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ABSTRACT

Managing dyslipidemia in stroke is essential. During the past several decades, monu-

mental changes in dyslipidemia management have occurred, resulting in improvement
in outcomes of patients with cardiovascular disease (CVD). The mainstay of the changes
has been related to statin therapy, which prevents recurrence of vascular events in pa-

tients with established CVD. Very recently proprotein convertase subtilisin/kexin type 9

(PCSK-9) inhibitors have introduced a highly efficient level of lipid lowering practice into
cardiovascular field. Vast evidence has established and validated the beneficial effects

of statin and PCSK-9 inhibitors in CVD. In addition, there have been extensive changes in
guidelines pertaining to dyslipidemia management of CVD patients. However, assessing the direct benefits of these agents, specifically and primarily in patients with stroke,

has been less of a focus of clinical studies leaving many unanswered questions open.
This review covers the current and available evidence and clinical practice guidelines

addressing lipid-lowering therapy in stroke. Furthermore, several specific issues relat-

ed to lipid-lowering therapies in stroke will be addressed such as statin-related risk of
hemorrhagic stroke, statin use in non-atherosclerotic stroke subtype, and non-statin
lipid-lowering therapies.
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INTRODUCTION

Dyslipidemia is an established risk factor for cardiovascular diseases (CVDs) and stroke, and
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appropriate management of elevated low-density lipoprotein cholesterol (LDL-C) levels, a

known atherogenic risk factor, is crucial to reduce the risk of atherosclerotic vascular events

and death. Although historically a strong link between high cholesterol and CVD was suggested
by various epidemiological studies [1], the vast majority of knowledge about the association
appeared after the introduction of lovastatin, the first 3-hydroxy-3-methyl-glutaryl-coenzyme

A (HMG-CoA) reductase inhibitor. Statin therapy in clinical practice provided a major contribu-
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tion to our understanding of the role that high cholesterol

duced major coronary events, revascularization, and major

of cholesterol lowering on recurrence of CVD [2]. Due to the

stroke history. But, simvastatin failed to show a significant

plays in development of CVD and also the beneficial effects
uncertainty in the role of lipid-lowering therapies for stroke

prevention [3], active management of dyslipidemia in stroke
started only in mid-2006, after the publication of the Stroke

Prevention by Aggressive Reduction in Cholesterol Levels

(SPARCL) trial [4]. Usually, stroke and coronary artery disease
share the universal nature of the end-organ ischemic disease. However, several distinctive features in stroke delayed

the use of active lipid-lowering therapy, unlike in coronary
artery disease and other vascular diseases, including: heterogeneity of etiologies, the inverse relationship of cholesterol

level with hemorrhagic stroke, and lack of high-level evidences for the effect of lipid-lowering therapy in patients
with stroke.

vascular events in both groups with and without previous
benefit over placebo for the prevention of stroke recurrence
in a subgroup with prior stroke [6]. The negative association

persisted regardless of the type (ischemic and hemorrhagic)
or severity (severe-to-fatal and mild-to-moderate) of cerebrovascular event. The unexpected results were attributed to a

long interval between the index event and randomization

(mean 4.3 years). Considering that the risk of recurrent stroke
among stroke survivors is highest during the early period,
the exclusion of acute stroke patients could have resulted in

underestimation of statin’s benefits. In addition, the robust-

ness of the results was questioned as rate of stroke was not
assessed as a primary outcome in HPS.

The most notable impactful randomized clinical trial spe-

Unfortunately, SPARCL remains one of the few randomized

cifically investigating the relationship between statin and

ment in stroke patients since its publication more than a de-

randomized controlled trial enrolled a total of 4,731 stroke

clinical trials specifically assessing dyslipidemia managecade ago. However, a considerable real-world clinical prac-

tice change in dyslipidemia management for stroke patients
has already taken place despite the limited evidence in the
form of randomized clinical trials. Hereby, we review the recent advances in dyslipidemia management with an emphasis on stroke-specific circumstances.

CURRENT EVIDENCES AND GUIDELINES

Clinical trials of statins for dyslipidemia management
in stroke

Stroke is one of the major vascular events in clinical trials in-

vestigating lipid-lowering therapies. However, clinical trials

to test the effect of lipid management in stroke patients were
rarely conducted. The Heart Protection Study (HPS) is a ran-

domized clinical trial assessing the effect of simvastatin
40mg versus placebo performed in 20,536 patients with a

history of coronary artery disease, other occlusive arterial

rate of stroke recurrence was SPRACL [7]. This prospective

patients with LDL-C levels between 100 and 190 mg/dL and
randomized them into atorvastatin 80 mg and placebo and

compared the risk of recurrent stroke between them for 5
years of follow-up. The results, although marginal for their

primary endpoint of combined fatal or nonfatal strokes, were
clear and robust. High dose atorvastatin therapy reduced the

relative risk of stroke by 16% (P = 0.03; 95% confidence interval [CI], 0.71 to 0.99) and the risk of secondary outcomes of

stroke and transient ischemic attack (TIA) by 23% (P< 0.001),
and TIA alone by 26% (P = 0.004). However, the absolute ben-

efit of atorvastatin in reducing risk of stroke was small (abso-

lute risk reduction [ARR] of 1.9% for 5 years, number needed
to treat of 52), and it only reduced the risk of fatal stroke (RRR

of 43%; P = 0.03) with no significant effect on nonfatal stroke
reduction (P = 0.11). Furthermore, the survival benefit was
not apparent and the atorvastatin group had a slightly higher
risk of hemorrhagic stroke (2.3% vs. 1.4%).

Despite the clear benefit of statin therapy on stroke recur-

diseases, or diabetes mellitus [5]. HPS revealed that simvas-

rence, SPARCL left several unsolved questions revolving

duction [RRR] 17%), coronary events (RRR 27%), and stroke

appropriate level of LDL reduction for stroke prevention par-

tatin reduced the risk for all-cause mortality (relative risk re(RRR 25%). Simvastatin reduced major vascular events in every subgroup irrespective of the index vascular events or risk

factors. These definite and consistent results strongly sup-

around risk of hemorrhagic stroke associated with statins, an

ticularly in patients with LDL-C level of < 100 mg/dL at the
time of stroke, and recommended dose of statin.

Subsequently, the post hoc analysis of SPARCL attempted

ported the role of statin therapy in high-risk patients with

to answer some these questions by revealing that atorvasta-

HPS revealed the preventive effect of statins against all vas-

fatal strokes only in patients with ≥ 50% LDL-C reduction [7].

atherosclerotic vascular disease. The post hoc analysis of the  
cular events in a subgroup with prior stroke. Simvastatin re10

tin significantly reduced the risk of combined fatal and non-

This beneficial effect was approximately twice the observed
http://pfmjournal.org
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Fig. 1. Trend of changes in target low-density lipoprotein cholesterol (LDL-C) goals for secondary stroke prevention in the major clinical practice guidelines. ATP, Adult Treatment
Panel; ASA, American Stroke Association; AHA, American Heart Association; ESC, European Society of Cardiology; EAS, European Atherosclerosis Society; ACC, American College of
Cardiology; ACCE, American College of Clinical Endocrinology. a)Borderline-high level; b)Statin treatment was recommended to reduce the risk of vascular events; c)Statin treatment
was recommended to reduce the risk of stroke and cardiovascular events; d)Definition of high-intensity statin therapy is daily dose lowers LDL-C by approximately 50% or more;
e)
This is the first guideline, which comments ‘extreme high-risk group’ and LDL-C targent <55 mg/dL; f)For patients with atherosclerotic cardiovascular disease who experience a
secondary vascular event within 2 years while taking maximally tolerated statin-based therapy, an LDL-C goal of <40 mg/dL may be considered. This is the first guideline that
recommend considering LDL-C target <40 mg/dL.
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effect of statins in the prespecified intention to
treat analysis (31% vs. 16%) with a statistically
nonsignificant increase in hemorrhagic stroke.

Nevertheless, SPARCL was the first high-level

evidence supporting statin therapy in stroke patients and its results pushed the clinical practice
guideline to announce the need for statin therapy

to prevent recurrent stroke [8]. In addition, SPARCL reawakened our concern about the risk of sta-

tin-induced hemorrhagic stroke by showing an
elevated risk of hemorrhagic stroke by 1.7-fold in

the adjusted model [9]. The statin-related hemorrhagic stroke risk was apparent only in the sub-

group with small vessel disease or hemorrhagic
stroke and the hemorrhagic stroke risk was not

correlated with on-treatment LDL-C level, warranting further investigation.

The second most notable randomized clinical

trial directly assessing the role of statin use for
stroke prevention was the Japan Statin Treatment

Against Recurrent stroke (J-STARS). J-STARS was
a randomized, open-label clinical trial compar-

ing low potency statin (pravastatin 10 mg) versus

control group [10]. This study set a target sample
size as 3,000 but terminated prematurely after

the randomization of 1,589 patients. The pravastatin group somewhat showed improved lipid

profiles compared to control group, but total re-

currence rate of stroke and TIA, which was their

primary end-point, occurred similarly in both
groups. However, in a subgroup with athero-

thrombotic stroke, pravastatin reduced the risk
of recurrent stroke and TIA. Comparing J-STARS

and SPARCL, the most crucial difference between the two was the intensity of statin therapy. In the SPARCL trial, the atorvastatin group

showed an average of 53.7% reduction in LDL-C
level from baseline. However, the pravastatin
group in J-STARS showed only a 19.7% reduction

of LDL-C from the baseline level. The difference

in the magnitude of LDL-C reduction likely explains the conflicting result, emphasizing the importance of substantial LDL-C reduction to below

at least 50% of baseline in secondary stroke prevention.
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Clinical practice guidelines for dyslipidemia management for stroke patients

shown to carry substantial neuroprotective effects alleviat-

have dramatically changed in the recent decades (Fig. 1)

neuroprotective effects of statin therapy including augmen-

Clinical practice guidelines for dyslipidemia management
[8,11-23]. In terms of primary prevention of CVD, the first
Adult Treatment Panel for National Cholesterol Education

Program (NCEP-ATP I) published in 1988 recommended an

LDL-C target level of < 130 mg/dL for prevention of coronary
artery disease [11]. Subsequently, published guidelines fur-

ing the neuronal injuries via regulating inflammation in preclinical models of acute cerebral ischemia [25-28]. Other

tation of cerebral blood flow by increasing nitric oxygen pro-

duction, decrease of glutamate excitotoxicity, neurogenesis,
and angiogenesis have also been demonstrated by multiple
preclinical studies [29-34].

In parallel to these preclinical evidence of statin-induced

ther refined the risk group of vascular events, and gradually

neuroprotection, case-control human studies and epidemio-

an Society of Cardiology announced that a ≥ 50% LDL-C re-

nin et al. [35] explored the impact of early statin therapy on

lowered the target LDL-C levels. Finally, in 2019, the Europeduction from baseline and an absolute LDL-C treatment goal
of < 55 mg/dL is recommended for very high-risk patients
[24].

The trend in the management of dyslipidemia for second-

ary CVD and stroke prevention has similarly changed to-

wards a more restricted treatment goal. In 2006, before the

publication of the SPARCL trial, stroke was not considered a
vascular risk factor. Therefore, in 2006, the American Stroke
Association guideline recommended that stroke patients
should be managed for dyslipidemia according to primary

prevention guidelines (i.e., to prevent coronary artery dis-

logic studies have explored similar effects [35-37]. Ni Chroiacute stroke patients using a population-based cohort study.

Post-stroke statin therapy initiated shortly after stroke onset
significantly improved early and late survival rates (odds ratio for death 0.12 at 7 day, 0.19 at 90 days, and 0.26 at 1 year)

independent of stroke recurrence rate. Moreover, they observed similar survival benefits in patients with statin thera-

py initiated before the stroke onset. Subsequent studies reproduced the survival benefit of early statin therapy showing

improvement of functional outcomes in patients treated
with statins prior to stroke onset [35,38,39].

Several controlled clinical trials have addressed the sec-

ease or other vascular diseases) [12]. However, in 2008 the

ond distinct feature of acute statin therapy by investigating

Association (AHA) guidelines to recommend intensive statin

tion. The effects of very early use of rosuvastatin in prevent-

results of SPARCL trial enforced a change in American Heart
treatment for ischemic stroke patients with absolute LDL-C

treatment goal of < 100 mg/dL which was revised in 2018
guidelines to a stricter goal of achieving ≥ 50% reduction in
LDL-C levels with absolute LDL level of < 70 mg/dL [8].

Finally, the American College of Cardiology guideline pub-

lished in 2013, followed by 2018 AHA guidelines, considered

stroke as one of atherosclerotic cardiovascular disease (ASCVD) [13].

STROKE SPECIFIC DYSLIPIDEMIA MANAGEMENT

Acute stroke period or early lipid-lowering therapy in
stroke patients

Studies of statin therapy in hyperacute and acute post-stroke

the beneficial effects of early statin therapy on stroke preven-

ing recurrence of ischemic stroke (EUREKA) trial tested the

effect of rosuvastatin 20 mg on acute atherosclerotic stroke
patients within 48 hours from the onset [40]. The trial prematurely terminated at enrollments of 316 patients, reporting
inconclusive results for new ischemic lesions (the primary

end-point; relative risk, 0.83; 95% CI, 0.53 to 1.30). The clini-

cal events (stroke or TIA) were numerically more common in
placebo group (4.4%) compared to rosuvastatin group

(0.6%); however, it did not reach statistical significance
(P = 0.067). Surprisingly, early rosuvastatin therapy was sig-

nificantly associated with a lower risk of hemorrhagic transformation compared to control (4.4% vs. 14.5%, P = 0.007).
The authors attributed their results to neuroprotective effect
of early statin therapy against microvascular injury.

Another clinical trial with 44 acute stroke patients similarly

periods have undertaken two different approaches for as-

supported this hypothesis [41]. In this study, acute stroke pa-

the pleiotropic neuroprotective effect of statins in hyper-

layed statin therapy and compared the profiles of inflamma-

sessing the benefits of early statin therapy: (1) assessment of

acute stages of stroke reducing the final infarct size and (2)

investigating the secondary preventive benefits of statins in

lowering the early risk of recurrent strokes. Statins have been
12

tients were randomized into the in-hospital early versus detory markers between the two groups. They demonstrated

that patients receiving early in-hospital statin therapy had
better inflammatory profiles, including lower tumor necrosis

http://pfmjournal.org
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factor-α, interleukin 6, and vascular cell adhesion mole-

shown to improve survival and functional outcomes of pa-

This ameliorative effect of statin was also translated to better

no evidence of any preventive effect on stroke recurrence

cule-1, indicating the anti-inflammatory effects of statins.
neurological and functional outcomes.

Similarly, a recent meta-analysis summarized the effect of

statin therapy in acute stroke patients by reviewing 70 articles, including eight randomized controlled trials [42]. According to this study, statin therapy started before or during

tients with cardioembolic strokes associated with AF despite
[46-48]. The survival benefits shown by these studies could

be explained by the pleiotropic statin-induced neuroprotec-

tion including anti-inflammatory and collateral enhancing
effects of early and pre-stroke statin therapy [45,49].

admission consistently improved functional outcome and

Hemorrhagic stroke

aggravated functional outcome [42].

risk of hemorrhagic stroke by 68% in statin arm and the small

lowered mortality and statin withdrawal after stroke onset
The beneficial results from early statin therapy have not

been consistent across clinical trials. The Administration of

Statin on Acute Ischemic Stroke Patient (ASSORT), a clinical
trial comparing functional outcomes between early ( < 24
hours) and delayed statin treatment (7 days), failed to disclose any difference in the distribution of modified Rankin

scale at 90 days in 257 non-cardioembolic acute stroke patients [43]. Although a potential signal of efficacy was observed in subgroup analysis of patients with atheroembolic

The SPARCL trial reported an overall significant increased

subgroup of patients with hemorrhagic stroke at entry
seemed not to benefit from statins [9]. The post hoc analysis
of the trial looking at patients with ≥ 50% LDL-C reduction

showed a statistically non-significant increase in hemorrhag-

ic stroke and no LDL-C threshold below which the risk of
brain hemorrhage was increased. This non-significant result

was attributed to loss of power due to division of the study
participants to three groups of LDL-C reduction level.

Previous large-scale studies have also indicated an associ-

stroke, authors accounted the administration of low doses

ations between low serum LDL and increased risk of hemor-

tin 4 mg/day, or rosuvastatin 5 mg/day) for their overall neg-

those with prior history of hemorrhage had a higher risk for

statin therapy in the trial (atorvastatin 20 mg/day, pitavastaative results.

Therefore, based on the available evidence there is no rea-

son to delay the initiation of high intensity statin therapy in
acute stroke patients.

Atrial fibrillation associated stroke

Atrial fibrillation (AF) provokes about a quarter of all ischemic strokes and shares the same risk factors as coronary ar-

tery disease including left ventricular hypertrophy, obesity,

and hypertension. Furthermore, each component of

CHA2DS2-VASc, which represents thromboembolic risk in AF,

is also a risk factor for atherosclerotic arterial diseases.
Therefore, statins may reduce thromboembolic risks in pa-

rhagic stroke [50,51]. Patients with small vessel disease or
hemorrhagic stroke [9].

In contrast, a meta-analysis performed on 16 observation-

al studies investigating the impact of statins on hemorrhagic

stroke risk revealed that pre-stroke or in-hospital early statin
therapy in hemorrhagic stroke patients improved survival
and functional outcomes at 3 months from the stroke onset

[52]. Another systematic review and meta-analyses investigating the effect of statins on risk of recurrent hemorrhage

failed to show any effect on rate of recurrent hemorrhage in
patients taking statins, although there was a non-significant

trend towards an increased hemorrhage risk among ischemic stroke patients [53,54].

To summarize, despite the evidence relating statin therapy

tients with AF or even have inhibitory effects on AF develop-

to increased risk of hemorrhagic stroke, the possible net ben-

gating the risk alleviating effects of statins on AF and there

weigh the concerns although large randomized clinical trials

ment. However, not much work has been performed investiare no clear guidelines regarding long term statin therapy in
strokes related to AF [44].

On the other hand, a nationwide study using the Taiwan

efit of acute statin therapy in all stroke patients seems to out-

specifically assessing benefits of statins in hemorrhagic
strokes are warranted.

National Health Insurance Research Database revealed that

Cerebral small vessel diseases

by 26% irrespective of demographic features, CHADS2 score,

been done on effects of statins in patients with small vessel

statin therapy improved in-hospital and long-term survival

or stroke severity during a median follow-up of 2.4 years [45].

Also, in some observational studies, statin therapy has been
https://doi.org/10.23838/pfm.2020.00009

Similar to statins in AF related strokes, not much work has
disease presenting with lacunar infarction and white matter
hyperintensities [55]. The SPARCL subgroup analysis of pa-
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tients with small vessel disease revealed the persistent beneficial effects of intensive statin therapy in this subgroup [56].

Statin also delayed the progression of cerebral white matter
hyperintensities in hypertensive elderly patients or patients

with middle cerebral artery stenosis [55,57]. However, the as-

sociation between statin therapy and white matter changes
was negative in post hoc analysis of the PROspective Study of
Pravastatin in the Elderly at Risk (PROSPER) trial [58]. Therefore, further studies are required to demonstrate the relationship between white matter changes and statin therapy.

Cancer-related stroke

Cancer-related stroke is an emerging stroke subtype related

to hypercoagulability, and cancer patients are at higher risk

APPROPRIATE TARGET FOR DYSLIPID
EMIA MANAGEMENT IN STROKE

Appropriate target LDL-C level for stroke prevention

The primary target for the management of dyslipidemia in

CVD prevention is the LDL-C level considering that athero-

sclerosis is the main underlying pathophysiology of CVD. The
most recent AHA guidelines recommend LDL-C levels of < 70

mg/dL in patients with clinical ASCVD including stroke and

TIA. However, only about a third of stroke events are due to
atherosclerotic origin highlighting the paucity of evidence

addressing the ideal target blood level for LDL-C in stroke patients according to the stroke etiology.

In addition to achieving a specific target levels of LDL-C,

for stroke [59]. Stroke associated with cancer has high mor-

the amount of LDL-C reduction in each individual is of para-

ter stroke. So, various efforts has been made to find a treat-

cussed, the post hoc analysis of SPARCL revealed that ator-

tality [59], and anticancer treatment are often put on hold afment suitable for cancer-related stroke, and statin therapy is
one of them. The anticancer property of statins as part of
their pleiotropic protective effect has been elicited both in vi-

tro and in vivo [60]. In terms of human studies, Kim et al. [61]
investigated benefit of statins in patients with cancer accompanied by stroke using multicenter stroke registries and nationwide health insurance database. They matched the patients using statins to non-statin users with propensity score

(PS) and demonstrated that statin improved survival in a

mount importance in stroke reduction. As previously disvastatin reduced the risk of stroke only in patients with ≥

50% LDL reduction and the benefits of atorvastatin was most

pronounced in subgroups of patients with evidence of ath-

erosclerosis such as carotid stenosis or large artery disease.
Similarly, a meta-analysis by Amarenco and Labreuche [65]
in 2009 demonstrated that every 1 mmol/L (approximately

40 mg/dL) reduction in LDL-C produces a 21.1% reduction of
stroke risk in a meta-analysis.

In a meta-regression study of 23 clinical trials, Shin et al.

dose-dependent manner. Their external validation set com-

[54] demonstrated a significant correlation between stroke

and subgroup analyses strongly supported the robustness of

vention effect of lipid-lowering therapy has been shown to

posed of a nation-wide health insurance service database,

their results. In this study, the impact of statin was similar between lung cancer and other types of cancer.

In addition to its anti-cancer properties, statins have been

used for stroke prevention in patients with head and neck

risk and achieved LDL-C level. Furthermore, the stroke prepersist monotonously at an LDL-C level below 50 mg/dL

without any floor effect while the achieved LDL-C level had
no association with hemorrhagic stroke [54].

While the above trials included all types of strokes, Treat

cancer due to a strong association between neck radiation

Stroke to Target (TST) trial was designed to specifically inves-

viewed the data of consecutive head and neck cancer pa-

of maintaining LDL-C level below 100 mg/dL versus 70 mg/dL

therapy and severe carotid stenosis. Addison et al. [62] retients with radiation therapy (n = 1,011) and compared the

incidence of stroke or TIA according to statin therapy at the
time of irradiation. In this study, statin therapy reduced the
risk of stroke and TIA with a hazard ratio of 0.4. An analysis of

the health insurance database of Quebec (n = 5,718) drew a

similar result [63]. Statin therapy after neck irradiation improved survival and reduced the risk of stroke without critical

adverse effects. In contrast, Lee et al. [64] reported the futility
of statin therapy in a similar patient population, even with an

effort to avoid selection bias by PS matching analysis using
the Taiwanese health insurance database.
14

tigate the atherosclerotic stroke risk comparing the strategies
[66]. The TST trial revealed that patients with recent ischemic
stroke or TIA with evidence of atherosclerotic disease had a

fewer major cardiovascular events with a target LDL-C level
of less than 70 mg/dL compared to those assigned to a target

of 90 to 110 mg/dL [67]. The LDL-C goal in this trial was

achieved by increasing the statin dose or addition of ezetimibe to statins. The result support the target LDL-C level of
< 70 mg/dL in stroke patients with atherosclerotic disease.

Non-statin LDL lowering therapies and non-LDL targets

Although statins remain the most crucial medications for
http://pfmjournal.org
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dyslipidemia management, to achieve the target LDL-C level

to be comparable to that of coronary artery disease high-

addition of non-statin therapies. A study has revealed that

designed for stroke patients [69-71]. Furthermore, all studies

of less than 70 mg/dL, they are often insufficient requiring
doubling the dose of statins only yields 6% of additional
LDL-C reduction [68]. In addition, intolerability to high intensity statins in forms of myalgia, fatigue, or transaminitis is an-

other common reason to use non-statin lipid therapy as an
adjunct or alternative therapy to statins. The main non-statin

lighting the need for further large clinical trials specifically
of non-statin lipid therapies have tested these medications
as an adjunct to statins stressing the need to investigate the

beneficial effects of these medications as monotherapy particularly in patients intolerant of statins.

To address this need, a meta-regression analysis of 49 tri-

lipid therapies have been ezetimibe and very recently pro-

als included 312,175 participants from 49 trials compared

The Improved Reduction of Outcomes: Vytorin Efficacy In-

[72]. The authors found that both statin and non-statin thera-

protein convertase subtilisin/kexin type 9 (PCSK-9) inhibitors.
ternational Trial (IMPROVE-IT) evaluated the effect of ezetimibe combined with simvastatin compared to simvastatin

alone in patients with the acute coronary syndrome [69]. IMPROVE-IT trial assessed the additional LDL-lowering benefits

the effect of statin versus non-statin lipid-lowering therapy

py were associated with a similar impact on the rates of vascular events as long as the target LDL-C level is achieved independent on the type of lipid lowering therapy [72].

In addition to ezetimibe and PCSK-9 inhibitors, numerous

of ezetimibe and demonstrated a 6.4% RRR in combined risk

new lipid-lowering therapies focusing on different mecha-

hospitalization for unstable angina and revascularization

under development. Furthermore, the time interval from the

of subsequent heart attack, stroke, cardiovascular death, reprocedures.

Another family of medications that have been recently in-

troduced to clinical practice are monoclonal antibodies inhibiting PCSK-9 inhibitors such as alirocumab and evolo-

cumab. These highly potent lipid therapies can achieve up to
60% reduction in LDL-C level producing a significant reduction in composite cardiovascular risks [70,71].

The most notable clinical trial assessing the benefits of

nisms of action or targeting different lipids than LDL-C are

conceptualization of the new therapy to its development and
subsequent release to marker is rapidly shorting. For exam-

ple, the first PCSK-9 monoclonal antibody trial in humans
was conducted in less than 10 years following the first report

of PCSK-9 gene abnormality in 2003 indicating a gain of function in carriers of the gene resulting in an increased risk of
coronary heart disease [73,74].

Amongst the most noteworthy of these new emerging lipid

PCSK-9 inhibitor evolocumab in atherosclerotic cardiovascu-

lowering therapies are inclisiran, a long active RNA interface

search with PCSK-9 Inhibition in Subjects with Elevated Risk

ester transfer protein (CETP) inhibitors that finally passed

lar prevention was Further Cardiovascular Outcomes Re(FOURIER). FOURIER enrolled 27,564 patients with ASCVD and
LDL-C levels of more than 70 mg/dL while on high to medium

intensity statin therapy. In addition to reducing the composite
risk of cardiovascular death/myocardial infarction/stroke as

their primary endpoint, evolocumab also reduced the risk of
ischemic stroke by 78% (ARR of 0.4% and number needed to

treat of 250) and stroke or TIA by 80% (ARR of 0.5%, and num-

ber needed to treat of 200) in average of 2.2 follow-up years.
LDL-C level was reduced to a median of 30 mg/dL (interquartile range, 19 to 46) in 48 weeks with no increased risk of hemorrhagic stroke contradicting prior evidence associating very
low levels of LDL to hemorrhage risk.

(RNAi) that inhibits PCSK-9, and anacetrapib, a cholesteryl

through the long tunnel of CETP inhibitors failures. CETP in-

hibitors enhance high-density lipoprotein-mediated reverse
cholesterol transport and, theoretically, remove the choles-

terol from atherosclerotic plaques. Although the former
CETP inhibitors discarded due to unexpected adverse effects,

anacetrapib in addition to high intensity statins reduced the

risk of coronary artery disease by 9% [75]. Angiopoietin-like
gene (ANGPTL ) is another focused target for dyslipidemia

management [76-78]. ANGPTL secretes a protein that modulates triacylglycerol homeostasis with dual activity on both
LDL-C and triglycerides levels.

Other non-LDL lipid targets for CVD prevention have been

It is important to note that only 20% of FOURIER patients

lipoprotein-a (Lp(a)) and triglycerides. Lp(a), a modified form

cial effects of PCSK-9 inhibitors on stroke prevention in pa-

> 50 mg/dL. Therapeutic targeting of Lp(a) has been a topic

had history of stroke or TIA at entry. Therefore, direct benefi-

of LDL-C, is a known risk enhancing factor for ASCVD at levels

tients with stroke or TIA cannot be fully assessed based on

of many anecdotal reports and observational studies and,

and ezetimibe therapy for stroke prevention has been shown

Lp(a) level with only modest effects and no proven CVD pre-

these trials. Overall, the size of benefit of PCSK-9 inhibitors
https://doi.org/10.23838/pfm.2020.00009

historically, niacin and fibrates have been used to lower the

15

Management of dyslipidemia in stroke
ventive benefits [79]. Currently there is no clear guideline regarding the management of high Lp(a) levels particularly in
stoke patients with no other identifiable risk factors.

The role of triglycerides as risk enhancing factor for stroke

remains controversial although excess triglycerides are car-

ried in the form of very low density lipoprotein (VLDL) which
known to be atherogenic at higher levels. In a large prospective cohort study following 13,956 participants for incidence

of ischemic stroke, authors demonstrated that the cumulative incidence of ischemic stroke increased with increasing

levels of non-fasting triglycerides above 89 mg/dL [80]. Similarly, a meta regression analysis reported a statistically signif-

icant association between baseline triglyceride levels and
stroke risk (adjusted relative risk, 1.05 per 10 mg/dL increase;

95% CI, 1.03 to 1.07). Currently, guidelines recommend initia-

tion of statin therapy to treat very high levels of triglycerides
≥ 500 mg/dL and only treat moderate level (170 to 500) in

patients with high risk of atherosclerotic cardiovascular risk
[81].

CONCLUSION

Abundant evidence has supported the importance of lipid-lowering therapy in cardiovascular risk reduction, however, there are still unanswered questions regarding the optimal management of dyslipidemia in stroke patients. Current-
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