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BACKGROUND: Bleeding risk brought by intensive lipid-lowering therapy and low low-density lipoprotein cholesterol is concern-
ing, while evidence regarding the relationship between remnant cholesterol and bleeding is frightening. This study aimed to
investigate the association between remnant cholesterol at admission and an in-hospital bleeding event after acute ischemic
stroke or transient ischemic attack (TIA).

METHODS AND RESULTS: A total of 3222 eligible patients admitted to Shanghai Huashan Hospital between 2015 and 2021 with
complete lipid data were analyzed. Patients were classified into low (<20.0mg/dL), moderate (20.0-29.9mg/dL), and high
(>30mg/dL) groups by remnant cholesterol. The mean age of patients was 63.0+ 13.1 years, including 2301 (71.4%) men and
651 (20.2%) with TIA. The median (interquartile range) of remnant cholesterol was 18.6 (13.5-25.9)mg/dL. After adjustment for
confounding variables, patients with low remnant cholesterol had a higher risk of bleeding events (odds ratio, 2.56 [95% Cl,
1.12-6.67]) than those with moderate remnant cholesterol. The high remnant cholesterol group was not significantly associ-
ated with bleeding risk. Combined assessment of low-density lipoprotein cholesterol and remnant cholesterol further identi-
fied patients with the highest risk of bleeding events.

CONCLUSIONS: Low remnant cholesterol levels were associated with bleeding events during the acute stage of ischemic stroke
and TIA. The assessment of remnant cholesterol could inform the bleeding risk during hospitalization both for patients and
physicians in clinical practice.
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troke is the leading cause of death and disability in
China, and China bears the largest stroke burden
in the world.! Ischemic stroke and transient isch-
emic attack (TIA) are the most common cerebrovascu-
lar disorders.? Despite improvement and adherence in
guideline-based secondary prevention of risk factors,
there are still residual risks of adverse outcomes and
death from ischemic stroke.®* Patients with stroke are
also at a high risk of bleeding.® Thus, the identification

of novel prognostic factors is of great importance to
avoid adverse events for stroke.5”

Atherosclerosis is the major pathological basis of isch-
emic stroke, which is closely related to dyslipidemia.?®
Atherogenic dyslipidemia is a promising modifiable tar-
get for secondary stroke prevention, with low-density
lipoprotein (LDL) cholesterol as the primary target in
clinical practice.'®'® In recent decades, the potent ath-
erogenic effect of remnant cholesterol on cardiovascular
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CLINICAL PERSPECTIVE
What Is New?

e [ow remnant cholesterol is associated with an
increased risk of bleeding events during the
acute stage of ischemic stroke or transient is-
chemic attack.

e Combined evaluation of remnant cholesterol
and low-density lipoprotein cholesterol further
stratifies the bleeding risk in acute ischemic
stroke.

What Are the Clinical Implications?

e Assessment of remnant cholesterol level at ad-
mission should be emphasized among patients
of ischemic stroke to inform the risk of an in-
hospital bleeding event in advance.

Nonstandard Abbreviations and Acronyms

SPARCL Stroke Prevention by Aggressive
Reduction in Cholesterol Levels

TOAST  Trial of ORG 10172 in Acute Stroke
Treatment
TST Treat Stroke to Target

diseases has been gradually recognized.'®" Remnant
cholesterol encompasses the cholesterol content of
triglyceride-rich lipoproteins, that is, intermediate density
lipoprotein, very-low-density lipoprotein and chylomi-
cron remnants.'® Previous epidemiological studies have
confirmed the association of remnant cholesterol with
incident ischemic stroke in the general population.!®-?!
The fact is that the pathophysiological features of pa-
tients in the acute stage are different from those in the
chronic stage. However, few studies have described the
pattern and magnitude of the association between rem-
nant cholesterol and the in-hospital outcomes of isch-
emic stroke in the acute phase given the closely linked
cholesterol metabolism pathway.

Thus, this study aimed to quantify the association
of remnant cholesterol at admission with in-hospital
bleeding and death in patients with ischemic stroke
or TIA. We also evaluated whether combined assess-
ment of remnant cholesterol could further stratify the
risk of bleeding or death beyond LDL cholesterol.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.
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Data Source and Study Design

This study was a hospital-based cross-sectional
study that enrolled inpatients with ischemic stroke in
Huashan Hospital (Shanghai, China) from January
2015 to December 2021. Patients in this study met the
following eligibility criteria: (1) age >18years; (2) diag-
nosis of ischemic stroke or TIA at admission; (3) di-
rect hospital admission from emergency departments
or physician clinics; and (4) complete data of standard
lipid measurements. Among the 3495 inpatients ad-
mitted due to ischemic stroke, a total of 273 patients
lacking lipid data at admission were excluded.

Each participant provided written informed consent
before participating in this study. The protocol and
data collection of the study were performed in accor-
dance with the guidelines from the Helsinki Declaration
and were approved by the Ethics Committee of Edith
Cowan University (No 2021-03164-WU).

Data Collection and Definition

Data at admission, including demographics, smoking
history, medical history (prior stroke, myocardial in-
farction, atrial fibrillation, hypertension, diabetes, lipid-
lowering medication) and National Institutes of Health
Stroke Scale score at admission, were collected by
trained physicians via face-to-face interviews. Body
mass index (BMI) was calculated as weight (in kilo-
grams)/height (in meters squared). Obesity was de-
fined as BMI >28.0 kg/m? for the Chinese population.

Blood samples were obtained within the first
24 hours of admission for the purpose of routine labo-
ratory tests, including serum creatinine, triglycerides,
total cholesterol, LDL cholesterol, and high-density
lipoprotein (HDL) cholesterol. Remnant cholesterol
was calculated as subtracting the sum of directly
measured LDL cholesterol and HDL cholesterol from
total cholesterol. The estimated glomerular filtration
rate was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (2009) serum creatinine
equation.??

All patients were treated using standardized pro-
cedures according to clinical guidelines.?® Information
during hospitalization was extracted from medical re-
cords, including stroke subtypes by TOAST (Trial of
ORG 10172 in Acute Stroke Treatment) criteria and
lipid-lowering therapy.

Outcomes

The in-hospital outcomes in this study included
bleeding event and all-cause death. The bleeding
event was the composite of intracranial bleeding and
major extracranial bleeding, which was confirmed by
clinical symptoms and laboratory and radiographic
evidence. Intracranial bleeding was defined accord-
ing to the location identified on imaging (ie, basal
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ganglionic, lobar, brainstem, or other) or as suba-
rachnoid, subdural, or extradural. Such bleeding
was needed to have led to hospitalization, prolonged
hospitalization, surgery, or death.?* Major extracra-
nial bleeding events included fatal bleeding, bleeding
in vital organs/locations (intracranial, spinal canal, re-
troperitoneal, pericardial, and intraocular with com-
promised vision), gastrointestinal bleeding, bleeding
requiring clinical intervention (requiring pressors, sur-
gery, or intravenous vasoactive agents), hemoglobin
drop related to bleeding (the admission level minus
the nadir level), and bleeding requiring blood transfu-
sion and the total amount of transfusion. All reported
events were reviewed and confirmed by a central ad-
judication committee that was blinded to the labora-
tory lipid data.

Statistical Analysis

Normally distributed continuous variables are pre-
sented as the mean with SD; skewed continuous vari-
ables are presented as the median with interquartile
range, and categorical variables are presented as the
frequency and percentage. The distribution of remnant
cholesterol was presented using a density plot and
box plot stratified by in-hospital outcomes. The differ-
ences between different remnant cholesterol groups
were compared using ANOVA or the Kruskal-Wallis
test as appropriate for continuous variables and x? test
for categorical variables.

Clinically relevant cutoff points of 70, 100, and
130 mg/dL were chosen for LDL cholesterol from the
world guideline recommendations.?® For remnant cho-
lesterol, patients were classified into low (<20.0mg/
dL), moderate (20.0-29.9mg/dL), and high (>30mg/
dL) groups according to the variable distribution and
previous studies.?>?® The nonlinear relationship was
evaluated by using restricted cubic splines in logistic
regression models using the 5th, 25th, 50th, 75th, and
95th percentiles as 5 knots for spline. We further esti-
mated the associations between remnant cholesterol
groups and in-hospital outcomes in the following 2
models with reference to previous studies®’?8: (1) age
(continuous) and sex adjusted; (2) age (continuous),
sex, BMI (continuous), smoking history (yes/no), hy-
pertension (yes/no), diabetes (yes/no), myocardial in-
farction (yes/no), atrial fibrillation (yes/no), prior stroke
(yes/no), estimated glomerular filtration rate (contin-
uous), TOAST subtype (categorical), lipid-lowering
before admission (yes/no), intravenous thrombolytic
therapy (yes/no), mechanical thrombectomy (yes/no),
LDL cholesterol (continuous), and HDL cholesterol
(continuous). Adjusted odds ratio with 95% CI were
reported, with the moderate group of remnant cho-
lesterol set as the reference group. We used marginal
effect models to examine the adjusted risk difference
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of in-hospital outcomes among remnant cholesterol
groups. We performed multiple sensitivity analyses.
We performed the analyses using b5-iteration im-
puted data sets by the Markov chain Monte Carlo
method and pooled the results. There were 756 par-
ticipants lacking BMI data and 45 participants lack-
ing estimated glomerular filtration rate data. We also
repeated the analyses after additionally adjusting for
National Institutes of Health Stroke Scale (categor-
ical), restricted to 2883 patients using lipid-lowering
therapy during hospitalization, and among a subset of
2571 patients with ischemic stroke.

We further evaluated the rates of in-hospital out-
comes after patients were stratified by both remnant
cholesterol and LDL cholesterol. Patients were clas-
sified into 6 groups considering the clinical cutoff val-
ues, variable distribution and a previous study?®: (1)
LDL cholesterol <70mg/dL and remnant cholesterol
<20mg/dL; (2) LDL cholesterol <70mg/dL and rem-
nant cholesterol >20mg/dL; (3) LDL cholesterol 70—
129.9mg/dL and remnant cholesterol <20mg/dL; (4)
LDL cholesterol 70-129.9mg/dL and remnant choles-
terol >20mg/dL; (5) LDL cholesterol >130mg/dL and
remnant cholesterol <20mg/dL; and (6) LDL choles-
terol >130mg/dL and remnant cholesterol >20mg/dL.

A 2-sided P<0.05 was considered statistically sig-
nificant. The adjusted risk difference was estimated
using adjrr in Stata software version 14 (StataCorp,
College Station, TX). All other statistical analyses were
performed with R software version 4.1.0 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Characteristics

A total of 3495 consecutive patients were admitted
between 2015 and 2021 due to ischemic stroke or
TIA. After excluding 273 patients with missing lipid
data, a total of 3222 patients were included in the
present analysis. There was no significant difference
between those included and excluded in the final
analysis as shown in Table S1. The mean age of the
patients was 63.0+13.1 years, including 2301 (71.4%)
men. Table 1 shows the detailed demographic and
clinical characteristics of the included participants.
Among the patients, 190 (6.0%) had a prior history
of any stroke events; 2571 (79.8%) had an index
event of ischemic stroke, and 651 (20.2%) had a TIA.
The median (interquartile range) of remnant choles-
terol was 18.6 (13.5-25.9)mg/dL. There were 1804
(56.0%), 849 (26.4%) and 569 (17.6%) patients with
a remnant cholesterol <20, 20-29.9 and >30mg/
dL, respectively. Of note, patients in the low remnant
cholesterol group were more likely to be older, have
a lower BMI, and have a history of atrial fibrillation
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Table 1. Baseline and Clinical Characteristics of 3222 Patients According to Remnant Cholesterol Level at Admission
Remnant cholesterol
Overall Low Middle High P value
Participants, n 3222 1804 849 569
Sex, male 2301 (71.4) 1291 (71.6) 596 (70.2) 414 (72.8) 0.566
Age, y, mean+SD 63+13 64.29+13.6 62.33+12.4 59.98+11.8 <0.001
BMI, kg/m? (756 missing) 24.6 (3.5) 2411 (3.61) 24.96 (3.40) 25.36 (3.26) <0.001
Smoking history 2454 (76.2) 1344 (74.5) 661 (77.9) 449 (78.9) 0.04
Medical history
Hypertension 2075 (64.4) 1113 (61.7) 565 (66.5) 397 (69.8) 0.001
Diabetes 1052 (32.7) 500 (27.7) 312 (36.7) 240 (42.2) <0.001
Myocardial infarction 73 (2.6) 49 (3.1) 17 (2.3) 7(1.4) 0.095
Atrial fibrillation 402 (12.5) 284 (15.7) 76 (9.0) 42 (7.4) <0.001
Prior stroke 190 (6.0) 123 (6.9) 42 (5.0) 25 (4.4) 0.042
Lipid-lowering medication before 380 (11.8) 224 (12.4) 95 (11.2) 61 (10.7) 0.486
admission
Lipid-lowering therapy in hospital 2883 (89.5) 1603 (88.9) 763 (89.9) 517 (90.9) 0.362
Thrombolytic therapy 484 (15.0) 267 (14.8) 125 (14.7) 92 (16.2) 0.699
Mechanical thrombectomy 130 (4.0) 94 (5.2 27 (3.2) 9(1.6) <0.001
TOAST subtype <0.001
Large-artery atherosclerosis 1304 (40.5) 665 (36.9) 401 (47.2) 238 (41.8)
Small-vessel occlusion 799 (24.8) 413 (22.9) 205 (24.1) 181 (31.8)
Cardioembolic stroke 406 (12.6) 292 (16.2) 76 (9.0) 38 (6.7)
Other determined pathogenesis 127 (3.9) 79 (4.4) 24 (2.8) 24 (4.2)
Undetermined pathogenesis 586 (18.2) 355 (19.7) 143 (16.8) 88 (15.5)
NIHSS at admission 0.006
NIHSS mild: 0-4 1817 (56.4) 981 (54.4) 492 (58.0) 344 (60.5)
NIHSS moderate: 5-15 1156 (35.9) 659 (36.5) 303 (35.7) 194 (34.1)
NIHSS severe: 16-42 249 (7.7) 164 (9.1) 54 (6.4) 31 (5.4)

Data are presented as the mean+SD, median (25th—75th percentile) or number (%). Low remnant cholesterol group refers to <20mg/dL, middle group refers
to 20-29.9mg/dL, and high group refers to >30mg/dL. Differences among the 3 groups were compared using the x? test for categorical variables, ANOVA for
normally distributed variables, and Kruskal-Wallis test for skewed variables. BMI indicates body mass index; IQR, interquartile range; NIHSS, National Institutes
of Health Stroke Scale; and TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

and stroke and less likely to have hypertension and
diabetes.

Association of Remnant Cholesterol and
In-Hospital Outcomes

The distributions of remnant cholesterol by bleed-
ing and death event are shown in Figure 1. Patients
with bleeding or death tended to have lower rem-
nant cholesterol levels. Figure 2 and Figure S1 pre-
sent the concentration-dependent relationships of
remnant cholesterol with bleeding events and death
in terms of the relative risk and absolute risk. There
shows a relatively linear association between remnant
cholesterol and the risk of bleeding event (nonlinear
P value=0.085), and a U-shaped relation in terms of
death (nonlinear P value=0.049). Table 2 shows the as-
sociation of remnant cholesterol with the risk of bleed-
ing and death among patients with acute ischemic

J Am Heart Assoc. 2024;13:e034307. DOI: 10.1161/JAHA.124.034307

stroke or TIA. After adjusting for confounding factors,
including LDL cholesterol, patients in the low remnant
cholesterol group had a significantly increased risk of
bleeding events during hospitalization. The adjusted
odds ratios were 1.49 (95% Cl, 111-2.02) and 2.56
(95% ClI, 112-6.67), and the adjusted risk differences
were 7.3% (95% Cl, 2.0%-12.7%) and 2.5% (95% ClI,
0.5%-4.4%) compared with the moderate group, re-
spectively. The effect of remnant cholesterol on death
was insignificant. Alternatively, using 20mg/dL as the
cutoff point, patients in the low remnant cholesterol
group were significantly associated with an increased
risk of bleeding events in the hospital (Table S2).

The results remained consistent after additionally
adjusting for National Institutes of Health Stroke Scale
(Table S3), repeating the analyses among the imputed
data sets (Table S4), restricted to those using lipid-
lowering therapy during hospitalization (Table S5), and
among 2571 patients with ischemic stroke (Table 3).
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Figure 1.

Distribution of remnant cholesterol according to death and bleeding event during hospitalization.

(A) Remnant cholesterol distribution by death; (B) remnant cholesterol distribution by bleeding event.

Table S6 summarizes the association between low
remnant cholesterol and bleeding risk when stratified
by smoking status and obesity, and there is no signifi-
cant interaction effect observed.

Combined Assessment of Remnant
Cholesterol and LDL Cholesterol

The highest rate of bleeding events was observed
among those with low LDL cholesterol and low rem-
nant cholesterol, and the lowest rate of death events
was observed in the moderate LDL cholesterol/high
remnant cholesterol group as shown in Figure 3. After
adjusting for confounders (Table S7), patients with low
LDL cholesterol/low remnant cholesterol were associ-
ated with a significantly higher risk of bleeding events
(odds ratio, 7.03; 95% CI, 2.57-22.57) than the mod-
erate LDL cholesterol/high remnant cholesterol group.
When patients were stratified by LDL cholesterol, we

found that low remnant cholesterol was still signifi-
cantly associated with a higher bleeding risk among
those with LDL cholesterol <70 mg/dL (Table S8).

DISCUSSION

In this hospital-based analysis, we found that a reduced
remnant cholesterol level at admission was associated
with an increased risk of bleeding events during the
acute phase of ischemic stroke or TIA. The association
was not confounded by lipid-lowering therapy before
or during hospitalization. When jointly assessing LDL
cholesterol, the highest risk of bleeding events was ob-
served among patients in the low LDL cholesterol/low
remnant cholesterol group.

Atherosclerosis plays an important role in acute
ischemic stroke.?>%! Elevated LDL cholesterol is a
well-established risk factor for both the primary and

Risk ratio of death
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Figure 2. Dose-response relationship of remnant cholesterol at admission with risk of bleeding and death during acute

ischemic stroke or TIA.

(A) Remaining cholesterol and bleeding risk in the hospital; (B) remaining cholesterol and death risk in the hospital.
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Table 2. Association of Remnant Cholesterol Levels at Admission With Risk of Bleeding and Death

Model 1 Model 2 Risk difference (95% Cl), %
OR 95% Cl P value OR 95% ClI P value Model 1 Model 2
Bleeding event
Continuous, mg/dL 0.979 0.958-0.997 0.034 0.980 0.960-0.998 0.048
20-29.9 mg/dL Reference
<20 mg/dL 1.891 1.130-3.344 0.021 2.564 1.121-6.668 0.036 1.7 (0.4 10 3.0) 2.5(0.5t04.4)
>30 mg/dL 1.272 0.612-2.603 0.511 1170 0.338-3.769 0.794 05(-11t02.2) 0.3(-1.8t02.4)
Death in hospital
Continuous, mg/dL
20-29.9 mg/dL 0.987 0.962-1.007 0.275 0.999 0.976-1.017 0.935
<20 mg/dL 1.293 0.687-2.612 0.446 1.763 0.516-7.368 0.393 0.4 (-0.6t0 1.5) 1.0 (1.1 t0 3.1)
>30 mg/dL 1.051 0.387-2.651 0.917 0.868 0.042-6.906 0.905 01 (-1.4t0 1.5) -0.2(-38.3t02.9)

Model 1 was adjusted for age and sex; model 2 was further adjusted for BMI, smoking, hypertension, diabetes, myocardial infarction, atrial fibrillation, prior
stroke, eGFR, TOAST subtype, lipid-lowering treatment before admission, intravenous thrombolytic therapy and mechanical thrombectomy, LDL cholesterol
and HDL cholesterol. BMI indicates body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein;

OR, odds ratio; and TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

secondary prevention of ischemic stroke.'®'432 The
long-term effect of LDL cholesterol-lowering therapy
has been confirmed in the SPARCL (Stroke Prevention
by Aggressive Reduction in Cholesterol Levels) trial
and TST (Treat Stroke to Target) trial in patients with
ischemic stroke.'®!" Elevated untreated baseline LDL
cholesterol levels were associated with an increased
short-term risk of ischemic stroke among patients
with minor ischemic stroke or TIA in a real-world clini-
cal setting.'”” Our study also observed that a high LDL
cholesterol level at admission was significantly associ-
ated with a higher risk of death during hospitalization.
However, the evidence regarding patients during the
acute phase of ischemic stroke is still limited.

Table 3. Adjusted OR of Remnant Cholesterol Levels at
Admission for In-Hospital Outcomes Among 2571 Patients
With Ischemic Stroke

‘ g ‘ OR ‘ 95% ClI ‘ P value

Bleeding event

Continuous, mg/dL -0.020 0.977
20-29.9 mg/dL Ref
<20 mg/dL 0.588 1.800
>30 mg/dL 0.205 1.228

0.968-0.996 | 0.033

1.039-38.317 0.045
0.5668-2.647 0.602

Death in hospital

Continuous, mg/dL -0.011 0.981
20-29.9mg/dL Ref
<20mg/dL 0.532 1.708
>30mg/dL -0.074 0.928

0.952-1.012 0.269

0.494-7154 0.425
0.044-7.443 0.950

Analyses were adjusted for age, sex, BMI, smoking, hypertension,
diabetes, myocardial infarction, atrial fibrillation, prior stroke, eGFR, TOAST
subtype, lipid-lowering before admission, intravenous thrombolytic therapy
and mechanical thrombectomy, LDL cholesterol, and HDL cholesterol. BMI
indicates body mass index; eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio; and
TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
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Of note, a meta-analysis of 21 randomized clini-
cal trials indicated that significant heterogeneity ex-
isted, and the absolute benefits of statins may not be
strongly mediated through the degree of LDL choles-
terol reduction.®® Mounting evidence suggests that
other lipid parameters might be additional therapeutic
targets or predict adverse outcomes of stroke,3* such
as non-HDL cholesterol®® and triglyceride/HDL choles-
terol ratio.®®

Our study is the first to investigate the association
between remnant cholesterol and in-hospital out-
comes among patients with ischemic stroke or TIA
during the acute stage. The strong atherogenic effect
of remnant cholesterol is gradually recognized in ep-
idemiological and genetic studies.?%¥"38 |In contrast,
no study has investigated the acute effect of remnant
cholesterol among patients with stroke. We found that
a reduced remnant cholesterol level (<20mg/dL) at
admission was associated with an increased risk of
bleeding, even among patients taking lipid-lowering
medication during hospitalization. Evidence about the
effect of remnant cholesterol on the secondary pre-
vention of cardiovascular risk is still limited. Among
individuals with a diagnosis of myocardial infarction
or ischemic stroke, a lower remnant cholesterol was
estimated to reduce major cardiovascular events by
20% in secondary prevention.3® A post hoc analysis
among patients receiving statin therapy in the TNT
trial reported that increased remnant cholesterol levels
were associated with an increased cardiovascular risk
among patients with coronary heart disease.*® Similar
results were also reported in other cohorts.*'=*3 On the
other hand, another prospective cohort study reported
that very-low-density lipoprotein cholesterol was not
associated with recurrent major cardiovascular events
among patients with prior cardiovascular disease.**
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Figure 3. Rates of bleeding and death events by remnant cholesterol and LDL cholesterol levels at admission.
(A) Rates of bleeding event; (B) rates of death. LDL indicates low-density lipoprotein.

The inconsistent results could be due to the hetero-
geneous effects of cholesterol metabolism between
coronary heart disease and stroke.*®

We found that a reduced remnant cholesterol level
(<20mg/dL) at admission was associated with a higher
bleeding risk but not death among patients with isch-
emic stroke or TIA, while the U-shaped relationship
between LDL cholesterol and death during the acute
stage of ischemic stroke was previously reported.*®
Furthermore, we found that patients with low LDL cho-
lesterol/low remnant cholesterol had the highest risk
of bleeding events during hospitalization, which means
the joint assessments of LDL cholesterol and remnant
cholesterol potentially identify the patients in need of
the extensive clinical attention. Patients with high LDL
cholesterol/low remnant cholesterol were marginally
associated with a higher risk of bleeding events, which
is possibly due to the limited sample size. In addition,
we found that low remnant cholesterol is still associ-
ated with a higher risk of bleeding event among pa-
tients of low LDL cholesterol, suggesting the clinical
perspectives of remnant cholesterol independent of
LDL cholesterol. As the relative and absolute risk of
the low-remnant-cholesterol group was significantly
higher, the assessment of the remnant cholesterol
level could inform the risk of bleeding events in clinical
practice, although the overall rate of bleeding events
was relatively low (3.1%, as shown in Table 1). Given
the threatening consequences of bleeding events and
death, it is still of importance to recognize patients
at high risk in advance even if the event rate is low.
Moreover, the rate of bleeding events could be up to
5.0% among those with both low remnant cholesterol
and LDL cholesterol. These findings focused only on
the acute stage of ischemic stroke and did not contra-
dict the long-term benefits of statin therapy. It is also
noteworthy that the aggressive or rapid lowering of
cholesterol should be applied with caution during the
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acute stage of ischemic stroke or TIA. In addition, we
did not observe a significantly increased risk of death
with high LDL cholesterol levels, possibly because LDL
cholesterol reflects unfavorable lipid management in
the long run.*¢ Additionally, the insufficient sample size
of death cases is another possible reason, as we ob-
served a trend of higher death risk associated with low
remnant cholesterol.

There is a lack of clear biological mechanisms and
explanations given the acute stage of stroke. Emerging
evidence indicates a potential mechanism between
cholesterol metabolism and platelet responsiveness.*
Low LDL cholesterol levels (<70mg/dL) were asso-
ciated with in-hospital bleeding among patients with
acute coronary syndrome.*® A data-driven analysis
showed that low cholesterol levels were an indepen-
dent predictor of major bleeding at 30days after per-
cutaneous coronary intervention.*® In terms of stroke,
a meta-analysis of 11 randomized clinical trials showed
that more intensive LDL cholesterol-lowering statin-
based therapies were correlated with an increased risk
of hemorrhagic stroke compared with less intensive
therapies among patients with ischemic stroke.'35°
In clinical studies, low cholesterol levels were shown
to be associated with a higher risk of symptomatic
hemorrhagic transformation after ischemic stroke
thrombolysis.®"»%? Qur study pointed out that the joint
assessment of LDL cholesterol and remnant choles-
terol at admission potentially informs physicians of the
highest risk of bleeding risk facing patients with isch-
emic stroke or TIA. Although LDL cholesterol and rem-
nant cholesterol are closely related, there are distinct
differences between remnant cholesterol and LDL
cholesterol in terms of the composition, metabolism,
and physiology. Given the clinical significance, remnant
cholesterol is associated with bleeding risk among pa-
tients with acute ischemic stroke or TIA independent
of LDL cholesterol in our study. Data suggested that
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the combined assessment of remnant cholesterol and
LDL cholesterol could identify those with the highest
risk of bleeding at the acute stage of ischemic stroke or
TIA. Moreover, systemic immunodepression during the
acute stage of stroke is another potential mechanism
linking low cholesterol levels and inflammation,®® which
could drive bleeding events due to high neutrophil lev-
els by releasing reactive oxygen species and matrix
metalloprotein-9.%4-%¢ In addition, low cholesterol lev-
els are metabolically associated with low proprotein
convertase subtilisin/Kexin 9 concentrations, which
could enhance platelet activation by binding to plate-
let CD36 and lead to impaired platelet aggregation.®”
Furthermore, cholesterol is a key component of the
platelet membrane and plays a role in platelet signal-
ing and function. Another explanation is that remnant
cholesterol and LDL cholesterol are potentially related
to the infarction size of the initial stroke, which could
increase the risk of hemorrhagic transformation.5®

LIMITATIONS

The Chinese Stroke Center Alliance aimed to monitor
and improve care quality and outcomes for patients
with acute stroke and TIA. Although there have been
substantial improvements in evidence-based prac-
tice and common risk factor control, novel predictors
of the adverse outcomes of stroke are still needed.®®
Our study was the first to evaluate the association of
remnant cholesterol at admission with the in-hospital
outcomes of ischemic stroke or TIA during the acute
stage. The findings indicated that a low remnant cho-
lesterol level may predict bleeding events and support
the joint assessment beyond LDL cholesterol. Several
limitations should be acknowledged. First, this is a
hospital-based study, and we were unable to dem-
onstrate the relationship of remnant cholesterol and
long-term prognosis outcomes, such as recurrent
stroke, other cardiovascular events, or death within 3
or 12months after discharge. Further follow-up stud-
ies are needed to clarify the effect of remnant choles-
terol on the long-term outcomes of ischemic stroke.
Second, the lipid profiles were measured at admission
when patients were experiencing an acute phase of
stroke. Lipoprotein can dynamically change during
the early acute phase and impact the recovery and
outcomes of stroke.®® The concentrations of remnant
cholesterol at admission and other phases (such as
at discharge) could have different patterns with the
outcomes of stroke, which needs further data and
evidence. Third, we cannot rule out the potential con-
founding bias as some covariates were not collected in
this study (eg, drinking status). Fourth, the analysis was
conducted exclusively in Chinese patients. The pro-
portion and sample size of bleeding events were small
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in this current analysis. The fact is that we are unable to
differentiate the effects of remnant cholesterol on the
subtype of bleeding events. This finding needs further
validation in studies with larger sample sizes and non-
Asian populations.

CONCLUSIONS

In summary, low remnant cholesterol at admission was
associated with a higher risk of bleeding events during
the acute phase of ischemic stroke or TIA. Joint as-
sessment of remnant cholesterol and LDL cholesterol
at admission could further inform the risk of bleeding
events in advance. The conclusion needs further vali-
dation and cautious interpretation due to the small pro-
portion of bleeding events in this study.
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