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Cholesterol and stroke risk

Prospective Studies Collaboration. Lancet 1995;346:1647–53.

Relative risk per 1 mmol/L increase in serum cholesterol and 95% CI

Evans County black cohort
Evans County white cohort
Norwegian counties
Rancho Bernado
Busselton
Tecumseh
Whitehall
Akita
Finrisk
Israel
Paisley & Renfrew
Framingham
Honolulu
Hiroshima & Nagasaki
Seven counties
NHEFS
Finnish Mobile Clinic
Varmland
Other cohorts

TOTAL

0.5 0.75 1.5 2.01.0

l l l ll
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Cholesterol and 6-year mortality

CHD, coronary heart disease; 
MR-FIT, Multiple Risk Factor Intervention Trial.

Iso H, et al. N Engl J Med 1989;320:904–10.
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Primary prevention of strokes: 
blood pressure, lipids and heart failure

Apo, apolipoprotein; PAR, population attributable risk.

Endres M, et al. Eur Heart J 2011;32:545–55.

Attributable risk for stroke vs myocardial infarction
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Fasting vs nonfasting triglycerides

HR and 95% CI for highest vs lowest tertiles of triglyceride level, adjusted for age, blood 
pressure, smoking, hormone use, levels of total and high-density lipoprotein cholesterol, 

diabetes mellitus, body mass index and high-sensitivity C-reactive protein level.

Bansal S, et al. JAMA 2007;298:309–16.

Association of triglyceride levels with individual 
cardiovascular endpoints, according to fasting status
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Lipoprotein(a) as a risk factor for 
ischemic stroke: a meta-analysis

Nave AH, et al. Atherosclerosis 2015;242:496–503.
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Nave neues Stroke Paper

Lp(a) levels and recurrent vascular events
after first ischemic stroke

Lange KS et al., Stroke 2017; in press 
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Cholesterol levels and risk of hemorrhagic stroke: 
a systemic review and meta-analysis

Figure shows relative risk (solid line) with 95% CI (long dashed lines).

Wang X, et al. Stroke 2013;44:1833–9.

Total cholesterol levels and risk of hemorrhagic stroke 

Cholesterol (mmol/L)
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Cholesterol and stroke

Endres M, et al. Eur Heart J 2011;32:545–55.

- Cholesterol/LDL-C is a risk factor for (atherothrombotic) 

ischemic stroke

- The attributable risk of cholesterol for stroke is lower 

than for myocardial infarction

- Low cholesterol/LDL-C levels are associated with 

hemorrhagic stroke. Some of this association is 

explained by other comorbidities (i.e. hypertension, 

alcohol, liver disease)
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Cholesterol lowering and stroke risk

HTN, hypertension.

Atkins D, et al. Ann Intern Med 1993;119:136–45.

LRC (Cholestyramine)

CDP (Niacin)

Leren-Oslo (Diet)

Minnesota Coronary (Diet)

Dayton-Wadsworth VA (Diet)

HHS (Gemfibrozil)

Stockholm (Clofibrate/Niacin)

WHO (Clofibrate)

CDP (Clofibrate)

Hjermann-Oslo (diet/smoking/HTN)

MR-FIT (diet/smoking/HTN)

INTERVENTION

0.1 1 10

Treatment better
than control

Treatment worse
than control

Odds ratio of fatal stroke
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LDL-C lowering with statins reduces 
cardiovascular events

CTT Collaborators. Lancet 2005;366:1267–78;

CTT Collaborators. Lancet 2015;385:1397–405.
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22% relative risk 
reduction

per 1 mmol/L (38.7 mg/dL) 
LDL-C lowering

Cholesterol Treatment Trialists (CTT)

Prospective meta-analysis, 14 randomized studies, n = 90,056

LDL-C lowering (mmol/L)
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LDL-C lowering with statins also 
reduces strokes by 15%

MVE, major vascular events; RR, risk reduction.

CTT Collaborators. Lancet 2015;385:1397–405.
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Statins and intracerebral haemorrhage

Hackam DG, et al. Circulation 2011;124:2233–42.
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Statins and stroke (I)

- LDL-C lowering by statins reduces vascular events

- LDL-C lowering by statins also reduces stroke risk

- LDL-C lowering by statins did not increase 

hemorrhagic stroke risk

- However, these studies were perfomed in patients 

with vascular risk. What about stroke patients?
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Effects of cholesterol lowering with     
simvastatin on stroke

MI, myocardial infarction.

Heart Protective Study Collaborative Group. Lancet 2002;360:7–22.
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Effects of cholesterol lowering with      
simvastatin on stroke

Heart Protection Study Collaborative Group. Lancet 2004;363:757–67.

7. Prophylaxe-Seminar des KNS 

© Matthias Endres 



Effects of cholesterol lowering with      
simvastatin on stroke

Heart Protection Study Collaborative Group. Lancet 2004;363:757–67.
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High-dose atorvastatin after stroke or 
transient ischemic attack (SPARCL)

SPARCL Investigators. N Engl J Med 2006;355:549–59.
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Hemorrhagic stroke in SPARCL

Goldstein LB, et al. Neurology 2008;70:2364–70.
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Statins and stroke (II)

HPS, Heart Protection Study.

In stroke patients (data from HPS and SPARCL)

- LDL-C lowering by statins reduces vascular events

- LDL-C lowering by statins also reduces stroke risk

- LDL-C lowering by statins increases hemorrhagic 

stroke risk
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Guidelines for the prevention of stroke in patients 
with stroke and transient ischemic attack

ASCVD, atherosclerotic cardiovascular disease; 
TIA, transient ischemic attack.

Kernan WN, et al. Stroke 2014;45:2160–236.
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Pleiotropic effects of statins

hs-CRP, high-sensitivity C-reactive protein;
MMPs, matrix metalloproteinases; 

PAI-1, plasminogen activator inhibitor-1; TG, triglycerides.

Endres M. J Cereb Blood Flow Metab 2005;25:1093–110.
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Cholesterol level and symptomatic hemorrhage
transformation after ischemic stroke thrombolysis

HT, hemorrhage transformation; sHT, symptomatic HT.

Bang OY, et al. Neurology 2007;68:737–42.

Severity and type of hemorrhagic transformation after thrombolysis for 

ischemic stroke by LDL-C and premorbid statin use
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Dose-related effects of statins 

OR, odds ratio.

Scheitz JF, et al. Stroke 2014;45:509–14.

Dose-related effects of statins on symptomatic ICH and 

outcome after thrombolysis for ischemic stroke

Two thrombolysis registries from Basel and Berlin, 1446 patients

- Symptomatic ICH following thrombolysis higher with pre-stroke 

statins (i.e., 2%, 6%, and 13% with low-, medium- and high-dose 

statins, respectively)

- However, 3-month outcome was nevertheless better with       

pre-stroke statin treatment (OR = 1.8)
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Statins and risk of post-stroke
hemorrhagic complications 

Scheitz JF, et al. Neurology 2016 [Epub ahead of print].

VISTA database, 8535 patients, propensity score matching   
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Statins and risk of post-stroke
hemorrhagic complications 

Scheitz JF, et al. Neurology 2016 [Epub ahead of print].

VISTA database, 8535 patients   
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Statin treatment and functional outcome      
after ischemic stroke

Biffi A, et al. Stroke 2011;42:1314–9.
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Pre-existing statin use is associated with greater 
reperfusion in hyperacute ischemic stroke

MTT, mean transit time.

Ford AL, et al. Stroke 2011;42:1307–13.

7. Prophylaxe-Seminar des KNS 

© Matthias Endres 



Statin treatment and stroke outcome
in the SPARCL trial

Goldstein LB, et al. Stroke 2009;40:3526–31.
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Statin use during ischemic stroke hospitalization is 
strongly associated with improved post-stroke survival

Flint AC, et al. Stroke 2012;43:147–54.

Statin use before stroke
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Statin use during ischemic stroke hospitalization is 
strongly associated with improved post-stroke survival

Flint AC, et al. Stroke 2012;43:147–54.

Statin use before and during stroke
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- statin
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Statin use during ischemic stroke hospitalization is 
strongly associated with improved post-stroke survival

Flint AC, et al. Stroke 2012;43:147–54.

Initiation in hospital
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Statin use during ischemic stroke hospitalization is 
strongly associated with improved post-stroke survival

Flint AC, et al. Stroke 2012;43:147–54.

Withdrawal in hospital

+ statin

- statin

withdrawal
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Discontinuation of statin treatment in 
stroke patients

NO, nitric oxide.

Endres M, Laufs U. Stroke 2006;37:2640–3.
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Protective effects of statins in experimental models
of brain hemorrhage

Karki et al., Stroke 2009; 40:3384-3389

7. Prophylaxe-Seminar des KNS 

© Matthias Endres 



(Prior) statin use and outcome after intracerebral
hemorrhage

Biffi et al. Neurology 2011; 76:1581-1588

238 pre-ICH statin cases vs. 461 statin-free cases7. Prophylaxe-Seminar des KNS 
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Use of statin during hospitalization improves
outcome after ICH

Pan et al,. CNS Neurosci & Therap 2014; 20:548-555

3,218 consecutive ICH patients in China 
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Effect of statin use during hospitalization for ICH 
on mortality and discharge disposition

Flint et al., JAMA Neurol 2014; 71:1364-1371

3,481 ICH patients in 20 U.S. hospitals
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Effect of statin use during hospitalization for ICH 
on mortality and discharge disposition

Flint et al., JAMA Neurol 2014; 71:1364-1371

3,481 ICH patients in 20 U.S. hospitals
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Early statin therapy in patients with acute ICH
without prior statin use

Chen et al., Eur J Neurol 2015; 22:773-780

8,332 ICH patients in Taiwan 
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Early statin therapy in patients with acute ICH
without prior statin use

All-cause mortality over 24 months

Chen et al., Eur J Neurol 2015; 22:773-780
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Early statin therapy in patients with acute ICH
without prior statin use

Recurrent ICH over 24 months

Chen et al., Eur J Neurol 2015; 22:773-780
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Statins in patients with ICH

- Better outcome and lower mortality with statin pre-

treatment

- Better outcome and lower-mortality when statins are

given post-event

- Worse outcome and higher mortality when statins are

discontinued

- No evidence of increased risk of recurrent ICH over 24 

months
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Scheitz JF, et al. Stroke 2013;44:1472–6.
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Robinson et al., N Engl J Med 2015;372:1489-99.

Sabatine et al., N Engl J Med 2015; 372:1500-09.
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Robinson JG et al. N Engl J Med 2015;372:1489-1499.

Alirocumab (Odyssey long term): 
Calculated LDL Cholesterol Levels over Time
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Sabatine MS et al. N Engl J Med 2015;372:1500-1509.

Evolucomab (Osler): 
Low-Density Lipoprotein (LDL) Cholesterol Levels.
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Sabatine MS et al. N Engl J Med 2015;372:1500-1509.

Evolucumab (Osler):
Cumulative Incidence of Cardiovascular Events.
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Sind super-niedrige LDL-C 
Serumkonzentrationen sicher?

Hirnblutungen ?

Kognitive Einschränkungen ?
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Alirocumab (Odyssey long term): 

Robinson JG et al. N Engl J Med 2015;372:1489-1499.
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Evolucumab (Osler):

Sabatine MS et al. N Engl J Med 2015;372:1500-1509.
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Conclusion

- Cholesterol and ischemic vs hemorrhagic stroke

- Cholesterol lowering and ischemic vs

hemorrhagic stroke

- Statins, acute stroke, and risk of thrombolysis

- Statins in patients with ICH

- PCSK9 inhibitors
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