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ABSTRACT
Background and purpose  The Treat Stroke to Target 
trial has confirmed the benefit of targeting low-density 
lipoprotein cholesterol (LDL-C) of <1.8 mmol/L in patients 
who had an ischaemic stroke (IS). However, haemorrhagic 
risk brought by this target level (<1.8 mmol/L) or even 
lower level (<1.4 mmol/L) of LDL-C should also be 
concerned. In this study, we aimed to demonstrate whether 
low LDL-C could increase the intracranial haemorrhage 
risk following IS.
Methods  Patients who had an IS from China Stroke Center 
Alliance programme with complete baseline information 
were prospectively enrolled. 793 572 patients who had an 
IS were categorised into 6 groups according to LDL-C level 
(<1.40 mmol/L, 1.40–1.79 mmol/L, 1.80–2.59 mmol/L, 
2.60–2.99 mmol/L, 3.00–4.89 mmol/L, ≥4.90 mmol/L). The 
study outcome was defined as intracranial haemorrhage 
identified during hospitalisation. Logistic regression model 
was used to examine the association between different 
LDL-C levels and risk of intracranial haemorrhage.
Results  Compared with patients of 
LDL-C=1.80–2.59 mmol/L, both subgroups of 
LDL-C<1.40 mmol/L and LDL-C=1.40–1.79 mmol/L 
showed significantly higher risk of intracranial 
haemorrhage (OR=1.26, 95% CI=1.18 to 1.35; OR=1.22, 
95% CI=1.14 to 1.30, respectively). Interaction effect 
was found to exist between the subgroups of intravenous 
thrombolytic therapy (p=0.04), rather than the subgroups 
of age, sex and body mass index. Moreover, the sensitivity 
analyses indicated that even patients who had an IS with 
minor stroke still suffered from the increased intracranial 
haemorrhage risk related to low LDL-C level.
Conclusions  Among patients who had an IS, the low 
LDL-C level (<1.4 mmol/L or <1.8 mmol/L) at baseline is 
associated with increased risk of intracranial haemorrhage 
during acute stage. While actively lowering LDL-C level 
for patients who had an IS, clinicians should also concern 
about the haemorrhagic risk associated with low LDL-C 
level.

INTRODUCTION
For secondary prevention, patients who had 
an ischaemic stroke (IS) have been recom-
mended to receive lipid-lowering therapy to 
reduce the recurrence risk, with evidence 
from the Stroke Prevention by Aggressive 
Reduction in Cholesterol Levels (SPARCL) 

study.1 Previously, it remained controver-
sial about the target level of low-density 
lipoprotein cholesterol (LDL-C) control 
in secondary prevention for IS of athero-
sclerotic origin.2 Recently, data from Treat 
Stroke to Target trial demonstrated that 
to stipulate patients who had an IS with a 
target LDL-C level of less than 1.8 mmol/L 
(70 mg/dL) can significantly reduce risk 
of subsequent cardiovascular events than 
those with a target range of 2.4–2.9 mmol/L 
(90–110 mg/L).3 Furthermore, guidelines 
for lipid management also updated new 
target value for LDL-C lowering therapy of 
1.4 mmol/L (55 mg/dL) for patients with 
high cardiovascular risk.4 5

Therefore, it is plausible to speculate a 
more strict target level than 1.8 mmol/L for 
secondary prevention of patients who had 
an IS. However, conflicting opinions still 
exist and several studies have indicated that 
the aggressive cholesterol reduction may 
cause side effects, of which, intracranial 
haemorrhage, as the major haemorrhagic 
complication following acute IS, often causes 
clinical deterioration by aggravating brain 
tissue damage.6 Previously, one post-hoc anal-
ysis of the SPARCL study also demonstrated 
that haemorrhagic stroke was frequently 
observed in those treated with atorvastatin.7 
Therefore, for patients who had an IS, it is 
necessary to elucidate the correlation between 
the low LDL-C level and risk of intracranial 
haemorrhagic events following IS. However, 
evidence on this clinically concerned matter 
remains limited.

In this study, we aimed to elucidate whether 
the low LDL-C level (<1.40 mmol/L, 1.40–
1.79 mmol/L) may increase the risk of intra-
cranial haemorrhage following IS, using the 
data from real world with nearly 800 000 
participants.
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METHODS
Study cohort and participants
The China Stroke Center Alliance (CSCA) programme 
is a national-wide, hospital-based, multicenter, multi-
faceted, continuous, prospective registry and quality 
improvement initiative for stroke, the rational and design 
of which have been described in detail previously.8 The 
CSCA programme recruited a total of 1 006 798 patients 
diagnosed as IS, transient ischaemic attack (TIA), intrac-
erebral haemorrhage or subarachnoid haemorrhage from 
1955 hospitals across 31 provinces, autonomous regions 
or municipalities in mainland China. All participating 
hospitals have received healthcare quality assessments 
and research approval to collect data in CSCA, without 
requiring individual patient informed consent under the 
common rule or a waiver of authorisation and exemption 
from their institutional review board.

Eligibility criteria included age 18 years or older, primary 
diagnosis of acute stroke/TIA confirmed by CT or MRI 
of the brain, within 7 days of symptom onset and admit-
ting to wards directly or through the emergency depart-
ment. Potential participants with diagnosed cerebral 
venous sinus thrombosis or non-cerebrovascular diseases 
were excluded.8 In current study, we further excluded 
participants diagnosed with TIA (n=68 433), intracranial 
haemorrhage (n=85 499), subarachnoid haemorrhage 
(n=11 122), stroke not otherwise specified (n=13 015), 
patients with incomplete medical records (patients with 
missing LDL-C level (n=7530), patients with missing base-
line information including blood pressure, fasting blood 
glucose, height and bodyweight (n=19 982), patients with 
the value of body mass index (BMI) exceeding the highest 
and lowest 0.5% scope (n=7568)). Online supplemental 
figure 1 shows details of inclusion and exclusion criteria 
for study patients in CSCA study.

Clinical information and study endpoint
Data were collected via the web-based patient data 
collection and management tool (Medicine Innovation 
Research Center, Beijing, China). The information was 
chart reviewed, coded, deidentified and transported in 
a secure manner to ensure patient confidentiality in a 
national privacy standards way.

The following data were collected on admission: 
patient demographics, history of disease and medi-
cation, smoking status (current smokers, previous or 
non-smokers), BMI (calculated as weight in kilograms 
divided by height in metres squared), National Insti-
tutes of Health Stroke Scale (NIHSS) Score, history of 
medications and interventions (administered any of 
antiplatelets or anticoagulations), reperfusion strategy 
(with recombinant tissue plasminogen activator or uroki-
nase), systolic blood pressure (mm Hg) and laboratory 
tests such as LDL-C. In-hospital outcomes and compli-
cations were also prospectively recorded. The detailed 
content of each category has been reported.8 Defini-
tions of these medical complications were, in general, 
in accordance with definitions used in other studies.9 10 
The study outcome was defined as intracranial haem-
orrhage during hospitalisation diagnosed by CT/MRI, 
including any bleeding within the intracranial vault,11 
composed of haemorrhagic transformation (according 
to the European Cooperative Acute Stroke Study radio-
logical classification),12 intracerebral haemorrhage and 
subarachnoid haemorrhage.

Statistical analysis
Patients who had an IS of CSCA were categorised into 
six groups according to the LDL-C levels at baseline 
(<1.40 mmol/L, 1.40–1.79 mmol/L, 1.80–2.59 mmol/L, 
2.60–2.99 mmol/L, 3.00–4.89 mmol/L, ≥4.90 mmol/L), 

Figure 1  Event rates of intracranial haemorrhage across per 0.5 mmol/L of LDL-C. LDL-C, low-density lipoprotein cholesterol.
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where the subgroup of LDL-C=1.80–2.59 mmol/L was 
defined as the reference group.4

Baseline characteristics were compared between groups 
categorised by LDL-C levels. For normally distributed 
data, continuous variables were analysed by the t-test, and 
results were presented as means with SD. For skewed data, 
continuous variables were analysed with the Wilcoxon 
rank-sum test, and results were presented as medians with 
IQR. Categorical variables were presented as proportions 
(n%) and tested by χ2 test or Fisher exact test. Logistic 
regression model was used to examine the association 
between different LDL-C levels and risk of intracranial 
haemorrhage. Patients who lacked of information on 
NIHSS Score at admission were defined as a separate 
subgroup with missing data of NIHSS in the multivariable 
adjustment. ORs with 95% CIs were calculated to measure 
the strength of the associations.

In addition, we performed subgroup analysis to test 
the interaction effect between age (<65 years vs ≥65 years 
at baseline), sex, BMI (<25 kg/m2 vs ≥25 kg/m2), intra-
venous thrombolytic therapy (yes vs no) and LDL-C, 
respectively, on intracranial haemorrhage risk, by logistic 
regression interaction models. We also conducted sensi-
tivity analysis to elucidate whether low LDL-C level may 
still bring increased risk of intracranial haemorrhage 
in specific population, such as patients who had an IS 
without intravenous thrombolytic therapy and patients 
who had an IS with minor stroke (defined as NIHSS<4). 
All analyses were performed with SAS V.9.4.

RESULTS
Overall, a total of 793 572 patients who had an IS with valid 
information were included in this study. Among them, a 
total of 12 349 patients who had an IS were identified to 
get intracranial haemorrhage during hospitalisation.

Table 1 summarises the baseline characteristics of the 
six subgroups defined by LDL-C levels (<1.40 mmol/L, 
1.40–1.79 mmol/L, 1.80–2.59 mmol/L (reference group), 
2.60–2.99 mmol/L, 3.00–4.89 mmol/L, ≥4.90 mmol/L). 

Generally, patients with lower LDL-C levels were older and 
more likely to be women. In addition, patients who had 
an IS with lower LDL-C were more likely to have history of 
atrial fibrillation/flutter. The online supplemental table 1 
describes the baseline characteristics of the patients who 
had an IS included in and excluded from the current 
study.

Figure  1 shows the event rates of intracranial haem-
orrhage across different ranges of LDL-C level (a 
0.50 mmol/L reduction of each subgroup from 
≥5.00 mmol/L to <1.00 mmol/L). In general, there was 
a continuous trend of increased intracranial haemor-
rhage with the reduction of LDL-C level, with the p for 
trend<0.01. Online supplemental figure 2 shows similar 
trends for event rates of haemorrhagic transformation, 
intracerebral haemorrhage and subarachnoid haemor-
rhage, across different ranges of LDL-C level.

Figure  2 shows that after multivariable adjustment, 
compared with the patients of LDL-C=1.80–2.59 mmol/L, 
both subgroups of LDL-C<1.40 and LDL-C=1.40–1.79 
showed significantly higher risk of intracranial haemor-
rhage (OR=1.26, 95% CI=1.18 to 1.35; OR=1.22, 95% 
CI=1.14 to 1.30, respectively). Online supplemental 
figure 3 shows similar results for haemorrhagic transfor-
mation, intracerebral haemorrhage and subarachnoid 
haemorrhage.

Table  2 shows the results of subgroup analyses. After 
adjusting for potential confounders, we observed that 
significant interaction effect exists between the subgroups 
of intravenous thrombolytic therapy (yes vs no) (p=0.04). 
However, age (<65 years, ≥65 years), sex and BMI 
(<25 kg/m2, ≥25 kg/m2) did not significantly modify the 
correlation between LDL-C level and risk of intracranial 
haemorrhage.

Figure  3 shows the results of sensitivity analyses. 
Compared with LDL-C=1.80–2.60 mmol/L, LDL-C=1.40–
1.79 mmol/L and LDL-C<1.40 mmol/L may still increase 
the risk of intracranial haemorrhage among patients who 
had an IS who have minor stroke (NIHSS≤3).

DISCUSSION
In this large cohort with real-world data, we demonstrated 
the correlation between low LDL-C level and risk of intrac-
ranial haemorrhage following acute IS during hospitali-
sation. Compared with the patients of LDL-C=1.80–2.59 
mmol/L (70–100 mg/L), patients of low LDL-C level 
(1.40–1.79 mmol/L (50–70 mg/L) or <1.4 mmol/L 
(<50 mg/L)) exhibited significantly higher risk of new 
intracranial haemorrhage occurrence.

Our study with large sample size confers certain statis-
tical power to elucidate the issue of intracranial haem-
orrhage in patients who had an IS across various LDL-C 
ranges, which also adds evidence from real world. More-
over, our study targets at the patients who had an IS, in 
whom the low LDL-C level has been verified to generate 
benefits in long term but the evidence remains unknown 
during the acute stage. From our study, it is indicated that 

Figure 2  ORs and 95% CIs of intracranial haemorrhage 
according to different low-density lipoprotein cholesterol 
(LDL-C) levels. Adjusted for age, sex, smoking, alcohol 
intake, National Institutes of Health Stroke Scale (NIHSS) 
(0–4; 5–15; 16–20; 21–42; missing NIHSS); medical history 
(hypertension; diabetes mellitus); history of anticoagulation; 
dual antiplatelet therapy; systolic blood pressure (per 20 mm 
Hg); fasting glucose; intravenous thrombolytic therapy; body 
mass index, kg/m2 (<18.5, 18.5–25, 25–30, ≥30). LDL-C, low-
density lipoprotein cholesterol.
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the haemorrhagic risk related to low LDL-C level may 
exist during the acute stage of IS. Thus, it is necessary to 
fully evaluate the haemorrhagic risk before prescribing 
the intensive lipid-lowering therapy to patients with acute 
IS. Notably, the risk-benefit relationship of low LDL-C 
level was not demonstrated in our study. Therefore, our 
conclusions should not be interpreted to contradict the 
use of lipid-lowering therapy, such as statins, in all patients 
during the acute stage of IS.

Recently, several randomised clinical trials have 
demonstrated that an addition of PCSK9 monoclonal 
antibodies to statin therapy can provide a further 
reduction in risk of atherosclerotic cardiovascular 
disease including IS, which is directly and positively 
correlated with the incrementally achieved LDL-C 
reduction.13–15 In addition, studies on clinical safety of 
the very low achieved LDL-C values have proved reas-
suring. However, considering the small sample size 
of incident cases of haemorrhagic events (incident 
cases of Further Cardiovascular Outcomes Research 
with PCSK9 Inhibition in Subjects with Elevated Risk: 
54, incident cases of ODYSSEY OUTCOMES: 25), it is 
worth noting that these currently available data is still 
limited.14 15 A recent meta-analysis of PCSK9 trials also 
showed that the potential effects of PCSK9 remain 
inconclusive due to the lack of statistical power of 
rarer events such as haemorrhagic events.16 Accord-
ingly, data from real world with abundant sample size 
to ensure the statistical power is desirable. Actually, 
there have always been warnings that ‘excessively low 
blood lipid levels may increase the risk of haemorrhagic 
events’.6 During a follow-up of 9 years, one prospec-
tive study including 96 043 participants concluded 
that there was a significant correlation between lower 
LDL-C and higher risk of intracerebral haemor-
rhage when LDL-C<70 mg/dL.17 Besides, a prospec-
tive cohort study among 27 937 women observed that 
LDL-C levels<70 mg/dL and low triglyceride levels 
were associated with increased risk of haemorrhagic 
stroke over a 19-year period.18 However, these studies 
have not provided evidence on risk of intracranial 
haemorrhage following IS. In the current study with 
nearly 800 000 patients, we demonstrated that the 

low level of baseline LDL-C was significantly associ-
ated with subsequent risk of intracranial haemorrhage 
during acute stage of IS.

Besides the LDL-C, a number of other risk factors have 
also been identified to involve in intracranial haemor-
rhage following IS.6 19 Among them, our study further 
showed that age may have a significant interaction effect 
with lower LDL-C level in affecting intracranial haemor-
rhage risk. Stratified by age category (<65 years vs ≥65 
years), older patients who had an IS with lower LDL-C 
level suffered from higher intracranial haemorrhage risk, 
indicating that more care should be taken when consid-
ering a strict LDL-C control among older patients who 
had an IS. Moreover, our study also observed the effect of 
low LDL-C level on increased risk of intracranial haemor-
rhage in patients who did not receive thrombolytics and 
patients with minor stroke (NIHSS<4). Hence, it is indi-
cated that for the certain populations who were consid-
ered to be at low risk of intracranial haemorrhage,6 20 
clinicians should still concern about the risk of bleeding 
related to low LDL-C level.

We should also acknowledge several limitations. First, 
the CSCA is an administrative database, providing large 
sample size but limited clinical information. Thus, several 
clinical variables are currently lacked in most of the 
participants, such as the information on type of antico-
agulants during hospitalisation, mechanical thrombec-
tomy and functional outcome. Second, this cohort only 
recorded the outcomes during the short follow-up in 
hospitalisation, which prevented us from further inves-
tigating the long-term risk of intracranial haemorrhage 
under different LDL-C levels. Thus, the bleeding risk 
related to low LDL-C level needs to be further verified 
by radiographic follow-up for longer periods. Besides, 
the CSCA study only collected LDL-C level on admission, 
lacking the information on long term LDL-C level before 
the occurrence of IS. Third, clinicians do not routinely 
screen all patients who had an IS with repeated neuro-
imaging such as CT or MRI during hospitalisation, and 
asymptomatic haemorrhagic events might be ignored in 
clinical work. Thus, as a registry study based on medical 
records, it is possible that most of the intracranial haem-
orrhage recorded by CSCA programme was symptomatic. 
As a result, the event rate recorded by CSCA might be 
lower than what actually occurred. Moreover, the lack 
of the information on neuroimaging (MRI of the brain 
with T2* or SWAN) also prevented us from analysing 
the relationship between LDL-C level and haemorrhagic 
tendency, such as old cerebral haemorrhage and cerebral 
microbleed. Fourth, since this study included Chinese 
patients only, it may limit the generalisability of the 
conclusions to other populations.

CONCLUSIONS
In summary, our study warns that during the acute stage 
of IS, low LDL-C level (LDL-C<1.4 mmol/L or LDL-
C<1.8 mmol/L) is accompanied with increased risk of 

Figure 3  Sensitivity analysis. Adjusted for age, sex, 
smoking, alcohol intake; medical history (hypertension; 
diabetes mellitus); history of anticoagulation; dual antiplatelet 
therapy; systolic blood pressure (per 20 mm Hg); fasting 
glucose; intravenous thrombolytic therapy; body mass index, 
kg/m2 (<18.5, 18.5–25, 25–30, ≥30). LDL-C, low-density 
lipoprotein cholesterol; IS, ischaemic stroke.
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intracranial haemorrhage. While actively lowering LDL-C 
level for patients who had an IS, clinicians should also 
concern about the haemorrhagic risk associated with low 
LDL-C level.
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