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Abstract

Aims: Lowering the low-density lipoprotein cholesterol level reduces the risk of stroke, but it has not been clear whether

the stroke risk would continuously decrease by lowering low-density lipoprotein cholesterol to a very low level. The purpose

of this study was to evaluate the association between achieved low-density lipoprotein cholesterol levels and stroke risk.

Methods and results: A systematic search of MEDLINE, EMBASE and Cochrane Library databases was conducted to

identify randomised controlled trials that tested cholesterol-lowering pharmacological therapies and reported both

achieved low-density lipoprotein cholesterol levels and stroke outcomes. A meta-regression analysis was conducted

to assess the linear association between the achieved low-density lipoprotein cholesterol levels and stroke risk. In

addition, we evaluated pooled estimates of low-density lipoprotein cholesterol-lowering effect stratified by achieved

low-density lipoprotein cholesterol levels of active arms. A total of 222,149 participants in 23 trials (52 arms of

26 studies) were included. The meta-regression analysis showed that each 1 mmol/L decrease in the achieved low-

density lipoprotein cholesterol level (down to 0.78 mmol/L) was associated with a significant reduction of 23.5% (slope

0.235, 95% confidence interval 0.007–0.464, P¼ 0.044) in stroke risk. Irrespective of achieved low-density lipoprotein

cholesterol levels in the active arms, the effects of lowering the low-density lipoprotein cholesterol level on stroke risk

were significant and consistent (test for subgroup difference, P¼ 0.23, I2¼ 31%). However, there was no significant

increase in haemorrhagic stroke risk with lower achieved low-density lipoprotein cholesterol levels.

Conclusion: In this meta-analysis of randomised controlled trials, the stroke risk monotonically reduced with lowering

of low-density lipoprotein cholesterol to very low levels.
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Introduction

Low-density lipoprotein (LDL)-cholesterol-lowering
therapy is effective for the prevention of stroke as
well as overall cardiovascular events, and the benefits
are proportional to the magnitude of the reduction in
LDL-cholesterol level.1 In clinical practice, rather than
the absolute reduction, the achieved LDL-cholesterol
level itself could be more practical to guide patients
and healthcare providers. A recent meta-analysis of
randomised controlled trials (RCTs) demonstrated
that the risk of major cardiovascular events reduced
with lower achieved LDL-cholesterol levels.2 For
stroke outcome, in a prior meta-analysis,3 a greater
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difference in LDL-cholesterol level between active
and control arms was associated with a greater
reduction in stroke risk. However, the meta-analysis
was restricted to statin trials and did not evaluate
the effect of the achieved LDL-cholesterol level.
Therefore, whether stroke risk could be proportionally
reduced by achieving a lower LDL-cholesterol level,
particularly a very low LDL-cholesterol level, remains
unexplored.

This meta-analysis of RCTs evaluated whether a
lower achieved LDL-cholesterol level is associated with
a lower stroke risk by analysing stroke risk reduction: (a)
per 1mmol/L decrease in achieved LDL-cholesterol
level; (b) stratified by achieved LDL-cholesterol levels;
and (c) with pharmacological interventions added to
background statin therapy to reduce LDL-cholesterol
level further.

Methods

Search strategy, selection criteria and quality
assessment

In accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines,4 we searched MEDLINE, EMBASE and
the Cochrane Library (January 2002 to May 2017)
with the following search terms: pravastatin, lovastatin,
atorvastatin, simvastatin, fluvastatin, cerivastatin, rosu-
vastatin, pitavastatin, HMG-CoA reductase inhibitor,
statin, ezetimibe, proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors, alirocumab, evolocumab or
bococizumab. The search was restricted to articles stu-
died with humans and published in the English lan-
guage. To identify additional trials, we also reviewed
references of retrieved articles and earlier meta-ana-
lyses. The inclusion criteria were as follows: (a)
RCTs; (b) comparison between LDL-cholesterol low-
ering drugs and placebo or intensive and less intensive
LDL-cholesterol-lowering pharmacological therapies;
(c) stroke (ischaemic and/or haemorrhagic) endpoint
data provided; and (d) at least 5000 person-years to
minimise the risk of small study bias. Exclusion criteria
were as follows: (a) duplicated publications as explora-
tory or subgroup analyses and (b) no data on the
achieved LDL-cholesterol level. However, studies of
subgroup analysis for patients with prior stroke were
included in the analysis of secondary stroke prevention
trials. Two investigators (JS and WKS) independently
reviewed searched abstracts and articles as well as
selected eligible studies. Discrepancies were resolved
by consensus. A risk of bias of studies included in
this meta-analysis was examined using the recommen-
dation of the Cochrane Collaboration (http://hand-
book-5-1.cochrane.org/).

Data extraction and study outcomes

From active (LDL-cholesterol lowering or intensive low-
ering) and control (placebo or less intensive lowering)
arms of each trial, we extracted the following informa-
tion: (a) annual event rates of any stroke (ischaemic and
haemorrhagic stroke), myocardial infarction (MI),
cardiovascular mortality, and major adverse cardiovas-
cular event (MACE); (b) baseline and achieved LDL-
cholesterol levels; (c) sample size and follow-up duration;
and (d) baseline characteristics of age, sex, and vascular
risk factor profiles. Details of the data extraction are
described in the Supplementary online material.

The primary outcome was any stroke, while second-
ary outcomes were ischaemic stroke, haemorrhagic
stroke, MI, cardiovascular mortality and MACE. Each
trial was divided into either primary or secondary stroke
prevention trial. If less than 20% of the enrolled popu-
lation had a prior stroke, we regarded it as a primary
stroke prevention trial. The Heart Protection Study
(HPS) and the Improved Reduction of Outcomes:
Vytorin Efficacy International Trial (IMPROVE-IT) lar-
gely enrolled patients without prior stroke history, and
thereby they were included as primary stroke prevention
trials.5,6 However, because these two studies additionally
reported detailed event rates in the subgroup of patients
with prior stroke, they were also used for the analysis of
secondary stroke prevention trials. Although studies of
PCSK9 Inhibition and the Reduction of Vascular Events
(SPIRE-1 and SPIRE-2) were combined and reported in
one article, we regarded it as individual trials because
characteristics of the participants were entirely different
between the two trials and sufficient information for
each trial was available.7 To explore an effect of achieved
LDL-cholesterol levels further, trials were also cate-
gorised into: (a) trials on the achieved LDL-cholesterol
levels of active arms (<1.3mmol/L, 1.3–1.8mmol/L and
>1.8mmol/L) and (b) trials on non-statin LDL-choles-
terol lowering drugs on a background of statin therapy
and statin trials.

Statistical analyses

We performed a meta-regression and pooled analyses.
Details of the statistical analyses are described in the
Supplementary online material.

Results

Study selection and characteristics

A total of 1203 articles was searched systemically from
MEDLINE, EMBASE and the Cochrane Library
(391, 410 and 402, respectively). After excluding dupli-
cated and ineligible reports, a total of 17 articles was
included. Six articles were further found by manual
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search,8–12 comprising a total of 23 articles for our
meta-analysis. This provided us with a total of
222,149 participants in 52 arms of 26 studies with
6345 stroke events (Figure 1). Regarding the risk of
bias, all trials were at low or unclear risk of bias for
most of the assessed domains (see Supplementary
online material, Supplementary Figure 1). No signifi-
cant publication bias was noted from the funnel plot
(see Supplementary online material, Supplementary
Figure 2). The characteristics of each arm of individual
trials are summarised in Table 1. Among the 52 arms,
eight arms of four trials were secondary stroke preven-
tion trials exclusively enrolling patients with a stroke
history,5,6,13,14 while 44 arms of 22 trials (two trials
were overlapped with secondary stroke prevention
trials) were classified as primary stroke prevention
trials.5–12,15–28 The primary stroke prevention trial
with the highest rate of prior stroke was the active

arm of the Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with
Elevated Risk (FOURIER) trial with 19.5%, and the
secondary stroke prevention trial with the lowest rate of
prior stroke was the control arm of the Stroke
Prevention by Aggressive Reduction in Cholesterol
Levels (SPARCL) trial with 68.2%.13,27

Meta-regression analyses for stroke risk

For the annual event rates of any stroke in 44 arms of 22
primary stroke prevention trials (involving 211,871
patients), each 1mmol/L decrease in the achieved
LDL-cholesterol level was associated with a significant
risk reduction of 19.6% for any stroke events (slope
0.196, 95% confidence interval (CI) 0.034–0.357,
P¼ 0.019, Table 2 and Figure 2). The achieved
LDL-cholesterol level of the included trials ranged from

MEDLINE
articles found

(n = 391)

EMBASE
articles found

(n = 410)

Cochrane Library
articles found

(n = 402)

Records identified through
database searching

(n = 1203)

Remove duplicate search results
(n = 667)

Records excluded, with reasons
(n = 507)

- Irrelevent outcomes or topics (n = 326)
- Study designs or protocols only (n = 19)
- Subgroup or additional analysis of the
  trials already included (n = 133)
- Less than 5,000 person-years (n = 29)

Full-text articles excluded, with reasons
(n = 12)

- Not a randomised controlled trial (n = 9)
- No absolute value of LDL-C (n = 2)
- High rate of follow-up loss (n = 1)

Additional articles included maually
(n = 6)

Records screened
(n = 536)

Full-text articles
assessed for eligibility

(n = 29)

Studies included in
qualitative synthesis
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Studies included in
quantitative synthesis
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of included studies.
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0.78mmol/L to 4.10mmol/L. Analysis restricted to eight
arms of four secondary stroke prevention trials provided
a steeper regression slope than that observed in the pri-
mary stroke prevention trials; however, it did not reach
statistical significance (slope 0.309, 95% CI –0.308–0.648,
P¼ 0.068). When the primary and secondary stroke pre-
vention trials were combined, each 1mmol/L decrease in
the achieved LDL-cholesterol level was associated with a
23.5% reduction in any stroke risk with statistical

significance (slope 0.235, 95% CI 0.007–0.464,
P¼ 0.044, Table 2 and Figure 3). The significant associ-
ation was also observed in an adjusted model (slope
0.232, 95% CI 0.060–0.403, P¼ 0.010, see
Supplementary online material, Supplementary Table 1).

Ischaemic stroke risk was analysed using data from
26 arms of 13 primary or secondary stroke prevention
trials, which showed that each 1mmol/L decrease in the
achieved LDL-cholesterol level was associated with a
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Figure 2. Bubble plot of meta-regression analyses showing significant positive correlations between the achieved low-density

lipoprotein (LDL)-cholesterol level and stroke event rate in primary stroke prevention trials. The size of each square on the graph

indicates the weight of each trial, which was derived from the inverse of variance of the event rate of each trial. The shaded area

indicates the range of the 95% confidence interval.

Table 2. Summary of meta-regression analyses on the effect of achieved LDL-cholesterol level.

All studies Primary stroke prevention Secondary stroke prevention

No. Slope (95% CI) P value No. Slope (95% CI) P value No. Slope (95% CI) P value

Any stroke 52 0.235 (0.007, 0.464) 0.044 44 0.196 (0.034, 0.357) 0.019 8 0.309 (�0.308, 0.648) 0.068

Ischaemic stroke 26 0.286 (�0.019, 0.591) 0.065 18 0.148 (�0.078, 0.375) 0.184 8 0.159 (�0.335, 0.652) 0.461

Haemorrhagic

stroke

26 0.011 (�0.068, 0.089) 0.779 18 �0.003 (�0.105, 0.098) 0.943 8 �0.018 (�0.149, 0.113) 0.747

MI 52 �0.083 (�0.520, 0.353) 0.703 44 �0.006 (�0.482, 0.471) 0.981 8 �0.513 (�1.903, 0.878) 0.402

Cardiovascular

mortality

44 0.079 (�0.704, 0.861) 0.840 38 0.135 (�0.758, 1.027) 0.761 6 �0.392 (�0.984, 0.201) 0.140

MACE 46 0.268 (�0.713, 1.250) 0.585 40 0.339 (�0.781, 1.458) 0.544 6 0.151 (�1.745, 1.442) 0.805

LDL: low-density lipoprotein; CI: confidence interval; MI: myocardial infarction; MACE: major adverse cardiovascular event.
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risk reduction of 28.6% without statistical significance
(slope 0.286, 95% CI –0.019–0.591, P¼0.065).

The annual risk of haemorrhagic stroke obtained from
26 arms of 13 primary or secondary stroke prevention
trials was very low (average of 0.18%/year, Figure 3).
Noticeably, the risk did not significantly increase with a
decrease in the achieved LDL-cholesterol level down to
the very low level of 0.78mmol/L (slope 0.011, 95% CI –
0.068–0.089, P¼ 0.779). The risk was not increased with
the decrease of the achieved LDL-cholesterol level even in
the secondary stroke prevention trials.

Pooled analyses for stroke risk

The pooled risk ratios (RRs) for any stroke are pre-
sented in Figures 4 and 5. Overall, active arms had a
lower risk of any stroke than control arms (RR 0.84,
95% CI 0.78–0.90, P< 0.001, see Supplementary online
material, Supplementary Figure 3). When the trials
were stratified by the achieved LDL-cholesterol level
in active arms, the risk reduction with active arms com-
pared with that with control arms was significant.
Furthermore, the benefits were consistent irrespective
of the achieved LDL-cholesterol levels (test for sub-
group difference, P¼ 0.23; I2¼31%): the pooled RR
was 0.79 (95% CI 0.68–0.91, P¼ 0.001) from trials
with achieved LDL-cholesterol levels less than
1.3mmol/L (50mg/dL); 0.76 (95% CI 0.61–0.93,
P¼ 0.008) from trials with achieved LDL-cholesterol
levels between 1.3mmol/L and 1.8mmol/L; and 0.88
(95% CI 0.81–0.96, P¼ 0.006) from trials with achieved
LDL-cholesterol levels greater than 1.8mmol/L
(70mg/dL, Figure 4). When stratified by statin trials
(average achieved LDL-cholesterol level, active

2.1mmol/L vs. control 3.1mmol/L) and non-statin
trials (average achieved LDL-cholesterol level, active
1.2mmol/L vs. control 2.4mmol/L), stroke risk reduc-
tion was significant in the former (RR 0.87, 95% CI
0.79–0.95, P¼ 0.003) as well as in the latter (RR 0.79,
95% CI 0.71–0.87, P< 0.001, Figure 5).

The risk reduction for ischaemic stroke was signifi-
cant and consistent irrespective of the achieved LDL-
cholesterol levels in active arms (see Supplementary
online material, Supplementary Figure 4). The risk
reduction with an intervention was also apparent in
both statin and non-statin trials.

For haemorrhagic stroke risk, active arms showed a
greater trend of increased risk than control arms (RR
1.16, 95% CI 0.96–1.40, P¼ 0.12, see Supplementary
online material, Supplementary Figure 5). However,
the pooled RRs stratified by the achieved LDL-
cholesterol levels in active arms did not differ signifi-
cantly (test for subgroup difference, P¼ 0.92): the
pooled RR was 1.07 (95% CI 0.70–1.65, P¼0.75) for
trials with achieved LDL-cholesterol levels below
1.3mmol/L (50mg/dL); 1.16 (95% CI 0.84–1.59,
P¼ 0.38) for trials with achieved LDL-cholesterol
levels between 1.3mmol/L and 1.8mmol/L; and 1.21
(95% CI 0.85–1.72, P¼ 0.30) for trials with achieved
LDL-cholesterol levels over 1.8mmol/L (70mg/dL).
Besides, no significant difference in the pooled RRs of
haemorrhagic stroke was observed between statin and
non-statin trials (test for subgroup difference, P¼ 0.94).

Other vascular outcome risks

For other vascular event risks, active arms had a lower
risk of MI (RR 0.81, 95% CI 0.77–0.85, P< 0.001),
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cardiovascular mortality (RR 0.95, 95% CI 0.92–0.99,
P¼ 0.02), and MACE (RR 0.83, 95% CI 0.79–0.88,
P< 0.001) than control arms (see Supplementary
online material, Supplementary Figure 6). However,
meta-regression analyses (MI event from 52 arms,
cardiovascular mortality from 42 arms, and MACE
from 46 arms) showed that there was no significant
association between a 1mmol/L decrease in the
achieved LDL-cholesterol level and those event risks
(see Supplementary online material, Supplementary
Figure 7).

Discussion

In this meta-regression analysis, the lower the achieved
LDL-cholesterol level, the lesser stroke events occurred
with a 23.5% relative risk reduction per 1mmol/L low-
ering of LDL-cholesterol level. The association was
coherently linear across high LDL-cholesterol to very
low LDL-cholesterol levels and consistent across stu-
dies of primary and secondary prevention of stroke.
Non-statin LDL-cholesterol lowering drugs such as
ezetimibe or PCSK9 inhibitors also showed an

Study or subgroup
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Overall estimate is indicated by diamonds.
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additional preventive effect for stroke even with the
use of statin therapy, implying that the achieved
LDL-cholesterol level should be the guidance for the
treatment of dyslipidaemia rather than the class of
LDL-cholesterol lowering drug. Contrary to our
expectation, the hazard of haemorrhagic stroke had
no significant association with LDL-cholesterol. These
results strongly support the importance of intensive
LDL-cholesterol lowering therapy irrespective of the
class of LDL-cholesterol lowering drugs for the preven-
tion of stroke.

Statin use in stroke prevention has been debated
regarding whether the benefit results from the pleio-
tropic effect or by lowering the LDL-cholesterol level
thoroughly. The primary effect of statin on the preven-
tion of cardiovascular events has been considered to be

attributed to LDL-cholesterol reduction. The
Cholesterol Treatment Trialists’ collaborators reported
that a 1mmol/L reduction of LDL-cholesterol levels
prevented 23% of major coronary events over 5
years.29 However, in addition to the above-mentioned
effects, the pleiotropic effect was said to play a key
role, which is largely independent of LDL-cholesterol
reduction.30 Therefore, the guideline of the American
College of Cardiology (ACC) and American Heart
Association (AHA) published in 2013 recommended
to use a highly potent statin that can combine both
effects regardless of baseline LDL-cholesterol level in
all high-risk patients. However, the European Society
of Cardiology and European Atherosclerosis Society
made a different approach in targeting the LDL-cho-
lesterol level according to the individualised risk of each
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patient. In 2017, the American Association of Clinical
Endocrinologists and American College of
Endocrinology opened a new chapter in the manage-
ment of dyslipidaemia. They proposed a new risk strati-
fication scheme including an extreme risk group and
recommended an LDL-cholesterol level under 55mg/
dL as a target for this group. The recently published
AHA/ACC guideline does not differ significantly from
the previous 2013 guideline of determining statin
potency according to the risk of atherosclerotic cardio-
vascular disease, except the subdivided risk group
and some minor changes. However, considering that
current guidelines are less well reflecting the evidence
from clinical trials, two important questions still
remain: what is the threshold of LDL-cholesterol level
below which no additional benefit is expected, and is
statin therapy enough to achieve the threshold LDL-
cholesterol level?

The present meta-regression analysis estimated the
lowest LDL-cholesterol level to which the benefit on
stroke prevention would persist. The previous meta-
analyses had calculated LDL-cholesterol reduction
between active and control groups and showed that
more between-group reductions in the LDL-cholesterol
level lead to less stroke incidence or major cardiovas-
cular events.1,3, However, these studies lack an answer
to the question on how low the LDL-cholesterol level is
beneficial to prevent stroke occurrence. A recent meta-
regression study showed a linear association of
achieved LDL-cholesterol with the incidence of major
coronary events.2 However, the lowest level of achieved
LDL-cholesterol in the meta-regression analysis was
1.42mmol/L (53mg/dL), and stroke outcome was not
specifically explored. In contrast, our study showed
that the low achieved LDL-cholesterol level itself was
related to the stroke risk reduction without a floor
effect. Furthermore, the pooled analysis revealed that
the significance of the stroke preventive effect was
maintained at an LDL-cholesterol level below
1.3mmol/L (50mg/dL). This is meaningful because all
control groups included in this pooled analysis were
receiving statin therapy, and the effect of stroke preven-
tion in a very low LDL-cholesterol level had the same
tendency as the meta-regression analysis result. Our
results were consistent with the recent data obtained
from clinical trials. The FOURIER trial in which the
patients with very low achieved LDL-cholesterol levels
less than 10mg/dL showed a 41% lower risk of compos-
ite of cardiovascular events including stroke than those
with an achieved LDL-cholesterol level of 100mg/dL
without an increased risk of adverse events.

We also found that non-statin LDL-cholesterol low-
ering drugs such as ezetimibe or PCSK9 inhibitors are
effective for stroke prevention as much as statins are. It
implies that lowering of LDL-cholesterol levels

regardless of the pleiotropic effect of statin reduces
stroke events. Clinical trials investigating non-statin
LDL-cholesterol lowering drugs have supported a simi-
lar finding. The IMPROVE-IT trial showed the efficacy
of simvastatin–ezetimibe combination therapy which
was similar to that seen in previous statin trials, with
a similar reduction in cardiovascular events including
stroke according to the degree of LDL-cholesterol
level lowering.6 The aforementioned FOURIER or
ODYSSEY OUTCOMES trials also reported a similar
trend.27,28 In addition, recent meta-analysis showed
PCSK9 inhibitors had the highest probability of
having the lowest rate of stroke, followed by ezetimibe
plus statin and statins. Furthermore, Silverman et al.
argued, based on a meta-analysis of MI trials, non-
statin LDL-cholesterol lowering therapies were asso-
ciated with similar cardiovascular risk reduction per
decrease in LDL-cholesterol as statin interventions.2

In that context, the ACC updated the guidelines that
non-statin LDL-cholesterol lowering drugs could be
considered optionally in the case of statin failure on
maximally tolerated statin therapy. Our results which
show the benefit of non-statin LDL-cholesterol-lower-
ing drugs for the prevention of stroke could support
this guideline.

Regarding the previous concern for the risk of haem-
orrhagic stroke, the previous meta-analyses reported
that an intense reduction in the LDL-cholesterol level
by statins did not increase the incidence of haemor-
rhagic stroke, whereas others showed the risk was
increased without statistical significance.1,3 In our
analysis, the active group had an increased haemor-
rhagic stroke risk (see Supplementary online material,
Supplementary Figure 5) without statistical sig-
nificance. However, the haemorrhagic stroke risk was
neither statistically significant nor influenced by the
achieved LDL-cholesterol level or the type of LDL-
cholesterol-lowering therapies. Despite these findings,
concern remains because the previous meta-analysis
reported a higher risk of haemorrhagic stroke when
treated with statin for the secondary stroke prevention
population.3 However, in our study, the benefit of low-
ering LDL-cholesterol on stroke prevention seems
greater in the secondary stroke prevention trials than
in primary stroke prevention trials, which might be
indicated by a significant interaction between primary
and secondary prevention studies for the effect of the
achieved LDL-cholesterol levels. Therefore, there is no
need to hesitate to lower the LDL-cholesterol level even
in secondary stroke prevention although the individua-
lised risk of haemorrhagic stroke should be considered.

Unlike a recent meta-analysis of MI trials,2 our
study demonstrated no significant association between
the achieved LDL-cholesterol level and the event rate
of cardiovascular outcomes (see Supplementary online
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material, Supplementary Figure 7). It might be primar-
ily because a focus made on the enrolment of trials with
stroke outcome led the study population to be hetero-
geneous to the cardiac outcome. To overcome the het-
erogeneity, we therefore divided the trials into primary
MI prevention and non-primary (combined or second-
ary) MI prevention for our meta-regression analysis.
The primary MI prevention group which could be
thought of as homogeneous showed a significant posi-
tive association between the achieved LDL-cholesterol
level and MI event rate (P¼ 0.008, see Supplementary
online material, Supplementary Figure 8). The second pos-
sibility is that the effect of non-statin LDL-cholesterol-
lowering drugs could be different from that of statin.
Usually, statin produces larger relative risk reduction for
MI incidence than that for stroke incidence.1 Our results
also showed a similar trend (21% relative risk reduction
for MI and 13% relative risk reduction for stroke in the
statin group, see Supplementary online material,
Supplementary Figure 9 and Figure 4). However, non-
statin LDL-cholesterol lowering drugs produced opposite
results (15% relative risk reduction for MI and 21% rela-
tive risk reduction for stroke in the statin group, see
Supplementary online material, Supplementary Figure 9
and Figure 5). This discrepancy between statins and non-
statins on outcomes from different vascular beds should be
investigated in the future.

Some limitations of our study should be mentioned.
First, subjects of enrolled trials had various cerebrovas-
cular risk factors and clinical characteristics. However,
the findings were consistent after adjustment of
associated characteristics and the results obtained by
different analytical methods and different subgroups
showed similar trends, indicating the robustness of
our results. Second, all LDL-cholesterol lowering
trials for stroke prevention were not included in our
meta-analysis. However, for a precise measurement of
stroke occurrence, we included highly selective articles
published after the year 2002 and trials with more than
5000 person-years. Before the National Cholesterol
Education Program Adult Treatment Panel III guide-
line was announced, the importance of reducing chol-
esterol was not highlighted so that the studies before
the announcement did not have a clear target level for
LDL-cholesterol level or intensive medical treatment.
In addition, most of the cholesterol-lowering studies
at that time were about MI, less focused on stroke,
and fewer stroke diagnostic tools were developed such
as diffusion-weighted magnetic resonance imaging and
had resulted in low diagnostic accuracy and a relatively
low event rate of stroke during the study compared
with later studies. Third, as mentioned above, some
of the subjects in the primary prevention group had a
prior stroke. As most of the other trials had a secondary
prevention population less than 10%, it could be

considered as the primary prevention of stroke.
Fourth, only haemorrhagic stroke was the concern for
the adverse effect of the low LDL-cholesterol level.
Some studies have reported that low LDL-cholesterol
level was associated with an increase in rates of cancer,
new onset diabetes, hepatobiliary disorders, and insom-
nia.13 However, haemorrhagic stroke might be the most
important complication in the clinical field when using
statins on stroke patients.

In conclusion, this meta-analysis demonstrates that
lowering of the LDL-cholesterol level reduces stroke
events to a very low level. Additional non-statin
LDL-cholesterol lowering drugs such as ezetimibe or
PCSK9 inhibitors could be used for further reduction
of the LDL-cholesterol level to decrease the rate of
stroke events.
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