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Abstract

Aims: To explore the association of remnant cholesterol (RC) and lipoprotein-

associated phospholipase A2 (Lp-PLA2) with composite adverse events in a large-

scale prospective study.

Methods: All data were collected from the Asymptomatic Polyvascular Abnormalities

Community study between 2010 and 2022. Serum cholesterol levels and Lp-PLA2

were determined by enzyme-linked immunosorbent assay. The participants were cat-

egorized into four groups based on their RC and Lp-PLA2 levels: low-RC/Lp-PLA2�,

high-RC/Lp-PLA2�, low-RC/Lp-PLA2+ and high-RC/Lp-PLA2+. The composite end-

point was a combination of first-ever stroke, myocardial infarction or all-cause mor-

tality. Cox regression analyses were performed to evaluate associations of RC and

Lp-PLA2 with composite adverse events.

Results: Of the 1864 eligible participants, the average age was 60.6 years, and 74.3%

were male. Over a follow-up of 12 years, we identified 500 composite adverse

events, including 210 major adverse cardiovascular events and 342 all-cause deaths.

When compared with the group of low-RC/Lp-PLA2�, the hazard ratios with 95%

confidence intervals in the group of high-RC/Lp-PLA2+ for stroke, myocardial
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infarction, major adverse cardiovascular event, all-cause death and composite end-

points were 1.37 (0.87–2.16), 0.72 (0.28–1.82), 1.29 (0.85–1.95), 1.61 (1.10–2.38)

and 1.43 (1.07–1.91), respectively. A significant interaction between RC and Lp-PLA2

status has been found for all-cause death and composite endpoint (p for interaction

<0.05). In addition, joint association of RC and Lp-PLA2 with all-cause death was

modified by sex and age of <60 versus ≥60 years (p for interaction: 0.035 and 0.01,

respectively).

Conclusions: Elevated RC and Lp-PLA2 levels were associated with an increased risk

of composite adverse events, with these associations significantly influenced by sex

and age. Our study highlights the synergistic effect of RC and Lp-PLA2 on the com-

posite adverse events.
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1 | INTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of death

globally, with accelerated atherosclerosis being the primary driver of

most cardiovascular events.1,2 Clinical and public health practitioners

must prioritize early interventions targeting modifiable risk factors for

CVD. In recent years, numerous studies have focused on identifying

predictive biomarkers to assess the risk of developing CVD before

clinical onset. Inflammatory markers, including interleukin-6 (IL-6),

D-dimer, lipoprotein-associated phospholipase A2 (Lp-PLA2) and

high-sensitivity C-reactive protein (hs-CRP), have been linked to ath-

erosclerosis and cardiovascular conditions.3–5

Vascular inflammation-mediated endothelial cell injury and dys-

function are early key events in the development of CVDs, laying the

foundation for atherosclerosis formation.6 Lp-PLA2 is a crucial bio-

marker of vascular inflammation and a key indicator of susceptibility

to atherosclerotic plaque formation.7,8 It is mainly secreted by macro-

phages, T cells and mast cells and is highly expressed in macrophages,

especially at the site of atherosclerotic lesions.9 It hydrolysates phos-

pholipids in oxidized low-density lipoprotein (ox-LDL) and generates

proinflammatory mediators such as lysophosphatidylcholine (LPC) and

oxidized nonesterified fatty acids.10 In addition, the increased activity

of Lp-PLA2 promotes the degradation of collagen fibres and extracel-

lular matrix within the plaque and reduces the stability of the pla-

que.11 Remnant cholesterol (RC) has been widely reported to be

highly related to the occurrence of CVD in recent years.12–14 RC is

contained in triglyceride-rich lipoproteins such as very LDL remnants

and intermediate-density lipoprotein.15 These RC particles accumulate

in the vascular wall, attracting macrophages and stimulating them to

secrete additional inflammatory factors, such as tumour necrosis

factor-α, interleukin-1β (IL-1β) and interleukin-6 (IL-6). This process

contributes to vascular endothelial cell dysfunction.16 In addition, RC

can stimulate macrophages within plaques to secrete matrix metallo-

proteinases, such as matrix metalloproteinase-9, to further degrade

the extracellular matrix.17 Therefore, we propose that the

proinflammatory and destabilizing effects of Lp-PLA2 and RC may

synergistically amplify the risk of cardiovascular events. Notably, early

CVD prevention depends on multi-factor risk assessment and inter-

vention. Synergic effects of Lp-PLA2 and RC on CVD, however, have

not been demonstrated in a large-scale community population. Mean-

while, studies have pointed to the use of composite endpoints (includ-

ing all-cause death) for CVD risk stratification because they better

reflect the ‘total vascular burden’ compared with isolated outcomes.18

Our goal is to assess the joint impacts and risk reclassification capacity

of RC and Lp-PLA2 levels with the onset of composite adverse events

using an asymptomatic multi-vascular abnormality community (asymp-

tomatic polyvascular abnormalities community study [APAC]).

2 | METHODS

2.1 | Study design and population

The participants and data for the APAC were drawn from the Kailuan

study, which includes 2047 current and retired Kailuan employees

and retirees in Tangshan.19 A total of 1864 participants were followed

from 2010 to 31 December 2022, after excluding those with abnor-

mal Lp-PLA2 values (n = 9) and missing data on total cholesterol (TC),

high-density lipoproteins (HDL)-C and LDL cholesterol (LDL-C)

(n = 174). According to Helsinki Declaration guidelines, the study was

approved by the Ethics Committees of Kailuan General Hospital and

Beijing Tiantan Hospital. Informed consent was obtained from all par-

ticipants in writing.

2.2 | Baseline data collection

Researchers collected baseline data from participants by using stan-

dardized questionnaires. These included demographic information,

history of disease, lifestyles and blood biochemical measurements.
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Education level was classified into two categories: middle school or

below and college or above. Body mass index (BMI) was calculated by

dividing measured weight in kilograms by the square of measured

height in metres. Blood pressure was measured using an automatic

digital blood pressure monitor. Diabetes is defined as a fasting blood

glucose level ≥7.0 mmol/L, any use of antidiabetic medications, or any

self-reported history of diabetes. Hypertension was defined as sys-

tolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg,

any use of antihypertensive medications, or self-reported history of

hypertension. HHcy was defined as blood plasma Hcy >15 μmol/L.

The clinical characteristics and biochemical indicators were assessed

at Kailuan General Hospital. The detailed protocol and assessment

standard were described in a previous study.18

2.3 | Serum RC and Lp-PLA2 measurements

Serum Lp-PLA2 mass was measured using an enzyme-linked immuno-

sorbent assay kit (R&D Systems, Minneapolis, MN, USA). The samples

were divided into two groups based on the median value of Lp-PLA2

expression: high level (Lp-PLA2+, >141 ng/mL) and low level (Lp-

PLA2�, ≤141 ng/mL). The calculation for RC was done by subtracting

HDL-C and LDL-C from the TC. According to the manufacturer's

instructions, TC and HDL-C/LDL-C were measured using the Enzy-

Chrom AF HDL and LDL/very LDL Assay cholesterol quantification kit

(BioAssay Systems, Hayward, USA). Similarly, the participants were

divided into two groups according to the median value of RC: high

level (high-RC, >0.8 mmol/L) and low level (low-RC, ≤0.8 mmol/L).

2.4 | Outcome assessment

All participants were followed by face-to-face interviews at every

2-year routine medical examination until 31 December 2022 or until

death. Follow-up was conducted by hospital physicians, research phy-

sicians and research nurses blinded to the baseline data. Where face-

to-face meetings were not possible, participants were followed up for

2 years using available clinical records and this follow-up was

extended when additional clinical data was available. For patients who

experienced multiple clinical cardiovascular events during follow-up,

the combined endpoint recorded as the first clinical event occurring

during follow-up, including myocardial infarction (MI), stroke or all-

cause death, was predefined as the primary outcome of this study. MI

was defined by site physicians in accordance with ACC/AHA guide-

lines and the World Health Organization Universal Definition of

MI. The definition of stroke included ischaemic stroke, intracerebral

haemorrhage and subarachnoid haemorrhage. Participants who expe-

rienced any type of stroke or MI were classified as having experienced

major adverse cardiovascular events (MACEs). All-cause death is

defined as any cause of death that is confirmed by a hospital death

certificate or a local citizen registry. Clinical outcomes and events

were independently monitored and then reviewed by a Data Safety

Monitoring Board.

2.5 | Statistical analysis

Participants were divided into four groups based on the RC levels and

Lp-PLA2: low-RC/Lp-PLA2�, high-RC/Lp-PLA2�, low-RC/Lp-PLA2+

and high-RC/Lp-PLA2+. Continuous variables are presented as mean

± SD and compared using ANOVA analysis. Categorical variables are

presented as percentages and compared using χ2 test. Kaplan–Meier

estimates were utilized for generating cumulative risk, while the log-

rank test was employed to compare groups. Participants with low-RC/

Lp-PLA2� were treated as the reference group. Hazard ratios

(HR) and corresponding confidence intervals (CI) were calculated using

a Cox proportional hazards model with and without adjustment for

baseline covariates. Adjustment covariates included age, gender,

exercise, smoking, drinking, BMI, hypertension, diabetes, TG, high-

sensitivity C-reactive protein, HHcy and waist circumference. Interac-

tion testing was performed by including the interaction term of

RC*Lp-PLA2 to determine the synthetic association of RC and Lp-

PLA2 status with cardiovascular events. In addition, associations of

RC and Lp-PLA2 with outcomes were also tested in participants strati-

fied by the age of <60 versus ≥60 years and gender. Moreover,

restricted cubic spline (RCS) analyses were utilized to ascertain the

nonlinear correlation of RC and Lp-PLA2 levels with cardiovascular

events. Two-tailed p-value <0.05 was considered to be statistically

significant. All analyses were conducted with SAS version 9.4 soft-

ware (SAS Institute).

3 | RESULTS

3.1 | Baseline characteristics of eligible
participants

A total of 1864 participants were enrolled in the study in Figure S1.

Table 1 presented baseline characteristics of four groups of low-RC/

Lp-PLA2�, high-RC/Lp-PLA2�, low-RC/Lp-PLA2+ and high-RC/Lp-

PLA2+. Mean age was 60.6 years and 74.3% were men. Significant

differences were found among the groups in age, education level,

smoking status, alcohol consumption, BMI, triglycerides, hs-CRP,

waist circumference, hypertension, diabetes and HHcy (p < 0.05).

Also, we observed a tendency for more participants with hyperten-

sion and HHcy in higher Lp-PLA2 groups. In addition, there was a

higher prevalence of diabetes among participants with higher RC

levels.

3.2 | Incident events in participants with RC and
Lp-PLA2

During the 12-year follow-up period, 500 composite adverse events

were identified, including 168 strokes (9.2%), 51 MIs (2.8%),

210 MACE (11.5%) and 342 all-cause deaths (18.7%). Participants

with High-RC/Lp-PLA2+ experienced 58 stroke events (12.1%),

13 MI (2.7%), 70 MACE (14.6%), 127 all-cause deaths (26.6%) and
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175 composite endpoints (36.6%) shown in Figure S2. Kaplan–Meier

analysis also showed a significant cumulative risk increase of cardio-

vascular events in the participants of high-RC/Lp-PLA2+ with low-

RC/Lp-PLA2� (Figure 1).

3.3 | Associations of RC and Lp-PLA2 levels with
composite adverse events

Table 2 shows the associations of RC and Lp-PLA2 levels with inci-

dent composite adverse events. Participants of high-RC/Lp-PLA2+

exhibited the highest risk, with an adjusted hazard ratio (aHR) of 1.43

(95% CI: 1.07–1.91; p for interaction = 0.030) for the combined end-

point compared to the reference group of low-RC/Lp-PLA2�. When

compared with the participants of low-RC/Lp-PLA2�, the HR with a

95% CI in the group of high-RC/Lp-PLA2+ for stroke, MI, MACE and

all-cause death were 1.37 (0.87–2.16), 0.72 (0.28–1.82), 1.29 (0.85–

1.95), 1.61 (1.10–2.38) and 1.43 (1.07–1.91), respectively. After

adjusting for potential confounders, participants with solely elevated

RC, solely elevated Lp-PLA2 and elevated RC plus Lp-PLA2 were

independently associated with a 73% (adjusted HR [aHR], 1.73; 95%

CI 1.13–2.62), 150% (aHR, 2.50; 95% CI 1.71–3.64), and 61% (aHR,

1.61; 95% CI 1.10–2.38) significantly increased risk of all-cause death,

as compared to those with low-RC and Lp-PLA2. We also identified

statistical interactions between RC and Lp-PLA2 for all cardiovascular

events (p = 0.001 and 0.023 for all-cause death and composite end-

point, respectively).

3.4 | Subgroup analyses

Table 3 shows the results of the subgroup analyses according to sex

and age. The results indicate that the high-RC/Lp-PLA2+ group

showed a trend toward an increased risk of the composite endpoint

TABLE 1 Baseline characteristics of participants according to RC and Lp-PLA2 levels.

Characteristics

Overall

(n = 1864)

Low-RC/Lp-

PLA2� (n = 478)

High-RC/Lp-

PLA2� (n = 460)

Low-RC/Lp-

PLA2+ (n = 436)

High-RC/Lp-

PLA2+ (n = 490) p-Value

Age, mean ± SD, year 60.6 ± 11.6 56.8 ± 9.4 57.0 ± 9.3 62.9 ± 12.5 65.7 ± 12.2 <0.001

Male, No (%) 1385 (74.3) 375 (78.5) 336 (73.0) 323 (74.1) 351 (71.6) 0.089

Exercise frequency, No (%)

Inactive 681 (36.5) 170 (35.6) 170 (37.0) 171 (39.2) 170 (34.7) 0.715

Moderately active 471 (22.4) 110 (23.0) 109 (23.7) 87 (20.0) 111 (22.7)

Very active 766 (41.1) 198 (41.4) 181 (39.4) 178 (40.8) 209 (42.7)

Education level, No (%)

Middle school or

below

1534 (82.3) 394 (82.4) 364 (79.1) 379 (86.9) 397 (81.0) 0.018

College or above 330 (17.7) 84 (17.6) 96 (20.9) 57 (13.1) 93 (19.0)

Current drinking, No (%) 305 (16.4) 99 (20.7) 94 (20.4) 58 (13.3) 54 (11.0) <0.001

Current smoking, No (%) 723 (38.8) 214 (44.8) 198 (43.0) 138 (31.7) 173 (35.3) <0.001

BMI, mean ± SD, kg/m2 25.0 ± 3.2 25.0 ± 3.1 25.7 ± 3.1 24.4 ± 3.2 24.8 ± 3.4 <0.001

SBP, mean ± SD, mmHg 136.2 ± 20.3 134.4 ± 19.5 133.3 ± 18.7 139.5 ± 21.6 137.9 ± 20.9 <0.001

DBP, mean ± SD, mmHg 83.4 ± 11.1 84.9 ± 10.9 84.2 ± 11.4 83.6 ± 11.4 80.9 ± 10.8 <0.001

TG, mean ± SD, mmol/L 1.7 ± 1.4 1.34 ± 0.78 2.4 ± 2.0 1.3 ± 1.0 1.8 ± 1.3 <0.001

Hs-CRP, median (IQR),

mg/L

1.2 (0.6–2.6) 1.0 (0.5–2.2) 1.3 (0.7–2.6) 1.0 (0.5–2.5) 1.5 (0.7–3.4) <0.001

Waist circumference,

mean ± SD, cm

87.3 ± 9.3 87.1 ± 8.9 89.0 ± 8.7 86.2 ± 10.1 86.9 ± 9.2 <0.001

Hypertension, No (%) 1087 (58.3) 251 (52.5) 246 (53.5) 282 (64.7) 308 (62.9) <0.001

Diabetes, No (%) 316 (17.0) 63 (13.2) 85 (18.5) 66 (15.1) 102 (20.8) 0.008

HHcy, No (%) 953 (51.1) 213 (44.6) 214 (46.5) 226 (51.8) 300 (61.2) <0.001

RC, median (IQR), mmol/

L

0.8 (0.4–1.4) 0.4 (0.3–0.6) 1.4 (1.1–1.9) 0.5 (0.3–0.6) 1.3 (1.0–1.8) <0.001

Lp-PLA2, median (IQR),

ng/mL

141.0 (131.4–
159.7)

130.1 (127.5–135.3) 131.9 (128.0–135.7) 159.1 (148.0–190.8) 160.7 (147.1–195.7) <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HHcy, hyperhomocysteinaemia; Hs-CRP, high-sensitivity C-reactive protein; IQR,

interquartile range; Lp-PLA2, Lipoprotein-Associated Phospholipase A2; RC, remnant cholesterol; SBP, systolic blood pressure; TG, triglyceride.
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compared to the low-RC/Lp-PLA2� group, although this association

did not achieve statistical significance (p interaction = 0.081 and

0.677, respectively). Notably, joint association of RC and Lp-PLA2

with all-cause death was also modified by sex (p interaction = 0.036):

HR with a 95% CI in groups of high-RC/Lp-PLA2�, low-RC/Lp-

PLA2+, high-RC/Lp-PLA2+ in male population were 1.67 (1.06–

2.62), 2.53 (1.68–3.81), 1.65 (1.09–2.52), respectively. Additionally, as

compared with low-RC and Lp-PLA2, the HR with a 95% CI for all-

cause death in groups of high-RC/Lp-PLA2�, low-RC/Lp-PLA2+,

high-RC/Lp-PLA2+ among participants with age of <60 years

(p interaction = 0.01) were 1.99 (0.88–4.52), 4.05 (1.81–9.06) and

2.57 (1.08–6.14), respectively.

3.5 | RCS analysis for threshold effect of RC and
Lp-PLA2 on events

The RCS curve was employed to elucidate the nonlinear association

of RC and Lp-PLA2 with the risk of all-cause death and composite

endpoint (Figure 2). In the multiple confounder correction model,

nonlinear association was detected between RC and composite

endpoint risk and all-cause mortality (nolinearity p = 0.068 and

0.103, respectively). However, Lp-PLA2 demonstrates a linear rela-

tionship with CVD risk. Of note, a threshold effect was identified,

with a turning point observed at an RC value of 2.3 mmol/L. Below

this threshold, the risk of all-cause death and the composite end-

point remained relatively stable or even decreased, while exceeding

this level resulted in a significant increase in risk. In addition, we re-

calculated the association of cardiovascular events with Lp-PLA2

and RC level using RC of 2.3 mmol/L as the cut-off point

(Table S1).

4 | DISCUSSION

To our best knowledge, this study initially emphasizes the synthetic

effect of higher RC and Lp-PLA2 levels on composite adverse events

in the Chinese population. Composite events, including stroke, MI and

all-cause death, occurred in approximately 30.0% of participants with

high-RC/Lp-PLA2+. A combination of RC and Lp-PLA2 was associ-

ated with stroke, MI, all-cause death, MACE and composite endpoint.

The association of synthetic RC and Lp-PLA2 with composite end-

point was modified by sex or age.

We found that approximately 30% of high-RC/Lp-PLA2+ partici-

pants had composite adverse events. Previous studies have shown

positive associations between RC or Lp-PLA2 levels and cardiovascu-

lar risk. One study found that approximately 18% of participants expe-

rienced CVD events, including MI and CVD death.20 In the Action to

Control Cardiovascular Risk in Diabetes cohort, around 16% of indi-

viduals with low residual cholesterol had major cardiovascular events

over 7.7 years.21 Another study reported that about 14% of stroke

patients with elevated lipoprotein(a) and Lp-PLA2 had stroke recur-

rence.22 Similarly, around 10% of Chinese adults with high-RC and hs-

CRP experienced a stroke, consistent with our findings.23

Our study showed that RC and Lp-PLA2 together increase com-

posite adverse event risk. While the PREDIMED study confirmed the

link between RC and major cardiovascular events in high-risk

individuals,24 and other studies have associated elevated Lp-PLA2

with coronary artery disease, stroke and death,4,8,25,26 our study

observed that increased Lp-PLA2 levels were negatively correlated

with MI, although the differences were not statistically significant. Lp-

PLA2 has been reported to have both pro- and anti-inflammatory

effects, depending on whether it binds to HDL (anti-inflammatory) or

LDL (proinflammatory).27 Some studies suggest that Lp-PLA2 may

F IGURE 1 Cumulative risk of outcomes during a follow-up of 12 years in the study population. Kaplan–Meier cumulative risk curves for
stroke (A), MI (B), MACE (C), all-cause death (D) and composite endpoint (E) in participants with RC and Lp-PLA2 levels. Lp-PLA2, lipoprotein-
associated phospholipase A2; MACE, Major adverse cardiovascular events; MI, myocardial infarction; RC, remnant cholesterol.
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play a protective role by degrading platelet-activating factor and

removing oxidized phospholipids, potentially reducing MI risk under

certain conditions.28 This dual role may explain the inverse association

observed in our study. Similarly, we did not find a significant associa-

tion between RC/Lp-PLA2 levels and MACE in this cohort. The small

sample size of events for MI and MACE in our cohort may have lim-

ited the statistical power to detect significant associations. Therefore,

this finding cannot be generalized to a broader population at this time,

and larger cohort studies with higher event rates are needed to clarify

these relationships. It is worth mentioning that in our study, it was

decided to use a composite endpoint reflecting the overall burden of

atherosclerotic lesions and to include all-cause mortality in the com-

posite endpoint. Although, all-cause mortality includes noncardiovas-

cular (e.g. cancer-related) deaths, there are still many underlying

common risk factors with cardiovascular.29–33 In addition, higher RC

levels (>2.3 mmol/L) appear to contribute more to cardiovascular risk.

These results highlight the importance of RC in lipid management,

warranting further validation in larger populations. It is important to

note that significant statistical interactions were found between RC

and Lp-PLA2 levels in relation to all-cause death, as Lp-PLA2 plays a

key role in vascular inflammation by regulating lipid metabolism and

promoting monocyte migration to the arterial intima, leading to ath-

erosclerotic cardiovascular events.29,34

We further investigated the association of Lp-PLA2 combined

RC levels with composite adverse event risk across gender and age.

Our analysis revealed that this higher association of elevated serum

RC and Lp-PLA2 levels with increased risk of events has been

observed in participants with age of <60 and in male. In a previous

study on the age-dependent association of RC with CVD, a signifi-

cant interaction between age and RC on CVD risk was found, which

was consistent with our research.35 Another report in young adults

(≤40 years) noted strong RC in patients with early-onset MI.36 This

will guide us in the future by quantifying the important role of RC

and inflammation markers in the development of CVD in young male

TABLE 2 Association of Lp-PLA2
and RC level with outcomes in APAC
participants. Outcome Events, N (%)

Hazard ratios (95% CI)

p for interactionUnadjusted Adjusted

Composite endpoint 500 (27.3)

Low-RC/Lp-PLA2� 80 (16.8) Ref Ref 0.030

High-RC/Lp-PLA2� 100 (22.0) 1.38 (1.02–1.83) 1.30 (0.96–1.78)

Low-RC/Lp-PLA2+ 145 (34.2) 2.33 (1.76–3.07) 1.67 (1.25–2.23)

High-RC/Lp-PLA2+ 175 (36.6) 2.57 (1.96–3.37) 1.43 (1.07–1.91)

Stroke 168 (9.2)

Low-RC/Lp-PLA2� 39 (8.2) Ref Ref 0.145

High-RC/Lp-PLA2� 34 (7.5) 0.91 (0.57–1.47) 0.86 (0.53–1.42)

Low-RC/Lp-PLA2+ 37 (8.7) 1.03 (0.65–1.65) 0.98 (0.61–1.59)

High-RC/Lp-PLA2+ 58 (12.1) 1.50 (0.99–2.29) 1.37 (0.87–2.16)

Myocardial infarction 51 (2.8)

Low-RC/Lp-PLA2� 11 (2.3) Ref Ref 0.698

High-RC/Lp-PLA2� 20 (4.4) 2.00 (0.93–4.30) 1.74 (0.78–3.90)

Low-RC/Lp-PLA2+ 7 (1.7) 0.68 (0.25–1.87) 0.53 (0.19–1.51)

High-RC/Lp-PLA2+ 13 (2.7) 1.12 (0.48–2.65) 0.72 (0.28–1.82)

MACE 210 (11.5)

Low-RC/Lp-PLA2� 47 (9.85) Ref Ref 0.284

High-RC/Lp-PLA2� 50 (11.0) 1.14 (0.75–1.71) 1.03 (0.67–1.58)

Low-RC/Lp-PLA2+ 43 (10.1) 0.99 (0.65–1.54) 0.91 (0.58–1.42)

High-RC/Lp-PLA2+ 70 (14.6) 1.51 (1.03–2.23) 1.29 (0.85–1.95)

All-cause death 342 (18.7)

Low-RC/Lp-PLA2� 38 (8.0) Ref Ref <0.001

High-RC/Lp-PLA2� 60 (13.2) 1.71 (1.14–2.56) 1.73 (1.13–2.62)

Low-RC/Lp-PLA2+ 117 (27.6) 3.87 (2.69–5.59) 2.50 (1.71–3.64)

High-RC/Lp-PLA2+ 127 (26.6) 3.72 (2.59–5.35) 1.61 (1.10–2.38)

Note: Multivariable analysis adjusted for age, gender, exercise, smoke, drink, BMI, hypertension, diabetes,

TG, high-sensitivity C-reactive protein, waist circumference, and hyperhomocysteinaemia.

Abbreviations: APAC, Asymptomatic Polyvascular Abnormalities Community; BMI, body mass index; CI,

confidence interval; Lp-PLA2, lipoprotein-associated phospholipase A2; MACE, Major adverse

cardiovascular events; RC, remnant cholesterol; TG, triglyceride.
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population. Therefore, combining Lp-PLA2 and RC levels might be

used for prediction of future cardiovascular events in clinical practice

or CVD secondary prevention, especially in young male individuals.

However, in our study cohort, approximately 70% of the participants

were male, which may have important implications for the interpre-

tation and generalizability of our findings. CVD risk profiles differ

significantly between males and females due to biological, hormonal

and lifestyle factors. The predominance of male participants in our

cohort may therefore limit the applicability of our findings to female

populations, particularly given that postmenopausal women experi-

ence significant shifts in lipid profiles and cardiovascular risk. Future

studies with a more balanced sex distribution are warranted to

explore potential sex-specific effects and enhance the generalizabil-

ity of our results.

Several limitations should be acknowledged in this study. First,

we did not directly measure RC levels; instead, we used indirect calcu-

lations, which may overestimate its value. However, this method is

simple, cost-effective and widely used, and it provides valuable data

for clinical management. Second, most participants were from a single

community, limiting the generalizability of our results to broader

populations. Third, RC and Lp-PLA2 levels were measured only at

baseline, potentially overlooking changes over time. Lastly, although

we adjusted for potential covariates, we cannot fully rule out residual

or unmeasured confounding due to the observational nature of the

study. We explicitly acknowledge that our cohort was derived from a

single community in China, and variations in genetic, socioeconomic,

dietary and healthcare systems across APAC nations may influence

the applicability of our findings. However, several cardiovascular risk

TABLE 3 Association of RC and Lp-PLA2 levels with outcomes in APAC participants stratified by gender and age.

Outcome

Sex

p for interaction

Age (year)

p for interaction

Adjusted HR (95% CI) Adjusted HR (95% CI)

Male Female <60 ≥60

(n = 1385) (n = 479) (n = 1006) (n = 858)

Composite endpoint

Low-RC/Lp-PLA2� Ref Ref 0.081 Ref Ref 0.677

High-RC/Lp-PLA2� 1.26 (0.90–1.75) 1.29 (0.55–3.06) 1.22 (0.78–1.92) 1.34 (0.87–2.06)

Low-RC/Lp-PLA2+ 1.65 (1.21–2.25) 1.66 (0.74–3.70) 1.79 (1.11–2.89) 2.10 (1.45–3.04)

High-RC/Lp-PLA2+ 1.38 (1.00–1.89) 1.21 (0.54–2.70) 1.43 (0.86–2.38) 1.96 (1.36–2.82)

Stroke

Low-RC/Lp-PLA2� Ref Ref 0.841 Ref Ref 0.036

High-RC/Lp-PLA2� 0.82 (0.48–1.40) 1.36 (0.31–5.90) 0.81 (0.43–1.52) 0.98 (0.43–2.27)

Low-RC/Lp-PLA2+ 0.96 (0.57–1.61) 1.03 (0.24–4.42) 1.33 (0.69–2.54) 0.96 (0.46–2.00)

High-RC/Lp-PLA2+ 1.20 (0.73–1.99) 2.54 (0.70–9.25) 1.00 (0.49–2.02) 1.82 (0.94–3.53)

Myocardial infarction

Low-RC/Lp-PLA2� Ref Ref 0.803 Ref Ref 0.726

High-RC/Lp-PLA2� 1.86 (0.81–4.29) 0.36 (0.02–8.45) 1.91 (0.68–5.39) 1.41 (0.40–4.98)

Low-RC/Lp-PLA2+ 0.49 (0.16–1.50) 0.23 (0.01–6.35) 0.00 (0.00–0.00) 0.92 (0.25–3.35)

High-RC/Lp-PLA2+ 0.72 (0.27–1.92) 0.10 (0.00–3.50) 0.90 (0.22–3.74) 0.65 (0.18–2.33)

MACE

Low-RC/Lp-PLA2� Ref Ref 0.917 Ref Ref 0.114

High-RC/Lp-PLA2� 1.01 (0.64–1.60) 1.14 (0.31–4.24) 0.99 (0.57–1.71) 1.12 (0.55–2.28)

Low-RC/Lp-PLA2+ 0.87 (0.54–1.41) 0.91 (0.25–3.29) 1.13 (0.60–2.11) 0.94 (0.49–1.82)

High-RC/Lp-PLA2+ 1.17 (0.74–1.84) 1.75 (1.55–5.57) 1.04 (0.55–2.00) 1.60 (0.88–2.91)

All-cause death

Low-RC/Lp-PLA2� Ref Ref 0.036 Ref Ref 0.010

High-RC/Lp-PLA2� 1.67 (1.06–2.62) 1.35 (0.47–3.90) 1.99 (0.88–4.52) 1.47 (0.91–2.38)

Low-RC/Lp-PLA2+ 2.53 (1.68–3.81) 2.02 (0.78–5.26) 4.05 (1.81–9.06) 2.56 (1.68–3.90)

High-RC/Lp-PLA2+ 1.65 (1.09–2.52) 0.70 (0.25–1.99) 2.57 (1.08–6.14) 1.87 (1.23–2.85)

Note: Multivariable analysis adjusted for age, gender, exercise, smoke, drink, BMI, hypertension, diabetes, TG, high-sensitivity C-reactive protein, Waist

circumference and hyperhomocysteinaemia.

Abbreviations: APAC, Asymptomatic Polyvascular Abnormalities Community; CI, confidence interval; HR, hazard ratios; Lp-PLA2, lipoprotein-associated

phospholipase A2; MACE, major adverse cardiovascular events; RC, remnant cholesterol; TG, triglyceride.
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factors are prevalent in many countries in the Asia-Pacific region,

including a high prevalence of metabolic risk factors (e.g. diabetes

mellitus, hypertension and dyslipidaemia) and lifestyle shifts

(e.g. urbanization, sedentary lifestyle and westernized diet).37 Elevated

RC and Lp-PLA2 levels have been linked to CVD risk in diverse APAC

populations, including Japanese and Korean cohorts.38,39 Therefore,

large-scale regional collaborations are warranted to establish

population-specific risk thresholds and refine CVD prevention

strategies.

In conclusion, in a prospective cohort study of Chinese adults, we

found that RC and Lp-PLA2 levels were associated with the occur-

rence of cardiovascular events. Our findings suggest that the com-

bined assessment of RC and Lp-PLA2 may be an important indicator

for vascular risk management and a potential therapeutic target

for CVD.
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