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Objectives

• Discuss the clinical dilemma surrounding the use of 
statins in patients with ICH

• Epidemiologic data correlating cholesterol levels and ICH

• Mendelian randomization analyses

• RCTs

• Review alternative lipid lowering therapies in this 
population

• Highlight the ongoing SATURN RCT



ACEI
(HOPE)

Lipid lowering
(1 mmol/L)

DAPT (PEGASUS; 
ticagrelor 

60 mg BID)
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(10 mmHg)
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Composite of 
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–18% –21% –16% –20% –24%

Death –14% –9% –17%* –13% –18%

Stroke –23% –15% –25% –27% –42%

MI –18% –24% –16% –17% –14%*

MALE –11%* – –35% – –46%

4

*Not signif icant
ACEI, angiotensin-converting-enzyme inhibitor; ASA, acetylsalicylic acid; BID, tw ice daily; BP, blood pressure; DAPT, dual antiplatelet therapy; MALE, major adverse limb 

event; MI, myocardial infarction
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Statin use in Canada

• 10% of Canadians are taking statins
• 1 in 4 should be as per CCS guidelines

Brown C. CMAJ : 2016;188:325



Atrial fibrillation 21%

CAD/MI 17%

Ischemic stroke 10%

TIA 9%

Antithrombotic therapy 26%

Statin therapy 35%

Indication for antithrombotic therapy 43%

Beshara et al. Manuscript in submission

N=89, mean age: 72
Hamilton Health Sciences 

ICH cohort
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Articles

Change in incidence and aetiology of intracerebral 

haemorrhage in Oxfordshire, UK, between 1981 and 2006: 

a population-based study

C E  Lovelock, A J Molyneux, P M Rothwell, on behalf of the Oxford Vascular Study

Summary
Background UK stroke mortality data suggest that the incidence of haemorrhagic stroke has fallen in the past 20 years, 

but these data do not include deaths of individuals aged 75 years or over. Trends in the older population might diff er, 

since cause varies with age. Our aim was to investigate changes in the population-based incidence of intracerebral 

haemorrhage according to age and likely aetiology.  

Methods We used data from the Oxford Community Stroke Project (OCSP; 1981–86) and the Oxford Vascular Study 

(OXVASC; 2002–06) to investigate changes in the incidence of intracerebral haemorrhage with time, above and below 

age 75 years, together with associated risk factors and premorbid medications. Incidences were standardised to the 

2001 census population of England and Wales.  

Findings In the population aged under 75 years the incidence of intracerebral haemorrhage decreased substantially 

(rate ratio 0·53, 95% CI 0·29–0·95; p=0·03), but the number of cases of intracerebral haemorrhage at all ages were 

similar in OXVASC and OCSP (52 vs 55 cases) as the proportion of cases occurring at 75 years and over tended to 

increase (2·0, 0·8–4·6; p=0·09). The incidence of intracerebral haemorrhage associated with premorbid hypertension 

(blood pressure ≥160/100 mm Hg) fell overall (0·37, 0·20–0·69; p=0·002), but the incidence of intracerebral 

haemorrhage associated with antithrombotic use was increased (7·4, 1·7–32; p=0·007). Above age 75 years the 

proportion of cases who were non-hypertensive with lobar bleeds and presumed to have had mainly amyloid-related 

haemorrhages, also increased  (4·0, 1·1–17; p=0·003).

Interpretation There has been a substantial fall in hypertension-associated intracerebral haemorrhage over the past 

25 years, but not in the overall number of cases of intracerebral haemorrhage in older age-groups, in part due to a rise 

in intracerebral haemorrhage associated with antithrombotic use. These trends, along with the expected increase in 

prevalence of amyloid angiopathy with the ageing population, suggest that, in contrast to projections based on 

mortality data below age 75 years, absolute number of cases of intracerebral haemorrhage might increase in future.

Introduction
Intracerebral haemorrhage is often disabling or fatal,1 

and despite the promise of new acute therapies,2 

prevention must remain the primary goal. Population-

based studies of secular trends in the incidence of 

intracerebral haemorrhage and associated risk factors are 

important in monitoring the eff ect of preventive eff orts 

and helping to project future disease burden. Although 

population trends—eg, falling blood pressure—would be 

expected to reduce the incidence of intracerebral 

haemorrhage, this could be off set by other trends—eg, 

increased antithrombotic use and the increased 

prevalence of cerebral amyloid angiopathy due to gains 

in life expectancy. 

There have been few studies in white populations with 

suffi  ciently high post-mortem and/or imaging rates 

throughout the study period for reliable determination of 

changes in the incidence of intracerebral haemorrhage 

with time,3,4 and none have studied concurrent trends in 

risk factors. In the UK, knowledge about the changing 

burden of intracerebral haemorrhage is limited to fatal 

events. A previous study based on death certifi cation and 

autopsy data showed a persistent decline in haemorrhagic 

stroke mortality.5 The mortality rate roughly halved every 

20 years during the 20th century, with no sign of levelling. 

However, whether the incidence of intracerebral 

haemorrhage has followed the same trend is not certain. 

Moreover, the analysis of mortality data excluded stroke 

deaths occurring above the age of 74 years because of the 

unreliability of death certifi cation data in elderly individuals.6 

Trends in this age-group will have the greatest eff ect on the 

future burden of intracerebral haemorrhage because of the 

ageing population, and will not necessarily mirror trends in 

the younger population, since the predominant causes of 

intracerebral haemorrhage di ff er.7–9 

We aimed to study changes in the incidence of 

intracerebral haemorrhage over the past 25 years in 

relation to age, and associated causal risk factors, using 

data from two studies in the same population in 

Oxfordshire, UK: the Oxford Community Stroke Project 

(OCSP) and the Oxford Vascular Study (OXVASC).  

Methods 
Data collection 
From April, 2002, to March, 2006, we identifi ed all cases 

of intracerebral haemorrhage that were fi rst ever strokes 
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• N=4731 (1998-2001)
• Stroke or TIA within 1-6 months prior to study entry
• Patients with ICH included if deemed to be at risk for 

ischemic stroke or CAD
• LDL between 2.6 – 4.9 mmol/L
• No CAD/No cardioembolic stroke
• Randomized (1:1) Atorvastatin 80 mg daily or Placebo



Median follow-up of 4.9 years



HR 1.67 (95% CI 1.08 – 2.55) for ICH



Neurology® 2008;70:2364–2370



3280 cerebrovascular disease
17256 With other arterial disease or DM
ICH excluded
Simva 40 vs. placebo
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Individual level meta-analysis
N=352,033; 2 million person years of follow-up 

Each 1-mmol/l increase in total cholesterol 
• 35% increased risk of coronary death
• 25% increased risk of fatal or non-fatal ischaemic 

stroke
• 20% decreased risk of fatal haemorrhagic stroke









Inconsistencies



Neurology® 2008;70:2364–2370



Arterioscler Thromb Vasc Biol. 2005;25:287-294 

The dose-dependent pleiotropic effects of statin therapy

471 Am J Transl Res 2020;12(2):463-477

Figure 6. Pleiotropic effects of statin therapy. Statin therapy is benefici al in the treatment of intracerebral hemor-
rhage (ICH) due to endothelial stabilization, anti-inflam matory effects, upregulation of endothelial nitric oxide syn-

thase, and stimulation of neurogenesis and synaptogenesis [47-49]. The mechanism of statin therapy associated 

with increased ICH may be due to lower cholesterol levels in a weakened endothelium, which subsequently leads to 
arterial fragility, hemorrhage, or slower repair after small hemorrhages [57]. Statins may have mild antithrombotic 

activity and reduce thrombosis by inhibiting platelet aggregation, enhancing fibrinolysis, and affecting anticoagu-
lation [56, 63, 64]. Statin therapy also promotes the accumulation of small G proteins, and activation of small G 

proteins leads to activation of NADPH oxidase or downregulation of endothelial nitric oxide synthase [65, 66].

Table 2. Studies evaluating statin effects on clinical outcomes in intracerebral hemorrhage

Study
Study 

design

Number  

of patients
Statin use Results

Flint [50] Retrospective 3481 1194 patients with in-hospital statin use In-hospital use OR for survival 4.3 (3.5-5.2)

Pan [58] Retrospective 3218 220 patients with in-hospital statin use Inpatient use: aOR for good outcome (mRS score of 0-2 

at 3 months) 2.3 (1.5-3.4)

Chen [59] Retrospective 8332 749 patients with statin use within 3 

months after ICH

Lower all-cause mortality: aHR, 0.74 (0.60-0.92)

Dowlatshahi [60]Retrospective 2466 537 with prior statin use Discontinuation higher rate of poor outcome:mortality: 

aOR, 1.7 (1.1-2.6)

Tapia-Perez [61] Retrospective 447 18/63 discontinued Discontinuation higher risk of death: aHR, 6.9 (2.1-23.1)

Siddiqui [62] Retrospective 2457 268 discontinued; 423 continued Continuation lower mortality: aOR, 0.11 (0.03-0.44)

Chung [52] Retrospective 1416 708 discontinued; 708 continued Continuation lower mortality: HR, 0.38 (0.26-0.57)

Saliba [51] Retrospective 1304 75.3% of patients had AAEDD <10 

mg/d, 19.0% had AAEDD 0-19.9 mg/d, 

and 5.7% had AAEDD ≥20 mg/d

Statin use reduced the risk of ICH: 0.62 (0.47-0.81) in 

those with AAEDD ≥20 mg/d

aOR: adjusted odds ratio; aHR: adjusted hazard ratio; AAEDD: average atorvastatin equivalent daily dose.

the risk of ICH. Our data also indicate that low-

level statin therapy and slight reductions in LDL 

cholesterol confer beneficial effects on patients 

after ICH. Thus, these data do not indicate that 

statin use increases the risk of ICH recurrence 

due to a slight reduction in LDL cholesterol.

Discussion

Several recent high quality meta-analyses show 

that lower LDL-cholesterol levels were associ-

ated with lower rates of major coronary events 

[7, 54, 55]. However, epidemiological studies 
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Atherosclerosis 288(2019)137–145

Retrospective cohort study, Taiwan National 
Health Insurance Research Database

N= 2676



Limitations of observational data

• Healthy user?
• Healthier patients are more likely to initiate and 

continue taking statins

• Statin adherents more likely to adhere to other 
medications and healthier lifestyle



• N=2860,Stroke within 3 months/TIA 
within 3 weeks 

• LDL <1.8 vs. 2.3 to 2.8 mmol/L
• Established atherosclerotic disease
• ICH and lacunar stroke excluded

• 31 ICH events vs. 88 in SPARCL



0.77 mmol/l

N=15347
40-85 years
History of MI, ischemic stroke 
and PVD and additional high 
risk factors 
LDL 1.8 or higher despite high 
dose statin

- Statin survivors (LDL ~2.3 on moderate-
high dose statin at baseline)

- ICH excluded
- Length of follow-up 26 months
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Abstract: The dose-dependent pleiotropic effects of statin therapy may have unwanted side effects such as increas-

ing the risk of intracerebral hemorrhage (ICH). The relationships among statin therapy, LDL-cholesterol levels, and 

ICH risk remain controversial. Here, we conduct a systematic review and meta-analysis of dose-dependent statin 

therapy and ICH risk. Eligible articles were identified  by searching MEDLINE from inception up to December 1, 2018. 

Reference lists of previous meta-analyses were manually searched to retrieve all relevant publications. Statin doses 

were allocated into one of two groups according to the observed reduction of LDL cholesterol: doses that lowered 

LDL-cholesterol levels ≥35% were regarded as high-dose statin therapy, whereas those that lowered LDL-cholesterol 

levels <35% were regarded as low-dose statin therapy. We retrieved 33 studies involving 203,305 subjects. The 

pooled analysis indicated that high-dose statin treatment significa n tly increased the risk of ICH [relative risk (RR), 

1.35; 95% confidence interval (CI), 1.08-1.68] and reduced the risk of all stroke (RR, 0.85; 95% CI, 0.78-0.92), 

ischemic stroke (RR, 0.79; 95% CI, 0.72-0.87), and all-cause mortality (RR, 0.94; 95% CI, 0.90-0.98). The analyses 

did not detect any association between low-dose statin treatment and ICH (RR, 1.05; 95% CI, 0.88-1.25). Low-dose 

statin therapy signific

a

ntly reduced the incidence of all stroke (RR, 0.84; 95% CI, 0.79-0.89), ischemic stroke (RR, 

0.81; 95% CI, 0.76-0.86), and all-cause mortality (RR, 0.94; 95% CI, 0.92-0.97). Our data indicate that low-dose 

statin therapy is a safe and effective ICH treatment, whereas high-dose statin therapy is associated with increased 

ICH risk. Hence, our meta-analysis suggests that the dose-dependent pleiotropic effects of statin therapy are related 

to the measured reduction in LDL cholesterol.

Keywords: High-dose statin therapy, low-dose statin therapy, intracerebral hemorrhage, meta-analysis

Introduction

Statins are widely used for the primary and sec-

ondary prevention cardiovascular diseases [1]. 

Statins confer dose-dependent reductions in 

cholesterol levels, but also exhibit dose-de- 

pendent pleiotropic effects (vasodilatory, anti-

thrombotic, anti-inflammatory, and antioxidant 

effects) [2]. The prevailing consensus agrees 

that reducing LDL cholesterol is beneficial, 

however, the recommended strategies for achi- 

eving this have changed over time [3-6]. The 

clinical benefit of statin therapy for lowering 

LDL cholesterol is widely accepted. The Cho- 

lesterol Treatment Trialists Collaboration re- 

ported that the magnitude of clinical benefit 

achieved by statin therapy was proportional to 

the absolute reduction in LDL cholesterol [7].

Intracerebral hemorrhage (ICH) is inversely re- 

lated to serum cholesterol levels. Low choles-

terol levels appear to promote arterial mus- 

cle necrosis and microaneurysm formation [8]. 

Post hoc analyses of the Stroke Prevention by 
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Introduction

Statins can reduce cardiovascular events and 

 mortality among patients with coronary heart 

 disease.1,2 However, in patients with acute or 

 previous history of ischemic stroke and intracere-

bral hemorrhage (ICH), findings on the use of 

statins are inconsistent. In a meta-analysis with 

more than 100,000 patients, statin use in patients 

with acute stroke was found to be associated with 

good functional outcomes at 3 months but not at 1 

year.3 A few other meta-analyses also found that 

statins have no significant benefits in patients with 

acute stroke in reducing recurrent ischemic stroke 

or ICH, cardiovascular events, and mortality.4,5 

Some studies found an inverse relationship 

between low-density lipoprotein cholesterol (LDL-

C) and the risk of ICH, and some found a risk of 

hemorrhagic transformation in patients using 

statins.6–11 However, the Stroke Prevention by 

Aggressive Reduction in Cholesterol Levels 

Does statin increase the risk of intracerebral 

hemorrhage in stroke survivors? A meta-

analysis and trial sequential analysis

Ru Jian Jonathan Teoh, Chi-Jung Huang, Chi Peng Chan, Li-Yin Chien, Chih-Ping Chung, 

Shih-Hsien Sung, Chen-Huan Chen, Chern-En Chiang and Hao-Min Cheng

Abstract

Background: It remains debatable whether statin increases the risk of intracerebral 

hemorrhage (ICH) in poststroke patients.

Methods: We systematically searched PubMed, EMBASE, and CENTRAL for randomized 

controlled trials. Trial sequential analysis (TSA) was conducted to assess the reliability 

and conclusiveness of the available evidence in the meta-analysis. To evaluate the overall 

effectiveness, the net composite endpoints were derived by totaling ischemic stroke, 

hemorrhagic stroke, transient ischemic attack (TIA), myocardial infarction, and cardiovascular 

mortality.

Results: A total of 17 trials with 11,576 subjects with previous ischemic stroke, TIA, or ICH 

were included, in which statin therapy increased the risk of hemorrhagic stroke (risk ratio 

[RR], 1.42; 95% confidence interval [CI], 1.07–1.87), but reduced the risk of ischemic stroke 

(RR, 0.85; 95% CI, 0.75–0.95). For the net composite endpoints, statin therapy was associated 

with a 17% risk reduction (95% CI, 12–21%; number needed to treat  =  6). With a control event 

rate 2% and RR increase 40%, the TSA suggested a conclusive signal of an increased risk of 

hemorrhagic stroke in stroke survivors taking statin. However, with the sensitivity analysis by 

changing assumptions, the conclusions about hemorrhagic stroke risk were less robust.

Conclusions: Statin therapy in poststroke patients increased the risk of hemorrhagic stroke 

but effectively reduced ischemic stroke risk. Weighing the benefits and potential harms, statin 

has an overall beneficial effect in patients with previous stroke or TIA. However, more studies 

are required to investigate the conclusiveness of the increased hemorrhagic stroke risk 

revealed in our study.

Keywords: cardiovascular events, cerebrovascular disease, meta-analysis, secondary stroke 

prevention, statin, trial sequential analysis
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Should Statins be Avoided after Intracerebral Hemorrhage?
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and Steven M. Greenberg, MD, PhD1,*
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Abstract

Context—Statins are widely prescribed for primary and secondary prevention of ischemic

cardiac and cerebrovascular disease. Although serious adverse effects are uncommon, results from

a recent clinical trial suggested increased risk of intracerebral hemorrhage (ICH) associated with

statin use. For patients with baseline elevated risk of ICH, it is not known whether this potential

adverse effect offsets the cardiovascular and cerebrovascular benefits.

Methods—We used Markov decision modeling to address the following clinical question: Given

a history of prior ICH, should statin therapy be avoided? We investigated how a range of clinical

parameters affects this decision, including hemorrhage location (deep vs lobar), ischemic cardiac

and cerebrovascular risks, and magnitude of ICH risk associated with statins.

Findings—Avoiding statins was favored over a wide range of values for many clinical

parameters, particularly in survivors of lobar ICH who are at highest risk of ICH recurrence. In

survivors of lobar ICH without prior cardiovascular events, avoiding statins yielded a life

expectancy gain of 2.2 quality-adjusted life years compared with statin use. This net benefit

persisted even at the lower 95% confidence interval of the relative risk of statin-associated ICH. In

lobar ICH patients with prior cardiovascular events, the annual recurrence risk of myocardial

infarction would have to exceed 90% to favor statin therapy. Avoiding statin therapy was also

favored, although by a smaller margin, in both primary and secondary prevention settings for

survivors of deep ICH.

Conclusions—Avoiding statins should be considered for patients with a history of ICH,

particularly those of lobar location.

Introduction

While the benefits of HMG coenzyme A reductase inhibitors (statins) for reducing cardiac

and cerebrovascular disease risk are well established 1,2, more widespread use of statin

therapy remains controversial. A particular subgroup where the advisability of statin use is

unclear involves patients at high risk for intracerebral hemorrhage (ICH) 3. The reason for

added concern is the increased incidence of ICH observed among subjects randomized to

statin therapy in a clinical trial of secondary stroke prevention 2,4. This risk amplification

might have greatest relevance to patients at high risk for hemorrhage by virtue of prior ICH,

particularly hemorrhages in lobar brain regions characteristic of the degenerative vascular

condition cerebral amyloid angiopathy5,6. Since ICH survivors commonly have co-morbid

*Corresponding author: MGH Stroke Research Center, Harvard Medical School, Boston, MA 02114, USA. sgreenberg@partners.org.
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For statin therapy to be favored, the RR of ICH would need to be less than or equal to 1.03 for 

primary prevention, 1.07 for secondary prevention after MI, and 1.06 for secondary 

prevention after ischemic stroke. 
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Table 2

Results of Base Case Decision Analysis

Prior ICH Location Setting Effectiveness (QALYs) No Statin Statin RR 1.68

Lobar ICH Primary prevention 6.8 4.6

Prior MI 6.2 4.4

Prior ischemic stroke 6.0 4.2

Deep ICH Primary prevention 13.0 12.2

Prior MI 11.2 11.0

Prior ischemic stroke 10.6 10.3

Arch Neurol. Author manuscript; available in PMC 2011 August 18.



Other lipid lowering agents

• Ezetimibe: reduces LDL 15-20%. 20% RRR on MACE

• Niacin: reduces LDL by 12%/triglycerides 29%. 26% 
RRR in stroke

• Icosapent ethyl: 18% reduction in triglyceride. No 
evidence for benefit as monotherapy. Suggestion of 
perhaps excess bleeding and pleiotropic 
antiplatelet effect. 

• Fibrates: No benefit as monotherapy. Pleiotropic 
antithrombotic therapies, including inhibition of 
tissue factor. 



• There is no role for statin therapy in the secondary prevention 
of ICH. Statin therapy should not be initiated for secondary 
prevention of intracerebral hemorrhage [Evidence Level C].

• For intracerebral hemorrhage patients who have a clear 
concomitant indication for cholesterol lowering treatment, 
statin therapy should be individualized and should take into 
account the patient’s overall thrombotic risk as well as the 
possibility of increased ICH risk with statin therapy.

Clinical Considerations

• An ongoing clinical trial (SATURN) addressing this question 
may potentially inform clinical decision-making for these 
patients. Until these results are available, decisions regarding 
statin therapy should be made based on risk/benefit ratio in 
consultation with an expert in cerebrovascular disease.

Canadian Stroke Best Practice Recommendations:
Management of Spontaneous ICH 

Shoamanesh et al. Int J Stroke. 2020
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Conclusion

• Statins and lower cholesterol levels have been 
associated with greater risk of ICH – and likely play a 
causal role 

• Mendelian randomization and RCT meta-analyses

• The heterogeneity in the literature likely reflects 
heterogeneity in populations, study design, and 
residual confounding 

• By targeting a lobar ICH population at high risk of 
recurrence, SATURN will likely be a landmark trial that 
answers the unresolved clinical question of statin 
continuation post ICH. 



Questions?
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