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ABSTRACT

OBJECTIVE To investigate the associations between the blood concentrations of low-density lipoprotein cholesterol (LDL-C)
and the clinical features of haemorrhagic stroke.

METHODS This study analysed the data from patients with acute haemorrhagic stroke at a comprehensive stroke centre from
2013 to 2018. Patients were stratified into three groups according to their baseline LDL-C levels: < 70, 70 to < 100 and > 100
mg/dL. We used multivariate logistic regression models to analyse the associations between LDL-C and the risks of having
severe neurological deficits (National Institute Health Stroke Scale [NIHSS] scores > 15) and unfavourable outcomes (modified
Rankin Scale [mRS] scores>2) at discharge.

RESULTS Six-hundred and six patients were analysed. Their median age was 58 years. Among the patients, 75 (12%) patients
had LDL-C levels < 70 mg/dL, 194 (32%) patients had LDL-C levels between 70 to < 100 mg/dL and the other 337 (56%) patients
had LDL-C levels > 100 mg/dL. Patients with higher LDL-C levels were less likely to suffer severe neurological deficits (LDL-C:
70 to < 100 vs. < 70 mg/dL, adjusted odds ratio [OR]: 0.29, 95% CI: 0.15-0.57; LDL-C: 2 100 vs. < 70 mg/dL, adjusted OR = 0.27,
95% CI: 0.15-0.51) and to have unfavourable outcomes at discharge (LDL-C: 70 to < 100 vs. < 70 mg/dL, adjusted OR = 0.50, 95%
CI: 0.29-0.87 and LDL-C: 2 100 vs. < 70 mg/dL, adjusted OR = 0.46, 95% CI: 0.28-0.78).

CONCLUSIONS An LDL-C level < 70 mg/dL was independently associated with severe neurological deficits of haemorrhagic
stroke and may increase the risks of unfavourable outcomes at discharge.

yperlipidaemia, especially increased
levels of low-density lipoprotein choles-
terol (LDL-C), is an independent risk

and the secondary (RR: 0.80, 95% CI: 0.70-0.90; P <
0.001) prevention settings.! Additionally, a meta-
analysis in the setting of atherosclerosis coronary

factor for acute ischaemic stroke (AIS)."? In a co-
hort study with 27,937 healthy women, subjects
with LDL-C 2151 mg/dL had a hazard ratio (HR)
of 1.85 to experience an AIS within 11 years relative
to those with an LDL-C < 96 mg/dL, where the 95%
confidence interval (CI) was 1.22 to 2.80."!
Lipid-lowering therapy is one of the critical
strategies for both primary and secondary preven-
tion of AIS.**! A meta-analysis of the AIS preven-
tion studies indicated that lipid-lowering therapy
was associated with lower risks of AIS in the primary
(risk ratio (RR): 0.70, 95% CI: 0.60-0.82; P < 0.001)
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heart disease (CHD) also showed that with every 39
mg/dL decrease in the LDL-C levels, the risks of
major adverse cardiovascular events (including CHD
death, nonfatal myocardial infarction, AIS or un-
stable angina requiring hospitalization) appeared to
be 24% lower (adjusted HR = 0.76, 95% CI: 0.63-
0.91; P = 0.0025)."" Our prior study found that
achieving an LDL-C <70 mg/dL may be effective in
inhibiting the progression of carotid atherosclerosis
plaques in patients with AIS.®

However, lower LDL-C levels might increase the
risks of intracranial haemorrhage (ICH). LDL-C <
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90 mg/dL was associated with a higher risk of
haemorrhage transformation after AIS, which was
attributable to large artery atherothrombosis: the
risks were increased by 54.0% with each 39 mg/dL
decrease in the LDL-C levels (adjusted odds ratio
(OR): 0.46 per 39 mg/dL increase, 95% CI:
0.22-0.98).! A case-control study found the LDL-C
level was significantly lower in patients with ICH
compared to the controls (114 vs. 128 mg/dL; P=
0.016)."" A post hoc analysis of the SPARCL study
also found that patients with LDL-C < 70 mg/dL
had a trend of increased risks of ICH relative to
those with LDL-C =100 mg/dL (HR =1.28, 95% CI:
0.78—2.09).[11] Above all, the target value of LDL-C to
be achieved through lipid-lowering therapy is still
unclear due to the potential risks of ICH.

We carried out a single-centre retrospective co-
hort study to investigate the associations between
the LDL-C levels (< 70, 70 to < 100 and =100 mg/dL)
and the outcomes of haemorrhagic stroke to
provide preliminary information about safe targets
for lipid-lowering therapy.

METHODS

Patients

We retrospectively analysed the data of consecut-
ive patients with haemorrhagic stroke treated at a
comprehensive stroke centre, Xuanwu Hospital,
Capital Medical University in Beijing, China, from
January 1%, 2013 to January 1%, 2018. The inclusion
criteria were: (1) patients > 18 years old; (2) with an
initial diagnosis of intracerebral haemorrhage; and
(3) symptoms onset within seven days. We ex-
cluded patients with traumatic ICH. We also ex-
cluded patients with subarachnoid haemorrhage
(SAH). Diagnosis and stroke subtypes were determ-
ined based on clinical features, laboratory examina-
tions, brain imaging and angiography. This study
was approved by the institutional review board
(IRB) at Xuanwu Hospital.

Patients were categorized into three groups ac-
cording to their baseline LDL-C levels: <70, 70 to <
100 and = 100 mg/dL.”) LDL-C < 70 mg/dL was
used as the reference level to test the associations of
intensive lipid-lowering therapy (achieving an LDL-C <
70 mg/dL) with the outcomes of ICH.

The scores of the National Institute of Health
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Stroke Scale (NIHSS) and the Glasgow Coma Scale
(GCS) were recorded in the emergency room to
evaluate the baseline severity of the indexed events.
The modified Rankin Scale (mRS) was tested at dis-
charge to describe the prognosis of the haemor-
rhagic event. The baseline scores of the NIHSS were
stratified by the cut-off values of 15 and 24."*" The
GCS scores were stratified with the cut-off points of
4 and 12."An mRS score > 2 was defined as hav-

ing unfavourable outcomes at discharge.

Statistical Analysis

We first compared the distributions of sex, age,
risk factors of stroke, medication history and labor-
atory results among the three groups. We used y~
tests or Fisher's exact tests to examine the distribu-
tions of each categorical variable and Kruskal-Wallis
tests to examine the distributions of the medians
(for the non-normally distributed numerical vari-
ables), with a significance level of P < 0.05.

Univariate and multivariate logistic regression
models were used to determine the crude ORs and
the adjusted ORs (95% CI). The ORs of having ini-
tial NIHSS scores = 15 and mRS scores > 2 at dis-
charge were tested, with the patients with LDL-C <
70 mg/dL as the reference group. The multivariate
analysis first included only sex and age for the ad-
justments. Further analysis included variables signi-
ficant at P < 0.05 in the baseline comparisons. When
we used mRS scores (> 2 vs. 0—1) at discharge to
evaluate the clinical outcomes of the indexed
events, the analysis was adjusted by the initial
NIHSS scores (= 15 vs. 0—14) to exclude the con-
founding effects caused by the baseline severity.

The SAS statistical package (version 9.4; SAS In-
stitute, Cary, NC, USA) was used to perform the
data analysis.

RESULTS

From January 1%, 2013 to January 1%, 2018, 641 pa-
tients with a diagnosis of haemorrhagic stroke were
admitted at the comprehensive stroke centre, Xuan-
wu Hospital, Capital Medical University. Thirty-
five of them were excluded due to the lack of lipid
levels at admission. Six-hundred and six patients
were included in the final analysis, including 420
men and 186 women with a median age of 58 years
old.
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Baseline Characteristics

Among the 606 patients, 75 (12%) patients had
LDL-C concentrations less than 70 mg/dL, 194
(32%) patients had LDL-C concentrations between
70 to <100 mg/dL and the other 337 (56%) patients
had LDL-C > 100 mg/dL at baseline. Patients with
an LDL-C <70 mg/dL were generally older (LDL-C <
70 vs. 70 to < 100 vs. 2100 mg/dL: median age, 62
vs. 59 vs. 57 years, P = 0.01). The proportion of pa-
tients having a prior disability (pre-mRS scores > 2)
was higher in patients with LDL-C <70 mg/dL
(LDL-C <70 vs. 70 to < 100 vs. 2 100 mg/dL: 11%
vs. 3% vs. 3%, P=0.01). More patients had diabetes
mellitus in the group with LDL-C <70 mg/dL (< 70
vs. 70 to <100 vs. 2100 mg/dL: 38% vs. 21% vs.
16%, P < 0.01). More patients with LDL-C <70
mg/dL (n =20, 27%) suffered an AIS or transient
ischaemic attack (TIA) prior to the indexed haemor-
rhagic events (P < 0.01). We did not find any signi-

ficant differences regarding the distributions of sex,
other medical histories or pre-medication histories,
including stain use. Serum lipids significantly var-
ied across the groups, while glucose levels were
similar (Table 1).

Descriptions of the Haemorrhagic Stroke Events

The median (interquartile range (IQR)) NIHSS
scores at admission were 8 (3-16), 5 (2-10) and 5
(2-10) in the groups with LDL-C < 70, 70 to <100, >
100 mg/dL, respectively (P = 0.01). More patients
with LDL-C < 70 mg/dL had mRS scores> 2 at dis-
charge (<70 vs. 70 to <100 vs. 2100 mg/dL: 57%
vs. 39% vs. 37%, P < 0.01) (Table 2). We did not find
any significant differences in the median of the ini-
tial GCS scores (< 70 vs. 70 to < 100 vs. 2 100
mg/dL: 14 vs. 15 vs. 15; P=0.12) or mortality in the
hospital (<70 vs. 70 to <100 vs. 2100 mg/dL: 4% vs.
1% vs. 2%; P = 0.25). LDL-C levels were not associ-

Table1 Baseline characteristics of the study patients.

All patients (n = 606)

LDL-C levels

<70 mg/dL (n=75) 70 to <100 mg/dL (n=194) > 100 mg/dL (n=337) Pvalue

Age, yrs 58 (49-68) 62 (54-72)
Male 420 (69%) 52 (69%)
Prior mRS scores > 2 25 (4%) 8 (11%)
Medical history
Hypertension 470 (78%) 55 (73%)
Heart disease 95 (16%) 14 (19%)
Diabetes mellitus 123 (20%) 28 (38%)
Previous AIS/TIA 96 (16%) 20 (27%)
Previous ICH 49 (8%) 10 (13%)
COPD 13 (2%) 3 (4%)
Alcohol consumption 225 (37%) 28 (37%)
Pre-medications
Statin 60 (10%) 10 (13%)
Antiplatelets 76 (13%) 14 (19%)
Anticoagulants 6 (1%) 0 (0%)
Anti-hypertensive 344 (57%) 45 (60%)

Laboratory data

GLU, mg/dL 101 (88-126) 103 (94-146)
TG, mg/dL 120 (89-168) 103 (80-142)
TCH, mg/dL 172 (146-198) 117 (105-132)

HDL-C, mg/dL 47 (39-56) 39 (31-51)

59 (50-68) 57 (47-66) 0.01
134 (69%) 234 (69%) 0.10
6 (3%) 11 (3%) 0.01
143 (74%) 272 (81%) 0.11
26 (13%) 55 (16%) 0.50
40 (21%) 55 (16%) <0.01
36 (19%) 39 (12%) <0.01
18 (9%) 21 (6%) 0.10
3 %) 7 (2%) 0.46
59 (30%) 138 (41%) 0.05
23 (12%) 27 (8%) 021
26 (13%) 36 (11%) 0.15
1 (1%) 5 (1%) 0.36
105 (54%) 194 (58%) 0.62
102 (87-123) 115 (88-126) 0.23
112 (83-157) 128 (96-192) <0.01
150 (139-163) 193 (177-218) <0.01
46 (37-55) 49 (42-58) <0.01

Data are presented as n (%) or median (IQR). AIS: acute ischaemic stroke; COPD: chronic obstructive pulmonary disease; GLU:
glucose; HDL-C: high-density lipoprotein cholesterol; IQR: interquartile range; LDL-C: low-density lipoprotein cholesterol; mRS:
modified Rankin Scale; TCH: total cholesterol; TG: triglycerides; TIA: transient ischaemic attack.
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ated with the distributions of the bleeding locations
(Table 2).

Associations Between LDL-C Levels and the
Outcomes of the Haemorrhagic Stroke

In the crude logistic models, patients with higher
LDL-C levels (70 to < 100 and = 100 mg/dL) had
much lower risks of having initial NIHSS scores =
15 (OR =0.29, 95% CI: 0.15-0.55 and OR = 0.26, 95%
CI: 0.15-0.47, respectively); and significantly lower
risks of having mRS scores > 2 at discharge (OR =
0.48, 95% CI: 0.28-0.82 and OR = 0.43, 95% ClI:
0.26-0.71, respectively) (Table 3).

After adjusting for age and sex, patients with
higher LDL-C levels (70 to <100 or = 100 mg/dL)
were still less likely to have initial NIHSS scores =
15 (OR = 0.30, 95% CI: 0.15-0.57 and OR = 0.28, 95%
CI: 0.15-0.51, respectively) and mRS scores > 2 at
discharge (OR = 0.50, 95% CI: 0.29-0.87 and OR =
0.46, 95% CI: 0.28-0.78, respectively). Age was an
independent risk factor for having initial NIHSS

scores 215 (OR =1.02, 95% CI: 1.00-1.03) and mRS
scores >2 at discharge (OR =1.02, 95% CI: 1.01—
1.03). Sex was not related to the baseline severity or
the outcomes of the haemorrhagic stroke (Table 3).

In the multivariate logistic regression models to
evaluate the associations between baseline severity
(NIHSS scores > 15 vs. 0—14) and LDL-C levels, we
adjusted for age, sex (male vs. female), prior mRS
scores (< 2 vs. > 2), prior diabetes mellitus (yes vs.
no) and prior AIS/TIA (yes vs. no). Patients with
higher LDL-C levels were still less likely to suffer a
severe stroke (LDL-C 70 to <100 vs. <70 mg/dL,
OR =0.29, 95% CI: 0.15-0.57; LDL-C =100 vs. < 70
mg/dL, OR = 0.27, 95% CI: 0.15-0.51). LDL-C levels
were not associated with having mRS scores > 2 at
discharge in the full model (LDL-C 70 to < 100 vs. <
70 mg/dL, adjusted OR = 0.88, 95% CI: 0.47-1.70;
LDL-C 2100 vs. < 70 mg/dL, adjusted OR = 0.81,
95% CI: 0.44-1.50, respectively) as the initial NIHSS
scores played the dominant role (OR = 14.66, 95%
CI: 7.29-29.46) (Table 3).

Table 2 Characteristics of the indexed haemorrhagic stroke.

All patients (n = 606)

Low-density lipoprotein cholesterol levels

<70 mg/dL (n="75) 70 to <100 mg/dL (n=194) =100 mg/dL (n=337) P-value

Initial NIHSS scores
Median (IQR) 5 (2-11) 8 (3-16)
0-14 522 (86%) 51 (68%)
15-24 58 (10%) 15 (20%)
225 26 (4%) 9 (12%)
Initial GCS scores
Median (IQR) 15 (12-15) 14 (9-15)
34 11 (2%) 2 (3%)
5-12 140 (23%) 27 (36%)
>13 447 (75%) 46 (61%)
Bleeding locations
Deep 279 (46%) 29 (39%)
Lobar 147 (24%) 29 (30%)
Cerebellum 19 3%) 2 (3%)
Brainstem 55 (9%) 11 (15%)
Intraventricular 103 (17%) 15 (15%)
mRS scores at discharge
Median (IQR) 2 (1-4) 3 (1-4)
>2 242 (40%) 43 (57%)
Death at hospital 12 (2%) 3 (4%)

5 (2-10) 5 (2-10) 0.01
171 (88%) 300 (89%) <0.01
20 (10%) 23 (7%)
3 (2%) 14 (4%)
15 (13-15) 15 (12-15) 0.12
3 (2%) 6 2%) 0.06
38 (20%) 75 (23%)
151 (79%) 250 (76%)
86 (44%) 164 (49%) 025
47 (24%) 78 (23%) 0.42
6 (3%) 11 (3%) 0.96
14 (7%) 30 (9%) 0.16
28 (14%) 760 (18%) 0.46
2 (1-3) 2 (1-3) 0.01
76 (39%) 123 (37%) <0.01
2 (1%) 7 (2%) 0.25

Data are presented as n (%) or median (IQR). IQR: interquartile range; mRS: modified Rankin Scale; NIHSS: National Institute of

Health Stroke Scale.
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Table 3 Crude and adjusted logistic regression models to assess the associations between LDL-C levels and the outcomes of

haemorrhagic stroke.

Crude ORs

Age/sex adjusted ORs Multivariate adjusted ORs

Baseline NIHSS scores = 15

LDL-C 70 to <100 vs. <70 mg/dL
LDL-C 2100 vs. <70 mg/dL
Age
Mvs. F
Prior mRS scores: 2-5 vs.0—-1
DM vs. non-DM
Prior AIS/TIA: yes vs. no
mRS scores at discharge > 2
LDL-C: 70 to < 100 vs. <70 mg/dL
LDL-C: 2100 vs. <70 mg/dL
Age
Mvs. F

0.29 (0.15-0.55)
0.26 (0.15-0.47)

0.48 (0.28-0.82)
0.43 (0.26-0.71)

0.30 (0.15-0.57)
0.28 (0.15-0.51)
1.02 (1.00-1.03)
0.82 (0.50-1.36)

0.29 (0.15-0.57)
0.27 (0.15-0.51)
1.01 (1.00-1.04)
0.82 (0.49-1.36)
1.95 (0.71-5.34)
0.81 (0.45-1.47)
0.93 (0.48-1.81)

Prior mRS scores: 2-5 vs. 0-1 -
DM vs. non-DM -
Prior AIS/TIA: yes vs. no -
Initial NIHSS scores: > 15 vs. 0-14 -

- 1.04 (0.65-1.65)
= 1.06 (0.63—1.78)
- 14.66 (7.29-29.46)

0.50 (0.29-0.87) 0.88 (0.47-1.70)
0.46 (0.28-0.78) 0.81 (0.44-1.50)
1.02 (1.01-1.03) 1.01 (1.00-1.03)
1.01 (0.70-1.45) 1.06 (0.71-1.57)
— 5.20 (1.77-15.25)
(
(
(

AIS: acute ischaemic stroke; CI: confidence interval; DM: diabetes mellitus; F: female; LDL-C: low-density lipoprotein cholesterol; M:
male; mRS: modified Rankin Scale; NIHSS: National Institute of Health Scale; OR: odds ratio; TIA: transient ischaemic attack.

DISCUSSION

In the study, we found LDL-C < 70 mg/dL was
independently associated with higher risks of
severe haemorrhagic stroke and had a trend of hav-
ing unfavourable outcomes at discharge. Lower
blood cholesterol may induce angionecrosis, which
is accelerated by comorbidities, such as hyperten-
sion."” This may explain the worse outcomes after
an ICH for patients with LDL-C <70 mg/dL.

Our results are consistent with previous studies
in different study populations. The Helsinki ICH
study found significantly lower LDL-C levels in pa-
tients with ICH who died in the hospital (73 vs. 93
mg/dL; P < 0.001)."" This result is consistent with
our findings, except that we did not reach signific-
ant statistical levels after adjusting for age, sex, prior
mRS scores, diabetes, prior AIS/TIA histories and
initial NIHSS scores. Another multi-centre stroke
registry study from Taiwan indicated that patients
with total cholesterol (TC) < 160 mg/dL presented
more frequently with a severe neurological deficit
(NIHSS scores = 15), with an adjusted OR of 1.80;
and 3-month unfavourable mRS scores > 2 (adjus-
ted OR = 1.41) when compared with the patients

208

with TC > 200 mg/dL."™ Their conclusion suppor-
ted our results. We found significant relationships
between LDL-C levels and severe neurological defi-
cits, as well as unfavourable outcomes at discharge.

There are limitations of the study. First, due to
the limitations of the clinical data, we were unable
to provide follow-up information to show the long-
term prognosis after the haemorrhagic stroke.
Second, we did not acquire any reliable data to in-
vestigate the relationships between LDL-C levels
and bleeding volume. We were also unable to ad-
just our model for blood pressure status or the pres-
ence of aneurysms. Third, the study patients were
recruited from a single centre in China, which may
lead to limitations in external validity. Forth, LDL-C
levels are variable, and they depend on medication,
exercise and diet."” The LDL-C level at admission
could not reflect the patient’s long-term serum lipid
status; thus, additional studies with detailed long-
term serum lipid histories are necessary. Last, we
did not study the underlying mechanisms of the ef-
fects of a low LDL-C on haemorrhagic events.

In summary, an LDL-C level < 70 mg/dL was in-
dependently associated with severe neurological
deficits after haemorrhagic stroke and may increase
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the risks of an unfavourable prognosis at discharge.
Physicians should consider the risks of bleeding be-
fore initiating intensive lipid-lowering therapy for
stroke prevention.
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