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Pharmacology of statins

Mach F et al. Eur Heart J 2018; 39: 2526



Statin Adverse Events
Common side effects

⚫ Headache             – Myalgia                         – Fatigue

⚫ GI intolerance       – Flu-like symptoms

Increase in liver enzymes

⚫ Occurs in 0.5 to 2.5% of cases in dose-dependent manner

⚫ Serious liver problems are exceedingly rare

⚫ Manage by reducing statin dose or discontinue until levels return to normal

Myopathy

⚫ Occurs in 0.2 to 0.4% of patients

⚫ Rare cases of rhabdomyolysis

⚫ Reduce by

⚫ Cautiously using statins in patients with impaired renal function

⚫ Using the lowest effective dose

⚫ Cautiously combining statins with fibrates

⚫ Avoiding drug interactions

⚫ Careful monitoring of symptoms

⚫ Presence of muscle toxicity requires the discontinuation of the statin



Statin intolerance 
Statin intolerance is defined as one or more adverse 

effects associated with statin therapy, which resolves 

or improves with dose reduction or discontinuation, 

and can be classified as complete inability to tolerate 

any dose of a statin or partial intolerance, with 

inability to tolerate the dose nec- essary to achieve 

the patient-specific therapeutic objective. 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.

Cheeley MK et al. NLA statement   J Clin Lipidol 2022; 16 : 361 



Statin myopathy

International Definitions
European Statin-associated 

myotoxicity grading system

Thompson PD et al; JACC 2016; 67: 2395

Alfirevic A et al; Clin Pharm Ther 2014; 96: 470 



Cholesterol Treatment Trialists: 

adverse effects

Muscle weakness

Myalgia

CTT group. Lancet 2022; S0140-6736(22)01545-8



Statin intolerance: prevalence

Bytyci I et al. Eur Heart J 2022 – on-line 176 studies; n= 4143517



Risk factors for statin 

myopathy

Patient-related Treatment-related

Joy TR & Hegele RA. Ann Intern Med 2009; 150 : 858 



Statin-induced myalgia or myopathy?

Myalgia/Myositis Creatine kinase elevation

Joy TR & Hegele RA. Ann Intern Med 2009; 150 : 858

Kim E & Wierzbicki AS. BMJ. 2021; 373 : n1486



Statin intolerance: risk factors

Bytyci I et al. Eur Heart J 2022 – on-line 176 studies; n= 4143517



Mechanisms of statin myopathy

Thompson PD et al; JACC 2016; 67: 2395 



Statin myopathy- a mitochondrial 

complex 3 problem

Schirris TJJ et al. Cell Metab 2015; 22: 399



Statin intolerance: microRNA 

signature profiles

Mangas A et al. Int J Mol Sci 2022; 23: 8146 



Statin interaction 

mechanisms

Statin metabolic pathway OAT1B1 transporter interactions

Noe J et al; Drug Disp Metab 2007; 35 : 1308



Statin pharmacogenetics: SLCO1B1

SLCO1B1 algorithm: 

Rosuva- & Atorva-statin

Simvastatin 80mg 

(diltiazem/CCB)-risk

SEARCH group; NEJM 2008; 359 : 789

De Gorter MK et al. Circ CV Genet 2013: 6: 400

N=299; 45-fold variation in statin 

concentration. 50% @90th centile

N=12455



Managing statin intolerance

Statin intolerance score Intolerance treatment

Rosenson RB et al. JACC 2017; 70 : 1290

Stroes ES et al. Eur Heart J 2015; 36 : 1012



Statins & the media

Neilsen SF & Nordestgaard BG. Eur Heart J 2016; 37: 908 N= 508800



Statins & the internet

Khan S et al; Int J Cardiol 2018; 25 : 25



Statin nocebo effect

Howard JP et al. JACC 2022; 78: 1210 



Statin discontinuation -

consequences

Neilsen SF & Nordestgaard BG. Eur Heart J 2016; 37 : 908 



MEGA study
Characteristics (n=7832)

Age 58±7

Male 31%

BP 132±17/79±10mmHg

DM 21%

TC    6.27±0.31mM

TG    1.44 (1.07-2.02) mM

HDL  1.49±0.39mM

LDL  4.05±0.45mM

Aspirin 1%

BP drug 39%

CHD risk 5% @ 10 years

Randomised 

pravastatin 10-20mg vs. placebo
⚫ Average dose 10.6mg for 10 yrs

Nakamura H et al; Lancet 2006; 368: 1153-63



Predicting the best statin to use

Naci H et al; Circ CV Qual Outcome 2013; 6: 390 

Trials =135; n=246955



Intermittent dosing of rosuvastatin 5mg 

in previously intolerant patients

-50

-40

-30

-20

-10

0

10

All Daily 3/week 2/week 1/Week

TC TG HDL-C LDL-C

-10

-5

0

5

10

15

20

All Daily 3/week 2/week 1/Week

ALT CK

Meek C et al; Curr Med Res Opin 2012; 28 : 371 

%
 C

h
a
n
g
e
 

%
 C

h
a
n
g
e
 

N=325



Acetyl

CoA

HMG-

CoA
Mevalonate Farnesyl

pyrophosphate
Squalene Cholesterol

Squalene

synthase

Dolichol

HMG-CoA

reductase

Ras

protein

Farnesyl-

transferase

Farnesylated

proteins

E,E,E-Geranylgeranyl

pyrophosphate

Geranylgeranylated

proteins

Ubiquinones

Cholesterol Biosynthetic Pathway

Bile acids

Steroid Hormones

Vitamin D

CoQ10

Isopentenyl-

adenine

Glucoproteins

Rho 

kinase



Statins & CoQ10

Supplementation

Taylor BA. Am J Cardiovasc Drugs 2018; 18: 75



Statin myopathy and 

CoQ10 supplementation

Caso G et al. Am J Cardiol 2007; 99 : 1049 

Pain severity 40% p<0.001



Statins & vitamin D

NHANESVitamin D distribution

N=6233

RR= 1.9

Morioka TY et al; Athero 2015; 238: 77



High dose vitamin D 

supplements and statin therapy
Follow- up duration and 

Baseline vitamin D Myalgia results

N = 606

Glueck C et al; CMRO 2011; 27: 1673

Teo CB et al; Hi BP & CVD Res 2022; 29 : 337



EAS consensus panel

Mach F et al. Eur Heart J 2018; 39: 2526



Low dose Metformin in 

treatment of NAFLD
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Haukeland JW et al. Scand J Gastro 2009; 44: 853
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IMPROVE-IT: Ezetimibe in ACS

Primary Endpoint — ITT

Simva — 34.7% 

2742 events 

EZ/Simva — 32.7% 

2572 events 

HR 0.936 CI (0.887, 0.988)

p=0.016 

CVD death, MI, UAS, CVA & PCI (≥30 days)

7-year event rates

NNT including PCI = 50

Cannon CP et al; NEJM 2015; 372 : 2387

Effects larger in elderly 

& Type 2 DM

LDL-C 

= 1.8

LDL-C 

= 1.4



RACING:
High dose Statin vs. Statin-Ezetimibe

Statin-Eze   High statin    Difference

Kim B-K et al. Lancet  2022; 400 : 380 N=3780



Guidelines for use of 

PCSK-9 inhibitors

USA

NLA

CVD & LDL-C>2.5mM 

⚫ (nHDL-C >3.4 mM)

FH no CVD LDL-C >3.4mM 

⚫ (nHDL-C >4 mM)

AACE/ASE

CVD-ACS & LDL-C>1.9mM

Others as above

Europe

NICE TA

CVD & LDL-C >4.0 (2.5*)

⚫ Multi-vessel disease >3.5mM

FH no CVD & LDL-C >5mM

EAS/ESC

CVD/DM & LDL-C >3.6

⚫ Rapid disease >2.6mM

FH no CVD & LDL-C >5mM

⚫ Other CVD RFs > 4.5mM

Orringer C et al; J Clin Lipid 2017; 11: 880     Landmesser U et al; EHJ 2017; 38 : 2245

Jellinger PS et al; Endo Pract 2017; 23 : 479  NICE.org.uk (TA394; TA393; TA 733)



PCSK-9 inhibitors in statin-

intolerant patients

Kohli M et al; Int J Clin Pract 2017; 71: e13032 



Other ways of lowering LDL-C 
ATP-citrate lyase & bempedoic acid

Pinkosky SL et al. Nature Comm 2016; 7: 13457

Ballantyne CM et a;. Am J Cardiol 117: 1928



Lipids Events

Secondary& primary prevention; 
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P<0.001

P=0.05

p=0.92

Saha S et al; Am Heart J 2007; 154: 943

Jun M et al; Lancet 2010 ; 375 : 1875

Fibrates : meta-analyses

P=0.69

10 & 18 studies; 

n= 36489 & 45,058



Conclusions

Only prescribe statins to 

people that need them

Exclude secondary causes

Check for medication 

interactions

If statin intolerance occurs

⚫ Switch statin

⚫ Consider intermittent dosing 

regimes

⚫ Consider/add non-statin lipid-

lowering drugs

Operator error

⚫ Doctor/Prescriber

Poor standards

⚫ Guidelines dated

Faulty design

⚫ Not ideal molecule

Faulty construction

⚫ Ignoring co-morbidities

Unexpected factors

⚫ Life Knowledge, care, practice & routine are 

essential for safe prescribing


