and BMI. We evaluated 
the follow-up visit (T1) and the one prior to the infection, within 
12 months of the follow-up (T0).
Results: Group1 showed a significant increase in PWV at T1 
compared to T0, indicating increased arterial stiffness post-COV-
ID-19. Group2 had a higher percentage of patients with dyslipi-
demia and a significantly lower percentage of patients with hy-
pertensive cardiomyopathy (HTN-CM) compared to Group1. In 
Group1, we observed a significant decrease in the number of 
smokers and an increase in the diagnosis of HTN-CM at T1, with 
a significant increase in systolic values (134.30±14.93 mmHg vs. 
132.40±16.19 mmHg, p<0.05) and a decrease in diastolic values 
(78.30±8.77 mmHg vs. 79.63±8.41 mmHg, p<0.05) compared to 
T0. Moreover, there was a significant increase in the number of 
antihypertensive drugs taken at T1 in Group1, particularly angi-
otensin receptor blockers, compared to T0. 
Conclusions: COVID-19 is associated with increased vascu-
lar stiffness in hypertensive patients, as evidenced by elevated 
PWV. This may contribute to poorer blood pressure control and 
a higher need for pharmacological intervention, highlighting the 
importance of monitoring arterial stiffness in post-COVID man-
agement strategies.
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NOVEL ROLE OF INOSITOL IN REDUCING 
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Inositol plays a critical role as a secondary messenger in the 
insulin signaling pathway, regulating insulin secretion, mito-
chondrial function, and glycogen storage. These actions make 
it a promising treatment for metabolic disorders like obesity, 
PCOS, and menopause-related fat accumulation. Since chronic 
inflammation is a key factor in metabolic dysfunction linked to 
overweight and obesity (1), this study aims to assess inositol’s 
anti-inflammatory effects and its potential to combat inflammato-
ry dysfunction in hypertrophic adipocytes. To this aim we aimed 
to characterize the effects of myo-inositol in inflamed and dys-
functional human adipocytes. Human Simpson-Golabi-Behmel 
syndrome (SGBS) adipocytes were treated with myo-inositol 
for 5 h before stimulation with TNF-α. At a concentration of 
100 µmol/L, myo-inositol markedly reduced the stimulated ex-
pression and secretion of pro-inflammatory mediators, such as 
CCL-2, CXCL-10, and IL-6, demonstrating its strong capability to 
regulate messenger and protein expression. These effects were 
functionally linked to a reduction in monocyte adhesion to in-
flamed adipocytes. Similarly, under the same conditions, myo-in-
ositol reversed the TNF-α-induced expression of ICAM-1 on the 
cell surface, a crucial adhesion molecule that facilitates mono-
cyte attachment to inflamed adipose tissue. Finally, to prelimi-
narily explore the underlying mechanisms of action, we demon-
strated that inositol mitigated the activation of NF-κB, the master 
regulator of adipocyte inflammation. In conclusion, myo-inositol 
reduces adipose dysfunction in pro-inflammatory activated ad-
ipocytes. Although further investigations are required, these 
data suggest that myo-inositol may improve the inflammatory 
and dysmetabolic milieu in obese patients. 
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DIETARY FLAVAN-3-OL METABOLITES 
MODULATE PROINFLAMMATORY HUMAN 
FIBROBLAST ACTIVATION IN VITRO: 
POTENTIAL PERSPECTIVES IN THE 
PREVENTION OF CVD
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Department of Food and Drug, University of Parma, Italy 
E-mail: beatrice.mattina@unipr.it

Aim: Consumption of food rich in flavan-3-ols, like tea, dark 
chocolate, red wine, grapes, has been associated with a protec-
tive effect against chronic diseases characterized by systemic 
inflammation, such as CVD. Dietary flavan-3-ols are vastly me-
tabolized to hydoxyphenyl-γ-valerolactones (OH-PVL) by the gut 
microbiota. This study aims to evaluate the in vitro anti-inflam-
matory effect of colonic metabolites of flavan-3-ols as OH-PVL, 
previously identified in a metabolomics study as the most rep-
resentative molecules present in plasma after the ingestion of 
flavan-3-ol-containing food.
Methods: We tested 10 colonic metabolites, belonging to the 
OH-PVL family in their sulphonated, methylated or enantiomeri-
cally pure forms. The cytotoxicity of all compounds and the effi-
cacy in inhibiting lipopolysaccharide LPS-induced IL-6 secretion 
were evaluated in human fibroblasts by MTT assay and ELISA 
kit, respectively. Supernatant IL-6 concentrations were normal-
ized against the cell extract protein content, assessed by BCA 
assay. Statistical analysis was done by two-way ANOVA (signif-
icant p-value≤0.05). 
Results: LPS toxicity and effective concentration in increas-
ing IL-6 secretion were preliminarily assessed. LPS resulted 
non-cytotoxic (IC50>50µM) and efficient at 1µM (10.000pg/
mL) (p=0.0087 vs. untreated cells). All compounds were non-cy-
totoxic (IC50>50µM) nor induced IL-6 secretion at 1µM and 
10µM concentrations, corresponding to their plasmatic levels 
after ingestion and metabolism of flavan-3-ols. Five of the test-
ed compounds, i.e. R-C001, S-C001, S-C003, R-C002 and R-C003 
at 1µM significantly reduced LPS-induced IL-6 secretion by 
69%(p=0.0067), 85%(p=0.0004), 87%(p=0.0003), 78%(p=0.0012) 
and 71%(p=0.0041), respectively. The remaining five compounds 
did not show a statistically significant effect.
Conclusions: Five OH-PVL compounds have shown anti-inflam-
matory activity in human fibroblasts in vitro, with no differences 
between enantiomers. Our data, pointing to the biological activ-
ity of specific colonic metabolites of flavan-3-ols, pave the way to 
further research on the mechanism of action of these molecules 
and support the usefulness of in vivo studies for the prevention 
and modulation of CVD.
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REFRACTORY HETEROZYGOUS  
FAMILIAL HYPERCHOLESTEROLEMIA  
TO MAXIMAL HYPOLIPIDEMIC THERAPY 
IN A PATIENT WITH CUSHING’S DISEASE
Miriam Giovanna Mazzone 1, Chiarelli Greta 2,  
Vincenzina Palermo 2, Luigi Valletta 2, Ilenia Calcaterra 2, 
Gabriella Iannuzzo 2, Dario Di Minno 2

1Federico II di Napoli; 2Federico II di Napoli 
E-mail: miriamg.mazz@gmail.com

Familial hypercholesterolemia (FH) is an autosomal dominant 
disorder, the frequency of the heterozygous FH (HeFH) has 
been estimated at 1 in 500 and of the homozygous FH (HoFH) 
at 1 in 1,000,000 individuals globally. However, in a recent me-
ta-analysis estimated prevalence of FH was 1:250 and it could 
be classified as the most frequent genetic disease globally. Al-
though several therapeutic options are available FH seems to be 
underestimated and in turn under treated. A 22-year-old patient 
referred to the “Federico II” University Hospital Lipid Clinic 
because of refractory hypercholesterolemia,190 mg/dl LDL-C . 
Patient were on maximally tolerated lipid-lowering therapy: Ro-
suvastatin 20 mg, Ezetimibe 10 mg, Evolocumab 140 mg. The 
patient reported history of spontaneous gastric perforation in 
2019 and type 2 diabetes mellitus. We decide to perform a ge-
netic test for FH causative mutation resulted in heterozygous 
mutations of LDLr c.465 C>A and PCSK9 c.523+9C>T of uncer-
tain pathological significance. On physical examination, we ob-
served the presence of purple or pink stretch marks (striae) on 
abdomen and hips and I° central obesity (BMI 32 kg/m2), blood 
pressure of 135/90 mmHg. That are findings compatible with 
the suspicion of Cushing’s syndrome. Blood Cell count reveled a 
mild neutrophilic leukocytosis (WBC 13.8 x 103 µL: lymphocytes 
16% neutrophils 83% eosinophils 0.5%, basophils 0.3%, monocytes 
0.2%), CRP <0.3 mg/dl in absence of fever. Then we proceed 
with diagnostic iter for Cushing syndrome.We found urinary 
cortisol 1221µg (21-292) on diuresis of 1800 mL24, ACTH 70 pg/
ml and serum cortisol 22 µg.The dexamethasone suppression 
test (with dose of 2 mg) is performed to evaluate the possible 
suppression of ACTH production by the pituitary gland. The test 
shows a minimal variation in ACTH values. On cerebral MRI, 
the adenohypophysis presents a convex upper profile and a 
non-homogeneous signal due to the presence of a small nodular 
formation (approximately 3 mm), referable to a microadenoma.
To integrate and confirm the diagnosis, has been performed the 
sampling of the pituitary vein with catheterization of the petrous 
sinuses (BIPSS). In the presence of hypercortisolism, BIPSS is 
used to differentiate pituitary ACTH production from ectopic 
ACTH production. ACTH should be present in higher blood con-
centrations adjacent to the pituitary gland than in more distant 
peripheral areas, where levels are generally lowered by dilution 
with peripheral blood. The suppression of normal corticotropic 
cells by persistent hypercortisolism is critical to the diagnostic 
accuracy of BIPSS because it ensures that the ACTH dosed is ex-
clusively from the tumor source, pituitary or ectopic: Our patient 
presents ACTH in the periphery 51 pg/ml, ACTH right sinus 
590 pg/ml and ACTH left sinus 481 pg/ml. The concentration 
of ACTH in the right and left petrous sinus relative to that in 
the periphery determines the C/P ratio: a C/P ratio ≥2 under 
basal conditions, as in this case, deposes hypercortisolism of 
pituitary origin. Then is possible to obtain a Cushing’s disease 
from pituitary microadenoma diagnosis. Is the pathophysiolog-
ical mechanism involving cortisol and LDLr would explain the 
high cholesterol levels despite maximal therapy. Cortisol acts 
at different levels to reduce LDL uptake in the liver, either by 

decreasing the expression of LDL receptors or by reducing their 
functional activity. This could lead to an accumulation of LDL in 
the blood and contribute to the hypercholesterolemia associat-
ed with Cushing’s disease. Furthermore, cortisol may regulate 
LDL receptors gene in hepatocytes. In our patient heterozygous 
FH combined by Cushing syndrome could be associated to low 
response to lipid lowering therapy. FH combines with the meta-
bolic complications of Cushing’s disease, increase even more the 
risk of cardiovascular events. Therapies aimed at inhibiting cor-
tisol production and managing hypercholesterolemia are crucial 
for reducing cardiovascular risk. The complexity of the manage-
ment of patients with familial hypercholesterolemia associated 
with Cushing’s syndrome necessitates of early diagnosis, due 
to a multidisciplinary therapeutic approach that is essential to 
improve clinical outcome and reduce the risk of complications. 

EFFICACY AND ADVERSE EVENTS  
OF THE USE OF BEMPEDOIC ACID  
IN A REAL-LIFE POPULATION
Simone Mattivi, Iliana Iemmolo, Serena Amato, Elisa Rinaudo, 
Paolo Fornengo, Arianna Ferro
Università degli Studi di Torino 
E-mail: simone.mattivi@icloud.com

Bempedoic acid is an inhibitor molecule of adenosine triphos-
phate citrate lyase, an enzyme upstream of HMGCoA reductase, 
used as a lipid-lowering agent in patients with hypercholester-
olemia in association or not with other lipid-lowering agents. Un-
like statins, bempedoic acid is not metabolised at the muscular 
level and has proven to be a key molecule in patients with mus-
cular intolerance to statins. The present study aims to observe 
dyslipidemic patients, in primary and secondary prevention, 
who have started bempedoic acid, in association or not with eze-
timibe, and evaluate the response rate, any impacts on uric acid 
and creatinine levels and any intolerances in real life. Our study 
confirmed that there is a statistically significant decrease in total 
cholesterol levels and LDL cholesterol levels (p<0.05; 95% CI) 
as shown by studies performed in main clinical trials.Uric acid 
levels did not increase statistically significantly (p>0.05, 95% CI). 
As regards creatinine levels, a slight statistically significant in-
crease can be observed (p<0.05; 95% CI). The study we conduct-
ed highlighted how the use of bempedoic acid, in association or 
not with other lipid-lowering therapies, is effective in reducing 
total cholesterol and LDL cholesterol, in agreement with the 
main clinical trials. This drug is safe and is not associated with 
a statistically significant increase in uric acid levels. Creatinine 
levels were significantly increased with the use of bempedoic 
acid in line with the increases described in the registration trials. 
Ultimately our study, with the limitations of the sample size, con-
firms the effectiveness of bempedoic acid therapy, confirming 
the proven benefits that emerged from the main studies.
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DIRECT ORAL ANTICOAGULANTS, 
ALL-CAUSE MORTALITY AND 
CARDIOVASCULAR EVENTS IN PATIENTS 
WITH ATRIAL FIBRILLATION WITH 
AND WITHOUT OBESITY: INSIGHT THE 
NATIONWIDE START REGISTRY
Danilo Menichelli 1, Emilia Antonucci 2, Gualtiero Palareti 2, 
Daniela Poli 3, Pasquale Pignatelli 4, Daniele Pastori 4

1Department of General Surgery, Surgical Specialties and Organ 
Transplantation “Paride Stefanini”, Sapienza University of 
Rome, Italy; 2Arianna Anticoagulazione Foundation, Bologna, 
Italy; 3Thrombosis Centre, Azienda Ospedaliero-Universitaria 
Careggi, Florence, Italy; 4Department of Clinical Internal, 
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University of Rome, Italy 
E-mail: danilo.menichelli@uniroma1.it

Introduction: Atrial fibrillation (AF) is often associated with 
cardiovascular comorbidities, such as obesity. Direct oral antico-
agulants (DOACs) use in patients with AF and obesity is still un-
certain for the low number of obese patients enrolled in clinical 
trial and for peculiar pharmacokinetic characteristics of obese 
patients. We compared the all-cause mortality and cardiovascu-
lar events (CVEs) risk in obese patients with AF treated with 
DOAC or warfarin.
Methods: 10.369 AF patients on oral anticoagulants were en-
rolled in the multicenter nationwide START registry. Obesity 
was defined as body mass index (BMI) ≥30 Kg/m2. 1st degree 
obesity was defined by a BMI between 30 and 34.9 Kg/m2, while 
≥2nd degree was defined if BMI was ≥35 Kg/m2. The association 
between DOACs use, all-cause mortality and CVEs was investi-
gated with Cox regression analysis to estimate hazard ratio (HR) 
and 95% confidence interval (95%CI). 
Results: Mean age was 76.3±9.4 and 45.3% were women. 3,725 
(35.9%) patients were overweight and 2,240 (21.6%) were obese. 
Obese patients were more frequently affected by arterial hy-
pertension, diabetes, anemia, heart failure, and chronic lung 
disease. During a mean follow up was 23.9±19 months, 704 
deaths and 821 CVEs occurred. In obese patients, elderly (HR 
2.460, 95% 1.690-3.583, p<0.001), anemia (HR 1.514, 95%CI 1.045-
2.192, p=0.028), cerebrovascular disease history (HR 1.614, 
95%CI 1.056-2.467, p=0.027), peripheral artery disease (PAD) 
(HR 2.204, 95%CI 1.278-3.800, p=0.004) and heart failure (HF) 
(HR 1.769, 95%CI 1.220-2.563, p=0.003) were associated with 
higher risk of all-cause mortality, while, among treatment, only 
DOAC use was associated with a lower mortality risk (HR 0.637, 
95%CI 0.445-0.912, p=0.014). Elderly (HR 2.102, 95%CI 1.501-
2.943, p<0.001), anemia (HR 1.440, 95%CI 1.019-2.036, p=0.039), 
cerebrovascular disease history (HR 1.707, 95%CI 1.160-2.512, 
p=0.007), PAD (HR 1.931, 95%CI 1.147-3.250, p=0.013) and HF 
(HR 1.562, 95%CI 1.105-2.208, p=0.012) were also associated with 
higher risk of CVEs, while DOAC treatment was only associated 
with a trend towards a reduction of CVE in obese patients (HR 
0.751, 95%CI 0.542-1.041, p=0.086). 
Conclusion: In conclusion, DOAC use seems to be associated 
with a lower risk of all cause-mortality but not so effective in the 
reduction of CVEs in obese AF patients. Further study, especial-
ly on severe obesity are needed.

WAIST-TO-HIP RATIO VERSUS BODY  
MASS INDEX FOR THE PREDICTION  
OF CARDIOVASCULAR EVENTS 
IN ATRIAL FIBRILLATION
Danilo Menichelli 1, Arianna Pannunzio 1, Ilaria Maria Palumbo 1, 
Pasquale Pignatelli 2, Daniele Pastori 2

1Department of General Surgery, Surgical Specialties and Organ 
Transplantation “Paride Stefanini”, Sapienza University of Rome, 
Italy; 2Department of Clinical Internal, Anesthesiological and 
Cardiovascular Sciences, Sapienza University of Rome, Italy 
E-mail: danilo.menichelli@uniroma1.it

Introduction: Some previous studies described an inverse as-
sociation between obesity and cardiovascular risk in patients 
with atrial fibrillation (AF). However, in these studies obesity 
was defined by a body mass index (BMI) ≥30 Kg/m2, without an 
evaluation of visceral adiposity. For this reason, we investigated 
the predictive value of waist-to-hip ratio (WHr) on cardiovascular 
events (CVEs) comparing it to BMI. 
Methods: We included patients from the ATHERO-AF study, a 
monocentric observational prospective ongoing study including 
AF patients treated with direct oral anticoagulants (DOACs). 
Obesity was defined as BMI ≥30 Kg/m2 and a pathological WHr 
was defined ≥0.9 in male and ≥0.85 In female. We used Receiver 
operating characteristic (ROC) to estimate the predictive value 
of WHr and BMI against CVEs.
Results: We enrolled 704 AF patients, of which 44.2% were 
female. Mean age was 75.2±16.6. Patients with pathological WHr 
were more frequently affected by hypertension, diabetes and 
had higher mean BMI and lower serum concentration of 
high-density lipoprotein (HDL). 43 CVEs were collected. The 
ROC analysis showed that WHr had an area under curve (AUC) 
of 0.659 (95% confidence interval [CI] 0.621-0.695, p<0.001) while 
BMI had a AUC of 0.580 (0.541-0.618, p=0.061). 
Conclusion: In our study we found that WHr seems to have a 
better predictive value of CVEs compared to BMI, probably due 
to a better characterization of visceral adiposity. Further studies 
are needed to confirm this finding.
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IMPACT OF THE MEDITERRANEAN 
DIET ON INFLAMMATORY AND LIPID 
PROFILES AMONG SUBJECTS WITH 
FAMILIAL HYPERCHOLESTEROLEMIA
Nicoletta Miano, Sabrina Scilletta, Maurizio Di Marco,  
Giosiana Bosco, Francesco Di Giacomo Barbagallo,  
Salvatore Carasi, Marco Musmeci, Stefania Capuccio,  
Marina Martedì, Claudia Pistritto, Mariapaola Tiralongo, 
Antonio Ricci, Maria Chiara Papa, Caterina Ippolito,  
Antonino Di Pino, Salvatore Piro, Roberto Scicali
Department of Clinical and Experimental Medicine,  
University of Catania 
E-mail: nicoletta.miano@gmail.com

Aim of the Study: Familial hypercholesterolemia (FH) is a ge-
netic autosomal dominant disorder characterized by high LDL-C 
levels leading to early atherosclerotic cardiovascular disease 
(ASCVD) onset. FH management focused on decreasing LDL-C 
concentrations through pharmacological therapy, while life-
style-based therapies have historically been considered as sec-
ondary approaches. The objective of this study was to evaluate 
the impact of different levels of adherence to the Mediterrane-
an diet (MD) on dyslipidemia and inflammatory biomarkers in 
genetically confirmed FH subjects. Moreover, we aim to detect 
how pharmacological treatments influence the level of adher-
ence to healthy lifestyle habits such as the MD.
Methods: This was a cross-sectional study involving 253 sub-
jects aged over 18 years with genetically confirmed FH. Nutri-
tional data were surveyed by administering a previously validat-
ed form of the Mediterranean Diet, the Pyr-Mediterranean Diet 
Score (PyrMDS). Moreover, we collected data on pharmaco-
logical treatment, cardiovascular adverse events, intima-media 
thickness (IMT), carotid and femoral atherosclerosis, subendo-
cardial viability ratio (SEVR) and blood samples to analyze lipid 
profile and high sensitivity C-reactive protein (hs- CRP) concen-
trations. Our population was stratified into tertiles based on the 
values obtained with the PyrMDS score, thus obtaining three 
groups with different levels of adherence to the Mediterrane-
an diet (Group 1= High PyrMDS, Group 2 = medium PyrMDS, 
Group 3= low PyrMDS).
Results: Group 1 showed a higher age as well as an older age at 
diagnosis of familial hypercholesterolemia compared to Group 3 
(p value for all <0.01). The majority of subjects affected by arte-
rial hypertension were in Group 1 than Group 3 (p<0.01) while 
the opposite was observed in smoker prevalence; finally, BMI 
was homogeneous across the three groups. Group 1 showed 
a significant lower levels of total cholesterol (p<0.01) and LDL 
cholesterol (p<0.001). Furthermore, a decreasing level of C-re-
active protein was found in the Group 1 than Group 3 (p<0.01). 
Group 1 exhibited a higher value of SEVR than Group 3 (p<0.01). 
Compared to Group 3, subjects in Group 1 were more frequently 
treated with statins (p<0.01), ezetimibe (p<0.01], PCS-K9 inhib-
itors (p<0.01).
Conclusions: Our results confirm that a greater adherence to a 
healthy dietary pattern such as the Mediterranean diet improves 
the lipid and inflammatory profiles in FH patients. Therefore, 
the Mediterranean diet should be recommended as a standard 
dietary regimen over an intensive lipid lowering therapy in FH 
patients in order to prevent major adverse cardiovascular events.

CHARACTERIZATION OF microRNAs 
PROFILE AND THEIR ASSOCIATION  
WITH ANGPTLs IN PATIENTS  
WITH SARCOPENIC OBESITY: 
PRELIMINARY RESULTS
Ilenia Minicocci 1, Federica Tambaro 1, Eleonora Poggiogalle 2, 
Simone Bini 1, Alessia Di Costanzo 1, Stella Covino 1,  
Daniele Tramontano 1, Daniela Commodari 1, Alessio Molfino 1, 
Maurizio Muscaritoli 1, Laura D’erasmo 1, Marcello Arca 1

1Departments of Translational and Precision Medicine, Sapienza 
University of Rome, Italy; 2Department of Experimental Medicine, 
Sapienza University of Rome, Italy
E-mail: ilenia.minicocci@uniroma1.it

Background: Sarcopenic obesity (SO) is characterized by the 
loss of skeletal muscle mass and increased ectopic lipid deposi-
tion, posing significant health risks, particularly in the develop-
ment of cardiovascular diseases. The pathogenesis of SO is com-
plex and involves factors such as insulin resistance, lipotoxicity, 
glucose imbalances and pro-inflammatory cytokines. Recent 
evidence suggests that the differential expression of certain 
microRNAs (miRNAs) may influence muscle atrophy and lipid 
infiltration. Although Angiopoietin-like proteins, key proteins in 
lipid metabolism and energy regulation, may be implicated in 
the development of SO. 
Aim: The study aimed to:
1) identify dysregulated miRNAs, 
2) analyze the levels of ANGPTLs, 
3) their relationship in patients with SO.
Methods: After obtaining informed consent, participants were 
consecutively enrolled from those under follow-up at the Depart-
ment of Nutrition. Body composition was assessed using DEXA, 
and muscle function was evaluated with a handgrip strength 
test. Then we classified patients as SO or obese (Ob), the lat-
ter serving as controls. Fasting blood samples were collected to 
measure circulating miRNA levels using qRT-PCR and serum 
ANGPTL3 and ANGPTL4 levels using ELISA.
Results: Sixteen patients with sarcopenic obesity (SO) and 16 
obese (Ob) patients were included in this preliminary analysis. 
Our findings revealed an upregulation of miR-27b and miR-206 in 
the SO group compared to the Ob group (P=0.044 and P=0.043, 
respectively), while miR-133 levels were significantly lower 
(P=0.037). We observed an upregulation of ANGPTL4 in the SO 
group (p=0.021) and a trend toward increased ANGPTL3 levels 
compared to Ob patients. Interestingly, in SO patients miR-206 
levels were negatively correlated to ANGPTL3 (p=0.023, r= 
-0.570). 
Conclusion: These preliminary data suggest that levels of cir-
culating miRNAs and ANGPTL3 and 4 are modulated in SO. The 
biological role of this observation and wheatear miRNAs pattern 
and ANGPTLs can contribute to the pathogenesis of SO sill re-
main to be investigated.
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AND IN-SITU PRO-INFLAMMATORY 
BIOMARKERS IN CAROTID PLAQUE 
PROGRESSION
Manuela Montanaro 1, Manuel Scimeca 2, Fabio Massimo Oddi 3, 
Francesca Servadei 2, Erica Giacobbi 2, Rita Bonfiglio 2,  
Arnaldo Ippoliti 3, Alessandro Mauriello 2

1Department of Biomedicine and Prevention, University of Rome 
Tor Vergata, Rome, Italy; 2Department of Experimental Medicine 
- University of Rome Tor Vergata, Rome, Italy; 3Vascular Surgery 
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To date, many studies reported chronic inflammation as one 
important factor of carotid plaques progression, suggesting a 
possible connection between the occurrence of cardiovascular 
risk factors and inflammation-related plaque instability. More 
specifically, this study aims to evaluate the possible role of both 
the high sensitivity C-Reactive Protein (hs-CRP) and the in-situ 
presence of some pro-inflammatory markers on carotid plaque 
instability. One hundred and fifty-six carotid plaques from symp-
tomatic and asymptomatic patients were collected and histologi-
cally classified as unstable and stable plaques. Also, anamnestic 
and hematochemical data, such as age, gender, hypertension, 
diabetes mellitus, smoking habit, therapy, low-density lipopro-
tein (LDL)-C, kidney failure and hs-CRP, have been registered. 
Moreover, the most representative area of each plaque was in-
cluded to build a Tissue Microarray, in order to test some pro-in-
flammatory markers, such as CD3, CD4a, CD8, CD20, CD86, 
CD163 and interleukin (IL)-2, IL-6, IL-17, by immunohistochemi-
cal stainings. The results revealed a 67% increased risk of plaque 
instability in patients with high levels of hs-CRP. Precisely, the 
risk of carotid plaque instability was enhanced in dyslipidemic 
males and in aged female patients. In addition, plaque destabili-
zation appeared associated with high in-situ expression of some 
pro-inflammatory cytokines, such as IL-2, IL-6, IL-17. As concern 
the association with the analysed cardiovascular risk factors, a 
significant increase of IL-6-positive and IL-17-positive cells was 
detected in unstable carotid plaques of female patients as com-
pared with unstable plaques of males. In conclusion, our data 
highlighted an important role of CD8+ T-cells in plaque progres-
sion, with no correlation with the analysed risk factors. Nonethe-
less, a significative correlation between the presence of some 
in-situ pro-inflammatory cytokines and biological sex were reg-
istered. Furthermore, hs-CRP levels may be considered a poten-
tial screening factor to be of use for prevention and management 
of carotid atherosclerotic disease.

THE STEROL ELEMENT BINDING 
PROTEIN 1C (SREBP1c) CONTROLS 
OXIDATIVE METABOLISM  
AND SUPPRESSIVE FUNCTION  
OF REGULATORY T CELLS
Arianna Moretti 1, Annalisa Moregola 1, Giulia Biagioli 2, 
Jeroen FJ Bojie 3, Giuseppe Danilo Norata 1, Fabrizia Bonacina 1

1Department of Pharmacological and Biomolecular Sciences, 
Università degli Studi di Milano, Italy; 2Department of 
Pharmacological Sciences, Università degli Studi di Perugia, 
Italy; 3Campus Diepenbeek Agoralaan Gebouw D,  
Hasselt University, Diepenbeek, Belgium
E-mail: arianna.moretti@unimi.it

Aim: Immunosuppressive T regulatory cells limits inflamma-
tion in different pathological settings, including atherosclerosis. 
Several studies have demonstrated that Treg lipid metabolism is 
critical for their function. Previous studies of our group showed 
that deficiency of SREBP1c, a key protein regulating intracel-
lular fatty acid (FA) metabolism, worsened Tregs immunosup-
pressive function by derailing energetic metabolism toward 
glycolysis and affecting phospholipid metabolism. Therefore, 
aim of this study was to investigate how SREBP1c controls Treg 
function by modulating lipid metabolism.
Methods: T cells isolated from WT and SREBP-1c KO mice and 
in vitro induced Treg (iTreg) were analyzed through RT-qPCR, 
flow-cytometry and lipidomics. iTreg metabolism was studied 
using the Seahorse XF technology. iTreg suppressor and migra-
tory phenotype were assessed by in vitro assay.
Results: Deficiency of Srebp1c resulted in a reduced in vitro 
generation of iTreg (-6,76%, p<0,0001), inhibition of Tell prolif-
eration (-5%, p<0,01), increased migration (+80% vs. CCL19/21, 
p<0,05) and glycolytic metabolism (+18,8%, p<0,05) compared to 
WT iTreg. Inhibition of fatty acid oxidation by Etomoxir (5μM) 
impaired suppressive phenotype of WT but not Srebp1c KO 
iTreg (-3,93%, p<0,05 for WT), suggesting a defective FA oxi-
dation of the latter. Addition of palmitate improved suppressive 
phenotype of WT iTreg (+5,6%, p<0,01), but did not revert the 
functional and metabolic phenotype of Srebp1c KO iTreg. Pro-
tein and mRNA expression of CD36 were reduced in Srebp1c 
KO vs. WT iTreg, confirming missed compensation of impaired 
lipid metabolism by extracellular fatty acids uptake. By lipidomic 
analysis Srebp1c deficiency resulted in an altered phospholipid 
composition, showing an accumulation of LPC over PC, which 
is associated to an impaired Lands cycle. Moreover, LPCAT3 in-
hibition showed a reduced expression of specific Treg proteins 
(CD73, AKT) required for their immunosuppressive activity.
Conclusion: SREBP1c plays a key role in the immune-metabol-
ic response of Tregs: by modulating lipid cellular metabolism 
SREBP1c controls energetic and functional phenotype of Treg.
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LYSOSOMAL ACID LIPASE DEFICIENCY  
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Cholesterol Ester Storage disease (CESD) is a term used to 
group lysosomal acid lipase deficiencies associated with a less 
severe clinical phenotype than that of Wolman disease, a fatal 
disease within one year of the newborn’s life. This is because in 
CESD the enzymatic defect is subtotal, while in Wolman the en-
zymatic deficiency is practically totally. In both cases the trans-
mission is autosomal recessive. The enzyme deficiency is due 
to mutations in the acid lipase gene (LIPA). This enzyme plays 
a fundamental role in the hydrolysis of cholesterol esters and 
triglycerides at the endosomal and lysosomal levels. In CESD, 
lipid storage abnormalities mainly concern the accumulation of 
esterized cholesterol, with abnormalities in the accumulation 
of triglycerides less evident than in Wolman’s disease. The age 
of onset and progression of CESD are extremely heterogene-
ous, with a continuous spectrum of the disease between almost 
asymptomatic forms, early-onset and severe forms which may 
be related to a change in the level of residual acid lipase activ-
ity. The estimated prevalence of the enzyme deficiency in the 
Caucasian population causing Wolman is not known, while the 
estimate varied between 1/40,000 and 1/300,000 in CESD. In 
the latter pathology, the main clinical signs may be a significant 
elevation of LDL-c and hepatomegaly. The age of onset varies but 
is usually early (generally before the age of 10-12), although the 
appearance of first symptoms in adulthood has been described. 
Splenomegaly is also present in a third of cases. Liver disease 
may remain asymptomatic for a long period, but tends to pro-
gress to steatosis, liver failure, fibrosis and even micronodular 
cirrhosis in severe cases. In the majority of patients, plasma hy-
perlipidaemia with hypercholesterolemia is present, associated 
with an increase in LDL cholesterol levels, a reduction in HDL 
cholesterol levels with variable hypertriglyceridemia (Pheno-
type IIB). Paediatric and adult patients have a significant risk 
of atherosclerosis. Radiographs can detect adrenal calcifications 
in Wolman disease. In both forms the diagnosis can be made by 
measuring the enzymatic activity of LAL on Dry Blood Spot sam-
ples (DBS). Genetic analysis can be used to confirm the diagno-
sis. The differential diagnosis of CESD must be made with IIB 
related dyslipidaemias (Combined Hyperlipidaemia) and with 
liver diseases that lead to micronodular cirrhosis. For both dis-
orders, replacement therapy of acid lipase (Sebelipase alpha) is 
available intravenously once every week for patients with rapidly 
progressive LAL-D symptomatic in infancy or one every other 
week for patients initially symptomatic at paediatric or adult age. 
The aim of the present study, financed by Alexion and approved 
by local ethics committee, was the early identification in Sardin-
ian newborns, by means of a drop of blood obtained with a heel 
stick and normally used for neonatal screening for congenital 
hypothyroidism and phenylketonuria, of Wolman disease and 
CESD, respectively, due to a total or subtotal acid lipase enzyme 
deficiency. Every year approximately 6,000 babies are born in 
Sardinia. In spite of a discontinuously activity due to the Cov-

id 19 pandemia, from February 2020 until October 2023, 4,889 
enzymatic assays on DBS have been performed. Until now, no 
samples with zero activity and no sex differences were found; 
14 samples with very low activity have been obtained (<0.20). 
The considered normal range of LAL activity is 0.20 – 0.80 nmol/
spot/h; the mean normal LAL activity is 0.44 nmol/spot/h. The 
genetic analysis of the 14 samples with low enzymatic activity 
revealed only already known SNPs variants for all 10 exons. At 
the present time, neonatal LAL screening analysis is still in pro-
gress. The goal of an extension of the study would be to screen 
more than 40,000 newborns.

SLEEP QUALITY IN ELDERLY PATIENTS 
WITH TYPE 2 DIABETES: FROM 
GLYCEMIC CONTROL TO ANXIETY-
DEPRESSIVE DISORDERS
Marco Musmeci, Antonino Di Pino, Marina Martedì,  
Caterina Ippolito, Sabrina Scilletta, Roberto Scicali,  
Salvatore Piro
Università degli Studi di Catania, Dipartimento  
di Scienze Mediche e Sperimentali 
E-mail: marco.musmeci96@gmail.com

Introduction: Type 2 Diabetes Mellitus (T2DM) is a complex 
condition associated with numerous comorbidities. Recently, 
factors previously ignored, such as sleep disturbances, have 
been shown to play a much more significant role. Indeed, grow-
ing evidence has demonstrated that both qualitative and quan-
titative sleep alterations are associated with an increased risk 
of cardiovascular events, obesity, anxiety-depressive disorders, 
and poorer glycemic control in diabetic patients. The aim of our 
study was to evaluate the relationship between sleep disturbanc-
es, anxiety-depressive disorders, and quality of life in elderly 
patients with T2DM.
Material and Methods: Elderly patients with T2DM aged over 
65 years attending the Internal Medicine division of ARNAS Gar-
ibaldi-Nesima Hospital in Catania were recruited. Patients with 
obstructive sleep apnea syndrome, those receiving treatment 
for anxiety-depressive disorders, or those with known sleep 
disorders were excluded. Each patient underwent collection of 
anthropometric, laboratory, medical history data and comple-
tion of three questionnaires: the Pittsburgh Sleep Quality Index 
(PSQI), the Geriatric Depression Scale (GDS), and the WHO-
QoL-BREF to investigate sleep quality, depression, and quality 
of life, respectively.
Results: A total of 67 patients were recruited and divided based 
on their PSQI score into a PSQI≥8 group (n=24) and Controls 
(PSQI<8, n=43). Patients in the PSQI≥8 group showed a high-
er prevalence of depressive disorders (4.71±3.8 vs. 2.65±2.10, 
p=0.021) and poorer quality of life. Patients in the PSQI≥8 group 
also had a longer duration of diabetes (15.5±10.7 vs. 12.6±9.44 
years, p=0.277), were more frequently undergoing insulin thera-
py (33.3% vs. 21.4%, p=0.26), and had a higher prevalence of retin-
opathy compared to controls (26.7% vs. 6.9%, p=0.07). 
Conclusion: Sleep disturbances, being associated with greater 
use of insulin therapy, diabetic retinopathy, anxiety-depressive 
disorders, and poorer quality of life, should be an important fac-
tor to consider in the management of diabetic patients.
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GENETIC CHARACTERIZATION OF THE 
KIV2 LPA POLYMORPHISM IN SUBJECTS 
WITH BICUSPID AORTIC VALVE: 
COMPARISON BETWEEN qPCR  
AND DDPCR METHODS
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Angela Rogolino 2, Martina Berteotti 3, Elena Lotti 3,  
Anna Maria Gori 3, Rossella Marcucci 3, Betti Giusti 3,  
Elena Sticchi 3

1Department of Experimental and Clinical Medicine,  
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The bicuspid aortic valve (BAV) is a congenital cardiac malfor-
mation with an incidence ranging from 0.5 and 2.0% in the gen-
eral population. Beyond hemodynamic valvular impairment, a 
frequent determinant of BAV natural history, dyslipidemia and 
elevated lipoprotein (a) [Lp(a)] levels also favor progression and 
complications of aortic valve disease. Lp(a) levels are known 
to be under a strict genetic control and are largely influenced 
by LPA Kringle IV type 2 (KIV-2) size polymorphism affecting 
apolipoprotein (a) isoform dimensions. In the present study, we 
evaluated the relationship between LPA KIV-2 repeat number, 
measured through digital droplet PCR (ddPCR) and real-time 
PCR method (qPCR). The genetic characterization of the LPA 
KIV2 polymorphism was carried out through ddPCR (QX200 
Droplet Digital PCR System) and qPCR [7900HT Fast Real-Time 
PCR System (Applied Biosystem). The cohort under analysis is 
represented by 64 subjects of Caucasian origin [79.7% male; me-
dian age 45.50 year] referred to the Center for Cardiovascular 
Diagnosis, AOU Careggi. As expected from literature, for both 
methods, an inverse correlation is observed between Lp(a) lev-
els and the number of LPA KIV2 repeats, although statistical 
significance is not reached (ddPCR: R=-0.144, p=0.256; qPCR: 
R=-0.114, p=0.371). However, subgrouping the cohort according 
to Lp(a) 500 mg/L cut-off value, the ddPCR shows significant-
ly lower values of repeats in the group of subjects with higher 
levels of Lp(a). As concerns KIV2 repeat evaluation according 
to BAV complications, in subjects with severe calcification, in 
whom significantly higher Lp(a) levels were reported (p=0.016), 
a more marked decrease in repeat values with ddPCR compared 
to qPCR was found. Data obtained highlight a greater potential 
of the ddPCR approach vs. qPCR in identifying subjects with bi-
cuspid aortic valve complications, probably due to the greater 
stability and less variability in the identification of KIV2 repeats.

THE IMPACT OF DIFFERENT FACTORS  
ON LDL-C TARGET ACHIEVEMENT AMONG 
PATIENTS WITH DYSLIPIDEMIA TREATED 
WITH BEMPEDOIC ACID THERAPY:  
A PRELIMINARY RETROSPECTIVE 
ANALYSIS
Livia Pisciotta, Gaia Orsi, Michele Tafuro, Andrea Vignati, 
Formisano Elena, Samir Giuseppe Sukkar, Giovanni Panella
Ospedale Policlinico San Martino, Genova
E-mail: gaiaorsi4@gmail.com

Introduction: Atherosclerotic cardiovascular disease remains a 
leading cause of death globally, with dyslipidemia being a major 
risk factor. Bempedoic Acid, a prodrug which activated at the 
liver level acts by selectively inhibiting ATP citrate lyase, have 
enhanced the management of hypercholesterolemia, however 
some patients fail to reach low-density lipoprotein cholester-
ol (LDL-C) targets. Thus, we aim to evaluate different factors 
that could influence the achievement of LDL-C target in patients 
treated with Bempedoic Acid.
Methods: A retrospective cohort study was conducted on pa-
tients treated with Bempedoic Acid at the Lipid Clinic of Poli-
clinic San Martino Hospital, Genoa, between May 2023-Septem-
ber 2024. Demographic, clinical, andanthropometric data were 
collected. Lipid profile was measured at baseline and after 3 
months. The primary outcome was LDL-C target achievement 
according to ESC/EAS guidelines.
Results: Among the 68 patients (40 females, 28 males, median 
age 65 years), approximately 54% achieved therecommended 
LDL-C target. After 3 months we observed a significant reduc-
tion of LDL-C (p<0.0001), TC (p<0.0001), TG (p=0.015) and a 
significant increase of HDL-C (p=0.041) and uric acid (p=0.001).
Logistic regression analysis highlighted that heterozygous fa-
milial hypercholesterolemia (He-FH) was associated with lower 
likelihood of achieving LDL-C targets (OR 0.07, 95%CI 0.01-0.30, 
p<0.0001) and concomitant oral therapy with Ezetimibe plus 
High intensity statin was related to a significantly lower probabil-
ity of reaching LDL-C target (OR 0.05, 95%CI 0.03-0.71, p=0.027). 
Moreover, increasing body mass index (BMI) value is related to 
a significant lower probability of reaching the LDL-C target (OR 
0.73, 95%CI 0.59-0.91, p=0.006).
Conclusions: Bempedoic Acid has been shown to significantly 
improve the lipid profile, however causing an increase in uric 
acid. It is essential to consider factors such as diagnosis of He-
FH, a high BMI and use of concomitant oral lipid-lowering thera-
py to optimize the achievement of LDL-C targets.
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USE OF BEMPEDOIC ACID TO TREAT 
HYPERCHOLESTEROLEMIA IN PATIENTS 
AFFECTED BY NEUROMUSCULAR 
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Ilenia Lorenza Calcaterra 2, Matteo Nicola Dario Di Minno 2
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Background: Statins have been used for decades in the prima-
ry and secondary prevention of cardiovascular diseases. These 
drugs are known to be relatively safe yet associated with side ef-
fects, of which the most reported are related to the muscle such 
as myalgia, myositis or rhabdomyolysis. Lipid lowering treat-
ment could be challenging in patients affected by neuro-muscu-
lar diseases. Statins have been classified in the uncertain/minor 
risk group in these patients. Bempedoic acid (BA) was recently 
introduced as lipid lowering agents. BA is an ATP citrate lyase 
inhibitor that targets cholesterol synthesis upstream of 3-hy-
droxy-3-methylglutaryl coenzyme A reductase, the enzyme in-
hibited by statins but it is activated in the liver and not in most 
peripheral tissues, including skeletal muscle.
Methods: We evaluated efficacy and safety of BA in patients with 
rare neuromuscular disease clinical to assess efficacy and safety 
of BA. We evaluated lipid profile, liver and muscular enzyme at 
baseline and after 12 weeks of bempedoic acid treatment.
Results: We enrolled 6 patients (3 carriers of Charcot–Ma-
rie-Tooth disease, 1 affected by mitochondrial myopathy with 
cox deficiency, 1 affected myoadenylate deaminase deficiency 
myopathy and 1 carrier Myasthenia gravis), the mean age was 
53,66±18,32 years,1/2 patients had nonalcoholic steatohepatitis, 
1/2 were hypertensive, 1/6 was diabetic, no patient reported 
cardiovascular event or carotid atherosclerosis. Although pa-
tients were on maximally tolerated hypolipidemic therapy with 
Ezetimibe, they have not achieved the desired LDL-C target. 
After 12 weeks treatment with BA, we observed a significant re-
duction in LDL-C levels (from 153,8±56,87 mg/dl to 99,46±35,18 
mg/dl p<0,001), with an average reduction of 35,34%. We 
observed also significant changes in lipid profile (TC from 
223,33±65,13 mg/dl to 172,33±44,56 mg/dl, TG from 140,5±51,6 
mg/dl to 146,33±51,01, HDL from 43±14,39 mg/dl to 43±14,3.
None reported any adverse event such us elevation of liver and 
muscular enzymes(creatinine from 0,78±0,56 to 0,77±0,43, uric 
acid from 5,7±2,43 to 6,49±2,15, AST from 27,33±5,12 to 31,33± 
8,14 U/l, ALT from 32,16±18,01 to 32,5±13,47 U/l, CPK from 
275,33±103,91 to 258±93,44).
Conclusion: Hypercholesterolemia is often reported in patients 
with neuromuscular disease. For example, Charcot-Marie-Tooth 
disease is associated with a decreased uptake of LDL. Although, 
we reported data in a small population, BA has been shown to 
be promising for patients affected by neuromuscular disease in 
which statin treatment could be difficult to manage.

CEREBROSPINAL FLUID AND PLASMA 
HDL (dys)FUNCTION IN MULTIPLE 
SCLEROSIS
Marcella Palumbo 1, Martina Ugolotti 1, Matteo Minetti 3, 
Erica Curti 2, Franco Bernini 1, Franco Granella 3,  
Maria Pia Adorni 3, Francesca Zimetti 1

1Department of Food and Drug, University of Parma, Italy; 
2Neurology Unit, Department of General and Specialized 
Medicine, Parma University Hospital, Parma, Italy;  
3Department of Medicine and Surgery, Unit of Neuroscience, 
University of Parma, Italy
E-mail: marcella.palumbo@unipr.it

Multiple sclerosis (MS) is an inflammatory and immune-mediat-
ed neurodegenerative disease in which cholesterol plays a key 
role. Dysregulation of cholesterol homeostasis in the central 
nervous system (CNS) has been associated with neurodegener-
ative disorders. In particular, cholesterol transport in the brain 
is fundamental for the maintenance of physiological functions, 
and it is mediated by lipoproteins similar to plasma high-density 
lipoproteins (HDL) found in human cerebrospinal fluid (CSF), 
which mediate the transport of cholesterol from astrocytes to 
neurons, through the major efflux transporters ABCA1 and 
ABCG1. However, the precise involvement of HDL in the patho-
genesis of MS is still not clear. This study aimed to investigate 
the relationship between cholesterol metabolism and MS, focus-
ing on cerebral and serum HDL function to promote cerebral 
and systemic cellular cholesterol efflux (HDL-CEC). This aim 
was pursued in an observational study including CSF and serum 
from MS patients (n=25) and age- and sex-matched controls 
(n=12). Cerebral and serum HDL cholesterol transport capacity 
was evaluated by radioisotope assay using standardized central 
and peripheral cell models.The results of this study showed that 
the CSF HDL-CEC from astrocytes cell models was significant-
ly lower in MS subjects compared to controls through ABCA1 
(p=0.002631) and ABCG1 (p=0.02192). No significant differenc-
es were observed between the groups for the serum HDL-CEC 
ABCA1- and ABCG1-mediated. However, stratification of MS 
population by severity of pathology based on the prognostic 
parameter Oligoclonal bands (OCB), CSF HDL-CEC from as-
trocytes (p=0.009179) and serum HDL-CEC ABCA1-mediated 
(p=0.02467) were significantly lower in subjects OCB+.MS is as-
sociated with a defect in CSF HDL capacity to promote the first 
step of cerebral cholesterol transport. In addition, the observa-
tion that also serum HDL-CEC ABCA1-mediated is lower in MS 
subjects OCB+ may put the premises to study serum HDL-CEC 
as a potential less invasive biomarker of the disease.
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IMPACT OF THE METABOLIC 
ADAPTATIONS TO SHORT-TERM HIGH FAT 
FEEDING ON NEUTROPHIL BEHAVIOR
Anna Parolini, Annalisa Moregola, Lorenzo Da Dalt,  
Alessia Rubino, Ottavia Terenghi, Giuseppe Danilo Norata, 
Andrea Baragetti
Department of Pharmacological and Biomolecular Sciences 
(DiSFeB) University of Milan (UNIMI) 
E-mail: anna.parolini@unimi.it

Background and Aims: Neutrophils participate to the chronic 
metabolic consequences of High Fat Diet (HFD). Nevertheless, 
neutrophils are characterized by short half-life which is deter-
mined by a fine tuning in expression and function of CXCR4, 
which dictates the egress from the bone marrow (BM), and 
CXCR2, which facilitates their mobilization from BM and the pa-
trolling activity in the periphery. In the quest to study the behav-
ior of the neutrophil with the short-term consequences of HFD 
feeding, we investigated whether the metabolic adaptations af-
fect blood neutrophil count and their membrane expression of 
indirect markers of function.
Methods: To assess the gluco-metabolic impact of a short-term 
HFD feeding, indirect calorimetry and plasma glucose dosage 
were performed on mice previously fed a HFD (60% Kcal from 
fat) for seven days, followed by immunophenotyping of blood 
over 24 hours. To test whether changes in circulating neutrophil 
count during short-term HFD feeding were related to a differ-
ential egress from the BM, we repeated the same experimental 
design in mice harboring a conditional deletion of CXCR4 (CX-
CR4fl/flMrp8Cre+).
Results: Short-term HFD feeding was sufficient to induce a 
profound metabolic impact (e.g. reduced respiratory exchange 
ratio, increased energy expenditure, and insulin levels), and to 
induce an increase of circulating neutrophils (p=0,052), without 
impacting other leukocytic fractions over 24 hours, compared 
to chow diet feeding mice (20% Kcal from fat). HFD feeding sig-
nificantly altered the expression pattern of multiple membrane 
markers of neutrophil function (CD11b, CD62L, CXCR2) over 
24 hours, driving neutrophils toward a phenotype featuring in-
creased migration and activation. Finally, the CXCR4fl/flMrp-
8Cre+ mice, which present significantly higher circulating neu-
trophilia, showed lower insulin sensitivity upon HFD compared 
to WT.
Conclusions: We suggest that the metabolic adaptations in-
duced by a short-term exposure to HFD affect neutrophil be-
havior, surmising it as appealing target for cardio-metabolic 
diseases.

THE DIAGNOSIS OF HYPERTENSION 
DURING PREGNANCY CORRELATES  
WITH EARLY MENARCHE AND 
WORSENED CARDIOVASCULAR DAMAGE
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Francesco Corvasce 1, Giuseppe Falcone 1, Sebastiano Cicco 1, 
Angelo Vacca 2, Francesca Mancini 3
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Introduction: During pregnancy multiple factors cause mater-
nal and neonatal morbidity and mortality, with an increased long-
term risk of cardiovascular disease. One potential mechanism 
underlying this risk is increased vascular stiffness, a marker of 
endothelial dysfunction and arterial damage. Early identification 
of factors contributing to vascular stiffness in women could im-
prove cardiovascular prevention strategies especially in those 
whose history of gestational hypertension occurs.
Aim: The aim of this study is to evaluate the relationship be-
tween gestational hypertension, age at menarche, and vascular 
stiffness in women with hypertension, to identify potential early 
predictors of arterial damage.
Methods: We retrospectively evaluated 224 Caucasian wom-
en(59.31±11.02 years)affected by hypertension. History of 
gestational hypertension (group1=9) was used to differentiate 
who not (group2=215). All patients underwent a comprehensive 
physical examination, blood tests, echocardiogram, tonometry 
(PWV) and ankle-brachial-index (ABI).
Results: Collected data shows that patients with gestational 
hypertension (group1) have a significantly higher body mass 
index (BMI) (p<0,0001) and abdomen circumference (p=0,006) 
compared to group2. In group1, a significantly lower age at me-
narche (p<0,0001) and diagnosis of hypertension (p<0,0001) is 
observed compared to group2. Furthermore, group1 shows re-
duced levels of total cholesterol (p=0,003), LDL (p=0,006), and 
non-LDL (p=0,007), but an increase in glomerular filtration rate 
(p<0,0001), proteinuria (p=0,033), and albuminuria (p<0,0001).
Regarding vascular stiffness, Group 1 showed a significant re-
duction in cfPWV (p=0.012), despite displaying increased aortic 
root diameter (p=0.001) and enhanced right ventricular systolic 
function assessed by TAPSE (p<0.0001).These alterations were 
accompanied by elevated proteinuria (p=0.033) and albuminuria 
(p<0.0001), suggesting renal involvement.
Conclusions: Our findings indicate that women with a history 
of gestational hypertension may develop distinct patterns of vas-
cular and cardiac remodeling. The observed reduction in cfPWV 
could reflect adaptive vascular changes, potentially linked to 
hormonal factors. Long-term monitoring of vascular stiffness in 
these women is essential to detect early signs of cardiovascular 
damage.
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SECONDARY DYSLIPIDAEMIA  
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Introduction: Dyslipidemias are disorders characterized by 
elevated plasma cholesterol and/or triglycerides and/or low 
HDL-cholesterol (HDL-C) levels, which contribute to the early 
development of cardiovascular disease. They can have either pri-
mary or secondary etiologies and may sometimes underlie com-
plex diseases characterized by heterogeneous complications 
that, if not treated promptly, can reduce quality of life and life 
expectancy. Therefore, a careful diagnostic approach, including 
genetic analysis in selected cases, is essential.
Case 1: Firstborn (13 years old), Moroccan origin, born at term 
(adequate weight and length), poor weight gain. Poor visual acu-
ity from birth associated with progressive retinal degeneration 
from homozygous mutation of INPP5E gene (c.1861C>T). Diag-
nosed with nonautoimmune diabetes mellitus at 12 years old, on 
multi- injection insulin therapy. Referred to our Centre at 13 years 
and 3 months old for mixed dyslipidemia (total cholesterol 325 
mg/dl, triglycerides 2056 mg/dl) and decompensated diabetes 
(glycated haemoglobin 10.6% on insulin therapy 1.6 U/kg/day). 
At clinical evaluation: height + 0.60 SDS, weight -1.10 SDS, body 
mass index (BMI) -1.83 SDS, puberty in progress. Generalized 
loss of subcutaneous adipose tissue, muscle hypertrophy, mam-
mary gland atrophy, venomegaly, acromegalic features, umbilical 
hernia, acanthosis nigricans. Reported hyperphagia. Additional 
diagnostic exams: aspartate aminotransferase (AST) 127 U/L, ala-
nine aminotransferase (ALT) 131 U/L, proteinuria (0.36 g/24H), 
undosable leptin and adiponectin. Abdominal ultrasound: hepato-
megaly with steatosis; densitometry: fat mass -1.7 Z-score, total 
body less head -1.7 Z-score. In the suspect of lipodystrophy car-
ried out genetic investigation: variant in homozygosity c.194G>A 
(p.Trp65Ter) of AGPAT2 gene, inherited from parents (heterozy-
gous), causative of generalized congenital lipodystrophy type 1 
(BSCL1), later also found in younger sister with similar pheno-
type. After 14 months of treatment with metreleptin, there was an 
improvement in metabolic parameters: triglycerides -90%, glycat-
ed haemoglobin -30%, significant reduction in insulin requirement 
(currently about 0.6 U/kg/day), transaminases within normal 
limits, resolution of hyperphagia. Mild proteinuria persists in 24- 
hour assay and mild fibrosis on fibroscan evaluation (5.46 kPa).
Case 2: First-born, born at term (adequate weight and length), peri 
natality normal. At 3 years old, during hospitalisation for epiphy-
seal osteomyelitis of the femur, evidence of hypertransaminasem-
ia (AST 120 U/L, ALT 148 U/L, gamma glutamyl transpeptidase 
71 U/L) and hepatomegaly on abdominal ultrasound. Subsequent 
laboratory investigations revealed mixed dyslipidaemia (total cho-
lesterol 318 mg/dL, LDL-cholesterol 228 mg/dL, HDL-cholesterol 
21.7 mg/dL, triglycerides 207 mg/dL). Diagnostic investigations 
for the main causes of hypertransaminasemia were negative: mark-
ers of inflammation, antinuclear antibodies (ANA), hepato-renal 
antimicrosome antibodies (LKM), anti-smooth muscle antibodies 
(ASMA), serologies for hepatitis B and C viruses, ceruloplasmin, 
screening for coeliac disease, immunoglobulins, creatine phos-
phokinase, alpha 1 antitrypsin. She was referred to us for mixed 

dyslipidaemia at 4 years and 3 months old. Considering the negativ-
ity of the first and second level examinations, on suspect of lysoso-
mal acid lipase (LAL) deficiency, a genetic investigation was carried 
out: two mutations in heterozygosity in the LIPA gene: c.894G>A 
and c.455T>C, classifiable as pathogenic and probably pathogenic 
respectively. Diagnosis confirmed by enzyme activity assay with a 
97.4% reduction found. Currently waiting for approval for compas-
sionate use treatment with sebelipase alpha.
Conclusions: These cases emphasise the importance of the 
differential diagnosis of secondary dyslipidaemia in two patients 
with a complex clinical framework in paediatric age and the 
usefulness of genetic investigation, where indicated, in order to 
make early diagnosis of rare diseases and to undertake effective 
treatment paths quickly.

REDOX STATE OF HDL AND TYPE II 
DIABETES: PILOT STUDY ON A FEMALE 
POPULATION
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Domenico Sergi 2, Alessandro Trentini 1
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The decline in estrogen related to menopause increases the 
risk of developing Type II Diabetes Mellitus (T2DM) in wom-
en compared to age-matched men. In turn, the occurrence of 
T2DM can trigger a wide range of metabolic alterations, such as 
dyslipidaemia and oxidative stress. Although Low-Density Lipo-
proteins (LDLs) are the main lipoproteins undergoing oxidation, 
High-Density Lipoproteins (HDLs) are also highly susceptible 
to oxidative modifications, making them pro-inflammatory and 
pro-atherogenic. The objective of this study was to examine if 
T2DM was linked to changes in the redox state of HDL in a co-
hort of healthy pre- and post-menopausal women (n=64 and n= 
65, respectively), and diabetic postmenopausal women (n=29). 
To address this aim, the contributors to HDL antioxidant activ-
ity, such as Paraoxonase-1 (PON-1) arylesterase and lactonase 
activities, lipoprotein phospholipase-A2 (Lp-PLA2) and levels of 
oxidized HDL were assessed in the serum of study participants.
Postmenopausal T2DM women had approximately 20% higher 
levels of oxidized HDL (oxHDL) compared to healthy postmen-
opausal women (p<0.05). Notably, body and abdominal fat accu-
mulation and menopausal transition, which may influence sys-
temic redox state and T2DM development, were associated with 
changes in oxHDL. Small HDL particles seemed more prone to 
oxidation, since oxHDL levels were positively correlated with 
these subspecies (r=0.224, p<0.05), and negatively with medium 
or large HDLs (r=-0.483, p<0.001 and r=-0.439, p<0.001, respec-
tively). Finally, consistent with the role of PON-1 in the antiox-
idant protection of HDL, oxHDL was inversely correlated with 
arylesterase (r=-0.193, p<0.01) and lactonase (r=-0.215, p<0.01) 
activities of this enzyme. In conclusion, our preliminary results 
suggest that in women, the occurrence of T2DM may be asso-
ciated with increased oxidation of HDL, leading to a decrease in 
the athero-protective function of these lipoproteins. This could 
be one of the factors contributing to the heightened risk of cardi-
ovascular disease in diabetic postmenopausal women.
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LYSOSOMAL ACID LIPASE DEFICIENCY 
(LAL-d) A UNDERDIAGNOSED CAUSE  
OF MIXED HYPERLIPIDEMIA
Elisa Rinaudo, Simone Mattivi, Iliana Iemmolo, Serena Amato, 
Paolo Fornengo
Università degli Studi di Torino 
E-mail: rinaudo.elisa@gmail.com

We report a case of a 57 years old woman who came to our at-
tention for hypercholesterolemia and hypertransaminasemia 
since he was 22 years old. Total cholesterol was (CT) 315 mg/
dl, LDL cholesterol 255 mg/dl, HDL cholesterol 39 mg/dl, 
triglycerides (TG) 105 mg/dl, AST 64 U/l, ALT 125 U/l. She 
started simvastatin 20 mg in 2000 with no benefits and she has 
been shifted to 10 mg of rosuvastatin. At the beginning her el-
evation of transaminases were thought to be correlated with 
her hypercholesterolemia but since no improvement with the 
therapy and the discovery of liver fibrosis (in 2018 8.1 Kpa at 
hepatic elastography) a liver biopsy was performed. Her biop-
sy showed: portal fibrous enlargement, accumulation of foamy 
histiocytes, hepatocytes with foamy and enlarged cytoplasm, ab-
sence of inflammation. Screening for hepatitis viruses was neg-
ative. In 2019 a genetic exam was performed and a compound 
heterozygous mutation c894G>A (pSer275_Gln298del)in exon 
8 and c.260G>A (pGly87Asp) in exon 4 was found in the LIPA 
gene. A diagnosis of Lysosomal Acid Lipase (LAL) Deficiency 
has been made. In 2019 he started, in association with rosuvas-
tatin, ezetimibe. Lysosomal Acid Lipase (LAL) Deficiency, also 
known as Wolman disease in newborns and Cholesteryl Ester 
Storage Disease (CESD) in other patients, is a rare autosomal re-
cessive disorder characterized by impaired lysosomal acid lipase 
activity, leading to the accumulation of cholesterol esters and tri-
glycerides in various tissues. LAL Deficiency arises due to muta-
tions in the LIPA gene, which encodes the lysosomal acid lipase 
enzyme. These mutations result in reduced or absent enzymatic 
activity, leading to the accumulation of cholesteryl esters and 
triglycerides primarily in the liver, spleen, gastrointestinal tract, 
and other tissues. The lipid accumulation triggers inflammation, 
tissue damage, and organ dysfunction, contributing to the clin-
ical manifestations of the disease. The clinical presentation of 
LAL deficiency varies depending on the age of onset and the se-
verity of the disease. In infants with Wolman disease, symptoms 
typically appear within the first few months of life and include 
hepatosplenomegaly, failure to thrive, malabsorption, and adre-
nal calcifications. These infants often experience rapid disease 
progression and have a poor prognosis. In contrast, patients 
with CESD may present later in childhood or adulthood with 
hepatomegaly, hyperlipidemia, liver fibrosis, and cardiovascular 
complications. Currently, the management of LAL Deficiency fo-
cuses on supportive care and symptomatic treatment. Enzyme 
replacement therapy (ERT) with recombinant human lysosomal 
acid lipase has shown promising results in clinical trials, leading 
to improvements in liver function, lipid profiles, and disease-re-
lated symptoms. Additionally, lipid-lowering medications, such 
as statins and ezetimibe, may be used to manage hyperlipidemia 
and reduce cardiovascular risk in affected individuals Despite 
adequate lipid-lowering therapy, the patient’s liver function de-
teriorated with worsening fibrosis (Liver stiffness in 2023 11.6 
Kpa). Her last exams were: CT 162 mg/dl, HDL cholesterol 49 
mg/dl, LDL cholesterol 99 mg/dl, TG 65 mg/dl, AST 61 U/l, 
ALT 65 U/l, GGT 34 U/l ALP 110 mg/dl, albumina 42 mg/dl. 
Our patient is now waiting for ERT.

ATP CITRATE LYASE GENE SILENCING: 
IMPACT ON LIPID METABOLISM  
OF HEPATOCYTES
Silvia Roda, Lorenzo Da Dalt, Francesca Fantini,  
Giuseppe Danilo Norata
Department of Pharmacological and Biomolecular Sciences, 
Università degli Studi di Milano 
E-mail: silvia.roda@unimi.it

Background and Aim: ATP Citrate Lyase (ACLY) is a step 
limiting enzyme of fatty acids and cholesterol biosynthesis. An 
ACLY inhibitor, bempedoic acid, has been recently approved 
for the treatment of hypercholesterolaemia, expecting it would 
affect different metabolic pattern within the liver. Aim of this 
project is to evaluate the efficacy and the liver metabolic conse-
quences of hepatic selective gene silencing approach directed 
toward ACLY (ACLY-GS).
Methods: Efficacy of several ACLY siRNAs was tested in HepG2 
cells by profiling energetic metabolism. Western Blot Analysis, 
SeaHorse analysis and Flow cytometry were used. HepG2 were 
treated with Palmitate (200uM), Oleate (400uM) and a mixture 
of both, respectively for 24 h and 7 days to mimic different in-
duced-steatosis models.
Results: Among tested siRNA sequences, was identified the 
one that reduced ACLY expression of more than 80%.To char-
acterize the impact of ACLY over cellular metabolism, changes 
in mitochondrial mass and lipid accumulation were investigated 
with specific staining (Mito Tracker green; Nile Red). After 24h, 
ACLY gene silencing resulted in a significant increase in mito-
chondrial mass in oleate treated cells, while after 1 week incuba-
tion this change is visible only in the basal condition. In parallel, 
at both time points, ACLY GS increased lipid accumulation only 
in oleate/palmitate treated cells. Mito Stress assay shows how 
ACLY GS with oleate determines a significant reduction in all 
mitochondrial parameters, especially in maximal respiration and 
ATP production, suggesting important adaptations in mitochon-
drial metabolism with the possibility to redirect oleate towards 
different metabolic pathways.
Conclusion: These results show that ACLY-GS deeply influenc-
es cellular functions, by affecting and reprograming cellular en-
ergetic metabolism depending on the type and time of exposure 
of different nutrient substrates. These findings set the stage for 
investigating, in vivo, the impact of ACLY-GS on metabolic pro-
file.
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LOW CONCENTRATION SIMVASTATIN 
IMPROVES SENESCENCE-INDUCED 
MITOCHONDRIAL DYSFUNCTION  
IN VASCULAR SMOOTH MUSCLE CELLS
Clara Rossi 1, Chiara Macchi 1, Camilla D’Alonzo 1,  
Marco Venturin 2, Massimiliano Ruscica 1, Alberto Corsini 3, 
Cristina Battaglia 4, Stefano Bellosta 3

1Department of Pharmacological and Biomolecular Sciences 
(DiSFeB), Università degli Studi di Milano, Italy; 2Department 
of Medical Biotechnology and Translational Medicine 
(BIOMETRA), Università degli Studi di Milano, Segrate;  

3Department of Pharmacological and Biomolecular Sciences 
(DiSFeB), Università degli Studi di Milano, Italy Centro 
di Ricerca Coordinata sulle Interazioni Farmacologiche, 
Università degli Studi di Milano, Italy; 4Department of Medical 
Biotechnology and Translational Medicine (BIOMETRA), 
Università degli Studi di Milano, Segrate, Italy 
E-mail: clara.rossi@unimi.it

Statins are well-known lipid-lowering drugs, but they also have 
other beneficial effects, such as reduction of oxidative stress 
and inflammation and improvement of mitochondrial function. 
Mitochondrial alteration and senescence are main indicators 
of aging and are associated with multiple age-related diseases. 
Evidence indicates that senescent cells exhibit mitochondrial 
dysfunction. Moreover, senescent vascular smooth muscle cells 
(VSMCs) are present in atherosclerotic plaques and contribute 
to their instability. In our study, we characterized mitochondrial 
dysfunction in replicative (RS) and doxorubicin-induced senes-
cence (DIS) in VSMCs and tested simvastatin as a therapeutic 
intervention. We established and characterized mitochondrial 
dysfunction in DIS VSMCs or VSMCs serially passaged to in-
duce RS. We measured mitochondrial respiration by Seahorse, 
reactive oxygen species (ROS) production and mitochondrial 
membrane potential (MMP) by flow cytometry, mitochondrial 
morphology by confocal microscopy, and mitochondrial tran-
scription factor A (TFAM) gene expression by RT-qPCR.In both 
senescent models, we observed an accumulation of dysfunction-
al mitochondria, but down-regulation of TFAM gene expression 
was observed only in RS cells. Next, we investigated whether 
simvastatin could ameliorate age‐associated phenotypes in se-
nescent VSMCs. Simvastatin 0.1 μM reduced senescence-asso-
ciated secretory phenotype (SASP) and improved mitochondri-
al respiration in DIS and RS VSMCs. Interestingly, the effects 
of simvastatin on mitochondrial respiration were abolished by 
adding mevalonic acid (MVA) (100 μM). In addition, the low 
concentration of simvastatin (0.1 μM) significantly reduced ROS 
production, while a higher concentration (0.5 μM) increased ox-
idative stress in senescent VSMCs. In conclusion, both models 
of senescent VSMCs accumulate dysfunctional mitochondria. 
The down-regulation of TFAM expression suggests a reduction 
in mitochondria number only in RS. Simvastatin 0.1 μM seems to 
be a potentially beneficial therapeutic intervention for improving 
senescence-induced mitochondrial dysfunction, while a higher 
amount causes oxidative stress. MVA supplementation inhibited 
the statin-mediated improvement of mitochondrial respiration, 
indicating that effects are mediated by inhibiting HMG-CoA re-
ductase rather than an off-target effect.

CREB3L3 NONSENSE MUTATION: 
LOOKING FOR A THERAPY  
THAT MAKES SENSE
Ilaria Rossi 1, Paola Vizzarri 1, Artenca Shehu 1,  
Riccardo Mattia Ricciardi 1, Alessia Cipollone 1,  
Damaino D’Ardes 1, Maria Teresa Guagnano 1,  
Sante Donato Pierdomenico 2, Francesco Cipollone 1,  
Marco Bucci 1

1“Clinica Medica” Institute, Department of “Medicine and 
Science of Aging”, Università “G. d’Annunzio”;  Chieti, Italy; 
2Department of Innovative Technologies in Medicine & Dentistry, 
University “Gabriele d’Annunzio” Chieti, Italy
E-mail: rossilaria91@gmail.com

In 2016 we visited a family at our Lipid Clinic (mother: M1, 49 
yo, and two children, a female: D2, 22 yo, and a male: S3, 18 yo), 
affected by severe hypertriglyceridemia [M1=Total Cholesterol 
(TC) 481, HDL-C 30, Triglycerides (TG) 1290 mg/dL; D2=TC 
267, HDL-C 19, TG 1355; S3=TC 276, HDL-C 20, TG 2697]. M1 
had 5 out of 12 brothers with early MACE. They all were gen-
otyped as carriers of heterozygous nonsense mutation (c.718 
G>A) in the CREB3L3 gene with a different and variable pattern 
of penetrance. M1 (but not D2 and S3) was also carrier of ε2/ε2 
genotype, maybe responsible for the phenotypic expression like 
the type III FHL, differently from her sons. Interestingly, both 
M1 and D2 did not respond/tolerate fenofibrate and showed a 
partial response to n-PUFA, thus they did not reach the target. 
At that time, we were able to optimize the lipid profile (M1=TC 
213, HDL 29, TG 301 mg/dL; D2=TC 119, HDL 29, TG 241) with 
the addition of atorvastatin (results partially expected for M1, ε2/
ε2+, less for D2, ε2/ε2-). S3, despite his more severe hypertri-
glyceridemia, as expected responded better to the fibrate than to 
the statin, with optimization of lipid profile (S3=TC 150, HDL 31, 
TG 391). During the years of the SARS-CoV-2 pandemic we lost 
contact with the family who, in the meantime, was followed by the 
general practitioner. About one year ago they were referred to an-
other Lipid Center in the neighboring area where the therapy of 
all three family members was modified: Ml was suspended from 
Atorvastatin and prescribed Inclisiran alone. D2 had already 
stopped Atorvastatin due to pregnancy and was maintained on 
therapy only with n-PUFA 1250 mg, showing a worsening lipid 
profile up to TG values >4600 mg/dl and TC 690 mg/dL without 
complications till delivery but without changes in treatment even 
after stopping breastfeeding. Recently, the family returned to 
our observation. D2 had remained on occasional treatment with 
n-PUFA (and currently has values of TC 166, HDL 34 and TG 511 
mg/dL). S3 was on ineffective treatment with n-PUFA 2 g and 
with lipid profile TC 198, HDL 26, TG 907. M1 was on treatment 
with Inclisiran and n-PUFA 2 g but has TC 541, HDL 24, TG 915 
mg/dL. M1 was not renewed on Inclisiran treatment, and the pre-
vious therapy with Atorvastatin was reinstituted; D2 was advised 
to gradually resume treatment with Atorvastatin 10 mg + n-PUFA 
2 g; S3 didn’t tolerate Fenofibrate anymore and was advised to 
undergo therapy with Atorvastatin 20 mg and n-PUFA 2 g. 
Conclusion: the nonsense variant of CREB3L3 confirmed only 
partial response to hypotriglyceridemic drugs. M1 (ε2/ε2+ and 
with severe hypercholesterolemia) responded to statins, as ex-
pected, and not to inclisiran (probably due to a lack of substrate 
on which to act?). Anyway, in this rare form of hypertriglyceri-
demia the response to therapy remains unexpected and partially 
inexplicable and the effect on the progression of atherosclerosis 
remains still uncertain.
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AN ACUTE RESPONSE OF NEUTROPHILS 
TO METABOLIC ADAPTATIONS  
DUE TO FEEDING
Alessia Rubino, Anna Parolini, Lorenzo Da Dalt,  
Annalisa Moregola, Giuseppe Danilo Norata, Andrea Baragetti
Università degli Studi di Milano, Dipartimento di Scienze 
Farmacologiche e Biomolecolari 
E-mail: alessia.rubino1@studenti.unimi.it

Background: Diets impacts the long-term expansion and the 
activation of immune responses, with mechanisms that have 
been well described so far. However, it is less clear if the immune 
system can promptly respond to an acute exposure to diet, nor 
which is the principal immune cell, either adaptive or innate, in 
charge of this response.
Methods: C57Bl/6j mice were characterized for the metabolic 
profile (inverse calorimetry, glycemia and triglycerides levels) at 
five time points, counted from when day light was switched on 
(“zeitgeber times” (ZT)), both in fasting and upon feeding with a 
chow diet. We also immunophenotyped blood by flow-cytometry. 
The metabolic and immune profile was also studied in mice in 
fasting upon re-feeding for up to two hours.
Results: Fed animals ate more during the night (ZT17-22). Gly-
caemia raised more during feeding, remaining elevated in the 
night, while it persisted constantly lower upon fasting. Similarly, 
triglycerides levels remained constantly higher during feeding, 
while it reduced by half over all the timepoints compared to ZT1 
in fasting. No significant changes were observed in the number 
of circulating leukocytes, which persisted stable during the day, 
both during fed and fasting. Conversely, when fasting mice were 
then refed, glycemia increased twice as high, and triglycerides 
levels raised by three times two hours later. Besides, circulat-
ing levels of Ly6G+ neutrophils increased by two times versus 
fasting, while the levels of other leukocytes (CD3+T, CD19+ B 
cells and Ly6c+ monocytes) did not change. We also studied the 
membrane expression of activation markers of neutrophils dur-
ing these same experimental conditions.
Conclusions: Our data suggest an innate, but acute, control of 
neutrophils in response to feeding. Further studies are needed 
to better understand the underlying mechanisms and the effect 
of more caloric diets.

ADVANCED GLYCATION END-PRODUCT 
INTAKE PREDICTS INSULIN RESISTANCE 
IN A SEX-SPECIFIC MANNER
Juana M. Sanz, Sharon Angelini, Riccardo Spaggiari, 
Fabiola Castaldo, Giovanni Zuliani, Domenico Sergi,  
Angelina Passaro
University of Ferrara 
E-mail: szj@unife.it

The ability of dietary advanced glycation end products (AGEs) 
to promote insulin resistance in a mixed population made up of 
males and females remains controversial. Thus, this study aims 
at evaluating if the relationship between dietary AGEs an insulin 
resistance may be sex-dependent. This question was address in 
a study cohort made up of four hundred and thirty four individ-
uals were included into this study (195 males and 239 females). 
Study participants underwent anthropometric and metabolic 
characterization. Their AGE intake was estimated using food 
frequencies questionnaires and validated databases reporting 
AGE content in individual food items. The relationship between 
AGE intake and insulin resistance (HOMA-IR) was assessed in 
the whole study cohort as well as independently in males and 
females using Spearman correlation test. Stepwise linear re-
gression was employed to evaluate the predictive power of di-
etary AGEs towards HOMA-IR in both male and female study 
participants. The intake of AGEs correlated positively with HO-
MA-IR in the whole study cohort (p<0.05), in female (p<0.01) 
but not in male study participants (p>0.05). In agreement with 
this, AGE intake was able to increase the predictive power of 
BMI towards insulin resistance in females but not males. On the 
contrary, anthropometric variables were the only discriminants 
able to predict insulin resistance in males. Dietary AGEs exert 
a sex-dysmorphic effect on insulin resistance with females ap-
pearing to be more susceptible to the deleterious impact of these 
glycotoxins on insulin sensitivity. Nevertheless, direct evidence 
from clinical trials are warranted in order to confirm the present 
findings.
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PEDIATRICS CASCADE SCREENING  
FOR INHERITED DYSLIPIDEMIAS:  
A LIPOPROTEIN APHERESIS CENTER 
EXPERIENCE
Francesco Sbrana, Beatrice Dal Pino, Carmen Corciulo,  
Andrea Ripoli, Federico Bigazzi, Tiziana Sampietro
Fondazione Toscana Gabriele Monasterio, Pisa 
E-mail: francesco.sbrana@ftgm.it

Aim: Familial hypercholesterolemia (FH) is less rare than one 
might think and despite highly effective lipid-lowering therapies 
(LLT) over half of the patients treated do not reach the lipid 
target indicated by the guidelines. In these patients, lipoprotein 
apheresis (LA) is the most effective means to lowering the apo-B 
containing atherogenic lipoproteins. 
Methods: In own center, since 1994, thanks to routinely cascade 
testing performed in patients who start LA, we have identified 
a pediatric population (30 subjects) which we evaluated retro-
spectively.
Results: At the baseline, 60% of patients were aged between 
16 to 18 years old (18/30) and LDL cholesterol level ≥190 mg/
dl was present in 80% of subjects (24/30). Furthermore, 57% 
(17/30) of subjects inherited a heterozygous mutation in the 
LDL receptor gene like that of relatives treated with LA, while in 
subjects with tendon xanthoma (2/30), a double heterozygotes 
mutation for LDL-receptor were identified. No diabetes mellitus, 
arterial hypertension, or renal failure was present in any pa-
tients, while a worrying number (9/30) of subjects are current 
smoking. During the follow-up we recorded an improvement in 
patient lipid profile (LDL cholesterol baseline 255±90 mg/dl vs. 
follow-up 121±44, g/dl; p<0.001), but also a low compliance in 
LLT. Only a percutaneous coronary revascularization was re-
corded in a male patient with double heterozygotes mutation for 
LDL-receptor. Carotid ultrasound studies have been performed 
in a subgroup of 19/30 subjects (63%), no c-IMT variation have 
been recordered while a significant development of carotid ath-
erosclerosis, defined as new onset of carotid plaque and/or high 
bulb IMT, was shown (baseline 0/19 vs. follow-up 9/19; p<0.001). 
Conclusion: Cascade screening, performed in subject with 
premature cardiovascular event or inherited dyslipidemias, is 
an effective approach to identified paediatric FH, a condition for 
which community paediatricians should also be made aware. A 
dedicate network is required to investigate the involved gene 
mutation and to set up a management program including lipo-
protein (a) measurement and subclinical atherosclerosis eval-
uation. Moreover, it is important that medical staff have ther-
apeutic pathways to help patients overcome discomfort from 
the disease and chronic LLT, as well as improve adherence to 
lipid-lowering drugs.

LIPOPROTEIN APHERESIS REDUCE MACE 
INCIDENCE IN HIGH-Lp(a) SUBJECTS  
ON PCSK9 INHIBITORS THERAPY
Francesco Sbrana, Federico Bigazzi, Carmen Corciulo,  
Beatrice Dal Pino
Fondazione Toscana Gabriele Monasterio, Pisa 
E-mail: francesco.sbrana@ftgm.it

Aim: Lipoprotein (a) [Lp(a)] is a prevalent genetic risk factor for 
coronary artery disease, awaiting specific antisense oligonucleo-
tide directed to apo(a), the 2022 EAS consensus recommends an 
intensive management of the other risk factors. The proprotein 
convertase subtilisin/kexin type 9 inhibitors (PCSK9i), although 
effective in the LDL-cholesterol reduction, have demonstrated a 
variable Lp(a)-lowering effects that could lead to a reduction in 
Lp(a) up to 25-30%, while lipoprotein apheresis (LA) is the only 
therapy that reduces lipoprotein (a) values by 70-80%.
Methods: The aim of this study is to evaluate the impact of LA in 
reducing major cardiovascular events (MACE) in patients with 
familial hypercholesterolemia, Lp(a)-hyperlipidemia (plasma 
level >50 mg/dl) and coronary heart disease on PCSK9i therapy.
To evaluate the LA effect, we retrospective reviewed the inci-
dence of 4-point major cardiovascular events (MACE – definite 
as acute myocardial infraction, CABG/PCI, stroke, cardiovascu-
lar death) in 35 patients (mean age 61±9 years, male 91%) af-
fected by familial hypercholesterolemia, Lp(a)-hyperlipidemia 
and coronary heart disease, who archived on PCSK9i therapy 
an LDL-cholesterol below 55 mg/dl, with or without chronic LA 
(8 and 27 subjects respectively). Moreover, previous multiple 
MACEs, concomitant peripheral vascular disease or previous 
cerebrovascular accident are reported respectively in 20, 9 and 2 
patients. The PCSK9i treatment was administered every 2 weeks 
(Evolocumab 140 mg s.c. or Alirocumab 150 mg s.c. on 23 and 12 
subjects respectively) on top of lipid-lowering-therapy.
Results: The two study groups had not significant difference 
in lipids profile (LDL cholesterol PCSK9i group 43±17 mg/dl 
vs. PCSK9i+LA group 51±23 mg/dl; p=0.280 - Lipoprotein (a) 
PCSK9i group 76 [59-101] mg/dl vs. PCSK9i+LA group 92 [71-
164] mg/dl; p=0.719) but, during the follow-up (45±31 months), 
a significant higher MACE incidence was reported on subjects 
without LA treatment (PCSK9i group 6/27 mg/dl vs. PCSK9i+-
LA group 1/8; p<0.010).
Conclusion: There is a general agreement on the reduction of 
major adverse cardiovascular events by LA. In our clinical prac-
tice, patients referred to LA had previous multiple MACE and/
or associate peripheral vascular disease. These aspects may ex-
plain the observed additive effect on the MACE reduction. With 
the aim of improving the personalized therapy, individual risk as-
sessment and specific treatment to reduce Lp(a) can represent a 
very interesting and useful approach, although prospective and 
randomized multicenter clinical trials are needed.
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A THERAPEUTIC COOPERATION  
BY BEMPEDOIC ACID AND PROPROTEIN 
CONVERTASE SUBTILISIN/KEXIN TYPE 
9 INHIBITORS IN STATIN INTOLERANCE 
INHERITED DYSLIPIDEMIAS
Francesco Sbrana, Federico Bigazzi, Carmen Corciulo,  
Beatrice Dal Pino
Fondazione Toscana Gabriele Monasterio, Pisa 
E-mail: francesco.sbrana@ftgm.it

Aim: Data from clinical practice have highlighted that up to 60% 
of patients with familial hypercholesterolemia (FH) do not reach 
the recommended lipid targets despite treatment with PCSK9i 
and receiving the maximally tolerated lipid-lowering therapies. 
Nowadays, treatment with bempedoic acid can, therefore, be 
considered a useful additional therapeutic option.
Methods: The study aim was to evaluate the achievement of the 
LDL-C target (goal for LDL-C ≤55 mg/dl) in familial hypercho-
lesterolemia subjects on PCSK9 inhibitors therapy with statin 
intolerance history, atherosclerotic cardiovascular disease (AS-
CVD) or with another major cardiovascular risk factor adding 
bempedoic acid to their backbone lipid lowering therapies.
Results: We enrolled 40 patients (mean age 65±9 years, male 
58%) assigned to bempedoic acid (180 mg/day) for six months 
of treatment. Chronic PCSK9i injectable drugs (alirocumab 
150 mg every 2 week in 22 subjects, evolocumab 140 mg every 
2 week in 14 subjects or inclisiran 286 mg in 4 subject) were 
administered just on top of backbone lipid lowering therapy. 
Associated Lp(a)-hyperlipoproteinemia (defined as >50 mg/
dl) was observed in 13/40 (33%) subjects, 5/40 (13%) patients 
was also on chronic lipoprotein apheresis treatment. At the 
follow-up visit, 34/40 patients adhered to the treatment, while 
6/40 (15%) discontinued bempedoic acid therapy due to adverse 
events: gastrointestinal disorders (2 cases), increase in AST/
ALT (2 cases), gouty attack (1 case) and onset of renal failure (1 
case). During the follow-up no major cardiovascular events were 
recorded. The addition of bempedoic acid results in a further 
reduction in LDL-C (114±36 vs. 68±30 mg/dl; p<0.001) as well 
as the increase of plasma uric acid concentrations (5.0±1.1 vs. 
5.8±1.4 mg/dl; p<0.001) and loss of renal function (estimated glo-
merular filtration rate – eGFR - 76±16 vs. 70±20 mg/dl; p<0.05).
The LDL-C target has been reached in 15/40 (38%) patients as 
recommended by international guidelines, 4/40 (10%) showed 
LDL-C values between 56 and 70 mg/dl, 8/40 (20%) have LDL-C 
concentrations between 71 and 100 mg/dl and 7/40 (18%) still 
had LDL-C levels above 100 mg/dl.
Conclusion: Patients with inherited dyslipidaemias and stat-
ins intolerance represent a very difficult therapeutic challenge, 
PCSK9 inhibitors can help to achieve the goal of plasma lipid lev-
els recommended to guideline, however their use is often limit-
ed by an LDL-C cut-off threshold too low. Nowadays, bempedoic 
acid, an inhibitor of the cholesterol biosynthesis pathway signif-
icantly reduces LDL-C and appears to be safe and well tolerated, 
even in patients with statin intolerance.

PORTRAIT SURVEY: PATIENT-CENTERED 
OUTCOMES RELATED TO TREATMENT 
PRACTICES IN LIPOPROTEIN APHERESIS: 
ITALIAN INVESTIGATING TRAJECTORIES
Francesco Sbrana 1, Beatrice Dal Pino 1, Carmen Corciulo 1, 
Federico Bigazzi 1, Manuela Casula 2, Alberico L. Catapano 2, 
Tiziana Sampietro 3, Maria Grazia Zenti 4,  
GILA study collaborators 5

1Fondazione Toscana Gabriele Monastrerio, Pisa; 2Department  
of Pharmacological and Biomolecular Sciences “Rodolfo Paoletti”, 
Università degli Studi di Milano, Italy; 3Fondazione Toscana 
Gabriele Monasterio, Pisa; 4Section of Diabetes and Metabolism, 
Pederzoli Hospital, Peschiera del Garda, Verona; 5GILA study 
collaborators 
E-mail: francesco.sbrana@ftgm.it

To date, despite the new lipid-lowering drugs, some subjects do 
not reach LDL-cholesterol and/or lipoprotein (a) [Lp(a)] goals 
indicated by guidelines. In these patients the lipoprotein apher-
esis (LA) plays a role in atherosclerosis prevention. The aim of 
this study is to paint a portrait of the current LA activity in Italy, 
collecting data via an electronic survey based on a structured 
questionnaire, uploaded on a dedicate website. Forty-seven 
centers were contacted, data from 140 patients (male 66%) were 
obtained from 14 sites with a homogeneous geographical dis-
tribution. Two sites had discontinued LA treatment during the 
COVID-19 pandemic while, in the active sites, a median of 18 
[14–19] LA treatment/patient per year was performed, 7/12 
sites used more than one LA systems, the most common tech-
nique being the heparin-induced LDL precipitation apheresis 
(10/12 sites) whit venous vascular access used in 88% of cases. 
High Lp(a) plasma concentrations (>60 mg/dL or ≥145 nmol/L) 
was recorded in 73/140 patients; 13/34 homozygous familial hy-
percholesterolemia patients were on lomitapide or evinacumab 
therapy. The PORTRAIT (Patient-centred Outcomes Related to 
Treatment practices in lipopRotein Apheresis: Italian investigat-
ing Trajectories) survey would like to promote network to better 
manage the patients on chronic LA.List of GILA (Gruppo Inter-
disciplinare Aferesi Lipoproteica) study collaborators:
– Dott. Luigi Vernaglione - Ospedale Perrino, Brindisi, Italy
– Dott. Paolo Medde - Dipartimento Internistico, Centro per le 

Malattie Dismetaboliche e l’Arteriosclerosi, Cagliari, Italy
– Dott. Fabio Fimiani - AORN “Sant’Anna e San Sebastiano”, 

Caserta, Italy
– Dott. Fiammetta Fossi - AOU Careggi, Florence, Italy
– Dott. Maria Teresa Pugliano - Immunohematology and 

Transfusion Medicine Service, ASST Grande Ospedale Met-
ropolitano Niguarda, Milano, Italy

– Dott. Franca Napoli - Immunohematology and Transfusion Medi-
cine Service, San Luigi Gonzaga Hospital, Orbassano, Turin, Italy

– Dott. Elisabetta Scire, Dott. Sergio Rizzo - UOC Medicina 
Trasfusionale, Policlinico “Paolo Giaccone”, Palermo, Italy
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Background: Familial Hypercholesterolemia (FH) is the most 
common genetic disease associated with premature atheroscle-
rotic cardiovascular. The most frequently identified mutations 
concern genes coding for LDLR, APOB and PCSK9. Currently, 
genetic mutations detected in patients screened for FH are clas-
sified as follows: I (pathogenic), II (likely pathogenic), III (vari-
ant of uncertain significance), IV (likely benign), V (benign). De-
spite the pathogenicity of genetic variants potentially associated 
with FH is continuously updated, their role in dictating disease 
outcomes remains to be fully elucidated. 
Objective: The aim of this study was to assess the impact of 
different genetic mutations on the lipid profile of a population 
screened for FH in the LIPIGEN Centre in Ferrara.METHOD-
SThe lipid profile (total cholesterol, LDL-cholesterol, triglyc-
erides and HDL-cholesterol) of 209 patients screened for FH 
was characterised at baseline and at the most recent follow-up 
(MRFU). Patients were divided into three groups: no mutations, 
non-causative mutations and causative mutations. Differences 
between the groups were assessed by one-way ANOVA followed 
by Tukey or Tamhane test.
Results: Patients with non-causative mutations displayed a 
greater reduction in LDL-C at MRFU compared to patients with-
out mutations (-53.6% vs. -40.2%); additionally, the delta of LDL-C 
levels between baseline and MRFU did not significantly differ 
when comparing patients with and without causative mutations. 
This also held true in the comparison between patients with 
non-causative and causative mutations. Finally, no difference 
between groups were detected in terms of total cholesterol, tri-
glycerides and HDL-cholesterol. 
Conclusion: The absence of significant differences in terms of 
LDL-C reduction between patients without mutation and those 
with causative mutations may be due to opposite causes. Pa-
tients without mutation may be undertreated. In patients with 
causative mutation there may be greater difficulties in lowering 
LDL-C despite maximum lipid-lowering therapy.

STRATEGIES TO IMPROVE THERAPEUTIC 
ADHERENCE IN ELDERLY PATIENTS 
WITH CARDIOVASCULAR DISEASES:  
A SYSTEMATIC REVIEW ACROSS 
DIFFERENT HEALTHCARE SETTINGS
Stefano Scotti 1, Manuela Casula 1, Luca Pasina 2,  
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Marco Salluzzo 3, Alessandra Cauli 2, Sara Mucherino 4, 
Alessandro Nobili 2, Enrica Menditto 4, Elisabetta Poluzzi 3
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Background and Objectiven: On-adherence to prescribed 
therapies is a significant public health issue, especially among 
the elderly, where the presence of cardiovascular (CV) condi-
tions often requires the chronic use of multiple medications. 
Identifying effective strategies to improve adherence is crucial. 
As part of the Eldercare project, a systematic literature review 
was conducted to map strategies aimed at improving therapeutic 
adherence in elderly patients (≥60 years) with CV conditions.
Methods: A systematic literature search was performed on 
MEDLINE, Embase, and Web of Science until December 31, 
2023. Studies reporting the outcomes of interventions to im-
prove adherence to therapies in elderly patients with CV condi-
tions were included.
Results: Twenty-eight studies were included, of which 21 were 
randomized controlled trials and 7 were observational studies. 
The conditions studied included hypertension (n=13), type 2 
diabetes (n=8), heart failure or myocardial infarction (n=7), 
hyperlipidemia (n=4), cardiovascular disease (n=4), or atrial 
fibrillation (n=2). Interventions occurred mostly in hospital or 
specialized outpatient settings (n=9), primary care (n=8), local 
healthcare services (n=7), and community pharmacies or nurs-
ing homes (n=4). In 13 studies, interventions focused on health 
education, reminders, and cognitive-behavioral support with 
feedback, while 7 used mHealth tools such as smartphone/tab-
let apps or electronic pill dispensers. Four studies were based 
on pharmacist-led counseling; only 2 studies involved multidis-
ciplinary teams. Six studies monitored the effectiveness of in-
terventions for 12 months or more. Of the 28 included studies, 
25 reported improvements in adherence post-intervention, and 
3 observed fewer CV-related hospitalizations. 
Conclusion: Interventions to improve adherence in the elderly 
have shown benefits, albeit often marginal and short term. The 
heterogeneity of approaches highlights the need for personal-
ized strategies, adaptable to available resources in different 
healthcare settings and to specific CV conditions.
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TO LIPIDS AND DEFECTIVE INSULIN 
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Long-chain saturated fatty acids play a pivotal role in fostering 
skeletal muscle insulin resistance. However, in vivo and in re-
sponse to overnutrition, myotubes are cyclically exposed to el-
evated concentrations of saturated fatty acids and glucose. This 
study aims at evaluating whether high glucose concentrations 
are dispensable for long-chain saturated fatty to induce insulin 
resistance in human myotubes. Human immortalised myotubes 
were exposed to 200 μM palmitic acid in the presence (PA+G-
LU) or absence (PA) of high glucose concentrations (13 mM 
glucose) for 24 hours. Thereafter, mitochondrial membrane po-
tential was assessed using the JC-10 fluorescent dye and oxygen 
consumption rate (OCR) evaluated by employing the MitoX-
press Xtra oxygen consumption assay in the presence of PA as a 
metabolic substrate. Insulin-induced phosphorylation of protein 
kinase B (Akt) and insulin receptor substrate (IRS) was investi-
gated by Western blot. This technique was also applied to assess 
the activation of the NFkB signalling pathway, complemented 
by the evaluation of interleukin 6 (IL-6) expression by qPCR.PA 
did not impair insulin signal transduction both at IRS1 and AKT 
level (both p>0.05), whereas it increased mitochondrial mem-
brane potential (p<0.05) and oxygen consumption rate (p<0.001) 
relative to controls. Additionally, PA did not elicit the activation 
of the NFkB signalling pathway (p>0.05). On the contrary, PA+-
GLUC hampered insulin-induced IRS1 phosphorylation (p<0.05) 
and tended to decrease insulin signalling at AKT level (p=0.054). 
Moreover, PA+GLU did not improve mitochondrial membrane 
potential compared to controls and displayed a lower ORC com-
pared to PA alone-treated cells (p<0.05). Finally, PA+GLU in-
duced a downregulation of IKBα which is synonymous with the 
activation of the NFkB pathway. Thus, nutrient overload, in the 
form of PA and glucose, impaired myotube metabolic flexibility 
to lipids which, in turn, potentially contributed to the onset of 
inflammatory responses and impaired insulin signalling.

EFFECTIVENESS AND TOLERABILITY  
OF BEMPEDOIC ACID AND DISTANCE  
TO LDL-TARGET: REAL-LIFE DATA
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Maria Teresa Guagnano 1, Sante Donato Pierdomenico 2, 
Francesco Cipollone 1, Marco Bucci 1
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Background: Lipid-lowering therapy is a fundamental pillar in 
the prevention of cardiovascular events. Background therapy 
with statins plus ezetimibe often fails to bring patients to target, 
partly due to poor tolerability.
Objective: To evaluate effectiveness and tolerability of bempe-
doic acid (BA) in achieving LDL-target levels.
Methods: We included 151 patients (39% male, 61% female, 
mean age 70±10 years, mean BMI 28±5, waist circumference 
100±11 cm) who started treatment with BA in March 2023. 89% 
were in primary prevention, with very high cardiovascular risk 
(CVR) in 26%, high in 46%, moderate in 20% and low CVR in the 
remaining 8%.82% of patients reported intolerance to statins or 
a previous lipid-lowering therapy (ezetimibe, nutraceuticals 
containing monacolin K). About 25% of patients were not on 
therapy at the time of the baseline visit, mostly at high and very 
high CVR (73%). 90% of patients were not at target for LDL-C 
levels.122 out of 151 patients underwent an initial evaluation af-
ter 1-3 months and 32 patients had already a follow-up at 8-12 
months; 26/122 patients (21%) discontinued treatment before 
three months for reasons unrelated to the drug’s efficacy/toler-
ability, but due to bureaucratic issues and only a small portion of 
patients, just 6/122, stopped BA due to adverse events (myalgia, 
headache, gastrointestinal disorders). The mean baseline LDL-C 
level was 132±42 mg/dl, with an average distance from the target 
of 40%.74% of patients continued BA therapy at 3 months, reach-
ing a mean LDL-C level of 88±27 mg/dl, with a mean reduction 
of 35% from baseline and a remaining average distance from 
LDL-target of 28%. 36% of patients fully reached the LDL-C target.
Subgroup analyses were conducted based on pharmacological 
therapy (BA alone, BA + ezetimibe, BA + ezetimibe + low-dose 
high-intensity statin) and CVR class. It has been found that BA 
as monotherapy reduces LDL-C by about 34.5% and up to about 
50% when combined with ezetimibe. BA alone did not allow the 
target to be achieved, except for those with low to moderate car-
diovascular risk who require a smaller percentage reduction in 
LDL-C (3/27 patients on BA, 11%), whereas combination therapy 
with ezetimibe allowed to be at target in 47% of patients, most of 
whom also had low and moderate CVR. In patients treated with 
triple therapy, the percentage of patients reaching target levels is 
about 42%, with an average LDL-C reduction of 31%.
Conclusions: Our study confirms that BA is effective and 
well-tolerated leading at LDL-target a part of dyslipidemic pa-
tients, especially those with low to moderate cardiovascular 
risk. Although the tolerability profile, even compared to statins, 
appears optimal, the drug in real-life settings seems to be hin-
dered by issues related to prescriptability and market availability 
which can add some difficulties to therapeutic continuity and in 
reducing LDL-target distance.



ABSTRACT

 s 72 

SEVERE HYPERCHOLESTEROLAEMIA DUE 
TO AUTOIMMUNE THYROIDITIS WITH 
LONGSTANDING HYPOTHYROIDISM
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Among the secondary causes of severe hypercholesterolaemia, 
hypothyroidism is not common. Often, hypothyroidism can be 
associated with symptoms that may lead to diagnosis, which 
can, however, be confirmed through blood tests. At other times, 
the symptoms are less obvious, which can delay diagnosis. 
We report the case of severe hypercholesterolaemia related to 
longstanding hypothyroidism due to autoimmune thyroiditis. A 
39-year-old male was referred to our dyslipidaemia clinic by a 
nephrologist after the detection of severe hypercholesterolaemia 
(total cholesterol 453 mg/dl, HDL 34 mg/dl, triglycerides 218 
mg/dl, LDL 375 mg/dl). The patient had consulted the neph-
rologist for a slight increase in serum creatinine (1.1 mg/dl) 
during a routine examination. The patient reported having been 
aware of his severe hyperlipidaemia for at least five years, and 
during the same period, he complained of progressive fatigue 
and a feeling of heaviness in his legs, which had been swollen 
for the past few years. On physical examination, his body mass 
index was 29.32 kg/m², his skin appeared waxy and dry, with 
the presence of pitting oedema in the lower limbs, and his hair 
and eyebrows were thin and sparse. During the visit, the patient 
underwent a carotid colour-Doppler ultrasound, which was neg-
ative, and an electrocardiogram, which showed low voltage QRS 
complexes. Given this instrumental finding, an echocardiogram 
was performed, revealing the presence of pericardial effusion 
(6 mm circumferential). The patient returned for follow-up with 
test results showing TSH>100 μIU/ml, fT4 of 0.04 pmol/l, TPO 
antibodies 536 IU/ml, and TG antibodies 56.8 IU/ml. Treatment 
with levothyroxine was initiated with gradually increasing doses, 
achieving euthyroidism in two months. With the correction of 
hypothyroidism, total cholesterol levels decreased to 238 mg/
dl, HDL to 19 mg/dl, triglycerides to 210 mg/dl, and LDL to 178 
mg/dl. After two months, the symptoms disappeared, and the 
oedema in the legs improved. At the subsequent follow-up, there 
was no longer any evidence of pericarditis. The clinical case we 
present is of interest due to the striking symptomatology shown 
by the patient and the fact that the symptoms had been present 
for five years. Treatment of the hypothyroidism caused by au-
toimmune thyroiditis resolved the symptoms and corrected the 
severe hypercholesterolaemia.

REAL-LIFE MULTICENTRIC STUDY ON 
EFFICACY AND SAFETY OF BEMPEDOIC 
ACID IN THE OLDEST OLD PATIENTS: 
PRELIMINARY DATA
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Background: Real-world data on older, multimorbid patients 
regarding bempedoic acid (BA) are scarce. 
Aim: Our study was aimed to evaluate the efficacy and safety of 
BA (which is reimbursable by the Italian National Health System 
unlike PCSK9-Is) in this older population. 
Methods: Prospective, multicenter study on 22 consecutive 
patients referred to cardiovascular (CV) prevention centers of 
Ancona, Chieti, L’Aquila and Terni to diagnose and/or manage 
non-target hypercholesterolemia. Inclusion criteria: age ≥80 
years, clinical indication for BA based on baseline LDL-C values 
and CV risk, assessed with SCORE2-OP charts and ESC 2021 
guidelines. Patients were assessed at baseline (T0) and after 1-3 
months (T1) from the beginning of BA therapy.
Results: Our 22 patients (M=7, F=15, 68.2%; mean age 83.0±2.4 
years), had mean values of body mass index (BMI), and eG-
FR-EPI respectively =29.1±5.0 kg/m2 and =62.9±21.4 ml/
min/1.73 m2. Overall, 59.1% (n=13) patients were in primary and 
40.9% (n=9) in secondary prevention, but all were classified as 
very high CV risk. At baseline, 59.1% (n=13) of patients were tak-
ing statin therapy (mainly atorvastatin and rosuvastatin), while 
36.1% (n=8) of patients reported previous statin intolerance. Oth-
er ongoing lipid-lowering therapies included ezetimibe (94.4%) 
and anti-PCSK9 (15.4%). After the addition of BA, at T1, LDL-C 
decreased from 98.0±27.7 mg/dl to 62.9±26.1 mg/dl (-35.1 mg/
dl, p<0.001), with a median of -33.9% (IQ range -42.1% – -22.2%). 
Based on individual CV risk, the LDL-C target was achieved in 
36.4% of patients. No patient discontinued the drug due to ad-
verse events. No statistically significant increase was found both 
in creatinine (from 1.24±0.44 mg/dl to 1.37±0.54 mg/dl, p=0.616) 
and in uric acid values (from 6.2±1.1 mg/dl to 6.6±0.8 mg/dl, 
p=0.477).
Conclusion: Our data show that BA has rapid efficacy and good 
tolerability even in the older population (over 80 yo). Therefore, 
this drug could be very useful to optimize lipid-lowering therapy 
in this high-risk population of CV events, when statin and eze-
timibe are not tolerated or not sufficient.
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Background: In certain types of patients, lipid-lowering thera-
py with nutraceuticals can be an alternative to pharmacological 
treatment (B. Napolitano, SISA 2021-23). The most commonly 
used active ingredient in various nutraceuticals is monacolin K 
(MK). Following a European Union directive, the reduction of 
the dosage to <3 mg/day has necessitated combining it with oth-
er molecules to maintain a significant reduction in LDL levels.
Patients and Methods: We aimed to evaluate the efficacy on 
LDL cholesterol levels [percentage reduction in LDL and per-
centage of achieving the therapeutic goal (<100 mg/dl)] after 
three months of therapy with a nutraceutical composed of a com-
bination of 2.9 mg MK, 25 mg of tocopherols and tocotrienols, 10 
mg of coenzyme Q10, and 10 mg of fenugreek in one hundred 
patients with common polygenic hypercholesterolemia, who had 
a moderate cardiovascular risk (SCORE >0.9 <5% at 10 years) 
and were consecutively referred to our clinic, and who were un-
willing to take statins. Of the one hundred patients, data for one 
were incomplete and were excluded from the evaluation. Adher-
ence to therapy was assessed using the Morisky scale. Fifty-four 
patients were female and forty-five male. Table 1 shows the data 
on age and body mass index (BMI) in Kg/m² before and three 
months after the start of therapy with the nutraceutical. 

Table 1
Age (year) BMI before BMI after BMI difference (%)
56.33±10.46 26.54±3.78 25.87±2.8 -2.52 ♀

55.33±10.82 26.01±3.94 25.73±3.65 -1.08 ♂

57.53±10.25 27.17±3.61 26.03±1.27 -4.20 All (# 99)

Results: Table 2 presents the lipid values in mg/dl, along with 
the percentage changes, before and three months after the start 
of therapy with the nutraceutical. 

Table 2
Before 
therapy

At three 
months 

Difference 
(%)

Total cholesterol 199.97±21.44 187.91±22.99 - 6.03 ♀

196.94±22.57 183.44±21.19 - 6.85 ♂

203.60±20.16 193.27±24.63 - 5.07 All

HDL cholesterol 54.79±14.96 56.10±11.87 + 2.39 ♀

55.94±16.38 58.39±13.09 + 4.38 ♂

53.4±13.48 55.33±9.95 - 0.13 All

Triglycerides 116.45±44.50 109.67±50.70 -5.62 ♀

107.17±39.57 98.11±37.84 - 8.45 ♂

127.6±48.80 123.53±61.31 - 3.19 All

LDL cholesterol 124.97±22.78 112.33±22.18 - 10.11 ♀

122.28±21.36 107.22±19.72 - 12.32 ♂

128.20±14.73 118..47±24.05 - 7.59 All

Results: Of all the patients, 30 (30%) achieved the LDL goal of 
<100 mg/dl. The results of our study showed efficacy indices 
lower than those reported in the literature (-10.11 vs. -17.4% on 
LDL). Although no specific dietary recommendations were pro-
vided, there was a reduction in body weight, which could have 
also influenced lipid levels.
Conclusions: Our study demonstrated a modest reduction in 
LDL levels and a mediocre achievement of the therapeutic goal 
with this combination of nutraceuticals. A better strategy for li-
pid-lowering nutraceuticals, based on the combination of 2.9 mg 
of MK with other more potent lipid-lowering molecules, would 
be desirable to achieve a good therapeutic response.
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Hyperhomocysteinaemia (HHcy) is a pathological condition 
characterised by elevated plasma homocysteine (PH) levels 
(>11.1 μmol/L in females and >13 μmol/L in males). HHcy is im-
plicated in the onset of various pathological conditions, including 
cardiovascular and cerebrovascular diseases (CVD). Although 
the relationship between HHcy and CVD is well known, HHcy 

often remains undetected and untreated. We aimed to assess the 
prevalence of HHcy in a consecutive series of 130 patients under-
going secondary prevention (one or more CVD events) at a clin-
ic dedicated to cardiovascular prevention. Table 1 presents the 
characteristics of the patients and their associated risk factors.
Table 2 shows the vascular events of the patients under study.
Of the 130 patients with vascular disease (VD) who consecutive-
ly attended our clinic, a high percentage presented with (HHcy) 
(86.1%); none of them were aware of their condition, and none 
were receiving therapeutic treatment for HHcy. Patients with 
HHcy had a higher average age and a lower prevalence of other 
associated risk factors for VD, except for a higher frequency of 
chronic kidney disease (CKD). Patients with HHcy exhibited a 
higher prevalence of myocardial infarction (MI) or revascular-
isation compared to those without HHcy (78.6% vs. 70%) and a 
higher prevalence of stroke or revascularisation (37.5% vs. 30%).
Despite the relatively small sample size, we demonstrated a 
high and entirely unrecognised prevalence of HHcy among our 
patients with VD. Patients with HHcy had a lower frequency of 
association with classic cardiovascular risk factors and a higher 
prevalence of cardiac and cerebrovascular disease compared to 
those without HHcy.

Table 1
All patients 

(%)
Woman 

(%)
Man 
(%)

All HHey 
(%)

HHey woman 
(%)

HHey man 
(%)

All not HHey 
(%)

130 42 88 112 (86.1) 38 (90.5) 74 (84.1) 18 (13.9)

Age (year) 71.77±10.34 73.09±9.71 71.14±10.68 72.9±10.28 73.42±10.04 72.67±10.53 65.4±8.59

Smoke 24 (18.5) 4 (9.5) 20 (22.7) 14 (12.5) 2 (5.3) 12 (16.2) 9 (50) 

Hypertens. 104 (80) 30 (71) 30 (34.1) 86 (76.8) 28 (73.7) 58 (74.4) 16 (88.9)

Diabetes 48 (36.9) 6 (14.3) 6 (6.8) 38 (33.9) 4 (10.5) 36 (48.6) 9 (50)

Hypercolest. 112 (86) 34 (80.9) 34 (38.6) 86 (76.8) 32 (78.9) 64 (86.5) 15 (83)

Chronic Kidney disease (CKD) 32 (24.6) 8 (19) 8 (9.1) 28 (25) 8 (21) 20 (27) 3 (17)

Table 2
All patients 

(%)
Woman 

(%)
Man 
(%)

All HHey 
(%)

HHey woman 
(%)

HHey man 
(%)

All not HHey 
(%)

MI and/or revasc. 104 (80) 20 (47.6) 84 (95.4) 88 (78.6) 18 (47.4) 70 (94.6) 14 (70)

Stroke and/or revasc. 48 (36.9) 26 (61.9) 74 (84.1) 42 (37.5) 22 (57.9) 20 (27) 6 (30)
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Betti Giusti
University of Florence, Department of Experimental  
and Clinical Medicine 
E-mail: l.squillantini@student.unisi.it

SMAD3 gene is linked to Loeys-Dietz syndrome (LDS) and aor-
tic dissection. Our study investigated connection between rare 
genetic variants in SMAD3 gene and clinical features in indi-
viduals evaluated for Marfan syndrome and Related Disorders 
at Careggi Hospital in Florence. Targeted Next Generation Se-
quencing (NGS) approach of at least 17 genes associated with 
aortopathy has been performed through Illumina technology. 
Among 327 analyzed, seven SMAD3 rare variants have been 
identified in 6 patients (4 males and 2 females). Among these, 
two adjacent missense variants in the same individual led to a 
premature stop codon. Four variants identified in 4 out of the 
6 subjects are located in exons 6 and 8, both encoding MH2 
domain. Individuals with dominant negative SMAD3 variant in 
MH2 domain experience more major events at a younger age 
than those with haploinsufficient variants. Among these sub-
jects, 2 had type A aortic dissection, one had open surgery for 
abdominal aortic aneurysm and ascending aortic replacement 
surgery, and the last spontaneous coronary dissection following 
a coronary angioplasty intervention. One patient had a splic-
ing variant in intron 7 and underwent mitral valve surgery for 
mitral cord rupture; he also had root ectasia, ascending aorta 
replacement, and various aneurysms. In a further subject, clin-
ically presenting aortic dissection, dilated cardiomyopathy, and 
heart failure, a SMAD3 missense variant located in MH1 domain 
was identified. The segregation analysis in family members has 
evidenced that SMAD3 variant has been transmitted to daugh-
ters who have mitral valve prolapse with mitral ring disjunction 
(MAD) associated with arrhythmia and cardiomyopathy, sup-
porting the segregation of SMAD3 variant with the clinical phe-
notype. Correlation between pathogenic variants in SMAD3 and 
heart failure are already described in the literature. The results 
emphasize the importance of molecular characterization in in-
dividuals with aortopathy for diagnosis, risk stratification, and 
treatment planning.

TELEMEDICINE IN OUTPATIENT SETTING 
IN LIPID CLINIC: GENOA EXPERIENCE
Michele Tafuro 1, Almina Bertolini 1, Andrea Vignati 1, 
Gaia Orsi 1, Vittoria-Oluwajuwon Adeniji 1,  
Samir Giuseppe Sukkar 2, Livia Pisciotta 1,2

1Department of Internal Medicine, University of Genoa, Italy
2Dietetics and Clinical Nutrition Unit, IRCCS Policlinic Hospital 
San Martino, Genoa, Italy 
E-mail: micheletafuro@gmail.com

Background: Telemedicine is the remote diagnosis and treat-
ment of patients by means of telecommunications technology. 
Main purpose of implementing telemedicine in Lipid Clinic of 
Policlinic San Martino Hospital in Genoa is to facilitate access to 
care for patients who live far from the hospital and have difficulty 
traveling, or for workers or busy patients. 
Methods: Using the platform integrated into the hospital’s 
OneSys management software, in collaboration with LIGURIA 
DIGITALE team, we offer effective and secure virtual consul-
tations. On average, about 40 telemedicine visits are conduct-
ed each month. The patients involved are primarily individuals 
undergoing treatment with PCSK9-inhibiting monoclonal anti-
bodies, which require renewal of the therapeutic plan every 6 
months or annually. The age of the patients ranges from 20 to 80 
of age. It is essential that each patient has been seen at least once 
in person, allowing the physician to perform an initial physical 
examination. The methodology involves patients uploading their 
recently performed blood tests onto the platform, even in the 
days preceding the visit. During the teleconsultation, the phy-
sician analyzes these tests and takes any necessary measures 
based on the lipid targets that need to be achieved. All visits are 
regularly codified.
Results: The observed benefits include a high level of patient 
satisfaction, as they can usually complete the visit in less than 
half an hour without facing travel or city traffic, enjoying the 
comfort of their own home or working place or even during va-
cation periods. For the medical staff, the management of telem-
atic appointments is simplified, with a significant reduction in 
patient delays. Time of work is the same of a visit in presence. 
Furthermore, the absence of physical contact reduces the risk 
of airborne disease transmission to the most vulnerable patients. 
The main challenge encountered concerns the difficulty of some 
patients, especially the elderly, in correctly using the platform, 
including the management of webcams and microphones. Other 
limit is the quality of connection sometimes not good, the impos-
sibility to directly measure blood pression and anthropometric 
variations or to perform an objective exam in case of necessity. 
Conclusions: In the future, the goal is to increase the number 
of services provided through telemedicine, while ensuring the 
adequacy of clinical practice.
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LIPID CHARACTERIZATION  
OF EXTRACELLULAR VESICLES’ 
MEMBRANES SECRETED BY A 
METASTATIC MELANOMA CELL LINE: 
NEW INSIGHTS FOR A POSSIBLE USE  
AS DRUG-DELIVERY SYSTEM
Zixiong Tang 1, Felice Maria Accattatis 2, Sara Mazza 1,  
Marco Brucale 3, Francesco Valle 3, Stefano Bellosta 1,  
Alberto Corsini 1, Lorenzo Arnaboldi 1

1Department of Pharmacological Sciences “Rodolfo Paoletti” 
DiSFeB, Università degli Studi di Milano, Italy; 2Università  
della Calabria, Rende, Italy; 3CNR Bologna, Italy 
E-mail: zixiong.tang@unimi.it

Extracellular vesicles (EVs) are to small entities released by 
cells mostly in pathological conditions (e.g. tumors). EVs trans-
fer their biological cargo (lipids, proteins, genetics materials) 
from parental to target cells and may be utilized as pathology bi-
omarkers or drug-delivery systems. Despite the broad increase 
in EVs knowledge, their role is not fully understood yet, due 
to intrinsic heterogeneity, biological contaminations and to the 
lack of proper separation methods. To overcome this problem, 
we proposed a sequential ultracentrifugation method based on 
the algorithm developed by Livshits et al. 2015, by which we ob-
tained five size- separated EVs subfractions secreted from the 
human lymph-node metastatic melanoma cell line LM-16. Sub-
fractions’ dimensions ranged between >200 nm and <50 nm, with 
the smallest compehending “non-vesicular extracellular par-
ticles (NVEPs)” or “exomeres”, following MISEV 2023 Guide-
lines. This method has been validated by dimensional- (zetasizer, 
TEM, AFM), lipidomics and proteomics analysis (GLC, LC-MS, 
WB).Lipidomics document an increase of saturated fatty acid 
concomitant with a decrease of monounsaturated ones, ranging 
from parental cells to exomeres, together with a different dis-
tribution of free cholesterol/phospholipid. These data, merged 
with those from AFM suggest different membrane structure 
and fluidity among fractions. Intriguingly, the exomeres fraction 
is the smallest, most saturated and stiffest, thus conferring in-
creased cargo protection and differential membrane exchanges.
New series of experiments confirmed that the smaller the parti-
cles are, the less prone are to opening with chemical tools. Final-
ly, preliminary data suggest that EVs subfractions after opening 
display a decrease of saturated fatty acid and a relative increase 
in unsaturated ones, suggesting membrane changes and calling 
for more in vitro proofs to validate the quality of vesicles for a 
future drug-delivery system. We are already setting functional 
assays to evaluate membrane properties before and after open-
ing and/or pharmacological treatment of parental cells.

PRELIMINARY DATA OF INCLISIRAN 
TREATMENT IN PATIENTS WITH 
HYPERLIPIDEMIA: DATA FROM TWO 
ITALIAN CENTERS, CHIERI & CUNEO 
(C&C STUDY)
Tecla Marchese 1, Claudia Baffoni 2, Chiara Bona 2, Elisa Nada 3, 
Francesco Tassone 3

1S.C. Diabetologia Territoriale ASLTO5; 2S.C. di Endocrinologia, 
Diabetologia & Metabolismo, A.S.O. Santa Croce e Carle  
di Cuneo; 3S.C. Diabetologia Territoriale, ASLTO5 
E-mail: tassone.francesco@aslto5.piemonte.it

Objective: This study presents preliminary data from a clini-
cal evaluation of inclisiran, a small interfering RNA that targets 
PCSK9 (proprotein convertase subtilisin/kexin type 9), in ten 
patients with hyperlipidemia across two centers in Italy. The pri-
mary aim was to assess the safety and efficacy of inclisiran in 
reducing low-density lipoprotein cholesterol (LDL-C) levels in 
this cohort.
Methods: A total of ten patients with a history of elevated LDL-C 
levels were enrolled (9 in Chieri Hospital) and 1 in Cuneo Hos-
pital). Baseline LDL-C levels were measured, and participants 
received an initial dose of inclisiran, followed by a second dose at 
three months. Lipid profiles were assessed at baseline and three 
months post-treatment initiation. Safety evaluations included 
monitoring for adverse events and laboratory parameters.
Results: Preliminary findings indicate an apparent worsening 
in LDL-C levels at three months in the whole group of patients 
(from 117.3±66.8 mg/dl to 134.6±82.0 mg/d). On the contrary, 
four individuals not previously treated with any prior lipid-low-
ering therapies showed a significant LDL reduction at three 
months (from 181.9±39.5 mg/dl to 130.7±50.4 mg/d).The treat-
ment was generally well-tolerated.
Conclusion: These findings suggest that inclisiran may offer 
significant benefits in lowering cholesterol levels among indi-
viduals with hyperlipidemia, particularly those who have not 
previously been exposed to lipid-lowering medications. Further 
investigation with a larger sample size and longer follow-up is 
warranted to confirm these early results and to establish the 
long-term safety and efficacy of inclisiran in this population.
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CLINICAL AND INSTRUMENTAL 
ASSESSMENT OF CARDIOVASCULAR 
RISK IN A COHORT OF PATIENTS 
AFFECTED BY COMMON VARIABLE 
IMMUNODEFICIENCY
Luca Tonon, Roberta Buso, Chiara Nardin,  
Renato Finco Gambier, Alessandro Dell’Edera,  
Francesco Cinetto, Carla Felice, Marcello Rattazzi
Department of General Medicine 1, Ca’ Foncello Hospital of 
Treviso, AULSS2 Marca Trevigiana, Department of Medicine 
(DIMED), University of Padua
E-mail: tononluca.md@gmail.com

Background: The immune system plays a central role in ath-
erosclerosis. Common Variable Immunodeficiency (CVID) is a 
rare immunological disorder characterized by a deficiency in 
antibody production due to altered functionality of B-Lympho-
cytes. The impact of common cardiovascular risk factors on the 
development of early vascular damage and atherosclerosis pro-
gression in these patients remains unclear.
AIM of the Study: To assess the impact of common cardiovas-
cular risk factors and immunological risk factors on early vascu-
lar damage in patients affected by CVID.
Materials and Methods: We conducted an observational study 
on 84 CVID patients followed at the Treviso Hospital. For each 
patient, we collected medical history, anthropometric data, bi-
ochemical parameters, and immunological characteristics. Vas-
cular damage was estimated by determining Pulse-Wave Veloc-
ity (PWV) and measuring the intima-media thickness (IMT) of 
common carotid artery.
Results: The average age of our population was 53.9±13.0 years, 
with a higher prevalence of females (63.1%). To estimate the im-
pact of cardiovascular risk factors on vascular damage, patients 
were stratified by the presence or absence of the following con-
ditions: overweight (BMI>25 kg/m²), hypertension (BP>140/90 
mmHg), dyslipidemia (LDL>115 mg/dl), diabetes (HbA1c≥48 
mmol/mol), smoking habits, and immunological phenotype ac-
cording to the Chapel classification (“infection only” vs. “compli-
cated”). Only overweight (p=0.004) and hypertensive (p=0.024) 
patients showed a significant increase in Pulse-Wave Velocity 
compared to patients without these characteristics; however, 
this significance was lost in multivariate regression analysis. No 
statistically significant difference was observed among the dif-
ferent subgroups regarding carotid IMT values. Stratification by 
Chapel phenotype showed no differences between the two clin-
ical phenotypes in terms of either PWV or carotid IMT values.
Conclusions: In patients with Common Variable Immunodefi-
ciency, common cardiovascular risk factors seem to contribute 
to an increase in Pulse-Wave Velocity without significant differ-
ences in early atherosclerotic damage. Further studies are need-
ed to determine whether immune system dysfunction may be 
associated with a reduced progression of atherosclerosis.

CARDIOVASCULAR RISK STRATIFICATION 
IN PATIENTS WITH INFLAMMATORY 
BOWEL DISEASE: THE ROLE OF NON- 
INVASIVE IMAGING AND TRADITIONAL 
RISK SCORES
Arianna Toscano 1, Giuseppe Blando 1, Laura Patanè 2,  
Angela Messineo 1, Sabrina Verachtert 1, Maria Cinquegrani 1, 
Anna Viola 2, Carmela Morace 1, Federica Bellone 1,  
Giovanni Squadrito 1, Walter Fries 2, Giuseppe Mandraffino 3

1Internal Medicine Unit, Department of Clinical and 
Experimental Medicine Lipid Center, University of Messina, Italy; 

2Gastroenterology and Chronic Bowel Diseases Unit, Department 
of Clinical and Experimental Medicine, University of Messina, 
Italy
E-mail: arianna.toscano13@gmail.com

Patients with chronic inflammatory diseases, including inflam-
matory bowel diseases (IBD), have a 20% increased risk for 
atherosclerotic cardiovascular disease (ASCVD) as compared 
to non-inflamed subjects. The current validated cardiovascu-
lar(CV) risk stratification algorithms are based on traditional 
risk factors, not taking into account the contribution of chronic 
inflammation. Therefore, these algorithms could underestimate 
the actual CVrisk in patients with IBD. Our study aimed to strat-
ify the CV risk of IBD patients using validated scores (SCORE2/
SCORE2-OP/SCORE-2Diabetes) and performing carotid ultra-
sonography to identify subclinical atherosclerosis. Data from 80 
in-/outpatients with Crohn’s disease (CD) and ulcerative colitis 
(UC) aged ≥40 years under care in the Gastroenterology and 
IBD Unit of the AOU Policlinico G. Martino-Messina (April-to-
July 2024) were collected. We recorded data on age, gender, 
region of origin, body mass index, smoking history, family, 
personal and pharmacological history, blood pressure values, 
biochemistry (creatinine, fasting glucose, glycated hemoglobin, 
total cholesterol, HDL-cholesterol, triglycerides); LDL-C and 
non-HDL-C were thus calculated. The clinical disease activity in 
IBD patients was assessed using the validated scores. Based on 
their medical history, 10% of patients were already classified at 
very-high CVrisk; 30% of patients had high CVrisk, and 60% had 
moderate CVrisk. After performing carotid ultra sonography, 
30% of the moderate-risk individuals were re-classified as high 
risk because of evidence of asymptomatic atherosclerosis. Our 
study demonstrates that carotid-US contributed to re-classifica-
tion of the CVrisk in patients who were previously considered to 
be in lower risk categories confirming that the use of tradition-
al risk scores underestimates CVrisk in a significant number of 
IBD patients. Despite the limited data in the literature and the 
lack of guidelines on screening and managing patients with risk 
factors, CVrisk stratification before starting biotechnological or 
small molecule therapies could effectively guide clinicians in 
choosing the most appropriate therapy with fewer side effects 
(including CV side effects) for the patient.
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HIGH TRIGLYCERIDES AND 
RENAL DAMAGE: INSIGHTS FROM 
FAMILIAL AND MULTIFACTORIAL 
HYPERTRIGLYCERIDEMIA IN ITALIAN 
AND CANADIAN COHORTS
Daniele Tramontano 1, Laura D’Erasmo 1, Miriam Larouche 2, 
Diane Brisson 2, Alex Lauzière 2, Simone Bini 3,  
Alessia Di Costanzo 3, Carlo Maiorca 3, Martina Carosi 3,  
Ilenia Minicocci 3, Stella Covino 3, Marzia Pasquali 4,  
Francesco Baratta 5, Bruna Cerbelli 6, Daniel Gaudet 2, 
Marcello Arca 1
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University of Rome, Italy; 2Lipidology Unit, Community 
Genomic Medicine Center, Department of Medicine, Université 
de Montréal and ECOGENE-21 Clinical Research Center, 
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4Department of Internal Medicine and Medical Specialities, 
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6Department of Medical-Surgical Sciences and Biotechnologies 
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Background and Aim: The occurrence and consequences of 
severe hypertriglyceridemia (SHTG, TGs≥500mg/dl) on kidney 
function are poorly understood. Patients with SHTG present-
ing proteinuria or kidney disease are generally excluded from 
clinical trials. The objective of this study was to evaluate kidney 
function in patients with SHTG and chylomicronemia (TG>890 
mg/dl) due to familial (FCS) or multifactorial (MCS) chylomi-
cronemia syndrome.
Methods: The study population comprises 84 molecularly char-
acterized patients with SHTG (38 FCS and 46 MCS) from Eu-
rope (Rome, Italy N=60) and French Canada (N=24). Data were 
retrospectively collected. Abnormalities of kidney function was 
defined by the presence, at any time during follow-up, of protein-
uria (defined as any of the following: protein in the urine spot ≥30 
mg/dl, urinary protein ≥ 150 mg/ 24-hour, urine albumin >3 mg/
mmol or albumin creatinine ratio (ACR) >30 mg/g) or decline 
of eGFR calculated by CKD-EPI formula. Two kidney biopsies 
were conducted on two patients with nephrotic syndrome and in 
one case histological examination was carried out on renal tissue 
from autopsy material to provide a translational understanding. 
Histological examination and electron microscopy were per-
formed.
Results: At entry, the median (IQR) TG levels was 1675 mg/
dl (1016-2667 mg/dl). As expected FCS patients exhibited very 
high levels of TGs with a high prevalence of AP episodes com-
pared to MCS patients in both cohorts. Overall, proteinuria was 
observed in more than 50% of FCS patients. Specifically, 52.6% 
of FCS patients had a history of proteinuria compared to 34.8% 
of MCS patients, while 52.2% of MCS patients experienced a de-
cline in eGFR (<90 ml/min) compared to 44.7% of FCS patients 
(P=NS). Proteinuria tended to importantly fluctuate over time 
in both groups. During the observational period, four patients 
developed nephrotic syndrome. Of these, two underwent kidney 
biopsies and histological examinations revealed characteristic 
features consistent with lipoprotein-related glomerulopathy, 
including lipid deposits and mesangial expansion. Additionally, 
one patient’s renal tissue, obtained post-mortem following an 
acute pancreatitis crisis, exhibited similar pathological findings 

with numerous brown stained foam cells within the glomeruli, 
indicating significant macrophage infiltration and underscoring 
the potential role of lipid accumulation in glomerular injury. 
Conclusions: These findings suggest that in SHTG, the occur-
rence of kidney disease may be more common than expected, 
with a tendency towards a higher rate in FCS than MCS. Kidney 
abnormalities may be due to lipoprotein accumulation in the glo-
merular structure. The mechanisms explaining renal abnormal-
ities in SHTG remain to be elucidated.

CONTINUOUS GLUCOSE MONITORING 
(CGM) AND LIPID PROFILE IN A 
POPULATION OF YOUTH WITH TYPE 1 
DIABETES
Stefano Tumini 1, Armando Di Ludovico 2, Francesca Ciarelli 2, 
Lorenza Sacrini 2, Maria Teresa Quarta 2,  
Maria Alessandra Saltarelli 3, Francesco Cipollone 4,  
Alessia Cipollone 4, Marco Bucci 4

1UOSD Servizio Regionale di Diabetologia Pediatrica - ASL 2 
Abruzzo, Chieti; 2Clinica Pediatrica, Università G. d’Annunzio, 
ASL 2 Abruzzo, Chieti; 3Clinica Pediatrica, Università  
G. d’Annunzio, ASL 2 Abruzzo, Chieti; 4Università  
G. d’Annunzio, Medicina Generale 1, Clinica Medica,  
ASL Chieti 
E-mail: stefano.tumini@gmail.com

The aim of the study was to evaluate the association between the 
lipid profile and glycemic control metrics obtained through Con-
tinuous Glucose Monitoring (CGM). Studies on type 1 diabetes 
(T1D) in pediatric patients are scarce and have highlighted a 
positive association between the coefficient of variation (CV) 
and HDL cholesterol levels, as well as between the time spent 
in hyperglycemia (TAR) and triglyceride levels. Seventy-seven 
patients with T1D were studied (age: 16.9±3.1 years; disease 
duration: 7.2±3.4 years; HbA1c: 7.1±1.1%). All patients were 
using a CGM (13 were using an insulin pump and 63 were on 
multiple daily injections therapy). The results show a signifi-
cant correlation between HDL-C and TIR (Time in Range, 70-
180 mg/dL), Pearson’s r: +0.285, p<0.02. Additionally, patients 
with target HbA1c (<7.0%) had lower LDL-C levels (88.9±26.4 vs. 
102±27.6, P<0.04), and patients with target HDL-C levels showed 
reduced Glucose Management Indicator (GMI) levels (7.1±0.9% 
vs. 7.8±1.0%; p<0.04). Finally, target triglyceride levels were as-
sociated with a significantly lower CV (38.7±6.0 vs. 42.8±7.9%, 
p<0.05). The use of CGM metrics to optimize the management of 
T1D can help improve not only glycemic control but also provide 
insights into the improvement of the lipid profile in patients with 
T1D. Further studies will be needed to understand how these 
parameters relate to long-term cardiovascular risk.
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THERAPY IN NO-TARGET PATIENTS 
TREATED WITH PCSK9 INHIBITORS
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Guido D’Errico 1, Miriam Mazzone 1, Ilenia Calcaterra 1,  
Maria Donata Di Taranto 2, Giuseppe Caldiero 2,  
Gabriella Iannuzzo 1, Matteo Dario Nicola Di Minno 1
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E-mail: vallettaluigijunior@gmail.com

Introduction: PCSK9 inhibitors revolutionized the approach to 
patient with cardiovascular risk, in primary and secondary pre-
vention, allowing the achievement of their therapeutic objectives 
in almost all cases. Some patients, despite complete lipid-lower-
ing therapy fail to reach the target recommended for their risk 
class. Bempedoic acid, recently introduced, could represent a 
support to therapy with PCSK9 inhibitors in achieving therapeu-
tic objectives. 
Purpose: The aim was to evaluate efficacy of the addition of 
bempedoic acid to patients followed by the University of Naples 
Federico II and treated for at least 6 months exclusively with 
PCSK9 inhibitors, because intolerant to statins and ezetimibe, 
who had not reached the target according to the ESC 2019 
guidelines. 
Sample: We enrolled 26 patients, 11 Male (42.3%) and 15 female 
(57.7%), with mean age of 56.1±11.4 years. 
Methods: For each patient at the initial visit (Visit 1), the clin-
ical and pharmacological history was collected, as well as the 
presence of modifiable cardiovascular risk factors to calculate 
their SCORE risk. At the first follow-up (Visit 2) after prescribing 
bempedoic acid, total cholesterol (C-TOT), HDL, triglycerides 
(TGL) and LDL-c were assessed and compared with Visit 1. In 
both visits, uric acid (RH), creatinemia (CREA) and glomeru-
lar filtration rate (eGFR) were evaluated to monitor the safety 
of therapy. 
Results: At Visit 1, C-TOT values were 195.1±51.3 mg/dl, with 
a mean SCORE risk of 5.7±3.5 % and LDL-c values of 118.1±50.7 
mg/dl; at Visit 2, C-TOT values were 153.3±61 mg/dl, while 
LDL-c values were 81.1±54.8 mg/dl; there was a reduction of 
41.0±56.1mg/dl of LDL-c, statistically significant (p value<0.05), 
without changes in RH and CREA. 
Conclusions: bempedoic acid added to PCSK9 inhibitor repre-
sents a safe tool for achieving the therapeutic target, reducing 
LDL-c of 20% and patients’SCORE risk.

CLINICAL MANAGEMENT OF AUTOSOMAL 
RECESSIVE HYPERCHOLESTEROLEMIA 
(ARH): A REAL LIFE EXPERIENCE
Luca Vecchio, Maria Laura Furnari, Federica Furia, 
Francesca Colomba, Gianluca Di Rosa,  
Carola Maria Gagliardo, Carlo Maria Barbagallo,  
Davide Noto, Antonina Giammanco,  
Angelo Baldassare Cefalù, Maurizio Averna
Dipartimento di Promozione della Salute, Materno-Infantile,  
di Medicina Interna e Specialistica di Eccellenza  
“G. D’Alessandro” (PROMISE), Università degli Studi di 
Palermo; Centro di Riferimento Regionale per la Diagnosi e Cura 
delle Malattie Rare del Metabolismo (CERMMET), Palermo
E-mail: luca.vecchio.93@gmail.com

Homozygous familial hypercholesterolemia (HoFH) is a rare 
disorder of lipid metabolism characterized by increased plas-
ma LDL-cholesterol levels, accelerated atherosclerotic process, 
and early cardiovascular events. The underlying genetic defects 
involve loss-of-function mutations in the gene encoding for the 
LDL -LDLR receptor (most frequent); mutations in the APOB 
gene; and gain-of-function mutations in the PCSK9 gene. Anoth-
er rare form with recessive transmission is caused by mutations 
in the LDLRAP1 gene, coding for the LDL receptor adaptor pro-
tein. Individuals with this condition therefore require standard 
hypolipidemic therapy, based on the use of statins, ezetimibe, 
combined with low lipid diet therapy and LDL apheresis proce-
dures. We report the management of a 51-year-old patient with 
homozygous recessive familial hypercholesterolemia. She was 
born from consanguineous parents, and her family history is 
positive for severe hypercholesterolemia and acute cardiovascu-
lar events at an early age. On clinical examination, she presented 
with xanthelasmas, mild obesity (BMI: 35.7) and very high levels 
of LDL-C (400mg/dl). Molecular genetic analysis confirmed the 
ins432A mutation in the LDLRAP1 gene in homozygosity. The 
patient therefore started standard hypolipidemic treatment with 
a highly effective statin and ezetimibe with little benefit. She was 
started on treatment with Lomitapide in combination with her 
existing conventional hypolipidemic treatment. This treatment 
was worth a significant reduction in LDL-C values of more than 
70% from baseline with a good safety profile at each quarterly 
follow-up checkup performed. This case report describes the 
efficacy, safety and tolerability of Lomitapide in real life as pri-
mary prevention in a patient with homozygous recessive familial 
hypercholesterolemia (ARH).
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COMBINATION OF BEMPEDOIC ACID, 
PCSK9 INHIBITOR AND EZETIMIBE  
LEAD TO ACHIEVE THE LDL-C TARGET  
IN TWO PATIENTS WITH BOTH HE-
FH AND LIMB-GIRDLE MUSCULAR 
DYSTROPHY TYPE 1: A CASE REPORT
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Introduction: Current guidelines recommend that high-risk 
patients, such as those with heterozygous familial hypercholes-
terolemia (HeFH), be treated with maximally tolerated statins. 
For patients with persistent elevated LDL-C or statin intolerance, 
non-statin therapies like ezetimibe and proprotein convertase 
subtilisin/kexin type 9 inhibitors (PCSK9i) are recommended. 
Recently we can consider BA as a possible non statin therapy. 
Ezetimibe reduces intestinal cholesterol absorption, PCSK9i 
increase the number and durability of hepatic LDL receptors 
(LDLR), and BA decreases cholesterol synthesis in the liver.
Investigation: A now 66-year-old man referred to us in 2002, 44 
years old, was diagnosed with HeFH due to a mutation in LDLR 
gene (c.1415_1418dupACAT, p.(Q474Hfs*63)). In 2017, follow-
ing neurological evaluations for persistently elevated CPK levels 
(up to 2000 U/L), even after discontinuing statin therapy, he was 
diagnosed with limb-girdle muscular dystrophy type 1, caused 
by mutations in the calpain 3 gene. In 2024, the patient showed 
mild stenosis (around 20-25%) on color Doppler ultrasound, and 
remains under primary prevention.
Results: At baseline in 1994, before starting lipid-lowering ther-
apy, the patient’s LDL-C was 299 mg/dL with Ezetimibe 10 mg 
alone. Since starting Alirocumab 150 mg plus Ezetimibe in 2016, 
the LDL-C has reached 155 mg/dL (-48.1% from baseline). The 
addition of BA in 2024 further reduced the LDL-C to 69.4 mg/
dL (-76.8% from baseline), within 3 months, with no reported ad-
verse effects.
Conclusions: Patients with HeFH who are intolerant to stat-
ins, treated with only PCSK9i plus Ezetimibe frequently do not 
meet LDL‐C threshold. The addition of BA should be considered 
for patients who remain far from their LDL-C target, especial-
ly if they are already on PCSK9i therapy. These lipid-lowering 
therapies work synergistically to lower LDL-C and have shown 
reductions in the risk of major adverse cardiovascular events; 
when combined, they should provide an even greater reduction 
in cardiovascular disease risk.

COMPARING THE RISK OF SPECIFIC 
ADVERSE EVENTS BETWEEN STATINS, 
EZETIMIBE, BEMPEDOIC ACID, PCSK9 
INHIBITORS, AND THEIR COMBINATIONS 
IN PATIENTS WITH DYSLIPIDEMIA:  
A NETWORK META-ANALYSIS
Sining Xie 1, Federica Galimberti 2, Elena Olmastroni 3,  
Alberico L. Catapano 1,2, Manuela Casula 1,2

1Epidemiology and Preventive Pharmacology Service (SEFAP), 
Department of Pharmacological and Biomolecular Sciences, 
University of Milan, Italy; 2IRCCS MultiMedica,  
Sesto San Giovanni, Milan, Italy
E-mail: sining.xie@unimi.it

Statins, ezetimibe, bempedoic acid, and PCSK9 inhibitors 
(PCSK9i) are widely used treatments for hypercholesterolemia. 
Although their safety profile is known, there are no comprehen-
sive comparative assessments. We aimed to compare the risk of 
muscle-related symptoms, diabetes, liver dysfunction, and neu-
rocognitive disorders between these treatments. We conducted 
a network meta-analysis according to PRISMA guidelines; data-
bases were searched from inception to November 2023. Inclu-
sion criteria were:
1) randomized controlled trials (RCTs) in adults (≥18 years), 

parallel design, phase II, III or IV;
2) English language;
3) using statins, ezetimibe, PCSK9i, bempedoic acid, or their 

combinations as intervention;
4) including patients with dyslipidemia;
5) reporting the information about any of the selected adverse 

events;
6) a total sample size of ≥200 subjects;
7) with intervention duration of more than 3 weeks. 
Pooled estimates were assessed by both fixed-effect and ran-
dom-effects models within a frequentist setting, assuming equal 
heterogeneity across all comparisons. Data were shown in risk 
ratios (RRs) and their 95% confidence interval or p-score (possi-
bility of having the lowest risk). A total of 310,407 subjects from 
143 RCTs were included. Bempedoic acid ranked the lowest risk 
of myalgia (p-score=0.94). Statins were associated with high-
er incidence of diabetes (RR 1.12 [1.03, 1.22]), but lower risk 
of neurocognitive disorders (RR 0.70 [0.60, 0.80]) compared to 
PCSK9i. Statins plus ezetimibe (RR 1.49 [1.21, 1.84]), statins 
alone (RR 1.35 [1.14, 1.58]), and bempedoic acid (RR 1.69 [1.20, 
2.38]) had a higher risk of liver dysfunction than PCSK9i.In con-
clusion, PCSK9i appears to have a more favorable safety profile 
regarding the risk of diabetes and liver dysfunction. Bempedoic 
acid or statins seem to be a better choice for subjects with high 
risk of myalgia or neurocognitive disorders, respectively. This 
information can be valuable when selecting therapy for specific 
patient subgroups at higher risk of certain adverse events.



ABSTRACT

 s 81 

HIGH RCV PATIENTS IN PRIMARY 
PREVENTION, STEPWISE STRATEGY  
IN REAL LIFE: ECONOMIC IMPACT  
OF BEMPEDOIC ACID THERAPY  
IN REACHING THE TARGET
Paola Vizzarri 1, Artenca Shehu 1, Alessia Cipollone 2,  
Riccardo M. Ricciardi 2, Ilaria Rossi 2, Damiano D’Ardes 2,  
Maria Teresa Guagnano 2, Sante Donato Pierdomenico 3, 
Francesco Cipollone 2, Marco Bucci 2

1“Clinica Medica” Institute, Department of “Medicine and 
Science of Aging”, University “G. d’Annunzio”, Chieti, Italy; 

2“Clinica Medica” Institute, Department of “Medicine and 
Science of Aging”, University “G. d’Annunzio”, Chieti, Italy; 

3Department of Innovative Technologies in Medicine & Dentistry, 
University “Gabriele d’Annunzio”, Chieti-Pescara, Chieti, Italy 
E-mail: paolavizzarri@gmail.com

Background: Lipid-lowering therapy remains one of the fun-
damental milestones for prevention of cardiovascular events. 
The availability of new therapeutic approaches (PCSK9 inhibi-
tors and Bempedoic Acid) has allowed us to reach increasingly 
ambitious LDL-C levels. The guidelines recommend a stepwise 
approach to improve statin tolerability and reach the target.
Purpose: Evaluate Bempedoic Acid (BA) impact on target 
achievement and on costs for the Italian National Health System.
Methods: We evaluated 151 patients (M 39%, F 61%, mean age 
70±10 years, mean BMI 28±5, waist circumference 100±11 cm) 
who started treatment with BA from March 2023; 89% were in 
primary prevention, with very high cardiovascular risk (CVR) 
in 26%, high in 46%, moderate in 20% and low in the remaining 
8%.Among these, we selected only patients with high and very 
high CVR in primary prevention (85 patients, 61% of evaluated 
patients). 100% (of 85) reported intolerance to statins or to a pre-
vious lipid-lowering therapy (ezetimibe, nutraceuticals based on 
monacolinK). About 1/3 of patients (28.2%) were not on therapy 
at the time of the baseline visit. 96.5% of patients had LDL-C val-
ues not at target (100% of patients with very high CVR), with an 
average LDL-C value at baseline of 131±44 mg/dl and an average 
distance to target (DTT) of 45%. These patients were not eligi-
ble according to the prescription form, but not at target accord-
ing to the guidelines and therefore eligible for antiPCSK9. The 
choice to treat with BA was aimed to demonstrate its economic 
advantage. 54 patients (of 85) performed a first evaluation after 
1-3 months and 21 patients already have an evaluation at 8-12 
months; during the study period 20 patients stopped treatment 
before three months, 14 (16.5%) for reasons not related to the 
efficacy/tolerability of the drug; and 6 (7.1%) for adverse events 
(myalgia, headache, gastrointestinal disorders).63.4% of patients 
continued BA therapy at 3 months reaching a mean LDL-C 
value of 88±26 mg/dl, with a mean reduction of 37% compared 
to baseline, a mean DTT of 31%. 26% of patients fully reached 
the LDL-C target. Sub-analyses were performed distinguishing 
patients based on pharmacological therapy (28% BA alone, 35% 
BA+ezetimibe, 32% BA + ezetimibe + low dose high intensity sta-
tin). From this it was found that BA alone is not able to bring 
the patient with high and very high CVR to the target (nobody 
achieved the target). Combination therapy with ezetimibe (FDC) 
allowed to reach the target in 9.3% of patients (patients with high 
CVR and with an average reduction of LDL-C of 40% compared 
to baseline and 54% compared to naïve LDL-C values). Triple 
therapy instead brought 16.7% to the target (3.7% of patients 
with very high CVR) with a further LDL-C reduction of 31% with 
BA compared to background (effect of BA alone). Patients with 

very high CVR had a baseline DTT of 49% and the addition of 
a PCSK9i would have brought them to target. We performed a 
cost analysis of lipid-lowering therapies and estimated that BA 
alone costs on average 45-53 euros per year for each percentage 
point of reduction in LDL-C. BA+ezetimibe costs on average 29-
39 euros per year for each percentage point, while therapy with 
iPCSK9 costs 168-187 euros per year for each percentage point.
Conclusions: Our study demonstrates that in patients with 
high CVR, in primary prevention, intolerant to statins, and there-
fore potentially eligible for therapy with anti-PCSK9, the use of 
the stepwise strategy allows to reach the objectives set with an 
effective cost-effective therapy.

A VAGAL-DEPENDENT PERIPRANDIAL 
INCREASE OF NEUTROPHILS IN BLOOD 
PATROLS METABOLIC ADAPTATION  
TO HIGH FAT DIET FEEDING
Giovanni Battista Vingiani , Anna Parolini , Lorenzo Da Dalt, 
Annalisa Moregola, Alessia Rubino, Fabrizia Bonacina, 
Giuseppe Danilo Norata, Andrea Baragetti
Department of Pharmacological and Biomolecular Sciences, 
University of Milan, Italy 
E-mail: giovanni.vingiani@unimi.it

Background: Everyone spends most of the time in a “peripran-
dial” state, consuming each meal results into a “post-prandial” 
situation that both involves the intestinal absorption and the 
hepatic metabolism of nutrients and associates with a promi-
nent, acute increase of neutrophils in blood. The vagus nerve 
connects the brain with the intestine to regulate the absorption 
of nutrients and we now ask ourselves whether it could be also 
involved in the periprandial increase of neutrophils in blood.
Methods: We studied the metabolic and the immunophenotypic 
periprandial profile of mice models lacking the α7 isoform of the 
Acetylcholine receptor (α7nAChR KO, n=5), compared to that 
of wild-type (WT, n=5), fed either a standard fat diet (STD) or 
a high-fat diet (60% energy from fats; HFD). After one week of 
feeding, the periprandial profile was studied by inverse calorim-
etry and by collecting blood from tail vein at “zeitgeber times’” 
(ZT): ZT1, ZT5 and ZT10 (day), ZT17 and ZT22 (night). We 
measured blood glucose, triglycerides, cholesterol and flow-cy-
tometry-based analyses was performed.
Results: α7nAChR KO consumed less food over the peripran-
dial condition compared to WT mice, despite a comparable 
energy consumption, both upon chow and HFD feeding. How-
ever, periprandial glucose levels were persistently higher in 
α7nAChR KO and triglycerides increased more in nocturnal 
stages. Of note, the periprandial blood levels of Ly6G+ neutro-
phils increased upon STD feeding both in WT and α7nAChR KO 
while, upon HFD feeding, they remained stable in α7nAChR KO. 
Also, while the periprandial profile of Ly6C+ monocytes were 
comparable between both groups, the blood levels of CD19+ B 
cells reduced in WT upon HFD feeding, while they increased 
in α7nAChR KO, suggesting a myeloid skewing of the immune 
profile starting from the bone marrow. 
Conclusions: Our data suggest a vagal-dependent, immune 
skewing towards an increase of neutrophils during the peripran-
dial metabolic adaptations to high fat diet feeding.
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