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- Farmaci ipocolesterolemizzanti

- Farmaci ipotrigliceridemizzanti



Farmaci ipocolesterolemizzanti 
dalle molecole di sintesi ai farmaci biologici 

×Statine

×Terapia di combinazione

×Farmaci biologici

×La terapia genica



Algoritmo del trattamento
farmacologico per ridurre le LDL-C

Eur Heart J.  2020 41: 111-188



Effetti dei farmaci per le dislipidemie

RayKK et al Lancet 2019; 394: 697ð708



Struttura chimica delle statine e di HMG-CoA

ShitaraY and SugiyamaY PharTher2006; 112:71-106 



Regolazione del metabolismo del colesterolo nelle 

cellule epatiche

Modifiedfrom D. Rader Nat Med2001, 7: 1282-1284



Revisionesistematicae meta-analisi
ÄÅÌÌȭÅÑÕÉÖÁÌÅÎÚÁterapeutica delle statine

AlbericoL. Catapanoet al. Eur Heart J 2016
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Eur Heart J. Published online  April 27, 2018. doi:10.1093/eurheartj/ehy182

Overview of the relative prevalence of the main types of adverse effects reported 

with statin therapy. RCT, randomized controlled trial; SPARCL, Stroke Prevention by 

Aggressive Reduction in Cholesterol Levels.



Muscularsymptomswere reported in 10% of  statin treated patients 
and led to discontinuation in 30% of the symptomaticpatients

Nutrition, Metabolism & Cardiovascular Diseases 1-5, 2012





PLOS ONE August 2012 | Vol 7 | Issue8 | e42866



Å Increasing dose

Å Increasing concentration:

ÅIncreasing age, female

ÅCYP450 interactions (pharmacokinetic)

ÅClinical conditions:

ÅPoly-therapy

ÅTransplanted 

ÅDiabetes 

ÅHypothyroidism

ÅHistory of muscular symptoms after LLT

Fattori di rischio per miopatia/mialgia





Therapeutic flow-chart for management of patients with statin-
associated muscle symptoms

Eur Heart J. 

2015 Feb 18. 



Å Overview of the pathophysiology of SAMS

ÅGenetic susceptibility to SAMS



EurJ Clin Invest 
2015; 45(7):745ς

754



Rodrigues AC Expert Opin Dru Metab Toxicol 6(5): 621-632; 2010



Geneticallyimpairedactivity of OATP1B1 
reducesthe hepaticuptakeof active
simvastatinacid, causingaccumulationof 
simvastatinacid in plasma and an 
increasedrisk of myopathy.

Niemi M VOLUME 87 NUMBER 1 | january 2010 | 

www.nature.com/cpt



Enzymatic and drug transporter pathways 
involved in the pharmacokinetics of statins

Corsini A and Ceska R Curr Med Res & Op Vol. 27:1551ï1562 ; 2011



Distribution of OATPs in 
selected human epithelial 
tissues. The OATPs within 
the same subfamily are 
labelledwith the same color 

Hagenbuch B and Stieger B                                                  

Molecular Aspects of Medicine 34 

(2013) 396ï412



Rodrigues AC 

Expert Opin. 

Drug Metab. 

Toxicol. 

(2010) 

Postulated mechanism of statin myotoxicity



Eur Heart J. Published online  April 27, 2018. doi:10.1093/eurheartj/ehy182

Overview of the relative prevalence of the main types of adverse effects reported 

with statin therapy. RCT, randomized controlled trial; SPARCL, Stroke Prevention by 

Aggressive Reduction in Cholesterol Levels.



No difference by statin

Sattar N et al. Lancet. 2010;375:735-42



NATURE REVIEWS | ENDOCRINOLOGY VOLUME 12 | FEBRUARY 
2016 | 99 



Meta-analysis of New-Onset Diabetes and First 
Major CV Events in 5 Large Trials Comparing Intensive- to 

Moderate-Dose Statin Therapy

NTT/yr 155 for CV events

NNH/yr 498 for new-onset diabetes

Preiss et al. JAMA 2011; 305:2556-64





Risk category LDL goals(starting with untreated LDL-C)

2016 2019

Very-high-risk <1.8 mmol/L (70 mg/dL) 
ƻǊ Ҕрл҈ Ҩ ƛŦ [5[-C 1.8-3.5  (70

- 135 mg/dL)

<1.4 mmol/L (55 mg/dL) 
and>50% Ҩ

High-risk <2.6 mmol/L (100mg/dL) 
ƻǊ Ҕрл҈ Ҩ ƛŦ [5[-C 2.6-5.2

(100 - 200 mg/dL)

<1.8 mmol/L (70 mg/dL)
and >50% Ҩ

Moderate-risk <3.0 mmol/L (115 mg/dL) < 2.6 mmol/L (100 mg/dL)

Low-risk <3.0 mmol/L (115 mg/dL) <3.0 mmol/L (115 mg/dL)

Recommended treatment goals for LDL-lowering therapy:

main changes from 2016 to 2019



EurJ PrevCardiol. 2021 Sep 20;28(11):1279-1289.



ESC/EAS 2016 and 2019 risk-based LDL cholesterol goal attainment 
among patients stabilized on lipid-lowering regimens

EurJ PrevCardiol. 2021 Sep 20;28(11):1279-1289



Farmaci ipocolesterolemizzanti 
dalle molecole di sintesi ai farmaci biologici 

×Statine

×Terapia di combinazione

×Farmaci biologici

×La terapia genica



Treatment algorithm for pharmacological LDL-C lowering 

European Heart 
Journal (2019) 
00, 1-78



FerenceB et al European Heart Journal (2017) 0, 1ς14

All therapies that act predominantly to lower LDL up-

regulate LDL receptors and thus increase LDL clearance





Pharmacological effects of lipid-modification therapies

RayKK et al Lancet 2019; 394: 697ï708



Uptake of a fluorescent cholesterol

analog in hamster small intestine

Sparrow et al. J Lipid Res. 1999; 10:1747

125 I-Gluc-Ezetimibe Delivered I.V. 

Localizes to the Intestinal Brush Border in 

Bile-Duct Cannulated Rats

Ezetimibe appears to localize to the site of 
cholesterol absorption



Model for NPC1L1-mediated cholesterol uptake

PhanBA et al  Health Risk Manag. 2012;8:415-27 



Cholesterol Absorption was Inhibited by 54%
(p < 0.001)
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Metabolism of Ezetimibe

Å Rapidly metabolized to an 

active glucuronide metabolite

Å Both parent drug and 

metabolite inhibit cholesterol 

absorption

Å Glucuronide metabolite more 

potent than parent drug in 

inhibiting cholesterol 

absorption

Å Repeated enterohepatic 

circulation results in long 

duration of action

Adapted from Catapano AL Eur Heart J Suppl 2001;3(suppl E):E6-E10; van Heek M et al Br J Pharmacol 2000;129:1748-

1754; Patrick JE et al Drug Metab Dispos 2002;30:430-437; Ezzet F et al Clin Ther 2001;23:871-885.
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1 Reduction of hepatic cholesterol

2 Increased LDL receptor expression

3 Increased clearance of plasma LDL-C

Together, ezetimibe in combination 

with a statin provides:

LDL-
C

NPC1L1 = Niemann-Pick C1-like 1; HMG-CoA = 3-hydroxy-3-methylglutaryl acetyl coenzyme A; CMR = chylomicron remnant.
1.Grigore L et al. Vas Health Risk Manag. 2008;4:267ï278. 

1 Cholesterol 
Pool

3

Ezetimibe and Statins Have Complementary 

Mechanisms of Action1
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As high as 60% LDL-C lowering via dual inhibition

1. Assmann G, et al. J Am Coll Cardiol 2004;43(5, Suppl. 2):A445-A446; 2. Goldberg AC, et al. Mayo Clin Proc. 2004 May;79(5):620-9.;
3. Davidson M etal. J Am Coll Cardiol 2002; 40:2125-34.
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LDL-C Reduction Across the Dose Range
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*p<0.001 vs. corresponding dose of simvastatin 

Adapted from Goldberg AC et al. Poster presentation at the 53rd ACC, March 7ï10, 2004.

Eze/Simva Simvastatin



Modified from ESC/EAS Guidelines for the Management  of Dyslipidaemias: 
Addenda, European Heart Journal 2011

LDL-C>50%

LDL-C<50%

Medium High

Statin dose*

Statins
Ezetimibe

*High Efficacy Statins 

LDL -C reductions with statin monotherapy

Doubling of a statin dose generally achieves a modest 

reduction in LDL-C of 5% to 6%



Desired pharmacological effect

Dose of Statin (mg/day)
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Statin: dose-effectrelationship

Adapted from Rowland M et al., Clin. Pharmacokin.: Concepts and Applications. 2nd Ed. Philadelphia, Lea & Febiger, 1989
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KardiolPol. 
2020 Jul24 



De Luca L et al. Kardiol
Pol. 2020 Jul24 



Waterfall plot for participants allocated to rosuvastatin20 mg for % 
change in LDL-C and incident event rates in JUPITER trial

RidkerPM et al EurHeart J. 2016 Feb 24



Lipids in 

Health and 

Disease 2005, 

4:16



There is a negative correlation between the LDL-C 
response to statins and the response to Ezetimibe

Pisciotta L et al. Atherosclerosis 2006



Effect of a negative correlation between the LDL reduction of two drugs on the 

final variance of LDL reduction induced by the combination of the two drugs

Atherosclerosis 240 (2015) 482e489. Supplementary data



Lipid -Lowering Efficacy of Ezetimibeand 

Ezetimibe/Simvastatin

ÁAdding ezetimibe to ongoing statin therapy

ÁAdding ezetimibe to ongoing statin therapy vs doubling 

the statin dose vs switching to rosuvastatin

ÁHeterozygous FH

ÁStatin intolerance



Anne C. Goldberg et al., Mayo Clin Proc2004;79:620-629

Co-Administration of Ezetimibewith Simvastatin:

% Reduction on LDL-C by Baseline Subgroup Parameters



Ezetimibe RCP


