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M.E. CHEVREUL, cholest ero l discover er 1815

1786 - 1889



Fed rabbits a protein -rich diet
(large amounts of meat, eggs, and
milk)

Imperial Medical Academy in St. PetersburgDaniel St einberg, J . Lipid Res. 2004 . 45: 1583ð1593.

Fed rabbits purified cholesterol 
dissolved in sunflower oil induced 
vascular lesions. The major effect 
was the development of striking 
arterial lesions resembling those of 
human atherosclerosis
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Each apoB-containing lipoprotein has a monolayer of phospholipids 
arranged around its circumference within which are small amounts 

of cholesterol







Allan D. Snider man ,JAMA Card iol Octo ber 23, 2019

For every chylomicron remnant particle 
there are
10 VLDL

1 VLDL part icle  
there are

9 LDL particles



Jan Borén et al., Nat Rev Cardiol. 2022 Sep;19(9):577 - 592

Fasting state

< 10%

Sf = Svedber g flo t ati on





The response- to - retention hypothesis
The retention of atherogenic lipoproteins, associated with the extracellular matrix in the 
arterial intima, is an initial event in early atherogenesis. This process begins with
predisposing stimuli that enhance local synthesis of proteoglycans with high binding 
affinity for lipoproteins and that atherogenic lipoproteins enter the arterial intima and 
are bound and retained by proteoglycans



PhysicalðChemical Alterations of Plaque Composition May Cause ACS in 
Pati ent s With out Syst emic Evidence of I nf lammatio n

Crea F and Liuzzo G J Am Coll Card iol 2013; 61:1ð



When the cholesterol crystallized, it expanded above the original 
liquid meniscus line by up to 45%

Clin. Lipidol. (2010) 5(1), 57ð69



Martin SS et al., Eur Heart J. 2023 Jul 1;44(25):2305 - 2318

Elevated atherogenic lipid levels are a common global problem
(Global Diagnostics Network 461 888 753 individuals aged 20ð89 years)

193 mg/dL

116 mg/dL

Tot al Cholest er ol

LDL-C



Fernández- Friera L et al., J Am Coll Cardiol. 2017 Dec 19;70(24):2979 - 2991

LDL- C is associated with subclinical atherosclerosis in the absence of 
ris k f act ors

11%

64%

LDL-C



Ference BA et al. J Am Coll Cardiol 2015

LDL is causal of atherosclerosis

Genetically LDL-C lowering: 
54.5% per 1mmol/L

Pharmacologically 
Lower LDL-C

22% per 1 mmol/L

The sooner, the better!



Silverman MG, Ference BA, et al. JAMA 2016;316:1289 -
1297.



LDL- c lowering treatment impacts disease progression before 
cli nical manif est ati on

Robinson JG et al., J Am Heart Assoc. 2018 Oct 16;7(20):e009778

Life course trajectory of atherosclerotic progression for different CV risk categories and 
the hypothesized effects of intensive LDL- c lowering



Diminishing risk reduction for the same relative
LDL-C lowering with lower baseline LDL-C

Lauf s U et al. Eur Hear t J 2014
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Mach F et al., Eur Heart J. 2020 Jan 1;41(1):111 - 188



Treatment algorithm for pharmacological LDL- C lowering

Eur Hear t J . 202 0 41: 111-188



Ference B et al European Heart Journal (2017) 0, 1ð14

All th er apies th at act pr edominant ly t o lower LDL up-re gulat e LDL  
re cept or s and th us incre ase LDL clear ance



LDL-C>50%

LDL-C<50%

Medium High  

Statin dose*

Statins 
Ezet imibe

LDL-C r educt ions wit h st at in  
monotherapy

Doubling of a statin dose generally achieves a modest reduction in 
LDL-C of 5% to 6%



Proportional reductions in risks of major vascular events per mmol/L reduction in LDL 
cholest ero l duri ng each year

-24%

-9%

Coll ins et al., Lancet 2016; 388 : 253 2ð61



Despite ASCVD, one- half were on statin and <one- quarter on high intensity statin

Among statin users, female 
patients, older patients, and 
those with PAD were less
li kely t o be on a high-
intensity formulation

Nelson AJ et al., J Am Coll Cardiol. 2022 May 10;79(18):1802 - 1813



Impact of physicianõsperception about LDL cholesterol control in clinical practice

Physicians may underestimate the CV risk of patients with dyslipidaemia

Based on the perception of physicians, in clinical practice there was an 
underestimation of the CV risk in a subset of patients with dyslipidaemia

One third of secondary prevention patients were considered as having high CV risk 
and 21% of pat ient s wit h diabet es as moder at e CV ris k

In 32% of patients, a change in lipid lowering therapy was performed after the visit, 
mainly combining statins/ezetimibe (55%)

Most patients with dyslipidaemia do not achieve the recommended LDLc goals because 
of an insufficient intensification of lipid lowering therapy

Cosín- Sales J et al., Atherosclerosis. 2023 May 11;375:38 - 44



The latest ESC/EAS guidelines on LDL-C attainment goals were updated in 2019 to < 
70 mg/dL and < 55 mg/dL for patients at high and very -high CV risk and a ²50% 
reduction in LDL-C

Results from the DA VINCI study (2017 -2018) showed that only 54% of patients met 
their risk -based 2016 LDL goal, and only 33% of patients met their 2019 LDL- C goal

Data suggest statin monotherapy is the most common treatment (84%), combination 
therapy with ezetimibe (9%) and PCSK9inhibitors (1%) use is low.

SANTORINI is the first registry study to document lipid management approaches in 
clinical pr act ice in Europe since DA VI NCI

SANTORINI will help to show whether the treatment landscape has evolved, and if 
treatment gaps persist



Khunti K et al., JAMA Netw Open. 2018 Dec 7;1(8):e18555

- 7%

- 40%- 5%



Optimal adherence and persistence with statin therapy

Lin I et al., J Manag Care Spec Pharm. 2016 Jun;22(6):685 - 98



Lin I et al., J Manag Care Spec Pharm. 2016 Jun;22(6):685 - 98

541,221 patients at high risk for CV events



Patient - reported reasons for declining statin therapy

5693 adults on 
statins (PALM 
Registry)

W orr y about Sid e Effe ct s

Bradley CK et al., J AHA 2019;8(7) :e011765

36%



Side effects of statins

Ruscica M, Ferri N éCorsiniA, Cardiovasc Res. 2023 Jan 18;118(17):3288 - 3304



Clinical definition of statin intolerance 
(202 2 Nat ional Lipid Associati on)

One or more adverse effects associated with statin therapy, which 
resolve or improve with dose reduction or discontinuation. To classify a 
patient as having statin intolerance, a minimum of two statins should 
have been attempted, including at least one at the lowest approved daily 
dosage

i) Complete: Inability to tolerate any dose of a statin
ii) Partial: Ability to tolerate a lower dose of statin required to achieve 

the patient -specific therapeutic objective

Cheeley MK et al., J Clin Lipidol. 202 2 J ul-Aug;16(4) :361-375



Statin intolerance is associated with an increased risk for recurrent 
MI and CHD event s

+51%
+50%

53.9% switched between Ó3 statins within 1 year

HR= 1.51 (1.34-1.70 ) HR= 1.50 (1.30-1.73 )

Serban MC et al., J Am Coll Cardiol. 2017 Mar 21;69(11):1386 - 1395



In subjects with coronary artery disease, visit - to - visit LDL- C variability is an 
independent pr edicto r of card iovascular event s

LDL- C variability commonly associated with worse outcomes

Bangalore S et al., J Am Coll Cardiol. 2015 Apr 21;65(15):1539 - 48

TNT (Treating to New Targets) trial 
atorvastatin 80 mg/day versus 10 mg/day



In the absence of a standardized classification of statin -associated 
muscle symptoms (SAMS), EAS proposed to integrate all muscle-
related complaints (e.g., pain, weakness, or cramps) asômuscle
symptomsõ,subdivided by the presence or absence of CKelevation

Str oes ES et al., Eur Hear t J . 2015 May 1;36(17):1012-22  
Warden BA et al., J Clin Lipidol. 2023 Jan- Feb;17(1):19 - 39

Pain and weakness in typical SAMS are usually 
symmetrical and proximal, and generally affect 
large muscle groups including the thighs, buttocks, 
calves, and back muscles

Symptoms are reversible upon discontinuation 
(dechallange) and reoccur with rechallange



1)The overall prevalence of 
SI was 9.1%

2)In observational cohort 
studies, the prevalence of SI 
was twice as high (18%)

3)Statin lipid solubility did 
not affect the prevalence of 
SI [4.0% (2.0 ð5.0%) vs. 5.0% 
(4.0ð6.0%)]

Byt yçi I et al., Eur Hear t J . 2022 ;43(34) :3213-3223

Prevalence of statin intolerance: a meta - analysis 
(> 4,000 ,000 pat ient s)



Ruscica M et al., Cardiovasc Res. 2023 Jan 18;118(17):3288 - 330

SAMS

Liver 
enzymes

Diabet es  
risk

r oughly 5%



PRIMO Study - Distribution of the time of onset of muscular symptoms

Prava, Atorva Simva, Fluva XL
Bruckert E et al., Cardiovasc Drugs Ther. 2005 Dec;19(6):403 - 14

Symptoms were reported in 10.5% (7924 hyperlipidaemic patients)



PLOS ONE August 2012 , e42866



Amongst 9.6% of pat ient s  
re por t ing SAM S, 82 .2%  
underwent t r eatm ent

int er rupt ion and r echallenge

Casula M et al., JI M 202 1;290( 1):116-128

no-SA MS Yes-SA MS

50.7%

31.5%



Continued Statin Prescriptions After Adverse Reactions and 
Patient Outcomes

Among 28,266 study patients, 70.7% continued receiving statin 
prescriptions after the adverse reaction

Zhang H et al., Ann Intern Med. 2017 Aug 15;167(4):221 - 227



Most patients with previous statin intolerance can tolerate 
subsequent trial of statin

72.5% of patients with prior statin intolerance, tolerated a statin 
with 63.2% on a daily statin regimen

- 8.3%

- 21.3%

-27.7%

Mampuya WM et al., Am Heart J. 2013 Sep;166(3):597 - 603



Reconciling Clinical Trials and Clinical Experience

These trials excluded patients unlikely to adhere to the demands of a long-term 
study and those taking known interacting drugs

Newman CB et al., J AMA . 2015 Mar 10;313(10):1011-2

Adverse muscle symptoms accompanied by CKelevations Ó 10 X 
upper limit of normal



Schirr is TJ et al., Cell Met ab. 2015 Sep 1;22(3) :399-407



Strategy Rationale

Lower dose SAMS are dose-related / patient with SAMS on 
atorvastatin 80 mg daily may tolerate atorvastatin 10 mg 
daily

Different statin Use statins that utilize either a different metabolic 
pathway (CYP3A4, CYP2C8, CYP2C9) / atorvastatin 80 mg 
daily may tolerate pravastatin, rosuvastatin, fluvastatin -XL

I nte rmitte nt  
dosing

Utilizing statins with longer half -lives and greater potency 
(atorvastatin or rosuvastatin) / Monday, Wednesday, 
Friday

Maximize risk 
reduction

Control of all major risk factors (eg, hypertension, 
cigarette smoking, diabetes, metabolic syndrome)

Washout period Holding the statin for a few days to a few weeks and then 
restarting treatment again may improve persistence rates

Grundy SM et al., Am J Med. 202 2 Mar ;135(3) :318-323  
Warden BA et al., J Clin Lipidol. 2023 Jan- Feb;17(1):19 - 39



Guidelines European vs US

European guidelines

Initiation of statin treatment for primary prevention in older people aged Ó75years may be 
considered if at high risk or above.

Statin is started at a low dose if there is significant renal impairment and/or the potential for 
drug interactions, and then titrated upwards to achieve LDL-C treatment goals.

US guidelines

The decision algorit hm regar ding st at ins should not change in t he elder ly who have a lif e  
expectancy of Ó5years

It is reasonable to initiate moderate - or high- intensity statin therapy after evaluation of the 
pot ent ial f or ASCVD r isk re ductio n

In adults 76 to 80 years of age with an LDL-C level of 70 to 189 mg/dL, it may be reasonable to 
measure CACto reclassify those with a CACS of zero to avoid statin therapy



Efficacy and safety of statin therapy in older people

Cholesterol Treatment TrialistsõCollaboration, Lancet 2019; 393: 407ð15

Effects on components of
major vascular events per mmol/L reduction in 
LDL- C

- 25%

-13%


