
de
ll’ AR

TE
RI

OS
CL

ER
OS

I
GI

O
RN

A
LE

 IT
A

LIA
NO

ISSN 2240-4821

ANNO 14 • N. 4 • 2023

G
IA

 •
 4

 •
 2

0
2
3



 

Direttore scientifico
A.L. Catapano (Milano)

Editore
F. Angelico (Roma)

Vice Editori
M. Casula (Milano), D. Pastori (Roma)

Responsabili di area
Review e Linee Guida – P.E. Puddu (Roma)

Ricerca e Farmacologia – M. Gomaraschi (Milano)
Studi Clinici – M. Pirro (Perugia)
Epidemiologia – S. Panico (Napoli)

Direttori emeriti
M. Averna, L. Cattin, G. Crepaldi

R. Fellin, E. Mannarino, E. Manzato
A. Mezzetti, G.F. Salvioli, A. Ventura

Gruppo giovani SISA
F. Baratta (Roma), S. Lugari (Parma),  

A. Giammanco (Palermo)

Comitato di Redazione
A. Baragetti (Milano)

C.M. Barbagallo (Palermo)
A. Belfiore (Bari)

F. Bonacina (Milano)
M. Bucci (Chieti)

M. Del Ben (Roma)
O. Guardamagna (Torino)
M.R. Mannarino (Perugia)
T. Montalcini (Catanzaro)

L. Pisciotta (Genova)
A. Poli (Milano)

T. Sampietro (Pisa)
R. Sarzani (Ancona)
P. Tarugi (Modena)

G.B. Vigna (Ferrara)
A. Zambon (Padova)

Segreteria editoriale
E. Loggia
R. Zecca

Via Balzaretti, 7 - 20133 Milano
E-mail: giornalearteriosclerosi@sisa.it; GIA@sisa.it

Rivista ufficiale della Società Italiana  
per lo Studio dell’Aterosclerosi (SISA)

Anno 14 • N. 4 • 2023 
de

ll’ AR
TE

RI
OS

CL
ER

OS
I

GI
O

RN
A

LE
 IT

A
LIA

NO

ISSN 2240-4821

ANNO 14 • N. 4 • 2023

G
IA

 •
 4

 •
 2

0
2
3

SOMMARIO
n MEDICINA DI GENERE
Scompenso cardiaco nella donna: necessità  
di un approccio sesso/genere-specifico............................................................................ 	 5
Heart failure in women: need for a sex/gender-specific approach 
F. Moscucci, F. Lavalle, C. Politi, A. Campanale, G. Baggio, S. Sciomer

n FISIOPATOLOGIA
L’adipocentricità dei comuni problemi metabolici, cardiovascolari  
e renali dei pazienti obesi. Parte I - Sintesi fisiopatologica e clinica...... 	 11
The adipo-centric nature of the common metabolic,  
cardiovascular, and renal conditions in obese patients.  
Part I - Pathophysiological and clinical synthesis 
R. Sarzani, F. Spannella, P. Falcioni, B. Ortensi, A. Massacesi,  
C. Di Pentima, F. Giulietti

L’adipocentricità dei comuni problemi metabolici,  
cardiovascolari e renali dei pazienti obesi.  
Parte II - Nuove opportunità terapeutiche....................................................................... 	 31
The adipo-centric nature of the common metabolic,  
cardiovascular, and renal conditions in obese patients.  
Part II - Novel therapeutic options 
R. Sarzani, F. Spannella, P. Falcioni, B. Ortensi, A. Massacesi,  
C. Di Pentima, F. Giulietti

n DIAGNOSTICA
Il percorso diagnostico-terapeutico-assistenziale (PDTA)  
per le dislipidemie ereditarie: l’esperienza del Centro regionale  
di riferimento per la diagnosi e la cura delle Dislipidemie  
Ereditarie della Toscana...................................................................................................................... 	59
Lipid-lowering therapy in a realistic diagnostic-therapeutic  
care pathway: The experience of Tuscany Reference Center  
for diagnosis and treatment of inherited dyslipidemias 
T. Sampietro, B. Dal Pino, F. Bigazzi, F. Sbrana, M. Pianelli, R. Luciani,  
C. Palrangeli, C. Corciulo

n NOTIZIE DA CONGRESSI INTERNAZIONALI
European Society of Cardiology (ESC) 2023 .......................................................... 	70 
M. Casula

Riassunto delle comunicazioni presentate  
al 37° Congresso Nazionale S.I.S.A. ..................................................................................... 	79

Indice degli Autori........................................................................................................................................ 	145

In copertina: De Humani Corporis Fabrica
di Andreas Vesalius (Basilea, 1543)

Edizioni Internazionali srl
Divisione EDIMES
EDIZIONI MEDICO SCIENTIFICHE - PAVIA
Via Riviera 39 - 27100 Pavia
Tel. 0382526253 r.a. - Fax 0382423120
E-mail: edint.edimes@tin.it

l 



Norme editoriali

Pubblicità/Abbonamenti
Redazione GIA
Via Balzaretti, 7
20133 Milano
Tel. 0249636373
Fax0249633384
E-mail: giornalearteriosclerosi@sisa.it

Condizioni di abbonamento
Canone per l’Italia € 65,00, per l’e-
stero € 75,00. 

Periodicità
Trimestrale

Scopi
Il “Giornale Italiano dell’Arterio-
sclerosi” (GIA), è un periodico di 
aggiornamento che nasce come 
servizio per i medici, operatori sa-
nitari e studenti di medicina e delle 
professioni sanitarie, con l’intenzio-
ne di rendere più facilmente dispo-
nibili informazioni e revisioni criti-
che nel campo dell’arteriosclerosi e 
delle malattie ad essa correlate. 
Lo scopo della rivista è quello di 
assistere il lettore fornendogli:
a)	revisioni critiche di argomenti di 

grande rilevanza nel campo 
dell’arteriosclerosi sia per quanto 
riguarda gli aspetti di base che gli 
aspetti clinico-applicativi;

b)	quesiti relativi agli argomenti 
trattati per una verifica di auto 
apprendimento;

c)	opinioni di esperti qualificati sui 
nuovi sviluppi delle conoscenze 
sull’arteriosclerosi;

d)	lavori originali relativi ad aspetti 
di ricerca sanitaria nell’ambito 
dell’arteriosclerosi e delle malat-
tie ad essa correlate.

TIPOLOGIA E STRUTTURA  
DEGLI ARTICOLI

GIA accetta le seguenti categorie di 
contribuiti: lavori originali, rasse-
gne, casi clinici e forum dei lettori.
Titolo e, se previsti, parole chiave e 
sommario dovranno essere sia in 
italiano che in inglese.
Le tabelle dovrenno pervenire in 
formato editabile (word, excel, txt, 
ecc...). 
Le figure dovreanno essere inviate 
oltre al formato originario anche in 
formato grafico (pdf, jpg, png, ecc...).

Lavori originali 
I lavori originali saranno sottoposti 
a processo di “peer review”. La lun-
ghezza del testo non deve superare 
le 4.000 parole (esclusa la bibliogra-

fia) ma incluso l’abstract, con un 
massimo di 4 figure o tabelle.
Il frontespizio dovrà contenere: 
1)	Titolo 
2)	Autori e loro affiliazione 
3)	Nome e affiliazione dell’autore 

corrispondente. 
–	 Sommario: dovrà essere struttu-

rato (premesse, obiettivi, metodi, 
risultati, conclusioni) e non dovrà 
superare le 250 parole. 

–	 Parole chiave: Si raccomanda di 
indicare 4-6 parole chiave. 

–	 Testo: Il corpo del testo dovrà 
comprendere: a) Introduzione b) 
Materiali e metodi c) Risultati d) 
Discussione e) Tavole f) Figure 
g) Bibliografia. 

Bibliografia
Citazione di articoli su riviste: Es. 1: 
Austin MA, Hutter CM, Zimmern 
RL, Humphries SE. Familial hyper-
cholesterolemia and coronary he-
art disease. Am J Epidemiol 160: 
421-429, 2004. Es. 2: Humphries SE, 
Whittall RA, Hubbart CS et al. Ge-
netic causes of familial hyperchole-
sterolemia in patients in the UK: a 
relation to plasma lipid levels and 
coronary heart disease risk. J Med 
Genet 43: 943-949, 2006 
Citazioni di capitoli di libri Assmann 
G, von Eckardstein A, Brewer H. 
Familial analphalipoproteinemia: 
Tangier disease. In “The metabolic 
and molecular bases of inherited 
disease”, Scriver CR, Beaudet AL, 
Sly WS, Valle I, eds, 8th ed. New 
York, McGraw-Hill, 2001; 2937-60.

Rassegne 
Il frontespizio dovrà contenere:
1)	Titolo;
2)	Autori e loro affiliazione;
3)	Nome e affiliazione dell’autore 

corrispondente. 
La lunghezza del testo non deve su-
perare di norma le 5.000 parole, in-
cluso, sommario, glossario, e l’elen-
co puntato degli argomenti affronta-
ti (bullet points). Il numero massimo 
di figure e tabelle è 5. Il numero 
massimo di voci bibliografiche è 50. 
Le rassegne devono includere in 
appendice un questionario di auto-
apprendimento relativo all’argomen-
to affrontato nella rassegna.
–	 Sommario: non dovrà superare le 

250 parole.
–	 Parole chiave: Si raccomanda di 

indicare 4-6 parole chiave. 
–	 Testo: L’autore è invitato a suddi-

videre la rassegna in capitoli e 
sotto-capitoli. 

Al termine del testo è opportuno 
inserire un capitolo dedicato alle 
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 
che non sono discussi in sufficiente 
dettaglio nel corpo del testo. 

Elenco degli argomenti trattati: A 
conclusione della rassegna l’autore 
è invitato a fornire un conciso elen-
co puntato degli aspetti più rilevan-
ti affrontati.

Bibliografia: Le citazioni bibliografi-
che dovranno essere numerate se-
condo l’ordine di comparsa nel testo. 
Le pubblicazioni citate dovranno 
contenere il nome di tutti gli autori 
(fino a un massimo di 4). Nel caso gli 
autori fossero più di quattro, si met-
te dopo il terzo autore la scritta et al. 

Questionario di auto-apprendimen-
to: Per ogni rassegna il questionario 
dovrà contenere 5-10 domande con 
risposta a scelta multipla. 

Casi clinici
Si riferisce alla presentazione di un 
caso clinico, preparato su richiesta 
da medici esperti, che ha lo scopo 
di rafforzare standard di comporta-
mento clinico, diagnostico e/o tera-
peutico, basati sulle evidenze.

Forum su Medicina,  
Scienza e Società
Si tratta di articoli brevi o lettere 
all’editore (1.500 parole) sollecitati 
ad esperti, riguardanti commenti 
e/o opinioni su temi di particolare 
attualità. Il testo non dovrà superare 
le 1.500 parole. Non è richiesto un 
sommario. Le voci bibliografiche 
non devono superare il numero di 
10 e devono essere riportate come 
indicato per le rassegne. 

NOTE PER GLI AUTORI

Il testo dell’articolo deve essere 
predisposto utilizzando il program-
ma Microsoft Word per Windows o 
Macintosh. I dischetti devono ripor-
tare sull’apposita etichetta il nome 
del primo autore, il titolo abbreviato 
dell’articolo, il programma di scrit-
tura e la versione, ed il nome del 
contenuto/file.
L’autore è tenuto ad ottenere l’auto-
rizzazione di “Copyright” qualora 
riproduca nel testo tabelle, figure, 
microfotografie od altro materiale 
iconografico, già pubblicato altrove. 
Tale materiale illustrativo dovrà es-
sere riprodotto con la dicitura “per 
concessione di…” seguito dalla cita-
zione della fonte di provenienza.

de
ll’ AR

TE
RI

OS
CL

ER
OS

I
GI

O
RN

A
LE

 IT
A

LIA
NO

ISSN 2240-4821

Consiglio Direttivo SISA

Alberico L. Catapano - Presidente
Carlo M. Barbagallo
Marco Bucci
Laura D’erasmo
Giuliana Fortunato
Luigi Gentile
Rossella Marcucci
Patrizia Suppressa
Maria Grazia Zenti
Marcello Arca - Past President
Matteo Pirro - Segretario

Presidenti 
Sezioni Regionali SISA

Riccardo Sarzani (Adriatica)
Piero Portincasa (Appulo-Lucana)
Gabriella Iannuzzo (Campania)
Daniele Pastori (Lazio)
Alberto Corsini (Lombardia)
Katia Bonomo  

(Piemonte-Liguria-Valle d’Aosta)
Mauro Mantega (Sardegna)
Angelo Baldassare Cefalù 

(Siculo-Calabra)
Angelina Passaro (Tosco-Emiliana)
Marcello Rattazzi (Triveneto)
Massimo R. Mannarino (Umbria)

Autorizzazione Trib. di Milano n. 242 
del 21/09/2016

Direttore Responsabile: P. E. Zoncada

Società Italiana per lo Studio  
dell’Aterosclerosi
Viale Maresciallo Pilsudski, 118 
00197 Roma



3

n MEDICINA DI GENERE
Scompenso cardiaco nella donna: necessità di un approccio sesso/genere-specifico
Nell’ambito delle differenze biologiche e delle diverse risposte alle terapie legate al genere, il 
lavoro affronta l’importante argomento dello scompenso cardiaco. Esso costituisce la principale 
causa di ospedalizzazione  nel mondo occidentale ed è in continuo aumento in conseguenza 
dell’invecchiamento della popolazione. Recentemente, numerosi studi hanno dimostrato la pre-
senza di sostanziali differenze tra i due sessi dal punto di vista della fisiopatologia, sintomatologia 
e prognosi dello scompenso. In particolare, nelle donne, lo scompenso cardiaco ha una sintoma-
tologia meno evidente che compare più tardivamente e con un minore utilizzo di dispositivi im-
piantabili. È pertanto necessaria la creazione di percorsi diagnostico-terapeutici dedicati alle don-
ne e finalizzati alla diagnosi precoce al fine di evitare la latenza temporale diagnostico-terapeutica 
che ancora oggi si verifica dall’esordio della sintomatologia soggettiva all’accesso alle cure.

Heart failure in women: need for a sex/gender-specific approach
In the context of biological differences and different responses to gender-related therapies, this review 
addresses the important topic of heart failure. It is the main cause of hospitalization in the Western 
world and is continuously increasing as a result of the aging of the population. Recently, numerous 
studies have demonstrated the presence of substantial differences between the two sexes from the point 
of view of the pathophysiology, symptoms and prognosis of heart failure. In particular, in women, 
heart failure has less evident symptoms and clinical manifestations which appear later and with less 
use of implantable devices. It is therefore necessary to create diagnostic-therapeutic pathways dedi-
cated to women and aimed at early diagnosis in order to avoid the diagnostic-therapeutic temporal 
latency that still occurs today from the onset of subjective symptoms to access to treatment.

n FISIOPATOLOGIA
L’adipocentricità dei comuni problemi metabolici, cardiovascolari e renali  
dei pazienti obesi. PARTE I: Sintesi fisiopatologica e clinica 
L’adipocentricità dei comuni problemi metabolici, cardiovascolari e renali  
dei pazienti obesi. PARTE II: Nuove opportunità terapeutiche
Queste due ampie e ben documentate rassegne descrivono i principali aspetti metabolici, cardio-
vascolari e renali dei soggetti in sovrappeso ed obesi, e suggeriscono un approccio diagnostico/
terapeutico di tipo adipocentrico nel contesto clinico cardio-metabolico. Nella prima parte, gli 
Autori sottolineano in particolare il ruolo centrale dell’obesità e, più in generale dell’accumulo di 
grasso viscerale, nello sviluppo delle patologie cardio-metaboliche e renali e indicano la neces-
sità di un approccio clinico integrato. Nella seconda parte, essi prendono in considerazione le 
differenti terapie mediche per l’obesità ed in particolare i nuovi agonisti del GLP-1 e gli inibitori 
del co-trasportatore sodio-glucosio 2 (SGLT2) che stanno cambiando in modo significativo la 
gestione del DMT2 e dell’obesità, nonché la protezione cardio-renale.
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The adipo-centric nature of common metabolic, cardiovascular, and renal conditions 
in obese patients. PART I: Pathophysiological and clinical synthesis
The adipo-centric nature of common metabolic, cardiovascular, and renal conditions 
in obese patients. PART II: Novel therapeutic options
These two large and well-documented reviews describe the main metabolic, cardiovascular and re-
nal aspects of overweight and obese subjects, and suggest an adipo-centric diagnostic/therapeutic ap-
proach in this cardio-metabolic clinical context. In the first part, the Authors highlight in particular 
the central role of obesity and, more generally, of the accumulation of visceral fat, in the development 
of cardio-metabolic and renal pathologies and indicate the need for an integrated clinical approach. 
In the second part, they consider the different innovative medical therapies for obesity and in par-
ticular the new GLP-1 agonists and sodium-glucose co-transporter 2 (SGLT2) inhibitors which are 
significantly changing the management of T2DM and obesity, as well as cardio-renal protection.

n DIAGNOSTICA
Il percorso diagnostico-terapeutico-assistenziale (PDTA) per le dislipidemie 
ereditarie: l’esperienza del Centro regionale di riferimento per la diagnosi  
e la cura delle Dislipidemie Ereditarie della Toscana
Questo interessante lavoro mostra l’esperienza nel trattamento delle dislipidemie ereditarie 
nell’ambito del centro di riferimento per le dislipidemie della Toscana. In particolare, viene de-
scritto l’approccio multidisciplinare integrato di cardiologi e lipidologi nella gestione della disli-
pidemia dopo un primo evento cardiovascolare. Gli Autori descrivono lo schema del percorso 
diagnostico terapeutico (PDTA) per l’identificazione delle dislipidemie ereditarie dopo sindrome 
coronarica acuta, indicano l’algoritmo da seguire per il sospetto clinico di ipercolesterolemia 
familiare omozigote ed eterozigote e forniscono un esempio di personalizzazione della terapia 
ipolipemizzante associata a screening a cascata dei familiari. Infine, vengono riassunte le princi-
pali caratteristiche cliniche e molecolari delle dislipidemie ereditarie.

Lipid-lowering therapy in a realistic diagnostic-therapeutic care pathway:  
the experience of Tuscany Reference Center for diagnosis and treatment  
of inherited dyslipidemias
This interesting manuscript shows the experience in the treatment of hereditary dyslipidemias within 
the reference center for dyslipidemias in Tuscany. In particular, the integrated multidisciplinary 
approach of cardiologists and lipidologists in the management of dyslipidemia after a first cardiovas-
cular event is described. The Authors describe the scheme of the therapeutic-diagnostic pathway for 
the identification of hereditary dyslipidemias after acute coronary syndrome, indicate the algorithm 
to follow for the clinical suspicion of homozygous and heterozygous familial hypercholesterolemia and 
provide an example of personalization of the associated lipid-lowering therapy cascade screening of 
family members. Finally, the main clinical and molecular characteristics of hereditary dyslipidemias 
are summarized.

n NOTIZIE DA CONGRESSI INTERNAZIONALI 
Meeting annuale dell’European Society of Cardiology (ESC) 2023

Annual meeting of the European Society of Cardiology (ESC) 2023
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MEDICINA DI GENERE

SCOMPENSO CARDIACO  
NELLA DONNA: NECESSITÀ  
DI UN APPROCCIO SESSO/ 
GENERE-SPECIFICO
Heart failure in women:  
need for a sex/gender-specific approach
FEDERICA MOSCUCCI 1, FRANCO LAVALLE 2, CECILIA POLITI 3,  
ANTONELLA CAMPANALE 4, GIOVANNELLA BAGGIO 5, SUSANNA SCIOMER 6
1Dipartimento di Medicina Interna e Specialità Mediche, Policlinico Umberto I,  
Università di Roma “Sapienza”;
2Osservatorio Medicina di Genere, Istituto Superiore di Sanità;
3Responsabile Medicina di Genere FADOI- Federazione delle Associazioni  
dei Dirigenti Ospedalieri Internisti;
4Direzione Generale dei Dispositivi Medici e del Servizio Farmaceutico Ministero della Salute;
5Professore Ordinario f.r., Cattedra di Medicina di Genere Università degli Studi di Padova;
6Dipartimento di Scienze Cliniche, Internistiche, Anestesiologiche e Cardiovascolari,  
Università di Roma “Sapienza”

Indirizzo per la corrispondenza
Federica Moscucci
Dipartimento di Medicina Interna  
e Specialità Mediche, Policlinico Umberto I, 
Università di Roma “Sapienza”
Email: federica.moscucci@uniroma1.it

SUMMARY
Heart failure is the main cause of hospitalization in the Western world and is continuously increasing 
as a result of the aging population. Recent studies have demonstrated the presence of substantial dif-
ferences between the two sexes as far as the pathophysiology, symptoms and prognosis of heart failure 
are concerned. In particular, in women, heart failure has less evident clinical symptoms which appear 
later and with less use of implantable devices. Endothelial dysfunction and microcirculatory damage 
constitute the “primum movens” of impaired myocardial function. When dealing with heart failure it is 
therefore necessary to follow a sex/gender-specific diagnostic and therapeutic approach.

Key words: Chronic heart failure, cardiovascular risk factors in women, heart failure with preserved 
ejection fraction, MINOCA, coronary microcirculation.

Lo scompenso cardiaco cronico (SCC) 
costituisce la principale causa di ospedaliz-
zazione in ambiente internistico e cardiolo-
gico nel mondo occidentale ed in particola-
re nei paesi della comunità europea (1). Lo 
SCC è spesso ingravescente e ad elevata 
prevalenza nella popolazione anziana. La 
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mortalità ad un anno dalla prima ospedaliz-
zazione per SCC riacutizzato è del 40% e la 
sopravvivenza a 5 anni si attesta tra il 25 e 
il 38%, in base al sesso, all’età, alle comor-
bidità e alla severità clinica dello SCC stes-
so. Lo SCC è notoriamente classificato in 
base alla funzione ventricolare sinistra (2) 
ed è spesso conseguenza di una cardiopa-
tia preesistente (es. ischemica, ipertensio-
ne arteriosa sistemica, diabete mellito, 
ecc.) che causano profonde modificazioni 
della capacità contrattile del miocardio e 
della stabilità emodinamica del paziente. 

Recentemente, molti studi hanno evi-
denziato come esistano sostanziali diffe-
renze tra i due sessi dal punto di vista fisio-
patologico, sintomatologico e prognostico 
nello SCC (3-6). Profonde differenze coin-
volgono, in primis, la fisiopatologia del dan-
no miocardico; nelle donne, infatti, la di-
sfunzione endoteliale e il danno del micro-
circolo costituiscono il “primum movens” 
dell’alterata funzionalità miocardica (7). La 
presenza dei recettori degli estrogeni a li-
vello endoteliale e dei miocardiociti rende 
ragione del ruolo protettivo di questi ormo-
ni durante l’età riproduttiva sul sistema 
cardiovascolare delle donne. Gli estrogeni 
hanno infatti la capacità di promuovere la 
produzione dell’ossido nitrico nelle cellule 
endoteliali, migliorando la vasodilatazione 
arteriolare, modulando i fenomeni infiam-
matori a livello intimale e migliorando la 
capacità di perfusione arteriolare e la “so-
pravvivenza” dell’endotelio stesso. Infatti, 
se la cardiopatia ischemica con ostruzione 
dei vasi epicardici coronarici è la prima 
causa di scompenso cardiaco nell’uomo, 
tra le donne è di maggiore riscontro uno 
scompenso cardiaco da danno microvasco-
lare (infarto miocardico senza ostruzione 
delle arterie coronarie -MINOCA, miocar-
diopatia legata a condizioni sesso-specifi-
che) (8, 9). Frequentemente lo SCC nella 
donna è il punto di arrivo di condizioni pa-

tologiche durature nel tempo o condizioni 
morbose legate specificatamente al danno 
ai piccoli vasi cardiaci (es. diabete mellito, 
ipertensione arteriosa sistemica, malattia 
autoimmune, tossicità da farmaco per pre-
gresse terapie oncologiche); tali condizioni 
sfociano spesso nella complessa sindrome 
clinica che caratterizza lo scompenso car-
diaco più tardivamente e in età più avanza-
ta nella donna rispetto all’uomo (3).

Le donne presentano quadri di SCC a 
frazione di eiezione tendenzialmente più 
conservata, se non francamente conserva-
ta (Heart Failure with Preserved Ejection 
Fraction, HFpEF, >50%) rispetto agli uomi-
ni a causa di fattori sesso specifici (condi-
zioni antropometriche, impatto degli estro-
geni sul sistema cardiovascolare durante 
l’età riproduttiva e per assunzione di tera-
pia ormonale sostitutiva nel periodo post 
menopausale, cardiopatie legate al periodo 
gravidico) proprio a causa del più frequen-
te danno al microcircolo coronarico. 

Da questa condizione fisiopatologica di 
base deriva anche la differente sintomato-
logia associata allo SCC. È noto come an-
che in altri ambiti (cardiopatia ischemica) 
si parli spesso di sintomatologia “atipica” 
per definire quadri clinici non tradizional-
mente descritti come standard, appunto 
“tipici” in popolazioni di pazienti per lo più 
fatte da uomini. Lo SCC rientra tra le con-
dizioni che ancora oggi presentano questo 
bias e che necessitano pertanto di un cam-
bio completo di paradigma, anche nell’ap-
proccio del clinico. La donna, infatti, tende 
a manifestare sintomi spesso più sfumati, 
con astenia più marcata e improvvisa, ri-
dotta tolleranza allo sforzo (anche nei test 
diagnostici, diaforesi, dispnea più accen-
tuata e palpitazioni con cardiopalmo (10) 
(Tabella 1).

Da tutto ciò deriva un minor numero di 
diagnosi per mancato o non tempestivo ri-
conoscimento dei quadri clinici, con dia-
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gnosi pertanto tardive, per mancata, speci-
fica e accurata formazione degli stessi ope-
ratori sanitari. Le donne che ricevono dia-
gnosi di SCC sono tendenzialmente più 
anziane e con quadri di polipatologia più 
severi (10). Ipertensione arteriosa sistemi-
ca, diabete mellito, osteoporosi, deteriora-
mento cognitivo sono spesso concomitan-
ti. Ciò comporta e ha comportato una mi-
nore possibilità di accesso al trapianto 
cardiaco, per limiti di età, e alla più facile 
esclusione delle pazienti dai grandi trial cli-
nici randomizzati (CRT) per l’elevato gra-
do di comorbidità. La scarsa inclusione di 
donne nei CRT ha contribuito nel tempo 
ad aumentare il gap qualitativo di gestione 
dello SCC tra i due sessi. Questo aspetto 
espone la popolazione femminile affetta da 
SCC a maggior rischio di danno iatrogeno 
da farmaci (testati su popolazioni di uomini 
più giovani e con differenti forme di SCC) 
e scarsa aderenza alla terapia con relativo 
fallimento terapeutico e maggior rischio di 
riacutizzazioni (3).

 L’approccio terapeutico dello SCC nella 
donna è anche inficiato dallo scarso utiliz-
zo di dispositivi impiantabili (pace maker, 
defibrillatori impiantabili, terapia di resin-
cronizzazione), per i quali le donne ricevo-

no minor numero di indicazioni, pur essen-
done stata dimostrata l’efficacia. Ciò deriva 
principalmente dalle diagnosi più tardive 
(che avvengono ad età spesso più avanza-
te) e alla differente eziopatogenesi del dan-
no miocardico (11).

Anche la stratificazione prognostica per 
morte o necessità di trapianto urgente nel-
la donna affetta da SCC risulta difficoltosa 
poiché gli score di rischio più utilizzati 
(Heart Failure Survival Score (12), Seattle 
Heart Failure Model (13), Meta-Analysis 
Global Group in Chronic Heart Failure 
(14), and Metabolic Exercise Cardiac Kid-
ney Index (15)) non presentano una corre-
zione per sesso dei singoli parametri im-
piegati. Spesso, infatti, ne derivano valuta-
zioni prognostiche infauste a fronte di una 
migliore sopravvivenza globale (16-18), pro
babilmente proprio per la differente ezio-
patogenesi del danno cardiaco che sotten-
de ai quadri di scompenso cardiaco negli 
uomini e nelle donne. Ciononostante, resta 
evidente che il quadro di severità clinica e 
la scarsa qualità di vita sono più evidenti 
nella popolazione femminile affetta da SCC 
rispetto a quella maschile (18).

Sostanziali differenze nella stratificazio-
ne prognostica sono state evidenziate an-

Tabella 1 - Peculiarità dello Scompenso Cardiaco Cronico nella donna.

Peculiarità dell’insufficienza cardiaca cronica nella donna

Fisiopatologia del danno 
differente

Danno endoteliale e alterazione del microcircolo (diabete mellito  
e ipertensione arteriosa sistemica alla base del danno)

Sintomatologia peculiare  
e non tipica

Astenia più marcata, ridotta tolleranza allo sforzo, diaforesi,  
dispnea più accentuata, palpitazioni precordiali

Ritardo diagnostico  
che condiziona diagnosi  
in età più avanzata

–	 Alto grado di polipatologia, polifarmacoterapia e danno iatrogeno
–	 Ridotta possibilità di accesso al trapianto
–	 Esclusione dai trial clinici

Difficile stratificazione 
prognostica

–	 Score/carte del rischio formulati su modelli maschili  
quindi non pensati e studiati per il sesso femminile

–	 Nessuno score al momento prende in considerazione i fattori  
di rischio sesso-specifici

Alto rischio di “revolving door” –	 Elevati costi di gestione per il Servizio Sanitario Nazionale
–	 Ridotta qualità di vita delle pazienti
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che per ciò che riguarda l’uso di marker e-
lettrocardiografici non invasivi, relativi alla 
fase di ripolarizzazione ventricolare (19). 
Tale evidenza dovrà essere tenuta in consi-
derazione nella creazione di devices per il 
telemonitoraggio, utile per il follow up e 
per intercettare in tempo, e possibilmente 
scongiurare, riacutizzazioni di SCC. Le 
donne anziane affette da SCC sono, infatti, 
a più alto rischio di frequenti riacutizzazio-
ni che richiedono ricoveri ripetuti (“revol-
ving door”). La possibilità di monitorare a 
distanza e in modo non invasivo i pazienti, 
uomini e donne, sarà sempre più importan-
te nel prossimo futuro, per ridurre non solo 
i costi di gestione derivanti dal riacutizzarsi 
dello SCC, ma anche migliorare l’impatto 
della malattia sulla qualità di vita dei pa-
zienti (20). Sarà, però, necessario valutare 
attentamente le differenze biologiche tra i 
due sessi nella individuazione di markers 
elettrocardiografici adeguati per una cor-
retta e appropriata stratificazione del ri-
schio di riacutizzazione dello SCC (20).

Non sono, però, solo i fattori biologici, 
ad avere un impatto sul sistema cardiova-
scolare e sulle patologie cardiache (cardio-
patia ischemica e scompenso cardiaco), 
ma anche i fattori genere-specifici (21).

Gli stili di vita, i comportamenti sociali, 
le abitudini individuali hanno dimostrato di 
possedere un enorme impatto sulla salute 
cardiovascolare dell’individuo e nella popo-
lazione femminile esistono ancora oggi 
bias di genere da individuare e superare: 
possibilità di accesso alle diagnosi e alle cu-
re, status sociale, condizione di deprivazio-
ne o fragilità economica, mancata educa-
zione sanitaria, stili di vita dannosi, sovrac-
carico assistenziale nel contesto familiare 
di riferimento, mancata aderenza alle cure. 
Anche nel trattamento dello SCC è pertan-
to auspicabile acquisire una nuova sensibi-
lità in merito, promuovendo un approccio 
di ricerca maggiormente inclusivo e valuta-

zioni statistiche per dati disaggregati dedi-
cati. 

Per rendere più equo l’approccio alle 
cure è pertanto auspicabile porre in essere 
interventi normativi e organizzativi mirati 
alla più approfondita educazione del perso-
nale sanitario per il pronto riconoscimento 
dei quadri clinici tipici e peculiari di SCC e 
delle sue complicanze nel sesso femminile, 
considerando anche i costi non solo diretti 
e tangibili, ma anche quelli indiretti ed in-
tangibili che hanno un impatto personale, 
sociale e sul sistema sanitario. Inoltre, è 
indispensabile garantire programmi di in-
formazione della popolazione tutta e del 
genere femminile in particolare sulla per-
cezione e consapevolezza dell’impatto che 
hanno le malattie cardiovascolari tutte, 
poiché la loro conseguenza più temibile a 
lungo termine è proprio lo scompenso car-
diaco. Particolare attenzione dovrebbe es-
sere rivolta alle patologie che esitano in 
scompenso cardiaco (diabete mellito, iper-
tensione arteriosa, cardiotossicità di alcuni 
farmaci, patologia cardiovascolare in gravi-
danza, ecc.).

Di vitale importanza risulta inoltre la 
creazione di percorsi diagnostico-terapeu-
tici dedicati alle donne e finalizzati alla dia-
gnosi precoce ed ai relativi trattamenti me-
dici e/o interventistici che permettano di 
evitare la latenza temporale diagnostico-
terapeutica che ancora oggi si verifica dal
l’esordio della sintomatologia soggettiva 
all’accesso alle cure.

Alla luce di quanto esposto è indispen-
sabile la predisposizione di un percorso 
diagnostico-terapeutico dedicato alla tem-
pestiva messa in opera dei provvedimenti 
diagnostici e terapeutici finalizzati a ridur-
re morbilità e mortalità per scompenso 
cardiaco nella donna.

Conflitti di interesse
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RIASSUNTO
Lo scompenso cardiaco costituisce la principale causa di ospedalizzazione nel mondo occidentale ed 
è in continuo aumento in conseguenza dell’invecchiamento della popolazione. Recenti studi hanno 
dimostrato la presenza di sostanziali differenze tra i due sessi dal punto di vista della fisiopatologia, 
sintomatologia e prognosi dello scompenso. In particolare, nelle donne, lo scompenso cardiaco ha una 
sintomatologia meno evidente che compare più tardivamente e con un minore utilizzo di dispositivi 
impiantabili. La disfunzione endoteliale e il danno del microcircolo costituiscono il “primum movens” 
dell’alterata funzionalità miocardica. Nell’affrontare lo scompenso cardiaco è pertanto necessario se-
guire un approccio diagnostico e terapeutico sesso/genere-specifico.

Parole chiave: Scompenso cardiaco cronico, fattori di rischio cardiovascolari nella donna, scompenso 
cardiaco a frazione di eiezione conservata, MINOCA, microcircolo coronarico.
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FISIOPATOLOGIA

L’ADIPOCENTRICITÀ DEI COMUNI 
PROBLEMI METABOLICI, 
CARDIOVASCOLARI E RENALI  
NEI PAZIENTI OBESI
parte i - sintesi fisiopatologica 
e clinica 
The adipo-centric nature of the common 
metabolic, cardiovascular, and renal 
conditions in obese patients
Part I - Pathophysiological and clinical synthesis 
RICCARDO SARZANI 1,2, FRANCESCO SPANNELLA 1,2, PAOLO FALCIONI 1,2, 
BEATRICE ORTENSI 1,2, ADRIANO MASSACESI 1,2, CHIARA DI PENTIMA 1,  
FEDERICO GIULIETTI 1
1Clinica Medica e Geriatrica, “Hypertension Excellence Centre” della ESH  
e Centro LIPIGEN della SISA, IRCCS INRCA, Ancona;
2Dipartimento di Scienze Cliniche e Molecolari, Università Politecnica delle Marche, Ancona

SUMMARY
Obesity is a chronic multifactorial disease due to the accumulation of excessive amount of adipose tis-
sue, often with visceral distribution, that leads to many cardio-metabolic consequences, including in-
creased blood pressure, hypertension, insulin resistance, pre-diabetes, type 2 diabetes mellitus (T2DM), 
dyslipidemia, chronic kidney disease, and obstructive sleep apnea. Together with pharmacological 
therapies for T2DM and hypertension, orlistat and bupropion/naltrexone are available to reduce 
weight, with the recent addition of glucagon-like peptide-1 (GLP-1) receptor agonists liraglutide and 
semaglutide. The increasing use of these new agents, as well as sodium-glucose co-transporter 2 (SGLT-
2) inhibitors, is significantly changing not only T2DM but also obesity management as well as cardio-re-
nal protection. These drugs, at first considered for T2DM treatment only, are now used in overweight 
patients with visceral adiposity or obese patients, because obesity is no longer just a risk factor, but the 
central problem at the basis of metabolic, cardiovascular, and renal diseases.  An adiposity-related 
approach (adipo-centric concept) should be the hub of visceral overweight and obesity treatment, with 
an integrated patient management,  to  avoid clinical complications and reduce morbidity and 
mortality. According to recent progress on adiposity-related basic and clinical research, this review 
aims to contribute to a novel clinical approach with pathophysiological, clinical and therapeutic insights.

Keywords: Obesity, overweight, visceral adiposity, adipo-centric, hypertension, type 2 diabetes mellitus, 
GLP-1 receptor agonists, SGLT-2 inhibitors, cardio-metabolic conditions, cardiovascular events.
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Introduzione

L’obesità è una patologia cronica multi-
fattoriale, caratterizzata da un eccessivo 
accumulo di tessuto adiposo. Viene defini-
ta dall’Organizzazione Mondiale della Sani-
tà (OMS) con la presenza di un indice di 
massa corporea (body mass index, BMI) 
uguale o superiore a 30 kg/m2 (1). Dal 
1975, l’incidenza mondiale di sovrappeso 
(BMI ≥ 25 kg/m2) e obesità è quasi triplica-
ta. A livello globale, si stima che circa il 36% 
della popolazione adulta, ovvero circa 1,9 
miliardi di individui, sia in sovrappeso, 
mentre si stima che oltre il 13%, ovvero 650 
milioni di individui, sia obeso (2). L’OMS 
prevede che entro l’anno 2025, il 18% degli 
uomini e il 21% delle donne sarà affetto da 
obesità, mentre il 40% della popolazione 
globale sarà in sovrappeso (3). Per quanto 
riguarda l’Italia, una persona su dieci risul-
ta obesa e complessivamente il 45% dei 
soggetti di età >18 anni è in sovrappeso (4). 
Recenti evidenze hanno correlato quasi 4 
milioni di morti all’obesità e alle sue com-
plicanze cardiovascolari (5). L’aspettativa 
di vita infatti diminuisce proporzionalmen-
te all’incremento del BMI a partire da 25 
kg/m2 e ancora più significativamente a 
partire da 27 kg/m2. Individui con BMI nel 
range di normalità hanno una probabilità 
dell’80% di raggiungere i 70 anni di età. In-
dividui con BMI compreso tra 35 e 40 kg/
m2 hanno circa il 60% di probabilità di rag-
giungere l’età di 70 anni. Infine, individui 
con BMI compreso tra 40 e 50 kg/m2 han-

Bullet Points
n	 Indici antropometrici e bio-

antropometrici per la valutazione clinica 
dell’obesità.

n	 Sistema leptina-POMC-melanocortina.
n	 Sovrappeso, obesità viscerale e 

adipocentricità dei correlati clinici.
n	 Comorbidità legate all’obesità.
n	 Pressione alta-normale e ipertensione 

arteriosa.
n	 Iper-attivazione sistema RAAS.
n	 Insulino-resistenza.
n	 Pre-diabete e DMT2.
n	 Dislipidemia aterogena.
n	 Ossimoro obesi metabolicamente sani.
n	 Implicazioni cardio-metaboliche ed 

eventi cardiovascolari.
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no circa il 50% di probabilità di raggiungere 
i 70 anni (6). L’aumento di peso corporeo è 
correlato ad un netto incremento dei costi 
sanitari. Recenti studi condotti negli USA 
hanno messo in luce come il costo sanita-
rio annuale medio di un adulto affetto da 
obesità risultasse doppio rispetto ad un a-
dulto normopeso (5010$ vs. 2504$) e le vo-
ci di spesa maggiori si sono riscontrate per 
le terapie e per le ospedalizzazioni (rispet-
tivamente +186,8% e +289,8%) (7). 

Alla genesi dell’eccessivo accumulo di 
tessuto adiposo concorrono vari fattori: 
genetici, familiari, ambientali, socio-econo-
mici, psicologici e culturali (8). Le forme 
monogeniche di obesità risultano essere 
molto rare, ma hanno permesso l’indivi-
duazione dei principali meccanismi fisio-
patologici che influenzano anche le più 
comuni forme poligeniche, su cui focaliz-
zeremo l’attenzione in questa rassegna, il 
cui scopo è anche quello di evidenziare u-
na rivoluzione concettuale in atto. Un in-
troito calorico eccessivo e sproporzionato 
rispetto al dispendio energetico costitui-
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sce la base su cui si instaurano sovrappeso 
e obesità, determinando un accumulo di 
trigliceridi negli adipociti, che vanno così 
incontro ad ipertrofia e, possibilmente, an-
che ad iperplasia (9). Le tipiche e principa-
li localizzazioni del tessuto adiposo sono 
due: sottocutanea e viscerale (10). L’obesi-
tà viscerale, o “centrale”, è caratterizzata 
da un eccesso di adipe che si localizza a 
livello intraddominale, nel mediastino, a 
livello epicardico, nel collo e financo nella 
lingua, potendo infiltrare anche i tessuti di 
vari organi, tra cui cuore e rene. L’obesità 
viscerale si associa molto spesso a valori 
pressori alti-normali o a franca ipertensio-
ne arteriosa, ad ipertensione arteriosa 
notturna, a varie aritmie, all’aumento di e-
venti cardiovascolari (in particolare di ic-
tus), ma anche alla sindrome metabolica, 
all’insulino-resistenza, al diabete mellito di 
tipo 2 (DMT2), alla steatosi/steatoepatite 
e alle dislipidemie (11-15). È quindi netta-
mente aumentato anche il rischio di scom-
penso cardiaco, spesso a frazione di eiezio-
ne preservata, di fibrillazione atriale, di a-
ritmie ventricolari, di patologie respirato-
rie e di mortalità per tutte le cause (16). 

L’obesità è un fattore di rischio cardiova-
scolare indipendente (17) e circa il 60% dei 
decessi per cause cardiovascolari avven-
gono in soggetti obesi (5). Inoltre, l’obesi-
tà “centrale” è a sua volta un fattore di ri-
schio indipendente dall’obesità stessa 
(10). Risulta nel complesso sia un danno 
diffuso al microcircolo (arteriolosclerosi) 
e ai grandi vasi, simulante un accelerato 
invecchiamento (arteriosclerosi), che una 
spiccata aterogenesi, con placche “instabi-
li” prone a complicarsi con trombosi e 
tromboembolie arteriose, condizionanti la 
patologia vascolare (aterosclerosi) alla ba-
se della maggior parte degli eventi cardio-
vascolari. È quindi di fondamentale impor
tanza che venga ben compreso il concetto, 
non nuovissimo quanto diffusamente sco-

tomizzato, della natura “adipocentrica” dei 
comuni fattori di rischio metabolici e car-
diovascolari sopra elencati. Il comune so-
vrappeso, quando associato ad accumulo 
viscerale di adipe, può comportare conse-
guenze del tutto analoghe a quelle riscon-
trabili nell’obesità conclamata. In questa 
ampia rassegna suddivisa in due parti, ci 
focalizzeremo sul ruolo dell’eccesso di adi-
posità, specie viscerale, nel determinare le 
principali conseguenze cardio-metaboliche 
nella prima parte, mentre nella seconda 
parte verranno approfonditi gli approcci 
farmacologici innovativi a tale comune 
problematica.

Sintesi fisiopatologica dell’obesità 
nell’adulto e delle complicanze 
cardio-metaboliche correlate 

La forma più comune di obesità è quella 
definibile come “alimentare-poligenica” (18) 
dove, ad una predisposizione genetica in 
cui varianti di molteplici geni predisponen-
ti l’obesità prevalgono su varianti protetti-
ve, si somma la componente ambientale e 
socio/familiare, che riveste comunque un 
ruolo chiave. Infatti, l’accumulo di tessuto 
adiposo determinante l’obesità è sempre 
causato da un bilancio energetico positivo 
tra le “entrate” (calorie introdotte con cibi 
e bevande) e le “uscite” (consumo energeti
co per metabolismo e attività fisica). Nei 
paesi dove vi è cronica carenza di cibo, la 
presenza di varianti geniche predisponenti 
l’obesità può persino supportare la soprav-
vivenza, senza mai determinare obesità 
franca, dato il bilancio energetico negati-
vo dettato dallo scarso introito calorico. Al 
contrario, in paesi dove la disponibilità di 
cibo è non solo immediata, ma persino 
sproporzionata rispetto alle reali capacità 
di consumo energetico, è comune il riscon-
tro di sovrappeso/obesità e delle morbilità 
associate.
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Vi sono forme monogeniche di obesità 
caratterizzate da precoce comparsa e mag-
giore severità del quadro. In sintesi, que-
ste forme hanno in genere alla base delle 
alterazioni dei circuiti a livello del sistema 
nervoso centrale (SNC) che agiscono sul 
controllo del peso corporeo, come nel caso 
del deficit di leptina o del suo recettore ipo-
talamico (LEPR). La leptina, prodotta dal 
tessuto adiposo in relazione alla sua ab-
bondanza, è collegata al circuito della me-
lanocortina: i neuroni ipotalamici del nu-
cleo arcuato che esprimono la pro-opiome-
lanocortina (POMC) e la proteina correla-
ta all’agouti (AGRP) esprimono anche LE-
PR captando i livelli di leptina circolanti, i 
quali riflettono la quantità di massa grassa. 
I neuroni POMC, tramite la melanocortina 
(MSH) componente della POMC, interagi-
scono con i neuroni che esprimono il re-
cettore 4 della melanocortina (MC4R) nel 
nucleo paraventricolare dell’ipotalamo, il 
quale controlla l’appetito riducendolo e 
aumentando il senso di sazietà. L’AGRP a-
gisce invece da antagonista del MC4R e 
stimola l’aumento dell’introito alimentare. 
Le mutazioni di geni che codificano per 
questi circuiti neuronali, inducendo caren-
za di leptina, di POMC o di MC4R, portano 
ad iperfagia e a severa obesità. Sono state 
pertanto realizzate terapie specifiche, co-
me quella a base di leptina umana ricombi-
nante, quando carente, o come il setmela-
notide, che è un agonista selettivo del 
MC4R, recentemente approvato dalla Fo-
od and Drug Administration (FDA) per le 
rare forme di obesità monogenica da defi-
cit di LEPR o di proproteina convertasi 
subtilisina/kexina tipo 1 (PCSK1), che ha 
lo scopo di processare il POMC in peptidi 
melanocortinici che a loro volta stimolano 
il MC4R, riducendo così l’assunzione di ci-
bo (19). 

Nel percorso che conduce all’obesità, 
l’eccesso di trigliceridi viene immagazzina-

to nel tessuto adiposo, che si comporta an-
che da “organo endocrino”, poiché in gra-
do di secernere ormoni e adipochine (qua-
li leptina e adiponectina), proteine e peptidi 
del sistema renina-angiotensina-aldostero-
ne (SRAA), sequestrare e degradare i pep-
tidi natriuretici cardiaci e, quando “infiam-
mato”, cioè infiltrato da macrofagi che cir-
condano e fagocitano gli adipociti ipertrofi-
ci andati incontro a necrosi, anche citochi-
ne e proteine infiammatorie che contribui-
scono alle comuni complicanze cardio-me-
taboliche correlate all’obesità (10). Di no-
tevole importanza è la localizzazione del 
tessuto adiposo, molto sensibile agli effetti 
del cortisolo, che è in gran parte dipenden-
te sia dall’età che dal sesso e dalla predi-
sposizione genetica. Gli individui con de-
positi principalmente sottocutanei dimo-
strano in genere adipociti di minori dimen-
sioni e con ridotte alterazioni metaboliche. 
Alcuni individui sono caratterizzati da un’e-
levata capacità di immagazzinare l’eccesso 
di calorie sotto forma di trigliceridi nell’adi-
pe sottocutaneo, con minori conseguenze 
metaboliche, e sono spesso stati identifica-
ti come obesi “metabolicamente sani”, an-
che se è un chiaro ossimoro (20, 21). Un 
recente ed accurato lavoro ha infatti dimo-
strato come questi pazienti presentino in-
vece precocemente quel danno cardiaco 
caratterizzato da aumentato volume di tes-
suto interstiziale/fibrosi e alterazione della 
funzione diastolica che predispone allo 
scompenso cardiaco a frazione di eiezione 
preservata, tipico dell’obeso (22). Le tipi-
che localizzazioni sottocutanee dell’adipe 
sono a carico delle cosce-natiche, in parti-
colare nel sesso femminile. La maggior 
presenza di grasso viscerale intra-addomi-
nale, comune nell’uomo, specie in certe 
etnie, ma anche nella donna in menopausa, 
è invece un marcatore indipendente di 
morbilità e mortalità (23). L’obesità visce-
rale non è solamente quella intra-addomi-
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nale, come quella mesenterica, poiché gli 
adipociti possono infiltrare anche tessuti 
non adiposi come il rene, il muscolo sche-
letrico e quello cardiaco, con conseguenze 
particolarmente negative. L’accumulo di 
grasso viscerale è in genere associato all’i-
pertrofia degli adipociti, con conseguente 
maggiore insulino-resistenza e con soffe-
renza cellulare fino alla necrosi, che deter-
mina il richiamo di macrofagi e l’instau-
rarsi della flogosi a seguito della secrezio-
ne di citochine pro-infiammatorie quali 
tumor-necrosis-factor-alfa (TNF-α) e in-
terleuchina-6 (IL-6) (9). A livello epatico, 
l’iperinsulinemia associata all’insulino-re-
sistenza stimola la produzione e l’accumu-
lo di trigliceridi negli stessi adipociti, de-
terminando steatosi epatica, lipotossicità e 
steato-epatite non alcolica, che può progre-
dire fino alla cirrosi e all’epatocarcinoma 
(24). Questo spettro di alterazioni epatiche 
è stato internazionalmente riconosciuto co-
me non-alcoholic fatty liver disease (NA-
FLD) (15) e non alcoholic steato-hepatitis 
(NASH) ed è considerata un’espressione 
di danno d’organo della sindrome metabo-
lica che espone ad una maggiore mortalità 
anche per eventi cardiovascolari (25). Un 
recente “Consensus Statement” multi-so-
cietario ha proposto inoltre di revisionare 
la nomenclatura e i criteri classificativi di 
questa patologia, definendola come meta-
bolic dysfunction-associated steatotic liver 
disease (MASLD), associando tale condi-
zione clinica ad almeno uno dei cinque fat-
tori di rischio cardio-metabolici (26). L’in-
sieme di questi fattori fisiopatologici sono 
alla base del maggior rischio da parte degli 
obesi di sviluppare problematiche cardia-
che, come l’angina microvascolare, la fi-
brillazione atriale, lo scompenso cardiaco, 
e problematiche epatiche e renali che di-
scuteremo più in dettaglio nei prossimi pa-
ragrafi, come complicanze cliniche adipo-
centriche più comuni.

Obesità con pressione arteriosa 
normale-alta e con ipertensione 
arteriosa

Si stima che almeno il 75% dei casi di i-
pertensione arteriosa essenziale sia attri-
buibile al sovrappeso e all’obesità (27). La 
prevalenza di ipertensione arteriosa è sen-
sibilmente maggiore nei pazienti sovrappe-
so o obesi rispetto ai pazienti normopeso 
poiché diversi sono i fattori fisiopatologici, 
genetici e ambientali che contribuiscono 
all’aumento dei valori pressori in tali indivi-
dui. Nel paziente obeso iperteso è docu-
mentato un eccessivo introito di sale con la 
dieta, fino a una media di oltre 10 grammi 
al giorno (28). L’eccessivo aumento di tes-
suto adiposo, specie se viscerale, è anche 
coinvolto in una cronica iper-attivazione 
del sistema nervoso simpatico (SNS) (29), 
con multiple conseguenze, tra cui aumen-
tata frequenza cardiaca e iperfiltrazione re-
nale, caratteristiche tipiche dell’obeso, ma 
anche eccessivo riassorbimento tubulare 
di sodio (30). La leptina, elevata nell’obeso, 
appare avere un effetto ridotto sull’ipotala-
mo per regolare il bilancio energetico, men-
tre invece mantiene piena attività nello sti-
molare il SNS e in particolar modo quello 
renale (31). Il grasso in eccesso favorisce 
anche l’aumento dei livelli di aldosterone 
plasmatico, sostenuto dalla produzione di 
adipochine o derivati lipidici circolanti, tra 
cui vi è anche l’angiotensinogeno, precur-
sore delle angiotensine. Ciò conduce l’obe-
so iperteso ad un quadro di relativo iperal-
dosteronismo secondario, che favorisce un 
ulteriore incremento nel riassorbimento di 
sodio, soprattutto a livello del tubulo dista-
le, con un’alterata regolazione del sistema 
renina-angiotensina-aldosterone (SRAA) 
per cui, nonostante l’eccessivo introito sali-
no, non si assiste alla soppressione dell’at-
tività mineralcorticoide (valori circolanti 
“inappropriatamente” normali sia di renina 
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che di aldosterone) nel soggetto obeso i-
perteso (28). Infatti, nel soggetto obeso, la 
secrezione di aldosterone persiste a livelli 
più alti del necessario e quindi inappropria-
ti (seppure nel range di “normalità”). Negli 
obesi ipertesi è stato anche documentato 
un “escape” della secrezione di aldostero-
ne dall‘inibizione di ACE-inibitori e sartani 
in rapporto alla presenza di un eccesso di 
massa grassa (32). Nella pratica clinica, 
per monitorare l’inibizione del SRAA e cor-
relarla con l‘efficacia della terapia con A-
CE-inibitori o sartani, è stato anche propo-
sto il rapporto renina plasmatica/aldoste-
rone plasmatico (Renin-to-Aldosterone Ra-
tio, RAR), un indice che è l’esatto reciproco 
di quello che si usa per lo screening dell’i-
peraldosteronismo primario (Aldosterone-
to-Renin Ratio, ARR). Valori maggiori di 
RAR si associano infatti a un migliore con-
trollo della pressione arteriosa nelle 24 ore 
e in particolare ad un maggiore controllo 
della pressione arteriosa notturna misura-
ta con il monitoraggio ambulatoriale della 
pressione arteriosa (ABPM) (33). Infatti, 
un RAR elevato è in genere il risultato di 
una persistente efficacia della terapia con 
ACE-inibitori o sartani, caratterizzata da 
aumento dei valori di renina, per riduzione 
più o meno efficace del feedback negativo 
dell’angiotensina-II sulla secrezione di re-
nina, e dalla contemporanea riduzione del-
la secrezione di aldosterone dipendente 
dall’angiotensina-II. Nei pazienti in sovrap-
peso ed obesi con basso RAR, vi è invece 
un “escape” dall’azione inibitoria della tera-
pia con ACE-inibitori e sartani, finanche un 
relativo iperaldosteronismo secondario. In 
alternativa, si potrebbe ipotizzare come un 
basso RAR possa anche indirettamente 
svelare una scarsa o assente aderenza alla 
terapia farmacologica, ricordando come 
quest’ultima sia la principale causa di iper-
tensione arteriosa (pseudo)resistente. I 
pazienti che dimostrano il fenomeno del-

l’“escape” dell’aldosterone, caratterizzati 
quindi da un basso RAR, necessitano di un 
antagonismo dell’angiotensina-II più effi-
cace, ad esempio usando dosi maggiori di 
ACE-inibitore o sartano, oppure sono i mi-
gliori candidati a giovarsi di un antagonista 
dell’aldosterone, per un efficace e comple-
to controllo pressorio nelle 24 ore. I classi-
ci antagonisti del recettore dei mineralcor-
ticoidi, come il canrenone, sono difatti indi-
cati (sebbene come quarta scelta) nei pa-
zienti obesi che non rispondano ad una tri
plice terapia costituita da un inibitore del 
SRAA (ACE-inibitore o sartano), un diure-
tico tiazidico (o tiazidico-simile) e un calcio 
antagonista (11). Recenti studi con il fine-
renone (antagonista non steroideo del re-
cettore mineralcorticoide) hanno eviden-
ziato come questa molecola possa ridurre 
il danno renale e cardiovascolare in pazien-
ti con nefropatia diabetica (34). Sebbene 
nello studio non venga ben specificato il 
BMI di questi pazienti, è desumibile siano 
stati mediamente sovrappeso o obesi, co-
me lo sono la gran parte dei pazienti iper-
tesi arruolati in tutti i trials clinici rando-
mizzati (RCT) condotti finora. Il finereno-
ne riduceva il rischio di danno renale e di 
ospedalizzazione per scompenso cardiaco 
ad una mediana di tre anni, senza ridurre 
in modo statisticamente significativo la mor-
talità per tutte le cause. Di fatto il finereno-
ne riduce la pressione arteriosa sistolica offi-
ce di circa 3 mmHg e probabilmente ancora 
di più quella delle 24 ore o quella notturna 
(non valutate nei RCT) e non vi è quindi 
particolare sorpresa del suo beneficio. 

Un altro importante meccanismo fisio-
patologico nell’obeso è l’alterato metaboli-
smo e azione biologica-ormonale dei pepti-
di natriuretici cardiaci (ANP e BNP), che 
agiscono principalmente attraverso il re-
cettore NPRA espresso in numerosi tessu-
ti/organi, quali rene, surrene, organo adi-
poso, cuore e muscolatura liscia vasale (35). 
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I peptidi natriuretici cardiaci inibiscono il 
SRAA, in particolare a livello renale, deter-
minando incrementata perfusione e natriu-
resi, con meccanismo di inibizione tubula-
re prossimale e distale simile a quella degli 
inibitori del co-trasportatore SGLT2. Nel 
distretto vascolare determinano dilatazio-
ne arteriosa e venosa (36). I pazienti obesi 
sono caratterizzati da ridotti livelli plasma-
tici di peptidi natriuretici cardiaci rispetto 
ai pazienti sovrappeso e normopeso, sia nel-
la popolazione di sesso maschile che fem-
minile, a causa di un’aumentata clearance 
(37, 38). Nell’ipertensione arteriosa asso-
ciata ad obesità si riscontra nel tessuto adi-
poso stesso un rapporto inferiore tra il re-
cettore NPRA e il recettore di clearance 
dei peptidi natriuretici (NPRC), rispetto 
all’ipertensione arteriosa non associata ad 
obesità (39). Ciò a dimostrare una ridotta 
attività e un’aumentata clearance dei pepti-
di natriuretici nel paziente obeso, sugge-
rendo come i peptidi natriuretici ed i loro 
sistemi recettoriali possano rivestire un 
ruolo chiave nell’ipertensione-obesità cor-
relata. Inoltre, insulina e glucosio aumenta-
no l’espressione di NPRC negli adipociti 
umani, con conseguente ridotta attività bio-
logica dei peptidi natriuretici (40). Di con-
seguenza, a causa dell’eccessivo introito 
alimentare, viene inibita l’attività di “brown-
ing” dell’adipocita da parte dei peptidi na-
triuretici, ovvero la trans-differenziazione 
tra tessuto adiposo bianco e tessuto adipo-
so beige e bruno (ricco di mitocondri), in 
cui gli adipociti contribuiscono ad aumen-
tare il consumo energetico (ATP) con ter-
mogenesi, grazie alla uncoupling protein 1 
(UCP-1) (41), determinando un aumento del 
metabolismo basale. Studi clinici sperimen-
tali in pazienti obesi ipertesi trattati con 
dieta fortemente ipocalorica hanno dimo-
strato uno spiccato aumento di efficacia 
biologica e clinica di un’infusione di ANP 
(42). L’insulina, quando fa entrare il gluco-

sio negli adipociti, favorisce l’accumulo di 
trigliceridi soprattutto inibendo la lipolisi 
indotta dai peptidi natriuretici e lo fa pro-
prio tramite l’aumentata espressione di 
NPRC. Questo effetto, a livello sistemico, 
può anche favorire la ritenzione idrosalina. 
Viceversa, sia la natriuresi che la diuresi 
con la riduzione della pressione arteriosa 
indotta dal digiuno sono ritenute essere il 
risultato di una ridotta espressione di NPRC 
nel tessuto adiposo. Il digiuno infatti eser-
cita una soppressione tessuto-specifica e 
gene-specifica dell’espressione del gene 
NPRC nel tessuto adiposo che sembra ac-
compagnata da un incremento dell’attività 
biologica dell’ANP. Infatti, un drastico de-
cremento dei livelli dell’RNA messaggero 
di NPRC è stato osservato sia nel tessuto 
adiposo bruno che bianco, mentre l’espres-
sione di NPRA nel tessuto adiposo rimane-
va costante o tendeva ad aumentare con il 
digiuno (43). Nella corteccia renale invece 
i livelli di RNA messaggero di NPRC e 
NPRA non sembrano condizionati dal di-
giuno. In generale, i pazienti obesi e iperte-
si sono dunque pazienti con un “handicap” 
natriuretico (44) per l’aumentata degrada-
zione dei peptidi natriuretici e per il minor 
effetto biologico in presenza di esaltata e-
spressione di NPRC. Se a ciò si aggiunge 
un elevato introito salino con la dieta, si 
comprende facilmente come si possa in-
staurare e mantenere l’ipertensione arte-
riosa sistemica nel paziente obeso, in parti-
colare se in presenza di un danno renale 
cronico che può limitare l’escrezione di 
sodio anche in assenza di evidenti riduzio-
ni della velocità di filtrazione glomerulare 
renale. 

Tali considerazioni fisiopatologiche van-
no anche tenute in conto nella diagnostica 
dello scompenso cardiaco nei pazienti obe-
si. La Società Europea di Cardiologia (ESC) 
ha infatti suggerito di utilizzare una ridu-
zione del 50% del cut-off dei valori dei pep-
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tidi natriuretici circolanti per fare diagnosi 
di scompenso cardiaco (45), sebbene tale 
approccio non sia stato attualmente ancora 
validato (46). 

L’insieme dei meccanismi fisiopatologi-
ci descritti è alla base della tendenza alla 
ritenzione idrosalina negli obesi, ritenzio-
ne talvolta spiccata, con presenza di edemi 
declivi comprimibili, anche in assenza di 
franco scompenso cardiaco o di significati-
va riduzione del filtrato glomerulare stima-
to. Il “gonfiore” spesso riportato dai pazien-
ti obesi, specialmente di sesso femminile, 
ha quindi una reale “base fisiopatologica” 
incentrata sullo squilibrio del bilancio e-
nergetico e idro-salino a favore della “riten-
zione” di calorie, con accumulo di triglice-
ridi, sodio e acqua. Ciò conduce inevitabil-
mente anche ad un aumento della pressio-
ne arteriosa fino all’instaurarsi di una vera 
e propria ipertensione arteriosa sostenuta. 
Tale condizione fisiopatologica associata a 
comuni diete ricche di sodio e povere di 
potassio conduce inoltre frequentemente 
ad ipokaliemia, anche in assenza di terapia 
diuretica, per l’esaltato riassorbimento di-
stale del sodio bilanciato da aumentata e-
screzione di potassio.

Obesità con pre-diabete e diabete 
mellito di tipo 2 

Una delle principali complicanze legate 
all’eccesso di adipe è il diabete mellito di 
tipo 2 (DMT2). Il paziente obeso ha un ri-
schio aumentato di 6,7 volte di sviluppare 
intolleranza glucidica e di 4,9 volte di svi-
luppare DMT2 (47). Nonostante la forte 
predisposizione poligenica al DMT2 asso-
ciata in genere ad insulino-resistenza, in 
assenza di sovrappeso e obesità circa il 70-
80% dei pazienti non diventerebbe mai dia-
betico. Dall’ingestione di elevati quantitati-
vi di carboidrati e di calorie, non adeguata-
mente consumati con l’attività fisica, ne 

consegue l’aumentato accumulo e succes-
siva deposizione di grasso viscerale anche 
a livello muscolare ed epatico. Ciò determi-
na ulteriore diminuzione della sensibilità 
all’insulina anche tramite la produzione di 
citochine infiammatorie (TNF e IL-6) e ri-
duzione della produzione di adiponectina, 
unica nota adipochina “protettiva” antidia-
betica, anti-aterogena e antinfiammatoria. 
La presenza di un eccesso di adipe infiam-
mato che contribuisce all’insulino-resisten-
za e al DMT2 è stata anche definita “adipo-
sopatia” (“grasso malato”) (48). 

Sicuramente l’eccesso di adipe è il risul-
tato anche della scarsa attività fisica di mol-
ti diabetici, che contribuisce direttamente 
all’insulino-resistenza, creando un circolo 
vizioso che l’obeso diabetico sedentario in 
genere non riesce a spezzare, subendo una 
serie di conseguenze croniche a livello pre-
clinico e clinico. Infatti, nonostante l’impo-
nente mole di studi condotti e pubblicati su 
diete e modifiche dello stile di vita, di fatto 
nella pratica clinica i pazienti diabetici sono 
rimasti in sovrappeso o obesi anche quan-
do arruolati in ampi trials clinici controllati 
e con lunghi follow-up, come nel “Look 
Ahead”, dove si è ottenuta una perdita me-
dia di peso con le modifiche intensive dello 
stile di vita, ma che non è risultata suffi-
ciente a ridurre l’incidenza di eventi car-
diovascolari (end-point primario composi-
to di ricovero per angina, infarto, ictus e 
morte cardiovascolare) (49). Al contrario, 
un’analisi post-hoc ha dimostrato come so-
lo nella minoranza dei pazienti che aveva-
no perso oltre il 10% del proprio peso cor-
poreo si raggiungeva una significativa ri-
duzione dell’end-point primario (50). 

Inoltre il DMT2 nel paziente sovrappe-
so/obeso è sempre preceduto da una lun-
ga fase di “pre-diabete”, che si manifesta in 
genere con la condizione nota come “sin-
drome metabolica”, spesso associata an-
che a steatosi e steato-epatite, condizioni di 
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rischio metabolico e cardiovascolare ben 
definite e note, come già precedentemente 
riportato. Nella lunga fase di pre-diabete 
risultano anche accelerati il danno vascola-
re, l’aterogenesi e le complicanze dell’ate-
rosclerosi, con un netto aumento di inci-
denza e prevalenza di eventi cardiovascola-
ri (51).

Obesità con dislipidemia 

In molti pazienti affetti da obesità, si pos-
sono riscontrare in circolo aumentati livelli 
di “remnants” delle lipoproteine a densità 
molto bassa (VLDL), con conseguente au-
mentato colesterolo aterogeno circolante, 
complessivamente noto come colesterolo 
“non-HDL”. Alla base vi sono sia un’au-
mentata sintesi di VLDL che un loro rallen-
tato catabolismo. Gli elevati livelli plasma-
tici di trigliceridi, tipici dei pazienti obesi, 
con associati ancor più elevati picchi post-
prandiali, i bassi livelli circolanti di HDL e 
l’aumento della concentrazione del nume-
ro di particelle LDL, in genere del tipo più 
aterogeno, con LDL “piccole e dense”, ca-
ratterizzano la comune “dislipidemia dell’o-
besità” (51). Dato che gran parte del tessu-
to adiposo viscerale è drenato dalla vena 
porta, l’elevato turnover dei trigliceridi con 
iperlipolisi negli adipociti ipertrofici asso-
ciati all’obesità viscerale espone il fegato a 
maggiori concentrazioni di acidi grassi li-
beri e glicerolo. Ciò contribuisce ad una 
alterazione del metabolismo epatico con 
aumento della steatosi epatica, della produ-
zione di VLDL ricche in trigliceridi e della 
produzione di glucosio/glicogeno a livello 
epatico, che sono alla base del link tra adi-
posità viscerale, steatosi epatica e intolle-
ranza glucidica. L’aumentato afflusso di a-
cidi grassi liberi al fegato induce ad esem-
pio la trascrizione genica dell’acil-coenzima 
A sintetasi epatico, uno degli enzimi coin-
volti nella sintesi dei trigliceridi, come pro-

teina coinvolta nella secrezione delle VLDL, 
contribuendo allo sviluppo dell’ipertrigli-
ceridemia (52). I maggiori livelli sierici di 
VLDL che si osservano spesso nell’obeso 
inducono un aumento della produzione di 
aldosterone attraverso la fosfolipasi D (PLD). 
Il PLD è un enzima che idrolizza la fosfati-
dilcolina producendo acido fosfatidico, che 
può essere anche defosforilato dalla lipina, 
producendo diacilglicerolo, un altro media-
tore lipidico secondario intracellulare di 
grande importanza (53).

Oltre alle comuni dislipidemie ateroge-
ne, il sovrappeso e l’obesità viscerale, spe-
cie in presenza di sindrome metabolica/
pre-diabete/DMT2, si associano anche a 
dislipidemie con spiccato aumento della 
trigliceridemia e aumentato rischio di pan-
creatite acuta, in presenza di una specifica 
genetica predisponente, e in caso di ecces-
siva ingestione di carboidrati, alcool o di al-
cuni farmaci (54).

Associazione dei fattori di rischio 
cardio-metabolico nel paziente 
obeso e valutazione del rischio 
cardiovascolare globale 

La figura 1 riassume graficamente in 
modo efficace quanto finora esposto, tutta-
via il quadro clinico del paziente obeso ri-
sulta più complesso e spesso complicato, 
per la presenza di ulteriori fattori di rischio 
individualmente combinati. 

L’invecchiamento, con la correlata dimi-
nuita funzione delle cellule beta-pancreati-
che che accentua il deficit di secrezione 
insulinica, è anche caratterizzato da aumen-
to dell’insulino-resistenza (55). Infatti, la 
senescenza delle beta-cellule e la riduzione 
della sensibilità delle stesse al glucosio du-
rante l’invecchiamento aumentano netta-
mente la probabilità di instaurarsi del 
DMT2. L’invecchiamento è anche correla-
to al deposito ectopico di lipidi e anche ad 
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altri meccanismi oggi molto “popolari” nel-
la letteratura scientifica come la relazione 
con l’infiammazione cronica di basso gra-
do (“inflammaging”), la sarcopenia, la di-
sfunzione mitocondriale e l’accumulo di 
specie reattive dell’ossigeno (ROS), con 
aumentati livelli di stress ossidativo. 

La sarcopenia dell’obeso anziano appare 
particolarmente rilevante in quanto, oltre a 
causare una limitazione all’attività fisica, di 
cui ne rappresenta un marker, si associa 
anche a ridotta produzione di muscolina, 
un analogo dei peptidi natriuretici in grado 
di legarsi specificamente al recettore di 
clearance degli stessi (NPRC) inibendolo, 
fattore che favorirebbe la comparsa di 
scompenso cardiaco (38). 

Il fumo di sigaretta, moltiplicatore del 
rischio cardiovascolare, provoca danno pro-
aterogeno e infiammatorio ed è rilevante la 
prevalenza di obesi fumatori che continua-
no a fumare per paura di prendere ulterio-
re peso in caso di sospensione dell’abitudi-
ne tabagica. In tale contesto, l’associazione 
precostituita naltrexone/bupropione, eser-
citando la propria attività a livello dei centri 
regolatori dell’appetito localizzati nel siste-
ma nervoso centrale (nuclei ipotalamici) 

con un duplice meccanismo d’azione, qua-
le riduzione del senso di fame (sazietà pre-
coce) e riduzione del desiderio di cibo (cra-
ving), potrebbe essere utile in tali pazienti, 
anche per gli effetti anti-dipendenza dal 
fumo esercitati dal bupropione, a patto che 
vengano adeguatamente controllati i valori 
di pressione arteriosa, per i suoi noti effet-
ti pressori (56). 

La sindrome delle apnee ostruttive nel son-
no (OSAS) (57) aumenta il rischio di eventi 
cardiovascolari, in particolare di ictus (58). 
Tale condizione è caratterizzata dal collabi-
mento delle vie aeree superiori, con conse-
guente ipossia intermittente ed ipercapnia 
(59). Tali alterazioni comportano, tra gli al-
tri effetti, iper-attivazione del SNS e stress 
endoteliale, con riduzione del fisiologico 
calo notturno della pressione arteriosa 
(dipping), determinando dapprima iper-
tensione arteriosa notturna e successiva-
mente sostenuta nelle 24 ore, spesso resi-
stente alla terapia farmacologica (60).

La presenza di obesità complicata da i-
pertensione arteriosa e DMT2 determina 
inesorabilmente un certo grado di arterio-
patia, sia macrovascolare (aterosclerosi e 
arteriosclerosi) che microvascolare (arte-

Figura 1 - Visione adipocentrica dei comuni problemi metabolici, cardiovascolari e renali nei pazienti obesi.
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riolosclerosi), con danno retinico, cerebra-
le, cardiaco, renale e a carico degli arti in-
feriori. Pregressi eventi cardiovascolari, 
fortemente predisponenti ad ulteriori nuo-
vi eventi, richiedono una riduzione intensi-
va dei livelli di colesterolo LDL (al di sotto 
di 55 mg/dl o anche di 40 mg/dl) utilizzan-
do strategie di combinazione di farmaci tra 
statine, ezetimibe, acido bempedoico e ini-
bitori di PCSK9. 

Da non dimenticare la demenza, il cui 
sviluppo risulta favorito dall’obesità, anche 
a causa delle adipochine secrete dal tessu-
to adiposo in eccesso che hanno un impat-
to notevole a livello del SNC, aumentando 
la resistenza alla leptina (61, 62), e determi-
nando insulino-resistenza (63). Un recente 
studio ha evidenziato e correlato l’invec-
chiamento cerebrale con i comuni fattori di 
rischio cardiovascolari tra cui l’eccesso di 
peso corporeo (64). Si evince quindi l’im-
portanza di controllare tali fattori di rischio 
per prevenire conseguenze irreversibili 
anche a livello cerebrale. 

Dall’insieme di quanto riportato, risulta 
quindi indispensabile una valutazione del 
rischio cardiovascolare globale nell’indivi-
duo affetto da obesità. In Italia è stata svi-

luppata una web-app (www.humtelemed.it) 
che rende estremamente facile una rapida 
e completa valutazione del rischio cardio-
vascolare globale. In sintesi, prendere in 
considerazione tutte le complicanze adipo-
sità-correlate tramite una “visione adipo-
centrica” è come aprire il mitologico “Vaso 
di Pandora” rappresentato al giorno d’oggi 
dall’obesità viscerale, come malattia non 
trasmissibile ma di proporzioni pandemi-
che, con conseguente insulino-resistenza e 
DMT2, dislipidemia aterogena, alterata re-
lazione pressione-natriuresi con aumento 
della pressione arteriosa, iperfiltrazione 
glomerulare che evolve in danno renale 
cronico, aumentata gluconeogenesi, stea-
tosi e lipotossicità epatica con steato-epati-
te (Figura 2).

Valutazione clinica dell’obesità 

Stimare l’entità del tessuto adiposo vi-
scerale può “smascherare” individui nor-
mopeso (secondo BMI) che in realtà pos-
sono ricadere nella categoria “metabolica-
mente obesi” per obesità viscerale. Utiliz-
zando tecniche di imaging (RM e TC rap-
presentano il “gold standard”) è possibile 

Figura 2 - L’obesità viscerale: il vaso di Pandora del XXI secolo.
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valutare con precisione la distribuzione e 
quantità del tessuto adiposo nel singolo in-
dividuo (9). Nuove tecniche non invasive, co
me un’accurata bioimpedenziometria (BIA) 
o lo scanner 3D total body, vengono fre-
quentemente utilizzate per meglio verifica-
re la distribuzione del grasso corporeo e la 
qualità delle misure antropometriche (65, 
66). Nella pratica clinica e anche in gran 
parte degli studi clinici, la metodica tuttora 
più utilizzata è la misurazione della circon-
ferenza addominale alla vita, che stima la 
presenza di obesità viscerale (67). Il rap-
porto di circonferenze noto come “waist/
hip” ratio è la misura più tradizionale per 
descrivere l’obesità viscerale, che tuttavia 
negli anni ha subito diverse critiche che ne 
hanno limitato la diffusione nell’attuale 
pratica o in ambito di ricerca (68). Ampi re-
centi studi hanno invece evidenziato come 
il rapporto che meglio identifichi l’obesità 
viscerale sia quello tra circonferenza vita e 
altezza (“waist/height” ratio) (69, 70). Un’ul
teriore parametro proposto per rivelare 
un’obesità viscerale con conseguenze me-
taboliche, data la frequente associazione 
tra adiposità viscerale, steatosi epatica e 
dislipidemia con aumento dei trigliceridi 
circolanti per aumentata sintesi e/o ridotto 
catabolismo di VLDL, è la cosiddetta “cir-
conferenza ipertrigliceridemica”, ovvero la 
presenza di un’aumentata circonferenza 
addominale (≥90 cm negli uomini e ≥85 cm 
nelle donne, valori inferiori rispetto ai crite-
ri ATPIII per la diagnosi di sindrome meta-
bolica) accompagnata da ipertrigliceride-
mia (≥2 mmol/L, cioè 177 mg/dl, negli uo-
mini e ≥1,5 mmol/L, cioè 133 mg/dl, nelle 
donne) (71). La diagnosi di circonferenza 
ipertrigliceridemica è binaria (presenza o 
assenza) quindi non può essere usata co-
me variabile continua per calcolare la sua 
correlazione con il tessuto adiposo viscera-
le. È stato però documentato essere un di-
screto indice indiretto di obesità viscerale, 

in quanto la presenza di circonferenza iper-
trigliceridemica è associata ad un 75-85% di 
probabilità di aumentata quantità di tessu-
to adiposo viscerale. Ulteriore indice clini-
co che lega l’insulino-resistenza e l’ipergli-
cemia a digiuno con la dislipidemia, è l’in-
dice derivato dal rapporto trigliceridemia/
glicemia (TyG index), marker affidabile di 
insulino-resistenza e di sindrome metaboli-
ca e anche predittore indipendente di even-
ti cardiovascolari (72). Il TyG index, molto 
apprezzato in studi recenti, si calcola con la 
formula ln[fasting triglycerides (mg/dL) × 
fasting plasma glucose (mg/dL)/2] facen-
do cioè il logaritmo del prodotto tra trigli-
ceridi e glicemia diviso due. Quando è infe-
riore a 4,5 è considerato nella norma sia 
negli uomini che nelle donne. Un altro in-
dicatore è rappresentato dal rapporto TG/
HDL-C, ovvero il rapporto tra i trigliceridi 
il colesterolo HDL. Recenti studi hanno e-
videnziato come all’aumentare del valore 
di tale indice si associ una maggiore preva-
lenza di pre-ipertensione e ipertensione 
arteriosa anche in individui normoglicemi-
ci. L’indice TyG è però risultato essere più 
significativo del TG/HDL-C nell’associa-
zione con pre-ipertensione e ipertensione 
arteriosa (73). Un altro studio ha eviden-
ziato come elevati livelli di questi indici si 
correlino fortemente ad un aumento del 
rischio cardiovascolare globale. Tale asso-
ciazione era in parte mediata da una mag-
giore prevalenza di dislipidemia, DMT2 ed 
ipertensione arteriosa (72). Un nuovo sco-
re chiamato METS-IR stima il rischio car-
dio-metabolico in soggetti sani ed in sog-
getti a rischio e rappresenta un prometten-
te screening per insulino-resistenza (74). 
Quest’ultimo indice viene calcolato come il 
ln [2 × FPG (fasting plasma Glucose) (mg/
dL) + fasting TG (mg/dL)] × BMI (kg/m2)/
ln [HDL-C (mg/dL)]. Recenti studi hanno 
evidenziato come tale indice rappresenti 
un valido indicatore per stratificare il ri-
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schio cardiovascolare globale. Questo indi-
ce sembrerebbe anche predire il rischio di 
calcificazione coronarica (e quindi il rischio 
cardiovascolare) in pazienti asintomatici 
senza evidenti patologie cardiovascolari 
(74, 75). Ulteriori indici con dimostrata uti-
lità nella pratica clinica sono il: Visceral A-
diposity Index (VAI) che per essere calco-
lato necessita solamente della circonferen-
za addominale, dei trigliceridi e del coleste-
rolo HDL aggiustando il tutto con costanti 
sesso-specifiche. Studi clinici hanno dimo-
strato come il VAI sia un fattore di rischio 
indipendente per ipertensione arteriosa 
resistente (76), che risulti essere correlato 
alla sensibilità insulinica e che sia anche un 
indicatore di rischio per eventi cerebro-
vascolari (77). Il Lipid Accumulation Prod-
uct (LAP) infine, è uno degli indici più in-
formativi e si calcola conoscendo la circon-
ferenza addominale e la trigliceridemia a 
digiuno, ed è un forte indicatore di DMT2, 
insulino-resistenza e NAFLD (78). 

In conclusione, questi indici bio-antro-
pometrici dovrebbero essere applicati più 
ampiamente nella pratica clinica soprattut-
to per identificare e caratterizzare gli indi-
vidui non diabetici in sovrappeso o obesi 
con sindrome metabolica, prediabete, pre-
ipertensione e ipertensione arteriosa per 
meglio individuare quelli a più alto rischio 
metabolico e cardiovascolare al fine di in-
tervenire più precocemente.

Effetti cardio-metabolici  
del calo ponderale

Il calo ponderale, comunque ottenuto, 
riduce l’insulino-resistenza, che è comple-
tamente reversibile nelle fasi iniziali, preve-
nendo quindi la progressione verso il 
DMT2. La perdita di peso porta inoltre 
sempre ad una riduzione della pressione 
arteriosa sistolica di circa 1 mmHg per o-
gni kg di peso corporeo perso, potendo rag-

giungere, in non pochi casi, la normoten-
sione (50). Sebbene la riduzione in mmHg 
sembri apparentemente poco significativa, 
va ricordato come nel medio-lungo termine 
una riduzione di 2 mmHg corrisponda ad 
una riduzione del 10% della mortalità per 
ictus e del 7% della mortalità per cardiopa-
tia ischemica (79). Le più recenti linee gui-
da della Società Europea dell’Ipertensione 
Arteriosa (ESH) sottolineano l’importanza 
del calo ponderale come strategia terapeu-
tica per ridurre la pressione arteriosa (11). 
La riduzione di peso nell’obeso è anche 
correlata al miglioramento (ma spesso non 
alla scomparsa) delle apnee ostruttive nel 
sonno, che correlano con ipertensione resi-
stente al trattamento e aumentato rischio di 
ictus. Il calo ponderale comporta una ridu-
zione dei lipidi circolanti, soprattutto del 
colesterolo non-HDL e dei trigliceridi, con 
aumento del colesterolo HDL, specie quan-
do il calo di peso sia associato ad aumentata 
attività fisica. Tutti i cambiamenti sopracita-
ti si riflettono anche a livello renale con ri-
duzione dell’iperfiltrazione glomerulare, 
riduzione dell’albuminuria e rallentamento 
della perdita di funzionalità renale (80). An-
che la steatosi e i markers di danno epatico 
beneficiano del calo ponderale. 

Oltre al cambiamento nello stile di vita, 
basato su una dieta ipocalorica e su una re-
golare attività fisica, e a nuovi farmaci par-
ticolarmente efficaci nel determinare un 
graduale ma significativo calo ponderale, 
la chirurgia bariatrica, in particolare la ga-
strectomia “sleeve” e il bypass gastrico, 
trova indicazione in un sottogruppo di pa-
zienti caratterizzati da obesità di grado se-
vero (BMI > 40 kg/m2) in cui la perdita di 
decine di kg di peso corporeo si accompa-
gna a netto miglioramento, fino alla norma-
lizzazione, dei parametri metabolici e pres-
sori (8 1, 82). Le procedure restrittive con-
ducono a minor introito calorico attraverso 
la riduzione delle dimensioni dello stoma-
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co, con aumento secondario delle increti-
ne, portando a riduzione dell’appetito e ul-
teriore riduzione dell’introito calorico. Le 
procedure di tipo malassorbitivo determi-
nerebbero invece una riduzione dell’assor-
bimento degli alimenti con successivo rila-
scio di ormoni incretinici come il GLP-1. La 
chirurgia bariatrica rimane ancora oggi 
un’opzione terapeutica sotto-utilizzata per 
via degli eccessivi costi e delle possibili 
complicanze legate alla procedura chirur-
gica (83). Gli studi anche con lungo follow-
up hanno dimostrato il ruolo determinante 
della chirurgia bariatrica nella riduzione di 
incidenza e prevalenza di DMT2, di dislipi-
demia e di ipertensione arteriosa, a testi-
monianza ulteriore di come l’obesità rap-
presenti il fulcro delle problematiche car-
dio-metaboliche, confermando la visione 
“adipocentrica”, e non un mero amplifica-
tore del rischio cardiovascolare (84). 

Una linea guida promossa da molteplici 
società scientifiche italiane, tra cui l’Asso-
ciazione Medici Endocrinologi (AME) e la 
Società Italiana dell’Obesità (SIO), inserita 
tra le linee guida dell’Istituto Superiore di 
Sanità (ISS) 2023, è stata recentemente 
pubblicata e si rimanda ad essa per una sin-
tesi esaustiva sul cambiamento dello stile 
di vita, sulla terapia dietetica, su quella chi-
rurgica e su ulteriori approcci al sovrappe-
so e all’obesità resistenti al trattamento 
comportamentale nella popolazione adulta 
con comorbilità metaboliche (85). 

In sintesi, lo scopo della medicina pre-
ventiva del presente, e soprattutto del pros-
simo futuro, è quello di far comprendere 
alla popolazione generale il ruolo chiave 
del sovrappeso-obesità viscerale nel deter-
minare morbilità e mortalità cardiovascola-
re, superando l’inerzia che da sempre ca-
ratterizza il management di tale patologia. 
Ciò è vero soprattutto in coloro che sono 
già affetti da ipertensione arteriosa, dislipi-
demia, DMT2, al fine di evitare la “medici-

na delle conseguenze”, determinata dalla 
mancata visione “adipocentrica” del pro-
blema. Occorre quindi impostare un pre-
coce piano non farmacologico, il quale og-
gi può e deve essere affiancato da un ap-
proccio farmacologico, utilizzando nuovi 
farmaci che si sono dimostrati efficaci e 
sicuri, mirando al centro del problema, va-
le a dire all’adiposità e non solo alle comor-
bilità conseguenti all’eccesso di adipe. 
L’approccio dietetico, per quanto valido e 
indispensabile, tende purtroppo a fallire 
nel tempo, mentre farmaci come gli analo-
ghi del GLP-1, soprattutto per i loro effetti 
sul sistema nervoso centrale, aiutano ad 
aumentare l’aderenza e la persistenza al 
regime dietetico. Infatti, come è vero che 
l’obesità origini da un eccessivo introito ca-
lorico che andrebbe contrastato con un a-
deguato stile di vita, è altrettanto vero che 
anche ipertensione arteriosa e DMT2 pos-
sano essere gestiti e persino risolti con uno 
stile di vita corretto, che tuttavia spesso 
non risulta sufficiente e per cui è necessa-
rio ricorrere a terapie farmacologiche anti-
pertensiva e ipoglicemizzante. Così si do-
vrebbe ricorrere alle terapie anti-obesità 
per il trattamento dell’adiposità. Pertanto 
auspichiamo una rivisitazione delle norme 
che regolano sia la prescrivibilità che la du-
rata dei brevetti delle nuove terapie farma-
cologiche, al fine di estenderne l’utilizzo, 
in particolare per gli analoghi del GLP-1, a 
quanti più individui possibili affetti da so-
vrappeso-obesità, soprattutto in presenza 
di comorbilità cardio-metaboliche, con un 
costo diretto ragionevole, specialmente se 
paragonato ai risparmi legati alla preven-
zione cardiovascolare, dovuti all’uso esten-
sivo che ne deriverebbe (86). 

Conclusioni 

In conclusione, mentre l’aumento di pe-
so per accumulo di adipe, specie se visce-
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Questionario di auto-apprendimento - PARTE 1

DOMANDA 1 
L’aspettativa di vita diminuisce 
proporzionalmente all’incremento 
dell’indice di massa corporea (BMI)
A)	 L’aspettativa di vita non è influenzata  

dal BMI;
B)	 A partire da 25 kg/m2;
C)	 A partire da 23 kg/m2;
D)	L’aspettativa di vita aumenta  

all’aumentare del BMI.

DOMANDA 2 
Indicare l’affermazione corretta.  
La leptina è prodotta da:
A)	 Cellule del torrente circolatorio;
B)	 Neuroni corticali;
C)	 Neuroni ipotalamici; 
D)	Adipociti.

DOMANDA 3 
Una comune dislipidemia dell’obesità  
è caratterizzata da:
A)	 Elevati livelli circolanti di colesterolo  

non-HDL;
B)	 Ridotti livelli circolanti di colesterolo HDL;
C)	 LDL piccole e dense;
D)	Tutte le precedenti.

DOMANDA 4 
L’indice derivato dal rapporto 
trigliceridemia/glicemia (TyG index): 
A)	 Non è un marker affidabile di sindrome 

metabolica;
B)	 Rappresenta un marker di ipertensione 

arteriosa;
C)	 È correlato alla presenza di OSAS;
D)	Rappresenta un marker affidabile 

di insulino-resistenza e di sindrome 
metabolica e anche predittore 
indipendente di eventi cardiovascolari. 

DOMANDA 5 
Il calo di peso corporeo è associato a: 
A)	 Aumento dell’iperfiltrazione renale 

glomerulare;
B)	 Aumento dell’albuminuria;
C)	 Riduzione dell’iperfiltrazione renale 

glomerulare;
D)	Aumento della velocità di progressione 

della perdita di funzionalità renale. 
 
DOMANDA 6 
Le sindrome delle apnee ostruttive  
nel sonno:
A)	 Riduce il rischio di eventi cardiovascolari, 

in primis di ictus;
B)	 Non necessita mai di trattamento con 

pressione positiva continua;
C)	 Non è correlata con la presenza di 

ipertensione arteriosa notturna;
D)	Rappresenta una comorbidità spesso 

associata all’obesità viscerale.

DOMANDA 7 
La valutazione del rischio  
cardiovascolare globale:
A)	 Non rienta delle norme di good  

clinical practice;
B)	 Negli individui in sovrappeso  

o obesi risulta indispensabile;
C)	 Nell’individuo affetto da obesità risulta 

opzionale;
D)	Nessuna delle risposte precedenti.

Risposte corrette: 
1B, 2D, 3D, 4D, 5C, 6D, 7B
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rale, risulta alla base di tutti i fattori di ri-
schio metabolici, cardiovascolari e renali, il 
calo ponderale, specie quando superiore al 
10%, e la risoluzione dell’obesità conduco-
no senz’altro a grandi benefici in termini di 
riduzione del rischio cardiovascolare glo-
bale, qualità di vita, riduzione di eventi car-
diovascolari e sopravvivenza. I vari mecca-
nismi fisiopatologici sono chiari, come pu-
re è nota la progressione da fattore di ri-
schio a danno d’organo e ad evento clinico. 
L’approccio “adipocentrico”, mirato alla ri-
soluzione di questa malattia cronica, risul-
ta essere di vitale importanza in tale conte-
sto. È compito del clinico trattare l’obesità 

utilizzando tutte le risorse terapeutiche a 
disposizione, così da migliorare le numero-
se problematiche conseguenti all’eccessi-
vo accumulo adiposo, soprattutto viscera-
le. L’obesità, specie se centrale, non deve 
quindi essere mai scotomizzata e ridotta al 
ruolo di mero “amplificatore” di rischio 
cardiovascolare, ma al contrario deve esse-
re posta al centro del rischio cardio-meta-
bolico. Nella seconda parte della nostra 
revisione, approfondiremo l’argomento 
delle opzioni terapeutiche a disposizione 
per il trattamento dell’obesità, specialmen-
te delle più innovative, che hanno la poten-
zialità di essere finalmente risolutive.

RIASSUNTO
L’obesità è una malattia cronica multifattoriale dovuta all’eccessivo accumulo di adipe, spesso a distri-
buzione viscerale, che porta a numerose conseguenze cardio-metaboliche, tra cui l’aumento dei valori 
di pressione arteriosa sino all’ipertensione, l’insulino-resistenza, il pre-diabete, il diabete mellito di tipo 
2 (DMT2), le dislipidemie aterogene, la malattia renale cronica e le apnee ostruttive nel sonno. Insieme 
alle terapie farmacologiche per l’ipertensione arteriosa e per il DMT2, nel panorama terapeutico per la 
riduzione del peso corporeo, accanto all’orlistat e al bupropione/naltrexone, si sono aggiunti recente-
mente gli agonisti del peptide-1 glucagone-simile (GLP-1), come la liraglutide e la semaglutide. L’uso 
crescente dei nuovi agonisti del GLP-1 e degli inibitori del co-trasportatore sodio-glucosio 2 (SGLT2) 
sta cambiando in modo significativo la gestione del DMT2 e dell’obesità, nonché la protezione cardio-
renale. Questi farmaci, inizialmente considerati solo per il trattamento del DMT2, sono ora utilizzati in 
molti pazienti in sovrappeso con adiposità viscerale o obesi, perché l’obesità deve cessare di essere 
considerata solo un fattore di rischio, mentre va posta al centro dell’origine delle malattie metaboliche, 
cardiovascolari e renali. Un approccio legato all’adiposità (concetto “adipocentrico”) dovrebbe essere il 
fulcro del trattamento del sovrappeso/obesità viscerale, tramite una gestione integrata del paziente, al 
fine di evitare complicanze cliniche e ridurre morbilità e mortalità obesità-correlate. In base ai recenti 
progressi della ricerca di base e clinica sull’adiposità, questa rassegna intende contribuire a un nuovo 
approccio clinico con approfondimenti fisiopatologici, clinici e terapeutici.

Parole chiave: Obesità, sovrappeso, adiposità viscerale, adipocentrico, ipertensione arteriosa, diabete mel-
lito di tipo 2, analoghi del GLP-1, SGLT-2 inibitori, complicanze cardio-metaboliche, eventi cardiovascolari.
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SUMMARY
Obesity is a chronic multifactorial disease due to the accumulation of excessive amount of adipose tissue, 
often with visceral distribution, that leads to many cardio-metabolic consequences, including increased 
blood pressure, hypertension, insulin resistance, pre-diabetes, type 2 diabetes mellitus (T2DM), dyslip-
idemia, chronic kidney disease, and obstructive sleep apnea. Together with pharmacological therapies 
for T2DM and hypertension, orlistat and bupropion/naltrexone are available to reduce weight, with the 
recent addition of glucagon-like peptide-1 (GLP-1) receptor agonists liraglutide and semaglutide. The 
increasing use of these new agents, as well as sodium-glucose co-transporter 2 (SGLT-2) inhibitors, 
is significantly changing not only T2DM but also obesity management as well as cardio-renal protec-
tion. These drugs, at first considered for T2DM treatment only, are now used in overweight patients 
with visceral adiposity or obese patients, because obesity is no longer just a risk factor, but the central 
problem at the basis of metabolic, cardiovascular, and renal diseases. An adiposity-related approach (ad-
ipo-centric concept) should be the hub of visceral overweight and obesity treatment, with an integrated 
patient management, to avoid clinical complications and reduce morbidity and mortality. According to 
recent progress on adiposity-related basic and clinical research, this review aims to contribute to a novel 
approach with pathophysiological, clinical and therapeutic insights.

Keywords: Obesity, overweight, visceral adiposity, adipo-centric, hypertension, type 2 diabetes mellitus, 
GLP-1 receptor agonists, SGLT-2 inhibitors, cardio-metabolic conditions, cardiovascular events.
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Introduzione 

L’obesità è una patologia cronica multi-
fattoriale, caratterizzata da un eccessivo 
accumulo di tessuto adiposo. Viene defini-
ta dall’Organizzazione Mondiale della Sani-
tà (OMS) con la presenza di un indice di 
massa corporea (body mass index, BMI) 
uguale o superiore ai 30 kg/m2 (1). Dal 
1975, l’incidenza mondiale di sovrappeso 
(BMI ≥25 kg/m2) e obesità è quasi triplica-
ta. A livello globale, si stima che circa il 36% 
della popolazione adulta, ovvero circa 1,9 
miliardi di individui, sia in sovrappeso, 
mentre si stima che oltre il 13%, ovvero 650 
milioni di individui, sia obeso (2). Recenti 
evidenze hanno correlato quasi 4 milioni di 
morti all’obesità e alle sue complicanze 
cardiovascolari (3). L’obesità conduce in-
fatti a minor sopravvivenza, a causa delle 
complicanze direttamente correlate, come 
l’ipertensione arteriosa, l’insulino-resisten-
za, la sindrome metabolica, il diabete mel-
lito di tipo 2 (DMT2), le dislipidemie e la 
sindrome dell’apnee ostruttive nel sonno, 
fattori determinanti per l’insorgenza di e-
venti cardiovascolari maggiori (4-9).

Non solo l’obesità franca, ma anche il 
solo sovrappeso corporeo, in particolare 
per valori di BMI ≥27 kg/m2, si associa a 
fattori di rischio cardiovascolari e alla sin-
drome metabolica, favorendo la comparsa 
di manifestazioni cliniche cardiovascolari, 
quali infarto miocardico e ictus. Infatti, an-
che un modico eccesso di peso e di adipo-
sità, specie se viscerale (concetto di “so-
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vrappeso viscerale”) comporta comune-
mente complicanze metaboliche e cardio-
vascolari  (10). 

La patologia sovrappeso/obesità è stata 
generalmente trascurata e sottovalutata, 
mentre ci si è focalizzati solamente sulla 
gestione dei singoli fattori di rischio o delle 
condizioni associate. Recentemente sta fa-
ticosamente emergendo una maggiore 
sensibilità nei confronti di questa condizio-
ne patologica che rappresenta il fulcro su 
cui si instaurano una serie di fattori di ri-
schio cardio-metabolici e di comorbilità 
associate. 

Nell’ottica di promuovere una visione 
concettuale “adipocentrica” delle numero-
se comuni problematiche cardiovascolari e 
metaboliche che affliggono i pazienti so-
vrappeso/obesi, determinate da danno 
cronico arterioso sia di tipo aterosclerotico 
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che di tipo arteriosclerotico, con coinvolgi-
mento anche del microcircolo, il compito 
del clinico è quello di non sottovalutare 
l’eccesso di adipe, ma al contrario trattarlo 
aggressivamente con tutte le nuove ed ef-
ficaci terapie farmacologiche a disposizio-
ne, poiché le evidenze a supporto della ri-
duzione dell’eccesso di adipe nel determi-
nare proporzionali benefici cardio-metabo-
lici sono inequivocabili. 

La più recente linea guida inter-societa-
ria italiana pubblicata in merito, affronta 
proprio il tema della “Terapia del sovrappe-
so e dell’obesità resistenti al trattamento 
comportamentale nella popolazione adulta 
con comorbilità metaboliche” (11), cui si 
rimanda per la trattazione inerente le misu-
re non farmacologiche (in particolare il 
cambiamento dello stile di vita e la dieta). 
La realtà ci dimostra come l’imponente mo-
le di diete “speciali” o “alla moda” che si sono 
susseguite negli anni, nonché i numerosis-
simi studi clinici a riguardo, abbiano gene-
ralmente fallito, mostrando come la “resi-
stenza al trattamento comportamentale” 
rappresenti la regola e non l’eccezione nel-
la popolazione obesa.

La farmacoterapia dell’obesità e del so-
vrappeso con fattori di rischio cardiovasco-
lari constava di poche armi, quali l’orlistat e 
l’associazione precostituita bupropione/nal
trexone, sino all’approvazione del primo a-
gonista del recettore del glucagon-like pep-
tide 1 (GLP-1): la liraglutide. Recentemente 
infatti, nuove prospettive farmacologiche 
stanno letteralmente rivoluzionando il trat-
tamento dell’obesità e delle sue complican-
ze, come il DMT2. Oltre agli ulteriori analo-
ghi del GLP-1, anche gli inibitori del co-tra-
sportatore sodio-glucosio tipo 2 (SGLT-2 i-
nibitori) hanno dimostrato di poter ridurre 
il peso corporeo, migliorando così il profilo 
cardio-metabolico individuale  (12).

Lo scopo di questa rassegna è proprio 
quello di evidenziare l’efficacia e la sicurez-

za delle nuove opzioni terapeutiche per il 
trattamento dell’obesità e del sovrappeso 
viscerale, al fine di diffondere un approccio 
“adipocentrico” finalizzato ad una gestione 
efficace di una così comune condizione pa-
tologica, con beneficio in termini di ridu-
zione dell’impatto dei fattori di rischio e 
delle comorbilità correlate all’adiposità. 
Approfondiremo pertanto il management 
terapeutico dell’obesità e dei principali fat-
tori di rischio associati, quali il DMT2 e l’i-
pertensione arteriosa, nonché delle patolo-
gie cardiovascolari correlate all’obesità.

Trattamento farmacologico  
del paziente obeso con DMT2

I trattamenti dell’obesità combinata al 
DMT2 potrebbero essere distinti, sia a li-
vello concettuale che pratico, in tre tipolo-
gie, solo in parte sovrapposte: 
1)	 terapie mirate direttamente al problema 

obesità (“terapie adipocentriche”); 
2)	 terapie per il controllo glicemico nel pa-

ziente obeso; 
3)	 terapie focalizzate sulla prevenzione 

cardiovascolare e renale. 
La combinazione di misure comporta-

mentali e farmacologiche migliora con-
temporaneamente sia l’eccesso di adipe 
che i livelli di glicemia, riducendo anche il 
rischio cardiovascolare e renale, come ad 
esempio accade combinando dieta ipocalo-
rica e aumentata attività fisica con il sup-
porto farmacologico degli inibitori di 
SGLT2 e degli analoghi del GLP-1. In ogni 
caso, il primo “step” terapeutico nell’obeso 
con DMT2 consiste sempre nel tentativo 
di modifica sostanziale dello stile di vita: 
dieta ipocalorica “frazionata” con riduzio-
ne della quota di carboidrati, aumento 
dell’attività fisica, abolizione dell’abitudine 
tabagica e del consumo di alcool. A segui-
re, l’approccio farmacologico prevede l’in-
troduzione della metformina, che mantie-
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ne ancora il ruolo di primo intervento far-
macologico da adottare, anche per il suo 
modesto effetto anoressizzante, con con-
seguente riduzione del grasso viscerale e 
del grasso sottocutaneo addominale (12). 
La metformina ha anche un ruolo nell’ini-
bizione della gluconeogenesi e della glico-
genolisi a livello epatico; stimola l’utilizzo 
del glucosio a livello muscolare e del tes-
suto adiposo, riducendone contemporane-
amente l’assorbimento. La metformina è 
in grado di ridurre modicamente l’introito 
calorico alimentare grazie ad un effetto 
centrale AMPK-dipendente, con soppres-
sione dei peptidi oressigeni, il neuropepti-
de Y e la proteina correlata all’agouti (A-
gRP), con un’associata aumentata espres-
sione del gene per il recettore della leptina 
(LEPR) nel nucleo arcuato. Il trattamento 
cronico con metformina aumenta anche i 
livelli di GLP-1. La lieve nausea che alcuni 
pazienti avvertono, specie all’inizio del 
trattamento, deve essere adeguatamente 
gestita con una graduale titolazione del do-
saggio, per evitare la mancata aderenza al 
trattamento. La perdita di peso associata a 
metformina è però variabile e in genere 
molto modesta. Studi clinici hanno eviden-
ziato come sia capace di apportare una ri-
duzione di peso corporeo medio di circa 
2,1 kg dopo un anno di trattamento, per-
tanto la metformina non ha ricevuto dalle 
agenzie regolatorie del farmaco l’approva-
zione per il trattamento della sola obesità 
(12). In accordo con le linee guida della 
Società Europea di Cardiologia/Associa-
zione Europea per lo Studio del Diabete 
(ESC/EASD) del 2019 e con le attuali rac-
comandazioni dell’Associazione America-
na per il Diabete (ADA) del 2023 sul diabe-
te mellito (13, 14), possiamo anche distin-
guere tre tipologie di pazienti sovrappeso/
obesi con DMT2: 
1)	 pazienti con una durata del DMT2 infe-

riore a 10 anni e senza altri fattori di ri-

schio cardiovascolare, con un rischio 
cardiovascolare basso o moderato; 

2)	 pazienti con una durata del DMT2 supe-
riore a 10 anni e con altri fattori di ri-
schio cardiovascolare, con un rischio 
cardiovascolare elevato o molto elevato; 

3)	 pazienti con DMT2 e malattie cardiova-
scolari/renali conclamate, con un ri-
schio cardiovascolare certamente mol-
to elevato. 
È importante sottolineare come attual-

mente in pazienti obesi diabetici ad alto ri-
schio cardiovascolare vengano raccoman-
dati inibitori di SGLT2 e/o analoghi del 
GLP-1, sia in pazienti “naive” alla terapia 
farmacologica, che in pazienti già in tratta-
mento con metformina, anche indipenden-
temente dai livelli di emoglobina glicata. 
Nel 2020, il “consensus statement” degli 
endocrinologi americani (AACE/ACE) a-
veva già raccomandato, indipendentemen-
te dal controllo glicemico ed in prima linea, 
l’utilizzo di inibitori di SGLT2 e analoghi 
del GLP-1 in presenza di malattie ateroscle-
rotiche cardiovascolari o nei pazienti ad 
alto rischio di eventi cardiovascolari, o con 
insufficienza renale cronica (IRC) stadio 
III-IV o scompenso cardiaco a ridotta fra-
zione di eiezione (15). Le linee guida nefro-
logiche KDIGO del 2020, nel paziente dia-
betico con IRC (eGFR tra 60 e 30 ml/min 
e/o albuminuria) consigliavano già inibito-
ri di SGLT2 e, se necessario, come secon-
do farmaco in aggiunta, un analogo del 
GLP-1 (16). 

In tale contesto, anche le linee guida 
della Società Europea di Cardiologia (ESC) 
del 2023 sulla gestione delle malattie car-
diovascolari in pazienti diabetici, confer-
mano l’utilizzo degli analoghi del GLP-1 e 
degli inibitori di SGLT2 (17). 

Anche le recenti linee guida italiane per 
il trattamento del DMT2 confermano co-
me, ad oggi, gli inibitori di SGLT2 e gli ana-
loghi del GLP-1 siano spesso farmaci di 



L’adipocentricità dei comuni problemi metabolici, cardiovascolari e renali nei pazienti obesi - Parte II

35

prima scelta negli obesi diabetici, spode-
stando persino la metformina in determi-
nati contesti, come in presenza di scom-
penso cardiaco (18). Di seguito andremo 
quindi ad analizzare proprio queste due 
innovative classi farmacologiche. 

Inibitori di SGLT2
Gli inibitori di SGLT2 (o gliflozine) sono 

a tutti gli effetti in primo luogo dei diuretici 
“ibridi” o “doppi” i quali, al contrario delle al
tre classi di diuretici disponibili, non stimo-
lano, ma anzi inibiscono, il sistema renina-
angiotensina-aldosterone (SRAA). Agisco-
no sul tubulo contorto prossimale del ne-
frone, favorendo la natriuresi e la glicosu-
ria con diuresi osmotica (19). L’inibizione 
del co-trasportatore SGLT2 conduce infatti 
a un minore riassorbimento di glucosio e 
cloruro di sodio. Il “sensore” della macula 
densa, ovvero il co-trasportatore Na-K-2Cl 
analogo a quello presente nell’ansa di 
Henle, di cui la macula densa è la diretta 
continuità, corrispondendo al breve tratto 
che subito segue l’ansa ascendente spessa, 

percepisce un maggior quantitativo di so-
dio (ma soprattutto di cloro), interpretan-
dolo come un’iperfiltrazione glomerulare, 
o comunque come una “ricchezza” in in-
troito alimentare e contenuto corporeo to-
tale di sale. Ne consegue un maggior rila-
scio paracrino dei nucleotidi ATP/ADP 
che rapidamente formano il nucleoside a-
denosina a livello interstiziale del polo va-
scolare del glomerulo dello stesso nefro-
ne, con conseguente stimolo dei recettori 
di tipo 1 dell’adenosina e successiva vaso-
costrizione dell’arteriola afferente assieme 
a un minor rilascio di renina (Figura 1). 
Questo comporta una minore produzione 
locale di angiotensina I dal lume dell’arte-
riola afferente in poi, con conseguente mi-
nori concentrazioni all’arteriola efferente 
di angiotensina II, che viene rapidamente 
prodotta dal locale ACE presente in tutto 
l’endotelio glomerulare, esitante in una mi-
nor vasocostrizione dell’arteriola efferen-
te. Il termine diuretico “ibrido” da noi co-
niato è correlato proprio alla capacità di 
questi farmaci di vasocostringere l’arterio-

Figura 1 - Conseguenze emodinamiche e tubulari renali dell’inibizione del co-trasportatore SGLT2, con at-
tivazione del feed-back tubulo-glomerulare nello stesso nefrone.
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la afferente e ridurre l’attività del SRAA 
“intra-renale” mimando l’azione di un ACE-
inibitore, comportandosi quindi in modo 
opposto ai diuretici dell’ansa o di quelli del 
tubulo contorto distale, che al contrario la 
stimolano (19). È proprio questa caratteri-
stica che determina la loro efficacia nel ri-
durre la pressione arteriosa nel circolo 
glomerulare, limitando lo stimolo secreti-
vo reninico a livello del nefrone e di conse-
guenza la stimolazione dei recettori AT1 
dell’angiotensina II, stimolazione che non 
viene mai completamente inibita nemme-
no con l’utilizzo di sartani o ACE-inibitori. 
Infatti, tali classi di farmaci non riescono 
mai a contrastare completamente l’azione 
locale intra-renale dell’angiotensina II, che 
può essere prodotta a partire dall’angioten-
sina I anche per vie alternative all’ACE. I-
noltre, sia sartani che ACE-inibitori deter-
minano un aumento dei livelli di renina 
dall’arteriola afferente, ostacolando l’inibi-
zione della sua secrezione tramite il feed-
back negativo angiotensina II-dipendente. 
Di fatto, nei pazienti obesi si può osservare 
un “escape” dagli effetti di ACE-inibitori o 
sartani sul controllo della secrezione di al-
dosterone, forse anche per la contempora-
nea esaltata attività reninica (20). 

Questa azione farmacologica degli inibi-
tori di SGLT2 è simile all’azione dei peptidi 
natriuretici a livello del tubulo prossimale, 
di cui appunto ne simulano i benefici fisio-
patologici. La capacità degli inibitori di 
SGLT2 di ridurre volume plasmatico e so-
dio corporeo, anche per diuresi osmotica, 
senza stimolare il SRAA, produce quindi 
una netta riduzione della pressione arterio-
sa sistemica e del post-carico cardiaco. A 
seguito dell’inibizione del co-trasportatore 
SGLT2 si avranno quindi notevoli benefici 
in termini di cardio e nefro-protezione, de-
terminando una rivoluzione nella gestione 
delle malattie cardiovascolari, a prescinde-
re dal diabete mellito (21, 22). In aggiunta, 

questa classe di farmaci permette all’orga-
nismo di perdere circa 70 grammi di gluco-
sio al giorno (280 kcal), facilitando così il 
calo ponderale nel paziente sovrappeso/o-
beso. I maggiori rappresentanti di questa 
classe sono empagliflozin, dapagliflozin, 
canagliflozin, sotagliflozin ed ertugliflozin. 

Il dapagliflozin ha dimostrato di ridurre 
la pressione arteriosa e facilitare un calo 
ponderale medio fino a un massimo del 
6,4%, riducendo i livelli di emoglobina gli-
cata di un punto percentuale, con una ridu-
zione media nell’uso di insulina di almeno 
18 UI, riduzione resa necessaria anche per 
evitare ipoglicemie. Nello studio DECLA-
RE, in cui i pazienti diabetici erano anche 
obesi (BMI medio pari a 32,1 kg/m2), an-
che se tale aspetto viene raramente enfatiz-
zato nei trials su DMT2, non è stato osser-
vato alcun aumento del rischio di ipoglice-
mia severa con dapagliflozin in confronto 
al placebo (23). Inoltre, questa molecola 
riduce la pressione arteriosa e ha dimo-
strato un ruolo significativo in termini di 
protezione cardiovascolare, con associata 
riduzione delle ospedalizzazioni per scom-
penso cardiaco, in pazienti con scompenso 
a frazione di eiezione ridotta (studio DA-
PA-HF) (24). Nello studio DELIVER sono 
stati evidenziati benefici significativi anche 
nei pazienti con scompenso cardiaco a fra-
zione di eiezione preservata (25) dimo-
strando l’unicità dei risultati ottenuti da 
questa classe di farmaci. Dapagliflozin inol-
tre riduce il decadimento della funzionalità 
renale negli anni fino al 28% in pazienti dia-
betici con nefropatia diabetica. Nello stu-
dio DAPA-CKD si è dimostrato come l’uti-
lizzo di dapagliflozin in pazienti con malat-
tia renale cronica (IRC), indipendentemen-
te dalla presenza di DMT2, riduca signifi-
cativamente il rischio di declino della velo-
cità di filtrazione glomerulare del 50% ri-
spetto al placebo, riducendo il rischio di 
progressione del danno renale e di morte 
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per cause renali o per cause cardiovascola-
ri (26).

L’empagliflozin, nello studio EMPEROR 
REDUCED, ha dimostrato un minor ri-
schio di morte cardiovascolare o ospeda-
lizzazione per scompenso cardiaco, indi-
pendentemente dalla presenza o meno di 
DMT2 (27). Inoltre, il tasso di riduzione 
del filtrato glomerulare era inferiore nei 
pazienti che assumevano empagliflozin, in-
dipendentemente dal grado di severità del
l’IRC di partenza (misurato come eGFR o 
come albuminuria) studiando pazienti con 
un filtrato stimato fino a 20 ml/min/1,73 
m2 (27). 

Lo studio EMPEROR PRESERVED ha 
dimostrato una riduzione del rischio com-
binato di morte cardiovascolare o ospeda-
lizzazione per scompenso cardiaco in pa-
zienti con scompenso cardiaco a frazione 
di eiezione preservata, indipendentemente 
dalla presenza o meno di DMT2, confer-
mando l’effetto di classe degli inibitori di 
SGLT2 nel modificare significativamente il 
management dello scompenso cardiaco a 
frazione di eiezione preservata (28). 

Nello studio EMPA-REG OUTCOME si 
riscontravano i seguenti risultati significa-
tivi: riduzione della mortalità cardiovasco-
lare, riduzione della mortalità per tutte le 
cause, riduzione dell’ospedalizzazione per 
scompenso cardiaco e riduzione del ri-
schio cardiovascolare, nei pazienti trattati 
con empagliflozin in associazione allo stan-
dard di terapia, indipendentemente dalla 
presenza o meno di scompenso cardiaco, e 
indipendentemente dalla frazione di eiezio-
ne (29). Lo studio EMPA-TROPISM ha di-
mostrato come empagliflozin migliori l’adi-
posità, specialmente quella viscerale, la fi-
brosi interstiziale miocardica, in particola-
re quella perivascolare, la rigidità aortica 
ed i livelli circolanti di markers infiamma-
tori in pazienti non diabetici con scompen-
so cardiaco a frazione di eiezione ridotta 

(30). Nello studio EMPA-KIDNEY si sono 
evidenziati minor progressione del danno 
renale cronico e minori ospedalizzazioni 
con empagliflozin, confermando l’efficacia 
di classe degli inibitori di SGLT2 nella pro-
tezione dal danno renale cronico (31). 

Il canagliflozin nello studio CANVAS, 
condotto su pazienti con DMT2 e malattie 
cardiovascolari o elevato rischio cardiova-
scolare, ha evidenziato una riduzione degli 
eventi cardiovascolari rispetto al placebo, 
ma un maggior rischio di amputazione a 
livello metatarsale o a livello delle dita dei 
piedi (32). 

Successivamente, si è chiarito come ta-
le rischio fosse aumentato solo in soggetti 
con determinate caratteristiche associate, 
quali precedenti anamnestici per amputa-
zione, malattie vascolari periferiche e neu-
ropatia (33).

Lo studio CREDENCE ha invece arruo-
lato pazienti diabetici con malattia renale 
cronica (eGFR tra 30 e 90 ml/min/1,73 m2 
e albuminuria), dimostrando una riduzione 
degli eventi renali e cardiovascolari con l’u-
tilizzo di canagliflozin (34). Un’analisi se-
condaria del lavoro ha dimostrato come i 
pazienti trattati con 100 mg di canagliflozin 
e con filtrato renale stimato compreso tra 
45 e 60 ml/min/1,73 m2 avessero avuto i 
maggiori benefici in termini di outcome 
renale (35). L’utilizzo di canagliflozin ha 
determinato un calo inziale dei valori di fil-
trato glomerulare stimato, con una succes-
siva stabilizzazione, come era da attendersi 
sulla base del meccanismo di azione princi-
pale di questa classe di farmaci (34).

Infatti, è stata riscontrata anche una si-
gnificativa riduzione della pressione arterio-
sa sistolica, riducendo la necessità di ulte-
riori farmaci antipertensivi, dimostrando 
come gli inibitori di SGLT2 possiedano mol-
teplici meccanismi organo-protettivi (35). 

In conclusione, le gliflozine hanno di-
mostrato complessivamente effetti meta-
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bolici, cardiovascolari e renali molto positi-
vi. Per limitare gli effetti collaterali preve-
dibili, i pazienti devono essere adeguata-
mente istruiti a mantenere un’adeguata i-
dratazione e un’accurata igiene genitale 
quotidiana.

Analoghi del GLP-1 
Il GLP-1 è un ormone secreto a livello 

intestinale con effetti molteplici sull’orga-
nismo (36). L’azione principale si esplica 
però a livello cerebrale. Questa molecola 
infatti raggiunge i neuroni ipotalamici de-
gli organi circumventricolari, inclusi i neu-
roni del nucleo arcuato e del nucleo del 
tratto solitario (36). Grazie agli effetti inib-
itori centrali ipotalamici sull’appetito (37), 
GLP-1 stimola sia il senso di ripienezza che 
quello di sazietà, agendo direttamente sui 
neuroni secernenti proopiomelanocortina 
(POMC) nel nucleo arcuato, aumentando 
la secrezione di melanocortina (MSH) e 
l’espressione del suo recettore MC4R a li-
vello del nucleo paraventricolare (38), si-
mulando quindi gli effetti della leptina (Fi-
gura 2). Gli analoghi del GLP-1 esercitano 
inoltre ulteriori effetti “ancillari”, quali 

un’azione diretta sulle cellule beta e alfa 
pancreatiche con facilitazione della secre-
zione di insulina e diminuzione della secre-
zione di glucagone, una ridotta motilità e 
svuotamento gastrico (anche per azione 
diretta sul vago e sul plesso mioenterico) 
ed un aumento del metabolismo del tessu-
to muscolare scheletrico (36). Inducendo 
un minor introito di cibo e calorie, facilita-
no indirettamente anche la natriuresi per 
un miglioramento dell’efficacia del sistema 
dei peptidi natriuretici, grazie alla ridotta 
espressione del loro recettore di clearance 
(NPRC) che è insulino/glucosio-dipenden-
te negli adipociti (39) e, nonostante l’obesi-
tà si associ a livelli inferiori di peptidi natri-
uretici circolanti per loro ipercatabolismo 
periferico, si osserva una riduzione dei li-
velli di NT-proBNP circolante conseguente 
a riduzione dello stress di parete ventrico-
lare (40). 

Gli effetti benefici conseguenti al calo 
ponderale, dovuti al ridotto introito calori-
co per la minor quantità di cibo ingerita, 
sono stati già descritti nella prima parte di 
questa rassegna concettuale. Di seguito 
passeremo in rassegna le principali mole-
cole appartenenti alla classe degli agonisti 
del GLP-1. 

La liraglutide rappresenta il capostipite 
di questa classe farmacologica, approvata 
per uso clinico in mono-somministrazione 
quotidiana sottocutanea e con outcome fa-
vorevole negli studi clinici condotti. Lo stu-
dio LEADER condotto su pazienti con 
DMT2 ha dimostrato una minor mortalità 
per cause cardiovascolari, in particolare 
per infarto miocardico acuto (IMA) (41). 
Veniva inoltre dimostrata la riduzione del 
tessuto adiposo viscerale e del grasso ecto-
pico (42), mentre la riduzione del peso cor-
poreo è risultata contenuta (38).

L’aumento progressivo della dose per-
mette al paziente di ridurre gli effetti avver-
si transitori di tipo gastrointestinale, come 

Figura 2 - Effetto della leptina a livello del sistema nervoso centra-
le e circuitistica della regolazione di fame, senso di sazietà e dispen-
dio energetico da parte dei neuroni ipotalamici che rilasciano 
POMC e il suo derivato MSH con le sue varianti.
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dispepsia e nausea. Con la perdita di peso 
conseguente al ridotto introito calorico, si 
riduce l’insulino-resistenza e migliorano an-
che tutti gli altri fattori di rischio cardiova-
scolare di natura adipocentrica (43).

La semaglutide in somministrazione sot-
tocutanea, rispetto alla liraglutide, ha il 
vantaggio di avere un’emivita maggiore, 
permettendo quindi di essere sommini-
strata settimanalmente anziché quotidiana-
mente. È sempre necessario iniziare alla 
dose inferiore, da aumentare gradualmen-
te, al fine di ridurre i principali e transitori 
effetti collaterali gastrointestinali prece-
dentemente citati. Gli studi SUSTAIN 1-5 
hanno dimostrato l’efficacia nel trattamen-
to del DMT2, evidenziando una significati-
va riduzione del peso corporeo, con conse-
guente riduzione dei livelli di emoglobina 
glicata, già a partire dai dosaggi di 0,5 e 1 
mg (44-48). Lo studio di outcome cardiova-
scolare SUSTAIN 6 ha dimostrato una ri-
duzione del 26% del rischio globale di mor-
te per cause cardiovascolari, IMA non fata-
le o stroke non fatale. Inoltre, veniva con-
fermata una riduzione significativa del pe-
so corporeo, dell’emoglobina glicata e an-
che una riduzione del 36% del rischio di 
insorgenza o aggravamento di nefropatia, 
con conseguente significativo beneficio 
metabolico e cardiovascolare (49). Va ri-
cordato che in studi clinici su pazienti dia-
betici anche con lungo follow-up, come il 
LOOK AHEAD, non si otteneva un calo 
ponderale medio sufficiente e non veniva 
raggiunto l’obiettivo di riduzione di inci-
denza degli eventi cardiovascolari (end-
point primario composito di ricovero per 
angina, infarto, ictus e morte cardiovasco-
lare) (50). Al contrario, un’analisi post-hoc 
dimostrava che solo in una minoranza di 
pazienti che perdevano oltre il 10% del pro-
prio peso corporeo si raggiungeva una si-
gnificativa riduzione dell’end-point prima-
rio (51). 

La semaglutide ha inoltre il vantaggio di 
poter anche essere somministrata per via 
orale una volta al giorno, grazie allo svilup-
po di una particolare tecnologia che preve-
de la co-formulazione con un potenziatore 
dell’assorbimento: il salcaprozato di sodio 
[Sodio N-(8-(2-hydroxybenzil-Amino) ca-
prylato] (SNAC), che determina a stoma-
co vuoto un “buffering” locale sulla muco-
sa gastrica, aumentando localmente il pH 
e riducendo l’efficacia degli enzimi che 
potrebbero degradare la semaglutide ora-
le, facilitandone l’assorbimento. Lo SNAC 
permette anche un aumento della permea-
bilità della membrana gastrica e promuo-
ve la monomerizzazione della semagluti-
de. Questa formulazione è stata premiata 
nell’anno 2020 come “Outstanding Contri-
bution in Human Health” dall’Agenzia Eu-
ropea del Farmaco (EMA). La semagluti-
de orale esercita un discreto effetto sul 
calo ponderale, con una riduzione media 
di 2,3 kg per la posologia da 14 mg rispetto 
al placebo, e benefici sul controllo della 
glicemia. Nello studio PIONEER 6 (52), 
che aveva come obiettivo primario l’outco-
me cardiovascolare, è stata dimostrata la 
non inferiorità rispetto al placebo, ma non 
una sua superiorità, per cui è attualmente 
in corso un ulteriore studio (SOUL) su 
9642 soggetti che ha come end-point pri-
mario l’outcome cardiovascolare.. Dal pun-
to di vista dell’effetto sui livelli di emoglo-
bina glicata, la semaglutide orale ha dimo-
strato una riduzione media dell’1,3%, ri-
spetto allo 0,8% che si può ottenere con 
sitagliptin e allo 0,9% che si ottiene con 
empagliflozin in aggiunta a metformina o 
sulfanilurea, o in aggiunta a sola metformi-
na (53, 54). Infine un recente studio (PIO-
NEER PLUS) che ha sperimentato la se-
maglutide al dosaggio di 25 mg e 50 mg, 
ha dimostrato inoltre una riduzione mag-
giore dell’emoglobina glicata rispetto al 
dosaggio standard di 14 mg, con una con-
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comitante maggiore riduzione del peso 
corporeo (55).

La dulaglutide ha un’omologia di circa il 
90% con il GLP-1 umano nativo, è resisten-
te alla degradazione da parte dell’enzima 
dipeptidil peptidasi 4 (DPP-4) e le sue 
grandi dimensioni ne rallentano l’assorbi-
mento e ne riducono la clearance a livello 
renale. Queste caratteristiche permettono 
di avere una formulazione solubile e un’e-
mivita di 4,7 giorni, per cui viene general-
mente somministrata sottocute una volta 
alla settimana. Lo studio a lungo termine 
sugli esiti cardiovascolari (REWIND) (56) 

ha reclutato una popolazione di pazienti 
con DMT2 differente rispetto a quella dei 
precedenti studi di outcome cardiovascola-
re con analoghi del GLP-1. Infatti solo il 
31,5% dei partecipanti aveva una storia di 
patologia cardiovascolare nota al momento 
del reclutamento, con la maggioranza che 
presentava solo fattori di rischio cardiova-
scolari o danno vascolare subclinico ed era 
quindi in prevenzione primaria. Il tratta-
mento con dulaglutide ha dimostrato per 
tutta la durata del follow-up un controllo 
glicemico migliore e più bassi livelli di al-
cuni fattori di rischio cardiovascolare ri-
spetto al placebo. Si osservava un possibile 
maggior effetto sull’ictus rispetto all’infar-
to miocardico non fatale ed è stato confer-
mato l’effetto nefroprotettivo. Gli eventi 
avversi riportati a livello gastrointestinale 
sono stati nausea, diarrea e vomito. Questi 
eventi erano generalmente di intensità lie-
ve o moderata, mostravano un picco duran-
te le prime 2 settimane di trattamento e 
diminuivano rapidamente nelle seguenti 4 
settimane. Per quanto concerne l’effetto di 
dulaglutide sul calo ponderale, lo studio 
REWIND ha evidenziato un calo del peso 
corporeo medio di soli 1,6 kg rispetto al 
gruppo placebo (56). 

La tirzepatide è una molecola innovativa 
che viene definita “twin-cretina” o meglio 

“doppio agonista”, poiché si lega sia al re-
cettore del GLP-1 che a quello del “gastric 
inibitory polipeptide”, ora meglio noto co-
me “glucose-dependent insulinotropic 
polypeptide” (GIP), con maggiore affinità 
per quest’ultimo, e la sua duplice azione 
provoca un effetto additivo, generando an-
che un aumento significativo della risposta 
insulinica alla glicemia. Come altri analo-
ghi del GLP-1, tirzepatide viene sommini-
strata sottocute una volta alla settimana, 
data la sua emivita di cinque giorni (57). Lo 
studio SURPASS-1 è stato condotto su pa-
zienti con DMT2 con un BMI medio di 31,2 
kg/m2 ed una emoglobina glicata media di 
8,4%. Dopo 40 settimane di trattamento, si 
è verificata una riduzione statisticamente 
significativa dei livelli di emoglobina glica-
ta rispetto al gruppo placebo. I livelli di glu-
cosio circolanti e quelli di insulina erano 
nettamente ridotti nei pazienti che assume-
vano tirzepatide (58). Lo studio SURPASS-2 
(59) comprendeva pazienti diabetici con 
un BMI medio di 32,6 kg/m2 ed una durata 
media del diabete di 9 ± 6 anni, con valori di 
emoglobina glicata medi di 8,1% ± 1. L’end
point primario consisteva nel verificare il 
cambiamento di emoglobina glicata rispet-
to al valore iniziale. Analogamente allo stu-
dio SURPASS-1, la riduzione percentuale 
di emoglobina glicata risultava dose-dipen-
dente. Da notare l’elevatissima percentua-
le di pazienti che perdeva il 10% o più del 
peso corporeo, valore soglia che si ritiene 
efficacemente associato a maggior benefi-
cio metabolico e cardiovascolare. Nello 
studio SURPASS-3 la tirzepatide è stata in-
vece messa a confronto con l’insulina de-
gludec, dimostrando una maggiore effica-
cia nella riduzione dell’emoglobina glicata 
e del peso corporeo (-15%) (60). Inoltre re-
centi studi hanno anche evidenziato la net-
ta superiorità della tirzepatide rispetto 
all’insulina glargine nel ridurre l’emoglobi-
na glicata e il peso corporeo, con o senza 
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metformina, con minor frequenza di episo-
di ipoglicemici (61, 62). Lo studio SUR-
PASS-CVOT (63) di fase 3 randomizzato in 
doppio cieco ha il fine di valutare gli outco-
mes cardiovascolari di tirzepatide, valutan-
do la non inferiorità e la superiorità di que-
sto farmaco rispetto alla dulaglutide. I ri-
sultati di questo studio sono attesi per il 
prossimo anno. Le aspettative per questa 
nuova molecola sono molto alte e l’opinio-
ne scientifica mondiale parla già di un far-
maco rivoluzionario dal punto di vista me-
tabolico, soprattutto per l’efficacia nell’in-
durre la perdita di peso (57, 64). 

La retatrutide è un triplice agonista (GLP-1, 
GIP e glucagone) somministrato settima-
nalmente tramite iniezione sottocutanea. 
In uno studio di fase 2 in pazienti diabetici 
con BMI maggiore o uguale a 25 kg/m2, si 
osservava una riduzione di peso dose-di-
pendente fino al 16,9% con retatrutide, 
mentre la riduzione dei livelli di emoglobi-
na glicata è stata fino al 2,2% (23,6 mmol/
mol) dopo 36 settimane di trattamento. Ve-
niva inoltre osservata una significativa ri-
duzione dei valori di pressione arteriosa, 
trigliceridi e colesterolo non-HDL (65). In 
un ulteriore studio di fase 2 su 338 pazienti 
con sovrappeso o obesità, ma non affetti da 
DMT2, si osservava una riduzione media 
del peso corporeo del 24% dopo 48 settima-
ne di trattamento con retatrutide alla dose 
di 12 mg (66). 

Trattamento farmacologico  
del paziente obeso iperteso 

Farmaci che riducono la pressione 
arteriosa e farmaci che riducono 
l’adiposità: una nuova visione integrata

Il paziente “obeso-iperteso” è da anni 
oggetto di speciale interesse clinico, tanto 
che in passato sono state realizzate racco-
mandazioni pratiche congiunte tra la So-
cietà Italiana dell’Ipertensione Arteriosa 

(SIIA) e la Società Italiana dell’Obesità 
(SIO) (67). 

Il paziente con sovrappeso viscerale o 
obesità affetto da ipertensione arteriosa 
spesso necessita di una terapia antiperten-
siva con duplice o triplice associazione, 
che garantisca un’adeguata copertura del-
le 24 ore (4, 68).

Tali associazioni, comunemente usate 
nella pratica clinica, vedono come farmaci 
di prima scelta i sartani o gli ACE-inibitori, 
preferibilmente a dosaggio “massimale”, 
ovvero generalmente quello somministra-
to nei trial clinici di outcome cardiovasco-
lare (69).

Riguardo all’importanza dei dosaggi 
per i sartani, nello studio DROP (70) con-
dotto su obesi ipertesi con DMT2 e micro-
albuminuria, i dosaggi più efficaci di val-
sartan, sia per il controllo pressorio che 
per la riduzione della microalbuminuria, 
erano pari a ben 640 mg al giorno, mentre 
val la pena di ricordare che in Italia il do-
saggio efficace di 320 mg fu l’ultimo ad es-
sere commercializzato, mentre general-
mente veniva utilizzato il dosaggio di 80 
mg. Anche nello studio VAL-HEFT, in cui 
sono stati arruolati molti pazienti obesi i-
pertesi, il valsartan veniva utilizzato nello 
scompenso cardiaco con ridotta frazione di 
eiezione al dosaggio di 160 mg due volte al 
giorno (71).

L’irbesartan invece ha ottenuto ottimi 
risultati dosaggio-dipendenti in termini di 
nefroprotezione in pazienti diabetici con 
microalbuminuria. Lo studio IRMA 2 con-
dotto su 590 pazienti ipertesi con DMT2 
ha dimostrato come irbesartan prevenga e 
rallenti la progressione alla nefropatia con-
clamata (72). Lo studio IDNT, condotto su 
1715 ipertesi con DMT2 e proteinuria, con 
nefropatia in stadio avanzato, ha dimostra-
to come irbesartan al dosaggio di 300 mg 
al giorno, paragonato ad amlodipina e altri 
trattamenti, proteggesse dal rischio di 
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peggioramento della creatininemia o di 
morte (73).

Riguardo agli ACE-inibitori, lo studio 
REIN in pazienti nefropatici cronici, ma 
non diabetici, ha dimostrato in modo ine-
quivocabile che l’effetto protettivo renale 
del ramipril era assente nelle persone con 
normale BMI, mentre era significativo ne-
gli obesi, sia per la progressione del danno 
renale che per la proteinuria (74), dato po-
co noto ma di grande rilevanza nella prati-
ca clinica quotidiana.

Negli obesi, risulta utile e spesso neces-
saria l’associazione di ACE-inibitori o sar-
tani con diuretici tiazidici o tiazidico-simili, 
utilizzabili fino a valori di filtrato glomeru-
lare stimato (eGFR) ≥30 ml/min/1,73 m2, 
o diuretici dell’ansa (furosemide o torase-
mide, da preferire quest’ultima per la più 
lunga emivita e per il miglior profilo di bio-
disponibilità) per valori di eGFR <30 ml/
min/1,73 m2. Se da un lato il diuretico ser-
ve a eliminare l’eccesso di sale introdotto 
con l’alimentazione, dall’altro lato il sarta-
no o ACE-inibitore serve a moderare la 
conseguente stimolazione del SRAA con-
seguente all’utilizzo del diuretico (68, 75). 
Nella maggior parte degli obesi, l’associa-
zione con un diuretico è indispensabile per 
ottenere un adeguato controllo dei valori 
pressori nelle 24 ore, proprio a causa dell’e-
levato introito sodico che caratterizza la 
dieta di questi pazienti, spesso miscono-
sciuto sia dai clinici che dai pazienti stessi. 

Inoltre, in Italia sono disponibili triplici 
associazioni precostituite che includono, 
oltre a sartano (olmesartan o valsartan) o 
ACE-inibitore (perindopril o ramipril) e 
diuretico (indapamide o idroclorotiazide), 
anche calcio-antagonisti diidropiridinici co-
me l’amlodipina, associazioni che aumen-
tano nettamente l’aderenza alla terapia far-
macologica e quindi il controllo pressorio 
delle 24 ore. Va ricordato che l’amlodipina 
blocca principalmente i canali del calcio di 

“tipo L”, presenti soprattutto sull’arteriola 
afferente glomerulare e quindi potrebbe 
favorire l’iperfiltrazione glomerulare se u-
sato in monoterapia negli obesi. L’utilizzo 
in monoterapia di amlodipina negli ipertesi 
obesi è improprio, ma comunemente ri-
scontrabile. Inoltre, il noto e frequente ef-
fetto collaterale conseguente all’utilizzo di 
amlodipina, rappresentato dall’insorgenza 
di edemi declivi generalmente perimalleo-
lari, in caso di monoterapia in pazienti obe-
si, già di per sé gravati da possibili proble-
matiche di stasi flebo-linfatica agli arti infe-
riori, può facilmente comportare l’insor-
genza di edemi “colonnari” fino alle ginoc-
chia. L’azione vasodilatatoria diretta del
l’amlodipina dovrebbe infatti essere sem-
pre controbilanciata almeno da un antago-
nista del sistema renina-angiotensina-aldo-
sterone (SRAA), vale a dire un sartano o 
un ACE-inibitore, altrimenti in alcuni pa-
zienti è possibile osservare anche un effet-
to “diuretico” con comparsa di nicturia, 
specie se il farmaco viene assunto la sera 
prima di coricarsi, con conseguente possi-
bile riduzione dell’aderenza terapeutica. La 
lercanidipina, agendo sui canali del calcio 
sia di “tipo L” che di “tipo T”, esercita una 
dilatazione più bilanciata delle arteriole 
glomerulari, sia di quella afferente che di 
quella efferente, pertanto può rappresenta-
re una valida alternativa all’amlodipina. 

Le più recenti linee guida promulgate 
dalla Società Europea dell’Ipertensione Ar-
teriosa (ESH) confermano la necessità di 
un utilizzo estensivo di duplici o triplici 
combinazioni fisse in unica compressa 
contenenti un diuretico, per ottenere un a-
deguato controllo pressorio delle 24 ore 
nei pazienti obesi, e allo stesso tempo au-
mentare l’aderenza terapeutica (4, 68). 

Nello studio ACCOMPLISH  (76, 77), 
come del resto in moltissimi altri studi sul 
trattamento farmacologico dell’ipertensio-
ne arteriosa, quasi il 50% dei pazienti aveva 
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un BMI >30 kg/m2. È molto importante 
sottolineare che una sotto-analisi di tale 
studio ha evidenziato come negli obesi l’as-
sociazione ACE-inibitore/diuretico (bena-
zepril-idroclorotiazide) si associasse a un 
migliore outcome combinato di morte car-
diovascolare, infarto e ictus rispetto all’out-
come globale dello studio, dove invece l’as-
sociazione ACE-inibitore e calcioantagoni-
sta prevaleva (78). In un ulteriore studio, 
condotto con un’associazione fissa di ACE-
inibitore/calcio-antagonista (perindopril-
amlodipina) si osservava come i fattori 
principali che ostacolavano l’efficacia della 
terapia sul calo pressorio fossero proprio 
BMI e circonferenza vita, due noti indici di 
adiposità, diffusa e centrale rispettivamen-
te (79).

Un’altra classe farmacologica spendibi-
le nel paziente obeso è quella rappresenta-
ta dai beta-bloccanti, in particolare i bloc-
canti selettivi (o super-selettivi) del recet-
tore beta-1 adrenergico, come il bisoprolo-
lo e il nebivololo, da preferire al metoprolo-
lo tartrato (poiché meno selettivo e dotato 
di emivita inferiore), per mantenere la fre-
quenza cardiaca <70 bpm, specie negli obe-
si sedentari. Questa classe farmacologica 
contribuisce anche a ridurre la secrezione 
di renina dopo stimolo adrenergico beta-1 
(ad esempio in ortostatismo) sulle cellule 
renina secernenti dell’arteriola afferente, 
senza peraltro determinare ipotensione or-
tostatica.

Inoltre, è importante ricordare come 
nell’obeso iperteso sia spesso necessario 
ricorrere all’utilizzo di antagonisti del recet-
tore dei mineralcorticoidi (MRA), anche a 
basse dosi (canrenone 12,5-25 mg) per otte-
nere un completo controllo dei valori pres-
sori nelle 24 ore. Ciò è dovuto alla nota per-
sistente inappropriata secrezione di aldo-
sterone che caratterizza l’obeso iperteso, 
nonostante l’utilizzo di ACE-inibitori o sar-
tani, specie se sottodosati (come ad esem-

pio il ramipril a soli 5 mg al giorno) (20). Nei 
pazienti obesi infatti ricordiamo il fenomeno 
dell’“escape” della secrezione di aldostero-
ne dall’inibizione esercitata da ACE-inibitori 
e sartani (specie se sottodosati) in rapporto 
alla presenza di un eccesso di massa grassa 
(80). Nella pratica clinica, per monitorare 
l’entità dell’inibizione del SRAA e correlarla 
con l‘efficacia della terapia in atto con ACE-
inibitori o sartani, può essere utile il rappor-
to renina plasmatica/aldosterone plasmati-
co (Renin-to-Aldosterone Ratio, RAR), un 
indice che è l’esatto reciproco di quello uti-
lizzato per lo screening dell’iperaldosteroni-
smo primario (Aldosterone-to-Renin Ratio, 
ARR). Valori maggiori di RAR sono infatti 
associati a un migliore controllo della pres-
sione arteriosa delle 24 ore e in particolare 
ad un maggiore controllo della pressione 
arteriosa notturna (81). 

L’integrazione della terapia antipertensi-
va con l’utilizzo di inibitori di SGLT2 nel pa-
ziente obeso, specie se affetto da scompen-
so cardiaco, indipendentemente dalla frazio-
ne di eiezione e indipendentemente dalla 
presenza di DMT2, rappresenta una nuova 
opportunità, sia in associazione che in alter-
nativa alla terapia diuretica, per esercitare 
una adeguata azione cardio-nefroprotettiva. 
Inoltre, come riportato anche dalle più re-
centi linee guida europee per la gestione 
dell’ipertensione arteriosa (ESH 2023), nel 
paziente obeso iperteso, oltre alla necessa-
ria terapia farmacologica antipertensiva, si 
dovrebbe ricorrere anche ad una terapia 
farmacologica che consenta di ottenere un 
significativo calo ponderale (utilizzando gli 
analoghi del GLP-1 in particolare), poiché al 
calo ponderale seguirà inevitabilmente un 
calo pressorio, con agevolazione in termini 
di adeguato controllo pressorio delle 24 ore 
e possibilità di ridurre il carico della terapia 
antipertensiva (4). 

Nella nostra rassegna, a tal proposito, 
presentiamo un approccio terapeutico, sup



        

R. Sarzani, F. Spannella, P. Falcioni, et al.

44

portato da crescenti evidenze, fondato 
sull’integrazione precoce di terapie anti-i-
pertensive e terapie anti-obesità (riportate 
di seguito) mirate alla protezione cardio-
renale e alla prevenzione degli eventi car-
diovascolari. Tale approccio è espresso gra-
ficamente con una rivisitazione della stori-
ca figura di Irvine Page (Figura 3), nell’ot-
tica “adipocentrica” della problematica car-
dio-metabolica, con possibili nuove combi-
nazioni terapeutiche farmacologiche spen-
dibili nel paziente obeso iperteso.

Farmaci per ridurre l’eccesso di adipe  
a fini cardio-metabolici

In accordo alla più recente linea guida 
italiana intitolata “Terapia del sovrappeso e 
dell’obesità resistenti al trattamento com-
portamentale nella popolazione adulta con 
comorbilità metaboliche” (11), i trattamen-
ti farmacologici finalizzati alla perdita di 
peso sono rappresentati dall’orlistat, dalla 
più recente associazione bupropione/nal-

trexone e dai nuovi “rivoluzionari” agonisti 
del GLP-1.

L’orlistat è un inibitore selettivo della li-
pasi pancreatica, pertanto agisce riducen-
do l’assorbimento dei grassi alimentari da 
parte del tratto digerente, con conseguen-
te aumento della loro escrezione fecale. 
Indicato in associazione a una dieta mode-
ratamente ipocalorica per il trattamento di 
pazienti obesi con BMI >30 kg/m², o di 
pazienti in sovrappeso (BMI >28 kg/m²) 
con fattori di rischio associati, alla dose di 
120 mg 3 volte al giorno, è stato approvato 
da entrambe le agenzie regolatorie del far-
maco, europea (EMA) e americana (FDA), 
anche come farmaco da banco. L’effetto 
collaterale più frequente, che può ridurre 
significativamente aderenza e persistenza 
al trattamento, è rappresentato da perdita 
di feci liquide e oleose. Tale effetto può tut-
tavia essere un indicatore dell’introito lipi-
dico alimentare e può pertanto essere 
“sfruttato” per incentivare il paziente a se-
guire una dieta ipocalorica e a ridotto con-
tenuto di grassi, soprattutto saturi.

L’associazione bupropione/naltrexone è 
costituita da un inibitore del reuptake della 
noradrenalina e della dopamina, utilizzato 
con efficacia per il trattamento della de-
pressione e per la cessazione dell’abitudi-
ne tabagica (bupropione) (82) e un antago-
nista del recettore degli oppioidi (naltrexo-
ne) usato per trattare la dipendenza da al-
col ed oppiacei. L’attività del sistema 
POMC è potentemente stimolata dai livelli 
di dopamina e norepinefrina (83). La com-
binazione di entrambi i principi attivi deter-
minerebbe da una parte una stimolazione 
dell’ipotalamo da parte della dopamina (i 
cui livelli sono incrementati dal meccani-
smo inibente del bupropione) a produrre 
più POMC, che tramite il suo derivato 
MSH e l’attivazione del recettore MC4R, 
riduce l’appetito e aumenta la sazietà, men-
tre dall’altra parte il naltrexone ridurrebbe 

Figura 3 - Possibili associazioni farmacologiche per il paziente obe-
so iperteso con o senza alterato metabolismo glucidico e/o danno 
d’organo renale e cardiaco. Le linee continue indicano associazioni 
approvate e favorevoli, quelle tratteggiate associazioni che richiedo-
no più cautela nel loro uso, che variano a seconda della duplice, tri-
plice o quadruplice combinazione o da evitare in alcuni casi.
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gli effetti della beta-endorfina, sia bloccan-
do i recettori mu degli oppioidi, che inibi-
scono la secrezione di POMC, sia dimi-
nuendo anche il desiderio della ricerca di 
cibo e il conseguente piacere nel consu-
marlo (83). Tale combinazione, approvata 
nel 2014 da EMA e FDA, trova indicazione 
in aggiunta a una dieta ipocalorica e all’atti-
vità fisica, per la gestione del peso in pa-
zienti adulti con BMI iniziale maggiore o 
uguale a 30 kg/m², oppure per BMI com-
presi tra 27 e 29,9 kg/m² in presenza di al-
meno una comorbilità correlata al peso, 
quale prediabete o DMT2, qualora gli ago-
nisti del recettore del GLP-1 non vengano 
tollerati, in quanto non ci sono dati certi in 
termini di sicurezza cardiovascolare: infatti 
il bupropione in particolare può aumentare 
la pressione arteriosa e la frequenza del 
battito cardiaco. Nello studio di fase 3 con 
bupropione/naltrexone si è osservato una 
minima variazione della pressione arterio-
sa rispetto al placebo e un aumento di 1 
bpm della frequenza cardiaca, probabil-
mente a causa dell’aumento di norepinefri-
na determinata proprio dal bupropione. 
Dopo 56 settimane di trattamento, con la 
perdita di peso, i livelli di pressione arterio-
sa sembrerebbero ridursi rispetto al basa-
le. Inoltre, tale combinazione è gravata da 
effetti collaterali comuni quali nausea, ce-
falea e costipazione (84). Il dosaggio mas-
simo sembrerebbe determinare una ridu-
zione del 4-6% del peso corporeo in più ri-
spetto al placebo (85). In conclusione, que-
sta associazione non ha certo un’indicazio-
ne primaria nell’obeso iperteso, ma qualo-
ra vi sia un’efficace terapia antipertensiva 
di combinazione può essere presa in consi-
derazione.

La liraglutide, ad oggi, risulta essere 
ancora l’unico agonista del GLP-1 approva-
to in Italia per il trattamento dell’obesità 
(dai 12 anni di età) e del sovrappeso (in 
presenza di complicanze cardiopolmonari 

e metaboliche), in assenza di DMT2, tutta-
via non ancora in regime di rimborsabilità 
da parte del Servizio Sanitario Nazionale 
(SSN). Alla dose di 3 mg/die è indicato in 
pazienti adulti con BMI iniziale maggiore o 
uguale a 30 kg/m², oppure nel sovrappeso 
con BMI compresi tra 27 e 29,9 kg/m² in 
presenza di almeno una comorbilità corre-
lata al peso quale pre-diabete, ipertensione 
arteriosa, dislipidemia o apnee ostruttive 
nel sonno. In uno degli studi SCALE ese-
guito in pazienti non diabetici (studio Obe-
sity and Prediabetes) (86), partendo da 
pazienti con un peso medio di 106 kg (BMI 
medio 38,3 kg/m²) l’utilizzo di liraglutide 
al dosaggio di 3 mg/die sottocute compor-
tava una riduzione del peso corporeo in 56 
settimane del 5% nel 63% dei pazienti, del 
10% nel 33% de pazienti, e del 15% nel 14,4% 
dei pazienti. La perdita di peso risultava 
mediata da una riduzione dell’appetito e 
dell’introito calorico piuttosto che dall’au-
mentato consumo di energia. Si è dimo-
strata anche significativa riduzione della 
circonferenza addominale. Il farmaco si è 
dimostrato meno efficace in pazienti con 
BMI ≥40 kg/m² e più efficace in pazienti 
con BMI inferiore. Lo stesso studio dimo-
strava una riduzione della pressione arte-
riosa, sia sistolica che diastolica, della gli-
cemia, di trigliceridi e VLDL, e della protei-
na C reattiva (PCR), mentre si assisteva ad 
incremento dei livelli di adiponectina, la 
citochina “buona” di provenienza adipoci-
taria (86). Gli effetti collaterali riscontrati 
risultavano lievi (moderata nausea e diar-
rea), spesso transitori ed autolimitanti. E-
venti avversi di grado severo si sono verifi-
cati nel 6,2% dei pazienti trattati con liraglu-
tide e nel 5% dei pazienti trattati con place-
bo, eventi non correlati al farmaco. Eventi 
di calcolosi della colecisti e colecistite si 
sono verificati con lieve maggiore frequen-
za nel gruppo che assumeva liraglutide 
(87, 88). I dati però indicano che il lieve 
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aumento di casi di complicanze calcoloti-
che e colecistitiche sia legato all’obesità e 
alla perdita di peso, piuttosto che al farma-
co in sè (89). Infatti, la riduzione dell’introi-
to calorico, e in particolare di quello lipidi-
co, induce una minor stimolazione della 
secrezione biliare e ridotto svuotamento 
della colecisti, fattori che possono favorire 
la formazione di calcoli, con eventuali com-
plicanze infiammatorie-infettive (90). 

La semaglutide, negli studi STEP, ha di-
mostrato di possedere un importante effet-
to sulla riduzione del peso corporeo nel 
paziente obeso non diabetico. I risultati 
dello studio STEP-1, che ha arruolato 1961 
pazienti adulti obesi non diabetici con un 
BMI >30 kg/m², o con un BMI ≥27 kg/m² 
in presenza di una comorbidità associata 
all’obesità (pre-diabete, ipertensione, disli-
pidemia, patologie cardiovascolari, apnee 
ostruttive nel sonno), hanno messo in luce 
una diminuzione media del 15,3% di peso 
corporeo nel gruppo trattato per 68 setti-
mane con 2,4 mg (titolato a partire da 0,25 
mg) di semaglutide, associando uno stile 
di vita sano, rispetto al 2,6% del gruppo pla-
cebo. Inoltre, lo studio ha evidenziato an-
che un calo netto dei marker infiammatori, 
della pressione arteriosa, dei lipidi nel san-
gue e dell’emoglobina glicata (91). A com-
pletamento, lo studio STEP-3, che ha ar-
ruolato 611 pazienti, ha dimostrato una 
perdita di peso del 17,6% rispetto al 5% del 
gruppo placebo, sempre con 2,4 mg di se-
maglutide titolata a partire da 0,25 mg, as-
sociando però una terapia comportamenta-
le più mirata (92). Questi dati sono stati 
successivamente confermati dallo studio 
STEP-4, che ha arruolato una coorte di 902 
pazienti, dimostrando una riduzione media 
del 14,8% di peso corporeo nel gruppo trat-
tato. Inoltre quest’ultimo studio ha eviden-
ziato una spiccata riduzione media della 
circonferenza addominale (-9,7 cm), della 
pressione arteriosa sistolica (-3,9 mmHg) 

ed un miglioramento del “physical function 
score” rispetto al gruppo placebo (end
points secondari). Nonostante gli effetti 
collaterali gastrointestinali evidenziati nel 
49% della popolazione in studio, solo il 2,4% 
dei pazienti in trattamento ha interrotto il 
farmaco (93). I dati dello studio STEP-4 so-
no stati poi confermati dallo studio STEP-5, 
che ha valutato l’efficacia della semaglu-
tide a 60 settimane dall’inzio del trattamen-
to, con una riduzione media del 12,6% di pe
so corporeo alla 104esima settimana (94). 
Studi su pazienti adolescenti hanno dimo-
strato come semaglutide al dosaggio di 2,4 
mg, associata ad uno stile di vita sano e a-
deguata attività fisica, sia stata in grado di 
abbassare di una classe il grado di obesità 
nella maggior parte dei partecipanti, ri-
spetto al placebo. Il 40% dei pazienti reclu-
tati hanno ottenuto una classe inferiore 
della soglia di obesità (95). Inoltre la sema-
glutide al dosaggio di 2,4 mg è stata anche 
confrontata in recentissimi studi con la lira-
glutide al dosaggio di 3,0 mg in pazienti o-
besi non diabetici, dimostrando che l’asso-
ciazione a dieta e stile di vita sani comporti 
una riduzione più spiccata del peso corpo-
reo rispetto alla liraglutide (96). La sema-
glutide, anche al dosaggio di 1 mg, risulta 
inoltre essere superiore rispetto alla lira-
glutide al dosaggio di 3,0 mg nel prevenire 
le recidive di obesità in pazienti trattati con 
chirurgia bariatrica, indipendentemente 
dal trattamento chirurgico effettuato o al
l’entità della recidiva stessa (97). 

Nel recentissimo studio STEP-HFpEF, 
è stata testata in doppio cieco la semagluti-
de 2,4 mg una volta alla settimana rispetto 
al placebo, per 52 settimane, in 529 pazien-
ti obesi (BMI medio di 37 kg/m2), ipertesi 
(82%), non diabetici, anziani (età media 69 
anni) (98). L’end-point primario composito 
mostrava un miglioramento del punteggio 
al “Kansas City Cardiomyopathy Question-
naire” (KCCQ) e un significativo calo pon-
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derale (-13,3%). È stato inoltre dimostrato 
un significativo miglioramento della di-
stanza percorsa al test del cammino 
(6-MWT) e una riduzione dei livelli circo-
lanti di NT-proBNP di circa il 21%, a confer-
ma di come la riduzione del peso corporeo 
in eccesso rivesta un ruolo primario nel ri-
durre l’insorgenza di scompenso cardiaco, 
soprattutto mediante una significativa ridu-
zione dei valori pressori sistolici (-4,9 
mmHg) a seguito del calo ponderale.

Inoltre, risultati eclatanti si sono eviden-
ziati nello studio SELECT condotto a parti-
re dal 2018. La semaglutide al dosaggio di 
2,4 mg ha ridotto del 20% l’insorgenza di 
ulteriori eventi cardiovascolari (morte car-
diovascolare, infarto non fatale e ictus non 
fatale) in 17.604 pazienti in sovrappeso o o-
besi non diabetici, di almeno 45 anni, che 
avevano già avuto precedenti eventi cardio-
vascolari (99) e i risultati saranno definitiva-
mente presentati e pubblicati entro il 2023.

Attualmente in Europa la semaglutide 
ha indicazione di utilizzo nel paziente obe-
so (o sovrappeso, con un BMI a partire da 
27 kg/m2 e con comorbidità correlata a ec-
cesso di adipe) non diabetico e forse otter-
rà la rimborsabilità dal parte del SSN nel 
2024, alla luce proprio dei risultati dello 
studio SELECT.

La formulazione orale della semagluti-
de trova attualmente indicazione nel tratta-
mento del DMT2. Come citato in prece-
denza, lo studio PIOONER PLUS ha evi-
denziato un calo dell’emoglobina glicata e 
un più spiccato calo ponderale sommini-
strando il farmaco ad un dosaggio maggio-
re (25 mg e 50 mg), e un recente trial (OA-
SIS 1) ha messo a confronto pazienti obesi 
o in sovrappeso non diabetici trattati con 
semaglutide orale al dosaggio di 50 mg o 
con placebo. Dai risultati emersi, semaglu-
tide si associava a una maggior riduzione 
del peso corporeo rispetto al placebo, an-
che se determinava d’altro canto una mag-

gior frequenza di eventi attesi indesiderati 
gastrointestinali (100). La semaglutide, 
anche nella formulazione orale ad alto do-
saggio, diverrà probabilmente una nuova 
opzione terapeutica per il trattamento del 
sovrappeso viscerale e dell’obesità, nonché 
delle comorbidità correlate all’adiposità. 

La tirzepatide, nello studio di fase 3 
SURMOUNT-1, ha dimostrato efficacia e 
sicurezza in una popolazione di pazienti 
non diabetici. La riduzione del peso corpo-
reo si è dimostrata significativa, così come 
la riduzione della circonferenza addomina-
le. Si assisteva inoltre ad una riduzione 
media del 17% della circonferenza addomi-
nale, ad una riduzione del 34% della massa 
grassa totale, ad una riduzione media di 
0,5 punti di emoglobina glicata, ad una ri-
duzione media del 28% dei trigliceridi cir-
colanti e, soprattuto, ad una riduzione me-
dia di ben 8 mmHg di pressione arteriosa 
sistolica in 24 settimane di trattamento 
(101). Inoltre, i pazienti che presentavano 
pre-diabete prima dell’inizio del trattamen-
to, si trovavano in condizioni di normogli-
cemia in più del 95% dei casi al termine. 
Tali dati confermano la “visione adipocen-
trica” delle comuni problematiche cardio-
metaboliche che affliggono i pazienti so-
vrappeso-obesi. Gli effetti collaterali (nau-
sea, diarrea, costipazione) erano modesti 
e transitori e si presentavano per lo più 
nella fase di titolazione della dose del far-
maco. Nel gruppo trattato con tirzepatide, 
si sono verificati più episodi di colecistite, 
rispetto al gruppo trattato con placebo, ma 
tale riscontro, analogamente a quanto ri-
scontrato con liraglutide e semaglutide, 
sembra essere legato alla spiccata riduzio-
ne dell’introito calorico e al conseguente 
rapido calo ponderale, piuttosto che all’as-
sunzione del farmaco in sé. Lo studio SUR-
MOUNT-2 ha anch’esso dimostrato i be-
nefici di tirzepatide al dosaggio di 10 mg e 
15 mg nella riduzione del peso corporeo 
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(102). Inoltre, i risultati in fase di pubblica-
zione sul calo ponderale ottenuto negli 
studi SURMOUNT-3 e SURMOUNT-4 su 
un totale combinato di 1.249 adulti rando-
mizzati, si aggiungono ai dati incoraggian-
ti precedentemente riportati su oltre 3400 
pazienti randomizzati negli studi SUR-
MOUNT-1 e SURMOUNT-2. Lo studio 
SURMOUNT-3 associa la titolazione di tir-
zepatide, fino a una dose settimanale di 10 
mg/15 mg (secondo tolleranza), ad una 
gestione dello stile di vita, mostrando una 
perdita media del 21,1% del peso corporeo 
dopo 72 settimane dalla randomizzazione, 
rispetto a un aumento di peso medio del 
3,3% nel gruppo di controllo. Un ulteriore 
dato incoraggiante è rappresentato dal fat-
to che il 94,4% delle persone trattate con 
tirzepatide abbia ottenuto almeno un calo 
ponderale del 5%. Lo studio SURMOUNT-4 
ha valutato invece l’interruzione della tera-
pia con tirzepatide: chi era stato trattato 
con tirzepatide continuativamente per 88 
settimane (36 settimane di run-in più 52 
settimane di randomizzazione) mostrava 
un calo ponderale medio complessivo del 
26,0% rispetto al basale, mentre il gruppo 
di controllo mostrava un aumento di peso 
medio del 14,8% (103), sottolineando non 
solo il più alto livello di perdita di peso os-
servato nel programma SURMOUNT, ma 
anche l’importanza del trattamento conti-
nuativo con tirzepatide per mantenere la 
perdita di peso, rendendo di fatto più pro-
babile la decisione, attesa per l’ultima par-
te del 2023, da parte di FDA per l’approva-
zione di tirzepatide come terapia per l’obe-
sità in individui con o senza DMT2. Il far-
maco non è ancora stato approvato all’uso 
in Europa. Tirzepatide inoltre è stato stu-
diato come trattamento potenziale per ste-
atosi epatica non alcolica e scompenso 
cardiaco a frazione di eiezione preservata, 
conseguenze comuni dell’eccesso di adi-
posità viscerale. Il concetto rivoluzionario 

è che la spiccata riduzione di peso otteni-
bile con questo farmaco sia paragonabile 
alla perdita di peso ottenuta con un inter-
vento di chirurgia bariatrica e che, analo-
gamente alla chirurgia bariatrica, si abbat-
tano rapidamente e consistentemente tutti 
i fattori di rischio metabolici, cardiovasco-
lari e renali, con conseguente probabile 
riduzione degli eventi cardiovascolari 
maggiori (64, 104).

L’orforglipron è un nuovo agonista par-
ziale del recettore del GLP-1 a formulazio-
ne orale, con somministrazione quotidia-
na. Trattandosi di una molecola di origine 
non peptidica, non viene degradata nel 
tratto gastrointestinale. In uno studio di 
fase 2 sono stati arruolati pazienti obesi o 
in sovrappeso non diabetici con peso me-
dio di 108,7 kg e BMI medio di 37,9 kg/
m2. Alla 36esima settimana, la riduzione 
media di peso oscillava dal 9,4 al 14,7% nel 
gruppo trattato con orforglipron, rispetto 
ad una riduzione del 2,3% nel gruppo trat-
tato con placebo, con una riduzione del 
peso corporeo di almeno il 10% in una per-
centuale di pazienti compresa tra il 46 e il 
75% rispetto al placebo. I più comuni effet-
ti collaterali erano di origine gastrointesti-
nale, di intensità moderata, temporanei ed 
associati alla fase di incremento della dose 
del farmaco. È importante notare come vi 
sia stata una riduzione della pressione si-
stolica di 10,5 mmHg alla 36esima settima-
na ed una concomitante riduzione dei livel-
li dei lipidi circolanti (105). Orfoglipron è 
stato inoltre testato in pazienti diabetici in 
un altro studio di fase 2 che lo ha confron-
tato con placebo e con dulaglutide. I pa-
zienti arruolati avevano un BMI ≥23 kg/
m2. Si osservata una riduzione del peso in 
media di 10 kg alla 26esima settimana. Ve-
niva inoltre osservata una riduzione dell’e-
moglobina glicata di due punti percentua-
li, della circonferenza vita e della glicemia 

(106). 
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Considerazioni globali sulla terapia 
farmacologica per la prevenzione  
cardio-metabolica nel paziente  
in sovrappeso o obeso con condizioni  
di rischio associate

Per l’inquadramento e la terapia delle 
dislipidemie aterogene comunemente pre-
senti nell’obeso iperteso e/o pre-diabeti-
co/diabetico, si rimanda alle tuttora vali-
dissime linee guida della Società Europea 
di Aterosclerosi (EAS) del 2019, dove ven-
gono ampiamente considerati tutti i tratta-
menti necessari anche per ridurre la cole-
sterolemia in base al rischio cardiovascola-
re individuale del paziente (107). Nono-
stante tali linee guida, successivamente 
rafforzate anche dalle linee guida ESC sul
la prevenzione cardiovascolare (17), da un 
recente studio italiano su pazienti diabetici 
in sovrappeso o obesi con danno cardiova-
scolare accertato è emerso come le terapie 
“evidence-based” per la protezione dal ri-
schio cardiovascolare non vengano suffi-
cientemente impiegate. Nella popolazione 
studiata, solo nel 26,8% dei casi veniva im-
piegata una statina ad alta intensità, nel 
3,9% dei casi si utilizzavano analoghi del 
GLP-1 e solamente il 2,8% dei pazienti assu-
meva inibitori di SGLT2. Di fatto, solo il 
3,6% dei pazienti che necessitavano di tutte 
e tre le classi terapeutiche avevano ricevu-
to tali prescrizioni, mentre il 42,6% di que-
sti pazienti non aveva ricevuto alcuna pre-
scrizione (108). Emerge quindi una persi-
stente reticenza all’utilizzo di farmaci che 
si sono dimostrati efficaci nel ridurre la 
mortalità per eventi cardiovascolari. Fatto 
ulteriormente negativo se si pensa che le 
statine hanno dimostrato grandi benefici 
anche in caso di steatosi e steato-epatite, 
riducendo nell’obeso il danno epatico e le 
conseguenze fino alla cirrosi e al cancro. 

In tale contesto vengono in aiuto le li-
nee guida ESC 2023 sulla gestione delle 
malattie cardiovascolari in pazienti diabeti-

ci, dove si rafforza l’uso degli analoghi del 
GLP-1 e degli inibitori di SGLT2 (17).

Utilizzando un approccio “adipocentri-
co”, si apre una nuova era terapeutica per il 
paziente obeso, in particolare se all’obesità 
si associano ipertensione arteriosa, DMT2, 
dislipidemie aterogene, nefropatia cronica 
da danno microvascolare renale e scom-
penso cardiaco. Gli analoghi del GLP-1 e 
gli inibitori di SGLT2 rappresentano la pri-
ma scelta nell’obeso, specie se con danno 
cardiorenale. Fino a pochi anni fa, era im-
pensabile ripristinare farmacologicamente 
una condizione di euglicemia in un obeso 
con DMT2 tramite una riduzione del 10-
20% del peso corporeo, in grado di miglio-
rare al tempo stesso il profilo pressorio, li-
pidico e respiratorio notturno. Tali risultati 
sono stati ottenuti in grandi obesi nel lungo 
termine solo con la chirurgia bariatrica 
(109-111), ma con tutti i costi e le possibili 
complicanze associate all’atto chirurgico. 
Grazie a queste nuove classi farmacologi-
che, dapprima limitate ai soli pazienti dia-
betici e man mano estese a popolazioni 
sempre più ampie, alla luce degli effetti 
positivi dimostrati sui principali outcome 
cardiovascolari, si aprono nuove prospetti-
ve terapeutiche anche per chi soffre di “so-
vrappeso viscerale”, condizione tanto peri-
colosa quanto ampiamente sottovalutata. 
L’utilizzo di tali classi farmacologiche ren-
de finalmente possibile l’aderenza a diete 
ipocaloriche nel medio-lungo termine, de-
terminando una significativa riduzione del 
peso corporeo, con conseguente possibili-
tà di rimodulare le terapie ipotensivanti, i-
poglicemizzanti ed ipolipemizzanti. 

Inoltre, l’utilizzo precoce di questi far-
maci, ovvero in presenza di “sovrappeso 
viscerale” con pre-diabete/sindrome meta-
bolica, in assenza di danno d’organo con-
clamato, potrà consentire addirittura di evi-
tare future diagnosi di diabete, nonché di 
scongiurare l’insorgenza di cardio-nefropa-
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tie. Infatti, gli agonisti del GLP-1 e gli inibi-
tori di SGLT2 agiscono precocemente, 
contrastando l’iperfiltrazione renale, la 
conseguente microalbuminuria e la nefro-
sclerosi, come pure le condizioni fisiopato-
logiche che determinano l’insorgenza di 
scompenso cardiaco a frazione di eiezione 
preservata e il danno micro e macrovasco-
lare arterioso cronico. Inoltre, gli analoghi 
del GLP-1 esercitano anche una dimostrata 
efficacia contro la steatosi e la steato-epati-
te (112). Attualmente in Italia, nel paziente 
obeso con rischio cardiovascolare elevato 
è indicata la sola liraglutide, con costi com-
pletamente a carico del paziente. Presto 
però, sarà disponibile con la stessa indica-
zione la semaglutide, che ha il vantaggio di 
una singola somministrazione settimanale, 
e che potrebbe ottenere in un prossimo fu-
turo la rimborsabilità da parte del SSN, da-
ti i risultati eclatanti preannunciati, ma che 
verranno ufficialmente pubblicati al termi-
ne del 2023, di uno studio di outcome car-
diovascolare nell’obeso non diabetico. Per 
gli inibitori di SGLT2 (empagliflozin e da-
pagliflozin) invece, la rimborsabilità è pre-
vista, oltre che nel paziente con DMT2, 
anche nel paziente con scompenso cardia-
co, sia a frazione d’eiezione ridotta che pre-
servata, così come nel paziente con malat-
tia renale cronica.

Conclusioni

In questa rassegna abbiamo proposto 
un’innovativa visione “adipocentrica” delle 
problematiche che orbitano intorno all’ec-
cesso di tessuto adiposo. Tale approccio è 
indispensabile per definire una strategia 
terapeutica mirata alla riduzione del peso 
corporeo, cui possa seguire un migliora-
mento del profilo pressorio delle 24 ore e 
del profilo metabolico, con riduzione del 
danno d’organo e degli eventi cardiovasco-
lari. Pertanto le modifiche dello stile di vita 

vanno supportate precocemente dall’utiliz-
zo di nuovi farmaci efficaci e sicuri che 
possano garantire l’ottenimento e soprat-
tutto il mantenimento di un adeguato peso 
corporeo nel medio-lungo termine. Propo-
niamo quindi una rivisitazione della storica 
figura di Irvine Page (Figura 3), introdu-
cendo possibili nuove combinazioni tera-
peutiche farmacologiche nel paziente obe-
so iperteso, a seconda che vi siano anche 
associati DMT2 e/o nefropatia cronica e/o 
scompenso cardiaco, nell’ottica adipocen-
trica della problematica cardio-metabolica. 
La combinazione tra inibitori di SGLT2 e 
analoghi del GLP-1 potrebbe rappresenta-
re la più probabile futura terapia di prima 
scelta dell’obeso iperteso con sindrome 
metabolica/pre-diabete, in particolare se 
già in presenza di danno renale e/o cardia-
co, accoppiata ad antagonisti del SRAA ed 
eventualmente a diuretici, fornendo un’ef-
ficace protezione metabolica, cardiovasco-
lare e renale. Ulteriori classi farmacologi-
che (calcio-antagonisti, beta-bloccanti be-
ta-1 selettivi, MRA) potranno essere ag-
giunte con l’obiettivo primario di ridurre i 
valori di pressione arteriosa al di sotto di 
130/80 mmHg. Ovviamente non potranno 
mancare le necessarie associazioni con i 
farmaci ipolipemizzanti (statine, ezetimibe, 
acido bempedoico e inibitori della PCSK9) 
per la prevenzione cardiovascolare prima-
ria e secondaria, farmaci la cui efficacia 
sarà agevolata dai positivi effetti metabolici 
delle nuove terapie farmacologiche per la 
riduzione del peso corporeo, rendendo più 
probabile il raggiungimento dei necessari 
target di LDL colesterolo, che spesso sono 
al di sotto di 70 o al di sotto di 55 mg/dl, in 
pazienti generalmente a rischio cardiova-
scolare elevato o molto elevato, con minor 
impegno farmacologico in termini di do-
saggi e combinazioni ipolipemizzanti. L’a-
ver a lungo trascurato il ruolo del “sovrap-
peso viscerale” e dell’obesità ha giocato 
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Questionario di auto-apprendimento - PARTE 2

DOMANDA 1 
L’empagliflozin:
A)	 Riduce la progressione del danno renale;
B)	 Aumenta il rischio cardiovascolare e di 

ospedalizzazione per scompenso cardiaco;
C)	 Aumenta la fibrosi interstiziale miocardica;
D)	Aumenta i livelli circolanti di markers 

infiammatori.

DOMANDA 2
La tirzepatide:
A)	 Ha emivita di 10 giorni;
B)	 Viene definita “twincretina” o “dual 

agonist” poiché ha come recettori sia il 
recettore del GLP-1 che quello del GIP;

C)	 Viene somministrato per via orale;
D)	Non modifica i livelli di emoglobina glicata.

DOMANDA 3 
Le triplici associazioni precostituite  
di antipertensivi:
A)	 Sono terapie ormai superate; 
B)	 Riducono l’aderenza terapeutica  

a causa dei molteplici effetti collaterali  
dei suddetti farmaci;

C)	 Non comprendono mai al loro interno 
farmaci calcio-antagonisti;

D)	Migliorano l’aderenza alla terapia  
e consentono spesso di ottenere il target 
pressorio (PA < 130/80 mmHg).

DOMANDA 4
L’associazione Bupropione/Naltrexone:
A)	 È un’associazione contenente un inibitore 

del reuptake della noradrenalina  
e della dopamina;

B)	 Riduce in tutti i pazienti la frequenza  
del battito cardiaco;

C)	 Aumenta l’appetito e riduce il senso  
di sazietà;

D)	Ha studi di outcome cardiovascolare.

DOMANDA 5 
L’agonista recettoriale del GLP-1 
orforglipron:
A)	 È un farmaco per somministrazione 

sottocutanea;
B)	 Viene degradato nel tratto gastro-

intestinale;
C)	 È un farmaco per somministrazione orale;
D)	È un farmaco per somministrazione 

endovenosa.

DOMANDA 6
I farmaci inibitori di SGLT2:
A)	 Diminuiscono il senso di sazietà;
B)	 Vengono anche definiti “diuretici ibridi”;
C)	 Hanno come possibile evento avverso 

l’infarto miocardico;
D)	Riducono la natriuresi e la glicosuria.

DOMANDA 7
Indicare l’affermazione corretta: 
A)	 Le terapie dell’obesità con DMT2 

potrebbero essere distinte in due tipologie: 
terapie mirate direttamente al problema 
obesità (“terapie adipocentriche”) e 
terapie dirette a ridurre esclusivamente la 
glicemia;

B)	 Le terapie dell’obesità con DMT2 
potrebbero essere distinte in tre tipologie: 
terapie mirate direttamente al problema 
obesità (“terapie adipocentriche”), 
terapie per il controllo glicemico nel 
paziente obeso e terapie focalizzate sulla 
prevenzione cardiovascolare e renale;

C)	 Il paziente obeso e diabetico necessita 
esclusivamente di chirurgia bariatrica e 
non di ulteriori trattamenti farmacologici;

D)	Nessuna delle precedenti.

Risposte corrette: 
1A, 2B, 3D, 4A, 5C, 6B, 7B
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sicuramente un ruolo di rilievo nell’aver 
determinato i risultati del recente studio 
europeo SANTORINI, in cui solo circa un 
20% dei pazienti a rischio cardiovascolare 
elevato e molto elevato raggiungeva i tar-
get protettivi di colesterolo LDL (113).

La valutazione personalizzata del ri-
schio cardiovascolare globale rimane quin-
di di fondamentale importanza, e a tal sco-
po è stata sviluppata la pratica web-app 
www.humtelemed.it che vedrà nel prossi-
mo aggiornamento 2.0 una ulteriore imple-
mentazione nella capacità di fenotipizzare i 
pazienti. Si prevede che al significativo ca-
lo di peso corporeo garantito dalle nuove 
terapie farmacologiche disponibili seguirà 
una significativa riduzione dei fattori di ri-
schio e delle comorbilità, da cui si stima 
una riduzione dei ricoveri per le patologie 

peso-correlate a carico dell’apparato car-
diovascolare, in particolare malattie ische-
miche del cuore, insufficienza cardiaca, fi-
brillazione atriale, malattie cerebro-vasco-
lari, ma anche a carico di apparati extra-
cardiovascolari, quali la sindrome delle 
apnee ostruttive nel sonno, le complicanze 
di gonartrosi e coxartrosi, patologie neo-
plastiche ed infettive. 

Ci apprestiamo quindi ad entrare in una 
nuova era, in cui l’adiposità viscerale rap-
presenterà il fulcro fisiopatologico e il prin-
cipale target terapeutico da gestire preco-
cemente per migliorare la salute delle per-
sone e ridurre i costi sanitari globali dovuti 
alla “medicina delle conseguenze”, e in cui 
alle false promesse di diete e integratori 
“miracolosi” seguiranno evidenze scientifi-
che di farmaci efficaci e sicuri.
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Premesse

A supporto del razionale illustrato, è im-
portante sottolineare alcuni aspetti feno-
menologici riguardanti le dislipidemie ere-
ditarie (DE) nella loro caratterizzazione e-
pidemiologica e di gestione assistenziale 
che, ad oggi, trovano scarsa consapevolez-
za in medici e pazienti.
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	– Le DE rappresentano le malattie geneti-
che a più elevata prevalenza. 

	– Le DE aterogene sono la causa più fre-
quente di malattia cardiovascolare pre-
matura.
Il frequente riscontro di una trasmissi-

bilità di tipo autosomico dominante, facilita 
due tipologie d’intervento con un elevato 
potenziale di intervento: 
1)	 l’individuazione del probando per la 

prevenzione cardiovascolare;
2)	 l’indagine a cascata dei familiari per la 

diagnosi precoce e la prevenzione delle 
complicanze cardiovascolari, nella loro 
insorgenza e/o nel processo delle varie 
fasi di progressione e aggravamento. 
Sorprendentemente e, a tutta prima in-

spiegabilmente, nella pratica clinica, la 
mancata diagnosi delle DE rappresenta un 
fenomeno diffuso (1, 2). È imperativo, in-

vece, che si sviluppi una grande azione ri-
parativa. 

Il riconoscimento diagnostico, nel pro-
bando, è prerequisito imprescindibile per 
una diagnosi precoce ed un’efficace pre-
venzione secondaria. La pratica sistemati-
ca di queste azioni ridurrebbe l’incidenza 
degli eventi cardiovascolari determinando 
una diminuzione della spesa sanitaria e dei 
costi sociali.

 Le Società per lo studio dell’ateroscle-
rosi, italiana (SISA), europea (EAS), inter-
nazionale (IAS) rappresentano i più autore-
voli e instancabili protagonisti della produ-
zione e diffusione della cultura sulle dislipi-
demie, realizzando studi, attivazioni di re-
gistri, organizzazioni di reti, consensus e 
linee guida. Sul territorio italiano, la SISA, 
si impegna con molte iniziative quali la Li-
pid Academy, SISAcademy, il progetto Lipi-

SUMMARY
Background. Optimal use of lipid-lowering therapy (LLT) after acute coronary syndromes needs to be 
intensified.
Fondazione Toscana Gabriele Monasterio (FTGM) is a cardiopulmonary tertiary-level Institute, with 
cath-lab hub for acute coronary syndrome, adult and paediatric cardiac surgery center, referral facility 
for heart failure, primitive pulmonary hypertension patients and reference center for inherited dyslipi-
demias, rare lipid disorders with lipoprotein apheresis unit.
Study design. To optimize the LLT, in FTGM, we developed a diagnostic-therapeutic care pathway 
(DTCP) for subjects admitted with acute coronary syndrome because: 
1)	 inherited atherogenic dyslipidemias have an expected prevalence up to 75% among coronary pa-

tients under 65 years of age and are usually unrecognized; 
2)	 in the POSTER study on Italian patients with a recent coronary artery event, heterozygous familial 

hypercholesterolemia showes about 5.1% prevalence, which indicates the need of early identifica-
tion to improve their cardiovascular risk management;

3)	plasma levels of Lp(a) are definite risk factor for atherosclerotic cardiovascular disease and their 
measurement, in the cascade screening of familial hypercholesterolemia, are strongly recommended;

4)	statin-associated muscle symptoms are a major determinant of poor treatment adherence and/or 
statin discontinuation.

The DTCP in inherited dyslipidemias involves dialogue between the cardiologist who manages acute 
coronary syndrome and the lipidologist, in order to assess the correct diagnosis, to initiate the cascade 
screening, to proceed with the best LLT and to perform patient’s personalized follow-up.
Conclusion. DTCP has a pivotal role to improve the LLT effectiveness; the first cardiovascular event 
must signal the opportunity to start a personalized LLT and an unmissable opportunity to activate the 
cascade testing for studied case and relatives.

Keyword: Cascade screening, diagnostic-therapeutic care pathway, inherited dyslipidemias, lipid-lower-
ing therapy, lipoprotein (a).
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gen e la rete sull’ipercolesterolemia Fami-
liare Omozigote nell’opera di sensibilizza-
zione, conoscenza ed intervento sulla iper-
colesterolemia – la forma più nota e più 
studiata – e ciononostante, spesso troppo 
frequentemente non riconosciuta. Sulle al-
tre forme di DE c’è molta strada da fare.

Speculando sulle possibili cause del fe-
nomeno, è plausibile attribuire la sottosti-
ma delle DE (1, 2) alla “mancanza di agibi-
lità assistenziale” per questi soggetti, ovve-
ro la mancanza di strutture assistenziali 
specializzate sul territorio. Le DE non han-
no un “affidamento assistenziale” preciso: 
“A chi si rivolgono questi pazienti? A chi il 
compito della diagnosi? Per la gran parte 
delle malattie esiste una corrispondenza 
tra patologia, disciplina medica e cura. I pa-
zienti con DE sembrano soffrire di un bias 
accademico assistenziale, sono “confusi” o 
mal classificati, riferiti e trattati da medici 
curanti o da cardiologi che, spesso, non so-
no esperti di metabolismo e lipidologia. 
Meglio di qualsiasi altra considerazione, 
due evidenze rendono chiara la necessità 
di affrontare con urgenza la questione: 

	– La prevalenza di tutte le forme di DE u-
guaglia quella del diabete.

	– I servizi assistenziali specialistici sono 
limitati a pochi Centri di riferimento, di 
eccellenza e di ricerca, nonostante la li-
pidologia sia riconosciuta a livello inter-
nazionale come una specialità medica.

Il contesto storico e la quotidianità

Il percorso diagnostico-terapeutico-assi-
stenziale (PDTA) proposto è il risultato di 
un modus operandi “costruito” nel tempo 
con la conquista di riconoscimenti e norme 
di facilitazione per l’assistenza alle DE. 
Grazie all’impegno del primo coautore del 
presente lavoro, nel Decreto Ministeriale 
329/1999 le DE sono comparse per la pri-
ma volta nella lista delle patologie croniche 
e invalidanti esenti da ticket sanitario, così 
come il trattamento di plasmaferesi seletti-
va, una terapia salvavita per moltissimi pa-
zienti con DE gravi [HoFH, HeFH e iper 
Lp(a)]. Questa norma ha consentito la na-
scita ed il consolidamento del Centro di 
Lipoprotein Aferesi di Pisa, oggi il più atti-
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Figura 1. Schema del volume di attività di lipoprotein aferesi del Centro di Riferimento per la Diagnosi e Cura 

delle Dislipidemie Ereditarie della Toscana (dati del 2022). 

Legenda. FCH - Ipercolesterolemia familiare combinata; FCS – Sindrome da Chilomicronemia Familiare; 

HeFH - Ipercolesterolemia familiare eterozigote; HoFH - Ipercolesterolemia familiare omozigote; LA – 

lipoprotein aferesi; LPG – glomerulopatia da lipoproteine. 
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vo in Italia (Figura 1 e Tabella 1), oltre a 
facilitare l’assistenza in tutto il territorio 
nazionale.

Negli anni è stato disegnato uno sche-
ma di follow-up standardizzato mirato 
all’inquadramento diagnostico con la defi-
nizione del profilo lipidico (colesterolo, tri-
gliceridi, HDL, Lp(a), Apolipoproteine AI, 
B ed E), delle indagini per la funzionalità 
epatica (transaminasi, gamma GT, CPK) 
per valutare l’efficacia e la tollerabilità del-
le terapie intraprese.

Un primo step della diagnosi delle com-
plicanze cardiovascolari viene compiuto 
mediante ECG da sforzo ecocardiografia, 
eco Doppler VCA ed ecografia dell’addo-
me- con la prima finalità di escludere aneu-
rismi aortici, oltre che di acquisire gli altri 
dati di una indagine così informativa

L’inserimento della lipoprotein aferesi 
nel nomenclatore della Regione Toscana 
ed il riconoscimento della sede di Pisa co-
me Centro regionale di riferimento per la 
diagnosi e la cura delle Dislipidemie Eredi-
tarie (Centro DISE) sono stati momenti 
essenziali del percorso di crescita del cen-
tro di Pisa. 

L’inclusione del Centro DISE in un Isti-
tuto cardiologico multidisciplinare (Istitu-
to di Fisiologia Clinica prima, Fondazione 
CNR Regione Toscana poi), tecnologica-
mente all’avanguardia, ha rappresentato 
un contesto certamente facilitante. FTGM 

è un istituto di cura per patologie di inte-
resse cardio-polmonari di terzo livello (123 
posti letto; oltre 5.000 ricoveri all’anno), 
con cath-lab hub per le sindromi coronari-
che acute, centro di cardiochirurgia adulta 
e pediatrica, struttura di riferimento per 
scompenso cardiaco e per pazienti con i-
pertensione polmonare primitiva oltreché 
centro di riferimento per dislipidemie ere-
ditarie della regione Toscana con unità o-
perativa di lipoprotein aferesi.

La disponibilità di un’unica cartella cli-
nica elettronica ha, per esempio, reso sem-
plice abilitare la richiesta per una consu-
lenza lipidologica, il primo atto di un circo-
lo virtuoso per la diagnosi, la terapia perso-
nalizzata e lo screening a cascata dei fami-
liari, schematizzato come segue.

La consulenza lipidologica prevede: 
	– Classificare la dislipidemia in primitiva 

o secondaria.
	– Identificare la forma specifica di Dislipi-

demia Ereditaria.
	– Selezionare la terapia ipolipemizzante 

appropriata.
	– Definire gli intervalli di follow-up in cui 

verificare efficacia e tollerabilità della 
terapia.

	– Monitorare le complicanze cardiologi-
che in sinergia col cardiologo di riferi-
mento. 

	– Screening dei familiari.
L’ossatura del PDTA è in uso ormai da 

Tabella 1 - Volume di attività del Centro di Riferimento per la Diagnosi  
e Cura delle Dislipidemie Ereditarie della Toscana.

Anno* Prime visite Visite di controllo Televisite Trattamenti di 
Lipoprotein Aferesi

2018 219 1076 – 588

2019 146 957 – 568

2020° 169 985 495 521

2021° 300 1457 147 540

2022# 285 1612 116 601
Legenda: * - staff clinico composto da cinque unità (tre medici e due infermiere); ° - pandemia da COVID-19; # - riduzione 
di un’unità di personale medico.
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decenni, anche se risorse spesso non pro-
porzionali alle necessità non ne abbiano 
garantito un’applicazione sistematica. Nel 
2018, a seguito di riunioni specifiche per la 
condivisione e l’adattamento delle proce-
dure, il PDTA è stato adottato anche dalla 
sede di Massa della Fondazione. Oggi, o-
gni paziente segnalato attiva un percorso 
ambulatoriale dedicato per le dislipidemie. 

L’importanza dell’applicazione del PDTA 
diventa stringente nella caratterizzazione 
dei pazienti coronarici di età inferiore ai 65 
anni in cui, nonostante la prevalenza di di-
slipidemie ereditarie aterogene possa arri-
vare al 75%, la corretta diagnosi risulta 
troppo frequentemente incompleta o man-
cante. 

Occorre infatti tener presente i seguen-
ti punti: 
	– Nella casistica italiana, soggetti ricove-

rati per un evento coronarico (studio 
POSTER), hanno una prevalenza di i-
percolesterolemia familiare eterozigote 
(la forma meno frequente di DE) di cir-
ca 5,1% (3). La caratterizzazione del ri-
schio cardiovascolare di questi soggetti 
non può dunque prescindere da una 
diagnosi precoce di DE.

	– Elevate concentrazioni plasmatiche di 

lipoproteina(a) [Lp(a)] rappresentano 
un fattore di rischio indipendente per la 
malattia cardiovascolare ateroscleroti-
ca. Pur di fronte a questa evidenza, la 
misura della Lp(a) non è eseguita di 
routine nei soggetti con sindrome coro-
narica acuta (4). In attesa della disponi-
bilità degli oligonucleotidi anti-senso 
(oggi in fase III), la lipoprotein aferesi è 
l’unico presidio terapeutico efficace (5).

	– Nella coorte italiana dello studio PROSI-
SA, i sintomi muscolari associati alla te-
rapia con statine hanno una prevalenza 
del 9,6% (6) e costituiscono un importan-
te determinante per la riduzione del
l’aderenza terapeutica, soprattutto nei 
pazienti con ipercolesterolemia familiare 
eterozigote (HeFH) che spesso non rie-
scono a raggiungere il target di coleste-
rolo LDL, pur in terapia con PCSK9i (7).

	– La presenza di DE nei pazienti con ma-
lattia cardiovascolare aterosclerotica 
aumenta il rischio per futuri eventi car-
diovascolari. In Tabella 2 e in Tabella 3 
sono schematizzate le caratteristiche 
cliniche delle principali forme di iperco-
lesterolemia familiare i cui criteri posso-
no suggerire al clinico il sospetto dia-
gnostico.

Tabella 2 - Caratteristiche delle principali ipercolesterolemie familiari.

Prevalenza Lipoproteine 
coinvolte

Geni 
coinvolti Aterogenicità Xantomatosi

Ipercolesterolemia familiare 
combinata (FCH)

1:100 - 200
LDL, ↑VLDL, 

↑Apo B 
↑USF1 + geni 
modificatori

+ -

Ipercolesterolemia familiare 
eterozigote (HeFH)

1:500 ↑LDL
Recettore LDL, 
PCSK9, Apo B

+ +

Ipercolesterolemia familiare 
omozigote (HoFH)

1:106 ↑↑LDL
Recettore LDL, 
PCSK9, Apo B

+ +

Disbetalipoproteinemia 
familiare

1:5000
↑↑IDL, remnants 
dei chilomicroni

Apo E Non valutata +

Deficit familiare di 
lipoprotein-lipasi o apo CII

1:106 
↑chilomicroni, 

↑↑VLDL
LDL,  

Apo C2
- +

Legenda: IDL - lipoproteine a densità intermedia; LDL - lipoproteine a bassa densità; PCSK9 - proteina convertasi subtilisina/kexina di tipo 
9; USF1 - gene codificante per upstream stimulatory factor-1; VLDL - lipoproteine a densità molto bassa.
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	– Il primo evento cardiovascolare (in 
FTGM sono annualmente ricoverati cir-
ca 100 soggetti con età <65 anni (2)) ha 
rappresentato, per noi, l’occasione per 
iniziare un percorso personalizzato ed 
avviare una corretta prevenzione car-
diovascolare che non può prescindere 
dallo screening dei familiari per la dia-
gnosi di DE.

PDTA per la sindrome coronarica 
acuta (SCA)

Alla luce delle nuove evidenze in merito 
all’utilizzo precoce dell’inibizione di PCSK9 
nella SCA (8, 9) oltre alla corretta diagnosi 
è sempre più importante impostare una 
corretta terapia ipolipemizzante (LLT) al 
fine di raggiungere gli obiettivi di target 
terapeutico. È stato quindi automatico a-
deguare il PDTA ai soggetti ricoverati con 
sindrome coronarica acuta prevedendo 
un dialogo stringente tra il medico che ge-
stisce la sindrome coronarica acuta e il li-
pidologo, al fine di valutare la corretta 
diagnosi, avviare lo screening a cascata, 
procedere con la terapia ipolipemizzante 
più idonea e programmare il follow-up 
personalizzato per il paziente (Figura 2).

Il sospetto di ipercolesterolemia familia-
re eterozigote (HeFH) utilizza semplici 
score come quello proposto dalla Dutch 
Clinic Network laddove, in caso di mancata 
risposta terapeutica dobbiamo sospettare 
forme omozigoti (Figura 3) da indirizzare 
a screening genetico.

Ad oggi numerose consensus indicano 
strategie terapeutiche utilizzando anche i 
nuovi farmaci ipolipemizzanti (10, 11) ma 
spesso è tralasciata la corretta diagnosi. 
Basti pensare che tra i pazienti con malat-
tia cardiovascolare aterosclerotica l‘ipertri-
gliceridemia è presente in circa il 25% dei 
soggetti ed è associata a un rischio più ele-
vato di eventi cardiovascolari (12). In que-
sto fenotipo possono rientrare i pazienti 
affetti da ipercolesterolemia familiare com-
binata (FCH). Il sospetto clinico per questa 
malattia deve essere posto se rileviamo un 
dosaggio di Apo B lipoproteina >120 mg/dl 
e di trigliceridi >133 mg/dl in presenza di 
anamnesi familiare positiva per cardiopatia 
ischemica precoce (10). Dobbiamo inoltre 
considerare che i soggetti affetti da FCH si 
possono giovare di approcci terapeutici 
che dovrebbero includere, in prima istanza 
anche “vecchi farmaci” come i fibrati.

Inoltre è noto che molti pazienti con iper-

Tabella 3 - Criteri clinici delle principali ipercolesterolemia familiari (20, 22, 23). 

Criteri Clinici

Ipercolesterolemia 
familiare combinata 
(FCH)

•	 LDL ≥160 mg/dl e/o trigliceridi ≥200 mg/dl con familiari di I° e/o II°  
affetti da dislipidemia con fenotipi multipli e variabili nel tempo

•	 Apo B lipoproteina ≥120 mg/dl e trigliceridi ≥133 mg/dl in presenza di familiarità per CAD

Ipercolesterolemia 
familiare eterozigote 
(HeFH)

•	 LDL ≥190 mg/dl nell’adulto (≥160 mg/dl nel bambino) e un familiare di primo grado  
con elevati livelli di LDL, CAD prematura o mutazione nota a carico dell’recettore  
per LDL / mutazione nota difettiva dell’Apo B lipoproteina

Ipercolesterolemia 
familiare omozigote 
(HoFH)

•	 LDL >500 mg non in trattamento farmacologico (o >300 mg/dl in terapia)  
associato ad almeno una delle due seguenti condizioni:
-	 presenza di xantomi cutanei o tendinei prima dei 10 anni di età
-	 riscontro di elevati livelli di LDL compatibili con HeFH in entrambi i genitori

•	 LDL ≥400 mg/dl con valvulopatia aortica o con presenza di xantomi prima dei 20 anni di età
Legenda: CAD – coronary artery disease; FCH - Ipercolesterolemia familiare combinata; HeFH - Ipercolesterolemia familiare eterozigote; 
HoFH - Ipercolesterolemia familiare omozigote; LDL - lipoproteine a bassa densità.
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colesterolemia familiare eterozigote HeFH 
non riescono a raggiungere il target di cole-
sterolo LDL nonostante la terapia con 
PCSK9i, specialmente in presenza di intolle-
ranza alla terapia con statine. Nella nostra 

esperienza ciò si verifica nel 69% dei pazien-
ti con HeFH già complicata da cardiopatia 
ischemica (10). Questi pazienti troveranno 
beneficio con l’utilizzo additivo dell’acido 
bempedoico ai farmaci PCSK9i (13).
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Figura 2. Schema del percorso diagnostico terapeutico (PDTA) per l’identificazione delle dislipidemie 

ereditarie dopo sindrome coronarica acuta [19]. 

Figura 2 - Schema del percorso diagnostico terapeutico (PDTA) per l’identificazione delle dislipidemie 
ereditarie dopo sindrome coronarica acuta (19).
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Figura 3. Algoritmo per il sospetto clinico di ipercolesterolemia familiare omozigote (HoFH) in trattamento 

con statina/ezetimibe (Pannello A) o con PCSK9i (Pannello B) [20]. 

Legenda: * - statina alla massima dose tollerata. 

 

Figura 3 - Algoritmo per il sospetto clinico di ipercolesterolemia familiare omozigote (HoFH) in trattamen-
to con statina/ezetimibe (Pannello A) o con PCSK9i (Pannello B) (20).
Legenda: * - statina alla massima dose tollerata.
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Lipoproteina (a)

Il ruolo centrale della Lp(a) nelle ma-
lattie cardiovascolari è stato dimostrato 
già negli anni ’80-90 e presso il nostro Isti-
tuto il dosaggio della Lp(a) è eseguito di 
rutine sin da allora, soprattutto in presen-
za di altre forme più frequenti di dislipide-
mia (14). 

Oggi sappiamo anche che questo fatto-
re di rischio è un predittore utile della ne-
cessità di rivascolarizzazione coronarica 

specialmente nelle donne (15) e che gli ef
fetti dei PCSK9i sui livelli di Lp(a) non 
sono sufficienti (16). 

In attesa degli oligonucleotidi anti-sen-
so, la lipoprotein aferesi rimane l’unica 
arma efficace così come confermato an-
che dai dati italiani (17).

È paradigmatico il caso dell’albero ge-
nealogico riportato nella Figura 4, dove, 
partendo da un caso indice siamo riusciti 
a personalizzare la terapia ipolipemizzan-
te per tutta la famiglia (18).

Figura 4 - Esempio di personalizzazione della terapia ipolipemizzante associata a screening a cascata dei 
familiari. * - Probando; ▲ – atassie spinocerebellari con concomitante iper-CPK; ATS – aterosclerosi perife-
rica a carico dei vasi cerebroafferenti; CAD – malattia coronarica; y – anni.
Legenda: Il probando (soggetto III.4) è stato inviato al nostro Istituto dopo rivascolarizzazione coronarica ed è stata fatta 
diagnosi di HeFH (riscontro di mutazione del gene per il recettore LDL c.1860G>A). Gli altri membri della famiglia sono 
stati identificati mediante screening a cascata e di conseguenza trattati. In particolare, due cugini con livelli estremamente 
elevati di Lp(a) associati a HeFH sono stati indirizzati a lipoprotein aferesi per il contestuale riscontro di malattia corona-
rica trattata mediante rivascolarizzazione percutanea (soggetto III.5) e per rapida progressione di aterosclerosi carotidea 
nonostante la terapia con ipolipemizzante (soggetto III.6) (21).
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Le forme rare di dislipidemia ereditaria

Grazie all’approccio metodologico del 
PDTA da noi adottato, già con il suo primis-
simo step, ci è stato facile sospettare, inda-
gare e individuare le DE rare che abbiamo 
in cura presso il nostro Centro. Esse, come 
è noto, costituiscono un gruppo genetica-
mente e clinicamente eterogeneo di disordi-
ni metabolici ereditari per i quali la diagnosi 
genetica risulta dirimente ma la prima valu-
tazione clinica e l’appropriato approfondi-
mento di laboratorio e strumentale, sono 
imprescindibili per il loro riconoscimento. 
La gestione di queste malattie è complessa 
e spesso richiede un approccio multidiscipli-
nare per il coinvolgimento multiorgano che 
va oltre alle problematiche cardiovascolari 
su base aterosclerotica come lo sono, ad e-
sempio, il coinvolgimento neurologico nella 
malattia di Tangier e quello renale nella glo-
merulopatia da lipoproteine e nel Deficit di 
Lecithin:cholesterol acyltransferasi. Per una 
miglior gestione clinica e sanitaria di questi 
pazienti è fondamentale sviluppare network 
specifici per una condivisione delle informa-
zioni disponibili al fine di migliorare le pos-
sibilità di cura dei soggetti stessi. In Tabella 
4 è riportato l’elenco delle malattie identifi-
cate e seguite presso il nostro Centro.

Considerazioni conclusive

Il percorso diagnostico-terapeutico-as-
sistenziale qui descritto è il risultato empi-
rico di una lunga attività di ricerca e di 
assistenza che vede il paziente al centro, 
considerato nel suo contesto sociale e sa-
nitario. 

Tra gli effetti, quelli sociali sono i meno 
visibili e i più difficilmente valutabili. Tra 
quelli sanitari sono più evidenti quelli tesi 
a migliorare l’efficacia terapeutica e l’ade-
renza alla terapia.

 Non si sottolinea a sufficienza l’impor-
tanza del fatto che il primo evento cardio-
vascolare deve essere l’occasione per ini-
ziare un percorso personalizzato e un’occa-
sione imprescindibile per attivare lo scree-
ning a cascata dei familiari includendo an-
che il dosaggio della Lp(a).

Oggi, il Centro di Pisa dispone di tutti i 
presidi terapeutici in commercio e speri-
menta quelli di prossima introduzione: far-
maci tradizionali, Lipoprotein Aferesi, far-
maci indicati per le forme rare di DE (lomi-
tapide e volanesorsen) e, grazie all’espe-
rienza maturata durante la sperimentazio-
ne clinica con gli inibitori del PCSK9, è tra 
i centri prescrittori con il più alto numero 
di pazienti trattati.

Tabella 4 - Forme di dislipidemia rara identificate e relative pubblicazioni scientifiche 
effettuate (24-32).

Diagnosi Numero di Casi PMID

Ipercolesterolemia familiare omozigote null receptor 1 7545204, 31299859

Deficit di Lecithin:cholesterol acyltransferasi 2 15994445, 32486613

Malattia di Tangier 1 19470903

Sindrome da Chilomicronemia Familiare 2 23871465

Glomerulopatia da lipoproteine 6 –

Dislipidemia di tipo III 1 27263443

Ipercolesterolemia familiare in doppia eterozigosi 4 27578127

Deficit di Lipasi Acida Lisosomiale 1 –
Legenda: PMID - PubMed IDentifier.
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Le nuove linee guida ESC  
sulla sindrome coronarica acuta 
combinano STEMI e NSTE

Le nuove linee guida della Società Euro-
pea di Cardiologia (ESC) sulla gestione 
delle sindromi coronariche acute (SCA) 
hanno per la prima volta riunito nello stes-
so insieme di raccomandazioni l’IMA con 
innalzamento del tratto ST (STEMI), l’IMA 
senza innalzamento del tratto ST (NSTE-
MI) e l’angina instabile.

Gli autori spiegano di aver preso atto 
che la comunità cardiologica si è resa con-
to che i pazienti con STEMI, NSTEMI o 
angina instabile rappresentano uno spet-
tro. Dopo il triage iniziale e le decisioni di 
gestione, la maggior parte del resto dell’as-
sistenza segue un percorso comune.

Per tutti i pazienti con una sospetta 
ACS, la linea guida raccomanda di esegui-
re un ECG entro 10 minuti dalla presenta-

zione. Se l’ECG presenta caratteristiche 
che suggeriscono un vaso epicardico oc-
cluso in modo acuto, il paziente deve esse-
re sottoposto immediatamente ad angio-
grafia o angioplastica primaria.

Per quanto riguarda i pazienti con so-
praslivellamento del tratto ST, essi devono 
essere inviati immediatamente a un labora-
torio di cateterismo per la PCI. Se ciò non 
è possibile entro 120 minuti, il paziente de-
ve essere sottoposto a trombolisi, confer-
mando l’approccio delle linee guida prece-
denti. Il nuovo documento introduce novità 
nelle raccomandazioni per i pazienti che 
non hanno un sopraslivellamento del tratto 
ST ma hanno una troponina positiva. Per 
questo gruppo, le linee guida precedenti 
raccomandavano, in classe I, che tutti que-
sti pazienti fossero sottoposti ad angio-
gramma entro le prime 24 ore. Tuttavia, 
un’ulteriore meta-analisi pubblicata nel 
2022 ha mostrato che le prove a favore del 
triage di tutti i pazienti entro 24 ore sono 
piuttosto limitate.

Per quanto riguarda la somministrazio-
ne di antitrombotici, le linee guida sottoli-
neano che al momento della diagnosi ini-
ziale tutti i pazienti dovrebbero ricevere u-
na terapia antitrombotica, di solito aspirina 
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e un antitrombotico parenterale, come epa-
rina, enoxaparina, bivalirudina o fondapari-
nux. Le linee guida prevedono un nuovo 
algoritmo per stabilire quale di questi anti-
trombotici somministrare, a seconda della 
presentazione clinica del paziente.

Per quanto riguarda l’uso di inibitori 
P2Y12 in fase iniziale, le nuove linee guida 
forniscono solo una debole raccomanda-
zione in merito, con l’introduzione dell’ec-
cezione che se si è in un sistema sanitario 
in cui c’è una lunga attesa per arrivare al 
laboratorio di cateterizzazione, allora è ra-
gionevole fare un’eccezione e sommini-
strare un inibitore P2Y12. Inoltre, per i pa-
zienti con STEMI, vi è una nuova racco-
mandazione, di Classe Iib, che prevede la 
possibilità di prendere in considerazione 
gli inibitori P2Y12 in fase iniziale.

La rivascolarizzazione rimane un ele-
mento critico nella cura dei pazienti con 
STEMI, e c’è una nuova raccomandazione 
in quest’area per i pazienti con malattia 
multivasale. Studi randomizzati affermano 
che questi pazienti dovrebbero essere sot-
toposti a una rivascolarizzazione completa 
piuttosto che solo del vaso colpevole. Le 
nuove linee guida hanno inserito una nuo-
va raccomandazione di Classe I. Tuttavia, 
la tempistica ottimale della rivascolarizza-
zione (immediata o a stadi) non è stata an-
cora studiata in studi randomizzati di di-
mensioni adeguate e non è stata formulata 
alcuna raccomandazione in merito.

Per quanto riguarda la durata della dop-
pia terapia antiaggregante (DAPT) dopo 
PCI, le nuove linee guida hanno in gran 
parte mantenuto le precedenti raccoman-
dazioni per una strategia predefinita di 12 
mesi per la combinazione di aspirina e un 
inibitore P2Y12. Sono stati condotti diversi 
studi che hanno preso in considerazione 
durate più brevi della DAPT e la possibilità 
di passare dopo alcuni mesi a uno solo di 
questi trattamenti. Anche se c’è un raziona-

le per farlo, gli autori hanno osservato co-
me gli studi sulla de-escalation della DAPT 
tendessero ad arruolare pazienti a basso 
rischio, riducendo la generalizzabilità dei 
risultati, e hanno ritenuto più prudente 
proporlo come strategia alternativa piutto-
sto che come strategia predefinita.

Un’altra novità delle nuove linee guida 
è una nuova raccomandazione di classe IIa 
per la prescrizione di una polipillola conte-
nente farmaci per la prevenzione seconda-
ria ai pazienti al momento della dimissione 
dall’ospedale. Questa raccomandazione fa 
seguito a uno studio che ha dimostrato 
che l’uso di questa polipillola aiuta i pa-
zienti a migliorare l’aderenza alle terapie 
prescritte.

Aspirina ancora necessaria  
nel primo mese dopo la PCI: 
STOPDAPT-3

Nello studio STOPDAPT-3, la strategia 
di abbandono dell’aspirina e l’uso del solo 
prasugrel (Effient) a basso dosaggio nel 
primo mese di trattamento dopo un inter-
vento coronarico percutaneo (PCI) non è 
riuscita a ridurre il rischio di emorragie 
rispetto alla doppia terapia antiaggregante 
(DAPT) ed è stato rilevato un segnale di 
possibile danno in termini di aumento del-
la trombosi subacuta dello stent. La dop-
pia terapia antiaggregante con aspirina e 
un inibitore P2Y12 resta indicata come la 
strategia standard almeno per 1 mese do-
po la PCI.

STOPDAPT-3 ha studiato l’efficacia e la 
sicurezza della monoterapia con prasugrel 
rispetto alla DAPT di un mese con aspirina 
e prasugrel in pazienti giapponesi con ACS 
o ad alto rischio di sanguinamento sottopo-
sti a PCI con stent di cobalto-cromo a rila-
scio di everolimus. Lo studio ha arruolato 
6002 pazienti con ACS o ad alto rischio di 
sanguinamento che sono stati assegnati in 
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maggiori benefici assoluti sono stati osser-
vati nei pazienti con diabete. L’acido bem-
pedoico potrebbe perciò rivelarsi utile ne-
gli algoritmi di trattamento dei pazienti con 
diabete mellito intolleranti alle statine.

Avviato nel 2016 come studio in doppio 
cieco, randomizzato e controllato con pla-
cebo, CLEAR Outcomes ha valutato gli ef-
fetti dell’uso di acido bempedoico sui livelli 
di LDL-C e sul rischio di esiti cardiovasco-
lari avversi maggiori (MACE). Lo studio 
ha arruolato una coorte di 13.970 pazienti 
e li ha randomizzati alla terapia con acido 
bempedoico 180 mg o a quella con place-
bo. La coorte aveva un’età media di 65 an-
ni, una durata mediana del follow-up di 40,6 
mesi, un valore medio di LDL-C al basale 
di 139,0 mg/dL e il 48,2% era di sesso fem-
minile. L’esito primario dello studio era l’in-
cidenza di MACE, definito come un com-
posito di morte cardiovascolare, ictus non 
fatale o infarto del miocardio non fatale. I 
risultati iniziali dello studio, presentati alla 
72a sessione scientifica annuale dell’Ame-
rican College of Cardiology nel marzo 
2023, hanno evidenziato un tasso significa-
tivamente più basso di MACE con l’acido 
bempedoico (11,7%) rispetto alla terapia 
con placebo (13,3%) (hazard ratio 0,87; IC 
95% 0,79-0,96).

Lo studio attuale era un’analisi prespeci-
ficata che esaminava gli endpoint in base 
allo stato glicemico. Tra i 13.970 pazienti 
inclusi nello studio, 1801 erano considerati 
normoglicemici, 5796 soddisfacevano i cri-
teri per il prediabete e 6373 avevano il dia-
bete. Rispetto ai pazienti normoglicemici, i 
pazienti con diabete avevano un rischio di 
MACE più alto del 58%. L’analisi delle ridu-
zioni di LDL-C e non-HDL-C ha suggerito 
che i risultati ottenuti con l’acido bempe-
doico erano simili tra i diversi gruppi stra-
tificati in base allo stato glicemico.

Ulteriori analisi hanno suggerito che 
l’uso di acido bempedoico era associato a 

modo casuale alla monoterapia con pra-
sugrel o alla DAPT con aspirina e prasugrel. 

I risultati hanno mostrato che a 1 mese 
la strategia senza aspirina non era superio-
re alla DAPT per l’endpoint co-primario di 
sanguinamento, con eventi di sanguina-
mento maggiore verificatisi nel 4,47% del 
gruppo in monoterapia con prasugrel ri-
spetto al 4,71% di quelli in DAPT (hazard 
ratio 0,95; IC 95% 0,75-1,20). Gli endpoint 
cardiovascolari si sono verificati nel 4,12% 
del gruppo di monoterapia con prasugrel 
rispetto al 3,69% dei pazienti con DAPT 
(hazard ratio, 1,12; IC 95%, 0,87-1,45; p per 
la non-inferiorità 0.01). Il principale 
endpoint secondario di beneficio clinico 
netto si è verificato nel 7,14% dei pazienti 
del gruppo monoterapia con prasugrel e 
nel 7,38% dei pazienti del gruppo DAPT, 
senza alcuna differenza tra i gruppi, indi-
cando un effetto simile sul beneficio clini-
co netto per entrambi i gruppi. Tuttavia, si 
è registrato un eccesso di qualsiasi rivasco-
larizzazione coronarica (1,15% vs. 0,57%) e 
di trombosi dello stent definita o probabile 
(0,71% vs. 0,44%) nel gruppo di monotera-
pia con prasugrel rispetto al gruppo DAPT.

Lo studio non ha perciò evidenziato al-
cun beneficio nell’abbandonare l’aspirina 
nel periodo iniziale post PCI per timori di 
sanguinamenti maggiori, e allo stesso tem-
po ha mostrato un segnale di possibile dan-
no, legato all’aumento della trombosi suba-
cuta dello stent, che era tre volte superiore 
nel gruppo senza aspirina.

L’acido bempedoico dimostra 
benefici cardiovascolari in tutto  
lo spettro glicemico

Un’analisi prespecificata dello studio 
CLEAR Outcomes che ha valutato i risulta-
ti in base alla glicemia suggerisce che l’aci-
do bempedoico ha fornito benefici relativi 
simili in tutto lo spettro glicemico, ma i 
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maggiori benefici assoluti in termini di 
MACE nei soggetti con diabete (HR 0,80; 
IC 95% 0,68-0,93). L’uso di acido bempedoi-
co non è stato associato a un peggioramen-
to dei livelli di HbA1c o di glucosio nei sog-
getti senza diabete. Inoltre, non è stato os-
servato un aumento del rischio di nuova 
insorgenza del diabete tra coloro che han-
no utilizzato l’acido bempedoico durante lo 
studio.

SGLT2i legato a un minor numero 
di decessi post-infarto nel T2D

Gli adulti con diabete di tipo 2 che assu-
mevano un inibitore del cotrasportatore 
sodio-glucosio 2 (SGLT2) al momento di 
un infarto miocardico (MI) di tipo 1 (atero-
trombotico acuto) hanno registrato un tas-
so di mortalità per tutte le cause significa-
tivamente inferiore del 36% rispetto agli a-
dulti con diabete di tipo 2 e un MI simile 
che non assumevano un agente di questa 
classe, come dimostrano nuovi dati osser-
vazionali.

L’analisi ha utilizzato i dati raccolti da 
oltre 11.000 pazienti svedesi. L’età media 
della coorte di studio era di circa 70 anni, 
circa il 70% era costituito da uomini, l’indi-
ce medio di massa corporea era di 28 kg/
m2 e ben oltre l’80% era in trattamento con 
statine, aspirina, betabloccanti e inibitori 
del sistema renina-angiotensina.

Un’analisi secondaria ha mostrato che 
le persone che assumevano un inibitore 
SGLT2 al momento dell’infarto avevano un 
hazard ratio aggiustato significativo di 0,83 
per l’incidenza combinata di morte per tut-
te le cause, ospedalizzazione per insuffi-
cienza cardiaca, infarto o ictus durante 
l’anno successivo all’infarto. L’analisi di 
Kaplan-Meier ha mostrato che la riduzione 
significativa della mortalità per tutte le cau-
se e di altri eventi tra coloro che assumeva-
no un inibitore SGLT2 rispetto a coloro 

che non assumevano tale agente iniziava a 
diventare evidente 50 giorni dopo l’MI in-
dice.

Nessuno degli studi sull’outcome car-
diovascolare per gli inibitori SGLT2 ha di-
mostrato una riduzione della mortalità. 
Hanno mostrato benefici soprattutto per la 
riduzione dei ricoveri per insufficienza car-
diaca. L’analisi attuale, tuttavia, si differen-
zia dagli studi precedenti perché si concen-
tra interamente su persone considerate ad 
alto rischio in quanto affette da diabete di 
tipo 2. 

Due ampi trial controllati che hanno va-
lutato l’inizio dell’assunzione di un inibito-
re SGLT2 subito dopo un MI renderanno 
pubblici i loro risultati entro il prossimo 
anno. Lo studio DAPA-MI ha randomizza-
to più di 4000 persone senza diabete che 
hanno iniziato il trattamento con dapagli-
flozin o placebo entro 10 giorni da un infar-
to acuto. Lo studio EMPACT-MI ha rando-
mizzato più di 6500 adulti con diabete di 
tipo 2 che hanno iniziato a assumere empa-
gliflozin o placebo entro 14 giorni da un 
MI acuto.

Regime antiaggregante ottimale 
nella Bi-risk ACS?

Tra i pazienti “bi-risk” (sia a rischio ele-
vato di sanguinamento clinicamente rile-
vante sia a rischio elevato di eventi avversi 
cardiaci e cerebrali maggiori) con sindro-
me coronarica acuta (ACS) che hanno rice-
vuto uno stent e hanno completato 9-12 
mesi di DAPT, quelli che hanno ridotto la 
terapia al solo clopidogrel, rispetto a quelli 
che hanno continuato ad assumere clopi-
dogrel e aspirina per 9 mesi, hanno avuto il 
25% in meno di sanguinamenti senza au-
mentare il rischio ischemico.

I risultati provengono dallo studio OPT-
BIRISK, condotto su oltre 7.700 pazienti 
cinesi, e forniscono evidenze a favore di 
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questa strategia terapeutica su un’ampia 
coorte osservata nella pratica clinica, in 
cui non è stata affrontata in precedenza la 
questione della continuazione della DAPT 
rispetto alla de-escalation alla monotera-
pia con clopidogrel in questo periodo di 
tempo.

Nello studio, i pazienti sono stati asse-
gnati in modo casuale a ricevere clopido-
grel più aspirina o clopidogrel più placebo 
per 9 mesi, seguiti da 3 mesi di aspirina. A 
9 mesi, l’endpoint primario di sanguina-
mento si è verificato nel 2,5% dei pazienti 
nel gruppo clopidogrel più placebo e nel 
3,3% dei pazienti nel gruppo clopidogrel 
più aspirina (hazard ratio 0,75; 95% CI 0,57-
0,97; p=0,03). 

I ricercatori fanno però notare come sia 
difficile generalizzare evidenze provenien-
ti da una popolazione asiatica. Negli Stati 
Uniti, altri dati suggeriscono che per i pa-
zienti ad alto rischio è possibile interrom-
pere l’aspirina prima di 9 mesi, come spes-
so prassi in pratica clinica. 

Lo screening rileva alti tassi di CVD 
nei pazienti con diabete e BPCO

Lo screening sistematico per le malattie 
cardiovascolari (CVD) da parte dei medici 
di base negli adulti ad alto rischio - quelli 
con diabete di tipo 2, broncopneumopatia 
cronica ostruttiva (BPCO) o entrambi - ha 
più che raddoppiato il tasso di CVD inci-
denti diagnosticate rispetto all’assistenza 
abituale in uno studio olandese che ha 
coinvolto più di 1.200 persone e 25 studi di 
assistenza primaria. L’estensione di questo 
programma a popolazioni più ampie po-
trebbe portare alla luce un numero enor-
me di persone affette da CVD attualmente 
non riconosciute, dato l’elevato numero di 
adulti con diabete di tipo 2 e di persone af-
fette da BPCO.

Lo studio è importante perché ha testa-

to un questionario sui sintomi “molto sem-
plice” come fase di screening iniziale, ma 
ha portato a un tasso di diagnosi di CVD da 
due a tre volte superiore rispetto ai pazien-
ti di controllo gestiti con le cure abituali. Lo 
studio Reviving the Early Diagnosis of 
CVD (RED-CVD) ha randomizzato 14 am-
bulatori di cure primarie nei Paesi Bassi 
all’applicazione un protocollo di screening 
strutturato ad adulti con diabete di tipo 2 o 
BPCO, mentre altri 11 ambulatori fungeva-
no da controllo e fornivano ai loro pazienti 
l’assistenza standard. Lo studio ha incluso 
624 persone nel braccio di screening e 592 
nel braccio di assistenza abituale. L’età me-
dia era di circa 68 anni. Nel braccio di scre-
ening, l’87% aveva il diabete di tipo 2 e il 
20% la BPCO, di cui il 6,3% entrambi. Le 
percentuali erano simili nel braccio di cura 
abituale.

Il protocollo di screening per le CVD è 
iniziato con un sondaggio di 11 domande 
compilato dai pazienti che chiedevano in-
formazioni sui loro sintomi. La seconda fa-
se, per le persone che presentavano sinto-
mi suggestivi, consisteva in un esame fisi-
co, nella misurazione del peptide natriure-
tico cerebrale N-terminale (livelli elevati 
segnalano un’insufficienza cardiaca in at-
to) e in un ECG. Le persone che in questa 
fase continuavano a mostrare risultati coe-
renti con una CVD venivano poi indirizzate 
a uno specialista su base discrezionale dal 
medico curante.

Il programma di screening ha prodotto 
un totale di 50 nuove diagnosi di CVD nella 
coorte di screening (8%) e 18 nel braccio di 
controllo (3%). Il maggior numero di even-
ti ha riguardato l’insufficienza cardiaca, 
seguita dalla malattia coronarica. Un’anali-
si aggiustata per diverse variabili demogra-
fiche e cliniche ha dimostrato che l’approc-
cio di screening sistematico ha aumentato 
la probabilità di numero di nuove diagnosi 
di 2,4 volte.
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Muvalaplin e Olpasiran mostrano 
risultati promettenti nella riduzione 
della Lp(a)

I ricercatori riferiscono che muvala-
plin, la prima terapia orale in fase di svi-
luppo per ridurre i livelli di lipoproteina 
(a), ha dimostrato efficacia in uno studio 
di fase 1, senza problemi di sicurezza. In 
uno studio separato di fase 2, olpasiran, 
che viene somministrato per iniezione, ha 
abbassato i livelli di Lp(a) per quasi un an-
no dopo l’ultima dose, anche in questo 
caso senza problemi di sicurezza.

Le evidenze epidemiologiche e geneti-
che suggeriscono che la Lp(a) ha un ruo-
lo causale negli eventi di malattia cardio-
vascolare (CVD). Negli studi iniziali, la 
Lp(a) è stata ridotta di circa l’80% con un 
oligonucleotide antisenso (pelacarsen) e 
fino al 98% con il siRNA (olpasiran), en-
trambe terapie iniettabili. Muvalaplin è u-
na piccola molecola che interrompe il le-
game dell’apolipoproteina(a) con l’apo 
B100 che forma la Lp(a). In questo studio 
di fase 1, condotto per la prima volta nel
l’uomo su 114 persone sane, i livelli di 
Lp(a) sono stati ridotti fino al 65% in segui-
to alla somministrazione giornaliera di 
100-800 mg di muvalaplin per 14 giorni, 
senza problemi di sicurezza o tollerabilità 
o effetti significativi sul plasminogeno, u-
na proteina omologa. I livelli tornavano ai 
valori basali al giorno 43 per la dose da 
100 mg e al giorno 64 per le dosi da 300 a 
800 mg. Muvalaplin non ha avuto effetti 
significativi su colesterolo LDL, HDL, co-
lesterolo totale o apo B100.

Il team sta attualmente conducendo lo 
studio di fase 2 KRAKEN. Si prevede di 
arruolare 233 pazienti di età pari o supe-
riore a 40 anni con livelli elevati di Lp(a) 
(≥175 nmol/L) e alto rischio di eventi car-
diovascolari. L’esito primario è la variazio-
ne dei livelli di Lp(a) a 12 settimane e il 

completamento dello studio è previsto per 
il prossimo gennaio.

Parallelamente, sono stati riportati i ri-
sultati di un’estensione dello studio di fa-
se 2 su olpasiran in pazienti con CVD su 
base aterosclerotica e Lp(a) elevata. I 
principali risultati dello studio OCEAN(a) 
DOSE (TIMI 67) sull’olpasiran erano già 
stati presentati in occasione dell’Ameri-
can Heart Association Scientific Sessions 
2022. Lo studio aveva incluso 281 pazienti 
con CVD aterosclerotica accertata e Lp(a) 
>150 nmol/L (60 mg/dL). I partecipanti 
erano stati assegnati in modo casuale a 
una delle quattro dosi di olpasiran (10 mg, 
75 mg o 225 mg ogni 12 settimane o 225 
mg ogni 24 settimane) o a un placebo cor-
rispondente, somministrato per via sotto-
cutanea. A 36 settimane, dosi di 75 mg o 
più di olpasiran ogni 12 settimane aveva-
no portato a riduzioni di oltre il 95% dei 
livelli di Lp(a).

Lo studio di estensione mirava a esa-
minare gli effetti di olpasiran sui livelli di 
fosfolipidi ossidati dell’apolipoproteina 
B100 [OxPL-apoB] e sui livelli di Lp(a), 
nonché la sicurezza, dopo l’ultima dose 
somministrata. Il periodo minimo di so-
spensione del trattamento è stato di 72 
settimane dalla randomizzazione (in 276 
pazienti). Il follow-up completo è stato di 
86 settimane (50 settimane dopo l’ultima 
dose somministrata). Lo studio ha mo-
strato che i pazienti che hanno assunto 
dosi ≥75 mg ogni 12 settimane hanno 
mantenuto una riduzione del 40%-50% cir-
ca dei livelli di Lp(a), corretta per il place-
bo, fino a un anno dopo l’ultima dose. L’ef-
ficacia clinica a lungo termine e la sicu-
rezza di olpasiran sono in corso di ulterio-
re valutazione nello studio di fase 3 
OCEAN(a)-Outcomes, che prevede un 
arruolamento stimato di 6.000 persone e 
un completamento previsto per dicembre 
2026.
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ESC promuove l’utilizzo  
di SGLT2i più GLP-1 nel diabete  
ad alto rischio CVD

Superando il modello che raccomanda 
il trattamento con un inibitore del cotra-
sportatore sodio-glucosio-2 (SGLT-2) o 
con un agonista del recettore del glucago-
ne peptide-1 (GLP-1) nelle persone con dia-
bete mellito di tipo 2 e malattia cardiova-
scolare (CVD) conclamata, le nuove racco-
mandazioni della Società Europea di Car-
diologia invitano a iniziare entrambe le 
classi contemporaneamente.

Le nuove linee guida invitano inoltre a 
iniziare il trattamento con un inibitore 
SGLT-2 e un agonista del recettore GLP-1 
senza tenere conto del livello di controllo 
del glucosio esistente, compresi i livelli di 
emoglobina glicata attuali e gli obiettivi di 
trattamento, e indipendentemente dalla te-
rapia di base. Le nuove linee guida invitano 
invece a iniziare tempestivamente entram-
be le classi di farmaci nelle persone con 
diagnosi di diabete di tipo 2 e CVD atero-
sclerotica conclamata.

Anche se non sono ancora ben noti i 
meccanismi d’azione di questi farmaci per 
la CVD, gli autori sono convinti che utiliz-
zino meccanismi diversi, che sembrano a-
vere effetti almeno parzialmente additivi. I 
loro benefici per la riduzione del rischio di 
CVD appaiono indipendenti dai loro effetti 
sul glucosio, suggerendo potenziali effetti 
cardiologici diretti.

Un’altra importante novità della nuova 
revisione delle linee guida ESC è l’introdu-
zione di un calcolatore del rischio di CVD 
tra le persone con diabete di tipo 2 ma sen-
za CVD conclamata, insufficienza cardiaca 
o CKD. Chiamato SCORE2-Diabetes risk 
estimator, il calcolatore calcola il rischio a 
10 anni di CVD di una persona e include un 
aggiustamento basato sulla regione euro-
pea di provenienza; inoltre, calcola diversi 

livelli di rischio per le donne e per gli uomi-
ni. Le caratteristiche principali del calcola-
tore includono l’uso di valori clinici raccolti 
di routine, come l’età, il sesso, la pressione 
arteriosa sistolica, lo stato di fumatore, i 
livelli di colesterolo, l’età alla diagnosi di 
diabete, il livello di emoglobina glicata e la 
velocità di filtrazione glomerulare stimata.

Le nuove linee guida dell’ESC eviden-
ziano altri due contesti clinici in cui le per-
sone con diabete di tipo 2 dovrebbero ri-
cevere un inibitore SGLT-2, indipendente-
mente dal livello di controllo del glucosio 
esistente e da qualsiasi altro trattamento 
medico: le persone con insufficienza car-
diaca e le persone con malattia renale cro-
nica (CKD) basata su una ridotta velocità 
di filtrazione glomerulare stimata e un e-
levato rapporto albumina/creatinina nelle 
urine. Il gruppo di esperti dell’ESC ha ri-
tenuto che la nefropatia conferisca un ri-
schio simile a quello della CVD ateroscle-
rotica. 

La sicurezza di SGLT2i  
nello scompenso cardiaco acuto 
confermata da nuovi dati

Per i pazienti ricoverati in ospedale per 
insufficienza cardiaca acuta, l’inizio del 
trattamento con l’inibitore SGLT2 dapagli-
flozin (Farxiga) prima della dimissione o-
spedaliera è risultato sicuro, ha migliorato 
la diuresi e la natriuresi riducendo la dose 
di diuretico somministrata e ha ridotto la 
durata della degenza in ospedale nello stu-
dio DICTATE-AHF.

Nella pratica corrente negli Stati Uniti, 
circa l’80% delle persone ricoverate con in-
sufficienza cardiaca non riceve inizialmen-
te un trattamento con un SGLT2 durante la 
degenza in ospedale, se non sta già assu-
mendo un agente di questa classe. I medici 
spesso non si sentono a proprio agio nel 
cambiare i farmaci di un paziente il primo 
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giorno di ricovero. I risultati dovrebbero 
incoraggiare i medici a iniziare il tratta-
mento con un inibitore SGLT2 già durante 
il ricovero e a proseguirlo in modo cronico.

Studi precedenti hanno affrontato il 
problema. Lo studio SOLOIST-WHF ha te-
stato l’inibitore combinato di SGLT1 e 
SGLT2 sotagliflozin (Inpefa) nei pazienti 
ricoverati di recente per insufficienza car-
diaca, ma solo 142 dei 596 partecipanti as-
segnati casualmente a ricevere sotagliflo-
zin hanno iniziato a riceverlo almeno un 
giorno prima della dimissione dall’ospeda-
le; per i restanti 454, il trattamento con so-
tagliflozin è iniziato il giorno della dimis-
sione. Nello studio EMPULSE, 530 perso-
ne ricoverate per insufficienza cardiaca a-
cuta sono state assegnate in modo casuale 
a ricevere inizialmente empagliflozin (Jar-
diance) o placebo durante il ricovero. L’end
point primario era in gran parte determina-
to da un miglioramento dell’esito riferito 
dal paziente.

Lo studio DICTATE-AHF ha incluso 
238 adulti che si erano presentati entro 24 
ore in uno dei sei ospedali statunitensi par-
tecipanti con insufficienza cardiaca acuta 

ipervolemica. Tutti i pazienti sono stati sot-
toposti a un protocollo di trattamento stan-
dard con diuretici dell’ansa per via endove-
nosa e la metà ha ricevuto un trattamento 
aggiuntivo in aperto con una dose giorna-
liera di 10 mg di dapagliflozin. L’esito pri-
mario dello studio era una misura dell’effi-
cienza diuretica. Entrambi i bracci di tratta-
mento hanno registrato una perdita di peso 
quasi identica, ma per le persone che han-
no ricevuto dapagliflozin, questa si è verifi-
cata con una dose cumulativa di diuretici 
inferiore. L’efficienza diuretica con dapa-
gliflozin ha prodotto una perdita di peso 
comparabile con una dose di diuretico 
dell’ansa inferiore del 35%, una differenza 
che è stata appena inferiore alla significati-
vità (p=0,06). Tuttavia, il trattamento con 
dapagliflozin ha anche aumentato signifi-
cativamente la natriuresi e la diuresi delle 
24 ore e ha ridotto significativamente il tem-
po di interruzione del trattamento con diu-
retici per via endovenosa e di dimissione 
dall’ospedale. L’inizio e il proseguimento 
del trattamento con dapagliflozin sono ri-
sultati sicuri e ben tollerati rispetto alle cu-
re abituali.
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The poor comprehension of the role of different particles secreted 
by cells is mainly due to their heterogeneity, coexistence, but also 
to inadequate separation methods. This situation, together with the 
recent discovery of exomeres, small (<50 nm) particles with pecu-
liar characteristics, prompted us to propose a new centrifuga-
tion-based separation method. Following an algorithm developed 
by Livshits, we first calculated the theoretical size and then separat-
ed five different subfractions (dimensions from >200 nm to <50 nm) 
of vesicles secreted by a melanoma cell line in vitro. Of these, we 
studied physical, lipid and protein profiles. Method validation has 
been accomplished by DLS/Zetasizer, electron- and atomic force 
microscopy (dimensional analysis), while gas-liquid chromatogra-
phy, colorimetric assays, LC-MS, CONAN, western blot e MetaCore 
have been used for lipidomics, proteomics and interactomics. Once 
we documented the correspondence between theoretical and real 
dimensions for all the fractions, lipidomics showed a continuous 
relationship between size reduction, phospholipids’ fatty acid satu-
ration and rigidity. The <50 nm fraction, beyond being the stiffest, 
also presented a different free cholesterol/phospholipid ratio that, 
together with data emerged from CONAN technique, suggest a 
different structural diversity, that may be translated into different 
functions. Proteomics documented the presence of common and 
unique proteins in each fraction; interestingly, exomeres fraction is 
characterized by prooncogenic proteins (e.g. MMP-9, TIF-1beta), 
able to interact in tight networks, thus paving the road of the com-
prehension of new mechanisms of tumor progression/metastasis. 
We are currently developing functional studies to ascertain these 
properties. Altogether: 
a)	exomeres emerge as the most interesting particles, both bio-

chemically and functionally; 
b)	the flexibility of our method may allow to deeply study the role 

of specific particles secreted by different cells in cardiovascular 
and metabolic pathologies, simply adapting dimensional cut-offs 
of the centrifugations with the final goal of finding innovative and 
valid pharmacological treatments.
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Introduction. Multitarget kinase inhibitors are currently used for 
the treatment of multiple neoplasms, with a significant improve-
ment in survival. The increased life expectancy, such as in the case 
of thyroid cancer, poses the problem of the development of long-
term metabolic side effects. This review aims at investigating the 
effects of four multitarget kinase inhibitors approved for the treat-
ment of thyroid cancer on glucose and lipid metabolism.
Materials and Methods. The literature research lead to the selec-
tion of 68 different articles published between January 2012 and 
December 2022 evaluating the effects of Cabozantinib, Lenvatinib, 
Sorafenib, and Vandetanib on glucose and lipid metabolism in adult 
subjects with different malignancies.
Results. Elevation of glucose levels (prevalence: 1-17%) was report-
ed in 42 out of 68 studies with different grades of severity, including 
death. Concerning dyslipidemia, 12 studies reported worsening or 
new-onset hypercholesterolemia (prevalence: 4-40%), while 19 stud-
ies reported different grades of hypertriglyceridemia (prevalence: 
1-86%), sometimes leading to life-threatening events.
Conclusions. Glucose and lipid levels need to be investigated in 
future multitarget kinase inhibitors trials since important adverse 
events may be overlooked if their routine assessment is not per-
formed.
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CAROTID ARTERY DOPPLER ULTRASOUND 
TO REASSESS CARDIOVASCULAR RISK  
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Department of Medicine - DIMED, University of Studies of Padova
E-mail: marco.allegra@studenti.unipd.it

Background. According to WHO Cardiovascular disease causes 
nearly 18 million deaths per year (32% of total) of which 85% are 
caused by Acute Myocardial Infarction and Ischaemic Stroke (ath-
erosclerotic cardiovascular disease acute events). Moreover, Car-
diovascular disease causes nearly 40% of early deaths (age <70 
years). Thus, clinical activity of Primary Prevention against expo-
sure to modifiable cardiovascular risk factors should be effective 
and efficient. 
Subjects and Methods. Two patients with comparable cardiovas-
cular risk category at their clinical presentation were selected from 
the cohort referring to the Regional Center for Dyslipidaemias of 
University Hospital of Padua. It was retrospectively speculated if 
carotid plaque detection with doppler ultrasound (even if not hae-
modynamically significant plaque) played a role in early high inten-
sity lipid lowering prescription and in keeping up patients in prima-
ry prevention. 
Clinical data. D.A., 56-year-old male, suffered his first myocardial 
infarction at 52 years. In the next 28 months he had 2 reinfarctions 
and he was revascularized with a total of 5 percutaneous trans cath-
eter angioplasty and stenting due to a diffused coronary artery 
disease. At the second reinfarction at 54 years of age, a new coro-
nary angiography documented a no more revascularizable coro-
nary artery disease with a post ischaemic cardiomyopathy. Only 2 
years after the index event D.A. was sent to the Regional Center of 
Dyslipidaemias where it was disclosed that 2 years before the first 
myocardial infarction, non-haemodynamically significant carotid 
plaque was detected with doppler ultrasound on top of: former low 
smoker, dyslipidaemia known from age 43 (total-cholesterol 236 
mg/dl, high-density-lipoproteins 41, triglycerides 111, low-densi-
ty-lipoproteins 173) occasionally treated with low intensity lipid 
lowering therapy and life style interventions, high arterial blood 
pressure under aldosterone receptor blockers, impaired fasting 
glucose, high blood levels of lipoprotein(a) 221 nmol/l detected at 
the first myocardial infarction and family history of high blood cho-
lesterol and cardiovascular acute events. D.A. ended up reaching 
his low-density-lipoproteins cholesterol target (<40 mg/dl) on high 
intensity lipid lowering therapy including mAbs-anti-PCSK9 (evolo-
cumab) only in his tertiary prevention. A.A., 65-year-old female, 
never suffered myocardial infarction. Negative family history for 
dyslipidaemia or atherosclerotic cardiovascular disease. Non-smok-
er. Obese, high arterial blood pressure on drug therapy, type two 
diabetes mellitus on antidiabetic oral therapy with develop of hyper-
tensive-diabetic nephropathy (microalbuminuria) in her fifth de-
cade of life, hypothyroidism on replacement therapy, dysmetabolic 
dyslipidaemia known from age 42 with very high single risk factor 
(total-cholesterol 491 mg/dl lipid lowering therapy naive; after 
moderate intensity statin total-cholesterol 267 mg/dl, high-densi-
ty-lipoproteins 51, triglycerides 121, low-density-lipoproteins 192), 
lipoprotein(a) 120 nmol/l. A.A. at age 42 was sent for the first time 
at the Regional Center of Dyslipidaemias where non-haemodynam-
ically significant carotid plaque was detected with doppler ultra-
sound and lipid lowering therapy was tailored to high intensity in-
cluding mAbs-anti-PCSK9 (evolocumab) as soon as available. A.A. 
reached her low-density-lipoproteins cholesterol target (<55 mg/
dl) in her primary prevention. 

Discussion. On top of family history of cardiovascular events es-
pecially during early age, and personal history of dyslipidaemia and 
other cardiovascular risk factors, in order to get along with our goal 
to keep patients at their primary cardiovascular prevention, detec-
tion of organ damage as carotid artery atherosclerotic plaque even 
if non-haemodynamically significant seems to be cost-effective to 
assess higher risk of fatal and non-fatal cardiovascular events 
(which could lead to a farer low-density-lipoproteins cholesterol 
target) and to have a more effective clinical-therapeutical approach 
with a better impact on long-term quality of life.

PROGNOSTIC ROLE OF SERUM ALBUMIN 
LEVELS IN PATIENTS WITH CHRONIC 
HEART FAILURE
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Background. Heart Failure (HF) is a growing health problem, 
prevalence of 1.5-4% in developed countries. Hypoalbuminemia is 
common in patients with HF, however there are no data regarding 
the possible long-term prognostic role of serum albumin (SA) in 
the younger population with chronic HF, especially in patients with-
out malnutrition. 
Objectives. The purpose of the present study was to examine the 
long-term prognostic role of SA levels in predicting major adverse 
cardiac events (MACE) in middle-aged outpatients with chronic 
HF, after adjustment for known confounding factors and especially 
for inflammation, nutritional status, liver and kidney function. 
Methods. In the present retrospective analysis, 378 subjects with 
HF were enrolled at the Geriatric Department of “Magna Græcia” 
University Hospital of Catanzaro, Italy. MACE occurrence (non-fa-
tal ischemic stroke, non-fatal myocardial infarction, cardiac revas-
cularization or coronary bypass surgery and cardiovascular death) 
was evaluated during a median follow-up of 6.1 years. Total mortal-
ity and HF hospitalizations (hHF) were also evaluated. 
Results. In all population of study 152 patients had a SA value <3.5 
g/dL, while the remaining 226 had a SA value ≥3.5 g/dL. In patients 
with SA ≥3.5 g/dL the observed MACE were 2.1 events/100 pa-
tient-year, while in the group with a worse SA levels there were 7.0 
events/100 patient-year (p<0.001). The multivariate analysis model 
confirmed that low levels of SA increase the risk of MACE by a 
factor of 3.1. In addition, the presence of ischaemic heart disease, 
serum uric acid levels >6.0 mg/dL, chronic kidney disease and a 
10-year age rise, increased the risk of MACE in study participants. 
Conclusions. Patients with chronic HF that exhibits low SA levels 
showing a higher risk of MACE and hHF.
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Background. Diet quality and energy density play a crucial role in 
promoting obesity and poor metabolic health. In particular, the typ-
ical Western diet, encompassing highly processed, energy-dense 
foods rich in refined sugars and long-chain saturated fatty acids, is 
key in the pathogenesis of obesity and its comorbidities. While the 
effect of nutrients typically consumed as part of the Western diet on 
metabolic health have been widely investigated, the influence of 
advanced glycation end products is still to be clarified despite they 
are also abundant in this dietary pattern (1). Therefore, the aim of 
this study is to investigate the relationship between advanced gly-
cation end products and metabolic health, with a particular focus on 
insulin resistance.
Participants and Methods. Four Hundred Thirty-Two subjects 
aged between 55 and 85 years were included in this study and char-
acterized with regard to their anthropometric, nutritional and met-
abolic profile. Subjects’ daily consumption of advanced glycation 
end products was estimated using food frequency questionnaires 
and mean of advanced glycation end product content per type of 
food consumed. The relationship between daily advanced glycation 
end product intake and anthropometric as well as metabolic param-
eters was assessed using Spearman test. A simple or stepwise lin-
ear regression was performed to evaluate the predictive power of 
advanced glycation end product intake for cardio-metabolic health 
parameters. Study participants were stratified into tertiles accord-
ing to the amount of daily advanced glycation end product con-
sumed. Differences between tertiles were analysed with One Way 
ANOVA followed by Bonferroni post-hoc test. A p-value ≤0,05 was 
considered statistically significant.
Results. The mean daily advanced glycation end product intake of 
study participants was 12367,734 kU/day±4389,2381 (standard de-
viation) in line with previous studies (2, 3). Advanced glycation end 
product intake positively correlated with (p=0,010) and was also 
predictive (R^2=0,012; p=0,028) for insulin resistance. In further 
support of this finding, individuals consuming a diet high in ad-
vanced glycation end products had a higher homeostatic model 
assessment index (p=0,017) compared to those with a lower intake, 
confirming the association between advanced glycation end prod-
uct intake and insulin resistance. However, there was no associa-
tion between advanced glycation end product intake and other 
predictors of impaired insulin sensitivity (body mass index, fat 
mass, visceral adiposity index, high-sensitivity C-reactive protein 
and waist circumference) with the exception of interleukin-18. Step-
wise linear regression showed that the predictive power of ad-
vanced glycation end product disappeared when considering the 
aforementioned predictors of insulin resistance. This suggests that 
advanced glycation end product may influence insulin resistance 
indirectly, possibly via its modulation of interleukin-18. Indeed, ad-
vanced glycation end product consumption positively correlated 
with and was also a predictor of interleukin-18 circulating levels 
(R^2=0,009; p=0,046).
Conclusion. Dietary advanced glycation end product intake is as-
sociated with insulin resistance. However, the impact of these mol-
ecules on insulin sensitivity appears to be indirect and potentially 

mediated via interleukin-18, which is in line with the pro-inflamma-
tory effects of advanced glycation end products and the known role 
of metabolic inflammation in promoting insulin resistance (4). 
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Cardiovascular (CV) disease continues to be a leading cause of 
morbidity and mortality worldwide. Despite its significant impact, 
there is a disproportionate allocation of healthcare budgets towards 
prevention measures. Therefore, exploration of innovative ap-
proaches for effective CV prevention is crucial. Preliminary evi-
dence suggests that digital health interventions could be cost-effec-
tive and easily implementable strategies for reducing CV risk. How-
ever, robust evidence from large controlled trials is still needed. 
CV-PREVITAL (ClinicalTrials.gov: NCT05339841) is a multicenter, 
prospective, randomized, controlled, open-label interventional trial 
designed to evaluate the effectiveness of a digital intervention in 
primary CV prevention (BMJ Open. 2023; 13 (7): e072040). The 
trial involves 14 IRCCS affiliated with the Italian Cardiology Net-
work, along with general practitioners and community pharmacies. 
The study aims to recruit approximately 80,000 subjects aged ≥45 
years without overt CV disease. Participants are randomly assigned 
to either the control or intervention group. The intervention group 
receives a personalized prevention program through a smartphone 
application, targeting lifestyle habits and adherence to pharmaco-
logical treatments. The primary endpoint of the trial is the change 
over a 12-month period in the Moli-sani Risk Score, a new algorithm 
for measuring the global impact of modifiable CV risk factors (Int J 
Cardiol. 2023; 389: 131228). Secondary short-term endpoints in-
clude the reduction of major CV risk factors. Additionally, the trial 
includes a long-term (7 years) endpoint to assess the intervention’s 
impact on the incidence of major CV events. Furthermore, CV-PRE-
VITAL incorporates ancillary studies to evaluate the effect of the 
digital intervention on additional risk biomarkers. Recruitment be-
gan in June 2022, and as of September 2023, approximately 20,000 
participants have been enrolled. The CV-PREVITAL study will pro-
vide valuable data on the efficacy of digital strategies in primary CV 
prevention, offering insights to inform strategic planning and re-
source allocation decisions for policy makers. Funding: Italian Min-
istry of Health (RCR-2019-23669116_001).
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Aim. Heterozygous Familial Hypercholesterolemia (FH) results 
into lifelong high Low Density Lipoprotein Cholesterol (“LDL-C 
burden”) and premature Atherosclerotic Cardiovascular Diseases 
(ACVD). An important pharmacological pipeline dedicated to FH 
has been developed but its efficacy is still sub-optimal, due to a 
substantial probability to misdiagnose FH as subjects with similarly 
elevated LDL-C but not carriers of FH-associated mutations (“non-
FH”). We sought novel plasma biomarkers for FH that might help 
to surmount these diagnostic shortcomings.
Methods. At Milan, we compared the Normalized Plasmatic eX-
pression (NPX, Olink) of 264 proteins in 133 FH (8% on statins) with 
that of 586 normocholesterolemic subjects (“controls”) and that of 
55 non-FH (LDL-C 190-220 mg/dL, not on statins). We harnessed 
machine learning to look for the most representative proteins of 
FH. We checked for validation in: 
1)	an additional group of 76 FH from the Lipid Clinic of Palermo and
2)	in two Dutch general populations (10 non-FH vs 657 controls 

from the Athero-Express and 33 non-FH vs 837 controls from the 
Second Manifestations of ARTerial disease (SMART) study).

Results. An increased plasmatic expression of Fibroblast Growth 
Factor 5 (FGF-5) potently differentiated the FH subjects from the 
controls (Area Under the Curve (AUC)=0.995 (0.985-1.000); P<0.0001) 
and from the non-FH (AUC= 1.000 (0.914-1.000); P<0.001). The ro-
bust association between FGF-5 and FH was confirmed in the FH 
from Palermo. Vice versa, FGF-5 was not able to distinguish non-
FH from controls, a finding that was confirmed in Athero-Express 
and SMART.We finally confirmed NPX data with ELISA-based 
quantification.
Conclusion. FGF-5 appears a clear-cut biomarker unique for FH. 
The LDL-C burden can be responsible but, as we preliminary ruled-
out a physical interaction between FGF-5 and LDL receptor, pro-
teomics might inform on pathways independent from those target-
ed by the canonical pharmacological tools.
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Background. Coagulopathy and thrombi formation has been ob-
served in several organs in patients with COVID-19, and in a mi-
nority of subjects receiving the SARS-CoV-2 vaccine. The correla-
tion between SARS-CoV-2 infection and hyperactivation of coagula-
tion cascade has been established. Several mechanisms have been 
proposed to explain this relationship. However, the direct effects of 
SARS-CoV-2 on the transcriptional machinery controlling these 
pathways are not completely understood. Recently, we suggested a 
novel transcriptional function of the SARS-CoV-2 Spike (S) viral pro-
tein involving a direct protein-protein interaction with the human 
Estrogen Receptor-α (ERα). Given the known implications of ERα 
in the control of key regulators of the coagulation cascade in endo-
thelial cells, we hypothesized that S-protein might increase the co-
agulation response in vitro and in vivo via ERα. 
Methods. S-proteins were electroporated in the abductor muscles 
in mice, and recalcification time and the levels of D-Dimer, von Wil-
lebrand Factor (vWF) and Tissue Factor (TF) were measured in 
plasma. Human endothelial cells (Ea.Hy926 and HULEC-5a), inhib-
itors of the ERα (Raloxifene, Fulvestrant), S-proteins, and the natu-
ral ERα agonist, the 17-β-Estradiol were used for in vitro studies. TF 
expression was investigated in cell lysed and in cell supernatant by 
RT-qPCR and by ELISA, respectively, and procoagulant activity 
(PCA) was assessed in treated cells. 
Results. We showed that S-protein promoted the expression of TF 
and the overall pro-coagulation activity in a endothelial cells and 
confirmed this finding by overexpressing S-protein by gene trans-
fer in mice. Then, due to the knowledge based on the EXSCALATE 
supercomputing platform, we designed and tested two-point muta-
tions in the S-sequence that abolished the pro-coagulation function 
of Spike in vitro and in vivo, without compromising its immunoge-
nicity. 
Conclusions. Our findings suggest a new non-infective pathologic 
action of the Spike-protein at the vascular level promoting the endo-
thelial pro-coagulation activity by a crosstalk with the ERα.
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Cellular senescence, a process that imposes permanent prolifera-
tive arrest, senescence-associated secretory phenotype (SASP) and 
high level of reactive oxygen species (ROS) on cells, has emerged 
as a potentially important contributor to aging and age-related dis-
eases. Senescent vascular smooth muscle cells (VSMCs) are pres-
ent in atherosclerotic plaques and contribute to their instability.
Traditional cigarette (TC) smoke is a known exacerbator of age-re-
lated. To reduce the harm associated with TC, alternative next-gen-
eration tobacco products (NGTPs), such as tobacco heating prod-
ucts (THP), have been developed. We studied the effects of aque-
ous extracts (AEs) from TC and THP on VSMC senescence com-
pared to doxorubicin-induced senescence (DIS) cells. VSMCs 
passaged 5 to 7 times (young cells) were incubated for 48 h with 
10% TC and THP AEs or doxorubicin 100nM. We measured SA-β-
gal activity (senescence marker), senescence associated genes and 
proteins expression, cell proliferation, cell cycle, ROS production 
and nuclear changes. TC increased SA-β-gal positive cells (more 
than 50%), slowed cell proliferation down to a permanent growth 
arrest and down-regulated proliferation cell nuclear antigen (PCNA) 
expression, similar to what we observed in the DIS VSMCs. Instead, 
THP did not affect cell proliferation nor PCNA expression. Despite 
expression of cell cycle inhibitors was upregulate in both TC and 
THP, only TC arrested cells at G2/M phase. Moreover, only TC 
significantly induced SASP expression and increased the produc-
tion of both mitochondrial and intracellular ROS. Once again, THP 
did not show any effect. Finally, TC, and not THP, increased the 
number of large and regular nuclei, a typical senescent nuclei fea-
ture.
In conclusion, TC was able to induce premature senescence in 
VSMCs at a level similar to DIS. THP lacked most of the TC and 
doxorubicin-related functional, structural, and molecular effects on 
VSMCs senescence. The real long-term health effects of these 
NGTPs will have to be further assessed.

LDL-CHOLESTEROL TARGET LEVELS 
ACHIEVEMENT IN HIGH-RISK PATIENTS: 
AN (UN)EXPECTED GENDER BIAS
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Background and Aims. Lowering low-density lipoprotein choles-
terol (LDL-C) is the cornerstone of cardiovascular disease preven-
tion. Collection of epidemiological data is crucial for monitoring 
healthcare appropriateness. This analysis aimed to evaluate the 
proportion of high-risk patients who achieved guidelines recom-
mended LDL-C goal, and explore the predictors of therapeutic fail-
ure, with a focus on the role of gender. 
Methods and Results. Health administrative and laboratory data 
from seven Local Health Districts in Tuscany were collected for 
residents aged ≥45 years with a history of major adverse cardiac or 
cerebrovascular event (MACCE) and/or type 2 diabetes mellitus 
(T2DM) from January 1, 2019, to January 1, 2021. The study aimed 
to assess the number of patients with optimal levels of LDL-C (<55 
mg/dl for patients with MACCE and <70 mg/dl for patients with 
T2DM without MACCE). A cohort of 174 200 individuals (55% 
males) was analyzed and it was found that 11.6% of them achieved 
the target LDL-C levels. Female gender was identified as an inde-
pendent predictor of LDL-C target underattainment in patients with 
MACCE with or without T2DM, after adjusting for age, cardiovas-
cular risk factors, comorbidities, and district area (adjusted-IRR 
0.58, SD 0.01; p <0.001). This result was consistent in subjects with-
out lipid-lowering therapies (adjusted-IRR 0.56, SD 0.01; p <0.001).
Conclusion. In an unselected cohort of high-risk individuals, fe-
males have a significantly lower probability of reaching LDL-C rec-
ommended targets. These results emphasize the need for action to 
implement education for clinicians and patients and to establish 
clinical care pathways for high-risk patients, with a special focus on 
women.
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Background and Aim. ANGPTL3 and PCSK9 are known regula-
tors of lipoprotein metabolism. Patients affected by familial hypo-
betalipoproteinemia type 2, due to homozygous loss of function of 
the ANGPTL3 gene, show reduced levels of circulating PCSK9 in-
dicating a possible coordinate regulation of these two proteins. Our 
research aims to establish whether the two proteins are able to 
determine a metabolic shift in a liver cellular model.
Methods. HepG2 cells were cultured in fasting (low-nutrient medi-
um) or feeding conditions (high-nutrient medium). We generated 
ANGPTL3 and PCSK9 over-expressing (OE) cells and used a pro-
teome profiler to study intracellular activated pathways. Based on 
the activated transcription factors found in the proteome profiler we 
performed chromatin immunoprecipitation (ChIP) and we ex-
plored the specific activation of targets of lipolysis and lipogenesis 
using real-time quantitative PCR (qPCR). 
Results. At the proteome profiler, ANGPTL3 OE cells show an ac-
tivation of the IGF-1 receptor, PLC-gamma, and STAT3. PCSK9 OE 
cells show the activation of different TRK receptors and the intra-
cellular activation of STAT1. Double OE cells re-establish intracel-
lular signaling similar to CTRL cells. The ChIP showed a STAT1-me-
diated expression of genes involved in mitochondrial beta-oxidation 
when PCSK9 was overexpressed and increased STAT3-mediated 
expression of genes involved in cholesterol metabolism when 
ANGPTL3 was overexpressed. 
Conclusions. ANGPTL3 activates the IGF1R-PLC-γ-STAT3 axis 
associated with increased cholesterol synthesis and ApoB matura-
tion. Conversely, PCSK9 activates the STAT1 pathway associated 
with increased mitochondrial beta-oxidation.

IMPACT OF IMMUNE SYSTEM 
HUMANIZATION ON ATHEROSCLEROSIS  
IN DYSLIPIDEMIC RAG2-KO/IL2RG-KO/
CD47-KO/LDL-R KO MICE

F. Bonacina, A. Moregola, J. Nour, S. Greco, L. Gullà, G.D. Norata
Dipartimento di Scienze Farmacologiche e Biomolecolari  
“Rodolfo Paoletti”, Università degli Studi di Milano
E-mail: fabrizia.bonacina@unimi.it

Background and Aim. Given the key role of the immune re-
sponse during atherosclerosis and the therapeutic interest of bio-
logics targeting human immune cells, the need of experimental 
models to translate molecular mechanisms and to test therapeutic 
approaches for atherosclerosis is continuously increasing. Here we 
describe the characteristics of an innovative immunodeficient 
mouse humanized with human hematopoietic cells on an athero-
prone. 
Background. Methods. LDLR-KO mice were crossed with the 
immunodeficient C57BL/6J strain Rag2-KO/IL2rg-KO/CD47-KO 
(TKO, IMSR_JAX:025730) to generate an immunocompromised 
dyslipidemic mouse recipient TKO-LDLR KO of human hematopoi-
etic stem cells (hCD34+). 
Results. TKO-LDLR KO were first characterized for their immune 
and metabolic profile. TKO mice are deficient in mature lympho-
cytes and NK cells and this profile was conserved in TKO-LDLR 
KO mice. Under high cholesterol diet, TKO-LDLR KO present 
monocytosis with increased levels of Ly6Chi monocytes compared 
to TKO-LDLR KO at standard diet, develop marked dyslipidemia, 
steatosis and atherosclerosis. This profile confirms the suitability 
of TKO-LDLR KO mice for atherosclerosis studies. Next we tested 
the impact of immune system humanization on atherosclerosis. 
TKO-LDLR KO pups received a low-dose irradiation (150-200 cGy) 
and thereafter 1,5-2 x 10^5 hCD34+ were injected with in the liver. 
Engraftment of human leukocytes (hCD45+) was evaluated after 
two months by flow cytometry analysis from tail blood. This ap-
proach allows to reconstitute between 10-30% of hCD45+, mainly B 
and T cells. The humanization with hCD34+ cells affected athero-
sclerosis development as compared to non-humanized TKO-LDLR 
KO mice.
Conclusion. We have generated and characterized for the first 
time a humanized dyslipidemic TKO-LDLR KO mice. This mouse 
model presents human B and T cells and represent and important 
toll to investigate the impact of biologics targeted toward human 
targets in the context of atherosclerosis.
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THE IMPACT OF SOLUTE CARRIER 
ORGANIC ANION TRANSPORTER 1B1 
(SLCO1B1) RS4149056 VARIANT ON LOW-
DENSITY LIPOPROTEIN CHOLESTEROL 
TARGET ACHIEVEMENT AFTER LIPID 
LOWERING THERAPY OPTIMIZATION  
IN MEN AND WOMEN WITH FAMILIAL 
HYPERCHOLESTEROLEMIA

G. Bosco, F. Di Giacomo Barbagallo, M. Di Marco, N. Miano,  
S. Scilletta, A. Vitale, F. Di Bella, M. Montalbano, S. Di Mauro,  
A. Filippello, A. Scamporrino, A. Di Pino, F. Purrello, S. Piro,  
R. Scicali
Department of Clinical and Experimental Medicine,  
University of Catania
E-mail: giosiana.bosco@gmail.com

Aim. This retrospective observational study evaluated the impact 
of the genetic variant SLCO1B1 rs4149056 on LDL-C target achieve-
ment after lipid lowering therapy optimization in men and women 
with FH.
Methods. The study involved 412 FH subjects with probable or 
defined clinical FH diagnoses, who underwent genetic analysis be-
tween June 2016 and September 2022 at the University Hospital of 
Catania’s referral Lipid Center. Biochemical analyses were conduct-
ed at baseline and during the last follow-up (January to June 2023) 
after optimizing lipid-lowering therapy, following the 2019 ESC/
EAS Guidelines on Dyslipidemias.
Results. The SLCO1B1 rs4149056 variant was present in 24.5% of 
FH subjects, with no significant gender-based variation. At base-
line, both men and women had low percentages of subjects meeting 
LDL-C targets. Moreover, fewer women were on lipid-lowering 
therapy and high-intensity statins compared to men. After therapy 
optimization, only 33.0% achieved target LDL-C levels, with 70.3% of 
women not on high-intensity statins. Moreover, women reported 
higher rates of statin-associated side effects (SASE) and myalgia 
than men. Stratifying by gender and genetic variant, significant de-
crease trends of FH subjects on high-intensity statin as well as on 
LDL-C target were found from M/SLCO1B1- group to F/SL-
CO1B1+ group, while the proportions of subjects with SASE fear as 
well as reported myalgia increased from M/SLCO1B1- group to F/
SLCO1B1+ group. Logistic regression analysis showed that M/
SCLO1B1+, F/SCLO1B1- and F/SCLO1B1+ groups were inversely 
associated to LDL-C target achievement and F/SCLO1B1+ group 
reported the strongest association.
Conclusions. Long term adherence of high-intensity statin was 
lower in FH women than men; thus, a low prevalence of FH women 
achieved the recommended LDL-C target. FH women with SL-
CO1B1 rs4149056 variant presented the lowest proportions of sub-
jects on high-intensity statin as well as on LDL-C target; finally, FH 
women with SLCO1B1 rs4149056 variant reported the strongest 
inverse association with LDL-C target achievement.

COMPARISON OF TWO POLYGENIC RISK 
SCORES TO IDENTIFY NON-MONOGENIC 
PRIMARY HYPOCHOLESTEROLEMIAS 
IN A LARGE COHORT OF ITALIAN 
HYPOCHOLESTEROLEMIC SUBJECTS

F. Brucato 1, A.B. Cefalù 1, R. Spina 1, D. Noto 1, C. Rabacchi 2,  
A. Giammanco 1, M.L. Simone 2, C. Scrimali 1, M. Gueli Alletti 1, 
C.M. Barbagallo 1, P. Tarugi 2, M.R. Averna 3

1Department of Health Promotion, Mother and Child Care,  
Internal Medicine and Medical Specialties (PROMISE),  
University of Palermo; 2Department of Life Sciences, University  
of Modena and Reggio Emilia; 3Department of Health Promotion, 
Mother and Child Care, Internal Medicine and Medical Specialties 
(PROMISE), University of Palermo, Istituto di Biofisica,  
Consiglio Nazionale delle Ricerche, Palermo
E-mail: federicabrucato21@gmail.com

Introduction. Primary Hypobetalipoproteinemias (HBL) are a 
group of dominant and recessive monogenic genetic disorders 
caused by mutations in APOB, PCSK9, ANGPTL3, MTTP, Sar1b 
genes and characterized by plasma levels of total cholesterol (TC), 
low density lipoprotein-cholesterol (LDL-C) and apolipoprotein B 
(apoB) below the 5th percentile of the distribution in a given popu-
lation. Mutations in the candidate genes account only for a small 
proportion of subjects with HBL suggesting a role for a polygenic 
contribution to the low cholesterol phenotype. 
Material and Methods. To explore the complex genetic architec-
ture of HBL we compared two polygenic risk scores in order to as-
sess the role of the polygenic burden and the differences in the 
clinical phenotype between monogenic and polygenic HBL; we 
studied a cohort of 170 subjects with primary HBL referred over a 
25-year period to 2 Italian reference centers have been studied. The 
genetic analyses have been based on: Sanger sequencing, in-house 
NGS customized panel and two scores, PRS1 and PRS2 for the poly-
genic burden. 
Results and Conclusion. Sixty 60 (35%) and 63 (37%) subjects had 
a monogenic and polygenic HBL respectively. LDL-C plasma levels 
were significantly lower in monogenic HBL (30.87±3.12 mg/dl) 
compared with the non-monogenic HBL (42.80±2.18 mg/dl) 
(p<0.002) with no differences in the percentage of fatty liver. Only 
PRS1 is effective in detecting polygenic HBL while PRS2 does not 
improve the polygenic diagnosis.
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ATTITUDE IN CONSUMING SPICY FOODS  
IN CHILDREN WITH FAMILIAL 
HYPERCHOLESTEROLEMIA

P.S. Buonuomo, I. Rana, R. Cerroni, M.V. Gonfiantini,  
M. Macchiaiolo, D. Vecchio, A. Bartuli
Rare Diseases and Medical Genetics Unit, Bambino Gesù  
Children’s Hospital IRCCS, Rome
E-mail: psabrina.buonuomo@opbg.net

Aim. Familial Hypercholesterolemia (FH), probably the major ge-
netic risk factor in the development of cardiovascular diseases in 
adult age, is of mounting interest in pediatric age too, since early 
intervention may significantly reduce mortality and morbility. 
Many nutraceuticals and phytochemical supplements serve as a 
promising complementary therapy. Among them, spicy foods have 
attracted special attention. Capsaicin is the main active ingredient 
in chili peppers and spicy food. Plasma lipid-lowering activity of gar-
lic, ginger, and turmeric have been well-studied in both humans 
and animals, while effects of chili and black peppers on blood cho-
lesterol is under investigation. However, taste of spice is not always 
appreciated by people in general, and children in particular. 
Material and Methods. During the period 1 NOV 2022 - 31 JAN 
2023 we interviewed all children referring to our Pediatric Ambula-
tory of Familial Hypercholesterolemia of Bambino Gesù Children’s 
Hospital in Rome, Italy. We collected data on age, sex, region of 
residency and attitude/frequency to assume spicy food (chili or 
other spicy).
Results. On a total of 87 children interviewed, 20% (18/87 children, 
8 F/10 M, range 8-15 yrs, median age 11,4 yrs) declared to regular-
ly assume spicy foods. While all eat chili, at least 10/18 (55%) eat 
other various spicy foods too. More than 70% (13/18) declared to 
eat spicy foods more than 4 times per week. Interestingly, just 3/18 
lived in Italian regions were spicy foods play a key role in tradition-
al cuisine ( i.e. Calabria), while other children came from a variety 
or geographic areas, suggesting that comsumption of spicy foods is 
an attitude that is growing worldwide. 
Conclusions. According to our results, spicy foods is appreciated 
by a not insignificant percentage of children. More studies are 
needed to define their role as complementary therapy in FH.

DIETARY LIPIDS AFFECT MORE THAN 
GENOTYPE HEPATIC AND INTESTINAL 
MIRNOME: A STUDY IN MOUSE MODELS 
WITH DIFFERENT LIPID PROFILES

M. Busnelli, S. Manzini, A. Colombo, E. Franchi, G. Chiesa
Department of Pharmacological and Biomolecular Sciences 
“Rodolfo Paoletti”, Università degli Studi di Milano
E-mail: marco.busnelli@unimi.it

Aim. To generate an atlas of miRNA expression levels in liver and 
small intestine of mice characterized by a different lipoprotein me-
tabolism.
Materials and Methods. C57BL/6J, Ldlr-KO and Pcsk9-KO male 
mice (n=3/group) were fed a Chow diet or a Western diet for 16 
weeks. Plasma lipids as well as miRNomes of liver, duodenum, jeju-
num and ileum were assessed.
Results. Cholesterolemia and triglyceridemia were higher in Ld-
lr-KO than in the other genotypes, under both Chow and Western. 
On Chow diet, C57BL/6J were characterized by higher cholester-
olemia and triglyceridemia than Pcsk9-KO, but no differences were 
observed between the two genotypes on Western diet. In each gen-
otype, Western diet-fed mice had higher cholesterolemia and tri-
glyceridemia than Chow-fed mice. In the liver, the expression of 11 
miRNAs varied significantly in all genotypes when comparing 
Chow and Western diets (miR-7a-5p, miR-381-3p, miR-96-5p, miR-
136-5p, miR-434-3p, miR-409-3p, miR-300-3p, miR-127-3p, miR-431-
5p, miR-582-5p, miR-34a-5p). Ninety-two out of their 7944 predicted 
target genes were related to lipid/lipoprotein metabolism. Several 
among these miRNAs were capable of synergistic action against 
their targets: 41 lipid-related genes were targeted by at least 3 di-
et-modulated miRNAs. Of note, Zbtb20, a gene involved in hepatic 
de novo lipogenesis, appeared to be simultaneously modulated by 
9 miRNAs. The intestinal segments responded differently to the 
dietary treatments and did not share any differentially expressed 
miRNA in duodenum and jejunum. In the ileum, the expression of 
4 miRNAs varied significantly in all genotypes when comparing 
Chow and Western diets (miR-29a-5p, miR-223-3p, miR-98-3p, miR-
467d-5p). Among the 583 predicted target genes, 22 transcripts 
were related to intestinal lipid/lipoprotein metabolism and were all 
modulated by mmu-miR-98-3p.
Conclusions. Our study demonstrates that: 
1)	diet- and genotype-determined dyslipidemic conditions impact 

on the miRNome in an organ-specific manner; 
2)	dietary lipids represent a much more effective driver than geno-

type in altering miRNA expression.
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CYCLIC FASTING BOLSTERS CHOLESTEROL 
BIOSYNTHESIS INHIBITORS’ ANTICANCER 
ACTIVITY

I. Caffa 1, A. Khalifa 1, A. Guijarro 1, S. Ravera 2, N. Bertola 2,  
M.P. Adorni 3, B. Papotti 4, L. Raffaghello 5, R. Benelli 6,  
P. Becherini 7, A. Namatalla 7, D. Verzola 7, D. Reverberi 6,  
F. Monacelli 1, M. Cea 1, L. Pisciotta 1, F. Bernini 4, A. Nencioni 1

1Department of Internal Medicine and Medical Specialties, 
University of Genoa, IRCCS Ospedale Policlinico San Martino, 
Genoa; 2Department of Experimental Medicine, University of 
Genoa; 3Department of Medicine and Surgery, University of Parma; 
4Department of Food and Drug, University of Parma;  
5IRCCS Istituto Giannina Gaslini, Genoa; 6IRCCS Ospedale 
Policlinico San Martino, Genoa; 7Department of Internal Medicine 
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Introduction. The development of new cancer treatments is a long 
and costly process with high attrition rates before reaching Phase 
II trials. Identifying oncological applications for drugs that are al-
ready approved for other medical indications is considered to be a 
possible solution to overcome this issue (1). Incorporating dietary 
interventions such us fasting or modified fasting into cancer thera-
py holds promise as means to potentiate the efficacy of existing 
anticancer therapies (2, 3) (chemotherapeutics, tyrosine kinase in-
hibitors, endocrine therapy and immune checkpoint inhibitors) and 
to enhance the antitumor properties of drugs that are normally 
used for non-oncological indications (e.g., the antidiabetic drug, 
metformin, and vitamin C). For this reason, there is strong rational 
to hypothesize that dietary interventions will help drug repurpos-
ing in oncology, unleashing anticancer effects of already approved 
drugs. Alterations of cholesterol (CE) homeostasis can promote 
tumor development and progression (4). Indeed, the upregulation 
of the CE synthesis pathway plays a crucial role in maintaining the 
growth and the metastatic spread in pancreatic ductal adenocarci-
noma models (PDAC). Moreover, several enzymes involved in this 
pathway are deregulated in cancer cells. In addition, CE accumu-
lates in membrane domains to form liquid-ordered domains known 
as lipid rafts, which, regulate numerous signaling pathways con-
trolling cell proliferation. Thus, targeting de novo CE biosynthesis 
pathway represents an attractive therapeutic strategy. 
Materials and Methods. In vitro, fasting condition were mimic 
with low-glucose (0.5 g/L) DMEM medium with 1% FBS. Mice sub-
cutaneously injected with human PDAC or colorectal cancer (CRC) 
cells underwent weekly cycles of 48 hours fasting and tumor size 
and mice weight were monitored daily. Gene and protein expres-
sion and cholesterol levels were determined on cells and tumor 
masses. 
Results. Screening over 800 approved drugs in PDAC cells, we 
identified three fungicidal agents, clotrimazole, miconazole and ox-
iconazole, to became strongly cytotoxic against cancer cells when 
combined with fasting conditions. Since azoles inhibit 14alpha-de-
methylase, a key enzyme for CE biosynthesis, we hypothesized that 
fasting and azoles would cooperate by blunting CE production in 
cancer cells. Consistently, we found that also simvastatin and terbi-
nafine, inhibitors of other two key enzyme in CE production, had 
their antitumor effects strongly enhanced by fasting on several can-
cer cell lines and on tumor organoids from patients with CRC. 
Thus, fasting conditions cooperated with these agents to reduce 
intracellular CE by downregulating genes involved in its production 
and increasing CE efflux. To further investigate the role of fasting 
and CE biosynthesis inhibitors against cancer, we injected human 
PDAC and CRC cells in mice and we saw that fasting enhanced 

clotrimazole and terbinafine antitumor effects, blunting the CE lev-
els in the masses. In addition, combined fasting and terbinafine 
lowered circulating low-density lipoprotein cholesterol (LDL) and 
triglycerides, whereas increased high-density lipoprotein choles-
terol as compared to terbinafine alone. We performed the same 
experiments adding intraperitoneal injection of human plasma LDL 
and we found that the addback was sufficient to revert the fast-
ing-induced enhancement of drugs anticancer activity and abrogat-
ed the reduction of intratumor CE content. Consistent with CE be-
ing an essential constituent of membrane lipid rafts, that harbor the 
growth-promoting PI3K/AKT signaling cascade, combined terbin-
afine or clotrimazole and fasting strongly downregulated phosphor-
ylated AKT and its downstream target. In addition, combined ther-
apy reduced mitochondrial oxidative phosphorylation and energy 
status in gastrointestinal tumor xenografts, whereas CE restoration 
abolished this effect.
Conclusions. Taken together, these findings support the rationale 
for conducting clinical studies to assess the safety, feasibility and 
efficacy of combining periodic cycles of fasting with inhibitors of 
CE biosynthesis in cancer patients.

References
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4)	Luo J., et al. Nature reviews Molecular cell biology (2020).
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IMPACT OF CARDIOVASCULAR RISK 
FACTORS ON ARTERIAL VASCULAR 
REMODELING IN A COHORT OF PATIENTS 
WITH COMMON VARIABLE 
IMMUNODEFICIENCY
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R. Finco Gambier, A. Dell’Edera, F. Cinetto, C. Felice, M. Rattazzi
Dipartimento di Medicina, DIMED, Università degli Studi  
di Padova, Medicina Generale I, Azienda ULSS2  
Marca Trevigiana, Treviso
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Background. The immune system plays a central role in the ath-
erosclerotic process. Common Variable Immunodeficiency (CVID) 
is a rare immunological disease characterized by a deficiency in 
antibody production due to the altered functionality of B lympho-
cytes. The actual impact of cardiovascular (CV) risk factors on the 
progression of arterial organ damage in these patients is uncertain.
Objective. To evaluate the impact of classical CV and immunolog-
ical risk factors on the early arterial damage in CVID patients.
Materials and Methods. We performed an observational study 
on 59 patients affected by CVID and followed at the Regional Cen-
ter for Rare Immunological Diseases at the Treviso Hospital. For 
each patient we collected anamnestic information, anthropometric 
data, blood pressure values, biohumoral parameters and immuno-
logical characteristics. Vascular organ damage was estimated by 
determining arterial stiffness (PWV) and the intimal media thick-
ness of the common carotid artery (IMT).
Results. The median age of the population was 54 years (RIQ 42.5-
61.5) with a prevalence of female (64.4%). Only one patient had a 
history of atherosclerotic cardiovascular events. To determine the 
impact of CV risk factors on vascular damage, patients were strati-
fied based on the presence or absence of: overweight (BMI >25 kg/
m2), arterial hypertension (BP >140/90 mmHg), dyslipidemia 
(LDL >115 mg/dl), metabolic syndrome and immunological pheno-
type according to Chapel classification (infection only vs complicat-
ed). Patients with hypertension (p=0.003), overweight (p=0.001), 
dyslipidemia (p=0.04) and metabolic syndrome (p=0.01) showed a 
significant increase in PWV values compared to CVID patients 
without these characteristics. On the contrary, no difference was 
observed between the different subgroups in term of carotid IMT 
values. Stratification according to the Chapel classification revealed 
no differences in the two clinical phenotype for both PWV and ca-
rotid IMT.
Conclusions. In CVID patients, CV risk factors determine an in-
crease in arterial stiffness parameters in the absence of significant 
differences in early atherosclerotic damage. Further studies are 
necessary to establish whether dysregulation of the immune sys-
tem may be associated with a reduction in the progression of ath-
erosclerosis.

ANTI-INFLAMMATORY AND  
ANTI-ATHEROSCLEROTIC PROPERTIES  
OF INTESTINAL METABOLITES OF HIGH-
AMYLOSE WHEAT PHENOLIC EXTRACT

N. Calabriso 1, E. Marinosci 2, M. Massaro 1, E. Scoditti 1,  
S. Quarta 2, B. Laddomada 3, A. Manco 3, A. Scarano 3,  
S. Palombieri 4, F. Sestili 4, M.A. Carluccio 1
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Dietary polyphenols are recognized as protective compounds 
against atherosclerosis by alleviating vascular inflammation and 
improving endothelial function. Whole wheat is a rich source of 
phenolic compounds with athero-protective properties. However, 
the effects of intestinal metabolites of wheat phenolic compounds 
are poorly understood. Newly developed high-amylose durum 
wheat cv. Svevo (Svevo-HA), with a high content of resistant starch 
and phenolic acids, is gaining interest as a healthy ingredient for 
functional food. The present study aimed to investigate the effects 
of the intestinal metabolites of high-amylose wheat phenolic extract 
(WPE) on endothelial inflammation and endothelium-leukocyte 
adhesion, a crucial step in atherosclerosis. We established a tran-
swell epithelial-endothelial co-culture system with Caco-2 and 
HMEC-1 cells mimicking the intestinal and vascular layer, respec-
tively. Caco-2 cells were grown on semipermeable filters until fully 
differentiated into an enterocyte-like phenotype, and then they 
were moved to plates containing HMEC-1 in the lower compart-
ment. WPE (1-10 µg/mL gallic acid equivalents) was added on the 
apical compartment for 2 h. Afterwards, TNF (10 ng/mL) was ap-
plied on the basolateral compartment for 16 h to simulate the in-
flammatory milieu. Endothelium-leukocyte adhesion, the expres-
sion of endothelial inflammatory mediators, intracellular ROS lev-
els and NF-ĸB activation were evaluated by multiple assays. The 
results showed that trans-epithelial WPE suppressed, dose-de-
pendently, the TNF-induced expression and release of interleukin-6 
and monocyte chemoattractant protein-1, as well as, reduced the 
expression of endothelial adhesion molecules, including intercellu-
lar adhesion molecule-1 and vascular cell adhesion molecule-1, and 
subsequent endothelium-leukocyte adhesion. The anti-inflammato-
ry effects of WPE intestinal metabolites were mediated by reduc-
tion of NF-ĸB activity and intracellular ROS. In conclusion, these 
results suggest Svevo-HA as an excellent functional food ingredient 
rich in phenolic compounds with multiple anti-inflammatory and 
anti-atherosclerotic properties, which could help counteract or pre-
vent inflammatory vascular diseases. (Funding: PRIMA Section 1, 
2020 Agrofood Value Chain IA, MEDWHEALTH, grant n. 2034).
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RELATIONSHIP BETWEEN GUT 
PERMEABILITY AND PROPROTEIN 
CONVERTASE SUBTILISIN/KEXIN 
TYPE 9 IN HETEROZYGOUS FAMILIAL 
HYPERCHOLESTEROLEMIA
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Background and Aims. Gut dysbiosis is a major determinant of 
low-grade endotoxemia via dysfunction of the intestinal barrier 
scaffold, which is a prerequisite for Lipopolysaccharide (LPS) 
translocation into the systemic circulation. Endotoxaemia is associ-
ated with atherosclerotic burden and its clinical sequelae. More-
over, 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), a protein directly associated with circulating LDL cho-
lesterol (LDL-C) level and in the onset of hypercholesterolemia.
The aim was to analyze the relationship between PCSK9, gut per-
meability and endotoxemia after the treatment with PCSK9 inhibi-
tors (PCSK9i).
Materials and Methods. We performed a before-after study in-
cluding 40 patients with heterozygous familial hypercholesterol-
emia (HeFH) on treatment with maximum tolerated statin dose ± 
ezetimibe before and after six months of PCSK9i therapy. We anal-
ysed plasma PCSK9 levels, intestinal permeability marker such as 
zonulin, endotoxemia markers such as LPS and oxidized-LDL (ox-
LDL) that play a central role in the atherosclerotic process, by en-
zyme-linked immunosorbent assay (ELISA).
Results. We observed a significant decline in LDL-C, zonulin, LPS, 
and ox-LDL levels after six months of PCSK9i compared to base-
line. Furthermore, linear regression analysis showed that LPS lev-
els were associated with LDL-C and zonulin reduction, suggesting 
a relationship between gut permeability and PCSK9 levels.
Conclusions. This study provides evidence that PCSK9i could im-
prove intestinal permeability by reducing circulating endotoxemia 
as well as oxLDL production. This is a novel pathway that could 
counteract the atherosclerotic process in HeFH patients.

DIAGNOSIS AND LONG-TERM FOLLOW-UP 
OF CHILDREN AND ADOLESCENTS WITH 
FAMILIAL HYPERCHOLESTEROLAEMIA  
AT A PEDIATRIC LIPID CENTRE

A. Capacchione 1, V. Rovelli 2, G. Banderali 2, C. Pederiva 2
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Introduction and Aim. Several intervention studies have evaluat-
ed dietary and pharmacological treatment in children and adoles-
cents with familial hypercholesterolemia (FH); however, scientific 
works documenting follow-up data are rather scarce. The aim of the 
study is to assess the time of diagnosis and the long-term follow-up 
of FH children and adolescents at a pediatric Lipid Centre.
Patients and Methods. 96 FH children, aged 2-13 years (mean: 7 
years 3 months; M:50, F:46) were retrospectively analysed. The 
cohort was divided into 3 age groups at diagnosis: 1-5y; 6-10y, 11-
13y. We evaluated: treatment, mean reduction in lipid values, age of 
drug therapy initiation, at times (years): baseline (T0), T1, T4, T7 
from the diagnosis. The population was also assessed by family his-
tory for cardiovascular disease (CVD+/-) and by the presence of 
pathogenic mutation on LDL-R (MUT+/-).
Results. After 7 years from the time of diagnosis (T7) the percent-
age of subjects on drug therapy was: 64.7% (1-5 y); 29.4% (6-10 y); 
18.2% (11-13 y); overall cohort LDL-C reduction (mg/dl): -35.3 
(p<0.001), in the subgroups: LDL-C: -54.4 (p<0.001); -23.8 (p<0.001); 
-4.8 (p: 0.653), respectively. Considering family history (CVD+/-) at 
T7: 54.2% vs 27.1% on drug therapy; age at diagnosis: 6y 4m vs 7y 
3m (p: 0.909); age at drug therapy initiation: 11y 2m vs 12y 7m (p: 
0.039). Assessing in relation to genetic analysis (MUT+/-): 67.7% vs: 
27.7% on drug therapy at T7; age at diagnosis: 5y 8m vs 7y 4m (p: 
0.004); age at drug therapy initiation: 10y 7m vs 10y 8m (p: 0.869).
Conclusions. In the 7-year follow-up of FH children, we document-
ed an improvement of the lipid profile after the treatment. We also 
found that MUT+ children, were diagnosed at an earlier age and 
CVD+ children started drug therapy at an earlier age than CVD- 
subjects. Treatment of familial hypercholesterolemia is feasible 
from pediatric age and it is effective and well tolerated.
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CAN GOOD PRESSURE CONTROL  
IN THE OVERWEIGHT POPULATION  
BE SUFFICIENT?

P. Canu, M. Brattoli, L. Clerici, A. Cecco, D. Dionisi, G. Savioli, 
A. Mugellini, A. Di Sabatino
First Department of Medicine, San Matteo Hospital  
Foundation, Pavia
E-mail: pietrocanu.pc@gmail.com

Background. Among cardiovascular risk factors in clinical prac-
tice, particular attention is paid to obesity, but often that leads to 
underestimating the population of overweight patients. In this 
sense, echocardiographic examination could play a role in regulat-
ing therapeutic aggression in hypertensive patients, even with a 
good blood pressure control, in the absence of overt organ damage.
Aim. Evaluate whether overweight subjects have early echocardio-
graphic signs of left ventricular remodeling compared to nor-
mal-weight subjects with equal pressure control and in the absence 
of comorbidity.
Methods. We considered patients treated in our hypertension cen-
ter in 2021 who underwent an echocardiography evaluation at our 

dedicated clinic. Inclusion criteria were: absence of comorbidity 
and outpatient blood pressure monitoring that showed good blood 
pressure control during the 24 hours (<130/80 mmHg), for a total 
of 29 patients. 
We then further layered them for day (<135/85 mmHg) and night 
(<120/70 mmHg) pressure control. The patients were then divided 
according to BMI in normal weight (18.5-24.9) and overweight 
(24.9-29.9) and were evaluated their respective echocardiographic 
parameters.
Results. The study found that the overweight population (n 16) vs 
normal weight population (n 13) had significantly higher values of 
interventricular septal thickness (IVST), left ventricular posterior 
wall (LVPW), and left atrial diameter (LAD). This finding was con-
firmed even after dividing the patients according to day and night 
pressure control.
Conclusion. In our work, we highlighted how overweight patients, 
with equal pressure control, present early signs of cardiac organ 
damage induced by hypertension, specifically identified in the pa-
rameters of IVST, LVPW, and LAD. Despite the limitations of the 
small number, this study highlights the need to pay more attention 
to this population, even in the absence of other comorbidities, 
whose cardiovascular risk is often underestimated.
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Population characteristics
p-valueOverweightNormal weight

0,75167 ± 10,3164 ± 9,17Mean age (years)
0,87837,546,15Women (%)
> 0,0526,85 ± 1,1923,02 ± 1,59BMI (kg/m2)
0,191118,25 ± 6,86114,69 ± 7,28SBP mean 24 hours (mmHg)
0,12870,06 ± 4,8667,38 ± 4,31DBP mean 24 hours (mmHg)

Table 1 - Population characteristics. BMI = Body mass index; SBP = systolic blood pressure DBP = diastolic pressure (DBP) blood.

Figure 1 - Echocardiographic parameters that have a statistical significance. LAD = left atrial diameter, IVST = interventricular septal thick-
ness, LVPW = left ventricular posterior wall (LVPW).
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ASSOCIATED WITH HDL ABILITY TO 
STIMULATE ENDOTHELIAL NITRIC OXIDE 
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Background. SGLT2 inhibitors showed controversial results in 
modulating plasma lipids in clinical trials. HDL-cholesterol slightly 
increased in most studies but only a few provided evidence on HDL 
functionality with disappointing results. Otherwise, there is a broad 
agreement that these drugs provide cardiovascular protection 
through several mechanisms. Our group demonstrated that da-
pagliflozin improves myocardial flow reserve (MFR) in type 2 dia-
betes (T2D) patients with coronary artery disease (CAD). The 
underlying mechanisms are still unknown, although in vitro studies 
suggested the involvement of nitric oxide (NO). 
Aim. To investigate changes in HDL-mediated modulation of NO 
production with dapagliflozin and whether there is an association 
with MFR.
Methods. 16 CAD-T2D patients were enrolled and randomized 1:1 
to dapagliflozin or placebo for 4 weeks. Blood samples were collect-
ed before and after treatment for each group. The ability of HDL to 
stimulate the NO production in endothelial cells was tested in vitro 
by incubating the human umbilical vein endothelial cells (HUVEC) 
with apoB-depleted (apoB-D) serum of these patients. The produc-
tion of NO was assessed by fluorescent assay and results were ex-
pressed as fold versus untreated cells.
Results. Change in HDL-mediated NO production remains similar 
in dapagliflozin and placebo group, even after adjustment for con-
founders. There are no significant correlations between HDL-me-
diated NO production and MFR both at baseline and after treat-
ment. HDL-cholesterol do not change in both groups, while 
LDL-cholesterol significantly decreases compared to baseline only 
in treatment group (p=0.043).
Conclusions. In T2D-CAD patients, beneficial effects of dapagli-
flozin on coronary microcirculation seem to be unrelated to HDL 
functions. However, HDL capacity to stimulate NO production is 
not impaired at baseline, thus the effect of drug treatments would 
be negligible. To conclude, we could assume that HDL-indepen-
dent molecular pathways are involved in the improvement of MFR 
in this population.

LIPOPROTEIN(A) LEVELS AND GENETIC 
STATUS IN PATIENTS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA

G. Cardiero 1, M. Ferrandino 1, G. Iannuzzo 2, I.L. Calcaterra 2,  
C. Calabrese 3, M. Savoia 3, F. De Ruberto 2, C. Stanzione 2,  
N. Schiano 2, M.N.D. Di Minno 2, A. Iannuzzi 4, M.D. Di Taranto 1, 
G. Fortunato 1
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Aim. Lipoprotein(a) – Lp(a) – represents an independent risk fac-
tor for cardiovascular diseases that can exacerbate the clinical man-
ifestations in patients with Familial Hypercholesterolemia (FH). FH 
is a genetic disease caused by an impaired LDL uptake leading to 
very high LDL-cholesterol levels and premature CVD. We aim to 
evaluate Lp(a) levels and SNPs in the encoding gene (LPA) in pa-
tients with a clinical suspect of FH.
Patients and Methods. We analyzed data of 254 patients, includ-
ing 64 pediatric patients (<16years). Lp(a) levels were measured by 
an immunonephelometric assay independent from the Kringle IV 
repeat number; genetic status of patients and LPA SNPs (rs3798220 
and rs10455872) were determined by NGS (Devyser FH v2). 
Results. In the whole population, Lp(a) levels did not differ be-
tween patient without (V-) and with pathogenic variants (V+). 
Among the pediatric group, V- patients showed higher Lp(a) levels 
[70 (8-100) mg/dL] than the V+ patients [7(13-33) mg/dL, p=0.04). 
By the analysis of ROC curves, LDL-cholesterol levels and LDL-cho-
lesterol levels corrected for the Lp(a)-cholesterol content, showed a 
similar capacity to distinguish between V- and V+ patients, both in 
the total population and in age-based groups. Patients with a 
Lp(a)-raising allele for one of the two SNPs showed higher Lp(a) 
levels [89.0(64.5-109.5) mg/dL] than the patients without Lp(a)-rais-
ing alleles [13.5(5.3-46.4) mg/dL; p<0.001]. However, 10/141 with-
out Lp(a)-raising alleles showed Lp(a) levels >100 mg/dL, indicating 
that the presence of SNP is not the only cause of high Lp(a) levels.
Conclusions. High Lp(a) levels can contribute to the high 
LDL-cholesterol levels that led to a clinical suspect of FH, suggest-
ing that Lp(a) levels should be always measured to better define the 
diagnosis, particularly in pediatric patients, whereas the evaluation 
of Lp(a)-corrected LDL-cholesterol levels is not essential. The SNP 
analysis cannot replace the Lp(a) measurement for the identifica-
tion of patients with very high Lp(a) levels.
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MEAN PLATELET VOLUME (MPV)  
AS NEW MARKER OF CARDIOVASCULAR 
RISK IN NEWLY DIAGNOSED 
HYPERTENSIVE PATIENTS WITH 
DIFFERENT GLUCOSE HOMEOSTASIS
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T. Montalcini 2, M.L. Hribal 1, F. Andreozzi 1, A. Pujia 1, G. Sesti 3, 
A. Sciacqua 1
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The mean platelet volume (MPV) is a measurement of the platelet 
activity and is considerate a prognostic marker in patients with car-
diovascular diseases (CVD). Increased MPV is associated with an 
increased risk of atherosclerosis and myocardial infarction and can 
be considered and independent risk factor of death in patients after 
acute ischemic cardiac incident. It is known that glucose homeosta-
sis alterations are associated with subclinical vascular damage; in 
particular, the mechanisms at the base of vascular complications of 
type 2 diabetes (T2DM) already act in the prediabetes phase. Previ-
ous studies demonstrated an increase in MPV in patients with 
T2DM, however it is still unclear whether higher MPV is present in 
the early phase of diabetes. The aim of the present study was to 
evaluate MPV values and its possible correlation with arterial stiff-
ness and subclinical myocardial damage, in normal glucose toler-
ance patients (NGT), in T2DM patients and in those who had predi-
abetes. We enrolled 400 newly diagnosed hypertensive patients 
(mean age 60.1 ± 11.9). All patients underwent to Oral Glucose Tol-
erance test (OGTT). Arterial stiffness (AS) was evaluated with the 
measurement of carotid-femoral pulse wave velocity (PWV). Echo-
cardiographic recordings were performed using an E-95 Pro ultra-
sound system. ANOVA test was used to test the differences between 
groups. A linear correlation analysis was performed to compare 
values of MPV, PWV and global longitudinal strain (GLS) with dif-
ferent covariates. Variables reaching statistical significance were 
inserted in a stepwise multivariate linear regression model. We di-
vided the patients into three groups: normoglycemic patients (NGT) 
(n=179), prediabetic patients (n=137) and newly diagnosed T2DM 
(n=84). Among three groups, there was an increase in fasting plas-
ma glucose (FPG) (p<0.0001), 2h-glucose (p<0.0001), fasting plasma 
insulin (FPI) (p<0.0001), 2-h insulin (p<0.0001), HbA1c (p<0.0001), 
high sensitivity c reactive protein (hs-CRP) (p<0.0001) and a de-
crease in renal function as demonstrated by e-GFR values (p<0.0001). 
Interestingly, from NGT group to T2DM group there was a raise in 
MPV value (p<0.0001). In particular, higher MPV was found in pre-
diabetic (p<0.0001) and T2DM patients (p<0.0001) compared to 
normoglycemic subjects. From linear regression analysis, MPV was 
significantly and directly correlated with HbA1c (r=0.251, p<0.0001), 
hs-CRP (r=0.120, p=0.009), platelets (r=0.187, p<0.0001), age (r=0.107, 
p=0.018) and inversely correlated with Matsuda/ISI (r=-0.446, 
p<0.0001), BMI (r=-0.165, p=0.001) and e-GFR (r=-0.397, p<0.0001). 
Subsequently, stepwise multivariate linear regression model 
showed that Matsuda/ISI was the major predictor of MPV justifying 
19.7% of its variation, e-GFR added another 7.7% and HbA1c and 
e-GFR added, respectively, 1.7% and 1.1%. In the evaluation of arteri-
al stiffness, PWV resulted significantly and directly correlated with 
MPV (r=0.451, p<0.0001), hs-CRP (r=0.111, p=0.015), LDL cholester-
ol (r=0.109, p=0.016) and inversely correlated with e-GFR (r=-0.152, 
p=0.001), Matsuda/ISI (r=-0.382, p<0.0001), HDL cholesterol 

(r=-0.140, p=0.003). Stepwise multivariate linear regression model 
highlighted that MPV was the main predictor of PWV justifying 
20.1% (p<0.0001) of its variation. Regarding to echocardiographic 
evaluation, GLS was directly and significant correlated with MPV 
(r= 0.383, p<0.0001), E/è (r=0.409, p<0.0001), left ventricular mass 
index (LVMI) (r=0.329, p<0.0001), SBP (r=0.159, p=0.001), DBP 
(r=0.126, p=0.006), hs-CRP (r=0.100, p=0.038) and inversely correlat-
ed with Matsuda/ISI (r=-0.299, p<0.0001) and e-GFR (r=-0.112, 
p=0.014). Stepwise multivariate linear regression model demonstrat-
ed that E/è was the main predictor of GLS justifying 16.5% of its 
variation, MPV added another 8.3%, LVMI added 2.0%. In conclu-
sion, in the present study we highlighted that MPV is significantly 
increase in newly diagnosed T2DM patients and in early stages of 
diabetes, indicating that subjects with prediabetes present increased 
platelets reactivity. Our results suggest that MPV is associated with 
increased arterial stiffness and subclinical myocardial damage, indi-
cating MPV as a new marker of CV risk.

REDUCTION IN SERUM LIPOPROTEIN  
A LEVELS BY APHERESIS AND MEDICAL 
THERAPY WITH NO REDUCTION IN 
CARDIOVASCULAR RISK: A CASE REPORT

A. Cesaro, F. Scialla, V. Acerbo, G. De Michele, G. Raucci, 
G. Signore, M. Tontodonato, G. Scherillo, D. Panico, G. Porcelli, 
F.P. Rotolo, A. De Pasquale, A. Vergara, F. Fimiani, P. Calabrò
Università della Campania ‘’Luigi Vanvitelli’’
E-mail: franc.scialla@gmail.com

Background. Lipoprotein A is a cholesterol-rich lipoprotein, similar 
in structure to LDL, from which it differs in the diversity of its protein 
component. Circulating levels of Lp(a) are genetically determined. 
Lp(a) results in pro-osteogenic effects, resulting in endocardial calci-
um deposition and the subsequent onset of calcific aortic stenosis at 
an early age; pro-atherogenic effects, and pro-thrombotic effects, 
related to its direct interaction with proteins in the coagulation cas-
cade.
Case report. A 58-year old patient, who underwent PTCA with DES 
implantation on the right coronary artery in 2004 following an acute 
myocardial infarction, comes to our observation at the outpatient 
clinic of rare diseases at Vanvitelli University. At the visit, we pose 
clinical diangosis of HeHF, later confirmed by genetic analysis. The 
latter detected the variant c.1646G>A, p.(Gly549Asp), of the LDLR 
gene (NM_000527.4) in heterozygosity, classified as pathogenic for 
familial hypercholesterolemia, and the variant rs10455872 of the LPA 
gene in heterozygosity. We extend the genetic analysis to family 
members: two out of the three sons have the same mutation as their 
father. Given the high Lp(a) levels, we decide, in addition to lipid 
lowering therapy, to undertake apheresis treatment. Despite opti-
mized therapy and control of lipid values, the patient experienced 
multiple cardiovascular events during our follow-up.
Conclusions. It is likely that multiple mechanisms determined by 
lipoprotein a, probably not directly related to the magnitude of its 
plasma levels, are involved in the genesis of cardiovascular damage 
and progression of atherosclerotic disease. Early diagnosis and tar-
geted treatment in these patients are the key to ensure a significant 
reduction in residual cardiovascular risk. The market entry of two 
new drugs that act specifically against Lp(a), Olpasiran and Pelacars-
en, will likely mark a major breakthrough in the treatment of dyslip-
idemic patients and provide additional weapons to lower residual 
cardiovascular risk.
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Patients with renal dysfunction present increased risk for cardio-
vascular (CV) events and dysfunction in hemostatic system, in par-
ticular bleeding disorders and thrombosis. In this contest, oxidative 
stress has a central role in the pathophysiology, development, and 
complications of Chronic kidney disease (CKD). In addition, recent 
studies highlighted that endothelial dysfunction plays a significant 
role in CKD, in particular endocan, a soluble proteoglycan secreted 
by endothelial cells, and considered a novel biomarker of endothe-
lial dysfunction. Subjects with 1-hour plasma glucose values ≥155 
mg/dl (NGT ≥155), detected during oral glucose tolerance test 
(OGTT), are at increased risk to develop type 2 diabetes mellitus 
(T2DM) among subjects with normal glucose tolerance test (NGT). 
Recent observation highlighted that these subjects have a worse 
cardiometabolic risk profile and an increased risk for CKD. The 
aim of the current study was to test the role of oxidative stress, 
platelets activation and endocan levels in renal dysfunction, in NGT 
<155, NGT ≥155, impaired glucose tolerance (IGT) and T2DM indi-
viduals. We enlisted 233 patients (mean age 61.4±10.7). Plasma 
glucose was measured by the glucose oxidation method and plas-
ma insulin concentration was determined by a chemilumines-
cence-based assay. Insulin sensitivity was evaluated using the Mat-
suda index (Matsuda/ISI). Renal function was tested by measure-
ment of estimated glomerular filtration rate (e-GFR) with CKD-Epi 
formula. The serum levels of platelets activation (Glycoprotein-VI 
and sP-selectin) oxidative stress biomarkers (8-isoprostane and 
Nox-2), and endocan were evaluated with ELISA test. ANOVA test 
was used to test the differences between groups. A linear correla-
tion analysis was performed in the entire study population, to eval-
uate the possible correlation between e-GFR and different covari-
ates. Variables reaching statistical significance were inserted in a 
stepwise multivariate linear regression model. According to plasma 
glucose value during OGTT, subjects were divided into 4 groups: 
NGT <155, NGT ≥155, IGT and T2DM. Among the study groups, 
there was a significant increase of SBP (p=0.031), triglyceride 
(p<0.0001), fasting plasma glucose (FPG) (p<0.0001), 1-h glucose 
(p<0.0001), 2-h glucose (p<0.0001) during OGTT, as well as fasting 
insulin (p<0.0001), 1-h insulin (p<0.0001) and 2-h insulin (p<0.0001). 
As awaited, there was a worsening of insulin sensitivity accounting 
for the decrease of MATSUDA/ISI (p<0.0001). Moreover, we ob-
served a worsening of the inflammatory profile with the deteriora-
tion of glucose tolerance, as attested by hs-CRP values (p<0.0001). 
In addition, there was a decrease in renal function, as demonstrated 
by e-GFR values (p<0.0001), in addition there was a statistically sig-
nificant rise in creatinine (p<0.0001) and azotemia (p=0.002). Of 
interest, from NGT<155 to T2DM group, there was a statistically 
significant increase in 8-isoprostane (p<0.0001), Nox-2 (p<0.0001), 
Glycoprotein-VI (p<0.0001), sP-selectin (p<0.0001) and endocan 
(p<0.0001) serum levels. Specifically, NGT≥155 patients presented 
higher serum endocan values compared to NGT<155 (p<0.0001). 

From the linear correlation analysis, e-GFR resulted significantly 
and indirectly correlated with 1-h glucose (r=-0.489, p<0.0001), 
8-isoprostane (r=-0.473, p<0.0001), Nox-2 (r=-0.479, p<0.0001), en-
docan (r=-0.476 p<0.0001), Glycoprotein-VI (r=-0.238, p<0.0001), 
sP-selectin (r=-0.368, p<0.0001), hs-CRP (r=-0.171, p=0.005) and pos-
itively correlated with MATSUDA/ISI (r=0.418, p<0.0001). From 
stepwise multivariate linear regression model 1-h glucose resulted 
the major predictor of e-GFR justifying 23.6% of its variation, 8-iso-
prostane and Nox-2 added respectively another 6.0 and 3.2%. In 
conclusion, our study confirmed the link between 1-hour post-load 
glucose ≥155 mg/dl during OGTT and the possible increased risk 
for CKD. In the present study we demonstrated a progressive in-
crease in oxidative stress and platelets activation with the worsen-
ing of metabolic profile and significantly early during the progres-
sion of CKD. Moreover, our data demonstrated a progressive in-
crease in serum endocan levels, an emerging molecule secreted by 
endothelial cells, and it seems to be involved in many pathological 
processes such as CKD.

MEASURMENT OF TOTAL PLAQUE AREA  
BY ULTRASOUND: A BETTER TOOL TO 
ASSESS THE RISK OF CARDIOVASCULAR 
DISEASE AS COMPARED TO CORONARY 
CLACIUM

C. Ciampa 1, V. Spugnardi 1, V. Salvatore 2, M. Reza Azarpazhooh 3, 
J.D. Spence 4

1Università degli Studi di Salerno; 2Medicina Interna Cava  
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3Stroke prevention and athersclerosis Research centre,  
Robarts Institute, Western University; 4Stroke prevention and 
atherosclerosis research centre, Robarts Institute, Western University
E-mail: claudia_ciampa@libero.it

Background and Aims. Carotid plaque burden (CPB) measured 
as the sum of cross sectional areas of all plaques seen between the 
clavicle and the angle of the jaw) by ultrasound may be a stronger 
predictor of cardiovascular than coronary artery calcium score 
(CAC).
Methods and Material. We compared the prediction of cardiovas-
cular events between and coronary artery calcium score perform-
ing a systematic review and a meta analysis. We calculated the ad-
justed hazard ratio of myocardial infarction, stroke and vascular 
death predicted by CPB and CAC.
Results. We selected 7 articles studies assessing the predictive 
roles of CPB and 17 assessing CAC. In participants without CVD at 
baseline CPB was a strong predictor of stroke (HR: 1.22, 95%CI: 
1.14-1.30), coronary artery disease (1.35, 95%CI: 1.23-1.47), all vas-
cular disease and all-cause mortality (HR: 2.14, 95% CI: 1.50- 3.04). 
The findings are camparable with CAC (HR: 1.38; 95% CI:1.14-1.66; 
HR: 1.60; 95%CI: 1.23-2.09; HR: 1.87, 95% CI: 1.16-3. 02, respective-
ly). Likewise, in symptomatic and high-risk patients at baseline, 
CAC (HR:2.10; 95% CI:1.61-2.73) and CPB (HR: 2.20; 95% CI: 1.57- 
3.10) were similar predictors of all vascular disease.
Conclusions. CPB is predictive of cardiovascular event as CAC, 
but it has more advantages: it is repeatable because the absence 
of exposure radiation, less expensive and better predictive of car-
diovascular risk in women and young. It is, furthermore, more 
powerful in monitoring atherosclerosis progression and its medi-
cal therapy.
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OF LIVER AND CARDIOVASCULAR DAMAGE 
IN PATIENTS WITH METABOLIC 
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Background. Non-alcoholic fatty liver disease (NAFLD) has been 
associated with several cardiovascular (CV) risk factors including 
obesity, dyslipidemia, hyperglycemia, hypertension, and an in-
creased risk for liver and CV disease (CVD) morbidity and mortal-
ity has been described. Recently, to better define NAFLD a new 
nomenclature metabolic dysfunction associated steatotic liver dis-
ease (MASLD) has been proposed, combining liver steatosis with 
at least one cardiometabolic factor. In 2021, the European Society 
of Cardiology (ESC) redefined the CV risk and identified three cat-
egories of risk (low, high, and very high). 
Aim. To evaluate in MASLD patients the severity of metabolic co-
morbidities and liver damage according to the new definition of CV 
risk. 
Methods. 287 MASLD patients, fully characterized for metabolic, 
liver, and CV features, were divided into 3 groups according to the 
degree of CV risk. Liver fibrosis was assessed through liver stiff-
ness measurement (LSM) and confirmed by histology in 29. CV 
damage was defined by carotid plaques or carotid intima-media 
thickness (cIMT) ≥0.9mm by ultrasound. Epicardial fat thickness 
(EFT) was evaluated by echocardiography. 
Results. With rising CV risk a significant increase in BMI (29±4.8 
vs 31±4.4 kg/m2, p<0.001), obesity (33% vs 58%, p<0.001), liver fibro-
sis (4.7±2.0 vs 5.2±2.2 kPa, p=0.02), advanced histological liver fi-
brosis (F3-4) (0% vs 17%, p=0.04), EFT (7.3±2.8 vs 8.3±3.0 mm, 
p=0.04), diabetes (7 vs 23%, p=0.004) and hypertension (39 vs 63%, 
p=0.003) was observed. As expected, carotid plaques and cIMT pro-
gressively increased from low to high-very high CV risk (p<0.001, 
and p=0.0003, respectively). At multivariate analysis, adjusted for 
age, sex, and all metabolic parameters, LSM was independently 
associated with the highest CV risk (OR 1.2, 95% C.I. 1.01-1.31).
Conclusion. The association between cardiometabolic factors and 
severity of liver fibrosis exposes patients with MASLD to an in-
creased CV risk and should be well evaluated in all patients.

ANKLE-BRACHIAL INDEX IS REDUCED 
IN NON-ASTHMA EOSINOPHILIC 
GRANULOMATOSIS WITH POLYANGIITIS
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1Unit 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, 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; 2Unit 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; 3Unit 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, Unit of Pharmacology, Department of Precision  
and Regenerative Medicine and Ionian Area - (DiMePRe-J), 
University of Bari “Aldo Moro”
E-mail: sebacicco@gmail.com

Introduction. Eosinophilic Granulomatosis with polyangiitis 
(EGPA) is a vasculitis of small vessels characterized by eosinophil 
infiltration and consequent wall damage. The disease is character-
ized by asthma, pulmonary infiltration, skin purpura and neurolog-
ical manifestations. Heart failure is one of the main comorbidity 
inducing a fatal outcome. Asthma is known relating to an increase 
in vascular stiffness. Despite it is a vessel wall disease, no data are 
available on vascular stiffness in EGPA.
Aim. With this study we would to evaluate if EGPA may induce a 
change in vascular stiffness and if it is related to a cardiovascular risk.
Methods. We include 19 caucasian EPGA (8 males/11 females, 
aged 55.26±10.97 y). Patients are underwent by physical examina-
tion and routine lab tests. None report an history of cardiovascular 
disease or lipid lowering treatment. All patients perform Ankle Bra-
chial Index (ABI), complete heart ultrasound, and Doppler ultra-
sound to evaluate the presence of carotid atherosclerosis and in-
tima-media thickness (IMT). ACC ASCVD Risk Score and ESC 
SCORE2/2-OP estimate the CV risk. Patients are divided into 
those who presented asthma (Group 1, 1 male / 7 females, aged 
53.12±13.92 y) and those who not (Group 2, 7 males / 4 females, 
aged 56.82±7.87 y).
Results. No difference there are in BMI, weight and height of the 
patients. Group 1 presents a decreased HDL (p=0.040). No differ-
ence there is in blood glucose, triglycerides, total and LDL choles-
terol. DBP (p=0.021) but not SBP decrease in Group 1. No differ-
ence there is in ASCVD or SCORE risk evaluation. ABI increase in 
group 1 (p=0.004) despite no difference there is in IMT. All patients 
present a Left ventricle mass above the normal values but no differ-
ence there is between the groups. In group 1 trans-mitral velocity A 
increases (p=0.041), while velocity E (p=0.049) and velocity e’ 
(p=0.025) decrease, resulting increase in diastolic dysfunction 
(p=0.048). Finally, evaluating all population, HDL directly relates to 
E/A ratio (r=0.73, p=0.016) and to eosinophils absolute count 
(r=0.76; p=0.016), while ABI inversely relates to E/A ratio (r= -0.55; 
p=0.001) and to relative wall thickness (RWT, r=-0.33, p=0.049).
Conclusion. Differently to data described in patients with asthma 
alone, EGPA patients with asthma appear to have an enhanced vas-
cular compliance. However, these patients present a worsen heart 
damage. HDL relates to eosinophils and may play a role in these 
complex phenomena.
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RESPONSE TO PHARMACOLOGICAL 
THERAPY IN PATIENTS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA CLINICALLY 
SUSPECTED AND/OR GENETICALLY 
CONFIRMED
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Background. Familial hypercholesterolemia (FH) is a frequent 
genetic pathology with autosomal dominant or recessive Mende-
lian transmission, characterized by the plasma accumulation of 
LDL, which is responsible for premature atherosclerosis. In recent 
decades, the classification of suspected cases through careful an-
amnesis and possible confirmation with genetic tests has made it 
possible to intercept numerous cases of FH early, allowing for valid 
management of the pathology. At the same time, the advent of new 
bio-technological lipid-lowering drugs has made new increasingly 
effective therapeutic strategies available.
Aim. To evaluate the efficacy to lipid-lowering therapy (LLT) (mono-
therapy or Fixed Dose Combination therapy) and the prevalence of 
early cardiovascular events based on the patient’s genotypic char-
acteristics, to converge the choices of clinical practice towards 
more targeted and personalized interventions.
Methods. Out of 2437 patients belonging to the Regional Referral 
Outpatient Lipid Clinic of the SS. Annunziata Hospital in Chieti be-
tween 2013 and 2021, 145 patients with a phenotype suggestive of 
FH were selected and called to perform genetic examination look-
ing for mutations in the main genes associated with FH (LIPIGEN 
Project, SISA Foundation).
Results. 50 patients tested negative (FH-) and 95 positive (FH+); of 
the latter, 71 were found to be carriers of a single mutation and 24 
were compound heterozygotes. Three of them were carriers of two 
different mutations, both of certain pathogenicity as described in 
the genetic (Lipid InCode or previous Labs) report. 70% of the mu-
tations detected concern the LDLR gene, 13% APOB, 8% PCSK9 and 
the remaining 9% concerned other genes (LDLRAP1, LIPA, APOE) 
globally. From our data, it seems that FH+ patients have higher 
pre-therapy LDL values and lower achievement of their LDL target 
compared to FH- patients. The response to LLT varies considerably 
depending on the specific mutation present: in particular - as ex-
pected and simply explicable - a worse response to therapy has 
been found for compound heterozygotes compared to single muta-
tion carriers, while in patients carrying a PCSK9 mutation (evident-
ly Gain of Function) there is an excellent response to therapy with 
PCSK9i. As regards the prevalence of early cardiovascular events, 
it is higher in the group of double heterozygotes for LDLR muta-
tions, as well as in the case of the two patients carrying of a APOE 
mutation. Finally, regarding a gender comparison, our data have 
shown that female, both in FH+ and FH- groups, seems to have 
pre-treatment LDL values that tend to be higher than males and 
have more difficult to achieve their target than male.
Conclusions. On the basis of these results, and because we are 
going towards an increasingly individualized therapeutic approach, 
larger studies are already ongoing (see LIPIGEN Study, of which 
these results represent only a monocentric sample) and further stud-
ies will be necessary for the identification of new pathogenic muta-
tions for FH and which possibly influencing the response to LLT.

LYSOSOMAL ACID LIPASE ACTIVITY 
PREDICTS LIVER FIBROSIS PROGRESSION 
IN PATIENTS WITH METABOLIC 
ASSOCIATED STEATOTIC LIVER DISEASE

A. Colantoni, D. Pastori, N. Cocomello, F. Angelico,  
M. Del Ben, F. Baratta
Sapienza University of Rome
E-mail: a.colantoni@uniroma1.it

Background and Aim. The definition of Metabolic Associated 
Steatotic Liver Disease (MASLD) was proposed by an international 
expert panel to identify fatty liver conditions associated with meta-
bolic disorders and replace the definition of Non-Alcoholic Fatty 
Liver Disease (NAFLD). MASLD is characterized by liver steatosis, 
defined by imaging or liver biopsy, and is associated with at least 
one metabolic disorder. The presence of metabolic disorders is es-
tablished in the presence of at least one of the metabolic syndrome 
criteria (BMI ≥25 kg/m2 can also be used instead of waist circum-
ference). Lysosomal Acid Lipase (LAL) is involved in lipid metabo-
lism and is responsible for hydrolyzing cholesteryl esters and tri-
glycerides. Genetically reduced LAL activity induces cholesterol 
ester accumulation in many organs, as observed in Wolman and 
cholesterol ester storage diseases. Previous study demonstrated a 
non-genetic reduction of LAL activity in NAFLD and in NAFLD-re-
lated cirrhosis. Currently, there are no prospective data on the as-
sociation between LAL activity and MASLD progression. For these 
reasons, this study aimed to evaluate the association between LAL 
activity and liver fibrosis progression in MASLD. 
Methods and Results. MASLD criteria were applied to a prospec-
tive ongoing cohort (The Plinio Study) of dysmetabolic non-cirrhotic 
patients investigated for the presence of liver steatosis. All patients 
were negative for alcohol abuse and the presence of viral, autoim-
mune, or iatrogenic hepatitis. In the analysis were included only pa-
tients with basal LAL activity measurement and with at least two 
FIB4 evaluations during the follow-up (n=272). LAL activity was mea-
sured with dried blood spot technique. Fib4 was calculated according 
to guidelines. MASLD fibrosis progression was defined as changes 
in Fib4 values from negative (<1.3 if patient was <65years or <2.0 if 
patient was ≥65 years) to indeterminate or positive. New cirrhosis 
incidence was defined as changes in Fib4 from ≤2.67 to >2.67. A total 
of 272 MASLD patients were recruited (mean age 55.6±10.4 years; 
36.4% women). At baseline LAL and FIB-4 were inversely associated 
(rS=-0.126, p=0.038). Median follow-up time was 70.5 months (1720 
patient-years). During the follow-up 49 patients showed fibrosis pro-
gression, and 10 patients passed from Fib4 ≤2.67 to >2.67. Patients 
with liver fibrosis worsening had lower basal LAL activity (0.90 [0.26-
2.02] vs 0.72 [0.24-2.01]; p=0.024); similar results were found in pa-
tients who developed new cirrhosis (0.90 [0.26-2.02] vs 0,66 [0.32-
1.57]; p=0.023) at follow-up. Patients were distributed according to 
LAL activity tertiles. Subjects with lower enzymatic activity had high-
er risk to develop liver disease progression (I vs III tertile log-rank 
test p=0.025; I vs II+III tertile log-rank test p=0.008) and hepatic cir-
rhosis (I vs II+III tertile log-rank test p=0.028).At the multivariable 
Cox regression analyses, the lower LAL activity tertile was associat-
ed with liver fibrosis worsening (HR [hazard ratio] 2.11; 95% CI, 1.19-
3.73; p=0.011) and with cirrhosis incidence (HR, 5.39; 95% CI, 1.22-
23.90; p=0.027), independently from age, female sex, BMI, diabetes, 
and basal Fib4 class. 
Conclusions. LAL activity was associated with liver fibrosis wors-
ening and cirrhosis onset in MASLD patients. Our results suggest 
that LAL activity may be an easy and useful marker to identify a 
subgroup of patients at higher risk of liver fibrosis progression. 
Further studies need to be conducted on a larger population to con-
firm the presented data and to establish if LAL activity could repre-
sent a possible therapeutic target in MASLD.
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IMPACT OF DIETARY CHOLINE  
ON HOMOCYSTEINE METABOLISM  
IN ATHEROSCLEROSIS PRONE MICE
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Aim. Scientific evidence revealed that a positive correlation exists 
between cardiovascular risk and plasma levels of TMAO, a product 
of dietary choline metabolism. This study was aimed at investigat-
ing whether dietary choline affects additional metabolic pathways 
besides that leading to TMAO production.
Methods. Ten-week-old EKO female mice were fed for 16 weeks 
two standard rodent diets differing for a low (0.09%) or high (1.2%) 
choline content. Atherosclerosis development was quantified at the 
aortic sinus, targeted plasma metabolomic and hepatic gene ex-
pression were performed. Additionally, in vitro experiments on 
HepG2 cells were set up to elucidate the mechanism by which cho-
line alters plasma metabolome.
Results. High choline intake was associated with greater athero-
sclerosis development and increased plasma levels of TMAO. Inter-
estingly, high choline feeding was associated with lower plasma 
levels of homocysteine and a concomitant increase of its related 
metabolites, methionine, sarcosine and glycine. Hepatic gene ex-
pression of Aldh7a1, Slc44a1, Sardh and Gnmt was increased in 
EKO mice fed high-choline diet, supporting the metabolic findings.
In vitro experiments showed that several pathways are devoted to 
homocysteine metabolism and can be mutually regulated by acting 
on enzymes belonging to different synthetic routes.
Conclusions. Our data confirm that an increased dietary intake of 
choline worsens atherosclerosis burden and leads to increased 
plasma TMAO levels. Interestingly, choline intake also modulates 
metabolic processes affecting plasma concentrations of homocyste-
ine as well as methionine, sarcosine, and glycine. These observa-
tions offer new insights into the understanding of how choline 
might influence atherosclerosis development and modify cardio-
vascular risk.

TYPE 2 DIABETES MELLITUS  
IS ASSOCIATED WITH INCREASED RISKS 
OF LOW HANDGRIP STRENGTH  
AND SARCOPENIA IN ADULTS
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Background. Type 2 diabetes mellitus (T2DM) is steadily increas-
ing worldwide. T2DM has beenidentified as a contributing factor to 
sarcopenia. Recent evidence, on Asian populations, suggeststhat 
individuals with diabetes have a higher risk of developing sarcope-
nia than those withoutdiabetes. However, there has been limited 
research conducted in European populations. Theprimary objec-
tive was to determine the prevalence of sarcopenia and investigate 
the associationsbetween T2DM and sarcopenia in European adults.
Methods. This retrospective cross-sectional study included 356 
individuals aged ≥50 years. Bioelectrical impedance analysis and-
handgrip dynamometry were employed to measure appendicular 
skeletalmuscle mass and handgrip strength (HGS), respectively. 
Sarcopenia wasdefined according to the criteria outlined in the 
EWGSOP2 guidelines,which involve the presence of low HGS (< 16 
kg for women and < 27 kg formen) combined with low appendicular 
skeletal muscle mass (< 15 kg inwomen and < 20 kg in men). T2DM 
was diagnosed based on a fasting bloodglucose concentration of 
≥126 mg/dL or the administration ofantidiabetic treatment.
Results. The mean age of the participants was 69±7 years, with 39% 
being male. The prevalenceof T2DM was 22%, and 12% were treated 
with hypoglycemic drugs. The overall prevalence ofsarcopenia 
among European participants was 9%. Participants with T2DM ex-
hibited a significantlyhigher prevalence of low HGS (32% vs. 18%, 
p-adjusted=0.008), as well as sarcopenia (15% vs. 7%, p-adjust-
ed=0.02) compared to those without T2DM. Multinomial logistic 
regression analysisrevealed that T2DM was associated with in-
creased odds of having low HGS (OR=2.60; 95% CI=0.99-6.87) and 
sarcopenia (OR=6.38, 95% CI=1.63-24.9).
Conclusions. Older European adults with diabetes face a signifi-
cantly higher risk of developinglow HGS and sarcopenia compared 
to their non-diabetic counterparts. This study confirms thatT2DM 
is an important influencing factor in the development of sarcopenia.
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ELEVATED PULSE-WAVE VELOCITY  
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Background. Vascular stiffness is a well-known parameter to eval-
uate organ damage (OD) in high and very high cardiovascular risk 
patients, although very few doctors are currently using in their 
practice. Aim of this study was to evaluate how vascular stiffness by 
itself may change the evaluation in OD.
Methods. We evaluated 324 hypertensives (147 males, 62.80±11.56 
years) under treatment since 1 year. All patients, free by kidney 
disease, underwent 2-D echocardiography to calculate left ventricle 
mass indexed (per heigh t2.7). Patients were divided in those with 
who presented heart hypertrophy (Group 1, 172 patients 91 males, 
66.38±9.80 years) and those who not (Group 2, 152 patients 56 
males, 58.75±12.09 years). Than we split Group 2 in those with 
pulse wave velocity (PWV) ≥10 m/s (Group 2A, 46 patients 14 
males, 63.41±9.52 years) and those <10 m/s (Group 2B, 106 pa-
tients 37 males, 55.79±12.44 years). Cardiovascular risk score 
(CVRS) was evaluated using the ESC chart SCORE2/SCORE2-OP.
Results. Group 1 presented an increase in SBP, weight, BMI and 
waist circumference compared to Group 2 and Group 2B but not to 
Group 2A (p<0.05 each) while no difference was found in DBP and 
HR. No difference was found also in total Cholesterol, HDL and 
LDL-C. On the contrary, Triglycerides and blood glucose (p<0.05, 
both) were higher in Group 1 despite risk of NAFLD, evaluated as 
TyG score, was similar between the groups. Moreover, only blood 
glucose was increased in Group 2A compared to 2B (p<0.05). CVRS 
was higher in group 1 and group 2A compared to Group 2 and 2B 
(p<0.05).
Conclusion. In conclusion, PWV allowed to identify 15% more pa-
tients who present an OD, and consequently, with a cardiovascular 
risk and metabolic profile comparable to patients with patients with 
heart hypertrophy. PWV should be routinely employed to evaluate 
hypertensives since the early stages of the disease.

FUNCTIONAL CHARACTERIZATION  
OF UNCERTAIN SIGNIFICANCE VARIANTS 
(VUS) IN PATIENTS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA (FH) THROUGH 
THE APPLICATION OF FLOW CYTOMETRY

S. Covino, A. Rossi, A. Pinzon Grimaldos, A. Di Costanzo,  
I. Minicocci, S. Bini, D. Tramontano, L. D’Erasmo, S. Piconese,  
M. Arca
Department of Translational and Precision Medicine,  
Sapienza University of Rome
E-mail: stella.covino@uniroma1.it

Background. Familial hypercholesterolemia (FH) is an autosomal 
disorder of lipid metabolism presenting with increased cardiovas-
cular risk. LDLR mutations are the cause of disease in 90% of the 
cases but the majority of variants lacks functional evidence to eval-
uate their pathogenicity and are classified as variant of uncertain 
significance (VUS). This generates uncertain results making the 
definitive diagnosis of FH difficult. 
Aim. We aim to assess the functionality of VUS LDLR variants iden-
tified in FH patients by using flow-cytometry technique.
Methods. Peripheral blood mononuclear cells (PBMCs) from pa-
tients carrying LDLR VUS variants were isolated from blood sam-
ples using a density gradient method and stimulated with CD3/
CD28 beads in a medium containing a lipoprotein deficient serum. 
The LDLR activity (expression on cell surface, LDL binding and 
uptake) was measured through flow cytometry. PBMCs from nor-
mocholesterolemic subjects (HD) and FH carriers positive to one 
known pathogenic variant were used as negative and positive con-
trols. Results were expressed, in percentage, as ratio between 
mean fluorescence of patients and negative controls cells’.
Results. Of the 6 VUS variants tested (n=6 FH carriers), the 
c.1860G>T showed a reduced binding (HD: 100%, c.1860G>T: 38%), 
uptake (HD: 100%, c.1860G>T: 13%) and expression of LDL recep-
tor (HD: 100%, c.1860G>T: 26%). Conversely, the c.(-97)G>A pre-
sented reduced binding (HD: 100%, c.(-97)G>A: 65%) and uptake 
(HD: 100%, c.(-97)G>A: 76%) but almost similar LDLR expression 
compared to HD cells. The c.1530_1532del had normal binding 
(HD:100%, c.1530_1532 del: 111%) and uptake (HD:100%, 
c.1530_1532del: 102%) but reduced LDLR expression (HD:100%, 
c.1530_1532del: 68%). Finally, for 3 of the 6 VUS variants tested 
(c.2282C>T, c.929T>A and c.941-20C>T) expression, binding and 
uptake values were equal to those observed in HD cells.
Conclusions. We have functionally profile six VUS variants in the 
LDLR gene. These results suggest the importance to conduct func-
tional tests to improve the molecular diagnosis of FH.
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IMPAIRMENT AFFECTS BILE ACIDS 
CONJUGATION AND NAFL DEVELOPMENT
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Aims. Mitochondria are plastic organelles that continuously under-
go biogenesis, fusion, fission, and mitophagy to control cellular 
energy metabolism, calcium homeostasis, hormones, sterols, and 
bile acids (BAs) synthesis. On these premises, we test the impact 
of OPA1 deficiency, a key protein of the inner mitochondria mem-
brane fusion, on bile acids production and the following effects on 
lipid absorption and the development of metabolic dysfunction.
Methods and Results. Male mice selectively lacking the critical 
protein involved in inner mitochondrial fusion, OPA1, (OPA1D-
Hep) on a high-fat diet (HFD) for 20 weeks. OPA1DHep mice were 
protected from the development of hepatic steatosis and obesity 
because of reduced lipid absorption; a profile which was accompa-
nied by an increased respiratory exchange ratio in vivo, suggesting 
a preference for carbohydrates in OPA1DHep in agreement with 
the defect in mitochondrial fusion. At the molecular level, this phe-
notype emerged as a consequence of poor mitochondrial-peroxi-
some-ER tethering in OPA1 deficient hepatocytes thus impairing 
bile acid conjugation and its release in the bile, thus impacting lipid 
absorption from the diet.
Conclusion. Hepatic Opa1 deficiency protects mice from HFD-in-
duced metabolic dysfunction resulting in a reduction of lipid metab-
olism as a consequence of an alteration in bile acids production.

STATIN THERAPY IN CRONIC HEART 
FAILURE WITH REDUCED EJECTION 
FRACTION: A POST-HOC ANALYSIS  
OF T.O.S.C.A. REGISTRY

A. D’Amuri 1, R. D’Assante 2, V. Fortunato 3, V. Raparelli 3,  
A. Passaro 3, A.M. Marra 2, A. Cittadini 2
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Mantova; 2Department of Translational Medical Sciences,  
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E-mail: dmrndr@unife.it

Statin Treatment (ST) reduces the incidence of Miocardial Infarc-
tion (MI), cardiovascular (CV) mortality and first occurrence of 
Heart Failure (HF) in patients with coronary artery disease (CAD). 
However, the effect of ST on MI and CV mortality in individuals 
with known HF is not clear. While observational studies reported 
clinical benefit of ST, 2 large randomized controlled trials showed 
no effect on CV mortality and incidence of MI in patients with HF 
and Reduced Ejection of Fraction (HFrEF), with only a small reduc-
tion of MI only in those with an Ischemic Etiology (IE). The aim of 
our study was to evaluate if ST was associated with all-cause mor-
tality (ACM) or hospitalization for CV causes (HCV) in HFrEF. We 
conducted a post-hoc analysis of T.O.S.C.A. Registry, an observa-
tional multicentric prospective study enrolling patients with HF 
with FE ≤45% on stable medical therapy and without history of re-
cent decompensation or acute coronary syndrome. Information on 
ST, clinical, instrumental and laboratory data were used for the 
analysis. Primary outcome was a composite of ACM and HCV.
Among the 377 subjects analyzed, 66% were on ST. Mean age was 
63 years and 81% were males. The IE was reported in 52% of sub-
jects and 60,5% were in ST. During 48-month follow-up, 328 subjects 
were hospitalized for CV reasons or died, of those 221 in patients in 
ST. ST did not influence primary outcome [HR 0.91 (0.68-1.21); 
p=0.51]. At the univariate analysis, only age, NYHA class, EF and 
renal function were significantly associated with the primary out-
come, while IE and LDL-Cholesterol levels were not. In conclusion, 
ST was not associated with a reduction of ACM or HCV in subjects 
with HFrEF. Further well-powered studies are needed to evaluate 
whether a clinical net benefit of ST exists in HF.
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Background. Atherosclerosis is a chronic cardiovascular disease. 
High plasma concentration of LDL is the main risk factor but the 
role of inflammation in all the stages become recently evident. Ath-
erosclerosis and lipid metabolism change according to gender dif-
ferences. Several possible markers of endothelial dysfunction and 
vascular stiffness have been identified, including clinical-instru-
mental and biochemical markers of inflammation and/or fibrosis 
(i.e., TNF-alpha, prostaglandin, L-Arginine/Asymmetric dimethy-
larginine - ADMA). A common mechanism identified in the patho-
genesis of numerous CVD is endothelial dysfunction that correlates 
with circulating endothelial progenitor cells (EPCs). These cells 
are recruited from the bone marrow in response to vascular dam-
age or tissue ischemia. In the peripheral blood, EPCs contribute to 
reendothelialization and neovascularization, acting as positive reg-
ulators of hemostasis and vascular integrity. A reduction in their 
number or function has been correlated to progression of CVD and 
MACE. Our project aims to assess the role of EPCs and L-ARG/
ADMA in arterial stiffness and atherosclerosis.
Materials and Methods. Our study is a prospective experimental 
investigation, enrolling all patients with cardiovascular disease. Pa-
tients will undergo routine hematological and biochemical tests as 
well as instrumental examinations in accordance with good clinical 
practice. The enrolled patients will undergo a series of clinical and 
instrumental examinations (ABI,PWV). In in vitro experiments, 
EPCs will be isolated from PBMCs and functional assays will be 
performed. Also, Proteome Profiler Target Analytes study and ELI-
SA assay (L-Arg/ADMA) will be performed.
Results. There was a direct correlation between SCORE2/2-OP 
and PWV (r=0.70; p<0.0001). Preliminary data indicated a correla-
tion between L-Arg/ADMA to SCORE2/2OP (r=0.36, p=0.04), Total 

Cholesterol (r=0.75, p=0.033) and LDL (r=0.75, p=0.031), as well as 
EPCs and their migration correlates to a change in folate cycle 
(P<0.007).
Conclusions. Preliminary data suggests the importance of EPCs 
as specific read-out of cell activation and tissue damage in response 
to cardiovascular risk factors.

CORRELATION BETWEEN EPICARDIAL  
FAT AND HEPATIC DAMAGE IN PATIENTS 
WITH HUMAN IMMUNODEFICIENCY VIRUS 
TYPE 1 INFECTION

F. Del Sole, T. Brogi, I. Mezzaroma, D. Pastori
Sapienza University of Rome
E-mail: daniele.pastori@uniroma1.it

Background and Study Objective. Human Immunodeficiency 
Virus (HIV) type 1 infection is associated with hepatic and cardio-
vascular comorbidities. Growing data show that epicardial fat may 
be used as a marker of cardiovascular risk, but data on people with 
HIV are scarce. We evaluated the relationship of epicardial fat with 
metabolic alterations and liver damage in this high-risk population.
Methods. 88 patients on effective antiretroviral treatment (unde-
tectable viral load) were enrolled. Rest echocardiography with epi-
cardial fat thickness measurement was performed. Liver steatosis 
degree by Hamaguchi criteria and liver stiffness grade by elastoso-
nography (Acoustic Radiation Force Impulse -ARFI- Tecnique) 
were quantified. Patients were divided into 2 groups according to 
the median of epicardial fat.
Results. Mean age was 53 years and 29% were women. Patients 
with epicardial fat above the median had a worse metabolic profile 
(higher Body Mass Index and waist circumference, higher insulin 
resistance), larger antero-posterior left atrial diameter and worse 
diastolic function than those below the median. Increased epicardi-
al fat directly correlated with liver damage, such as Hamaguchi 
score (rS=0.283 p=0.008), and ARFI (rS=0.344 p=0.001). Higher liv-
er stiffness values were associated with indicators of disease histo-
ry (lower CD4+ T lymphocyte nadir, longer duration of infection) 
and the inflammatory state (higher Reactive C Protein levels). In-
creased fibrotic burden was associated with increased atrial cham-
ber size and a worse diastolic function profile.
Conclusions. Our data show a correlation between increased epi-
cardial fat, liver damage and metabolic profile in people living with 
HIV. Measurement of epicardial fat may identify patients at higher 
risk of metabolic dysfunction and liver damage who may benefit 
from early and intensive monitoring and cardiovascular risk factors 
management.
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Aims. Long non-coding RNAs (IncRNAs) could be attractive circu-
lating biomarkers for cardiovascular risk stratification in subjects at 
high ASCVD risk such as familial hypercholesterolemia (FH). Our 
aim was to investigate the presence of IncRNAs carried by HDL in 
FH subjects and to evaluate the associations of HDL-IncRNAs with 
lipoproteins and mechanical vascular impairment assessed by 
pulse wave velocity (PWV).
Methods. This was a retrospective observational study involving 
94 FH subjects on statin treatment. Biochemical assays, HDL puri-
fication, IncRNA and PWV analyses were performed in all subiects.
Results. LncRNA HIF1A-AS2, LASER and LEXIS were expressed 
in HDL; moreover, HDL- IncRNA LEXIS was associated with Lp(a) 
plasma levels (p <0.01). In a secondary analysis, the study popula-
tion was stratified into two groups based on the Lp(a) median value. 
The High-Lp(a) group exhibited a significant increase of PWV com-
pared to the Low-Lp(a) group (9.23±0.61 vs 7.67±0.56, p <0.01). 
While similar expressions of HDL-IncRNA HIFIA-AS2 and LASER 
were found in the two groups, the High-Lp(a) group exhibited a 
significant downregulation of HDL-IncRNA LEXIS compared to the 
Low-Lp(a) group (fold change -4.4, p<0.0001). Finally, Lp(a) and 
HDL-IncRNA LEXIS were associated with PWV (for Lp(a) p<0.01; 
for HDL-IncRNA LEXIS p <0.05).
Conclusions. LncRNA HIFIA-AS2, LASER and LEXIS were ex-
pressed in HDL; moreover, significant relationships of HDL-ln-
cRNA LEXIS with Lp(a) levels and PWV were found. Our study 
suggests that HDL-IncRNA LEXIS may be useful to better identify 
FH subjects with more pronounced vascular damage.

TREATMENT WITH BEMPEDOIC ACID  
IN PATIENTS WITH STATIN INTOLERANCE: 
PRELIMINARY REPORT OF A SINGLE 
CENTRE REAL WORLD STUDY

S. Donnarumma 1, V. Palermo 1, F. De Ruberto 1, N. Schiano 1,  
C. Stanzione 1, G. Cardiero 2, M.D. Di Taranto 2, G. Fortunato 2, 
G. Iannuzzo 1, I.L. Calcaterra 1, M. Di Minno 1

1Dipartimento di Medicina Clinica e Chirurgia,  
Università degli Studi di Napoli “Federico II”, Napoli; 
2Dipartimento di Medicina Molecolare e Biotecnologie Mediche, 
Università degli Studi di Napoli “Federico II”, Napoli
E-mail: donnarumma.med@gmail.com

Background. Statins are a milestone in treatment of hypercholes-
terolemia. Introduction of Ezetimibe and PCSK-9 inhibitors dramat-
ically changed therapeutic scenario. Nevertheless, LDL-C target is 
not always achieved particularly in patients with familial hypercho-
lesterolemia, very high cardiovascular risk or with statin intoler-
ance. For these patients is now available the therapy with Bempe-
doic acid. By inhibiting ATP–citrate lyase, Bempedoic acid triggers 
the upregulation of low-density lipoprotein receptor expression in 
the liver, resulting in increased clearance of low-density lipoprotein 
particles and LDL-C reduction.
Methods. We conducted a real-world study to assess efficacy and 
safety of Bempedoic acid in patients with statin intolerance. We en-
rolled patients with hypercholesterolemia and statin intolerance for 
muscle-related symptoms eligible to start therapy with Bempedoic 
acid. We evaluated lipid profile, liver and muscles enzyme at base-
line and after 4 weeks of bempedoic acid treatment.
Results. We preliminary enrolled 12 patients. The mean age of 
these patients was 57 years; no patient reported cardiovascular 
event but 66% were hypertensive, 42% had carotid atherosclerosis, 
and 16% were smokers. After a 4week treatment with Bempedoic 
acid, we observed a significant reduction in LDL-C levels (from 
133.0 8±26.74 mg/dL to 79.16±22.64 mg/dL, p<0.001). The LDL-C 
reduction over 25% was achieved in 92% of patients with a mean re-
duction of 39%. None reported any adverse event such as elevation 
of liver and muscular enzymes.
Conclusions. In this preliminary report we showed that Bempedo-
ic acid could be a valuable treatment option for patients with statin 
intolerance not reaching LDL-C target despite a maximally tolerat-
ed lipid-lowering treatment. Although, patients’enrollment in our 
center is at an early stage, we have achieved excellent results at the 
first follow up in the absence of adverse events.
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ROLE OF OPA1-MEDIATED 
MITOCHONDRIAL DYNAMIC IN KUPFFER 
CELLS ON SYSTEMIC METABOLISM
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Background and Aim. Kupffer cells are hepatic resident macro-
phages that are essential for liver physiology and contribute to the 
development of Non-Alcoholic Fatty Liver Disease (NAFLD). OPA1 
is a mitochondrial-shaping protein whose activity promotes mito-
chondrial fusion and positive modulation of oxidative phosphoryla-
tion. Since mitochondria are critical for the energy requirements of 
Kupffer Cells, this project aims to study how OPA1-driven alter-
ation of mitochondrial dynamism might impact systemic lipid me-
tabolism and immune-metabolic response.
Methods. Mice with selective OPA1 deficiency in Kupffer cells 
were fed either a low-fat diet (chow diet) or a high-fat diet for 20 
weeks. The metabolic phenotype was assessed by in vivo indirect 
calorimetry, measurement of plasma and tissue lipid profile, glu-
cose and insulin sensitivity assays, and immunophenotype charac-
terization. Single cell RNA sequencing was also performed to pro-
file with higher resolution the impact of OPA1 deficiency on 
Kupffer Cell function and cross talk with other liver cells.
Results. Under chow diet conditions, mice selectively lacking 
OPA1 in Kupffer cells showed lower energy expenditure, lower O2 
consumption and lower CO2 production, despite a comparable re-
spiratory exchange ratio. The systemic immune profile was compa-
rable between the two groups, with expected differences between 
the low- and high-fat diet conditions. During the high-fat diet, no 
significant differences were observed between the two groups in 
plasma cholesterol and triglyceride levels and in glucose and insu-
lin sensitivity tests, while a significant reduction in liver fibrosis was 
observed through liver histology.
Conclusions. These preliminary data suggest that OPA1-mediat-
ed mitochondrial function in Kupffer Cells affects the systemic 
metabolic response differently under low- or high-fat diet condi-
tions, where systemic metabolism is comparable, but the loss of 
OPA1 appears to influence the progression of NAFLD through a 
reduction in liver fibrosis. Ongoing studies aim to understand the 
molecular mechanisms underlying these different immune-meta-
bolic responses.

IDENTIFICATION OF CREB3L3  
MUTATIONS IN PATIENTS  
WITH HYPERTRIGLICERIDEMIA

M.G. Fasciana 1, M. Lanza 1, F. Brucato 1, R. Scicali 2,  
C. Scrimali 1, D. Noto 1, A. Giammanco 1, C.M. Barbagallo 1,  
F. Purrello 2, M.R. Averna 1, A.B. Cefalù 1
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University of Palermo; 2Department of Clinical and Experimental 
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E-mail: mariagrazia.fasciana@alice.it

Introduction. Hypertriglyceridemia (HTG) is a common form of 
dyslipidemia associated with an increased risk of cardiovascular 
disease and pancreatitis. According to recent guidelines fasting TG 
plasma levels <1,7 mmol/l (150 mg/dl) can be considered normal 
while TG levels between 2 to 10 mmol/l (175 mg/dl - 885 mg/dl) 
and >10 mmol/l (885 mg/dl) identify subjects with mild to moder-
ate and severe hypertriglyceridemia respectively. Very severe 
HTG, defined at TG >20 mmol/L (>1770 mg/dL) is much more rare 
(prevalence 0.014%). Monogenic autosomal recessive forms are 
characterized by homozygous or compound heterozygous loss-of-
function mutations in canonical genes involved in triglyceride me-
tabolism: LPL, APOC2, APOA5, GPIHBP1, and LMF1. Mutations in 
CRE-binding protein 3-like 3 (CREB3L3) and glucokinase regulator 
(GCKR) have been associated to dominant forms of familial hyper-
triglyceridemia. 
Materials and Methods. We performed targeted Next Genera-
tion Sequencing (NGS) analysis to study the coding regions and 
intron/exon boundaries of genes affecting the main pathways of 
triglyceride synthesis and metabolism in 19 patients with moderate, 
severe and very severe hypertriglyceridemia.
Results and Conclusion. A total of five patients were found to be 
carriers of variants in CREB3L3 gene in heterozygosity. Three pa-
tients with heterogenous phenotype (moderate, severe and very 
severe HTG) were found to be carriers of a nonsense variant 
(c.610C>T - p.Arg204Ter). A patient with severe HTG was carrier of 
a previously reported pathogenic mutation (c.718G>A p.
Glu240Lys). Another one with moderate HTG was found to be car-
rier of a loss of function mutation (c.732_733insG - p.Lys-
245GlufsTer130). Our results indicate that CREB3L3 gene does not 
appear to be associated only with moderate HTG phenotype typical-
ly seen in autosomal dominant hypertriglyceridemia. Further stud-
ies are needed for elucidate the genotype-phenotype correlation in 
these patients.
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Aim. Familial Hypercholesterolemia (FH) is a frequent genetic 
disease characterized by high levels of LDL-cholesterol (LDL-c) 
and increased cardiovascular risk; it is mainly caused by pathogen-
ic variants in three genes (LDLR, APOB and PCSK9). In hypercho-
lesterolemic patients without FH-causative variants, the increased 
LDL-c levels could have a polygenic cause. We aim to evaluate the 
role of two polygenic scores proposed by Talmud et al. 2013 (12-
SNPs score) and Futema et al. 2014 (6-SNPs score) in FH-suspect-
ed patients.
Methods. We performed genetic analysis of 544 patients with a 
clinical suspect of FH by Next Generation Sequencing (NGS) that 
allows both to sequence the main causative genes of FH and to 
characterize the SNPs to calculate the genetic scores associated 
with high LDL-c levels. 
Results. Considering the proposed cut-off for both scores, no dif-
ferences of score positivity were observed between patients with 
(FH/V+) or without pathogenic variants (FH/V-). On the other 
hand, considering the score values, higher values of the 12-SNPs 
score were observed in FH/V- patients (1.002 (0.905-1.098)) than 
in FH/V+ patients (0.989 (0.847-1.080); p=0.028). Stratifying pa-
tients according to LDL-c levels, this difference remain significant 
in the range of LDL-c 150-250 mg/dL. Values of the 12-SNPs score 
are directly correlated with LDL-c levels in FH/V+ patients 
(p=0.032). This association remain significant at multivariate linear 
regression independently from other factor usually impacting 
LDL-c levels, i.e., sex, age and presence of pathogenic variants (be-
ta-coefficient= 0.167 p=0.033). 
Conclusions. Despite FH/V- patients have higher 12-SNPs score 
values than FH/V+ patients, the proposed cut-offs are not useful to 
distinguish the two groups, suggesting that they should be im-
proved. The 12-SNPs score can be considered to evaluate the pre-
disposition to high LDL-c levels in hypercholesterolemic patients 
with a genetic diagnosis of FH.

EFFECT OF COENZYME Q10 ON PHYSICAL 
PERFORMANCE IN ELDERLY PATIENTS 
WITH STATIN-ASSOCIATED ASTHENIA:  
A DOUBLE-BLIND, RANDOMIZED, 
PLACEBO-CONTROLLED CLINICAL TRIAL

F. Fogacci 1, M. Giovannini 1, G. Tocci 2, E. Imbalzano 3,  
C. Borghi 1, A.F.G. Cicero 1

1Hypertension and Cardiovascular Risk Research Group, Medical 
and Surgical Sciences Department, Alma Mater Studiorum 
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Department of Clinical and Molecular Medicine, Faculty  
of Medicine and Psychology, University of Rome ‘La Sapienza’, 
Sant’Andrea Hospital, Rome; 3Department of Clinical and 
Experimental Medicine, University of Messina
E-mail: federicafogacci@gmail.com

This double-blind, randomized, placebo-controlled clinical study 
aimed to investigate the effect of chronic dietary supplementation 
with coenzyme Q10 (CoQ10) phytosome on physical performance 
in older adults with statin-associated asthenia. Participants were 
randomized to receive daily either 2 indistinguishable pills of place-
bo or 150 mg CoQ10 phytosome (i.e. 300 mg CoQ10 phytosome per 
day, equivalent to 60 mg CoQ10; Ubiqsome®). Asthenia and hand-
grip strength (HGs), 1-minute sit-to-stand (STS) repetitions and 
2-minute steps (2MST) were performed at baseline and at 8-week 
follow-up. After the first 4 weeks of dietary supplementation, CoQ10 
phytosome supplementation correlates with more significant im-
provement in asthenia compared placebo (p<0.05). At 8-week fol-
low-up, patients undergoing CoQ10 dietary supplementation expe-
rienced significant improvements in asthenia (-30.0±20.0%), HGs 
(+29.8±3.6%), 1-min STS repetitions (+36.4±3.9%), and 2MST 
(11.1±1.8%) (p<0.05 versus baseline and versus placebo). Chronic 
dietary supplementation with CoQ10 phytosome is able to effective-
ly improve physical performance in older adults with statin-associ-
ated asthenia.
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SEX X TIME INTERACTIONS IN 
LIPOPROTEIN(A) AND LOW-DENSITY 
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The aim of this study was to evaluate whether there were signifi-
cant sex x time interactions in lipoprotein(a) (Lp(a)) and low-densi-
ty lipoprotein cholesterol (LDL-C) response to treatment with the 
Proprotein Convertase Subtilisin/Kexin type 9 inhibitor (PCSK9i) 
Evolocumab, in a real-life clinical setting. For this purpose, we 
pooled data from 176 consecutive patients (Men: 93; Women: 83) 
clinically evaluated at baseline and every 6 months after starting 
treatment with Evolocumab. Individuals who had been on iPCSK9 
for less than 30 months and noncompliant patients were excluded 
from the analysis. Over the time, absolute values of Lp(a) plasma 
concentrations significantly decreased in the entire cohort (P-value 
<0.001), and in men (P-value <0.001) and women (P-value=0.002). 
However, there were no sex-related significant differences. Abso-
lute plasma concentrations of LDL-C significantly decreased over 
the time in the entire cohort (P-value <0.001), and in men (P-value 
<0.001) and women (P-value <0.001). LDL-C concentrations re-
mained significantly higher in women than men. The sex x time 
interaction was statistically significant in LDL-C (all P-values  
<0.05), while absolute changes in Lp(a) were influenced neither by 
sex nor by time (all P-value >0.05).Our data reinforce presence of 
differences in response to treatment to PCSK9i between men and 
women. However, it is still unknown whether these differences 
translate into a meaningful difference on long-term cardiovascular 
risk.

THE EFFECT OF DIETARY 
SUPPLEMENTATION WITH PLANT STEROLS 
ON CHOLESTEROLEMIA IS AFFECTED BY 
ADHERENCE TO MEDITERRANEAN DIET: 
INSIGHTS FROM THE DESCO RANDOMIZED 
CLINICAL STUDY

F. Fogacci, S. D’Addato, M. Giovannini, E. Grandi, E. Rizzoli,  
C. Borghi, A.F.G. Cicero
Hypertension and Cardiovascular Risk Research Group,  
Medical and Surgical Sciences Department, University of Bologna
E-mail: federicafogacci@gmail.com

The DESCO study was a single center, randomized, double blind, 
placebo controlled, two-way crossover clinical trial designed to in-
vestigate the lipid-lowering effect of a new once-a day liquid dietary 
supplement containing 2.5 g of plant sterols in a cohort of 50 Italian 
individuals with polygenic hypercholesterolemia who were warmly 
suggested to follow a low-fat low-sodium Mediterranean diet for the 
entire duration of the study. Eligible individuals were enrolled in a 
run-in period of 2 weeks. Then, participants who qualified for con-
tinuation in the study -according to the entry criteria- were random-
ly allocated (1:1) to a 3-week treatment with either phytosterols or 
placebo. After a 2-week washout period, enrolled individuals were 
crossed over to receive the alternative treatment. The study was 
successfully completed by 49 individuals. Dietary supplementation 
with phytosterols was associated with significant improvement in 
plasma levels of total cholesterol (TC= -4.8±8.0%), low-density lipo-
protein cholesterol (LDL-C= -6.9±14.7%) and apolipoprotein B-100 
(Apo B-100 = -2.9±9.1%) compared to baseline. The changes in TC 
and LDL-C were also significant compared to placebo, and greater 
adherence to the Mediterranean diet was significantly associated 
with greater reductions in LDL-C. Dietary supplementation with 
phytosterols was very well tolerated and adherence to treatment 
was high. According to the findings of DESCO, the once-a day liq-
uid dietary supplement we tested is able to quickly and significant-
ly decrease plasma levels of TC, LDL-C and Apo B-100, with a great-
er effect in individuals following the Mediterranean diet.
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AORTIC TRANSCRIPTOME ANALYSIS 
REVEALS THE ASSOCIATION BETWEEN 
ATHEROSCLEROTIC LESIONS AND 
ALTERED SYMPATHETIC INNERVATION  
IN GENETICALLY MODIFIED MICE
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Aim. Previous reports have suggested an association between the 
development of atherosclerosis and alterations in the aortic sympa-
thetic nervous system, located in the adventitial layer. In a recent 
study, an increased adventitial axon density in proximity to ad-
vanced atherosclerotic plaques of Apoe-deficient mice was ob-
served.
Methods. Eight-week-old C57Bl/6J control mice (Bl/6), ApoE 
knockout mice (EKO), EKO mice overexpressing human apoA-I 
(EKO/hA-I) and double ApoE/ApoA1 knockout mice (DKO) mice 
were fed a standard rodent diet or a Western-type diet for 22 weeks. 
At the end of the dietary treatment the aortic atherosclerosis was 
quantified, and a high-throughput sequencing approach was used 
to analyze the aortic transcriptome. 
Results. On standard rodent diet no atherosclerosis was detect-
able in EKO/hA-I aortas and a moderate plaque development was 
observed in EKO and DKO, whereas Western-type diet increased 
plasma cholesterol levels, led to atherosclerosis development in 
EKO/hA-I and worsened that in EKO and DKO. The administra-
tion of Western-type diet deeply modified the aortic transcriptome. 
In the three genetically modified mouse lines, an upregulated ex-
pression of genes associated with the immunomodulatory response 
was observed. This was paralleled by a downregulated expression 
of genes involved in the activity of the aortic sympathetic nervous 
system. Functional enrichment analysis indicated that the presence 
of advanced atherosclerosis was accompanied by reduced neuronal 
generation, modulation of synapse chemical transmission, and cat-
echolamine biosynthesis.
Conclusions. A relationship exists between atherosclerosis, dys-
lipidemia, and sympathetic neurotransmission. Advanced lesions 
are associated with reduced transcriptional activity related to sym-
pathetic innervation of the aorta.

THE SEQUENTIAL USE OF LS 
MEASUREMENT AND DIRECT BIOMARKERS 
OF FIBROSIS IS ABLE TO IDENTIFY 
PATIENTS WITH SEVERE NASH

F. Gabrielli 1, F. Nascimbeni 2, S. Lugari 2, A. Cavicchioli 2,  
P. Andreone 1
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2AOU di Modena
E-mail: gabrielli.filippo@unimore.it

Background and Aims. The identification of patients with severe 
non-alcoholic steatohepatitis (NASH), who are at greater risk of 
progression to cirrhosis, and who most deserve targeted interven-
tions and recruitment in clinical trials, is a major priority. Several 
non-invasive tests (NITs) have been developed to detect patients at 
risk of severe NASH and to reduce the use of liver biopsy. We con-
ducted a prospective single-centre study aimed at evaluating the 
diagnostic performance of different NITs in the identification of 
biopsy- confirmed severe NASH. Moreover, we explored if the se-
quential use of NITs was able to improve their diagnostic accuracy.
Method. 56 consecutive patients (73.2% men; age 52 [22-69] years) 
performed liver biopsy for the suspicionof severe NASH, defined as 
the presence of NASH, NAFLD activity score ≥4 and fibrosis stage 
≥F3. Simplewet NITs [aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), albumin, platelet count, AST/ALT ratio 
(AAR) and AST to platelet ratio index (APRI)], complex wet NITs, 
[BARD score, Fibrosis-4 index (FIB-4), NAFLD fibrosis score 
(NFS), Forns Index and Hepamet fibrosis score (HFS)], direct bio-
markers of fibrosis [collagen IV (CIV), laminin (LM), cholylglycine 
(CG), hyaluronic acid (HA) and procollagen type III amino-terminal 
peptide (PIIIP)], measurement of liver stiffness (LS) with Fibros-
can® , and AGILE 3+ and AGILE 4 scores, were all evaluated at the 
time of liver biopsy. The area under the receiver operating charac-
teristic curve (AUROC) for the identification of severe NASH of 
each single NIT was calculated. Finally, we evaluated the diagnostic 
accuracy of the sequential use of the NITs yielding the best diag-
nostic performance at AUROC analysis.
Results. Severe NASH was present in 12 (21.4%) patients. Simple 
wet NITs were not able to significantly detect severe NASH (AU-
ROCs ranging from 0.46, p=0.68 for albumin to 0.67, p=0.08 for 
GOT, platelet and AAR). Among complex wet NITs, only BARD was 
able to significantly detect severe NASH (AUROC 0.77, p=0.004), 
while FIB-4, NFS, Forns Index and HFS were not (AUROCs rang-
ing from 0.45, p=0.71 for Forns Index to 0.65, p=0.12 for NFS). All 
direct biomarkers of fibrosis significantly detected severe NASH, 
with PIIIP (AUROC 0.81, p=0.001) and CIV (AUROC 0.80, p=0.002) 
showing the best diagnostic performance. NITs based on LS with 
Fibroscan® also significantly detected severe NASH, however AG-
ILE 3+ (AUROC 0.71, p=0.03) and AGILE 4 (AUROC 0.70, p=0.04) 
scores did not improve the diagnostic performance of LS alone 
(AUROC 0.76, p=0.007). The sequential use of LS (cut-off 8.5 kPa) 
and PIIIP (cut- off 22 ng/ml) or CIV (cut-off 16.5 ng/ml) had a di-
agnostic accuracy of 85.7% and 91.1%, respectively.
Conclusion. The use of FIB 4 and NFS in high risk populations for 
severe NASH has a diagnostic accuracy lower than the sequential 
use of LS in association with direct fibrosis The sequential use of LS 
and direct biomarkers of fibrosis, such as PIIIP and CIV, may be a 
promising approach to non-invasively identify patients with severe 
NASH.
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Background. Familiar Hypercholesterolemia (FH) is an inherited 
disorder of lipid metabolism characterized by high low-density lipo-
protein cholesterol (LDL-C) levels and premature atherosclerotic 
cardiovascular disease (ASCVD). Mutations in three main genes 
that are responsible for this autosomal dominant disease (LDLR, 
APOB and PCSK9 genes) and heterogeneity of phenotype mostly 
depend on the underlying genotype. In addition, variants in genes 
causing other dyslipidemias, showing phenotypes overlapping with 
FH, may also act as phenotype modifiers in patients with FH.
Methods. A 36-years-old woman was evaluated for hypercholester-
olemia, that was known since childhood. Dyslipidaemia and athero-
sclerotic-based cardiovascular disease occurred at an early age 
(acute coronary syndrome in the father at age of 45) in many fami-
ly members. The highest levels of total and LDL cholesterol (542 
mg/dL and 398 mg/dL, respectively) were registered during preg-
nancy, when the hypolipidemic therapy was discontinued. Labora-
tory data showed high levels of total cholesterol (327 mg/dL) and 
LDL-C (255 mg/dL) despite simvastatin plus ezetimibe therapy; 
triglycerides and high-density lipoprotein cholesterol (HDL-C) 
were 46.9 mg/dL and 62.4 mg/dL, respectively. The DUTCH score 
6 was suggestive of clinically probable FH. Next generation se-
quencing was carried out on an Ion GeneStudio S5 Plus System 
using the Ion 540 Chip with a custom panel including 50 candidate 
genes related to LDL, HDL and triglycerides metabolism.
Results. The proband was found to be heterozygous carrier of a 
previously described pathogenic non-sense mutation in LDLR with 
null LDL-R activity (c.1257C>G p.Tyr419Ter). Interestingly, anoth-
er mutation was identified on lisosomal acid lipase (LIPA) gene 
(c.929G>A p.Trp310Ter) in heterozygosis. This variant has been 
previously identified in homozygosity in two newborns of Sicilian 
origin with Wolman’s disease and in heterozygosity in a subject 
belonging to the same family (unpublished data). In addition, the 
determination of Polygenic Risk Score was performed (PRS: 0.652).
Conclusion. We report a case of heterozygous familial hypercho-
lesterolemia (HeFH) carrying a composite genotype. The presence 
of a variant in modifier gene such LIPA in HeFH may further exac-
erbate the phenotype, partially justifying the variability among pa-
tients. Further studies are needed to evaluate how heterozygous 
variant c.929G>A p.Trp310Ter on the LIPA gene may modulate the 
lipid and cardiovascular phenotype of FH patients.

HETEROGENEITY OF THE GENETIC 
BACKGROUND OF FAMILIAL 
HYPERCHOLESTEROLAEMIA IN TWO 
POPULATIONS FROM ITALY AND RUSSIA
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Considering the heterogeneous phenotypic expression of Familial 
Hypercholesterolemia (FH) based on differences in population ge-
netic background, we aimed to evaluate the genetic profile of FH 
individuals from Italy and Russia, taking into account the impor-
tance of analysing genotype-phenotype manifestations. In this 
study we included 144 Italian FH patients from one centre of the 
LIPIGEN study and 79 Russian FH patients from one centre of the 
Russian Lipid Clinics Network. We collected demographic and clin-
ical characteristics at baseline, and genetic test results. Patients 
were divided in: positive to genetic test (with one causative muta-
tion), inconclusive (with only variants of uncertain clinical signifi-
cance [VUS]), and negative (with likely benign/benign variants, 
heterozygous variants in LDLRAP1 gene, or without causative mu-
tations).The mean age at baseline was comparable (Italy: 47.5±12.5 
years, Russia: 45.1±12.4 years; p=0.15); the Russian cohort presents 
with higher levels of pre-treatment LDL-cholesterol (pre-LDL-C) 
compared to the Italian population (324.1±91.6 mg/dL vs 296.0±51.8 
mg/dL; p=0.01). The genetic test was positive in 75.7% of the Italian 
subjects and in 49.4% of the Russian subjects, while the presence of 
only VUS was detected in 8.3% and 19.0% (p<0.001), respectively. 
Among positive FH patients, pre-LDL-C levels were higher in the 
Russian cohort (353.5±111.3 mg/dL vs 302.4±52.2 mg/dL; p=0.008), 
as well as the percentage of treated patients (53.8% vs 13.8%; 
p<0.0001) and the prevalence of premature coronary heart disease 
(12.8% vs 3.7%; p=0.041). Among inconclusive subjects, the Russian 
cohort was about 12 years younger compared to Italians (42.7±12.1 
years vs 54.5±10.5 years; p=0.013), while the mean pre-LDL-C levels 
were similar (299.5±68.1 mg/dL vs 299.0±46.4 mg/dL; p=0.982). 
Among pathogenic/likely pathogenic variants and VUS, only 5% 
and 4% was shared between the two cohorts, respectively. Our re-
sults highlighted a high variability in the genetic background of 
patients diagnosed with FH from two different countries, which 
deserves further investigation.
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Background. Sitosterolemia, also known as phytosterolemia, is a 
rare autosomal recessive disorder caused by mutations in the 
ATP-binding cassette subfamily G member 5 (ABCG5) or member 
8 (ABCG8) genes. This leads to abnormal functions of the trans-
porter sterolin-1 protein encoded by ABCG5 and sterolin-2 protein 
encoded by ABCG8, respectively, which can hinder the formation 
of stable ABCG5/G8 heterodimers, decreasing the ability of intes-
tinal counter-transport of sterols. As a result, phytosterols in plasma 
and tissue are significantly increased, leading to early onset athero-
sclerosis-related diseases and xanthelasma of tendons and skin. 
Case descriptions. The study subjects were two 13-old and 15-old 
brothers and their parents who had sitosterolemia. All subjects in-
cluding grandparents (the two maternal and paternal grandmother) 
were genetically characterized. To confirm sitosterolemia diagno-
sis, we analyzed plasma sterols by gas chromatography in all sub-
jects at baseline and after three months of Ezetimibe treatment in 
the two brothers and their parents. At baseline, the two brothers 
showed normal cholesterolemia and very high levels of phytos-
terols (63 mg/dL and 55 mg/dL; reference values <1.22 mg/dL). 
Whereas the two parents had hypercholesterolemia with a slight 
increase in plasma phytosterols (1.85 mg/dL and 3.21 mg/dL). 
Moreover, the three grandparents showed hypercholesterolemia 
together with borderline levels of plasma phytosterols. After Ezeti-
mibe treatment, we observed a reduction (-13% and -34%) of plasma 
phytosterols in the two brothers and normalization of cholesterol 
and phytosterols levels in the parents.
Conclusion. Sitosterolemia could be effectively controlled after 
dietary control and oral lipid-lowering therapy with Ezetimibe. Al-
though considered an autosomal recessive disorder, this case re-
port, in agreement with the recent literature, have shown that a 
heterozygous variant in ABCG5 or ABCG8 genes can also cause 
mild symptoms.

LIPOPROTEIN(A) DISTRIBUTION AMONG 
SUBJECTS WITH GENETIC DYSLIPIDEMIAS: 
DATA FROM A SINGLE CENTER 
RETROSPECTIVE STUDY
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Background. Lipoprotein(a)[Lp(a)] is a well recognized risk fac-
tor for atherosclerotic cardiovascular disease (ASCVD). The inter-
actions between the genetic contribution to Lp(a) plasma levels and 
the genetic background of dyslipidemias that extremely raise or 
lower the apoB levels (e.g. familial hypercholesterolemia, FH and 
familial hypobetalipoproteinemia, FHBL1) is not fully understood. 
In addition few evidences are available on the distribution of Lp(a) 
levels among subjects at different cardiovascular (CV) risk (mild, 
moderate, high and very high).
Aims and Methods. 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 a free-living population. The 
study population included 212 genetically characterized FH sub-
jects, 144 with clinical FH (mutation negative - FHneg), 52 FHBL 
and 797 free-living subjects. Clinical features and CV risk were also 
evaluated.
Results. Lp(a) levels were significantly higher in FH subjects 
(both FH and FHneg) (median 12.46 mg/dl and 14.0 mg/dl, respec-
tively) compared to FHBL and controls (7.68 mg/dl and 7.18 mg/
dl, respectively). More, Lp(a) levels were similar in FH subjects 
carrying LDLR defective mutations and in those with LDLR null 
mutations. Subjects at high and very high CV risk exhibited signif-
icant higher Lp(a) levels (median 10.68 mg/dl and 9.20 mg/dl, re-
spectively) compared to low and moderate CV risk (median 5.72 
mg/dl and 7.80 mg/dl, respectively) (p<0.0008). 
Conclusions. We have evaluated the distribution of Lp(a) plasma 
levels in subjects with genetic dyslipidemias and at different CV 
risk. The FH but not the FHBL1 genetic status interacts with the 
Lp(a) levels. Subjects at high and very high CV risk exhibited sig-
nificant higher Lp(a) levels compared to low and moderate CV risk. 
Furthermore, the identification of subjects with Lp(a) >50 mg/dl 
may allow to perform a reclassification of CV risk. Combined eval-
uation of Lp(a) levels in subjects with other traditional risk factors 
could identify high-risk individuals who may benefit from early ag-
gressive treatments to avoid premature CV events.
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Background. Familial chylomicronemia syndrome (FCS) is a rare, 
severe, monogenic, recessive disorder mainly characterized by 
very high TG levels and high risk of acute and/or recurrent pancre-
atitis. Lomitapide is a microsomal triglyceride transfer protein 
(MTP) inhibitor approved for the treatment of homozygous familial 
hypercholesterolaemia. The open-label, single-arm ‘LOCHNES’ 
study of lomitapide in adult patients genetically confirmed FCS with 
a history of pancreatitis (EudraCT 2018-002911-80), showed that 
lomitapide is effective and well tolerated.
Methods. Fourteen FCS patients, previously enrolled in the 
‘Lochnes’ study, were admitted to the Lomitapide Expanded Access 
Program, 2 months after the study termination and were evaluated 
every three months over a 2-years follow-up (median 28 months). 
Each patient continued lomitapide at the maximum tolerated dose 
as determined during the trial. Lipid profile, liver function tests, 
fatty liver and hepatic stiffness were evaluated. 
Results. At the beginning of the follow-up, after 2 months discon-
tinuation of study drug, median TG levels were 1899.5 mg/dL (237-
4398 mg/dL). Median fasting TGs at the last observation were 383 
mg/dL (47-1678 mg/dL; 76.9% reduction); 9 patients achieved TGs 
≤750mg/dL. Adverse events were mild-to-moderate and mainly re-
lated to gastrointestinal tolerability (n=11). Over the follow up peri-
od 2 patients experienced an acute pancreatitis episode. Liver func-
tion tests ≥3x ULN were recorded in 2 subjects. Hepatic fat in-
creased in three patients while median hepatic stiffness remained 
normal.
Conclusions. Lomitapide is effective and well tolerated in reduc-
ing TGs in FCS patients with a history of pancreatitis over a 2-years 
follow-up.

INCLISIRAN, NEW FRONTIER  
IN HYPOLIPIDEMIC THERAPY:  
REAL-WORLD DATA
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A. Sorrentino, R. Marcucci
Dipartimento di Medicina Sperimentale e Clinica, Università  
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Background. In October 2023 AIFA approved a new molecule tar-
geting PCSK9, Inclisiran, a siRNA which selectively target hepato-
cytes where it promotes cleavage of intracellular PCSK9 mRNA, 
with an advantage versus Evolocumab and Alirocumab, PCSK9-in-
hibitors (PCSK)-i), relative to the smallest number of administra-
tions. While this drug has shown efficacy and safety in randomized 
controlled trial, its applicability in real-world clinical settings re-
mains to be elucidated. Therefore, this analysis aims to assess the 
early effects of this drug in a tertiary centre lipid and cardiovascu-
lar risk clinic.
Population and Methods. We performed a retrospective analysis 
of the first 50 patients who received a single dose of Inclisiran at our 
clinic between 1 January 2023 and 1 July 2023. Data were collected 
using electronic healthcare records. The lipid profile was assessed 
before starting the treatment and at 3 months follow-up. Data on 
adverse events were also recorded. 
Results. Our population consisted of 50 patients: 16 (32%) female, 
mean age of 59,24±13 years, 12 (54,5%) with heterozygous familial 
hypercholesterolemia, 16 (32%) at high risk and 34 (68%) at very 
hight risk. 36 (72%) patients, re-evaluated at 3 months follow-up, 
show a mean baseline LDL-C reduction from 130,6±62 mg/dL to 
81,1±48 mg/dL by 24,7±49%. Notably in patients not previously 
treated with others PCSK9-i (n=26), eg. Evolocumab and alirocum-
ab, the median LDL-C relative reduction was 43.8±25%, with a wide 
range of responses ranging from 8,3% to 87,4%, while in patients 
who switched from others PCSK9-i to Inclisiran (n=10) we ob-
served a relative increase of 19.6±67%. 11 (30,6%) patients achieved 
a 50% or greater reduction in LDL-C from baseline; 14 (37,8%) pa-
tients reached ESC guidelines LDL-C target: 2 at high-risk patients 
(LDL-C target <70 mg/dL) and 12 at very high risk patients (LDL-C 
target <55 mg/dl). Predictably, we could observe a significantly 
higher probability of reaching LDL-C target at 3 months in patients 
on triple therapy (p<0.001), showing the role of background lipid 
lowering therapies (LLTs). Adverse events were recorded in two 
patients (5,6%): one patient complained headache and dyspepsia, 
while the other patient reported palpitations and asthenia, resulting 
in the discontinuation of the therapy.
Conclusions. In naïve patients Inclisiran shown an efficacy such 
as that reported in trials, with good security profile. As might be 
expected, given the 10% lower efficacy of Inclisiran compared to the 
other PCSK9-i, patients who switched from Evolocumab or Aliro-
cumab to Inclisiran showed an increase of baseline LDL-C levels, 
which however remained close to the recommended target. We are 
aware that Inclisiran has been shown to reach its peak of efficacy 
after the second administration at 3 months. Thus, further studies 
on larger samples providing data after the second administration 
will be needed. At last, despite the effectiveness of these new ther-
apeutic options, background LTTs therapy keep his relevance in 
order to achieve the LDL-C target.
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Background. As many familial hypercholesterolemia (FH) sub-
jects (about 60%) did not demonstrate functional mutations in major 
candidate genes (LDLR, APOB, PCSK9, LDLRAP1), we assessed 
FH patients genetic profile by high-throughput sequencing (HTS).
Methods. We analysed 114 FH patients [adults with possible/prob-
able/definite FH according to Dutch Lipid Clinic Network Score 
(DLCN)]. Targeted HTS (57 genes involved in lipid metabolism, 
supposed to be involved in dyslipidaemia, pharmacogenetics of 
statins, related to FH polygenic forms, HDL and triglycerides relat-
ed diseases) was assessed by Illumina technology.
Results. Among 114 patients, 42 carried a rare variant in LDLR 
gene, whereas 72 patients were LDLR-negative. Talmud score eval-
uation (Talmud 2013) showed a higher median value in patients 
LDLR-negative, with respect to LDLR-positive [median(IQR): 
1.02(0.93-1.08) vs 0.95(0.85-1.06), p=0.081]. Fourteen out of 42 LD-
LR-positive patients also carried uncertain significance mutations 
in other possible FH candidate genes. In patients without LDLR 
mutations, at least 2 rare variants were identified in 35 patients 
(49%), and at least 3 rare variants were identified in 27 patients 
(37%). In these patients, a total of 131 rare variants with uncertain 
significance have been identified in 44 different genes (APOB, 
PCSK9, LDLRAP1, ABCB1, ABCG2, ABCG5, ABCG8, ANGPTL3, 
APOA4, CELSR2, CETP, CREB3L3, DAB2, GCKR, GHR, HFE, 
ITIH4, LCAT, LIPC, LIPI, LMF1, LPA, LPL, LRP1, MTTP, NPC1, 
NYNRIN, PON1, PP1R17, SCARB1, SLCO1B1, SLC12A4, SREBF1, 
SREBF2, SLC22A1, EPHX2, GPD1, OSBPL5, STAP1, ABCA1, 
DGAT1, INSIG2, NPC1L1, APOA5). Among FH patients, 31 were 
younger than 18 yrs. 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, performed in adult population, significantly higher values in 
subjects carrying LDLR mutation were found.
Conclusions. Present data support the involvement of multiple 
loci beyond LDLR gene in the modulation of lipid profile, as well as 
cardiovascular risk. Expansion of genetic analysis might allow a 
better comprehension of the role of further major/modifier genes, 
as well as of accumulation of common small- effect LDL-C raising 
alleles in determining LDL-C levels and cardiovascular events.
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Background. Individual cardiovascular risk (CVR) assessment is 
based on the SCORE2/SCORE2-OP model endorsed by the 2021 
ESC Guidelines on Cardiovascular Disease Prevention using risk 
charts that, in real-life clinical practice, are very rarely used. We 
developed a free-to use web application (www.humtelemed.it) 
based on EAS 2019 guidelines updated with 2021 SCORE2/
SCORE2-OP model to simplify CVR assessment for non-expert us-
ers or busy physicians. In this study, we assessed the concordance 
between the charts and the web-app. 
Methods. A cross-sectional study on 1306 consecutive patients re-
ferred to our centre to diagnose and manage hypertension and/or 
dyslipidemia. Individual CVR stratification (low-moderate, high and 
very-high) was assessed for each patient using the 2021 ESC 
Guidelines visual risk charts and the web app (www.humtelemed.
it) by two double-blind operators. The marginal homogeneity test 
was used to evaluate the concordance between the two methods. 
Results. Mean age was 60±11 years, with male prevalence (53%). 
Seventy-three percent of patients was in primary prevention. With 
the SCORE2 charts, patients were classified as 19.5% (255), 35.6% 
(465), and 44.9% (586) into low-moderate, high and very-high risk, 
respectively. Our web app classified 18.7% (244), 37.2% (486), and 
44.1% (576) patients into low-moderate, high and very-high risk, 
respectively. According to the marginal homogeneity test, the indi-
vidual CVR assessed using the web app (www.humtelemed.it) was 
not statistically different from the CVR using the SCORE2 charts 
(p=0.907). 
Conclusion. There is a small, non-statistically significant discrep-
ancy between the two methods, potentially also due to the non-in-
fallibility of manual CVR evaluation method. Our web-based appli-
cation was specifically developed to help occasional users and busy 
clinicians to assess individual CVR and may represent a free-to-use, 
reliable, simple, time-sparing and widely available alternative to the 
manual CVR evaluation using SCORE2 charts.
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Introduction. Observational studies have highlighted the oppo-
site association between LDL-cholesterol (LDL-C) and HDL-choles-
terol (HDL-C) and the risk of developing coronary artery disease 
(CAD). Results of all large scale-randomized trials have demon-
strated the causal relationship of LDL-C, while mendelian random-
ization studies on HDL-C are inconsistent and ambiguous. Target-
ed Next Generation Sequencing (NGS) analysis in recent years 
have been developed to study the coding regions and intron/exon 
boundaries of genes affecting the main pathways of HDL-C synthe-
sis and metabolism in patients with hypo and hyper-alphalipopro-
teinemia. 
Material and Methods. The study sample includes patients en-
rolled in the Verona Heart Study (VHS) with angiographically doc-
umented CAD (positive CAD) and subjects without CAD who un-
derwent coronary angiography for other clinical indication (nega-
tive CAD). We selected patients with extreme HDL-C phenotype 
(<2° percentile - 29 mg/dl and >98° percentile - 99 mg/dl). For ge-
netic analysis, a large-scale targeted sequencing analysis was per-
formed on Ion Torrent technology. We selected, for each patient, 
variants in candidate genes known to be associated to regulate HDL 
levels.
Results and Conclusion. Among subjects with high HDL-C phe-
notype (>98° percentile - 99 mg/dl) were available samples for 5 
patients (5 negative CAD). No pathogenic variants in candidate 
genes were identified. Among subjects with low HDL-C (<2° per-
centile - 29 mg/dl) were available samples of 38 patients (31 posi-
tive CAD and 7 negative CAD). In this patients we identified an 
ABCA1 gene mutation c.5398A>C (p.Asn1800His) in heterozygosi-
ty in one positive CAD patient. Two variants in ABCA1 (c.103A>G, 
p.Ile35Val) and CUBN (c.10759G>A, p.Gly3587Arg) of uncertain 
clinical significance were identified in heterozygosity in one posi-
tive CAD patient. Another one (positive CAD) was found to be car-
rier of the ABCA1 variant c. 2328G>C, p.Lys776Asn in heterozygos-
ity. In conclusion, in most cases the phenotype cannot be correlated 
to the presence of variants in the candidate genes.

EVOLOCUMAB AND ALIROCUMAB:  
A REAL WORLD PHOTOGRAPHY
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Dipartimento di Medicina Sperimentale e Clinica, Università  
degli Studi di Firenze, Malattie aterotrombotiche, AOU Careggi
E-mail: violaliberati97@gmail.com

Background. There is a growing gap between the ideal guidelines 
LDL-C targets and the LDL-C levels achieved in clinical practice. 
Indeed, real world data show that about 80% of (very) high risk 
patients disregarded guideline recommendations. Therefore, our 
aim was to provide data of monoclonal antibody ihibitors of PCSK9 
(PCSK9i) use in clinical practice investigating the adherence to the 
latest ESC guideline recommendations, with a focus on the role of 
background oral lower lipid therapy (LLT) in the probability of tar-
get attainment.
Methods. Between April 2018 and December 2023, patients evalu-
ated at our center who started PCSK9i therapy (evolocumab 140 
mg or alirocumab 150 mg) were included in a prospective registry. 
The lipid profile was assessed before starting PCSK9i therapy, and 
during follow-ups that were per-formed every six months, with a 
median follow-up of 24 (6-48) months. Results are presented for the 
total population and stratified by patient subgroups: high risk pa-
tients with asymptomatic heterozygous familial hypercholesterol-
emia (LDL-C target <70 mg/dl) and very high risk patients with 
known atherosclerotic cardiovascular disease or diabetes mellitus 
with target organ damage or additional major risk factor (LDL-C 
target <55 mg/dl).
Results. Our cohort consisted of 271 patients: 100 (36,9%) women, 
mean age of 65,1±11,1 years, 60 (22,1%) at high risk and 211 (77.9%) 
ad very high risk, the majority (75,2%) with a diagnosis of coronary 
artery disease. At the first 6 month follow up, mean baseline LDL-C 
values decreased from 144,8±52,7 mg/dL to 59,3±37,4 mg/dL 
(from 183,8±46,9 to 75,1±37,8 in high risk patients and from 
130,9±41,5 to 55,2±36,4 in very high risk patients), with a mean rel-
ative reduction of 57.4±26.1%, similar in the two subgroups and be-
tween the two class of PCSK9i.At 6 months 57.7% patients reach 
their LDL-C target according to the latest ESC guidelines: 51.1% 
patients at high risk (target <70 mg/dl), and 59.4% at very high risk 
(target <55 mg/dl). The percentage of patients on target did not 
change significantly in subsequent follow-ups. Background oral 
hypolipidemic therapy was a predictor of optimal LDL-C control: 
the presence of at least one lipid lowering drug was associated with 
significantly lower LDL-C levels (87,1±36,1 mg/dl vs 59,5±8,7, 
p<0,001) and consequently with a significantly higher probability of 
reaching the target (59,6% vs 20,6%, p<0,001). Three patients under-
went percutaneous coronary revascularization for an acute coro-
nary syndrome (2 and 6 month after starting the treatment). 
During follow-up, five patients switched to Inclisiran therapy, 2 due 
to adverse events (flu-like syndrome) and 3 for reduced therapeutic 
adherence.
Conclusions. In conclusion, our analysis confirms that PCSK9i are 
safe and effective drugs, allowing most patients of our cohort to 
reach LDL-C target through a 55-60% reduction. Among the predic-
tors of therapeutic failure, the absence of concomitant oral lower 
lipid therapy played a key role, confirming the value of combination 
therapy in the management of patients at (very) high cardiovascu-
lar risk and the importance of its persistence over time.
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Introduction. Statin induced muscle weakness is the most com-
mon side effect of statin therapy. Rarely, it occurs in the form of 
myopathy, that will relieve after discontinuation of statin. In excep-
tionally rare cases (2-3 of every 100.000 statin users), an autoim-
mune myopathy may develop, associated with autoantibodies 
against 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) re-
ductase (1). 
This is an only recently recognized form of rhabdomyolysis, and 
its best management is still unclear (2). Here we describe a rapid-
ly deteriorating and therapy-resistant case.
Case report. A 63 years-old Caucasian male with a history of 
one-month symmetrical muscle weakness, dysphagia and fever 
presented to our department in December 2021. On admission 
laboratory results showed extremely elevated creatine kinase and 
myoglobin levels (CK 28652 U/L, normal range 39-300, myoglo-
bin 6664 mcg/L, 28-72). The patient was taking atorvastatin from 
one year for mixed dyslipidaemia, and suffer from autoimmune 
hypothyroidism. 
Common causes of rhabdomyolysis were excluded, as well as in-
fectious diseases. High levels of anti-HMG-CoA reductase anti-
bodies were detected, and muscle biopsy confirmed necrotizing 
myopathy. Treatment was started with intravenous methylpred-
nisolone (1 g/day) and intravenous immune globulin (IVIG, 2 g/
kg). However, muscle weakness progressed, and the patient de-
veloped dysphagia. The treatment was then intensified by adding 
rituximab (2 x 1 g, separated by an interval of 2 weeks) and cyclo-
phosphamide (1.2 g every 4 weeks). 
The clinical situation further deteriorated, and the patient devel-
oped a severe respiratory distress, that required orotracheal intu-
bation, and then tracheostomy. At 45 days from hospital admis-
sion, plasmapheresis over 5 days was finally performed. As ex-
pected, anti-HMG-CoA reductase antibody levels and CK levels 
decreased. Notably, symptoms progressively improved over the 
following 2 weeks after plasmapheresis, and the patient passed to 
spontaneous breathing. IVIG were continued and corticosteroids 
tapered. Two months after admission, the patient was discharged 
to a rehabilitation hospital, with a maintenance dose of methotrex-
ate, rituximab, and repeated cycles of IVIG over 6 months. De-
spite several infections (of those COVID19), and an episode of 
venous thromboembolism, at one and a half year, patient symp-
toms greatly improved, but he only partially recovered his previ-
ous functional status.
Conclusions. Statin-associated anti-HMG-CoA reductase myopa-
thy is a rare but severe autoimmune myopathy, with potentially 
high morbidity and mortality. It must be promptly diagnosed, as 
it requires rapid and profound immunosuppressive therapy. Plas-
mapheresis might help to interrupt pathogenic events, and to 
improve symptoms during the acute phase of the disease (3). In 

these patients, re-treatment with statins should be avoided. There-
fore, the new lipid lowering agents could represent the treatment 
of choice to reach the therapeutic target.
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1)	Rademacher et. al Clin Exp Rheumatol. 2022; 40: 320-28.
2)	Mammen et al. N Engl J Med. 2016; 374: 664-9.
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Background and Aim. LDL receptor (LDLR), chiefly expressed 
in liver, is the main regulator of LDL plasma levels. The aim of this 
study is to identify differentially expressed proteins (DEPs) in-
volved in LDLR modulation and/or in chol/TG metabolism.
Methods. HuH7 human hepatocarcinoma cell line was incubated 
with fluorescently labeled LDL (LDL- DyLight550TM) and sorted 
in two subpopulations naturally expressing high and low LDLR. 
Western Blotting and qPCR have been used to evaluate proteins 
and transcripts levels, respectively.
Results. The proteomic analysis on HuH7 High and Low pointed 
out an enrichment in several mitochondrial DEPs. Among them, 
carbamoyl phosphate synthase 1 (CPS1), that catalyzes the rate 
limiting step of the urea cycle, resulted significantly upregulated in 
High cells compared to Low cells. Knocking-down CPS1 in HuH7 
cells with a specific 20nM siRNAs pool resulted in a significant de-
crease in LDLR mRNA levels (-40%, p<0.05 vs scramble), thus con-
firming the positive correlation between LDLR expression and 
CPS1 expression resulted from the proteomic analysis. Surprising-
ly, we observed a significant decrease in PCSK9 (-50%, p<0.05), 
HMG-CoA reductase (-90%, p<0.001), and SREBP2 (-70%, p<0.01) 
mRNA levels compared to scramble cells. 
Conclusions. The proteomic analysis shed light on several up- and 
down-regulated mitochondrial DEPs between HuH7 with High and 
Low LDLR expression, including CPS1 involved in urea cycle, that 
resulted significantly upregulated in High cells. CPS1 knock-down 
leads to a significant decrease in LDLR, PCSK9, HMG-CoA red mR-
NAs, as well as in SREBP2 transcript, suggesting a modulation via 
this pathway. Given these results, we are tempting to speculate that 
mitochondria are essential components of an extramitochondrial 
function: regulation of LDLR availability on the plasma membrane, 
thus paving the way to new therapeutic scenarios in cholesterol 
dysfunctional diseases.
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Background. Immediate and aggressive lipid lowering therapies 
after acute coronary syndrome (ACS) and percutaneous coronary 
intervention (PCI) is recognized by the ESC/EAS dyslipidemia 
guidelines, which recommend high-intensity statin therapy within 
the first 1-4 days of hospitalization.In the same clinical setting, the 
efficacy of monoclonal antibodies (mAbs) anti PCSK9, evolocumab 
and alirocumab, is under investigation. A recently discovered 
means of decreasing PCSK9 levels is the administration of small 
interfering RNA (siRNA) molecules. A further development of siR-
NA anti PCSK9 led to the identification of inclisiran, a liver-specific, 
long-acting, subcutaneously delivered, synthetic siRNA directed 
against PCSK9 and conjugated to triantennary N-acetylgalac-
tosamine carbohydrates (siRNA-GalNAc). Inclisiran acts through 
an intracellular mechanism by degrading the mRNA and inhibiting 
the translation of PCSK9, while evolocumab acts on circulating 
PCSK9 with a direct and rapid binding. Since circulating PCSK9 is 
mainly, but not exclusively, from hepatic origin, the liver specific 
action of inclisiran may explain a non-complete inhibition of PCSK9 
(approximately -75%), while evolocumab binds almost total PCSK9 
(approximately -97%). In this scenario, appropriate pharmacody-
namic and pharmacokinetic characteristics of anti PCSK9 therapies 
are a prerequisite for an effective pharmacological action.
Aim. In this study, we investigated the kinetic of PCSK9 inhibition 
by siRNA anti PCSK9 and determined the effect of this inhibitor on 
low-density lipoprotein receptor (LDLR) expression, ApoB and 
PCSK9 secretion in human hepatocarcinoma cell line Huh7. 
Material and Methods. Huh7 cells were incubated at different 
time-points with siRNA anti PCSK9 (siGENOME SMARTpool, 
Dharmacon), evolocumab (Amgen) or human recombinant PCSK9 
(Cayman Chemical). LDLR and PCSK9 expression were deter-
mined by western blot analysis. From the conditioned media apoB 
and PCSK9 were measured by using specific ELISA kits. LDL- Dy-
LightTM550 (Cayman Chemical) uptake were determined by cyto-
fluorimetry.Results. siRNA very efficiently reduced the intracellu-
lar levels of PCSK9 after 24 and 48 hours (-60 and -80%, respective-
ly). On the contrary, the determination of extracellular levels of 
PCSK9 showed a stronger effect after 48 and 72 hours (-60%), while 
no effect was observed on apoB secretion. Shorter time-course ex-
periments revealed that siRNA reduced intracellular PCSK9 pro-
tein expression from 4 to 8 hours post treatment (-30 and -40%, re-
spectively), while no effect is observed at shorter time points. The 
effect on secreted PCSK9 was observed starting from 8 hours 
(-40%). Surprisingly, the reduction in PCSK9 levels only marginally, 
and not significantly, reduced the LDL receptor expression. Long-
term incubation with evolocumab (48 hours) determined a signifi-
cant reduction of both intracellular and secreted PCSK9 (-40%), 
while no effect was observed at 24 hours. Evolocumab (10 µg/mL) 
itself didn’t show a modulation of LDL receptor, while incubation 
with recombinant human PCSK9 (5 µg/mL) for 24 hours induced a 
complete degradation of the receptor, effect rescued by the co-incu-

bation with evolocumab. Finally, Huh7 very efficiently uptake re-
combinant PCSK9 either in the presence or absence of evolocum-
ab. In line with LDL receptor expression profile, recombinant 
PCSK9 strongly reduced the LDL-DyLight uptake by Huh7, while 
the combination with evolocumab increased the uptake. Using this 
approach, a trend of higher LDL-DyLight uptake by Huh7 cells was 
observed in response to evolocumab on its own.
Conclusions. Both siRNA and mAbs anti PCSK9 did not signifi-
cantly affected the LDL receptor expression most likely due to the 
very low intracellular and extracellular concentration of PCSK9 in 
Huh7 cell line. Instead, in the presence of exogenous recombinant 
PCSK9, LDLR undergoes degradation, this effect is reversed by 
evolocumab. This data suggest that alternative in vitro models 
should be used for studying the effect of siRNA anti PCSK9 (i.e. 
inclisiran), such as hepatic cell line overexpressing PCSK9 or a 
more sensitive method for LDL uptake determinations.
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Background. Currently, there is no approved medication for 
non-alcoholic fatty liver disease management. Preclinical and in vi-
tro studies have shown that lycopene and carotenoids have been 
associated with improvement in fatty liver. Starting from these evi-
dences, our aim was to evaluate the effects of a functional tomato 
sauce with a high lycopene content from vine-ripened tomatoes 
(namely OsteoCol® – Patent n. 102019000000061) as a treatment for 
adults with fatty liver disease. 
Methods. A total of 98 participants with liver steatosis were en-
rolled in a randomized, double-blind, placebo controlled clinical 
trial. Participants were allocated to OsteoCol® (80 ml/day) or con-
trol tomato sauce (80 ml/day) treatment, for 6 weeks. The lycopene 
content in OsteoCol® was approximately 20% higher than in the 
control sauce. The primary outcome measure was the change in 
liver fat content (CAP score). CAP score, by transient elastography, 
serum glucose, lipids, transaminases, and cytokines were mea-
sured at baseline and after intervention. 
Results. We analyzed the data of 84 participants after 6 weeks of 
treatment. After adjustment for confounding variables (i.e., lip-
id-lowering drugs, AST, liver stiffness at baseline, weight change, 
fatty mass, liver stiffness at follow up), we found a greater CAP 
score reduction (%) in OsteoCol group rather than control (-11% vs. 
-2 %, p=0.010; respectively). The CAP score reduction (%) was even 
greater in men (-15 % vs. -5%; p=0.042), in obese participants (-13% 
vs. -0.6%; p=0.022), as well in participants with insulin resistance 
(-9% vs. -0.03%; p=0.021).
Conclusion. A novel functional tomato sauce with a high licopene 
content from vine-ripened tomatoes (OsteoCol®) was safe and ef-
fective in reducing liver fat content over 6 weeks in individuals with 
hepatic steatosis. The study is still ongoing and will continue for 
another 6 weeks.
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Introduction. Nonalcoholic Fatty Liver Disease (NAFLD) defines 
liver conditions caused by cell fat infiltration in subject with no his-
tory of alcohol addiction. TYG score is a risk score for NAFLD that, 
as well as sleep apnoea, might relate to an increased risk of athero-
sclerotic diseases. 
Aim. With this study we would to highlight how OSAS and NAFLD 
relates ASCVD (Atherosclerotic Cardiovascular Disease).
Methods. We evaluated 121 caucasian hypertensives with a nega-
tive AUDIT score for alcohol addiction. Patients were evaluated by 
physical examination (BMI, waist circumference) and routine lab 
tests.Lausanne NoSAS Score, ASCVD Risk Score and TYG (tri-
glycerides × glucose) index were calculated. Patients were divided 
respectively with and high risk of OSAS in Group H (NoSAS Score 
≥8; 82 patients, 47 males, 66.72±8.67 y) and low risk in Group L 
(NoSAS Score <8; 48 patients, 14 males, 60.72±13.43 y). 
Results. Group H presented an increased BMI and waist circum-
ference (p<0.0001 both). An increased rate of diabetes was also 
present (group H 21.95% vs Group L 2.56%, p=0.006). HDL was sig-
nificantly decreased in group H (p=0.027). No difference there was 
in blood glucose, triglycerides, total and LDL cholesterol and, in 
particular, SBP, DBP and HR were similar. On the contrary, a signif-
icant increase occurred in ASCVD risk in group H (Group L 
9.04±10.70% vs Group H 15.65±10.49%, p=0.008). A significant direct 
correlation highlighted between ASCVD and both TYG (r=0.274; 
P<0.005) and NoSAS (r=0.403; p<0.005). 
Conclusion. All patients with an increased OSAS risk have a tight 
correlation with a high risk of NAFLD and, in particular with an 
enhanced ASCVD score. This result shows the close correlation 
between sleeping disorders and NAFLD which might be involved 
to the onset of ASCVD. Further studies will enhance, then, the pri-
mary and secondary prevention of cardiovascular events, including 
factors still considered extracardiovascular.
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Background and Aim. Unhealthy dietary habits and highly calor-
ic foods trigger metabolic alterations and promote the development 
of chronic inflammatory conditions such as obesity, insulin resis-
tance, type 2 diabetes, and cardiovascular diseases. Describing an 
inflammatory effect of diet is difficult to pursue, owing lacks of stan-
dardized quali-quantitative dietary assessments. The Dietary In-
flammatory Index (DII) has been proposed as an estimator of the 
pro- or anti-inflammatory effect of nutrients and higher DII values, 
which indicate an increased intake of nutrients with pro-inflamma-
tory effects, relate to an increased risk of metabolic and cardiovas-
cular diseases and we here assessed whether they reflect biologi-
cally relevant plasmatic variations of inflammatory proteins.
Methods. In this cross-sectional study, seven days’ dietary records 
from 663 subjects in primary prevention for cardiovascular diseas-
es were analyzed to derive the intake of nutrients, foods and to cal-
culate DII. To associate DII with the Normalized Protein eXpres-
sion (NPX), an index of abundance, of a targeted panel of 368 in-
flammatory biomarkers (OlinkTM) measured in the plasma, we 
divided the population by the median value of DII (1.60 (0.83-2.30)).
Results. 332 subjects with estimated DII over the median value 
compared with subjects with estimated dietary DII below the medi-
an value (N=331) reported a higher intake of saturated fats and 
lower intakes of poly-unsaturated fats, including omega-3 and ome-
ga-6 fats. The NPX of 61 proteins was increased in the plasma of 
subjects with DII>median vs subjects with DII<median. By con-
trast, in the latter group, we identified only 3 proteins with in-
creased NPX. Vice versa 23, out of these 64 proteins, accurately 
identified subjects with DII>median (Area Under the Curve=0.601 
(0.519-0.668), p=0.035).
Conclusion. This large-scale proteomic study supports that higher 
DII reflects changes in the plasmatic abundance of inflammatory 
proteins. Larger studies are warranted to validate our findings.



ABSTRACT

S 35

VLDL CHOLESTEROL ASSOCIATES  
WITH HIGHER PLASMATIC EXPRESSION  
OF INFLAMMATORY PROTEINS AND 
ATHEROSCLEROTIC PATHWAYS COMPARED 
TO LDL CHOLESTEROL

E. Mattavelli 1, E. Olmastroni 2, N. Nurmohamed 3, L. Grigore 4,  
F. Pellegatta 4, E.S.G. Stroes 3, A.L. Catapano 2, A. Baragetti 2

1Department of Pharmacological and Biomolecular Sciences, 
University of Milan, Department of Pharmacological and 
Biomolecular Sciences, University of Milan, IRCCS MultiMedica 
Hospital, Milano; 2Department of Pharmacological and 
Biomolecular Sciences, University of Milan, IRCCS MultiMedica 
Hospital, Milano; 3Department of Vascular Medicine,  
Amsterdam University Medical Centers, University of Amsterdam,  
4IRCCS MultiMedica Hospital, Milano
E-mail: elisa.mattavelli@unimi.it

Background and Aim. High cholesterol in Low Density Lipopro-
teins (LDL-C) is the key target of current pharmacological treat-
ments aimed at reducing atherosclerotic cardiovascular disease 
(ACVD) risk. Increased cholesterol in very low-density lipoproteins 
(“VLDL-C”) is an independent predictor of ACVD. VLDL-C was pre-
viously associated with markers of inflammation (for instance C-re-
active protein). We now tested the relationship between either 
VLDL-C or LDL-C with a large spectrum of inflammatory proteins 
in plasma collected from subjects at different ACVD risk.
Methods. We measured 276 proteins (OlinkTM) in plasma from a 
primary ACVD risk prevention cohort (“PLIC” in Milan; n=656 
(8.2% on statins)) and a secondary ACVD risk prevention cohort 
(the Second Manifestations of ARTerial disease, “SMART”, the 
Netherlands, n=630 (50.8% on statins)). Cohorts were divided into 
three groups for VLDL-C (“Normal” VLDL-C<15 mg/dL, “High” 
VLDL-C 15-30 mg/dL, “Very high” VLDL-C >30 mg/dL) and LDL-C 
(“Normal” LDL-C <115 mg/dL, “High” LDL-C 115-155 mg/dL, 
“Very high” LDL-C>155 mg/dL). The expression (Normalized Pro-
tein eXpression, NPX) of each protein was compared among these 
groups by artificial intelligence and the performance to discrimi-
nate subjects with higher VLDL-C or LDL-C was evaluated compar-
ing the Areas Under the Curve (AUCs) of the Receiver Operating 
Characteristics curve (ROC) considering proteomics on top of 
ACVD risk factors (“CVRFs”: age, body mass index, systolic blood 
pressure, glycemia, therapies), versus the AUC of the ROCs with 
CVRFs alone. 
Results. The number of plasma proteins differentially expressed 
increased as a function of higher VLDL-C in PLIC, as the NPXs of 
84 were higher in “High” and the NPXs of 136 were higher in “Very 
high” vs “Normal” VLDL-C respectively. A similar trend was found 
in SMART, where the NPXs of 30 proteins were higher in “High” 
and the NPXs of 64 were higher in “Very high” vs “Normal” VLDL-C 
respectively. 26 proteins were shared between the two populations 
and recapitulated key atherosclerotic pathways (including chemo-
taxis of immune cells). The relationship between LDL-C was less 
marked; in PLIC, 14 proteins were more expressed in “High” and 
33 in “Very high” vs “Normal” LDL-C respectively, while in SMART, 
the NPXs of 11 proteins were higher in “High” and the NPXs of 36 
were higher in “Very high” vs “Normal” LDL-C respectively. Only 4 
proteins were shared between high and very high LDL-C in the two 
populations. Finally, none of the proteins were shared between the 
groups of high/very high VLDL-C and high/very high LDL-C in 
the two cohorts. Canonical CVRFs alone slightly improved the abil-
ity to identify subjects with increased VLDL-C both in PLIC and 
SMART (AUCs between 0.6 on average), but adding plasma pro-

teomics markedly improved the performance to identify subjects 
with “High” VLDL-C, in PLIC (AUC=0.767 (0.709-0.837)) and in 
SMART (AUC=0.781 (0.681-0.873)), and with “Very high” VLDL-C 
(AUC=0.950 (0.899-0.976) in PLIC, and AUC=0.938 (0.894-0.971) in 
SMART).The ROC of plasma proteomics with CVRFs was also su-
perior to the ROC of the CVRFs alone to identify subjects with 
“High” and “Very high” LDL-C, but, as compared to the ROCs that 
discriminated subjects with “High” and “Very-high” VLDL-C, the 
AUCs were attenuated in both cohort (for “High” LDL-C: 
AUC=0.665 (0.558-0.774) in PLIC and AUC=0.775 (0.704-0.842) in 
SMART; for “Very high” LDL-C: AUC =0.776 (0.694-0.854) in PLIC 
and AUC=0.882 (0.825-0.931) in SMART).
Conclusion. High VLDL-C associates with a higher number of dif-
ferentially expressed plasma proteins versus high LDL-C and none 
of the proteins were in common. Our data do not underestimate the 
value of LDL-C in ASCVD but reinforce the concept that VLDL may 
also promote different atherosclerotic pathways involved in deter-
mining ACVD.
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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 hypercholesterolemia. 
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-lipoprotein interac-
tion and whether it has a physiological impact.
Methods. A three-layered iodixanol gradient was used to isolate 
lipoproteins fractions from patients’ plasma before and after treat-
ments. Lipoproteins components were studied by spectrophoto-
metric, lipidomic and proteomic approaches.
Results. The LDL-C levels decreased from 94±41 to 41±17 mg/dL 
after siRNA treatment and from 125±52 to 62±40 mg/dL after mAbs 
therapy. Circulating PCSK9 decreased 70-80% 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). Immunoblotting analysis 
demonstrated that PCSK9 circulates also as acetylated protein and 
is bound to LDL. By lipidomic analysis, PCSK9 associates to a LDL 
subfraction that has a lower density than average LDL, due to its 
composition: 17.16% proteins, 28.62% phospholipids, 14.41% tri-
glycerides and 34.81% cholesterol. By LC-MS, this subfraction 
showed a higher amount of ApoE, ApoCI, ApoCII, ApoCIII than 
LDL fraction (89±10 and 11±1; 64±8 and 6±1; 76±10 and 15±2; 53±5 
and 6±1 attomoles/femtomoles ApoB respectively; p<0.05). 
Conclusions. Our study identified a LDL subfraction more buoy-
ant than the classical LDL (IDL-like lipoprotein) involved in PCSK9 
binding. Although the therapies significantly modify the total 
amount of circulating LDL and PCSK9, the percent of PCSK9-bound 
to LDL remains constant. The acetylated form of PCSK9 seems to 
be involved in the LDL binding; whether the rate of acetylation con-
tributes to the total PCSK9 bound remains to be addressed.
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This study aims to determine the safety and efficacy in vitro and in 
vivo of new analogues of a recently identified family of Proprotein 
Convertase subtilisin/kexin 9 inhibitors (MR compounds). It is 
well established that PCSK9 regulates the degradation of hepatic 
LDL receptors, thus controlling plasma cholesterol levels. Current-
ly, the only approved PCSK9 inhibitors are biotechnology drugs, 
such as Inclisiran (a siRNA), Alirocumab, and Evolocumab (mono-
clonal antibodies), which require high production costs and need 
to be administered subcutaneously by specifically trained person-
nel. Based on these premises, potentially orally bioavailable 
small-molecules may be a valuable addition to existing treatments. 
N=30 MR compounds were tested preliminary in vitro at increasing 
concentrations in human hepatocyte cells (HepG2) to evaluate cy-
totoxicity (MTT assay) and their efficacy in inhibiting PCSK9 se-
cretion (ELISA assay). After preliminary in vitro screening, three 
compounds (MR-3, MR-532, MR-533) were selected to test toxicity 
and bioavailability in vivo. These were subcutaneously adminis-
tered in wild-type mice (C57BL/6J) at a dose of 40 mg/kg for 7 
days. To evaluate tolerability and macroscopic toxicity during the 
experiment the body weight and the locomotion of animals were 
monitored. After the sacrifice, hepatic toxicity (histological analy-
sis) and biodistribution (LC-MS/MS) were evaluated.MR-3, MR-
532 and MR-533 resulted not cytotoxic (IC50=32.4 uM; 35.7 uM; >50 
uM, respectively) and showed great efficacy in PCSK9 inhibition in 
HepG2 cells (IC50=1.7 uM; 5.7 uM; 6.1 uM, respectively). All select-
ed compounds were safe in vivo, showing no signs of hepatic toxic-
ity. MR-3 and MR-532 were detected in plasma (437,22 ng/ml; 220,5 
ng/ml). In conclusion, the three compounds tested in vivo proved 
to be safe and two of them show plasma bioavailability showing 
promise as PCSK9 inhibitors. Further studies in vivo will be neces-
sary to evaluate whether these compounds are effective in inhibit-
ing PCSK9 in hypercholesterolemic animal models.
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We report a novel ATP Binding Cassette A1 (ABCA1) gene trunca-
tion due to a homozygous mutation (intron 12, c.1510-1G>C) in a 
68-year-old male proband with low levels of HDL cholesterol, pre-
mature coronary heart disease (CHD), orange tonsils, thrombocy-
topenia and atypical neurodegenerative disease. The patient came 
to our attention for a deficit of apolipoprotein A1, known since he 
was 30 years old. He is a former smoker (20 cigarettes/die for sev-
eral years; discontinued in 2010) and had a hypertensive ischemic 
heart disease (Coronary Artery Bypass Grafting in 1989 and two 
percutaneous transluminal coronary angioplasties with stent in 
2006 and 2013). He has a negative family history of cardiovascular 
events, his diet is controlled and he walks every day from 10 to 60 
minutes. His plasma lipid concentration were: total cholesterol 64 
mg/dl, HDL cholesterol 6, LDL cholesterol 40 mg/dl, APOA1 un-
detectable, APOB 68, Lp(a) 3.8 and triglycerides 215. The liver, 
kidney, thyroid function test and creatine kinase levels were nor-
mal. During the interview, in the presence of the partner, the pres-
ence of expression aphasia appears evident. In 2019 he began to 
show mood alterations and lack of affectivity which got worse over 
the following months. MMSE was certified at 19. MRI of the brain 
showed: diffuse atrophy. Neurologists concluded with an atypical 
neurodegenerative form. In February 2021 a PET revealed: frank 
hypocaptation left fronto-temporo-parietal and right frontal, tracer 
for amyloid positive result. 
Methods. Library preparation and sequencing by synthesis on the 
Illumina platform (kit TruSight One Expanded o TruSight Cardio 
and sequencing on NEXTSEQ550). The bioinformatic analysis in-
volves the use of BWA Aligner or DRAGEN Enrichment software. 
The sequences are aligned to the human reference genome 
GRCh37 which allows the calling of single nucleotide and structur-
al variants. Illumina Variant Interpreter software or TGEX Software 
was used for variant analysis. For the selection of genes associated 
with the clinical indication, the OMIM (Online Mendelian Inheri-
tance in Man), PanelApp and Orphanet databases were used. Only 
variants with read depth >20x and adequate quality parameters 
were considered Variants are annotated according to the HGVS 
nomenclature and classified according to the American College of 
Medical Genetics and Genomics (ACMG) guidelines. Analysis of 
the impact of the variants on the encoded protein was performed 
with the following software: SIFT, PolyPhen2, GERP, Phylo P, 
PhastCons, Mutation Taster, Mutation Assessor, DANN, Align 
GVGD and Grantham Score. For variants that impact the splicing 
mechanism, the Alamut software is used. The genetic analysis al-
lowed us to find the variant c.1510-1G>C in intron 12 of the ABCA1 
gene, with probable consequences for the splicing of the protein. 
This variant, present in homozygosity in the patient, is classified as 
having uncertain significance by the analysis software and as likely 
pathogenetic by Varsome. The variant is not reported in the medi-
cal literature. ABCA1 has a significant impact on amyloid beta 
deposition (Aβ deposition) and clearance. This is due to the efflux 
of apolipoprotein E (ApoE) mediated by ABCA1 which is altered in 
Tangier disease (1). Apo E is the major genetic risk factor for late 
onset of Alzheimer disease (AD) so the regulation of apo E level 

may be involved in AD pathogenesis (1), as confirmed by many 
studies (2-5).
Conclusions. This novel homozygous ABCA1 mutation is associ-
ated with markedly decreased levels of HDL-C, plasma apoA-I as 
well as decreased total cellular cholesterol efflux and may play a 
role in the neurodegenerative condition which affect our proband. 
Its role in neurodegenerative disorders must be better understood.
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Introduction. The increasing prevalence of non-alcoholic fatty liv-
er disease (NAFLD) and its relationships with many endocrine 
diseases represent real challenges today. Many liver diseases are 
accompanied by disorders in lipid metabolism. Hypogonadism, a 
major problem in sexual dysfunction, is strongly associated with 
NAFLD. Preclinical and clinical studies have shown that testoster-
one replacement therapy improves hepatic steatosis, but the molec-
ular mechanism of this effect remains unknown. Starting from this 
evidence, our aim was to evaluate the effects of Testosterone (TST) 
and Dihydrotestosterone (DHT), the active metabolite, on different 
hepatocyte cultures.
Methods. We evaluated the effect of TST and DHT at doses of 10 
and 100 nM for 24 hours in rats MCA-Rh7777 and human HepG2 
hepatic cells. We evaluated the intracellular lipids and triglycerides 
content. In addition, to understand the mechanism underlying this 
reduction, we evaluated the genes involved in the metabolism of 
lipogenesis, lipolysis and β-oxidation, as well as the pathways in-
volved.
Results. In rats MCA-Rh7777, the incubation with TST and DHT 
reduced intracellular neutral lipid and triglycerides content. These 
results are confirmed also on human HepG2 cell. In addition, in 
HepG2 cell line, we shown that TST decreases genes involved in 
lipogenesis (SREBP-1c and DGAT1: 10 nM and 100nM TST vs 
CTRL, p<0.001 respectively; SREBP-2: 10nM TST vs CTRL, p=0.01), 
and increases gene involved in β-oxidation (PPARα: 100nM TST vs 
CTRL, p=0.01) metabolism. Furthermore, TST incubation in-
creased proteins expression levels of SIRT-1 (p<0.05) leading to 
reduction of protein level of PPARγ (p=0.04). Incubation with DHT 
androgen also decrease genes involved in lipogenesis (SREBP-1c: 
10 nM DHT and 100 nM DHT vs CTRL, p=0.002 and p=0.01, respec-
tively; DGAT1: 100 nM DHT vs CTRL, p=0.01; PPARγ: 100 nM DHT 
vs CTRL, p=0.004), and β-oxidation (PPARα: 100 nM vs CTRL, 
p=0.02) metabolism. In addition, DHT incubation increased pro-
teins expression levels of SIRT-1 (p=0.002) and reduced of protein 
level of PPARγ (p<0.001). 
Conclusion. We found, for the first time, that replacement therapy 
with androgens reduced liver fat accumulation thought the alter-
ation of the expression levels of genes and proteins, such us SIRT-1 
and PPARγ, involved in hepatic fat accumulation and removal.
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Background. Adherence to lipid-lowering therapy is crucial in re-
ducing cardiovascular risk. Several methods can be used to assess 
therapeutic adherence. The Morisky scale is a validated one and 
widely used as a measure of adherence.
Patients and Methods. We aimed to assess the adherence to 
pharmacological therapy in the first 160 patients with dyslipidemia 
consecutively attending our outpatient clinic dedicated to cardio-
vascular prevention and already under pharmacological treatment 
for at least twenty-four months (average 33.4±12.2). The four-item 
Morisky scale was used (good adherence score <3). Out of the 160 
patients who were given the questionnaire, eight did not complete 
it in full. Among the remaining 152 patients, 64 were females and 88 
were males. The mean age was 65.38±13.38 years, and the average 
number of drugs taken was 2.65±1.76.
Results. Among the 152 patients who completed the assessment, 
eight (5.6%) showed low adherence (score ≥3). The average num-
ber of drugs taken by these patients was 3.55±0.8.Discussion. The 
Morisky scale is validated in assessing forgetfulness in drug intake, 
intentional changes in dosage and mode of administration, and the 
difficulty in following a specific therapeutic regimen. In our study, 
the intake of therapy in a consecutive group of 160 patients with 
dyslipidemia under treatment with lipid-lowering drugs for a long 
time showed excellent adherence to the pharmacological therapeu-
tic regimen (94.75%). As expected, in patients with low adherence, 
a higher number of prescribed drugs were noted compared to the 
overall average of patients.
Conclusions. In an outpatient clinic, dedicated to cardiovascular 
prevention, in patients on long-term follow-up, excellent adherence 
to pharmacological lipid-lowering therapy was observed. As expect-
ed, the few patients with poor adherence had a higher total number 
of prescribed drugs compared to the sample average in the study.
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Introduction. In spite of the progressive rise in the therapeutic 
armamentarium for LDL-C reduction in the last decade, a substan-
tial cardiovascular (CV) risk is still present in many patients. Cur-
rently those who do not reach LDL-C targets are generally ad-
dressed to a combination of statins+ezetimibe. If this is still insuffi-
cient to achieve the desired target, a PCSK9-antagonist or inclisiran 
(an siRNA for PCSK9) can be added. This novel approach could fill 
the gap in achieving LDL-C target levels in patients with high/very 
high CV-risk (1). 
Methods. Ten subjects with high/very-high CV-risk were consid-
ered in this real-word study.after attempting to lower LDL-C with 
different drugs: six patients were on rosuvastatin at maximal toler-
ated dose in combination with ezetimibe, one on monacolin-K+eze-
timibe and one with fenofibrate. Only two of them were without 
hypolipidemic-therapy for total intolerance. All were then treated 
with additional inclisiran by s.c. injection (at days 1-90), five have 
already received an injection after 270 days. 
Results. The mean value of LDL-C at baseline was 125.4 mg/dl 
±38.6. Percentage LDL-C changes after inclisiran were remarkable, 
with mean reductions of 42-45%. Three patients achieved the thera-
peutic target after 3 months (maximal reduction in LDL-C in one 
woman, - 83%). In addition, after 90 days Lp(a) levels were reduced 
in 4 patients (mean - 45 %).
Conclusion. Inclisiran leads to extensive LDL-C and Lp(a) reduc-
tions with high interindividual differences. 
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Introduction. Familial Homozygous Hypercholesterolemia (HoFH) 
an autosomal co-dominant disorder characterized by extreme ele-
vations of LDL-C, tendon xanthomas and premature atherosclerotic 
cardiovascular disease (ACVD). It is consequent to mutations ei-
ther in the LDLR, APOB or PCSK9 genes. Generally FH subjects 
partially respond to maximal statin therapy and LDL-C target 
achievement remains a challenge.
Case report. A 64-yo woman was diagnosed as HoFH 7 years ago 
after molecular confirmation. She carries biallelic mutants in LDLR 
(Arg300Gly and Arg303Trp). Untreated baseline lipids already at 
the age of 12 were TC 544, TG 100, HDL-C 52, LDL-C 472 mg/dL. 
During adolescence she was treated with cholestyramine at differ-
ent doses, taken discontinuously over the years. She presented to 
our Lipid Clinic at age 30 with tendon xanthomas, hyperLpa (70 
mg/dL), hypertension, smoking, family history of hyperlipidemia 
and CVD. Different drug treatments (statins,probucol, ezetimibe) 
had been tried with poor results, with LDL-C still at 273 mg/dl. 
More recently she received evolocumab 140 mg every 2-weeks 
added to rosuvastatin 40 mg+ezetimibe 10mg , followed by an 
LDL-C reduction to 121 mg/dl. At age 59 she had an acute ante-
ro-lateral MI and evolocumab was raised to 420 mg every 2 weeks, 
LDL-C reaching 69 mg/dl. In May 2023 bempedoic acid 180 mg 
was added and an LDL-C goal of 45 mg/dl was achieved after 2 
months of treatment.
Conclusion. The addition of bempedoic acid is ideally suited to 
provide additional benefit in view of the excellent tolerability and 
rare occurrence of drug interactions. These data show the clinical 
efficacy of a therapeutic combination of bempedoic acid on top of 
PCSK9-inhibitor and a first- and second-level therapy with statin 
and ezetimibe (1), even in a complex FH patient with difficult target 
achievement.
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Background. Several clinical studies, in particular the CLEAR 
Phase-3 “Galaxy” Studies (HARMONY, WISDOM, SERENITY, 
TRANQUILLITY and CLEAR FDC), have shown the cholester-
ol-lowering efficacy of Bempedoic Acid (BA) in different groups of 
patients, including statin-intolerant, with an average LDL-C reduc-
tion of about 24%.
Aim. To assess the efficacy of BA in monotherapy or in association 
with ezetimibe (FDC) in real-life patients, who needed an adjust-
ment therapy both to achieve LDL target and/or due to intolerance 
to previous therapies. Therefore, we also compared our results with 
those reported in different setting patients as in the CLEAR Phase-3 
studies.
Methods. 23 patients, (16F; 7M) have been included between April 
and August 2023 at our Center; 19 have had true, absolute/relative 
statin intolerance. Thirteen patients were treated with BA/ezeti-
mibe, 3 with BA/ezetimibe association plus a low dose statin, 6 only 
with BA while the last one was in therapy with BA and PCSK9i. The 
primary endpoint was LDL-C reduction after the first month of ther-
apy. Safety and tolerability have been assessed as self-patients re-
ported. A subsequent analysis was carried out dividing the patients 
into their hypothetical CLEAR Phase-3 trial settings (13 CLEAR-
TRANQUILLITY, 6 CLEAR-SERENITY and 4 CLEAR-FDC) and 
comparing the LDL-C reduction we observed with the relative clin-
ical trial results. 
Results. After only one month of treatment, patients showed an 
LDL-C reduction of 35.78% (±15.74): M=30.85±12.44; F=37.93±16.89.14 
patients (58.33%) reached the LDL target, 9 did not, starting from a 
greater (about 40%) distance from the target due to absolute/rela-
tive statin intolerance. To be note that, of these latest 9, 80% ob-
tained a >20% reduction, and in only 2 patients myalgia was still 
present. In our little and monocentric sample of real-world patients, 
the CLEAR-TRANQUILLITY-like patients obtained a reduction of 
34.7% vs 28.5% expected, the SERENITY-like group showed a re-
duction of 31.3% vs 23.6% and the FDC-like group a result of -48% vs 
-38%, demonstrating a greater compliance and safety in real-life pa-
tients than traditional therapy.
Discussion. Despite the small sample, BA in real life has been 
shown to reduce LDL-C value alongside with a “clear” improvement 
in symptomatology and therefore compliance to the treatment. The 
results obtained in our “CLEAR-like settings” individually showed 
a reduction in LDL-C higher than that reached in the trials. The 
early data collected so far in our clinic (in some cases also at four 
months of treatment) confirmed the key role that BA is acquiring 
among hypercholesterolemic “difficult to treat” patients.

IMPACT OF CONGENITAL UNCONJUGATED 
HYPERBILIRUBINEMIA ON LIPID 
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Background. Plasma Unconjugated bilirubin (UCB), a degrada-
tion product of heme catabolism that derives from the reduction of 
biliverdin (BVR), has antioxidant properties and is involved in dia-
betes, metabolic syndrome and cardiovascular disease protection. 
Although several studies indicated that the protective role of UCB/
BVR is associated with anti-oxidant/anti-inflammatory effects, the 
molecular mechanisms are still poorly understood. Therefore, we 
investigate the effect of congenital hyperbilirubinemia during ath-
erosclerosis on ApoE-/- background in standard chow diet. 
Materials and Methods. Male ApoE-/-, ApoE-/-/Bvra-/- (knock-
out for the enzyme, biliverdin reductase, that reduce biliverdin to 
bilirubin), ApoE-/-/Ugt1-/- (knockout for the enzyme, glucuronos-
yltransferase, that convert unconjugated bilirubin to its conjugated 
form ready for degradation) and ApoE-/-/Bvra-/-/Ugt1-/- mice 
were fed on chow diet for 9 months. Blood, liver, spleen, bone mar-
row and mediastinal lymph nodes were collected and profiled by 
FACS analysis for immune cell subsets distribution. Atherosclero-
sis was profiled at the aortic level paralleled by the analysis of liver 
features. 
Results. Our preliminary data show that ApoE-/-/Bvra-/- and 
ApoE-/-/ Bvra-/- /Ugt1-/- presented increased liver steatosis com-
pared to ApoE-/- and ApoE-/-/Ugt1-/-, combined with increase 
macrophages and reduced NK regulatory cells infiltration. Cytoflu-
orimetric analysis of the blood reveal a slight increase in neutro-
phils and a significant increase of cytotoxic natural killer cells in 
ApoE-/-/Bvra-/- and ApoE-/-/ Bvra-/- /Ugt1-/- mice compared to 
the other two groups. Finally, the quantification of aortic plaque 
formation indicated a similar aortic plaque area among the four 
experimental groups with comparable plasmatic cholesterol levels.
Conclusions. Overall congenital unconjugated hyperbilirubin-
emia in an experimental atherosclerotic setting doesn’t affect plas-
ma cholesterol and plaque formation. On the other hand, bilirubin 
shortage, or biliverdin accumulation, results in liver steatosis and 
in a worse immune cells profile in the liver. Further molecular anal-
ysis are ongoing to delineate the role of UCB on atherosclerosis 
development in high cholesterol diet.
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Background. Nutraceuticals can be a valid therapeutic alternative 
in certain classes of patients (B. Napolitano, SISA 2021, 2022). 
Since June 2022, European Union has mandated a reduction in the 
dosage of monacolin (<3 mg/day). There is currently no literature 
data regarding maintenance of therapeutic effectiveness on LDL 
levels with this dosage.
Patients and Methods. We evaluated efficacy [percentage reduc-
tion in LDL and percentage of achieving the therapeutic goal (<100 
mg/dl) of a nutraceutical containing 2.9 mg of monacolin K (MK) 
in patients with moderate cardiovascular risk (SCORE >0.9 <5% at 
10 years)], who were unwilling to take statins, compared to treat-
ment with nutraceutical containing 10 mg. We evaluated 55 patients 
(35 females) consecutively attending outpatient clinic for dyslipid-
emia. All patients had been under treatment, for at least nine 
months (average 14.4±4.8 months), with a nutraceutical containing 
10 mg of MK (Colenorm Plus®) and, since June 2022, they started 
taking nutraceutical containing 2.9 mg of MK. Before any lipid-low-
ering treatment, the values were: mean age 62.2±8.5 years, BMI 
25.5±0.7, TC 202.6±29.3, HDL 53.2±10.7, LDL 125.4±31.7, TG 
123±39.2.
Results. At baseline: BMI 26.7±3.7, TC 167.5±37.2, HDL 50.9±13.4, 
LDL 92.4±37.5 (-26% compared to no therapy), TG 120.3±59.7. The 
63.64% of patients reached target <100 mg/dl. Six months after 
starting new therapy: BMI 26.9±3.5, TC 185.5±43.4, HDL 52.4±10.1, 
LDL 111.5±33.8, TG 126.5±31.8. LDL values decreased by 11.2% 
compared to no therapy but increased by 20.7% compared to 10 mg. 
Patients reaching the goal decreased to 27.27%.
Conclusions. Reduction of MK to 2.9 mg results in a significant 
lost in the efficacy on LDL levels and the achievement of the thera-
peutic goal compared to 10 mg. A new strategy for lipid-lowering 
nutraceuticals, based on the combination of 2.9 mg of MK with oth-
er lipid-lowering molecules, is necessary to achieve a good thera-
peutic response.

DILI (DRUG-INDUCED LIVER INJURY), 
CARDIOVASCULAR RISK AND NEW 
PHARMACOLOGICAL WEAPONS.  
CASE REPORT OF FAMILIAL 
HYPERCHOLESTEROMY WITH STATIN 
INTOLERANCE

A. Nucera, F. Cassandra, G. Ferrazza, R. Gervasi, G. Piciucchi,  
F. Palumbo, C. Giovinazzo, M. Ballanti, F. Davato, M. Cardellini,  
S. Rizza, M. Federici
Department of Systems Medicine, University of Rome Tor Vergata
E-mail: alessandro.nucera@ptvonline.it

60-year-old man, on therapy with Atorvastatin 20 mg 1cp / day for 
hypercholesterolemia from the age of 45. He was admitted to Inter-
nal Medicine for general malaise and acute hepatitis (ast 2000 U/ 
K, alt 1500 U / L). Statin intolerance led to the use of ezetimibe 
combined with a previously prescribed balanced diet plan. Patients 
with clinical suspicion of familial hypercholesteromy (DLCN 
SCORE: 7). From 2015 to 2022, the patient underwent check-ups in 
the clinic every six months, where blood tests, clinical examination 
and instrumental evaluation for organ damage were viewed. The 
patient was affected by FAMILY HETEROZYGOTE HYPERCHO-
LESTROLEMIA with mutation of the LDLR and APOB gene, car-
diovascular risk calculation: HIGH, this necessitates therapeutic 
continuity, periodic checks, cardio-metabolic follow-up. During the 
follow-up we witnessed a significant reduction in c-ldl values, reach-
ing the therapeutic target according to ESC / EAS 2016 guidelines, 
(C-LDL <100 mg / dl, after prescription of Praulet (Alirocumab) 75 
mg 1 fl sc every 14 days, subject to AIFA eligibility. With the intro-
duction of the new evidence of cardiovascular risk present in the 
ESC / EAS 2019 guidelines, the patient appears to be out of the 
expected goal of about 30%, recommended LDL-c for risk class <70 
mg/dl. In conclusion, the clinical case showed a therapeutic conti-
nuity aimed at minimizing the cardiovascular risk in a patient with 
FH. It places a magnifying glass on that minority of patients who 
report a severe adverse event while using statins and the possible 
use of other pharmacological approaches. In the panorama of inno-
vative therapies against hypercholesterolemic dyslipidemia Be-
mpedoic acid could be effective therapeutic alternative in patients 
not in range for c-ldl level, intolerant to statins. Specifically, a signif-
icant reduction in LDL cholesterol occurred after administration of 
Nustendi 180/10 mg (Bempedoic acid/ezetimibe) o.d, getting the 
therapeutic goal (LDL<70 mg/dl).
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Background. In February 2021, few cases of unusual, severe 
thrombotic events associated with thrombocytopenia reported af-
ter vaccination with ChAdOx1 nCoV-19 (Vaxzevrya) or with John-
son&Johnson’s Janssen vaccine raises concern about safety. The 
vaccine-induced thrombotic thrombocytopenia (VITT) has been 
related to the presence of platelet-activating antibodies directed 
against platelet factor 4. 
Objectives. We investigated VITT subjects genetic background by 
a high-throughput whole exome sequencing approach in order to 
investigate VITT genetic predisposition. 
Methods. Six patients (females of Caucasian origin with a mean 
age of 64 years) referred to the Atherothrombotic Diseases Center 
(Department of Experimental and Clinical Medicine, Azienda 
Ospedaliero-Universitaria Careggi, Florence) with a diagnosis of 
definite VITT underwent Whole Exome Sequencing (WES) analy-
sis. WES analysis was performed on Illumina NextSeq500 platform. 
Results. WES analysis revealed a total of 140,563 genetic variants. 
Due to VITT rare occurrence, we focused attention on rare vari-
ants. The global analysis of all high-quality rare variants did not 
reveal a significant enrichment of mutated genes in biological/func-
tional pathways common to patients analysed. Afterwards, we fo-
cused on rare variants in genes associated with blood coagulation 
and fibrinolysis, platelet activation and aggregation, integrin-medi-
ated signalling pathway as well as autoimmune thrombocytopenia. 
According to ACMG criteria, 31/112 (27.7%) rare variants were 
classified as uncertain significance variants (VUS), whereas re-
maining were likely benign/benign. 
Conclusion. WES analysis identifies rare variants possibly favour-
ing the prothrombotic state triggered by the exposure to vaccine. 
Functional studies and/or extension to a larger number of patients 
might allow a more comprehensive definition of these molecular 
pathways.

CHARACTERIZATION OF LIPID  
AND LIPOPROTEIN PROFILE IN ALAGILLE 
SYNDROME
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Background and Aim. Alagille syndrome (ALGS) is a rare dis-
ease (1/70.000) variably characterized by chronic cholestasis due 
to paucity of intrahepatic bile ducts, peripheral pulmonary artery 
stenosis, vertebrae segmentation anomalies, characteristic facies, 
pigmentary retinopathy, and dysplastic kidneys. Most patients ex-
perience intractable pruritis and the presence of xanthomas, local-
ized cholesterol and fats deposits under the skin caused by this 
liver dysfunction. Hypercholesterolemia is a well-known cardiovas-
cular risk factor associated with atherosclerosis and arterial stiffen-
ing in liver disease. However, the role of lipid in ALGS-associated 
cardiovascular risk is unclear and lipids and lipoproteins are poorly 
characterized. Aim of this work was to characterize lipid and lipo-
protein alterations in ALGS to identify potential pharmacological 
targets to prevent the onset and progression of cardiovascular and 
renal complications in these patients. 
Methods. Six pediatric patients with ALGS were enrolled and lipid 
and lipoprotein profile was characterized. 
Results. Three patients show high LDL-C, the presence of LpX and 
reduced HDL-C associated to alteration in subclasses distribution. 
Moreover, an impaired activity of LCAT enzyme is detected and can 
explain the increased free to total cholesterol ratio in these patients. 
Interestingly, the in vitro incubation with a synthetic LCAT activa-
tor is able to ameliorate lipid profile. However, these alterations are 
not observed in all patients; indeed, despite the broad clinical phe-
notype of ALGS and large number of mutations identified to date, 
there have been no genotype-phenotype correlations identified. 
The pattern and the degree of organ involvement may be different 
among patients, including those sharing the same mutation. 
Conclusions. In our study, patients showing lipid abnormalities 
have more severe symptoms compared to patients with normal lip-
id profile. The correlation between lipids and the disease severity 
needs further studies to identify possible targets for therapeutic 
approaches aimed at preventing the onset and progression of car-
diovascular and renal complications in ALGS.
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Background. Statins have been used for decades in the primary 
and secondary prevention of cardiovascular diseases. These drugs 
are known to be relatively safe yet associated with side effects, of 
which the most reported are related to the muscle such as myalgia, 
myositis or rhabdomyolysis. Particular caution is necessary in in-
herited peripheral neuropathy such as Charcot-Marie-Tooth dis-
ease. Statins have been classified in the uncertain/minor risk 
group in Charcot-Marie-Tooth patients. For these patients is now 
avaible theraphy with bempedoic acid. Bempedoic acid is an ATP 
citrate lyase inhibitor that targets cholesterol synthesis upstream of 
3-hydroxy-3-methylglutaryl coenzyme A reductase, the enzyme in-
hibited by statins but It is activated in the liver and not in most pe-
ripheral tissues, including skeletal muscle.
Methods. We reported two clinical cases of patients with Char-
cot-Marie-Tooth to assess efficacy and safety of Bempedoic acid. 
We evaluated lipid profile, liver and muscler enzyme at baseline and 
after 4 weeks of bempedoic acid treatment.
Results. We enrolled 2 patients of 25 and 39 years old respectively; 
both had nonalcoholic steatohepatitis, only one was hypertensive, 
no patient reported cardiovascular event or carotid atherosclerosis. 
Although both patients were on maximally tolerated hypolipidemic 
therapy with Ezetimibe, they have not achieved the desired LDL-C 
target. After 4 weeks treatment with Bempedoic acid, we observed 
a significant reduction in LDL-C levels (from 118 mg/dl to 58 mg/
dl and from 115 mg/dl to 85 mg/dl, with an average reduction of 
about 40%). None reported any adverse event such us elevation of 
liver and muscular enzymes.
Conclusion. Hypercholesterolemia is common in patients with 
Charcot-Marie-Tooth disease because of decreased uptake of 
low-density lipoprotein (LDL). Although we currently have only 
two patients, Bempedoic acid has been shown to be aviable alterna-
tive therapy for both LDL-C level reduction and tolerance.

IDENTIFICATION OF NEW SIDE CHAIN 
OXIDIZED STEROLS AS NOVEL LIVER X 
RECEPTOR AGONISTS WITH THERAPEUTIC 
POTENTIAL IN THE TREATMENT  
OF CARDIOVASCULAR AND 
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The nuclear liver X receptors (LXRα and β) may be potential thera-
peutic targets in cardiovascular and neurodegenerative diseases 
because of their key role in the regulation of lipid homeostasis and 
inflammatory processes. Among the mechanisms involved in the 
maintenance of macrophage cholesterol homeostasis, cholesterol 
efflux plays a crucial role. Specific oxy(phyto)sterols differentially 
modulate the transcriptional activity of LXRs, providing opportuni-
ties to develop new therapies. However, this development is pre-
cluded by unwanted side effects, such as hypertriglyceridemia and 
hepatic steatosis due to hepatic LXRα activation. The aim of this 
study was to investigate the effect of newly isolated oxyphytosterols 
from Sargassum Fusiforme and new synthesized side chain oxi-
dized sterols on cholesterol efflux and on genes involved in this 
process.Cellular cholesterol efflux was evaluated with a radioiso-
topic cell-based assay on human hepatocellular carcinoma cell line 
(HepG2) after treatment with n=13 new LXRα/β agonists. Gene 
expression was assessed in HepG2 and in human astrocytoma cells 
(CCF-STTG1) by qPCR. We identified two sidechain 24-oxidized 
sterols (S2 and S6) with a high potency for LXRα/β activation. In 
detail, S2 increased cholesterol efflux from HepG2 by 54.3%, 15.2%, 
and 24.5% in presence of isolated APOA-I and HDL, and human 
serum (as cholesterol acceptor), respectively, while S6 increased 
cholesterol efflux by 9.3% and 6.7% in presence of APOA-I, and hu-
man serum, respectively. In addition, these sterols did not upregu-
late the expression of ABCA1 and ABCG1, but also they didn’t pro-
mote the expression of SREBF1, SCD1, FASN or ACC1 in HepG2 
cells, avoiding unwanted side effects, which are usual for synthetic 
pan-LXR agonist. In CCF-STTG1 cells, S2 and S6 slightly increased 
APOE, ABCA1, and ABCG1 mRNA levels. These results put the 
premises to identify and develop novels LXR-activating 24-oxidized 
sterols as potential therapeutic options in neurodegenerative and 
cardiovascular diseases.
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Background. PCSK9, beyond the well-established plasma choles-
terol regulatory activity, may be involved in Alzheimer’s disease 
pathogenesis (AD), although the underlying mechanisms are not 
fully clarified. In this regard, we recently demonstrated in vitro that 
PCSK9 impairs brain HDL-mediated cholesterol transport from 
astrocytes to neurons and amplifies Amyloid β (Aβ)-induced neuro-
toxic effect. Hence, we aim to investigate the influence of PCSK9 on 
cognitive performances, Aβ burden, neuroinflammation, and brain 
lipids in a mouse model of severe AD.
Methods. We crossed 5XFADhet mice with PCSK9 KO mice to 
generate a mouse model of AD in which PCSK9 was genetically 
ablated. In 10-month old (mo) old mice, glial reactivity (both 
IBA1+-microglia and GFAP+-astrocytes) and Aβ burden (Thiofla-
vin-S+- and Aβ+-plaques) were assessed by immunohistochemical 
analyses, while cognitive performances (spatial learning and mem-
ory) through the Morris water maze test. Cerebral cholesterol and 
hydroxysterols (OHCs) were quantified by fluorometric and LC-
MS/MS analyses.
Results. PCSK9 ablation in 10 mo 5XFADhet mice decreased mi-
crogliosis and astrocyte reactivity, an index of attenuated neuroin-
flammation (p<0.001 vs 5XFADhet-PCSK9+ mice) in cortico-hippo-
campal brain areas, accompanied by a decrease in Aβ burden and 
improved cognitive performances (p<0.05 vs 5XFADhet-PCSK9+ 
mice, all). Conversely, PCSK9 ablation had minimal impact on brain 
cholesterol levels, while cerebral 24-OHC and 27-OHC concentra-
tion was unaffected.
Conclusions. This in vivo evidence suggests a protective role of 
PCSK9 genic deletion in 5XFAD, a severe mouse model of AD, 
against cognitive decline, Aβ pathology and neuroinflammation, 
only partially explained by the restoration of cerebral cholesterol 
homeostasis. Altogether, these results favour the premise of identi-
fying PCSK9 as a pharmacological target for the development of 
novel therapeutic strategies for AD, for which no treatment is yet 
available.
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Introduction. Proprotein convertase subtilisin/kexin type 9 
(PCSK9) is a key player in modulating the number of low-density 
lipoprotein receptors (LDLR) at the hepatocytes surface. Therapies 
aimed at reducing free PCSK9 circulating levels decrease plasma 
LDL concentration by approx. 50 to 60% and, as a consequence, the 
risk of cardiovascular events. Monoclonal antibodies bind to PCSK9 
preventing the interaction to LDLR and promoting its recycling and 
accumulation on the hepatocyte surface. The clearance of LDL-C 
particle accelerates from plasma, thus reducing their levels, mean-
while the plasma levels of PCSK9 increased 10-fold of which, on 
average, 10% was associated with LDL (n=30; p<0.005). Further-
more, PCSK9 undergoes post-translational modifications, including 
acetylation. Here we asked whether this affects binding PCSK9 to 
lipoproteins. 
Methods. The OPTIPREP ultracentrifugation technique was used 
to isolate lipoproteins from the plasma patients before and after 
mAbs therapy. The 23 fractions were collected and their cholester-
ol, triglycerides and PCSK9 contents were analyzed by colorimetric 
and ELISA assays. The presence of post-translational changes in 
PCSK9 were studied by immunoblotting using the antibody anti 
acetyl-lysine (1:600).
Results. The results are reported in a graph in which 2 peaks (PC-
SK9-bound to LDL and PCSK9 free) on PCSK9 curve and 1 major 
peak (LDL free) on cholesterol curve are observed. The fractions 
contained in every single peak were pooled and analyzed by immu-
noblotting. An increment in PCSK9 acetylation was observed after 
mAbs therapy in the PCSK9-bound LDL pool. 
Conclusion. Acetylated PCSK9 appears to preferentially associate 
to LDL in circulation. Further studies are needed to investigate the 
biological activity of acetylated PCSK9.
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LONG TERM FOLLOW-UP AND TREATMENT 
OF PATIENTS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA IN MODENA 
LIPIGEN COHORT

F. Pugnaghi, S. Lugari, F. Nascimbeni, F. Carubbi,  
A. Cavicchioli, P. Andreone, E. Pellegrini
Medicina Interna ad Indirizzo Metabolico, AOU Modena
E-mail: pugnaghifrancesco@gmail.com

Introduction. Familial hypercholesterolemia is a genetic disorder 
characterized by high levels of low-density lipoprotein cholesterol 
(LDL-C) and an increased risk of atherosclerotic cardiovascular 
events. Strategies to reduce LDL-C are essential to improve the 
prognosis of patients affected by familial hypercholesterolemia. 
The advent of new lipid-lowering drugs has improved the manage-
ment of these patients in recent years. However, real-life studies are 
needed to confirm the impact of these pharmacological advance-
ments in clinical practice. This retrospective observational study 
aims to evaluate the trend in the use of lipid-lowering medications 
and the achievement of LDL-C therapeutic targets in a cohort of 
patients with familial hypercholesterolemia followed at a tertiary 
level LIPIGEN Center. 
Materials and Methods. A total of 413 patients diagnosed with 
familial hypercholesterolemia based on clinical and/or genetic cri-
teria were enrolled in this retrospective observational cohort study 
(mean age 49 [33-59] years, 49% male, genetic diagnosis 73%, max-
imum LDL-C 250 [210-309] mg/dl, secondary cardiovascular pre-
vention 15.7%). All patients were followed at the LIPIGEN Center in 
Modena. Clinical and laboratory data related to lipid profiles, car-
diovascular events, and pharmacological treatment were collected 
at baseline (first visit to the Center) and during a median follow-up 
of 39 [19-55] months. LDL-C therapeutic targets were defined ac-
cording to the 2019 ESC/EAS guidelines. 
Results. At baseline, LDL-C levels were 162 [127-208] mg/dl. 
Only 60% of the patients were treated with statins, with 49.6% of 
them receiving high-intensity statin-based therapy. Ezetimibe and 
PCSK9 inhibitors were used in 34.9% and 1.7% of cases, respective-
ly. Only 4 patients (1.0%) had a guideline-recommended LDL-C 
level. During follow-up, there was a significant increase in the 
prescription and association of lipid-lowering medications: statins 
(89.1%), with 58.2% receiving high-intensity therapy, ezetimibe 
(75.5%), and PCSK9 inhibitors (31%) (all p<0.001). This led to a 
48% reduction [25.9-63.6]% in LDL-C levels compared to baseline, 
reaching a median of 88 [59-109] mg/dl (p<0.001) and allowing 
the achievement of the target in 124 patients (30%) (p<0.001). The 
use of the triple combination of statin, ezetimibe, and i-PCSK9 in 
113 patients (27.4%) resulted in the therapeutic target being 
reached in 88.5% of cases, with median LDL-C levels of 45 [39-57] 
mg/dl. Patients who achieved the therapeutic target during the 
follow-up were significantly older and more frequently male, pro-
bands, with a genetic diagnosis of Familial Hypercholesterolemia, 
a family and/or personal history of cardiovascular events, higher 
LDL-C burden, and a higher prevalence of cardiovascular risk fac-
tors (smoking, hypertension, diabetes, visceral adiposity). Four-
teen patients (3.4%) experienced incident cardiovascular events 
during the follow-up, with age, LDL-C burden, personal history of 
previous cardiovascular events, hypertension, diabetes, and vis-
ceral adiposity emerging as predictors of incident cardiovascular 
events. 
Conclusions. The treatment of patients with Familial Hypercho-
lesterolemia has improved over time. However, a considerable per-
centage of individuals fail to achieve the LDL-C therapeutic target. 
The use of triple combination therapy with a statin, ezetimibe, and 

i-PCSK9 represents the best strategy for LDL-C reduction, allowing 
the target to be achieved in the majority of FH patients at higher 
cardiovascular risk.

EPICARDIAL ADIPOSE TISSUE  
AND PERICARDIAL ADIPOSE TISSUE 
AS CELL MODELS TO ASSESS PATIENT 
RESPONSIVENESS TO THERAPEUTICS

S. Quarta 1, G. Santarpino 2, N. Calabriso 3, L. Siculella 1,  
F. Damiano 1, M.A. Carluccio 4, M. Massaro 4

1Department of Biological and Environmental Sciences  
and Technologies (DISTEBA), University of Salento, Lecce;  
2GVM Care & Research, Città di Lecce Hospital, Lecce;  
3Institute of Clinical Physiology (IFC), National Research Council 
(CNR), Lecce; 4Institute of Clinical Physiology (IFC),  
National Research Council (CNR), Lecce
E-mail: stefano.quarta3@unisalento.it

Background. The abundance of epicardial and pericardial adipose 
tissue is associated with several cardiac risk factors and higher ca-
rotid intima-media thickness, suggesting a pathogenic role of epi-
cardial adipose tissue and pericardial adipose tissue in the develop-
ment of atherosclerosis. Under obesity conditions, a shift in meta-
bolic functions toward inflammatory and pro-atherogenic pheno-
types occurs in both fat depots. Curbing epicardial and pericardial 
adipose tissue dysmetabolism and associated inflammation may 
represent a novel therapeutic target to prevent coronary athero-
sclerosis. 
Purpose. Development of a feasible and efficient method for isola-
tion of adipocytes from human pericardial adipose tissue and eval-
uation of adipocyte response to therapeutics and micronutrients.
Methods. Pericardial adipose tissue was collected from coronary 
patients undergoing surgery for coronary stenosis and from pa-
tients undergoing aortic or mitral valve surgery and immediately 
enzymatically processed. Isolated adipocytes were morphologically 
and molecularly characterized. Cell responsivity was evaluated by 
exposure to inflammatory stimuli or to docosahexaenoic acid, a 
well-known cardio-protective fatty acid. 
Results. We obtained pure cultures of adipocytes that can be 
sub-cultured for several days without losing viability and retaining 
the ability to respond to stimuli. Basal expression of inflammatory 
genes in adipose cells was higher in coronary patients than in aor-
tic and mitral surgery patients. Exposure of adipocytes to Tumor 
necrosis factor alpha significantly induced the messenger and pro-
tein expression of monocyte chemoattractant protein-1 and Inter-
leukin 6 (p<0.05), while downregulated the expression of uncou-
pling protein-2 and Peroxisome proliferator-activated receptor 
gamma (p<0.05). On the other hand, the exposure of adipocytes to 
DHA resulted in a downregulation of monocyte chemoattractant 
protein-1, CXCL10 and Interleukin 6 expression (p<0.05) and in the 
upregulation of Uncoupling protein-1 and -2 and Peroxisome prolif-
erator-activated receptor gamma(p<0.05). 
Conclusion(s). Our data propose a new efficient method for iso-
lating adipocytes from PAT and for using them as a bio-reactor to 
test differences in different cardiovascular conditions.
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RESISTANCE TO DRUG THERAPY  
MADE IT POSSIBLE TO IDENTIFY  
A DOUBLE MUTATION OF LDLR GENE  
IN HETEROZYGOSITY

E. Rinaudo, F. Lepore, S. Mattivi, S. Amato, I. Iemmolo
Università degli Studi di Torino
E-mail: rinaudo.elisa@gmail.com

We report the case of a 54-year-old woman, smoker since she was 
25, uncontrolled diet, no physical activity and an acute myocardial 
infarction at the age of 43. She had a positive family history for 
early cardiovascular events with a familial hypercholesterolemia 
diagnosis since she was 33 (TC 603 mg/dL, LDL – C 440 mg/dL; 
hypercholesterolemic mother, sisters, brothers, nieces and chil-
dren). The children were heterozygous for the mutation 
c.1211C>T(p.Thr404Ile) in exon 9 of the LDLR gene and the same 
mutation was found in the proband by Sanger investigatio. She tried 
statins with no benefit. In 2017 evolocumab was associated. In 2021 
therapy with ezetimibe, rosuvastatin, fenofibrate and levolocumab 
was not sufficient to control values (LDL-C 324 mg/dL). In 2022 
she started lomitapide and a NGS screening was performed in con-
sideration to the different pharmacological effect and clinical trend 
compared to other family members. A digenic heterozygous muta-
tion c.241C>T in exon 3 of the LDLR gene were found in addition to 
the previous one. She is in good clinical conditions, good laboratory 
response (TC 215 mg/dL, LDL-C 114 mg/dL) with lomitapide, evo-
locumab and statin.
Methods. Library preparation and sequencing by synthesis on the 
Illumina platform (kit TruSight One Expanded o TruSight Cardio 
and sequencing on NEXTSEQ550). The bioinformatic analysis in-
volves the use of BWA Aligner or DRAGEN Enrichment software. 
The sequences are aligned to the human reference genome GRCh37 
which allows the calling of single nucleotide and structural variants. 
Illumina Variant Interpreter software or TGEX Software was used 
for variant analysis. For the selection of genes associated with the 
clinical indication, the OMIM, PanelApp and Orphanet databases 
were used. Only variants with read depth >20x and adequate quali-
ty parameters were considered Variants are annotated according to 
the HGVS nomenclature and classified according to the American 
College of Medical Genetics and Genomics guidelines. Analysis of 
the impact of the variants on the encoded protein was performed 
with the following software: SIFT, PolyPhen2, GERP, Phylo P, Phast-
Cons, Mutation Taster, Mutation Assessor, DANN, AlignGVGD 
and Grantham Score. For variants that impact the splicing mecha-
nism, the Alamut software is used.
The genetic analysis allowed us to find:
-	 The variant c.1211C>T in exon 9 of LDLR gene, with consequent 

replacement of the threonine with isoleucine in position 404. 
This variant, present in heterozygosity in the patient, is classified 
as pathogenic from the analysis software and from Varsome, with 
conflicting interpretation from ClinVar. The variant is reported in 
dbSNP, while it is absent in GnomAD. The variant affects a high-
ly conserved nucleotide, falls in the “LDL receptor class B1” 
functional domain of the protein and is reported in the medical 
literature in association with familial hypercholesterolemia (1);

-	 The variant c.241C>T in exon 3 of LDLR gene, with consequent 
replacement arginine with cysteine in position 81. This variant, 
present in heterozygosity in the patient is classified as uncertain 
meaning from the analysis software, such as pathogenetic by 
Varsome and with conflicting interpretation by ClinVar. The vari-
ant is reported in dbSNP and in GnomAD. The variant affects an 
averagely conserved nucleotide, falls in the “LDL receptor class 
A2” functional domain of the protein and is reported in the med-

ical literature as probably pathogenetic in association with famil-
ial hypercholesterolemia (2).

Conclusions. Resistance to drug therapy made it possible to iden-
tify a double pathogenic mutation affecting LDLR gene, both in 
heterozygosity leading to a LDLR digenic condition. This finding is 
compatible with the patient’s clinical presentation.

References
1)	Di Taranto MD et al, ClinGenet. 2021 Nov; 100 (5): 529-541.
2)	Gra&ccedil;a R et al, J Clin Lipidol. 2022 Jul-Aug; 16 (4): 516-524.

EFFICACY AND SAFETY OF MONOCLONAL 
ANTIBODIES AGAINST PCSK9:  
REAL-LIFE DATA

R.M. Ricciardi, A. Cipollone, D. D’Ardes, I. Rossi, E. Tafuri,  
S. Pierdomenico, M.T. Guagnano, F. Cipollone, M. Bucci
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of Aging”, “G. d’Annunzio” University, Chieti, Azienda Sanitaria 
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Background. Hypercholesterolemia is one of the most important 
cardiovascular risk factors. Among the new lipid-lowering drugs we 
include monoclonal antibodies against PCSK9, as Evolocumab and 
Alirocumab, that have been showed in several trials as an effective 
therapy against hypercholesterolemia. Anyway, real life studies are 
important to monitor efficacy and safety on patients. 
Purpose of the Study. Our study was aimed to evaluate the re-
sponse to lipid-lowering therapy (LLT) with monoclonal antibodies 
in patients belonging to different cardiovascular risk classes and to 
relate it to background therapy.
Materials and Methods. In this monocentric retrospective study, 
we included 164 patients currently followed by the Dyslipidemia 
Clinic of “D’Annunzio” University and who have started LLT with 
PCSK9i monoclonal antibodies within the last 5 years: 105 (64%) 
Alirocumab and 59 (36%) Evolocumab. Considering basic therapy, 
66% of patients receiving Alirocumab, vs 68% of those receiving Evo-
locumab (globally 66% of all patients included in our study) had al-
ready maximal treatment (statin + ezetimibe) when started PCSK9i. 
Results. Considering all patients included, 60% reached LDL-C 
target based on their own cardiovascular risk class. Better results 
were observed among patients treated with Alirocumab (62%) than 
with Evolocumab (56%). It must be considered that: the two groups 
have different numbers; Titration and optimization of therapy 
(mainly due to casual true or partial statin intolerance) has been 
greater in patients treated with Alirocumab (72%) compared to Evo-
locumab (55%). Anyway, the most important result we have ob-
served is that no cardiovascular events occurred during observa-
tion period since patients started PCSK9-i.
Conclusions. Clinical efficacy and safety of LLT with monoclonal 
antibodies is confirmed by our real-life data. Our data also highlight 
the need of a background optimized and combination therapy to 
ensure LDL-C target achievement.
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PLATELET TO GAMMA-GLUTAMYL 
TRANSFERASE RATIO: A NOVEL  
EASY-TO-USE TOOL TO PREDICT HIGH 
LIPOPROTEIN(A) LEVELS
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Department of Internal Medicine, and Rare Diseases Centre  
“C. Frugoni”, University Hospital of Bari
E-mail: dr.luigirizzi@gmail.com

Lipoprotein(a) – Lp(a) – is a lipid molecule with inflammatory, ath-
erogenic and pro-thrombotic effects. The management of Lp(a) 
levels represents an emerging challenge for lipidologist: in fact, the 
evaluation of Lp(a) levels covers a clinical significance in the assess-
ment of residual cardiovascular risk, due to its well-established 
correlations with atherosclerotic cardiovascular disease (CVD), for 
which Lp(a) can be considered an independent and causal risk fac-
tor. The most recent American and European guidelines suggest a 
cut-off value of Lp(a) concentration ≥50 mg/dL to identify subjects 
with high cardiovascular risk. 
The aim of this retrospective study was to find a predictor of high 
Lp(a) levels, in order to easily screen patients for high cardiovascu-
lar risk. We retrospectively enrolled subjects visited in our Internal 
Medicine Unit during Day-Service access, for which Lp(a) dosage 
was available. Clinical and biochemical data were collected: taking 
into account that Lp(a) plays a role in inflammation and that its 
synthesis depends on hepatic functionality, we collected data about 
blood count, liver function tests, erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP).
Results were expressed as median and interquartile range (IQR). 
Kolmogorov-Smirnov test was used to assess sample normality; 
Spearman’s Rho test was used to find possible relationships be-
tween Lp(a) and other laboratory findings. Receiver operating 
characteristic (ROC) curve was used to identify a valid predictor of 
high Lp(a) values. A p-value less than 0.05 was considered statisti-
cally significant. Statistical analysis was made with SPSS Software 
(version 26). 245 patients (113 females, 46,1%) were enrolled. Me-
dian age was 65 (IQR 19); the sample was heterogeneous about 
comorbidities: about 50% suffered from diabetes, 30,2% from chron-
ic renal failure, 60,4% from peripheral artery disease; 67,8% had 
arterial hypertension, 70,6% dyslipidaemia; less than 10% suffered 
from ischemic heart disease, venous thromboembolism, autoim-
mune diseases, cancer, ischemic stroke. Median Lp(a) level was 
12,8 mg/dl (IQR 30,45). Results showed a positive statistically sig-
nificant relationship between Lp(a) and platelet count (R=0,168, 
p=0,009) while no further correlations were found with blood count. 
Moreover, a positive statistically significant correlation between 
Lp(a) and ESR (R=0,144; p=0,024) was found, while the relationship 
with CRP wasn’t significant (R=-0,005; p=0,943). Finally, significa-
tive inverse correlations of Lp(a) with aspartate aminotransferase 
(AST) (R=-0,155; p=0,015), alanine aminotransferase (ALT) (R= 
-0,143; p=0,025) and gamma glutamyl transferase (GGT) (R=-0,160; 
p=0,012) were found, while correlation with alkaline phosphatase 
wasn’t statistically significant (R=0,043; p=0,507).
Moving from these findings, we decided to create a new predictive 
index of Lp(a) levels in the form of a mathematical fraction, choos-
ing for the numerator a variable with a positive correlation with 
Lp(a) and for the denominator a variable with a negative one. In this 
way, platelet to AST ratio, platelet to ALT ratio and platelet to GGT 
ratio were tested with ROC curve analysis in order to find an ideal 
predictor of Lp(a) levels equal or greater than 50 mg/dl. 
Results showed a non-statistically significant test for platelet to AST 
ratio (area under the curve -AUC- 57%; p=0,118; 95% confidence in-
terval -IC - 48-66) and for platelet to ALT ratio (AUC 58%; p=0,072; 

95% CI 49-67). In contrast, platelet to GGT ratio has revealed to be 
useful to predict Lp(a) levels equal or greater than 50 mg/dl with a 
best cut-off value of 3337 (AUC 60%; p=0,031; 95% CI 51-68; 98% 
sensitivity, 90% specificity).
Concluding, our research shows, for the first time, a new way to 
screen patients for high Lp(a) levels, with the help of a very easy-
to-use tool. Given the need to confirm data and improve diagnostic 
accuracy of the test, platelet to GGT ratio could be used in the con-
text of clinical lipidology for the assessment of residual cardiovas-
cular risk.

MANAGEMENT OF DYSLIPIDEMIAS  
IN TELEMEDICINE: AN EXPERIENCE  
AT A UNIVERSITY HOSPITAL

V. Rizzo 1, L. Lascala 1, M. Formica 1, C. Arcuri 1, R. Conforto 1,  
Y. Ferro 2, E. Mazza 2, A. Pujia 2, T. Montalcini 1

1Department of Experimental and Clinical Medicine,  
Magna Graecia University; 2Department of Medical and Surgical 
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Background. The pandemic has highlighted all the fragilities of 
our healthcare system, including the socioeconomic and geograph-
ical disparity in access to services, the reduced integration between 
hospital services and community services, the very high waiting 
times for access to some health services. Overcoming these fragil-
ities has become a priority in our country. Among the actions tobe 
implemented to develop digital healthcare of the future, also thanks 
to Telemedicine, there is measuring the results obtained from the 
local Telemedicine projects carried out so far so as to guide the 
choices of policy-makers and various professionals, also through 
sharing of experiences. Ameta-analysis conducted in diabetic pa-
tients has shown that telemedicine allow a greater reductionin gly-
cosylated hemoglobin, while this was not observed on blood pres-
sure.
Methods. Below we report the experience of the Telemedicine 
Operational Structure activated at the University Hospital “Renato 
Dulbecco (ex-Mater Domini)” of Catanzaro, where the Clinical Nu-
trition teleclinic is active, which deals with the management of dys-
lipidemic patients with and without obesity.
Results. In the last year, we carried out n.79 telemedicine visits, 
with a mean number of follow-upvisits of 2. The dyslipidemic pa-
tients were n.21, and 56% were women. At the first tele health vis-
it,LDL was 110±37 mg/dL, triglycerides were 106±57 mg/dL, CPK 
was 126±67 mg/dL. At the second visit of telemedicine, only n. 3 
patients were lost, and the LDL value was 96±49 (~ -14)mg/dL, tri-
glycerides were 100±43 mg/dL, and CPK was 117±37 (~ -9) mg/dL. 
Then we excluded FH patients, at the follow-up LDL was 81±21 mg/
dL. In comparison with in-person out patient visits, no significant 
differences were highlighted on lipid serum parameters.
Conclusions. Telemedicine allows us to break down barriers, and 
is as effective as the face-to-faceapproach. Patients referred good 
adherence to therapy with clinical benefits.
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SEVERE DELAYED SYSTEMIC CUTANEOUS 
REACTIONS IN PATIENTS TREATED  
WITH EVOLOCUMAB OR ALIROCUMAB

A. Romandini
Centro Cardiologico Monzino, IRCCS
E-mail: pablo.werba@cardiologicomonzino.it

Evolocumab and alirocumab are monoclonal antibodies (mAbs) 
that inhibit the proprotein convertase subtilisin/kexin type 9 
(PCSK-9), a mechanism that leads to very significant reductions of 
LDL-cholesterol levels in blood. In long-term phase-3 clinical trials, 
the adverse events reported with these compounds have been com-
parable to those observed with placebo, except for more frequent 
injection-site reactions in the active treatment branch. These drugs 
have shown very good safety and tolerability profiles also in re-
al-world clinical practice (PMID: 30053327; PMID: 36506552). Sys-
temic cutaneous hypersensitivity reactions have been reported but 
these side effects have generally been mild to moderate (PMID: 
31292332; PMID: 34188988; PMID: 35818959). In this report we 
describe and show pictures of three cases of delayed severe wide-
spread cutaneous adverse reactions, occurring 1 to 3 years after 
treatment initiation with anti-PCSK-9 mAbs. These side effects 
were presumably induced by the antibodies, compelled their dis-
continuation and resolved after drug interruption and symptomatic 
treatment. Notably, all three patients had a remote history of minor 
allergic reactions: cutaneous pruritus with proton pump inhibitors 
(patient 1), atopic dermatitis in skinfolds during childhood and ad-
olescence (patient 2) and allergic rhinitis upon exposure to cat hair 
and almonds (patient 3). Factors that strongly suggest a causal re-
lationship between the compounds and the adverse effects are: 
1)	absence of a history of similar cutaneous reactions before treat-

ment with these compounds; 
2)	temporal association between treatment doses and emergence 

or worsening of symptoms, 
3)	lack of any change in concomitant therapies or exposure to any 

other known allergen or toxic substance; 
4)	more or less rapid relief of symptoms after treatment discontinu-

ation. 
Large pharmacovigilance data are needed to understand whether a 
personal history of minor hypersensitivity should be included in 
the individual cost-benefit appraisal when treatment with an an-
ti-PCSK-9 mAb is being considered.

ANGPTL3 SILENCING AND HEPATIC FAT 
ACCUMULATION: AN IN VITRO 2D AND 3D 
MODEL TO INVESTIGATE THIS EFFECT

I. Rossi 1, G. Marodin 1, M.G. Lupo 2, N. Ferri 2

1Dipartimento di Scienze del Farmaco, Università degli Studi  
di Padova; 2Dipartimento di Medicina, Università degli Studi  
di Padova
E-mail: ilaria.rossi.11@studenti.unipd.it

Background and Aim. ANGPTL3 is an hepatokine acting as neg-
ative regulator of lipoprotein lipase (LPL) and targeted by multiple 
therapies. Vupanorsen, ANGPTL3 directed antisense oligonucle-
otide, has been discontinued from phase 2b clinical trial due to an 
unexpected increase in liver fat fraction. The aim of this project is 
to shed new insights on the intracellular mechanism causing fat 
accumulation.
Methods. We utilized hepatocarcinoma Huh7 cells treated with 
siRNA-ANGPTL3, human recombinant ANGPTL3 (hrecANGPTL3) 
or the combination of the two (siRNA+hrec). By western blot, Oil 
red-O, biochemical assays and ELISA assays, we analysed the ex-
pression of genes and proteins involved in lipid metabolism. 
Results. Oil red-O analysis demonstrated that lipid content in-
creased after ANGPTL3 silencing (5.89±0.33 fold), hrecANGPTL3 
administration (4.08±0.35 fold) and the combination of both 
(8.56±0.18 fold) compared to untreated cells. We observed an in-
crease in pro-SREBP1 and fatty acid synthase, respectively by 100% 
and by 45% after siRNA-ANGPTL3 and combined treatment. Cellu-
lar LPL activity doubled with siRNA-ANGPTL3 treatment as expect-
ed. No differences in secreted ApoB and total cholesterol were 
found in the different conditions. 
Conclusions. Efficient lipid accumulation following gene silencing 
emerged from our experiments, mirroring what was seen in pa-
tients treated with vupanorsen. The investigation led us to hypoth-
esize an increase in triglyceride synthesis and lower secretion rate 
when ANGPTL3 is silenced. Moreover, silencing and administra-
tion appear to behave in an addictive manner, following two differ-
ent pathways that are currently under analysis. These results sug-
gest a possible hepatic role of ANGPTL3 which is still unknown and 
must be further studied.
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CHARACTERIZATION OF REPLICATIVE  
AND DOXORUBICIN-INDUCED 
SENESCENCE MODELS IN VASCULAR 
SMOOTH MUSCLE CELLS
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Background. Cellular senescence is characterized by progressive 
exhaustion proliferation, senescence-associated secretory pheno-
type (SASP), high level of oxidative stress and dysfunctional mito-
chondria. Accumulation of senescent vascular smooth muscle cells 
(VSMCs) contributes to aging as well as cardiovascular disease. 
Senescent VSMCs are present in atherosclerotic plaques and con-
tribute to their instability. 
Aim. Since there are no unanimously agreed senescence markers in 
human VSMCs, we aimed at establishing the molecular signatures of 
replicative senescence (RS) and doxorubicin-induced senescence in 
human VSMCs by means of multi-biomarkers approaches, perform-
ing an in-deep cellular morphological analysis and evaluating the 
expression of manually selected senescence- associated genes.
Materials and Methods. Human aortic VSMCs were serially pas-
saged to represent different stages of RS and used from 5th to 7th 
passages (young cells) and from 15th to 17th passages (old cells), 
and to perform doxorubicin-induced senescence model we treated 
young cells with 100nM of doxorubicin for 48 hours. We measured 
SA-β-gal activity (a marker of senescence), genes and proteins ex-
pression by qPCR and western blot analysis, cell proliferation by 
cell counting, cell cycle, reactive oxygen species (ROS) production 
and mitochondrial membrane potential by flow cytometry, mito-
chondrial function by seahorse, mitochondrial morphology by con-
focal microscopy and morphological and nuclear changes by immu-
nofluorescence. 
Results. Both RS and doxorubicin-induced senescence cells 
showed more than 50% of SA-β-gal positive cells compared to 20% of 
young cells, a flattened appearance, and enlarged and irregular nu-
clei, with LMNB1 and HMGB1 expression downregulated, indicat-
ing an altered nuclear membrane. The expression of cell cycle inhib-
itors (p21/p16) was upregulated in both models, in particular we 
observed a G1-cycle arrest in RS instead a G2-cycle arrest in doxo-
rubicin-induced senescence model. Then, RS significantly induced 
SASP molecules (e.g. IL1β, IL6, IL8, MMP-3) expression, instead in 
doxorubicin-induced senescence model we observed higher ex-
pression of inflammatory markers only after 3 days of recovery. Fi-
nally, the two senescence models showed mitochondrial dysfunc-
tion characterized by a decrease in respiratory capacity together 
with a decreased mitochondrial membrane potential, accompanied 
by increased production of mitochondrial ROS. Furthermore, both 
senescence models showed altered mitochondria morphology with 
a high percentage of fragmented mitochondria compared to the 
high proportion of elongated mitochondria in young VSMCs.
Conclusions and Future Perspectives. We performed a detailed 
characterization of RS and doxorubicin-induced senescence model 
in VSMCs underling their similarities and differences. Then, these 
models will be suitable to identify potential anti-aging factors (e.g. 
senolytics or senomorphics) as a therapeutic approach in aging and 
aging-related diseases, or analyze the effects of pro-atherosclerotic 
risk factors(i.e. cigarette and tobacco products smoke) on senes-
cence.

TRYING TO REACH THE LOW-DENSITY 
LIPOPROTEIN CHOLESTEROL TARGET: 
MONOCENTRIC RESULTS AFTER  
TWO YEARS OF REAL-WORD TREATMENT 
OF HIGH- AND VERY-HIGH-RISK PATIENTS 
ALREADY ENROLLED IN THE SANTORINI 
STUDY

I. Rossi 1, B. Bucciarelli 2, F. Bianco 3, D. D’Ardes 4, A. Cipollone 5, 
L. Fasciani 6, A. Shehu 6, P. Vizzarri 6, M.T. Guagnano 7,  
S.D. Pierdomenico 6, E. Tafuri 1, F. Cipollone 4, M. Bucci 4

1Emergency Department, ASL 2 Abruzzo Lanciano-Vasto-Chieti, 
“SS. Annunziata” Hospital, Chieti; 2Department of Pediatrics, 
Marche Polytechnic University, “G. Salesi” Children’s Hospital, 
Ancona; 3Department of Pediatrics and Congenital Cardiac Surgery 
and Cardiology, Ospedali Riuniti, Ancona; 4Institute of “Clinica 
Medica”, Department of Medicine and Aging Sciences,  
“G. d’Annunzio” University of Chieti-Pescara, Chieti; 5Institute  
of “Clinica Medica”, Department of Medicine and Aging Sciences,  
“G. d’Annunzio” University of Chieti-Pescara, Chieti, School  
of Geriatrics, “G. d’Annunzio” University of Chieti-Pescara, Chieti;  
6Institute of “Clinica Medica”, Department of Medicine and Aging 
Sciences, “G. d’Annunzio” University of Chieti-Pescara, Chieti, 
School of Geriatrics, “G. d’Annunzio” University of Chieti-Pescara, 
Chieti; 7Institute of “Clinica Medica”, Department of Medicine and 
Aging Sciences, “G. d’Annunzio” University of Chieti-Pescara
E-mail: rossilaria91@gmail.com

Background. Results from SANTORINI, an observational, pro-
spective study that documented the use of lipid-lowering therapies 
(LLTs) in 9044 adults at high or very high cardiovascular (CV) risk 
between 2020 and 2021 in 14 European countries, showed that only 
20.1% of patients achieved risk-based LDL-C goals recommended 
by 2019 ESC/EAS Guidelines.
Aim and Methods. The aim of this study was to evaluate the tar-
get distance among the 27 SANTORINI patients enrolled from Chi-
eti (66.7% women, mean age 61.67±12.49 years, 77.8% at high CV 
risk) according to ESC/EAS Guidelines at 2-year follow-up and the 
efficacy of LLTs prescribed. 
Results. Total cholesterol (TC) and LDL-C significantly decreased 
from baseline (TC:200.4±66.1, LDL-C:120.6±59.8 mg/dL) to 1-year 
(TC:165.5±62.1, LDL-C:86.8±46.6 mg/dL) and 2-year follow-up 
(TC:155.8±73.0, LDL-C:78.4±72.3 mg/dL; TC p=0.017, LDL-C 
p=0.014). Despite the absence of statistical significance, a reduction 
in HDL-C and triglyceride levels was found at 1 year and maintained 
at 2 years. At 2-year follow-up there was a reduction in high-dose 
statin use, and an increasing use of PCSK9-i (p=0.013) and low-dose 
statin. Combination therapy was used in 66.7% of patients at base-
line, 77.8% at 1 year and 81.4% at 2 years, percentages higher than 
those reported in Santorini study (Italy 33%, overall 25.8%).53.8% of 
patients achieved the LDL-C target at 2 years, while 14.8% were at 
target at baseline and 34.6% at 1 year (p=0.002) (mean in global 
SANTORINI group = 20.1%). For patients who did not reach LDL-C 
goals, the distance from target decreased progressively from 45 
mg/dL (IQR 19.75-100.50) at baseline to 39 mg/dL (5.50-80.50) at 1 
year and 21.5 mg/dL (2.75-55.75) at 2 years. 
Conclusion. If SANTORINI study highlighted a critical discrepan-
cy between Guidelines recommendations and clinical practice, our 
results are encouraging. Furthermore, a significant association be-
tween target achievement and exclusive management at the Refer-
ence Center has not been demonstrated (at least in our group), 
suggesting an increasing general practitioners’ awareness of the 
problem in the last year.
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Atherosclerotic cardiovascular disease (ASCVD) is the leading 
cause of morbidity and mortality, being twofold to fourfold more 
common in patients with type 2 diabetes mellitus (T2DM) than in 
individuals without diabetes. However, despite this decade-old 
knowledge, particularly challenging remains the identification of a 
specific prognostic risk biomarker. The present study was aimed at 
testing the hypothesis that fasting serum proprotein convertase 
subtilisin/kexin type 9 (PCSK9) levels could be prognostic for ma-
jor cardiovascular events (MACE) and all-cause mortality, in pa-
tients with a diagnosis of T2DM followed for a median of 16.8 years 
(n= 529 Caucasians). Serum PCSK9 median levels were 259.8 ng/
mL, being higher in women (median: 271.3 ng/mL) compared to 
men (median: 246.9 ng/mL) and increasing even more in the pres-
ence of a complication (e.g., diabetic kidney disease (median: 285 
ng/mL)). PCSK9 positively correlated with markers of blood glu-
cose homeostasis (e.g., HbA1c, fasting insulin and HOMA-IR) and 
the atherogenic lipid profile (e.g., non-HDL-C, apoB and remnant 
cholesterol). Serum PCSK9 predicted new-onset of MACE (myo-
cardial infarction, cardiac arrest, cardiogenic shock, life-threaten-
ing arrhythmia, or stroke), either fatal or non-fatal, only in women 
(Odd Ratio: 2.26, 95% confidence interval 1.12 - 4.58) and all-cause 
mortality only in men (Hazard Ratio: 1.79, 95% confidence interval 
1.13 - 2.82).In conclusion, considering that up to two-thirds of indi-
viduals with T2DM develop ASCVD in their lifetime, the assess-
ment of circulating PCSK9 levels can be envisioned within the con-
text of a biomarker-based strategy of risk stratification. However, 
the sex difference requires an urgent need to develop sex-specific 
risk assessment strategies.

STATIN INTOLERANCE AND QUALI-
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OF MUSCLE MASS
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Y. Ferro 2, T. Montalcini 1
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Introduction. Physical activity reduces the risk of cardiovascular 
disease. However, statin-associated musculoskeletal side effects 
can be exacerbated by physical activity. As consequence, a reduced 
statin use occurs in individuals who would benefit from statin ther-
apy. This study explores interactions between statin/exercise and 
muscle damage in vitro and offers, for the first time, a new view in 
the physiopathological mechanisms of the statin intolerance.
Methods. For the in vitro study, we evaluated the effect of Atorvas-
tatin and Rosuvastatin on muscle cells (C2C12), using caffeine to 
provide an exercise-like model. We performed all tests on differen-
tiated myotubes. In particular, we evaluate the proliferation, myo-
tubes diameter and gene expression of atrophy markers (Murf-1 
and Atrogin-1) and isoforms of Myosin (MyHC-I, MyHC-IIa, My-
HC-IIb and MyHC-IIx).
Results. In in vitro, we showed a high proliferative effect of Rosu-
vastatin on cells than caffeine (10 nM and 20 nM Rosuvastatin vs 
Caffeine, p<0.0001 and p=0.03, respectively). The combination of 
Rosuvastatin and Caffeine prevents reduction in myotube size (10 
nM and 20 nM Rosuva vs Caffeine, p=0.001 and p<0.001, respective-
ly) and markers of muscle atrophy (Murf-1: 20 nM Rosuva vs Caf-
feine, p=0.02), as well as modulate myosin isoforms in a caffeine-in-
duced exercise model.
Conclusions. A proliferative and preventive effect of Rosuvastatin 
on muscle damage is conceivable, as showed by the increased ex-
pression of all myosin isoforms in comparison with exercise (caf-
feine) alone and control. Further studies are needed to better un-
derstand the mechanism by which statins increase muscle proteins 
expression.
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Aims. There is currently little and inconsistent evidence regarding 
the possible adverse effects of circulating levels of non-esterified 
fatty acids (NEFA) on kidney function decline in patients with type 
2 diabetes mellitus (T2DM).
Materials and Methods. We followed for a median of 4.6 years 85 
post-menopausal women with T2DM and preserved kidney func-
tion at baseline. Serum NEFA concentrations were measured using 
an enzymatic colorimetric method. Glomerular filtration rate 
(eGFR) was estimated using the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation. 
Results. Enrolled patients had a baseline mean eGFR CKD-EPI of 
83±12 mL/min/1.73 m2, and a median serum NEFA concentration 
of 662 uEq/L (interquartile range: 524-842 uEq/L). During the fol-
low-up period, 13 patients developed kidney function decline at fol-
low-up (defined as an eGFR CKD-EPI decline ≥30% from baseline). 
In Cox proportional hazards regression analysis, higher circulating 
levels of NEFA were significantly associated with increased risk of 
developing kidney function decline (adjusted-hazard ratio 3.67, 95% 
CI 1.64-8.22, p<0.001; for each 1-SD increment, i.e., 262 uEq/L), 
even after adjustment for waist circumference, hemoglobin A1c, 
C-reactive protein, HOMA-estimated insulin resistance, hyperten-
sion, dyslipidemia, microalbuminuria, baseline eGFR CKD-EPI, as 
well as temporal changes in HbA1c levels or in the use of renin-an-
giotensin system inhibitors over the follow-up. 
Conclusion. The findings of our exploratory prospective study 
show that in post-menopausal women with T2DM and preserved 
kidney function at baseline, higher circulating levels of NEFA were 
strongly associated with a faster kidney function decline, even after 
adjustment for established renal risk factors and potential con-
founders.

LIPID LOWERING AFTER A SINGLE 
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Background. Inclisiran is a small interfering RNA (siRNA) that 
prevents PCSK9 synthesis, thus lowering low-density lipoprotein 
cholesterol (LDL-C). In randomized trials, Inclisiran demonstrated 
a reduction in LDL-C levels by approximately 50%. The aim of this 
observational study was to assess the efficacy and safety profile of 
Inclisiran for management of high or very-high cardiovascular risk 
patients in a real-world setting.
Methods. We performed a retrospective analysis of the first 32 
patients who received a single dose of Inclisiran at two Lipid Units 
(Verona and Legnago) between September 2022 and May 2023. 
Baseline lipid profile was taken prior to start of treatment and re-
peated at 1 month and 3 months follow-up. 
Results. Of the 32 patients (23 males, 9 females, mean±DS age 
63.4±9.8 years), 25% had familial hypercholesterolemia (FH), 75% 
coronary heart disease, 19% stroke, 50% peripheral vascular dis-
ease, 78% hypertension, 41% impaired fasting glucose, 28% diabetes 
mellitus (DM), 19% chronic kidney disease (CKD), 38% multiple 
cardiovascular events, 28% statin intolerance. Baseline mean±DS 
LDL-C levels were 122.6±58.1 mg/dl. 41% of patients had hyperlipo-
protein(a), median baseline levels 80 mg/dl [IQR 64-106]. Follow-
ing a single subcutaneous Inclisiran injection, mean LDL-C levels 
fell by 60.7% at 1 month and 54.6% at 3 months. LDL-C target in very 
high-risk patients (<55 mg/dl) was reached in 70% at 3 months. A 
greater reduction in LDL-C levels was experienced in statin users 
(-59.3% vs -48.5%) and patients with DM (-72.7% vs -48.2%). In FH 
patients a lesser decrease was noticed (-52.7% vs -55.7%). LDL-C 
reductions were consistent among sex, presence of CKD and hy-
perLp(a). No side effects were reported.
Conclusion. Inclisiran substantially reduced LDL-C levels in pa-
tients with high or very-high cardiovascular risk in a real-world 
setting, with results comparable to those reported in clinical trials 
and good tolerability, representing an effective and safe adjunct lip-
id-lowering therapy.
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Introduction. Insulin resistance is a risk factor for cardiovascular 
disease. The gold standard to measure insulin resistance is the hy-
perinsulinaemic-euglycaemic clamp, but this is an invasive and dif-
ficult to apply technique. Thus, different surrogate indexes for in-
sulin resistance has been proposed, including the homeostatic 
model assessment for insulin resistance and the triglyceride-glu-
cose index. The latter not only is useful to assess insulin resistance, 
but it is also associated with cardiovascular death. 
Aim. Evaluate how the homeostatic model assessment for insulin 
resistance and the triglyceride- glucose index compare with re-
gards to their relationship with metabolic health and nutritional 
factors. 
Methods. Data from 438 subjects aged 55-80±years were taken into 
account for this study. Participants fasting metabolic profile was 
assessed along with anthropometric measurements and the assess-
ment of their dietary habits and physical fitness. 
Results. As expected there was a positive between both indexes of 
insulin resistance and anthropometric parameters: body mass in-
dex, waist circumference, fat mass; systolic and diastolic blood 
pressure; and inflammatory markers: interleukin-18 and C-reactive 
protein. Instead, the triglyceride- glucose index correlated nega-
tively with fat free mass and UKK (Urho Kaleka Kekkonen) fitness 
index. However, while there were no correlation between the tri-
glyceride- glucose index and nutritional composition of the diet, 
was not associated with diet parameters instead, the homeostatic 
model assessment for insulin resistance correlated positively with 
cholesterol intake, daily net endogenous acid production and ome-
ga 6/omega 3 ratio intake and negatively with fibre intake, docosa-
hexaenoic acid, monounsaturated/ as well as omega-3/saturated 
fatty acids rations and Mediterranean Diet adherence.
Conclusions. The homeostatic model assessment for insulin resis-
tance (HOMA-IR) and the triglyceride- glucose index showed a 
negative association risk factors for cardiovascular disease. Howev-
er, only the homeostatic model assessment for insulin resistance 
has a relationship with nutritional parameters.

1) doi.org/10.1089/met.2008.0034
2) doi.org/10.1016/S2666-7568(22)00247-1
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Background. Chronic kidney disease (CKD) is often associated 
with increased cardiovascular risk that may be dependent on an 
increase in triglyceride levels and a decrease HDL-cholesterol 
(HDL-C) (1). The decrease of the latter is mainly due to the down-
regulation of hepatic apolipoprotein A-I (Apo-A1) gene expression. 
Additionally, the decrease in hepatic lecithin cholesterol acyltrans-
ferase (LCAT) mRNA expression may explain a decrease in HDL 
functionality (2). While it is known that small-dense LDL are a risk 
factor for cardiovascular disease (CVD), the clinical significance of 
HDL-C distribution remains to be fully elucidated. OBJECTIVEThe 
aim of this study was to compare the distribution of cholesterol in 
the subfractions of HDL and LDL lipoproteins between patients 
with CKD and controls. 
Methods. Two hundred and four subjects were recruited for this 
study and divided into 3 groups: 26 controls with LDL-C goals 
achieved, 84 controls with LDL-C goals non-achieved and 94 CKD 
patients with LDL-C goals non-achieved. CKD subjects had estimat-
ed glomerular filtration rate values between 30 and 89 ml/min/1,73 
m2 with associated dyslipidemia, defined as triglycerides (TG) ≥150 
mg/dl or/and HDL-C <50 mg/dl in women and <40 mg/dl in men. 
The cholesterol distribution in the subfractions of HDL and LDL 
lipoproteins was determined by Lipoprint system. Differences be-
tween the groups were assessed by one-way ANOVA followed by 
Bonferroni post hoc test or corresponding non-parametric test.
Results. Subjects with CKD presented higher levels of total cho-
lesterol, LDL-C and lower of HDL-C. They also presented a higher 
percentage of cholesterol in small-dense LDL and in small HDL 
subfractions compared to controls. They also displayed a lower per-
centage of cholesterol in large-buoyant LDL-C and in large HDL 
subfractions compared to the two controls groups. No differences 
in terms of LDL size and HDL-C distribution were detected be-
tween controls. The mean size of LDL particles was also lower in 
patient with CKD. 
Conclusion. Regardless of the achievement of LDL-C goals, the 
distributions of LDL-C and HDL-C subfractions and the LDL size 
were similar in the two control groups. Patients with CKD present-
ed different cholesterol distribution in the LDL and HDL subfrac-
tions compared to the control groups. Small-dense LDL contribute 
to higher cardiovascular risk regardless of LDL-C goals achieve-
ment. However, this remains to be clarified for small HDL-C sub-
fractions. 
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Background. As in all pharmacoepidemiology studies, also in the 
cardiovascular field it is essential to take into account the clinical 
complexity of patients, which is very frequently estimated with 
polypharmacy. We aimed at describing the current heterogeneity 
of polypharmacy definition, and assessing the association of poly-
pharmacy with clinical outcomes.
Methods. Using administrative databases of the local health unit 
of Bergamo (Lombardy), all subjects aged ≥40 years with at least 
one reimbursed drug prescription during the year 2017 were iden-
tified. We selected from literature relevant operational definitions 
of polypharmacy. First, we applied World Health Organization 
(WHO) definition (at least ≥5 different medications, ATC 4th level 
code). Second, we excluded drug prescriptions associated with 
short-term treatment. Third, we considered only the prescriptions 
of drugs with a total annual defined daily doses (DDDs) ≥60. All the 
approaches were evaluated within one year, one quarter, and one 
month. A multivariate logistic regression model was performed to 
estimate odds ratios (OR) and 95% confidence intervals [95% CI] for 
the association between polypharmacy and the risk of hospitaliza-
tion for all-causes. 
Results. Overall, 431,620 subjects were included in our cohort. 
The DDD-based definition led to estimates with little variability de-
pending on the time windows (range 20.47%-21.16%), while the 
WHO definition determined the greatest variability (range 39.98%-
31.24%). The DDD-based definition identified an older (mean age 
[SD], 72.6 [10.9]) and more complex cohort of patients (average 
number [SD] of previous hospitalizations 1.2 [1.7], average number 
of dispensed drugs 9.7 [3.5]). A dose-dependent increase in risk 
was observed as the number of the dispensed drugs increases re-
gardless of definitions.
Conclusions. Different definitions of polypharmacy led to differ-
ent prevalence estimates. All definitions showed a dose-dependent 
association with hospitalization risk, with the definition based on 
DDDs being the least heterogeneous. However, only a patient-by-pa-
tient approach can determine whether or not polypharmacy is ap-
propriate.
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LOWERING STRATEGY

M. Scuruchi, A. Toscano, C. Morace, A. Messineo,  
G. Squadrito, G. Mandraffino
University of Messina
E-mail: mscuruchi@unime.it

Lipoprotein(a) (Lp(a) is a macromolecular complex composed of 
one molecule of an ApoB-100 containing LDL-particle and one mol-
ecule of a large highly polymorphic glycoprotein named apo(a). Its 
contribution to cardiovascular risk has been raising increasing at-
tention. Circulating CD34+ progenitor cells (CD34+CPCs) are 
known for their tissue regeneration activity through endothelial 
turnover and angiogenesis. Dyslipidemic subjects seems to have 
lower CD34+CPCs count; this is however affected by lipid-lowering 
therapy. Aim of the study was to evaluate Lp(a) plasma levels and 
CD34+CPCs in a population of heterozygous familial hypercholes-
terolemia (HeFH) patients at the time of diagnosis and after lipid 
lowering strategy optimization with triple therapy. We selected 
from our database patients with available baseline complete lipid 
panel, Lp(a) plasma levels, CD34+CPCs count, and a follow-up visit 
after least 12 months where the same parameters had been record-
ed. Optimized therapy was considered when patient was assuming 
the maximum tolerated dose of high-efficacy statin, ezetimibe, and 
an iPCSK9 for at least three months. Patients with prior atheroscle-
rotic cardiovascular disease (ASCVD), hypertension, or with CV 
comorbidities were excluded from the study. Twenty-six patients 
met the inclusion criteria (15 males and 11 females). Two patients 
dropped-out from the study because of lack of compliance. Median 
age at baseline was 51.5 (IQR 19 years). Median baseline LDL-C 
levels were 327.5 mg/dl(IQR 103); Lp(a) levels were 56.5 mg/dl 
(IQR 171). Median CD34+CPCs count was 1.29 (IQR 3.32) cells/
μL. After optimized therapy (T1) an 83.4% reduction in LDL-C levels 
(median 54.3,IQR 64.4) and a 36.2% reduction in Lp(a) levels (medi-
an 36,IQR 32) was observed. CD34+CPCs count at T1 was 2.34(IQR 
1.4) cells/μL.Interestingly, correlation analysis suggested a cor-
relation between ∆Lp(a) and ∆PWV (rho 0.733, p<0.001). In conclu-
sion, optimized lipid-lowering triple therapy determined a decrease 
in Lp(a) plasma levels and a favorable effect on CD34+CPCs count 
and, likely, on vascular homeostasis.
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Background. Diet is a key discriminant in shaping cardiometabol-
ic health, with both its energy density and nutritional composition 
being pivotal in dictating its impact on cardiovascular risk (1). In 
this regard, it is well established that diet is able to impact upon 
cardiovascular risk by modulating the circulating lipid profile in 
terms of triglycerides as well as LDL and HDL-cholesterol (2). The 
impact of the latter on cardiovascular risk appears to be influenced 
by its distribution in subfractions (3). Nevertheless, whether diet 
quality is associated with changes in HDL-cholesterol subfraction 
profile remains to be elucidated. Thus, the aim of this study is to 
dissect the relationship between diet, both in terms of energy den-
sity and nutritional quality, and the subfraction distribution of 
HDL-cholesterol.
Participants and Methods. Thirty seven fertile women aged 41-
56 years were included into this study. The study cohort was char-
acterised anthropometrically via the assessment of the body mass 
index as well as body composition using dual energy X-ray absorp-
tiometry. The metabolic profile of study participants was a    ssessed 
on fasting blood samples by quantifying circulating glucose levels, 
insulinemia, triglycerides as well as total, LDL and HDL-cholester-
ol. The latter was further characterised using the Lipoprint System 
which allows the separation of HDL-cholesterol in ten subfractions 
categorised in large, medium and small HDL-cholesterol subfrac-
tions. Finally, nutrient intake and energy density of the diet was in-
vestigated by 24-hour recalls. Correlation analyses were performed 
using Pearson or Spearman test respectively for normally or not 
normally distribute variables whereas the predictive power of nutri-
tional factors for HDL-cholesterol distribution was investigated by 
stepwise linear regression.
Results. No relationship was observed between HDL-cholesterol 
distribution and total energy intake. However, rather than energy 
per se, the impact of diet on HDL-cholesterol distribution appeared 
to be related to diet quality. In keeping with this, while carbohy-
drate and protein intake did not correlate with HDL-cholesterol 
distribution (both p>0.05), lipids correlated negatively with the 
large (p=0.008) and positively with the small (p=0.042) HDL-choles-
terol subfractions with this relationship being fatty acid specific. 
Indeed, to the same extent as total lipid intake, saturated fatty acids 
correlated negatively with cholesterol distribution in the large 
(p=0.005) and positively in the small (p=0.014) HDL subfractions. 
However, this relationship was absent when considering cholester-
ol, mono and polyunsaturated fatty acid intake (all p>0.05). Finally, 
and most importantly, the intake of saturated fatty acids was also 
able to predict the levels of small HDL-cholesterol subfractions 
(p=0.008).
Conclusions. Considering HDL-cholesterol subfractions being 
related with dietary factors known to the implicated in increasing 
cardiovascular risk, particularly saturated fatty acids, HDL-choles-
terol distribution may represent a further player in dictating the 
relationship between diet and cardiovascular health.
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EFFECTS OF HIGH GLUCOSE ON PCSK9 
EXPRESSION IN AORTIC VASCULAR 
SMOOTH MUSCLE FROM INSULIN-
SENSITIVE AND INSULIN-RESISTANT 
ZUCKER RAT: ROLE OF PCSK9 
INHIBITORS.

M. Sornatale, G. Tempesta, C. Barale, E. Melchionda, I. Russo
Department of Clinical and Biological Sciences, University of Turin, 
AOU San Luigi Gonzaga Hospital, Orbassano, Turin
E-mail: michele.sornatale@edu.unito.it

Background and Aims. Proprotein convertase subtilisin/kexin 
type 9 (PCSK9) is deeply involved in cholesterol homeostasis and 
associated to atherogenic processes including vascular smooth 
muscle cells (VSMCs) dysfunction. Aim of this study was to evalu-
ate in VSMCs from insulin-sensitive (IS) and insulin-resistant (IR) 
animal models: 
1)	the basal PCSK9 expression; 
2)	the expression of PCSK9 under normal glucose (NG) or HG con-

ditions, and 
3)	the influence of PCSK9 inhibitors on the above HG effects. 
Methods. Cultured rat aortic VSMC from lean IS and obese IR 
Zucker rats incubated for 24 hours with 5-25 mmol/L D-Glucose 
with or without the PCSK9 mAbs alirocumab or evolocumab (40 
µg/mL) or the synthetic PCSK9-binding peptide PEP2-8 (10 µm/L) 
and PCSK9 expression (Western Blot) was measured. 
Results. In IS-VSMCs: HG increased PCSK9 expression (n=6, 
p<0.0001) with effects reduced by alirocumab (n=6, p<0.001), evo-
locumab (n=6, p<0.005), and PEP2-8 (n=6, p<0.01); IR-VSMC, if 
compared with IS-ones, showed a basal PCSK9 overexpression 
(n=12,p<0.0001) not furtherly influenced by HG (n=8, ns) but de-
creased by alirocumab or evolocumab (p<0.001 and p<0.02, respec-
tively). The activation of phosphatidylinositol 3-kinases/Akt and 
mitogen-activated protein kinase/Erk-1/2 pathways are involved in 
the HG-glucose induced effects on PCSK9 expression.
Conclusions. Collectively, these findings indicate that in IS state 
the exposure to HG may impair VSMC response also through PC-
SK9-dependent mechanisms that can be improved by both external 
or internal PCSK9 inhibition. In IR state, VSMCs show a basal over-
expression of PCSK9, not furtherly influenced by HG and, at least 
partially, corrected by PCSK9-inhibitors.
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THE MODULATION OF MITOCHONDRIAL 
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Introduction. Physical inactivity is associated with an increased 
cardiovascular mortality, even in normal weight subjects (1). In this 
regard, systemic inflammation and impaired lipid metabolism may 
be pivotal in linking physical inactivity with cardiovascular disease 
(2). In particular, interleukin-18 (IL-18) (3) and increased circulat-
ing levels of non-esterified fatty acids (NEFA) (4) represent key 
factors in the pathogenesis of atherosclerosis. Mitochondria have 
been reported to be at the nexus between inflammation and lipid 
metabolism, with physical activity playing a key role in modulating 
mitochondrial biogenesis and function (5). However, the relation-
ship between physical inactivity, adipose tissue mitochondria, in-
flammation and lipid metabolism remains to be elucidated. Thus, 
the aim of this study is to determine the effect of bed rest, as a tool 
to mimic physical inactivity, on mitochondrial gene expression and 
its relationship with metabolic and inflammatory alterations typical 
of a sedentary lifestyle.
Methods. Eleven male subjects (age: 53±16 years) underwent 
fourteen days of forced bed rest (BR14). Fasting blood samples 
were collected at baseline (BR0) and at BR14 in order to assess 
metabolic (glucose, insulin, lipid profiles and NEFA) and inflamma-
tory markers (TNF-α, IL-18, CRP). Furthermore, biopsies from 
abdominal and gluteal adipose tissue were collected at BR0 and 
BR14. Transcriptomic was used to assess the expression of mito-
chondrial genes in the adipose tissue. Differences between BR0 
and BR14 were assessed using Student’s t-test whereas the relation-
ship between changes in mitochondrial gene expression from base-
line and IL-18 as well as NEFA was investigated using Spearman 
correlation test. RESULTSBR determined a reduction in total cho-
lesterol and triglycerides, an increase in circulating glucose levels 
along with increased inflammatory markers. Among the over 200 
probed mitochondrial genes, seventeen displayed a significant 
modulation after BR14. These genes were involved in the Krebs 
cycle (downregulation of OGDH), beta-oxidation (downregulation 
of ACADS, ACAD10) or electron transport chain proteins as com-
plex I (downregulation of NDUFS2, upregulation of NDUFA1, 
NDUFB2, NDUFB3), complex III (upregulation of CYB5R4 and 
UQCRB), complex IV (upregulation of COX6C, COX7A2, COX7B, 
COX7C, COX8A), ATP synthase (upregulation of ATP5H, ATP5G2) 
and downregulation of COQ4. Circulating levels of inflammatory 
markers and NEFA were significantly correlated to changes in mi-
tochondrial gene expression. In particular, NEFA levels negatively 
correlated with gluteal tissue expression of UQCRB (p=0.036), 
COX6C (p=0.003), COX7C (p=0.003), COX8A (p=0.007) and 
NDUFB3 (p=0.023). Serum TNF-α was positively associated with 
gluteal adipose tissue expression of COQ4 (p=0.014), and OGDH 
(p=0.014). With regard to the abdominal adipose tissue gene ex-
pression, serum IL-18 was negatively correlated with COQ4 
(p=0.021) and CRP negatively with CYB5R4 (p=0.028).

Conclusions. Physical inactivity induces alterations in adipose tis-
sue mitochondrial gene expression associated with circulating in-
flammatory and lipid biomarkers related to the development of 
atherosclerosis.
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ANGIOPOIETIN-LIKE 3 KNOCK-OUT  
MOUSE MODEL PROFILING UNDER 
FASTING AND FED CONDITIONS
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Aim. Angiopoietin-like 3 (ANGPTL3) is a protein that controls lip-
ids and lipoproteins metabolism through lipoprotein lipase and en-
dothelial lipase inhibition and thus preventing lipoprotein-derived 
triglycerides hydrolyzation. Here we present the metabolic profile 
of ANGPTL3 deficient mice in their basal state and during the de-
velopment of metabolic disorders under fasting and fed conditions.
Methods. Angptl3 KO mice (C57BL6/J background) and their lit-
termate controls (wild-type, WT) were fed a chow and a High Fat 
Diet (HFD, 60% kcal from lipids) for 16 weeks. During the experi-
mental protocol, the metabolic phenotype was assessed, along with 
changes in plasma lipids under fast, fed, and fast-refeed settings; 
the profile of lipids absorption was assessed with an Oral Lipid Tol-
erance Test (OLTT).
Results. ANGPTL3 KO mice fed ad libitum a chow diet are hypo-
lipidemic (plasma triglycerides levels: 42,42±8,80 mg/dL in 
ANGPTL3 KO mice compared to 122,02±55,09 mg/dL in WT mice; 
plasma cholesterol levels: 44,00±9,11 mg/dL in ANGPTL3 KO mice 
compared to 76,51±15,87 mg/dL in WT mice). The OLTT on chow-
fed mice after 16h of fasting suggests that KO mice have lower lipid 
levels at all time points. Moreover, on HFD, ANGPTL3 KO mice 
gain less body weight, suggesting a metabolic advantage against 
dysmetabolism development compared to WT animals.
Conclusions. This preliminary profiling of ANGPTL3 KO mice 
under fasting and fed conditions as well as on chow diet or HFD 
highlights the hypolipidemia of these models, and the potentially 
beneficial impact of ANGPTL3 deficiency in their metabolism com-
pared to controls.
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EFFECTS OF LIFESTYLE ADVICE COUPLED 
WITH A BEETROOT-BASED 
NUTRACEUTICAL ON 24-HOUR BLOOD 
PRESSURE IN A POPULATION  
WITH HIGH-NORMAL BLOOD PRESSURE 
OR GRADE 1 HYPERTENSION AND LOW 
CARDIOVASCULAR RISK: A PILOT STUDY
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Background. Lifestyle changes are recommended for high-nor-
mal blood pressure (BP) or grade 1 hypertension with low-moder-
ate cardiovascular (CV) risk, eventually associated with a nutraceu-
tical. Among nutraceuticals available, most with unproven or even 
unlikely benefits, bioactive substances enriched with nitrates (i.e. 
red beets extracts) might have vasodilator effects and may de-
crease BP. We evaluated the effect of ESC/ESH guideline lifestyle 
advice together with a beetroot-based nutraceutical, on 24-hour BP 
in a population with high-normal office BP and low-moderate CV 
risk as a pilot study in two ESH Excellence Hypertension Centres. 
Methods. A longitudinal observational study was conducted on 43 
consecutive subjects referred to two hypertension centres in Italy. 
Twenty-four-hour ambulatory BP monitoring (ABPM) were car-
ried out at baseline and three months after written but generic ad-
vice for lifestyle changes associated with a nutraceutical containing 
500 mg of dry beetroot extract.
Results. Mean age 50±11 years, 54% males, 58% overweight/obese, 
mean office BP 135±3/85±3 mmHg. At baseline, 24-hour BP, day-
time BP and night-time BP were 127±7/80±6 mmHg, 131±8/83±6 
mmHg and 118±8/70±5 mmHg, respectively. After a median fol-
low-up of 98 (92-121) days, all BPs, except night-time diastolic BP, 
were significantly decreased: -3±6/-2±4 mmHg for 24-hour BP, 
-3.9±6.0/-3.0±4.0 mmHg for daytime BP and -3.3±7.4/-1.3±4.7 
mmHg for night-time BP, respectively. BP decreased independently 
of baseline BP level, gender, smoking status and BMI, while a 
greater decrease in BP was observed in older patients. 
Conclusions. Our pilot study shows that written but generic, not 
personalized, lifestyle advice coupled with a beetroot-based nutra-
ceutical, a source of organic nitrates, may be a valid initial non-phar-
macological approach in subjects with high-normal BP or grade 1 
hypertension and low-moderate CV risk.

SCORE2 ESTIMATED WITH 24-HOURS 
BLOOD PRESSURE AND LDL-C EQUATIONS 
ON CARDIOVASCULAR RISK AND CONTROL 
IN A POPULATION EVALUATED FOR 
HYPERTENSION

F. Spannella, M. Landolfo, M. Allevi, L. Sabbatini,  
F. Giulietti, A. Gezzi, B. Ortensi, R. Sarzani
Internal Medicine and Geriatrics, IRCCS INRCA, Ancona, 
Department of Clinical and Molecular Sciences,  
“Politecnica delle Marche” University, Ancona
E-mail: f.spannella@univpm.it

Introduction. The 2021 ESC Guidelines on Cardiovascular Dis-
ease Prevention were based on the SCORE2 /SCORE2-OP cardio-
vascular risk (CVR) assessment model. We assessed the impact of 
SCORE2/SCORE2-OP on CVR stratification and prevalence of 
low-density lipoprotein cholesterol (LDL-C) control after calculat-
ing SCORE2 using office (OBP) and ambulatory blood pressure 
(ABPM) and LDL-C using three validated equations in a hyperten-
sive population.
Methods. A cross-sectional study on 1539 consecutive patients 
with valid ABPM. LDL-C was calculated using the Friedewald for-
mula (F), its modification by Martin (M), and the Sampson (S) 
equation. SCORE2/SCORE2-OP was estimated using OBP, mean 
systolic daytime (+5 mmHg adjustment), and 24-h mean systolic 
blood pressure (+10 mmHg adjustment). Individual CVR by 2021 
ESC Guidelines (and SCORE2/SCORE2-OP) was compared to the 
2019 ESC/EAS Guidelines (and SCORE). 
Results. Mean age 60±12 years, male prevalence (54%). Mean 
LDL-C values were 118±38 mg/dL (F), 119±37 mg/dL (M), and 
120±38 mg/dL (S). No differences emerged comparing the average 
SCORE2 calculated with OBP (6% IQR 3-10), 24h ABPM (7% IQR 
4-11), and daytime SBP (7% IQR 4-11). SCORE2/SCORE2-OP and 
2021 ESC Guidelines reclassified the CVR. The low-moderate risk 
group decreased by 32%, whereas the high and very-high-risk 
groups increased by 18% and 12%, respectively. We found a signifi-
cant reduction in reaching the LDL-C goals regardless of the equa-
tion used to calculate it, except for those >65 years, where results 
were confirmed only by using the M.
Conclusion. SCORE2/SCORE2-OP and 2021 ESC Guidelines rec-
ommendations led to a non-negligible CVR reclassification and sub-
sequent lack of LDL-C at goal, regardless of estimating SCORE2 
using OBP or ABPM. OBP is good enough when correctly carried 
out, to assess CVR. Calculating the LDL-C with the M may be the 
best choice in specific settings.
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PULSE WAVE VELOCITY IMPROVEMENT 
AND LIPOPROTEIN(A) CHANGE IN HIGH 
EFFECTIVE TRIPLE LIPID-LOWERING 
THERAPY
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Evidence that elevated lipoprotein(a) (Lp(a)) levels contribute to 
cardiovascular disease (CVD) is emerging. Pulse wave velocity 
(PWV) has also emerged as a non-invasive, valid, and reliable mea-
sure of arterial stiffness. Its role as a marker of mechanical vascular 
impairment and its association with coronary, cerebral, and carotid 
atherosclerosis has been established. 
Aim of the study was to evaluate Lp(a) plasma levels and PWV val-
ues in a population of heterozygous familial hypercholesterolemia 
(HeFH) patients at the time of diagnosis and after lipid-lowering 
strategy optimization (high efficacy statin plus ezetimibe plus PC-
SK9-inhibitor). Eligible subjects were selected from our database. 
Exclusion criteria included other cardiovascular comorbidities – 
i.e., prior atherosclerotic cardiovascular disease (ASCVD), treated 
and untreated hypertension and diabetes. Baseline data (T0) in-
cluded treatment-naïve complete lipid panel, Lp(a) plasma levels 
and PWV values. Optimized therapy – i.e.,maximum tolerated dose 
of rosuvastatin or atorvastatin plus ezetimibe plus evolocumab or 
alirocumab – was then prescribed; compliance to such treatments 
was assessed every three months. A 12-month follow-up visit was 
scheduled (T1) and the same parameters were recorded.
Twenty-six patients met the inclusion criteria (15 males,11 fe-
males). Two patients dropped-out from the study because of poor 
compliance to treatment. Median age at baseline was 51.5 (IQR 19) 
years. Median baseline LDL-C levels were 327.5 mg/dl (IQR 103); 
Lp(a) levels were 56.5 (IQR 171) mg/dl. Median baseline PWV was 
14.1 (IQR 4.9) m/sec. After optimized therapy (T1) LDL-C levels 
dropped to 54.3 (IQR 64.4,-83.4%); plasma Lp(a) dropped to 36 (IQR 
132,-36.2%) mg/dl. A reduction in median PWV values was also reg-
istered (median 9.37,IQR 1.32,-33.5%). Interestingly, correlation 
analysis suggested an inverse correlation between ∆Lp(a) and 
∆PWV (rho -0.633,p=0.001). 
In conclusion, the study suggests a correlation between an in-
creased atheromasic burden-as expressed by higher Lp(a) baseline 
values-and smaller change in arterial stiffness as expressed by 
PWV values, despite the larger reduction in Lp(a) levels after opti-
mized triple lipid-lowering therapy.

A NONINVASIVE EVALUATION  
OF LIVER FIBROSIS RISK IN SUBJECT WITH 
SEVERE HYPERTRIGLYCERIDEMIA:  
A SINGLE CENTER COMPARISON BETWEEN 
MCS AND FCS

D. Tramontano 1, F. Baratta 2, A. Di Costanzo 1, S. Bini 1,  
I. Minicocci 1, S. Covino 1, M. Arca 1, L. D’Erasmo 1

1Department of Translational and Precision Medicine,  
Sapienza University of Rome; 2 Sapienza University of Rome
E-mail: daniele.tramontano@uniroma1.it

Background and Aim. Lipoprotein lipase (LPL) is the crucial en-
zyme responsible for (TG) hydrolysis in chylomicrons and very-
low density lipoproteins (VLDL). In patients with metabolic fea-
tures, the dysfunction of this pathway can lead to the development 
of chylomicronemia (TGs>1000 mg/dl, known as multifactorial 
chylomicronemia or MCS). Non-alcoholic fatty liver disease (NA-
FLD) is frequent in patients with features of the metabolic syn-
drome (MetS), obesity, or type 2 diabetes and associates with an 
increased risk of liver fibrosis. Rarely, chylomicronemia is charac-
terized by LPL deficiency (LPLD), an autosomal recessive disease 
called familial chylomicronemia syndrome (FCS), which is associ-
ated with an increased risk of recurrent pancreatitis and hepato-
splenomegaly. The hepatic consequences of FCS and MCS has 
been only partially investigated. This study aims to compare liver 
stiffness and the risk of liver fibrosis between FCS and MCS.
Methods. To this aim, 83 patients with chylomicronemia were con-
secutively enrolled in the LIPIGEN study from the lipid clinic of the 
Policlinic Umberto I, Sapienza University of Rome. All patients un-
derwent molecular diagnosis of FCS or MCS. Demographic, clinical 
and biochemical data were retrospectively revised by revising medi-
cal charts from enrollment (last visit) backward to baseline (first 
visit in the lipid clinic). Biochemical parameters collected were used 
to non-invasively estimate liver fibrosis by using FIB-4 index. At last 
visit all participants underwent routine liver ultrasonography and 
stiffness measurement after at least 4-h fast using transient elastog-
raphy (Fibroscan and/or acoustic radiation force impulse (ARFI)). 
Results. In this cohort 22 patients were classified as FCS and 61 as 
MCS. The median age at enrolment was 50.5 years (IQR 40.5-66.5) 
in FCS and 47.2 years (IQR 37.0 – 57.0) in MCS (P=0,33). The two 
cohort were equally distributed between sexes and no differences 
were found in the baseline triglycerides levels. The median fol-
low-up during in FCS was significantly longer than in MCS respec-
tively 7.7 (IQR 3,37 – 11,33). years vs 4.0 (IQR 0,91- 6,91). As expect-
ed, MCS were showing a greater prevalence of metabolic features 
and a better response to triglycerides lowering therapies; in fact, the 
median on treatment TG levels was significantly higher in FCS than 
in MCS (1293 mg/dl vs 818 mg/dl; p=0.002). At last visit no differ-
ence were found in the prevalence of NAFLD between the two co-
horts (84.8% of MCS and 90.5% of FCS patients, P=NS). Despite be-
ing within the normal range, results showed that FCS patients were 
showing a greater hepatic stiffness when compared to MCS group 
(5.73 kPa vs 3.89 kPa, respectively, P=0.03). The estimation of Fib-4 
at last visit showed similar results with FCS showing an higher val-
ues as compared to MCS (1.84 vs 1.0, respectively, P=0.004).Conclu-
sion: In this study, NAFLD was commonly observed in both FCS 
and MCS subject. Nevertheless, our results showed that liver fibro-
sis might be more severe in FCS and MCS; this observation may be 
the results of the liver exposure to very high triglyceride levels since 
birth in the monogenic chylomicronemia and potentially suggest 
the need of a more careful assessment of liver disease in these pa-
tients. Further study in larger cohort are needed to definite clarify 
if liver fibrosis might be considered another hallmark of FCS.
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HIGH DENSITY LIPOPROTEIN  
ANTI-INFLAMMATORY CAPACITY  
IS INCREASED IN SUBJECTS WITH LOW 
LARGE PARTICLE DIMENSION
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High density lipoprotein (HDL) particle size has been identified as 
a strong determinant of cardiovascular (CV) risk, with the amount 
and number of large HDL particles being inversely related to CV 
risk. Previous studies hypothesized that HDL subspecies might be 
involved in different functions, therefore differentially impacting 
the CV risk. One of the most studied properties of HDL is its anti-in-
flammatory capacity (AIC). However, little is known about the rela-
tionship between HDL particle size and AIC. We aimed to unveil 
whether and how HDL particle size influenced AIC. To this end, 24 
women (45-67 years) were included in this study. Plasma samples 
underwent Lipoprint analysis to characterize particle size distribu-
tions and amounts. According to the distribution of large HDL par-
ticles, the population was divided into high large HDL particles 
(n=12, group 1), and low large HDL particles (n=12, group 2). Plas-
ma samples of the two groups were pooled and subjected to density 
gradient ultracentrifugation in order to obtain purified HDL2+H-
DL3 fractions. The purified fractions were assessed for their AIC by 
evaluating the decrease/increase in VCAM-1 expression in HU-
VEC cells following TNF-a treatment. Plasma samples were also 
analyzed for Paraoxonase-1 (PON-1), Glutathione peroxidase 3 
(GpX3), total antioxidant capacity (TAC) and Myeloperoxidase 
(MPO). Patients belonging to group 1 had higher PON-1 activity 
than group 2 (p<0.001), whereas TAC, GpX3, MPO activities were 
unchanged. Interestingly, the AIC was higher in group 2 than group 
1. Although it might be considered counterintuitive, a previous 
work found that lipid poor and small HDL particles produced by the 
fusion with a discoidal particle made of human apoAI and phospho-
lipids had stronger anti-inflammatory properties. Thus, our results 
confirm that different particle size have a diverse impact on HDL 
function, suggesting that the right mix of multiple HDL particle 
sizes could be optimal to maximize the cardio-protective benefits.

POSSIBLE LINK BETWEEN AUTOANTIBODY 
EXPRESSION IN PATIENTS WITH 
AUTOIMMUNE DISEASES, LIPID PROFILE 
AND CARDIOVASCULAR RISK
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A. Sheu 1, M.T. Guagnano 1, M. Bucci 1, E. Celletti 1, F. Cipollone 1
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In patients with rheumatic diseases, there is an increased cardio-
vascular risk. Therefore the need to investigate mechanisms under-
lying such increased risk is important and we aim to study a possi-
ble influence of dyslipidemic status. Sixty patients, 39 females and 
21 males, were examined in this study: 40 with Rheumatoid Arthri-
tis, 8 with SLE, 7 with Systemic Sclerosis and 5 with Sjögren’s Syn-
drome. Median age 59.4 years. LDLc values (obtained by Friede-
wald’s formula) and autoantibody expression(FR, ACPA, ANA, 
ENA, Ab anti-centromere, Ab anti-Scl70, Ab anti-Ro/SSA, Ab an-
ti-La/SSB, Ab anti-Beta2glycoprotein 1, Ab anti-cardiolipin) of the 
subjects analyzed were estimated at the first visit and after 3 months 
and 6 months of therapy for underlying rheumatologic disease. Re-
garding patients with RA, only 2 patients had MACE in their history 
(one patient with previous STEMI undergoing revascularization, a 
second with history of ischemic-based cerebral stroke before age 
50 years), while 5 patients were dyslipidemic at baseline and 7pa-
tients among all were on Statin therapy (Rosuvastatin 20 mg) and 
had recently performed an arterial TSA Doppler examination with 
median IMT about 1.7 mm. Median LDLc was 125mg/dl. At fol-
low-up after 3 months, a 20 % reduction in FR and ACPA expression 
was documented with mean LDLc estimated to be 115 mg/dl. After 
6 months there was a further reduction in FR and ACPA values of 
about 30%, with mean LDLc of 107 mg/dl and IMT brought into 
view and remaining stable in Dopplerre-evaluations. No changes 
had been made to hypolipidemic therapy at follow-up visits. In SLE 
patients, there were no prior MACE and only 3 patients were on 
Statin therapy (Torvastatin 20 mg) and Ezetimibe at baseline. Me-
dian LDLc at T0 was 119. There were no data on intimal thickness 
at the level of the supra-aortic trunks in these patients. At 3 and 6 
months, an improvement in the trend of LDL values in relation to 
lower autoantibody production was also observed in this case, in 
the absence of changes in the therapeutic set-up (ANA with homo-
geneous pattern descended to 1: 80 from 1: 320 and mean LDLc of 
105 mg/dl).Considering subjects with Scleroderma and Sjögren’s 
Syndrome, also without relevant clinical history in history, they 
showed a good LDL response (median LDLc at baseline of120 mg/
dl) associated with the reduction of anti-Scl70 Ab values (by 18%), 
anti-centromere(by 16%), anti-Ro/SSA (by 17%) and anti-La/SSB 
(by 16%) with LDLc descended to 104mg/dl. Thus, it can be ob-
served that the lipid profile improves as antibody expression de-
creases,which highlights how there may be an interrelationship 
between the inflammatory state and endogenous cholesterol val-
ues, that can be further investigated with a view to further molecu-
lar markers such as miRNA.
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IS HAMPERED IN ALZHEIMER’S DISEASE 
AND CHOLESTERYL ESTERS COMPOSITION 
IS CONSEQUENTLY ALTERED
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Several epidemiological studies indicate a strong inverse associa-
tion between the risk of developing Alzheimer’s disease (AD) and 
plasma HDL-C levels. The mechanism by which plasma HDL influ-
ence the pathogenesis and progression of AD remains unsolved 
and the crucial step of cholesterol esterification in HDL metabolism 
could be involved. The purpose of this study was to evaluate choles-
terol esterification and cholesteryl esters (CEs) composition in 
plasma and cerebrospinal fluid (CSF) of AD patients. In this study, 
70 AD patients and 74 cognitively-normal controls comparable for 
age and sex were enrolled. Lipids and lipoprotein profile, cholester-
ol esterification, and cholesterol efflux capacity (CEC) were evalu-
ated in plasma and CSF using assays set for measurement in plas-
ma, which were appropriately modified for CSF. CEs and phospho-
lipids (PLs) species were evaluated with omics techniques, LC-MS 
and LC-MS/MS respectively, in plasma and CSF of a subgroup of 
AD and controls. AD patients have normal plasma lipids, but signifi-
cantly reduced unesterified cholesterol (UC) and unesterified/total 
cholesterol ratio (UC/TC). Lecithin: cholesterol acyltransferase 
(LCAT) activity and cholesterol esterification rate (CER), two mea-
sures of the efficiency of the esterification process, were reduced 
by 29% and 16%, respectively, in plasma of AD patients. Plasma HDL 
subclass distribution in AD patients was comparable to that of con-
trols, but the content of small discoidal preβ-HDL particles was 
significantly reduced. In agreement with the reduced preβ-HDL 
particles, CEC mediated by the transporters ABCA1 and ABCG1 
was reduced in AD patients’ plasma. The CSF UC/TC was in-
creased in AD patients, and CSF CER and CEC from astrocytes 
were significantly reduced in AD patients. In the AD group, a sig-
nificant positive correlation was observed between plasma UC and 
UC/TC ratio with Aβ1-42 CSF content. Cholesteryl esters compo-
sition in CSF of AD revealed significant enrichment in saturated 
fatty acids (FA) and monounsaturated FA and a depletion in polyun-
saturated FA in cholesterol species compared to controls. Specifi-
cally, cholesteryl ester palmitate and oleate were increased 
(p=0.001; p=0.005); while linoleate, the major LCAT substrate, was 
reduced (p=0.029) in AD. Plasma samples did not show any differ-
ence in CEs composition and CSF PLs species analysis displayed 
no significant modification. Taken together these data indicate that 
cholesterol esterification is hampered in plasma and CSF of AD 
patients and that plasma cholesterol esterification biomarkers (UC 
and UC/TC ratio) are significantly associated with disease bio-
markers (i.e., CSF Aβ1-42). CEs composition confirmed the crucial 
role of cholesterol esterification in AD, providing new insights and 
possibilities for pharmacological targeting.

ASSOCIATION OF CORONARY COMPUTED 
TOMOGRAPHY ANGIOGRAPHY AND STRESS 
ECHOCARDIOGRAPHY WITH LONG-TERM 
CARDIAC OUTCOME: A COMPARISON 
STUDY

D. Tuttolomondo 1, N. Gaibazzi 2

1Università degli studi di Parma, Azienda Ospedaliero Universitaria 
di Parma; 2Azienda Ospedaliero Universitaria di Parma
E-mail: d.tuttolomondo@hotmail.it

Aims. In the challenging clinical scenario of suspected chronic cor-
onary syndrome (CCS) there are no studies that compared the 
long-term prognostic value of coronary computed tomography an-
giography (CTA) with stress echocardiography (SE). Further-
more, no data are currently available regarding the association of 
such diagnostic tests with outcome when both tests were per-
formed in the same cohort of patients. This study aimed to assess 
which variables on CTA and vasodilator SE are best associated with 
long-term cardiac outcome in patients presenting for suspected 
CCS who performed both tests.
Methods. We identified 397 patients with suspected CCS who, be-
tween 2007 and 2019, underwent both SE and CTA within 30 days. 
Coronary artery calcium score (CACS) and the number of coro-
nary arteries with diameter stenosis >50% were assessed on CTA. 
The presence of reversible regional wall motion abnormalities 
(RWMA) and reduced Doppler coronary flow velocity reserve in 
the left-anterior descending coronary artery (CFVR) were as-
sessed 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%) patients 
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 vessels (HR 
1.975, p<0.001) on CTA, were each associated with cardiac events. 
After adjusting for covariates, only CACS and CFVR remained asso-
ciated (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 ste-
nosed coronary arteries, usually considered the hallmarks of coro-
nary artery disease on each test.
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Aims. The main factors associated with coronavirus disease-19 
(COVID-19) mortality are age, comorbidities, pattern of inflamma-
tory response and SARS-CoV-2 lineage involved in infection. How-
ever, the clinical course of the disease is extremely heterogeneous, 
and reliable biomarkers predicting adverse prognosis are lacking. 
Our aim was to elucidate the prognostic role of a novel marker of 
coronary artery disease inflammation, peri-coronary adipose tissue 
attenuation (PCAT), available from high-resolution chest computed 
tomography (HRCT), in COVID-19 patients with severe disease 
requiring hospitalization.
Methods. Two distinct groups of patients, admitted to Parma Uni-
versity Hospital in Italy with COVID-19 in March 2020 and March 
2021 (first and third wave peaks of COVID-19 pandemic in Italy, 
with prevalence of wild-type and B.1.1.7 SARS-CoV-2 lineage, re-
spectively) were retrospectively enrolled. The primary endpoint 
was in-hospital mortality. Demographic, clinical, laboratory, HRCT 
data and coronary artery HRCT features (coronary calcium score 
and PCAT attenuation) were collected to establish which variables 
were associated with mortality.
Results. Among the 769 patients enrolled, 555 (72%) were dis-
charged alive and 214 (28%) died. In multivariable logistic regres-
sion analysis age (p<0.001), number of chronic illnesses (p<0.001), 
smoking habit (p=0.006), P/F ratio (p=0.001), platelet count 
(p=0.002), blood creatinine (p<0.001), non-invasive mechanical ven-
tilation (p<0.001), HRCT visual score (p<0.001) and PCAT (p<0.001) 
were independently associated with in-hospital mortality.
Conclusion. Coronary inflammation, measured with PCAT on 
HRCT, was independently associated with higher mortality in pa-
tients with severe COVID-19.

PROBING THE EFFICACY OF NATURAL  
AND NOVEL SYNTHETIC PCSK9 
INHIBITORS IN REDUCING 
NEUROINLFAMMATION, Aβ-INDUCED 
NEUROTOXICITY AND CHOLESTEROL 
UPTAKE IN HUMAN CEREBRAL CELL 
MODELS
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L. Giannessi 1, I. Rossi 2, M.G. Lupo 2, G. Panighel 2, N. Ferri 2, 
M. Radi 1, W. Kukula-Koch 3, A. Vilella 4, F. Zimetti 1
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of Medicine, University of Padua; 3Department of Pharmacognosy 
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Alteration of cerebral cholesterol homeostasis together with neu-
roinflammation are mechanisms leading to Alzheimer’s disease 
(AD). The proprotein convertase subtilisin/kexin 9 (PCSK9), other 
than regulating plasma cholesterol, is expressed also in the central 
nervous system (CNS), where it worsens the β-amyloid (Aβ)-in-
duced neurotoxicity and reduces neuronal cholesterol uptake, sug-
gesting an involvement in neurodegeneration. This in vitro study 
aims to prove the putative role of PCSK9 on neuroinflammation and 
to investigate the potential protective effect of its pharmacological 
inhibition with natural and newly-synthesized molecules. Prelimi-
nary studies on inflammation were performed on astrocytoma cells 
(U373) exposed to recombinant PCSK9 and Aβ-fibrils evaluating 
the expression of inflammatory genes (qRT-PCR) and cytokines’ 
release (ELISA assay). Both natural (magnoflorine, a berberine 
analogue) and newly-synthesized molecules (MR compounds) with 
previously proven PCSK9 inhibitory activity were tested on human 
microglial cells (HMC3) and human neuroblastoma cells (SH-
SY5Y) to assess their potential protective effect on Aβ-induced neu-
rotoxicity (MTT assay), neuronal cholesterol uptake (radioisotopic 
techniques) and neuroinflammatory cytokines’ secretion (ELISA 
assay). PCSK9 significantly enhances the Aβ-induced neuroinflam-
matory response, by increasing IL-6, IL-1β, TNF-α and inflam-
masome-related (Pyrin, NLRP3, NLRC4) gene expression, as well 
as MCP1 release (p<0.05). Microglial viability, significantly reduced 
after incubation with Aβ-fibrils (-28%; p<0.0001), was dose-de-
pendently restored by synthetic PCSK9 inhibitors, with the most 
evident effect for MR-533 at 10µM (p>0.05 vs basal condition), as 
well as by magnoflorine at 200µg/ml (p>0.05 vs basal condition). 
Neuronal cholesterol uptake, reduced when PCSK9 is overex-
pressed (p<0.05), is restored after treatment with MR-3 at 10 µM 
(p<0.01). Furthermore, magnoflorine treatment (100µg/ml) in 
HMC3 cells dampened Aβ-triggered IL-6 release (p<0.05). 
In conclusion, our in vitro results point to PCSK9 as pivotal in the 
modulation of neuroinflammation and its pharmacological inhibi-
tion reduces Aβ-induced neurotoxicity and restores neuronal cho-
lesterol uptake, potentially opening the way for new approaches in 
the treatment of AD.
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Introduction. Atherosclerosis is a disease characterized among 
other causes by the lipoprotein accumulation and the chronic in-
flammation of the arterial wall triggering the development of ath-
erosclerotic plaques. Even if long non-coding RNAs (lncRNAs) are 
emerging as regulatory molecules involved in the pathogenesis of 
an increasing number of diseases, to date, their association with 
atherosclerosis is still poorly investigated (1). Thus, we aimed to 
evaluate lncRNAs expression in plaques and plasma to find novel 
diagnostic and/or therapeutic biomarkers through a comprehen-
sive RNA-Seq analysis followed by an accurate bioinformatic anal-
ysis. 
Materials and Methods. Human carotid atherosclerotic plaques, 
their adjacent regions (lower grade lesions) and plasma from 15 
patients undergoing endarterectomy were collected (44 samples). 
All samples were processed for RNA-Seq analysis by using Next 
Generation Sequencing (NGS) protocols; libraries were prepared 
with the Illumina Stranded Total RNA Prep kit and sequencing was 
made on Illumina NextSeq550Dx instrument). The bioinformatic 
analysis was carried out by using different pipelines in R. Quality 
controls showed that all tissue samples had good quality. Reads 
from plasma samples were filtered and deduplicated before the fol-
lowing analysis. After mapping and quantification analysis, princi-
pal component analysis (PCA), differential expression analysis, 
pathway enrichment analysis and network analysis were carried 
out. Additionally, we compared our results against data of athero-
sclerotic and non-atherosclerotic arteries from Genotype-Tissue 
Expression (GTEx) Project database, that contain transcriptomic 
information about 54 tissues sites across 1000 deceased donors.
Results. Clustering analysis and PCA showed a clear separation 
between plaque and adjacent region tissue samples. Differential 
expression analysis highlighted 915 differentially expressed genes 
in plaques versus adjacent regions, with 798 over-expressed and 
117 under-expressed genes in plaque versus adjacent region sam-
ples. Pathway enrichment analysis using KEGG database showed 
that the over expressed genes in plaque group belong to inflamma-
tion and immunity pathways, thus confirming the biological mech-
anism of atherogenesis. The comparison with GTEx dataset 
showed that, of the 200 differentially expressed genes in GTEx, 100 
were concordant with the differentially expressed genes of our 
dataset, thus supporting our results. We found 48 lncRNAs differ-
entially expressed and the top five over expressed in plaques versus 
the adjacent regions showed a log fold change (logFC) higher then 
3. Network analysis showed interesting relationships between 
some lncRNAs and their respective targets that have to be deeper 

investigated. To analyse data in plasma samples, correlation of ex-
pression was made in order to find a good circulating biomarker 
reflecting the alterations observed in plaques. Higher was the ex-
pression of a gene in plaques respect the adjacent regions (gene 
with higher logFC), higher was the expression in plasma, thus pro-
ducing a positive correlation. Among all the differentially expressed 
genes (coding and non-coding), lncRNA H-19 had one of the high-
est logFC (logFC=4.3; P value=0.000040) and, among the lncRNAs 
with a positive correlation in plasma, it is the one with the highest 
and significant positive expression correlation (Correlation val-
ue=0.6; P value=0.022). Moreover, GTEx supports this data because 
lncRNA H-19 is more expressed in atherosclerotic samples in 
GTEx than in controls.
Conclusion. For the first time a high lncRNA H-19 expression was 
observed in human atherosclerotic carotid plaque tissues with a 
high and significant correlation of its plasma concentration. Our 
data together with scattered literature highlighted lncRNA H-19 
functional role in triggering atherosclerosis by acting through dif-
ferent pathways. 
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Individuals diagnosed with familial hypercholesterolemia (FH), a 
monogenic genetic disorder, suffer from an inability to process 
low-density lipoprotein (LDL), which leads to its build-up most sig-
nificantly in the arterial walls apart from other tissues. Therefore, 
without treatment, these individuals are at a higher risk for devel-
oping life-threatening conditions such as severe heart disease, lead-
ing to early mortality. To date, several treatments are available but 
have cons such as side effects, intolerance issues, and more impor-
tantly, rely on at least partial presence of endogenous functioning 
LDLRs to work effectively. To better optimize FH treatment, we 
have turned to using gene therapy tactics to develop Helper-depen-
dent adenoviral vectors, which carry the murine LDLR/Tf chimeric 
protein. In vitro and in vivo functionality analysis of the murine chi-
meric protein produced indicated that the murine fusion protein 
can effectively correct the phenotype of LDLR deficient cells and 
can increase LDL uptake. These results are promising for further 
production and characterization of the human LDLR/Tf chimeric 
protein and show the potential for additional studies that evaluate 
the safety of this gene therapy treatment as a long-term correction 
solution, which prevents activating the immune system by avoiding 
toxic build-up.
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Atrial fibrillation (AF) is the most common cardiac arrhythmia with 
a clinical relevance observed in medical practice. Long-term oral 
anticoagulation is the primary therapy for the prevention of isch-
emic stroke in patients diagnozed with AF. Different types of oral 
anticoagulant drugs can have specific effects on the metabolism of 
AF patients. We have characterized, for the first time to the best of 
our knowledge, the serum metabolomic and lipoproteomic profiles 
of AF patients treated with two classes of anticoagulants: vitamin K 
antagonists (AVKs) and direct oral anticoagulants (DOACs).Serum 
samples of 177 AF patients (median age 78 years, 62% males, 70% on 
DOACs treatment) were analyzed via high resolution 1H NMR 
spectroscopy. Data on 25 metabolites and 112 lipoprotein-related 
fractions were quantified and analyzed with multivariate and univar-
iate statistical approaches. Our data show that patients treated with 
AVKs and DOACs present significant differences in their profiles: 
lower levels of alanine and lactate, as well as higher levels of HDL 
cholesterol, apolipoprotein A1 and 12 HDL cholesterol fractions 
and subfractions are characteristic of serum profile of patients on 
DOACs’ therapy. Our results support the usefulness of NMR-based 
metabolomic approach in the AF setting for the description of the 
pharmacological effects of anticoagulants on patient circulating me-
tabolites and lipoproteins. The higher levels of HDL cholesterol 
observed in patients treated with DOACs could contribute to ex-
plaining their reduced cardiovascular risk and may suggest a poten-
tial pleiotropic effect of these drugs. These results suggest the 
need of further studies in this direction to fully understand possible 
clinical implications.
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Background. Macrophages and Kupffer Cells have a key role in 
the lipid metabolism and in modulation of the inflammation. How-
ever, there are conflicting results about the transcriptomic regula-
tion of these two important processes in mice fed with a rich fat 
diet.
Methods. Single-cell RNA-sequencing of the total aorta population 
and of CD45+ cells in the liver is performed on C57BL6/J mice, fed 
for 12 weeks with SD (11% fat) or WD-HFD (60% fat). The data are 
processed with Seurat pipeline with a 0.1 resolution. The different-
ly expressed genes (DEGs, Padj-value>0.05) are analyzed with DA-
VID, IPA and EnrichR software. The data are obtained from the 
published datasets under the GEO: GSE156059 (40,000 cells) and 
SCP1361 (24,001 cells).
Results. The top expressed markers in both KC and macrophages 
were CD68, C1qb and Lyz2, suggesting for a common metabolic 
function. Thus, we analyzed the total DEGs (n=450), comparing the 
macrophages of the aorta for the diet and were enriched in path-
ways such as coronary disease and inflammatory pathways. The 
top DEGs were ANGPTL4 (log2FC=0.41), LPL (log2FC= -0.70) and 
CD36 (log2FC= -0.51). Comparing only the Kupffer cells population 
for the diet, there were an increase of Angptl4 (log2FC=2.19) that 
seems to be related to the increased activation of PPARα (log-
2FC=2.98). The DAVID enrichment analysis shows that PPARα also 
reduces the response to lipopolysaccharide (FDR=2.86x10E-3) 
while the upregulated genes (log2FC > 1, n=523) are enriched for 
the lipid hydroxylation (FDR=9.05x10E-5) and the balanced re-
sponse of LPL (log2FC=0.699) and CD36 (log2FC=1.2). On the oth-
er hand, the prediction analysis in IPA shows a tendency to de-
crease in IL-12 (z-score=-1.298) and IL-6 (z-score= -1.091) signaling 
suggesting for an activation of anti-inflammatory pathways.
Conclusion. The high fat diet seems to activate the expression of 
Angptl4 in KC and macrophages whether this expression mediates 
different metabolic signaling is under investigation.
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Introduction. Greater people’s awareness of cardiovascular risk 
factors could lead to better compliance with behaviour and/or phar-
macological therapy. Our aim was to evaluate the cardiovascular 
risk (CVR) awareness of different groups of patients with cardio-
vascular risk.
Materials and Methods. A total of 284 ambulatory patients were 
enrolled (from May to July 2023) in this study: 148 (52%) from Hy-
pertension-dyslipidemia Center, 92 (32.3%) from Diabetes Centre 
and 45 (15.7%) from Obesity Center. All subjects were asked to 
complete (by their-self) questionnaire to evaluate their awareness 
of CVR.The questionnaire was composed of 20 questions, which 
included demographic characteristics, personal and family history 
of CVD, information needed to calculate CVR according to SCORE 
parameters. Their perception of CVR was compared with doctors’ 
CV score evaluation.
Results. 32.1% of patients had low CVR, 26% moderate CVR, 14.6% 
high CVR and 27.3% very high CVR.Only 40% of patients had a cor-
rect perception of their CVR, among patients with incorrect CVR 
perception, the majority of patients underestimated their risk (85%) 
and only 15% overestimated it. In particular, CVR was underestimat-
ed by 54.7% of patients of Hypertension-dyslipidemia Center, by 
49.2% of Diabetes Center and by 41% of Obesity Center. A signifi-
cant association was found between CVR overestimation and the 
different Centers (p<0.01); the Obesity Center had the highest per-
centage of patients who overestimated their CVR (33.3%).We also 
found that patients in the very-high-risk class had no awareness of 
their risk condition. This is confirmed by the fact that among pa-
tients at very high risk (27.3%) only 1.5% perceived this condition, 
with significant differences among the different clinics (p<0.01): 0 
vs 31 in Hypertension-dyslipidemia Center; 3 vs 25 in Diabetes Cen-
ter; 1 vs 6 in Obesity Center.
Conclusion. Our data showed underestimation of CVR among pa-
tients referring to our clinics expecially between very-high-risk 
patients underlining the need for maximize patients’ risk conscious-
ness in order to create more adherence on therapeutic strategies 
and lifestyle.

SEVERE AND TRANSIENT DISAPPEARING 
HIGH DENSITY LIPOPROTEIN SYNDROME 
PUTATIVELY TRIGGERED BY AN ACUTE 
STRESSFUL PSYCHOLOGIC EVENT

J.P. Werba
Centro Cardiologico Monzino, IRCCS
E-mail: pablo.werba@cardiologicomonzino.it

I report herein a case of a middle-aged very healthy woman with a 
history of moderate polygenic hypercholesterolemia, high levels of 
HDL-cholesterol (mean 80 mg/dl) and absence of clinical athero-
sclerotic disease or subclinical carotid atherosclerosis who, about 
two weeks after an acute and severe psychologic stress, developed 
mild general malaise and a rapidly progressive reduction of 
HDL-cholesterol (nadir level: 7 mg/dl) associated with blood 
changes suggestive of a lymphoproliferative disorder (high mono-
cytes count with increased non-clasic CD4- cells, high lactic dehy-
drogenase levels, etc.). Laboratory and imaging diagnostic studies 
eventually excluded haematological or autoimmune diseases and, 
interestingly, HDL-cholesterol levels as well as all the other labora-
tory abnormalities spontaneously resolved within three months. 
While sepsis, burns, severe hepatic failure, some drugs and hema-
tological disorders are recognized causes of Disappearing High 
Density Lipoprotein Syndrome (1-4), this is the first one reported, 
to the best of my knowledge, with psychologic acute stress as the 
putative trigger.
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META-ANALYSIS OF RANDOMIZED 
CONTROLLED TRIALS EVALUATING  
THE EFFECT OF LIPID-LOWERING 
THERAPIES ON LIPOPROTEIN(A) LEVELS
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Large epidemiological studies, Mendelian randomized studies, and 
genome-wide association studies inform that elevated lipopro-
tein(a) [Lp(a)] concentration is an independent and potentially 
causal risk factor for cardiovascular diseases. However, no ap-
proved therapies for patients with elevated Lp(a) levels are avail-
able. We aimed to investigate to what extent available lipid-lowering 
therapies (LLTs) affect Lp(a) level. This meta-analysis was conduct-
ed according to the PRISMA guidelines. PubMed, Web of Science, 
EMBASE, Cochrane Library, and ClinicalTrial.gov were searched 
from inception to February 2023. Inclusion criteria were:
1)	randomized controlled trials (RCTs) in adults (≥18 years), phase 

II, III or IV; 
2)	English language;
3)	comparing the effect of LLTs vs placebo;
4)	reporting the effects on Lp(a) levels;
5)	with intervention duration of more than 3 weeks. 
Pooled estimates were assessed by fixed-effect or random-effects 
model. Between-study heterogeneity was tested and measured by 
Cochrane’s Q test and I2 statistics. Overall, 65,174 subjects from 84 
RCTs were included in our meta-analysis (31 RCTs for PCSK9 in-
hibitors [PCSK9i], 29 RCTs for statins, 17 RCTs for omega-3 fatty 
acids [omega3FAs], 9 RCTs for CETP inhibitors [CETPi], 6 RCTs 
for fibrates, and 4 RCTs for ezetimibe). Lp(a) levels were consider-
ably reduced by PSCK9i (-6.56 mg/dL, 95%CI -7.98 to -5.13) and 
CETPi (-6.60 mg/dL, 95%CI -9.26 to -3.95). Statins (-0.24 mg/dL, 
95%CI -1.29 to 0.80), ezetimibe (-2.38 mg/dL, 95%CI -6.48 to 1.72), 
omega3FAs (-0.38 mg/dL, 95%CI -0.86 to 0.11), and fibrates (-0.70 
mg/dL, 95%CI -1.51 to 0.11) did not significantly affect Lp(a) con-
centration.In summary, among the LLTs evaluated in our me-
ta-analysis, PCSK9i and CETPi lower Lp(a) levels while other drugs 
are only minimally effective. Further research is necessary to un-
derstand whether the Lp(a) reduction translates into a clinically 
relevant cardiovascular benefit.

THE RISE OF LIPOPROTEIN A IN PATIENTS 
ON STATIN THERAPY

F. Zecchini 1, F. Fogacci 1, A.F.G. Cicero 1, F. Piani 1, J. Lago 1, 
S. D’Addato 1

University of Bologna IRCCS S.Orsola Bologna
E-mail: federico.zecchini@studio.unibo.it

Introdution. Lp(a) is a lipoprotein that has a structure similar to 
LDL, but additionally has apolipoprotein a. Lp(a) is an independent 
cardiovascular risk factor and also a major determinant of residual 
cardiovascular risk in patients reaching the target LDL-C value. 
Very often people with a high plasma level of Lp(a) also have a high 
plasma level of LDL-C and for this reason are on statin therapy. 
Various scientific works have been carried out to understand the 
effect of statins on the plasma level of Lp(a), but the results are 
conflicting. Our study was created to understand whether statin 
therapy is associated with a change in Lp(a) over time.
Materials and Methods. Included in the study were patients on 
statin therapy, who had at least three Lp(a) measurements 6 
months apart, followed by the Outpatient Clinic of the Atheroscle-
rosis and Dyslipidemia Center of the Sant’Orsola Polyclinic from 1 
January 2018 to 30 April 2023. Some of the patients had been on 
chronic therapy for at least 6 months, while others were naïve pa-
tients.
Results. 171 patients were followed, 98 of whom were on chronic 
therapy and 73 were naïve. Of the patients considered in the study, 
135 are on low-intensity statin therapy, 36 on high-intensity statin 
therapy. From the analysis of the data it emerges that the average 
Lp(a) value in patients on chronic therapy after 6,12 and 18 months 
from the start of therapy is respectively (in mg/dL) 69.9-74.4-79, 4 
(P=0.02). The mean Lp(a) value of naïve patients before starting 
therapy and after 6 and 12 months from the start of therapy is re-
spectively (in mg/dL) 68.2-69.3-73.9 (P=0.017).
Conclusions. Statin therapy causes a progressive increase in 
Lp(a) over time. The increase in Lp(a) could reduce the effect of 
statin therapy in terms of reducing cardiovascular risk, but does not 
justify the suspension of treatment. (P=0.017).
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