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Remnant cholesterol but not LDL cholesterol
is associated with 5-year bleeding following
percutaneous coronary intervention

Jiawen Li," Yulong Li," Pei Zhu," Jingjing Xu," Xiaofang Tang," Shubin Qiao,” Weixian Yang,' Yuejin Yang,’
Runlin Gao,! Jinging Yuan,"* and Xueyan Zhao'-#*

SUMMARY

This study was aimed to investigate the association between remnant cholesterol (RC) and low-density li-
poprotein cholesterol (LDL-C) concentrations and long-term bleeding. A total of 10,724 consecutive pa-
tients who underwent percutaneous coronary intervention in 2013 were prospectively enrolled. During
a median follow-up of 5.1 years, 411 bleeding events and 42 intracranial hemorrhages (ICH) were re-
corded. The findings revealed that lower RC concentrations were independently associated with an
increased risk of long-term bleeding events (continuous RC hazard ratio [HR]: 0.47, 95% confidence inter-
val [Cl]: 0.26-0.85; Q4 vs. Q1 HR: 0.66, 95% ClI: 0.45-0.98), whereas lower LDL-C concentrations did not
show a similar association. Additionally, a non-linear relationship was observed between RC concentra-
tions and the risk of ICH (P for non-linear trend = 0.014), but no such relationship was found for LDL-C con-
centrations. These results provided insights into the safety of LDL-C-lowering therapy and emphasized
the significance of RC concentrations in lipid management.

INTRODUCTION

Dyslipidemia, particularly elevated levels of low-density lipoprotein cholesterol (LDL-C), has been widely recognized as a significant predictor
of atherosclerotic cardiovascular disease.'™ In the secondary prevention population with coronary heart disease (CHD), the adverse effects of
LDL-C has been well-established, leading guidelines to emphasize the importance of lowering its levels as much as possible. However, recent
investigations have revealed that reduced LDL-C levels were associated with increased risks of intracranial hemorrhage (ICH)* and short-
term bleeding events (during hospitalization® and within one year’) following percutaneous coronary intervention (PCI) in patients with acute
coronary syndrome (ACS). Notably, the impact of intensive lipid-lowering treatment on long-term bleeding risk has remained a topic
of debate. Therefore, there has been an urgent need to investigate the relationship between plasma lipid concentrations and the
long-term bleeding risk following PCI. Additionally, it has remained unclear which component of the lipid profile is exactly related to the
bleeding risk.

In recentyears, there has been a growing interest in the role of remnant cholesterol (RC) in cardiovascular risk. Recent studies have demon-
strated that RC, rather than LDL-C, was independently associated with an elevated risk of major adverse cardiovascular events (MACE)."%"1
However, to date, no investigations have explored the potential relationship between RC and bleeding events following PCI. Intensive an-
tithrombotic therapies, such as dual antiplatelet therapy (DAPT) in PCl patients, have presented a double-edged sword. While DAPT can
effectively reduce the risk of ischemic events, it also increased the likelihood of bleeding events.'?"® Similarly, it is of interest to examine
whether low LDL-C and/or low RC levels contribute to increased long-term bleeding risk in the era of intensive lipid-lowering therapy. There-
fore, the objective of our study was to investigate, using a large cohort, the association between LDL-C and RC concentrations and the risk of
bleeding in patients who undergo PCl and receive DAPT, with long-term follow-up data. Our findings may provide useful clinical data for the
safety of lipid-lowering therapy.

RESULTS
Baseline characteristics

Eventually, there were 9,697 eligible patients included (Figure S1). The mean age of 9,697 participants was 58.4 + 10.2 years and 7479 (77.1%)
were men. 5,784 (59.6%) clinically presented with ACS. Table 1 shows the comparison of baseline characteristics between patients who expe-
rienced bleeding events and those who did not. Individuals with bleeding events had significantly older age, a higher prevalence of high
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Table 1. Baseline characteristics in patients with and without bleeding events

Total population With bleeding events Without bleeding

Parameter (n=9,697) (n=411) events (n = 9,286) p value
Demographics
Age, years 58.4 £ 10.2 60.7 £ 10.2 58.3 £ 10.2 <0.001
Male sex, n (%) 7,479 (77.1) 308 (74.9) 7,171 (77.2) 0.281
BMI, kg/m2 260 £ 3.7 257 £ 3.6 26.0 £ 3.1 0.134
Diagnosis on admission
ACS, n (%) 5,784 (59.6) 247 (60.1) 5,537 (59.6) 0.849
“High PRECISE-DAPT score, n (%) 496 (5.1) 34 (8.3) 462 (5.0) 0.003
ARC-HBR criteria, n (%) 844 (8.7) 54 (13.1) 790 (8.5) 0.001
Medical history
Smoking, n (%) 5,671 (58.5) 256 (62.3) 5,415 (58.3) 0.110
Hypertension, n (%) 6,249 (64.4) 288 (70.1) 5,961 (64.2) 0.015
Dyslipidaemia, n (%) 6,520 (67.2) 284 (69.1) 6,236 (67.2) 0.411
Diabetes mellitus, n (%) 2,935 (30.3) 122 (29.7) 2,813 (30.3) 0.792
COPD, n (%) 22 2(2.3) 6(1.5) 216 (2.3) 0.251
Prior bleeding, n (%) 78 (0.8) 11 (2.7) 67 (0.7) <0.001
Prior stroke, n (%) 1,037 (10.7) 70 (17.0) 967 (10.4) <0.001
Peripheral vascular disease, n (%) 260 (2.7) 14 (3.4) 246 (2.6) 0.352
Prior MI, n (%) 1,880 (19.4) 73(17.8) 1,807 (19.5) 0.394
Prior PCI, n (%) 2,402 (24.8) 100 (24.3) 2,302 (24.8) 0.833
Prior CABG, n (%) 394 (4.1) 21 (5.1) 373 (4.0) 0.272
Family history of coronary heart disease, n (%) 2,381 (24.6) 98 (24.6) 2,381 (23.8) 0.733
Laboratory variables
RC, mmol/L 0.67 + 0.38 0.61 £+ 0.35 0.67 + 0.38 0.001
TC, mmol/L 4.21 £ 1.07 4.16 £ 1.06 4.21 £ 1.07 0.333
HDL-C, mmol/L 1.03 £ 0.27 1.07 + 0.31 1.03 + 0.27 0.024
LDL-C, mmol/L 2.51 £ 0.90 249 £ 0.88 251 £ 09 0.569
TG, mmol/L 1.78 £ 1.05 1.67 + 0.82 1.79 £ 1.06 0.006
Hemoglobin, g/L 142.95 + 15.40 141.04 £+ 16.20 143.03 + 15.36 0.010
WBC, 107/L 6.89 + 2.02 671 £1.78 6.90 £+ 2.03 0.060
Platelet count, 10%/L 205.06 + 54.64 201.35 + 56.15 205.23 + 53.57 0.159
eGFR, mL/min 91.24 + 15.09 88.07 + 15.08 91.38 + 15.08 <0.001
Serum glucose, mmol/L 5.53 (4.95, 6.63) 5.37 (4.90, 6.32) 5.54 (4.95, 6.64) 0.027
Uric acid, pmol/L 343.07 + 85.00 343.05 + 84.95 343.55 + 85.49 0.908
LVEF, % 63.0 (60.0, 67.0) 63.0 (60.0, 66.2) 63.0 (60.0, 67.0) 0.285
Medications
Statin 9,323 (96.1) 397 (96.6) 8,926 (96.1) 0.628
Aspirin 9,697 (100) 411 (100) 9,286 (100) NA
P2Y,, inhibitor 0.176
Ticagrelor 18(0.2) 2(0.5) 16 (0.2)
Clopidogrel 9,679 (99.8) 409 (99.5) 9,270 (99.8)
Glycoprotein llb/llla inhibitor 1,561 (16.1) 69 (16.8) 1,492 (16.1) 0.697
PPI 1,910 (19.7) 82 (20.0) 1,828 (19.7) 0.895
Duration of DAPT 0.093
< 1year 2,982 (30.8) 145 (35.3) 2,837 (30.6)
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Table 1. Continued

Total population With bleeding events Without bleeding
Parameter (n=9,697) (n=411) events (n = 9,286) p value
1-2 years 3,797 (39.2) 144 (35.0) 3,653 (39.3)
> 2 years 2,918 (30.1) 122 (29.7) 2,796 (30.1)
Femoral artery approach 737 (7.6) 43 (10.5) 694 (7.5) 0.025

Values are presented as mean + standard deviation, median (IQR) or frequency (percentage).

ACS, acute coronary syndrome; ARC-HBR, Academic Research Consortium for High Bleeding Risk; BMI: body mass index; CABG, coronary artery bypass grafting;
COPD, chronic obstructive pulmonary disease; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricle ejection fraction; MI, myocardial infarction; PCl, percutaneous coronary intervention;
PPI, proton pump inhibitor; PRECISE-DAPT, predicting bleeding complications in patients undergoing stent implantation and subsequent dual antiplatelet ther-
apy; RC, remnant cholesterol; TC, total cholesterol; TG, triglyceride; WBC, white blood cell count; NA, not applicable.

“The high PRECISE-DAPT score was defined as the score greater than or equal to 25 and the PRECISE-DAPT score for each patient was calculated by an online

web calculator (http://www.precisedaptscore.com).

PRECISE-DAPT score, Academic Research Consortium for High Bleeding Risk (ARC-HBR) criteria, hypertension, prior bleeding, prior stroke,
femoral artery approach, higher baseline concentrations of RC and HDL-C, lower baseline concentrations of TG, as well as lower levels of
hemoglobin, estimated glomerular filtration rate, and serum glucose than patients without bleeding events. In addition, Tables S1 and S2
depicts the comparisons of baseline characteristics of patients with different RC concentrations, and that of patients with different LDL-C
concentrations.

Incidence of long-term outcomes

Over a median follow-up of 5.1 (25th-75th: 5.0-5.1) years, 411 (4.2%) patients experienced bleeding events (200 BARC type 2 bleeding, 27
BARC type 3a bleeding, 9 BARC type 3b bleeding, 65 BARC type 3c bleeding, 1 BARC type 5a bleeding, and 9 BARC type 5b bleeding).
Of 422 patients with bleeding events, there were 42 ICHs, 53 intraocular bleeds compromising vision, 150 gastrointestinal bleeding,
134 dental/nasal/skin mucosa bleeding, and 32 hemorrhages at other sites.

There was no significant reduction in the occurrence of bleeding events or ICH as the LDL-C concentrations increased incrementally
(Figures 1A and 1B). However, a significant decrease in the incidence of bleeding events was observed with increasing concentrations of
RC (Figure 1C; p = 0.005). Conversely, no such significant association was found between RC concentrations and the occurrence of ICH,
but notably, the lowest incidence of ICH was observed within the RC range of 0.62-0.80 mmol/L (Figure 1C).

Dose-response analysis

The restricted cubic splines revealed that there was no non-linear relationship between LDL-C levels and the incidence of long-term bleeding
events (Figure S2A) or ICH (Figure S2B). Similarly, no non-linear association was found between RC concentrations and the risk of long-term
bleeding events (Figure S2C). However, a significant non-linear association was identified between RC levels and the risk of long-term ICH.
Specifically, within the RC range of 0.62-0.80 mmol/L, lower RC concentrations were associated with a reduced risk of ICH (Figure S2D; P for
non-linear trend = 0.015).

Survival analysis
The univariate Cox analyses between clinical variables and bleeding events and ICH are shown in Table S3. The Kaplan-Meier estimates of
bleeding events are shown in Figure 2.

With bleeding events as the endpoint in multivariable Cox analysis with LDL-C and RC as continuous variables, a significant association
between RC and bleeding events (HR wpoger 1: 0.67, 95% ClI: 0.49-0.92, p = 0.013; HR podel 2: 0.47, 95% Cl: 0.26-0.85, p = 0.012; HR Model 3¢
0.47,95% Cl:0.26-0.85, p = 0.012; HR poder 4: 0.47,95% Cl: 0.26-0.84, p = 0.012) (Table 2) was observed, but no such relationship was observed
for LDL-C and bleeding events (all models in Table 2).

Multivariate Cox analysis showed that the highest quartile (Q4) of RC compared with the lowest quartile of RC (Q1) was significantly asso-
ciated with bleeding events (HR yodel 1: 0.67, 95% Cl: 0.51-0.89, p = 0.006; HR pmoder 2: 0.66, 95% Cl: 0.45-0.97, p = 0.034; HR odel 3: 0.66, 95%
Cl:0.45-0.97, p = 0.035; HR podel 4: 0.66, 95% Cl: 0.44-0.97, p = 0.033) (Table 3). However, no higher quartile (Q2, Q3, and Q4) of LDL-C relative
to the lowest quartile of LDL-C was associated with bleeding events (all models in Table 3).

When ICH was the endpoint in multivariable Cox analysis with LDL-C and RC as continuous variables, there was no significant association
between LDL-C or RC and ICH (all models in Table 2).

With independent variables (LDL-C and RC) as categorical variables, multivariate Cox analysis showed that the Q3 of RC was significantly
associated with ICH compared with the lowest quartile of RC (Q1) (HR yogel 1: 0.22, 95% Cl: 0.06-0.76, p = 0.017; HR podel 2: 0.23, 95% Cl: 0.06-
0.80, p = 0.023; HR wodel 3: 0.23, 95% Cl: 0.06-0.81, p = 0.022; HR pogel 4: 0.23, 95% Cl: 0.06-0.80, p = 0.022) (Table 3). No higher quartile (Q2,
Q3, and Q4) of LDL-C relative to the lowest quartile of LDL-C (Q1) was associated with ICH (all models in Table 3).
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Figure 1. Incidences of long-term outcomes according to LDL-C and RC
(A-C) The incidence rates of long-term bleeding events and ICH were calculated by strata of (A) clinical cut-off points of LDL-C, (B) quartiles of LDL-C or
(C) quartiles of RC. Abbreviations: RC, remnant cholesterol; LDL-C, low-density lipoprotein cholesterol; ICH, intracranial hemorrhage.

Risk of bleeding across LDL-C with clinical cut-off points

In multivariate Cox analysis, different LDL-C (<1.0, 1.0-1.79, 1.8-2.59, 3.4-4.19, and > 4.2 mmol/L) relative to the reference (2.6-3.39 mmol/L)
were not associated with bleeding events and ICH (all models in Table S4).

Subgroup analysis

The effect of RC concentrations on the bleeding events was consistent, regardless of age, sex, ACS, prior bleeding, prior stroke, PRECISE-
DAPT score, and treated with glycoprotein llb/llla inhibitor (Figure S3).

Sensitivity analysis

The results were consistent after excluding patients with poor nutrition status, severe infection, or malignancy (n = 173) (Table S5).

DISCUSSION

The present study, which involved a large real-world cohort (n = 9,697) with a median follow-up duration of 5.1 years, yielded three significant
findings. (1) Lower concentrations of RC were an independent predictor of long-term bleeding events. (2) A non-linear association between
RC concentrations and the risk of long-term ICH was observed. (3) Lower LDL-C concentrations were not independently associated with either
long-term bleeding events or ICH.

RC and bleeding

RC, also known as TG-rich lipoprotein cholesterol, differs significantly from LDL-C. Fasting RC specifically refers to the cholesterol present in
very low-density lipoprotein (VLDL) and intermediate-density lipoprotein residual particles following hydrolysis. Postprandial RC includes

A RC and Bleeding events B LDL-C and Bleeding events
109 — QiofRC 109 — QtoflDLC
— Q20fRC — Q2of LDL-C
Log-rank P = 0.004 — Q30fRC Log-rank P = 0.343 — Q3of LDL-C
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Follow-up (Years) Follow-up (Years)
No. at risk No. at risk
Q1of RC 2486 2412 2366 2311 2284 1968 Q1of LDL-C 2430 2371 2326 2278 2251 2074
Q2 of RC 2449 2391 2353 2292 2269 2124 Q2of LDL-C 2430 2372 2325 2280 2244 2074
Q3 of RC 2419 2354 2322 2274 2241 2105 Q3 0f LDL-C 2444 2379 2354 2290 2268 2071
Q4 of RC 2343 2312 2281 2225 2191 2066 Q4 of LDL-C 2393 2347 2317 2254 2222 2044

Figure 2. The Kaplan-Meier estimates of bleeding events with different RC and LDL-C

(A and B) The Kaplan-Meier plot of long-term outcomes were calculated by strata of (A) quartiles of RC and (B) quartiles of LDL-C. Abbreviations: RC, remnant
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 2. Predictive value of LDL-C and RC (continuous variables) for 5-year outcomes in multivariate Cox analysis

Bleeding events ICH
Variables, mmol/L HR (95% ClI) p value HR (95% ClI) p value
LDL-C
Model 17 0.98 (0.88-1.10) 0.728 1.17 (0.85-1.61) 0.351
Model 2° 0.99 (0.89-1.11) 0.899 1.12 (0.80-1.57) 0.515
Model 3¢ 0.99 (0.89-1.11) 0.906 1.12 (0.80-1.57) 0.517
Model 4¢ 0.99 (0.89-1.11) 0.900 1.12 (0.80-1.57) 0.514
RC
Model 17 0.67 (0.49-0.92) 0.013 1.06 (0.45-2.52) 0.890
Model 2° 0.47 (0.26-0.85) 0.012 1.48 (0.26-8.33) 0.660
Model 3¢ 0.47 (0.26-0.85) 0.012 1.49 (0.26-8.42) 0.655
Model 4¢ 0.47 (0.26-0.84) 0.012 1.47 (0.26-8.30) 0.662

RC, remnant cholesterol; LDL-C, low-density lipoprotein cholesterol; ICH, intracranial hemorrhage; HR, hazard ratio; Cl, confidence interval.

*Model 1 was adjusted for age, sex, and body mass index.

PModel 2 was adjusted for Model 1 + hypertension, previous bleeding, previous stroke, femoral artery approach, hemoglobin, eGFR, duration of DAPT, HDL-C,
and TG, because of their statistical significances (p < 0.05) in univariate analysis.

“Model 3 was adjusted for Model 2 + high PRECISE-DAPT score.

9Model 4 was adjusted for Model 2 + ARC-HBR criteria.

cholesterol in chylomicron residual particles as well. In recent years, there has been growing interest in the association between RC and the
prognosis of individuals at high risk for cardiovascular events. Previous studies have indicated that RC, rather than LDL-C, independently pre-
dicted an elevated risk of MACE.'""" Nevertheless, the correlation between RC and bleeding risk following PCI has remained unexplored in
existing the literature. Our study represented the first investigation to demonstrate a significant relationship between lower RC levels, rather
than LDL-C, and an increased long-term risk of bleeding.

This finding was a contribution with significant implications for the delicate balance between bleeding and ischemic risk in patients with
PCI undergoing lipid-lowering therapy. Traditionally, LDL-C has been regarded as an independent risk factor for ischemic events, and its
reduction has been emphasized with a “lower is better” approach. However, recent skepticism has arisen regarding LDL-C's ability to accu-
rately assess ischemic risk. Conversely, RC has emerged as an independent predictor of an elevated risk of MACE, indicating its capacity to
evaluate ischemic risk is superior LDL-C.'%"" Furthermore, low LDL-C levels have been associated with an increased risk of short-term
bleeding post-PCI.%7 Nevertheless, our study suggested that LDL-C may not effectively evaluate bleeding risk, whereas RC demonstrated
a more accurate assessment. Thus, RC showed promise in surpassing LDL-C for evaluating both ischemic and bleeding risks, thereby aiding
clinicians in the development of personalized treatment strategies.

LDL-C and bleeding

Although current guidelines recommend increasingly lower targets for LDL-C reduction in high-risk patients, the effect of lower LDL-C on
long-term bleeding has been unclear. The results on the association of LDL-C and bleeding were inconsistent. Notably, LDL-C has not been
regarded as a predictor of bleeding in the following tools recommended by guidelines for evaluating the bleeding risk, including the
CRUSADE score, ACUITY score, PRECISE-DAPT score, PARIS bleeding score, and ARC-HBR criteria. In line with these bleeding scores
partially, our study findings demonstrated that LDL-C may not serve as a reliable risk marker for bleeding events, whereas RC emerged
as an independent predictor of bleeding risk. This perspective highlighted the significance of incorporating RC into the assessment of
bleeding risk.

To the best of our knowledge, only two studies have reported LDL-C was associated with bleeding after PCI. Yang et al.? discovered that
lower LDL-C was significantly related to an increased bleeding risk after PCI during hospitalization (median hospitalization time: 8 days). A
study by Chen et al.” found that the out-of-hospital bleeding risk within one year increased as LDL-C decreased. Their results®” differed
from our findings, which can be attributed to several factors. Firstly, the study participants were different. They focused on patients with
ACS, where LDL-C levels tend to decrease by approximately 10%-20% in the acute phase.'” Moreover, ACS per se is a stress state that
may increase the risk of stress-related gastrointestinal bleeding during hospitalization.'® To ensure comparability, we conducted a subgroup
analysis in patients with ACS; however, no association of low LDL-C concentrations with long-term bleeding was observed. Secondly, the us-
age of ticagrelor varied across studies. Ticagrelor was associated with a higher bleeding risk compared to clopidogrel.? It should be noted
that in our study, only 0.2% of patients used ticagrelor, as it entered the Chinese market in 2013, in contrast to Chen et al.’s study (10.0% of
patients)” and Yang et al.’s study (31.6% of patients).” Finally, the duration of follow-up was different. While our study had a 5-year follow-up
period, Yang et al.® focused on in-hospital bleeding events, and Chen et al.” observed bleeding within one year after PCI. As far as we know,
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Table 3. Predictive value of LDL-C and RC (categorical variables) for 5-year outcomes in multivariate Cox analysis
Bleeding events ICH
Variables, mmol/L HR (95% ClI) p value HR (95% Cl) p value
LDL-C
Model 17
Q1 Reference NA Reference NA
Q2 0.90 (0.69-1.18) 0.457 1.35(0.57-3.21) 0.494
Q3 0.79 (0.60-1.04) 0.089 0.93 (0.36-2.40) 0.872
Q4 0.95 (0.73-1.24) 0.715 1.56 (0.66-3.67) 0.308
Model 2°
Qa1 Reference NA Reference NA
Q2 0.92 (0.70-1.19) 0.506 1.26 (0.53-3.01) 0.599
Q3 0.80 (0.60-1.06) 0.113 0.87 (0.33-2.27) 0.770
Q4 0.98 (0.75-1.30) 0.898 1.38 (0.57-3.30) 0.473
Model 3°
Q1 Reference NA Reference NA
Q2 0.92 (0.70-1.20) 0.518 1.27 (0.53-3.02) 0.594
Q3 0.80 (0.60-1.06) 0.116 0.87 (0.33-2.27) 0.771
Q4 0.98 (0.75-1.30) 0.905 1.38 (0.57-3.30) 0.476
Model 4¢
Q1 Reference NA Reference NA
Q2 0.91 (0.70-1.19) 0.506 1.27 (0.53-3.02) 0.594
Q3 0.80 (0.60-1.06) 0.113 0.87 (0.33-2.27) 0.772
Q4 0.98 (0.75-1.29) 0.899 1.38 (0.58-3.31) 0.472
RC
Model 17
Q1 Reference NA Reference NA
Q2 0.80 (0.61-1.03) 0.081 1.02 (0.50-2.06) 0.964
Q3 0.79 (0.61-1.02) 0.075 0.22 (0.06-0.76) 0.017
Q4 0.67 (0.51-0.89) 0.006 0.66 (0.28-1.58) 0.351
Model 2°
Q1 Reference NA Reference NA
Q2 0.80 (0.62-1.04) 0.101 1.07 (0.52-2.21) 0.850
Q3 0.79 (0.59-1.05) 0.102 0.23 (0.06-0.80) 0.022
Q4 0.66 (0.45-0.97) 0.034 0.53(0.17-1.65) 0.274
Model 3°
Q1 Reference NA Reference NA
Q2 0.80 (0.61-1.04) 0.098 1.08 (0.52-2.23) 0.845
Q3 0.79 (0.59-1.05) 0.105 0.23 (0.06-0.81) 0.022
Q4 0.66 (0.45-0.97) 0.035 0.53 (0.17-1.66) 0.279
Model 4¢
Q1 Reference NA Reference NA
Q2 0.80 (0.61-1.04) 0.099 1.07 (0.52-2.22) 0.852

6

iScience 26, 107666, October 20, 2023

(Continued on next page)



iScience ¢? CellPress
OPEN ACCESS

Table 3. Continued

Bleeding events ICH
Variables, mmol/L HR (95% CI) p value HR (95% ClI) p value
Q3 0.79 (0.59-1.05) 0.100 0.23 (0.06-0.80) 0.022
Q4 0.66 (0.44-0.97) 0.033 0.53 (0.17-1.65) 0.273

RC, remnant cholesterol; LDL-C, low-density lipoprotein cholesterol; ICH, intracranial hemorrhage; HR, hazard ratio; Cl, confidence interval; NA, not applicable.
The Q1, Q2, Q3, and Q4 of LDL-C were <1.88, 1.88-2.38, 2.39-3.0 and >3.0 mmol/L, respectively. The Q1, Q2, Q3, and Q4 of RC were <0.45, 0.45-0.61, 0.62-0.80
and >0.80 mmol/L, respectively.

*Model 1 was adjusted for age, sex, and body mass index.

PModel 2 was adjusted for Model 1 + hypertension, previous bleeding, previous stroke, femoral artery approach, hemoglobin, eGFR, duration of DAPT, HDL-C,
and TG, because of their statistical significances (p < 0.05) in univariate analysis.

“Model 3 was adjusted for Model 2 + high PRECISE-DAPT score.

“Model 4 was adjusted for Model 2 + ARC-HBR criteria.

our study was the first to examine the long-term relationship between LDL-C and bleeding risk in patients who undergo PCl treated with DAPT
(mainly clopidogrel). Our results indicated no association between lowering LDL-C concentrations after PCl and bleeding risk, suggesting that
reducing LDL-C levels post-PCl is a safe strategy. Additionally, given the dose-response link between LDL-C and in-hospital bleeding, we
conducted an analysis that showed no correlation between lower LDL-C (regardless of being lower than 1.4 or lower than 1.0 mmol/L)
and long-term bleeding in patients taking clopidogrel.

RC and LDL-C and the risk of ICH

To date, there have been no studies specifically examining the association between RC and ICH, with the exception of a genetic-related study
that suggests a potential connection. Jiang et al.”” reported that mutations in the APOC3 gene were related to increased levels of plasma TG
and VLDL-C, as well as an increased risk of ICH. They speculated that the increased risk of ICH may be attributed to the elevated plasma TG
and VLDL-C resulting from APOC3 mutations, although no direct association analysis was conducted. Importantly, our study revealed a non-
linear relationship between RC and long-term ICH, while no such association was observed for LDL-C. These findings provide compelling
evidence supporting the safety of long-term LDL-C reduction therapy.

Multiple studies have focused on the relationship between LDL-C and ICH, but their results have been inconsistent. Several prospective
studies mainly in the field of CHD have demonstrated no significant association between them,”~?
notice, many of these studies were the prespecified analyses of well-known clinical randomized trials where ICH was evaluated as one of the
safety endpoints (e.g., IMPROVE-IT,”” FOURIER, ? and SPARCL trials*®). In addition, a basic research study showed that although LDL-C levels
in proprotein convertase subtilisin/kexin type 9 (PCSK9)—/— mice were lower relative to PCSK9*"* mice after feeding with a high-fat diet, there
was no difference in hemoglobin concentrations in ischemic brain tissue after cerebral ischemia/reperfusion.”” However, there were also
studies that reported a negative correlation between LDL-C and ICH."” Of notice, these studies did not exclusively focus on patients with
CHD. In summary, studies primarily focused on patients with CHD, such as those mentioned previously,”*~® yielded results consistent
with our findings.

which were consistent with our results. Of

Potential mechanisms and clinical implications

Some basic studies have suggested potential mechanisms linking lipid metabolism to endothelial dysfunction, inflammation, thrombosis, and
bleeding.>=** Moreover, clinical randomized trials have provided evidence that reduced RC levels were metabolically associated with
decreased concentrations of PCSK9.7*%° Plasma PCSK9 levels can directly enhance platelet activation and thrombosis by binding to platelet
CD36 and subsequently activating downstream signaling pathways. Decreased RC levels may interfere with the downstream pathway of
PCSK®9, thereby enhancing platelet inhibition and impairing hemostasis.*>* Besides, cholesterol, a crucial constituent of platelet membrane
lipid rafts, plays a vital role in platelet signaling. For instance, in vitro cholesterol depletion can disrupt platelet aggregation by altering the
critical ultrastructure involved in mediating secretion.” Interestingly, our study found that as RC concentrations decreased, the risk of
bleeding increased, providing further support for the notion that RC affects the process of bleeding and coagulation. It was important to point
out that these potential mechanisms were hypothetical and the underlying mechanisms behind this finding warrant further exploration.

It is significant to acknowledge that the established benefits of LDL-C reduction in preventing ischemic events remain unquestionable, and
the intensive lowering of LDL-C concentrations is an inevitable trend in the future. Furthermore, this study reinforced that there was no need to
worry about bleeding brought on by low LDL-C since it is not the case, providing important clinical data for the safety of intensive LDL-C
reduction therapy. Meanwhile, our study provides insights into how lipid-lowering therapy can be optimized in the future. This innovative
study suggested greater attention should be given to RC in the context of lipid-lowering strategies. Rather than solely focusing on LDL-C,
RC should be considered as one of the therapeutic targets. The concentrations of RC should be monitored regularly to evaluate treatment
effectiveness and adjust the therapeutic approach since RC can provide more accurate predictive value of ischemic and bleeding risks. In this
way can we contribute to improving patient outcomes and enhancing the effectiveness and safety of lipid-lowering therapy.
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In conclusion, this large-scale and real-world study demonstrated that lower RC concentrations, but not lower LDL-C concentrations, were
the independent risk predictor of long-term bleeding in the PCl population. This finding may shed light on the safety of LDL-C-lowering ther-
apy in the current era of intensive lipid lowering. The current study indicated that we should pay more attention to the lipid marker RC in lipid
management.

Limitations of the study

Several limitations existed in this study. First, as this was a single-centre, observational study, more research is needed to confirm the con-
clusion’s generalization. Second, we did not routinely evaluate plasma lipid concentrations during the follow-up. Third, the subjects were pa-
tients who had taken statins before admission and those given statins after admission, and we only recorded the use of statins at discharge,
but not before hospital. However, the use of statins before hospital may not have made a difference to our results since a previous study has
shown that the use of statins has little effect on the bleeding risk following PCl in patients with hypercholesterolemia or non-hypercholester-
olemia.*® Fourth, lipid-lowering therapy was managed with moderate-intensity statins recommended by the Chinese guideline. Few patients
were treated with non-statin lipid-lowering drugs in this study, since the subjects were enrolled before the publication of the IMPROVE-IT trial
in 2015 and the introduction of PCSK9 inhibitor to the Chinese market in 2018. Further validation should be done in the setting of high-
intensity statin therapy and future attention should be paid to whether the use of non-statin lipid-lowering drugs will affect the results. Fifth,
the DAPT regimen in our study was in line with contemporary guidelines in China.*” At present, antithrombotic therapy needs individualiza-
tion. If the patient is at high bleeding risk, the DAPT duration could be shortened. It can be seen that few patients were at high risk of bleeding
in our study (5.1% had high PRECISE-DAPT score and 8.1% met ARC-HBR criteria). Therefore, the prolonged DAPT was still plausible to our
study population, although short-term DAPT has recently been suggested to apply more often. Moreover, although we recommended pa-
tient strategies following the guidelines, the follow-up found there were also 30.8% of patients with DAPT < 1 year in the real world. There-
fore, our findings still had a certain guiding significance for the current clinical practice. Last, even though we made every effort to account for
significant confounding factors, unmeasured confounding factors is still conceivable to link to the risk of bleeding.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Critical commercial assays

[TC CHOD-PAP method (CHO Assay Kit, Biosino Bio-Technology and N/A
Science Incorporation, Beijing, China)

LDL-C Selective melt method (LDL-C Assay Kit, Kyowa Medex Co., Ltd., N/A
Tokyo, Japan)

HDL-C Chemistry modify enzyme method (Determiner L HDL, Kyowa N/A
Medex Co., Ltd., Tokyo, Japan)

TG GPO-PAP method (TG Assay Kit, Biosino Bio-Technology and N/A
Science Incorporation, Beijing, China)

Hemoglobin A latex turbidimetric method [LASAY Lp(a) auto; SHIMA N/A
laboratories; Tokyo, Japan]

White blood cell count A latex turbidimetric method [LASAY Lp(a) auto; SHIMA N/A
laboratories; Tokyo, Japan]

Platelet count A latex turbidimetric method [LASAY Lp(a) auto; SHIMA N/A
laboratories; Tokyo, Japan]

eGFR Sarcosine oxidase method (creatinine assay kit, Weihai Weigao N/A
Biotech Co., Ltd., Shandong, China)

Serum glucose Glucose oxidase method (glucose assay kit, Biosino N/A

Bio-Technology And Science Incorporation, Beijing, China)

Uric acid A latex turbidimetric method [LASAY Lp(a) auto; SHIMA N/A

laboratories; Tokyo, Japan]

Software and algorithms

SPSS Statistics Version 23.0 IBM, Chicago, IL, USA https://www.ibm.com/products/
spss-statistics
R Programming Language Foundation for Statistical Computing, Vienna, Austria https://www.r-project.org

version 4.0.3

GraphPad Software San Diego, California, USA https://www.graphpad.com

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead contact, Xueyan Zhao (zhao_xueyan@
sina.com).

Materials availability

This study did not generate new unique reagents.

Data and code availability

® The complete original data reported in this study cannot be deposited in a public repository because these data are confidential medical
records. To request access, contact Dr. Xueyan Zhao (zhao_xueyan@sina.com).

® This paper does not report original code.

® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design and participants

This was a single-centre, prospective, observational, real-world study. Totally 10,724 PCI patients were consecutively and prospectively
enrolled from January 2013 to December 2013 at Fu Wai Hospital in Beijing, China. After excluding those who had oral anticoagulants, those
who did not have DAPT, and those who lost to follow-up, 9,697 (91.78%) participants were selected for the analysis. All participants in this
study were Chinese patients [n = 9,697; males = 7479 (77.1%); mean age = 58.4 years]. Following PClI, all individuals received DAPT for at least
12 months: aspirin 100 mg a day with clopidogrel 75 mg a day, or ticagrelor 90 mg twice daily. Complied with the Helsinki Declaration, this
study was approved by the ethics committee (Approval number: 2013-449) at Fu Wai Hospital (Beijing, China). Written informed consent was
obtained from all participants. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) re-
porting guideline for cohort studies.

METHOD DETAILS
Blood sampling and biomarker measurement

All patients were given venous blood draws at admission following a longer than 12-h fast. Using an automatic biochemistry analyser
(Hitachi 7150, Tokyo, Japan) to determine triglycerides (TG), total cholesterol (TC), LDL-C, and high-density lipoprotein cholesterol
(HDL-C) with strict quality control in the Clinical Chemistry Department of Fu Wai Hospital. In detail, plasma TC was determined by
cholesterol oxidase-phenol aminophenazone method. Plasma TG was determined by glycerol-3-phosphate oxidase-phenol aminophena-
zone method. Plasma HDL-C was determined by chemistry modify enzyme method. Plasma LDL-C was assayed by selective melt method.
RC = TC— HDL- C— LDL— C."%"

Clinical outcomes and follow-up

Using the definition of Bleeding Academic Research Consortium (BARC), the primary endpoint was bleeding events which included BARC
type 2, BARC type 3, and BARC type 5 bleeding. The secondary endpoint was ICH, a sub-type of stroke, which was defined as any hemorrhage
in intracranial vault. The time to events was calculated as the number of days from the date of performing PCl to the date of the incident
bleeding, the last visit or the last recorded clinical event of participants still alive, whichever came first. At 30 days, 6 months, 1 year, 2 years,
and 5 years, follow-ups were regularly carried out by clinic visits or telephone interviews. Two independent cardiologists arbitrated all
endpoint events centrally, and any discrepancies were settled by reaching a consensus.

QUANTIFICATION AND STATISTICAL ANALYSIS

Continuous variables with a normal distribution were expressed as mean + standard deviation, while continuous variables with a nonnormal
distribution were expressed as median (25th—75th). Categorical variables were expressed as frequency (percentage). The Pearson chi-square
test and Fisher's exact test were used to compare categorical variables, and the Student's t test, one-way ANOVA and non-parametric test
were used to compare continuous variables.

LDL-C and RC concentrations were modeled as both continuous variables and quartiles. Using multivariate restricted cubic spline to eval-
uate non-linear association of LDL-C and RC with long-term bleeding. The incidences of bleeding events in different groups were compared
via the log rank test with the Kaplan—-Meier method. Using univariable and multivariable Cox regressions to evaluate the associations between
LDL-C and RC (as categorical or continuous variables) and incident bleeding. The hazard ratio (HR) and 95% confidence interval (Cl) were
reported. The variables in univariate Cox analysis significantly related to bleeding events entered the subsequent multivariate analysis.
The covariates in 4 multivariable models were as follows: (1) model 1: age, sex, and body mass index; (2) model 2: model 1 + hypertension,
previous bleeding, previous stroke, femoral artery approach, hemoglobin, estimated glomerular filtration rate, duration of DAPT, HDL-C, and
TG; (3) model 3: model 2 + high PRECISE-DAPT (predicting bleeding complications in patients undergoing stent implantation and subse-
quent dual antiplatelet therapy) score; (4) model 4: model 2 + ARC-HBR criteria (Academic Research Consortium for High Bleeding Risk).

To combine clinical significance, several clinical cut-off pointsw’“’ were further used to divide LDL-C. Furthermore, the effect of RC on the
primary endpoint was assessed in different sub-groups (age, sex, ACS, prior bleeding, prior stroke, PRECISE-DAPT score, and treated with
glycoprotein Ilb/llla inhibitor). To avoid the low RC in this study was very severe comorbidity to the poor conditions (poor nutrition status,
severe infection, or malignancy), we conducted sensitivity analysis. All of the significance levels in the statistical analyses were two-tailed
p value <0.05. Data analyses were performed using SPSS Statistics Version 23.0 (IBM, Chicago, IL, USA), R Programming Language version
4.0.3 (R Foundation for Statistical Computing, Vienna, Austria), and GraphPad Prism version 8.0.0 (GraphPad Software, San Diego, California,
USA). Additional statistical methods were detailed in the supplementary material.
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