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Elevated plasma lipoprotein-associated
phospholipase A2 levels are associated with poor
prognosis in patients with coronary slow flow
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Abstract

Background: Coronary slow flow (CSF) is characterized by reduced coronary circulation and delayed contrast
media opacity during angiography. Inflammatory responses have been observed in CSF. The correlation between
lipoprotein-associated phospholipase A2 (LpPLA2) as a vascular inflammatory factor and the prognosis of CSF
patients remains unclear. This study aims to investigate the potential correlation between plasma LpPLA2 levels and
the occurrence of major adverse cardiovascular events (MACE) in CSF patients.

Methods: A retrospective study was conducted on 285 patients with CSF who were admitted to Anging Municipal
Hospital from January 2019 to March 2023. LpPLA2 plasma levels and baseline data were collected from hospital
records; the mean thrombolysis in myocardial infarction frame count (mTFC) was calculated for each patient. Follow-up
was conducted by telephone call or cardiology clinic data, and the occurrence and timing of MACE were recorded.

Results: The median follow-up duration was 25 (95% confidence interval [Cl]: 23-27) months. During follow-up, MACE
occurred in 54 patients (18.9%), including 4 individuals who had nonfatal myocardial infarction, 6 who had arrhythmias
(4 with atrial fibrillation, 2 with frequent ventricular premature beats), and 44 who had rehospitalizations due to unstable
angina pectoris. No cardiac deaths or cerebrovascular events occurred during follow-up. We categorized LpPLA2 into
quartiles, and multivariable adjusted Cox models showed an association between LpPLA2 levels and MACE incidence
among CSF patients. Compared with the lowest quartiles, the hazard ratios for the highest quartiles of LpPLA2 levels
were 2.77 (95% Cl: 1.11-6.92) (P-trend < 0.01). Though the restricted cubic spline curve indicates a linear relationship
between LpPLA2 and MACE incidence in patients with CSF (P for nonlinearity = 0.174), the risk of MACE was relatively
flat until 247.7 ng/mL of predicted LpPLA2 levels and increased afterward, with an HR of 1.86 (95% Cl: 1.27-2.82) per
standard deviation. Kaplan—-Meier survival assessments revealed that patients in the highest LpPLA2 quartile exhibited a
worse prognosis for MACE compared with those in the lower quartiles of LoPLA2 levels (log-rank P = 0.002). Additionally,
multivariable Cox regression analyses identified mTFC, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol, and diabetes as other factors associated with the occurrence of MACE in patients with CSF.

Conclusion: Elevated plasma LpPLA2 levels were associated with MACE (rehospitalization-dominated MACE) in
patients with CSF after multivariable adjustment. In addition to LpPLA2, dyslipidemia, diabetes, and mTFC may also be
correlated with the prognosis of CSF.

Trial registration: ChiCTR2400086042, June 24, 2024 (Retrospectively registered).

Keywords: coronary artery disease, coronary slow flow, lipoprotein-associated phospholipase A2, major adverse
cardiovascular events

Nonstandard Abbreviations and Acronyms e The prognostic threshold for LpPLA2 (about

CSF coronary slow flow ;417.7n%(mL) requires external validation before clin-
: 1 1 10n.
cX C|rqumflex L o LC;PEIZDXPZ (Ciitrrf)onstrates good diagnostic value for CSF
eGFR estimated glomerular filtration rate (AUC = 0.851).
HDL-C high-density lipoprotein cholesterol
LAD left anterior descending
LDL-C Ipvv-dengity Iipop.rotein Choleste.rol 1. Introduction
LpPLA2 lipoprotein-associated phospholipase A2
MACE major adverse cardiovascular events Coronary slow flow (CSF) is characterized by a slow pro-
mTFC mean thrombolysis in myocardial gression of coronary flow velocity following the injection
infarction frame count of a contrast agent with normal or near-normal coronary
RCA right coronary artery vessels during coronary angiography.!*! This phenome-
TEC thrombolysis in myocardial infarction non was initially documented by Tambe et al.®! The inci-
frame count dence rate of CSF in coronary angiograms ranges from

1% to 7% and is frequently observed in male individu-
als, smokers, and patients at high cardiovascular risk.?

Historically, CSF patients were considered to have favor-
Highlights able prognoses due to the absence of significant coronary
artery stenosis. However, some observational studies have

LpPLA2 i iated with MACE italization- . . .
* P 15 assoclarec wit (rehospitalization indicated an association between CSF and major adverse

dominated MACE) in patients with coronary slow

flow (CSF). cardiovascular events (MACE), such as myocardial infarc-
e The mTFC, LDL-C, HDL-C, and diabetes are also cor- tion, sudden death, arrhythmias, cerebrovascular events,
related with the prognosis of CSE. and rehospitalization due to unstable angina, suggesting a

poor prognosis.** Despite being well-established clinical
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and angiographic findings, the precise pathogenic mecha-
nisms underlying CSF remain unclear. Numerous studies
have proposed that subclinical atherosclerosis, endothe-
lial dysfunction, and microvascular abnormalities may be
involved in its pathogenesis.!! Furthermore, inflammatory
responses have been observed in CSF and are implicated
in the pathological processes of CSE[”!
Lipoprotein-associated phospholipase A2 (LpPLA2),
a novel vascular-specific inflammatory cytokine and
enzyme involved in stress reaction, has also been reported
to be associated with the presence and severity of CSE.[%?
LpPLA2 is secreted by macrophage cells, often detected
in unstable coronary plaques,'” and has been shown to
mediate the inflammatory process within the vascular
wall.""! Its proinflammatory properties make LpPLA2 an
independent predictive biomarker for future cardiovas-
cular events among patients with atherosclerotic cardio-
vascular disease.['>** It remains unknown whether this
inflammatory biomarker predicts MACE in patients with
CSF. Therefore, the present study aimed to investigate the
prognostic value of LpPLA2 for MACE in patients with
CSF, extending prior observations beyond diagnosis and
severity assessment to long-term clinical risk stratification.

2. Methods
2.1. Study population

This retrospective cohort study, conducted at Anging
Municipal Hospital in Anhui Province, China, from
January 1,2019 through March 31,2023, enrolled a total
of 8,780 consecutive patients. Among them, 315 patients
were identified as having CSF confirmed by angiography
using the thrombolysis in myocardial infarction frame
count (TFC) and exhibiting normal or near-normal cor-
onary vessels (angiographic stenosis < 40%).1*) Patients
were diagnosed with CSF if at least one major epicar-
dial coronary artery had a Thrombolysis in Myocardial

Cardiac Research

Infarction (TIMI) frame count exceeding the normal
range in the absence of significant obstructive stenosis.
Those with single-vessel or multivessel involvement were
included, and the number of affected vessels was recorded
for subsequent analysis. Exclusion criteria included
incomplete angiography recordings, angiographic ste-
nosis = 40%, history of coronary revascularization, left
ventricular ejection fraction < 40%, pulmonary heart dis-
ease, organic heart disease (e.g., congenital heart disease,
severe valvular heart disease, cardiomyopathy), coronary
ectasia, coronary myocardial bridge, coronary artery
spasm, atrial fibrillation, severe liver or kidney dysfunc-
tion, cancer, missing LpPLA2 data, and loss to follow-up
at the beginning (Fig. 1). To assess the diagnostic value of
LpPLA2 for CSE, we conducted additional analyses on a
control group comprising 215 consecutive patients with
complete baseline data. All of these patients underwent
coronary angiography during the same period and were
confirmed to have normal coronary flow (NCF) with nor-
mal or only mildly stenotic arteries (stenosis < 40%); the
results are presented in the additional file.

Demographic data, including age, sex, body mass
index (BMI), smoking status, post-discharge medication,
and diagnosed medical conditions (hypertension and dia-
betes), were collected at the time of angiography. Post-
discharge medication was defined as pharmacological
agents prescribed at hospital discharge and reported by
the patient as still being taken at the first follow-up assess-
ment. The following medication classes were recorded:
antiplatelet therapy (aspirin, P2Y,, inhibitors); vasodila-
tors (nitrates, including both short-acting and long-acting
formulations); and lipid-lowering agents (statins, with
atorvastatin and rosuvastatin being the most frequently
prescribed). Echocardiogram data pertaining to left ven-
tricular ejection fraction (LVEF), interventricular septal
thickness (IVST), left ventricular end-diastolic dimension
(LVEDD), left atrial anteroposterior diameter (LAAP),

[

(n=8780)

Consecutive patients undergoing coronary angiography

J

Patients with CSF
(n=315)

Excluded (primary exposure/survival data
incomplete):

LpPLA2 missing (7 =21)

Entered the study

Imputed cohort for primary analysis (n = 285)

Follow-up lost (7 =9)
-

Absence of covariates:

Cardiac ultrasound missing (» = 10)
Blood lipid missing (n = 9)

P
Complete data set

Complete-case cohort for sensitivity analysis (n = 257)
.

BMI missing (n = 8)
\Uric acid and eGFR missing (n = 1)

Figure 1. The flow chart depicts the procedure for patient enrollment and follow-up. BMI = body mass index; CSF = coronary slow flow;
eGFR = estimated glomerular filtration rate; LoPLA2 = lipoprotein-associated phospholipase A2.

187



Original Research

and the value of the E/A ratio of the mitral annulus were
recorded. Laboratory data obtained at the time of angiog-
raphy from electronic medical records included triglycer-
ide, total cholesterol, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
uric acid, platelet-to-lymphocyte ratio, neutrophil-to-
lymphocyte ratio, and estimated glomerular filtration rate
(eGFR). Uric acid, urea, creatinine, triglyceride, total cho-
lesterol, LDL-C, and HDL-C levels were measured using
a chemiluminescence method with a Roche Diagnostics
Cobas analyzer Cobas8000, ¢702 module. The eGFR
was calculated using the Chinese modified MDRD equa-
tions.["¥ Plasma LpPLA2 activity was measured using
a chemiluminescence immunoassay (Hotgen Biology
Technology Co., Ltd., Beijing, China).

The study received approval from the Ethics Committee
of Anging Municipal Hospital (Approval No.: Medical
Ethics Review [2024] No. 42) on January 9, 2024, and
was conducted in compliance with relevant guidelines
and regulations.

All research activities adhered to the principles outlined
in the Declaration of Helsinki. Additionally, informed con-
sent was obtained from all patients or their legal guard-
ians through the signing of the required documentation.

2.2. Coronary angiography

All patients underwent coronary angiography using the
standard Judkins technique with either a radial or fem-
oral artery approach. Coronary blood flow was evalu-
ated using thrombolysis in TFC, which is considered an
objective and quantitative measure. TFC was originally
defined by Gibson and refers to the number of film frames
required for the contrast agent to reach distal landmarks.
The first frame was determined when the contrast agent
completely filled the entrance of the coronary artery.
Distal landmarks included the distal left anterior descend-
ing (LAD) artery bifurcation (known as the “tail of the

Cardiac Research

whale”), distal circumflex (CX) artery bifurcation (the
longest lateral left ventricular wall artery branch), and
distal right coronary artery bifurcation (the first pos-
terolateral artery branch) (Fig. 2). CSF was operationally
defined as TFC > 27 frames in the absence of obstruc-
tive epicardial coronary artery disease. Given the longer
length of the LAD compared with other coronary arteries,
its TFC value was adjusted by dividing it by 1.7 to derive
a corrected TFC (cTFC). Since the criteria for TFC values
were counted at a speed of 30 frames per second during
angiography, we multiplied our study’s acquisition rate
of 15 frames/s by two when calculating TFC values. The
mean TFC (mTFC) calculated from averaging LAD, CX,
and right coronary artery TFCs was recorded. Finally, all
TFC measurements were performed by two experienced
interventional cardiologists blinded to clinical data and
Lp-PLA, levels. Each operator independently assessed
TFC in all three major coronary arteries using the stan-
dardized method. Discrepancies were resolved through
joint review to reach a consensus value for each vessel.
Although interobserver variability was not formally
quantified, the consensus-based assessment by two expe-
rienced operators minimizes the likelihood of significant
measurement bias.

2.3. Follow-up

After completing the collection of demographic and cor-
onary angiographic data from medical records, patients
initially diagnosed with CSF were followed up through
phone call invitations or available outpatient cardiol-
ogy clinic data. The follow-up evaluation focused on the
occurrence of MACE and recorded the date when MACE
occurred. In our study, MACE was defined as nonfatal
myocardial infarction, cardiac death, severe arrhythmias
(e.g., sick sinus syndrome, second-degree or higher atrio-
ventricular block, frequent ventricular premature beats,
ventricular tachycardia or ventricular fibrillation, and

Figure 2. Schematic illustration of distal landmarks for major coronary artery bifurcations. (A) The illustration depicts the distal landmarks
for LAD bifurcation, also known as the “tail of the whale,” and CX bifurcation, which represents the longest branch of the lateral left ven-
tricular wall artery. (B) The illustration depicts the distal landmark of the RCA bifurcation, defined as the first posterolateral arterial branch.
CX = circumflex; LAD = left anterior descending; RCA = right coronary artery.
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paroxysmal or persistent atrial fibrillation), rehospitaliza-
tion due to unstable angina, and cerebrovascular events.
Rehospitalization due to unstable angina was defined as
admission during follow-up for unstable angina symp-
toms confirmed by the attending physician, meeting all
of the following criteria: Typical ischemic ECG changes
during symptoms (new or transient ST-segment depres-
sion 2 0.5 mV or T-wave inversion 2 0.2 mV in > 2 con-
tiguous leads); High-sensitivity troponin I/T levels below
the 99th percentile upper reference limit, or only minor
fluctuations not meeting the diagnostic threshold for
myocardial infarction; Symptoms requiring hospitaliza-
tion, with exclusion of admissions for elective percuta-
neous coronary intervention (PCI), heart failure, or other
noncardiovascular causes.

2.4. Statistical analysis

All analyses were performed using R statistical software
version 3.6.1 (R Foundation). Data were described as
means and SDs for continuous variables. The Shapiro-Wilk
test was conducted to determine the distribution of quanti-
tative variables. Categorical variables were described using
frequency with percentage. To clinically examine the asso-
ciation between plasma LpPLA2 levels and incident MACE
in CSF patients, LpPLA2 levels were divided into quar-
tiles. Baseline characteristics are summarized according to
LpPLA2 quartiles and compared using analysis of variance,
the Kruskal-Wallis test, or the chi-square test, depending on
data types and distributions.

We calculated the person-time of follow-up for each
participant included in the study from the date of CSF
diagnosis (January 1, 2019 to March 31, 2023) survey
until the occurrence of MACE, loss to follow-up, or the
end of follow-up (March 31, 2024), whichever came first.
Incidence rates of MACE per 100 person-years were cal-
culated based on LpPLA2 quartiles. Cox regression anal-
ysis was conducted to calculate hazard ratios with 95%
confidence intervals (Cls), using LpPLA2 as the exposure
variable and considering the lowest quartiles as the refer-
ence. To minimize overfitting, we selected candidate vari-
ables with P < 0.1 in univariate analysis for multivariable
Cox regression, then retained only statistically significant
covariates to streamline the model. To assess robustness,
we constructed three multivariable models with progres-
sively fewer covariates: Model 1: Adjusted for age and
sex only (minimally adjusted model). Model 2: Adjusted
for age, sex, and significant covariates from multivariable
analysis. Model 3: Adjusted exclusively for significant
covariates (most parsimonious model). The trend test uti-
lized median values from each LpPLA2 quartile as a con-
tinuous variable within the model. Kaplan—-Meier curves
depicted MACE rates across LpPLA2 quartiles assessed
via log-rank testing. Additionally, potential nonlinear
relationships were explored through 4-knotted restricted
cubic spline (RCS) regression (the knots being determined
by Akaike information criterion between 3 and 7). The
reference value (HR = 1) was set at the 10th percentiles,
while knots corresponded to Sth, 35th, 65th, and 95th
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percentiles. Meanwhile, univariate and multivariate Cox
proportional hazards regression were performed to deter-
mine predictive variables for the occurrence of MACE
among CSF patients. In multivariable analyses, only
those variables with P <0.1 based on univariate test-
ing were taken into account, and LpPLA2 was handled
as an unprocessed continuous variable in these models.
Receiver operating characteristic (ROC) curve analysis
was used to evaluate the predictive value of LpPLA2 for
the diagnosis of CSFE. To evaluate the incremental predic-
tive value, we compared the time-dependent areas under
the curve (AUCs) of LpPLA2 and mTFC for MACE at 1,
2, and 3 years. However, due to substantial censoring and
limited events beyond 3 years, stable ROC curves could
not be constructed for 4- and S5-year follow-up. Of the
285 patients who completed follow-up, 28 (9.8%) had
missing covariate information pertaining to echocardio-
graphic data, blood lipids, body mass index, eGFR, and
uric acid. Missing data were assumed to be missing at
random and were handled using multiple imputation
with chained equations, based on pooled results from five
replications. The imputed dataset (7 = 285) was defined
as the primary analysis population, with results from this
population presented as the main findings throughout the
manuscript. Complete-case analysis (7 =257) was per-
formed as a sensitivity analysis to assess the robustness of
the findings. Two-sided P < 0.05 was deemed statistically
significant.

3. Results

315 patients were identified as having CSF from 8,780
patients evaluated, resulting in an incidence rate of
3.59%. We excluded patients with missing LpPLA2 data
or complete loss to follow-up, as LpPLA2 is the primary
exposure variable and follow-up information is essential
for survival analysis. After excluding 21 patients with
missing LpPLA2 data and 9 patients lost to follow-up,
2835 patients were included in the final analysis.

Table 1 presents the comparison of baseline data across
LpPLA2 quartiles (Quartile 1: < 221.7ng/mL, Quartile
2: 221.7-247.7ng/mL, Quartile 3: 247.7-275.0ng/mL,
Quartile 4: > 275.0ng/mL). Among the 285 patients, 194
(68.1%) were male, with a mean age of 54.1 years and a
mean mTFC of 31.2 frames. Statistically significant dif-
ferences were observed in left ventricular end-diastolic
dimension, mTFC, LDL-C, and triglyceride levels among
different LpPLA2 quartiles.

Following a median follow-up period of 25 (95% CI:
23-27) months calculated using the reverse Kaplan—-Meier
method, MACE occurred in 54 patients (18.9%). This
included nonfatal myocardial infarction in four indi-
viduals, arrhythmias in six individuals (four with atrial
fibrillation and two with frequent ventricular premature
beats), and rehospitalization due to unstable angina pec-
toris in 44 patients. No cardiac deaths or cerebrovascular
events occurred during the CSF patient follow-up period
in our study. Among the 54 patients who suffered MACE
during follow-up, 5 patients underwent repeat coronary
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Baseline characteristics of 285 participants according to LpPLA2 quartiles.

Quartile 1 (< 221.7

Quartile 2 (221.7-

Quartile 3 (247.7- Quartile 4 (> 275.0

Variables ng/mL) (N = 73) 247.7ng/mL) (N=70) 275.0ng/mL) (N=T71) ng/mL) (N=71) P
Clinical characteristics
Age (year) 60.12 = 11.71 57.63 + 8.48 59.62 + 10.58 58.85+1256  0.516
e 46 (63%) 47 (67.1%) 48 (67.6%) 53 (74.6%) 0.511
BMI (kg/m?) 24.78 +5.22 24.41 + 3,51 24.48 + 2.99 24.83 + 2.65 0.640
Hypertension 23 (31.5%) 28 (40%) 28 (39.4%) 30 (42.3%) 0.568
Diabetes 7 (9.6%) 10 (14.3%) 9 (12.7%) 5 (7%) 0.517
Smoking history 25 (34.2%) 19 (27.1%) 21 (29.6%) 25 (35.2%) 0.695
Laboratory parameters
LVEF (%)" 63.80 = 7.23 61.89 = 8.06 61.78 + 7.74 60.56 = 8.90 0.226
LAAP (mm) 33.70 + 5.74 33.84 +7.17 33.71 +5.70 35.89 + 8.00 0.246
VST (mm)” 9.30 = 1.68 9.27 + 0.96 9.20 + 1.31 9.26 +1.29 0916
LVEDD (mm) 45.83 = 4.60 46.33 + 6.19 46,57 + 5.40 4897 =585  0.010
E/A ratio , 1.00 = 0.47 113 +0.58 1.04 = 0.4 1.05 = 0.48 0.780
Platelet-to-lymphocyte ratio 12471 +51.03 113.89 + 46.45 12393 + 54,13 127.92+71.84  0.675
Neutrophil-to-lymphocyte ratio 2.50 + 1.80 231+ 1.14 250 +1.19 3.36 +3.16 0548
Uric acid (mol/L)* 338.33 + 87.44 336.37 + 89.62 340.15 + 99.28 36155+94.16  0.413
Triglyceride (mmol/L)* 1.45 + 0.81 1.59 + 0.74 141 +0.73 1.62 +0.77 0.031
Total cholesterol (mmol/L) 3.95 + 0.87 416+ 0.80 424 +0.90 421 +0.85 0.161
HDL-C (mmol/Ly* 127 £0.33 116 +0.25 118 £0.30 114 £0.32 0.066
LDL-C (mmol/L) 1.96 +0.70 227 +0.77 237+0.72 2.36 +0.81 0.003
€GFR (mL/min) 93.21 + 19.37 98.83 + 21.15 94.93 + 22.41 90.39+2260  0.127
CSF vessels number 1.85 = 0.86 2.20 +0.79 213+0.77 2.01+0.82 0.063
_MTFC (frames) - 29.92 + 4.55 31.07 +4.92 32.02 + 4.83 32.00 + 4.38 0.034
Discharge cardiovascular medications
Nitrates 26 (35.6%) 31 (44.3%) 40 (56.3%) 36 (50.7%) 0.076
Amiplarclet.agents 41 (56.2%) 37 (52.9%) 33 (46.5%) 31 (43.7%) 0.419
Statins 59 (80.8%) 56 (80%) 53 (74.6%) 49 (69%) 0317

CSF = coronary slow flow; E/A = the value of E/A ratio of mitral annulus; eGFR = estimated glomerular filtration rate; HDL-C = high-density lipoprotein cholesterol; IVST = interventricular septal
thickness; LAAP = left atrial anteroposterior diameter; LDL-C = low-density lipoprotein cholesterol; LVEDD = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction.

*Missing data exist (refer to the flowchart for details).

angiography. These included 4 patients with myocardial
infarction; all 4 were found to have developed obstruc-
tive lesions requiring percutaneous coronary interven-
tion, and one patient with rehospitalization for unstable
angina. This patient had single-vessel coronary slow flow
at baseline, with the affected vessel showing approxi-
mately 30% stenosis on initial angiography. Repeat angi-
ography revealed persistent slow flow in the same vessel,
with mild progression of the preexisting lesion from
approximately 30% to 40% stenosis, while other vessels
remained angiographically normal without slow flow.
The composite endpoint was dominated by rehospitaliza-
tion for unstable angina (44 out of 54 events, 81.5%),
with no cases of cardiovascular death or stroke observed
during follow-up. Therefore, the term “rehospitalization-
dominated MACE” (as noted in the Abstract conclusion)
is used to describe this outcome, acknowledging the pre-
dominance of rehospitalization events and the absence
of hard clinical endpoints. Due to the predominance
of rehospitalization for unstable angina (44/54 events)
and the insufficient number of remaining events (7 = 10,
including only 4 myocardial infarctions and no cardiac
deaths or cerebrovascular events) to support meaningful
analysis, separate subgroup analyses were not performed.

The associations between plasma LpPLA2 levels and
incident MACE in CSF patients are presented in Table 2.
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In models 1 to 3, statistically significant associations were
observed when comparing the highest versus the lowest
quartiles of LpPLA2 levels, with multivariate-adjusted haz-
ard ratios (95% ClIs) of 4.12 (95% CI: 1.67-10.17), 3.04
(95% CI:1.22-7.60),and 2.77 (95 % CI: 1.11-6.92), respec-
tively. Across all three models, LpPLA2 levels were associ-
ated with MACE in CSF patients, supporting the robustness
of our findings despite the limited number of events. The P
values for trend tests were all significant (P < 0.01). The inci-
dence rates of MACE ranged from 4.13 to 15.76 per 100
person-years across the quartiles of LpPLA2 levels. Similar
results were obtained when analyzing the complete-case
cohort (eTable 1, Supplemental Digital Content, https:/
links.lww.com/CARES/A20). Kaplan—Meier survival curves
showed that CSF patients in the highest LpPLA2 quartile
experienced more rehospitalization-dominated MACE
than those in the lower quartiles (log-rank test P = 0.002)
(Fig. 3A). Estimates beyond 48 months should be inter-
preted with caution due to the small number of at-risk par-
ticipants in all groups.

An RCS analysis, based on a multivariable corrected
model identical to model 3, was employed to visually
represent the relationship between plasma LpPLA2 levels
and incident MACE in CSF patients. The risk of MACE
incidence remained relatively stable until around a pre-
dicted LpPLA2 level of 247.7 ng/mL, after which it began
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LpPLA2 quartiles and the hazard ratio of MACE in 285 participants.

Model 1* Model 2t Model 3¢

LpPLA2 (ng/mL, Person

median [range]) Cases years HR (95% Cl) P for trend HR (95% Cl) P for trend HR (95% CI) P for trend

Q1 (208.3 [< 221.7)) 6 145.25 Reference Reference Reference

Q2 (234.3 7 145.08  1.23(0.41-3.67) 0.71 (0.23-2.21) 0.66 (0.21-2.04)
[221.7-247.7))

Q3 (260.3 17 19558  1.66 (0.64—4.26) 0.91 (0.34-2.41) 0.92 (0.34-2.45)
[247.7-275.0))

Q4 (289.2 [> 275.0]) 24 152.33  4.12(1.67-10.17) < 0.001 3.04 (1.22-7.60) 0.001 2.77 (1.11-6.92) 0.002

*Model 1 was adjusted for age and sex.
Model 2 was adjusted for age, sex, mTFC, HDL-C, LDL-C, and diabetes.
*Model 3 was adjusted for mTFC, HDL-C, LDL-C, and diabetes.

to increase, though with a linear trend overall (P for non-
linearity = 0.174); above this threshold, the hazard ratio
per standard deviation higher predicted LpPLA2 level was
found to be 1.86 (95% CI: 1.27-2.82) (Fig. 3B). Similar
results were obtained when the analysis was performed
on the complete-case cohort (eFigure 1, Supplemental
Digital Content, https://links.Jww.com/CARES/A20).

The occurrence of MACE among patients with CSF was
investigated using univariate and multiple Cox regression
analyses to identify independent predictors. The multiple
Cox regression analyses, which included variables with
P < 0.1 based on the univariate analysis, revealed that the
incidence of MACE was associated with levels of LpPLA2
(as an unprocessed continuous variable analyzed in the
model) (HR: 1.01,95% CI: 1.00-1.02, P = 0.012), mTFC
(HR: 1.13, 95% CI: 1.03-1.23, P = 0.012), LDL-C (HR:
1.51,95% CI: 1.04-2.18, P = 0.043), HDL-C (HR: 0.33,
95% CI: 0.11-0.99, P = 0.049), and diabetes (HR: 2.83,
95% CI: 1.38-5.84, P =0.006) (Table 3). To evaluate
incremental value, we compared time-dependent AUCs of
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LpPLA2 and mTFC for MACE at 1 to 3 years. Beyond
three years, stable ROC curves were not feasible due to
limited events and censoring. LpPLA2 showed higher
AUGC:s in the first 2 years, but differences were not signif-
icant. Thus, LpPLA2 did not demonstrate superior prog-
nostic value over mTFC in CSF patients (Fig. 4).

Comparison between the CSF group (n = 285) and the
NCEF group (n =215) revealed that LpPLA2 levels were
significantly higher in CSF patients than in those with
normal flow (P < 0.001) (eTable 2, Supplemental Digital
Content, https://links.lww.com/CARES/A20). ROC curve
analysis demonstrated that LpPLA2 had good predictive
value for the diagnosis of CSF (AUC = 0.851, P < 0.001)
(eFigure 2, Supplemental Digital Content, https:/links.
lww.com/CARES/A20).

4. Discussion

In our study, 315 patients were identified with CSF out
of 8,780 patients who underwent angiography, resulting

B Median = 247.7 ng/mL

-y
»n

——'—
< median (247.7 ng/mL) I' > median (247.7 ng/mL)

HR per SD: 0.93 ~ HR per SD: 1.86
95%Cl: 0.47 to 1.93 ' 95%CI: 1.27 t0 2.82

©

L

P for overall = 0.023
P for non-linear = 0.174

[
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Hazard ratio for major adverse cardiovascular events

200 250 300
LpPLA2(ng/mL)

Figure 3. Association between LpPLA2 levels and incident MACE in CSF patients, analyzed by quartile stratification and restricted cubic
spline (RCS) regression. (A) Kaplan-Meier curves of MACE rates in 285 CSF patients across LpPLA2 quartiles. (B) Association of pre-
dicted LpPLAZ2 levels with incident MACE in 285 CSF patients through a 4-knotted RCS curve adjusted for covariates in model 3. Hazard
ratio is indicated by a solid line and 95% confidence intervals by the shaded area. The reference point was set at the tenth percentile, while
knots corresponded to the 5th, 35th, 65th, and 95th percentiles. The standard deviation for LoPLA2 levels was 37.88ng/mL. LpPLA2 =

lipoprotein-associated phospholipase A2.
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Univariate and multivariate predictors of incident MACE in CSF patients.

Univariable Multivariable
HR (95% Cl) P HR (95% Cl) P

Age 1.02 (1.00-1.05) 0.103

Male 1.32 (0.67-2.58) 0.420

BMI 0.96 (0.88-1.05) 0.379

Hypertension 1.17 (0.68-2.04) 0.571

Diabetes 2.06 (1.03-4.13) 0.041 2.83(1.38-5.84) 0.006
Smoking history 1.71(0.98-2.97) 0.057 1.64 (0.91-2.96) 0.101
LVEF 1.00 (0.97-1.03) 0.961

LAAP 1.01 (0.97-1.05) 0.629

VST 1.01 (0.82-1.25) 0.925

LVEDD 1.01 (0.96-1.07) 0.600

E/A ratio 0.95 (0.54-1.67) 0.849

Platelet-to-lymphocyte ratio 1.01 (1.00-1.01) 0.019 1.01 (0.99-1.01) 0.117
Neutrophil-to-lymphocyte ratio 1.19 (1.04-1.35) 0.009 1.05 (0.87-1.27) 0.596
Uric acid 1.00 (1.00-1.00) 0.922

Triglyceride 1.22 (0.91-1.63) 0.186

Total cholesterol 1.21 (0.87-1.67) 0.258

HDL-C 0.42 (0.16-1.06) 0.067 0.33 (0.11-0.99) 0.049
LDL-C 1.54 (1.08-2.21) 0.017 1.51 (1.04-2.18) 0.043
eGFR 0.99 (0.98-1.00) 0.072 0.99 (0.98-1.00) 0.103
mTFC 1.12 (1.05-1.19) < 0.001 1.13(1.03-1.23) 0.012
CSF vessels number 1.42 (1.00-2.03) 0.052 0.85 (0.48-1.53) 0.588
LpPLA2 1.01 (1.01-1.02) < 0.001 1.01 (1.00-1.02) 0.012
Nitrates 1.35(0.77-2.35) 0.294

Antiplatelet agents 0.82 (0.47-1.41) 0.470

Statins 1.36 (0.69-2.64) 0.373

BMI = body mass index; CSF = coronary slow flow; E/A = the value of E/A ratio of mitral annulus; eGFR = estimated glomerular filtration rate; HDL-C = high-density

lipoprotein cholesterol; IVST = interventricular septal thickness; LAAP =
associated phospholipase A2; LVEDD =
frame count.

in an incidence rate of 3.59%, consistent with the previ-
ously reported range of 1% to 7%.!" Following a median
follow-up period of 25 months, CSF patients meeting the
inclusion criteria exhibited a high incidence rate (18.9%)
of MACE, with rehospitalization due to unstable angina
accounting for the majority (15.4%). Our analysis sug-
gests that LpPLA2 may predict the occurrence of MACE
during follow-up in CSF patients. According to consensus
recommendations, LpPLA2 levels > 200ng/mL indicate
increased cardiovascular risk,"” with 235 ng/mL (the 50th
percentile) also proposed as a conservative cut point.!'8!
These thresholds are intended for risk stratification rather
than as therapeutic targets. In our study of CSF patients,
RCS analysis demonstrated a linear relationship between
LpPLA2 and MACE risk (P for nonlinearity = 0.174).
However, visual inspection suggested that the risk curve
began to rise more appreciably around the median value
(about 247.7 ng/mL). Therefore, we exploratorily selected
this median as a potential cutoff to facilitate clinical inter-
pretation, and we acknowledge that external validation
in independent cohorts is necessary before clinical appli-
cation. Moreover, the hazard ratio for LpPLA2 as a con-
tinuous variable was 1.01 (95% CI: 1.00-1.02) per ng/
mL, indicating a very modest absolute effect size per unit
increase. Consequently, the observed association should
not be overinterpreted as reflecting large individual risk

left ventricular end-diastolic dimension; LVEF =

left atrial anteroposterior diameter; LDL-C =
left ventricular ejection fraction; mTFC = mean thrombolysis in myocardial infarction
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low-density lipoprotein cholesterol; LpPLA2 = lipoprotein-

variations. Our exploratory threshold of 247.7ng/mL is
slightly higher than the established consensus cut points of
200 or 235 ng/mL. This difference may reflect the unique
characteristics of our CSF population or the specific out-
come measure (MACE) examined. Consistent with prior
recommendations, we emphasize that this threshold is
proposed for risk stratification purposes rather than as
a therapeutic target. Despite its exploratory nature, iden-
tifying a potential threshold may offer the following
advances: It provides a preliminary reference point for cli-
nicians to identify CSF patients at potentially higher risk
of adverse outcomes; It may inform the design of future
prospective studies by suggesting a cutoff for risk strat-
ification or patient enrollment. In addition to LpPLA2,
multiple Cox regression analyses indicated that mTFC,
LDL-C, HDL-C, and diabetes were also associated with
the occurrence of MACE in CSF patients.

Common characteristics of CSF were usually identified
by comparing clinical data between patients with CSF
and those with normal coronary artery flow through sev-
eral observational studies. Most studies have reported a
higher prevalence of CSF in men, smokers, and patients
with high CV risks.”! A cross-sectional study involving
124 patients revealed that CSF patients were predomi-
nantly male, had a history of smoking and hypertension,
as well as elevated laboratory indicators such as lipids
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B Time-dependent ROC of mTFC
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Figure 4. Rehospitalization-dominated ROC curve comparison: time-dependent AUC of (A) LpPLA2, (B) mTFC, (C) LpPLA2 versus
mTFC for MACE at different time points. AUC = areas under the curve; LpPLA2 = lipoprotein-associated phospholipase A2; mTFC =
mean thrombolysis in myocardial infarction frame count; ROC = receiver operating characteristic.

and mean platelet volume. Furthermore, these subjects
displayed subtle declines in diastolic function alongside
an overall reduction in longitudinal strain during cardiac
ultrasound assessments.!"”) Notably highlighted by Yilmaz
et al.,?% within the context of suspected atherosclerotic
heart disease necessitating coronary angiography proce-
dures, those affected by CSF exhibited an increased like-
lihood of presenting metabolic syndrome hallmarked by
hyperglycemia, hyperlipidemia, and overweight when
compared with counterparts demonstrating normal cor-
onary blood flow velocities. A recent study found that
decreased retinal microvascular density may serve as a
potential biomarker for the diagnosis of CSE.?!

Cohort studies have shown that around two-thirds of
patients with CSF present with acute coronary syndrome,?!
typically characterized by recurrent chest pain, mainly at
rest, and accompanied by electrocardiogram changes.
While most CSF patients have a favorable prognosis in
terms of major cardiovascular events, the persistent epi-
sodes of chest pain can significantly impact their quality of
life. Additionally, several cases have reported that clinical
manifestations of CSF also include malignant arrhythmias
and sudden death.??! Further studies have identified CSF
as a risk predictor for myocardial ischemia, myocardial
infarction, arrhythmia, and sudden cardiac death.!>3->)

Although CSF has been found to be associated with
vascular endothelial dysfunction, microvascular disease,
insulin resistance, oxidative stress, and adipocytokines,
the exact mechanisms remain unclear.!!! Inflammation
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plays a crucial role in the human immune response, serv-
ing dual functions in defense mechanisms. Initially, it
protects physiological homeostasis against infection and
tissue damage, but should be promptly resolved once
infectious agents are eliminated or initial tissue injuries
are repaired. Failure to resolve inflammation can lead to
tissue dysfunction and other adverse consequences.>%27]
Studies have confirmed that inflammation is a risk factor
for various cardiovascular diseases,?® and inflammatory
responses have also been observed in CSE!""! Plasma sol-
uble adhesion molecules and inflammatory markers were
found to be significantly elevated in CSF patients, includ-
ing C-reactive protein,?’! interleukin-6,>") platelet-to-
lymphocyte ratio,?” neutrophil-to-lymphocyte ratio,B"
matrix metalloproteinase-9, and soluble CD40 ligand.?*?

LpPLA2 has been proposed as a novel independent
inflammatory marker and has been associated with var-
ious vascular diseases in epidemiological studies.[*33!
Numerous studies have established LpPLA2 activity as an
independent predictor of CHD outcomes in the general
population.'*34 Recent research has shown that elevated
plasma LpPLA2 levels are also linked to the onset and
severity of CSE® Our study suggests that LpPLA2 can
function as a prognostic indicator for rehospitalization-
dominated MACE in CSF patients. LpPLA2, originally
known as platelet-activating factor acetylhydrolase due
to its hydrolytic activity on platelet-activating factor," is
primarily secreted by macrophages and circulates in the
bloodstream bound to LDL and HDL.®% LpPLA2 has the
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ability to hydrolyze and oxidize LDL into two biologi-
cally active products, oxidized nonesterified fatty acids
and lysophosphatidylcholine, which act as proinflamma-
tory substances derived from LpPLA2, inducing immune
responses and oxidative stress.’”! As CSF has been found
to be associated with vascular endothelial dysfunction
and oxidative stress,!! this may provide a link between
LpPLA2 activity and CSF pathogenesis. There is evidence
indicating that LpPLA2 plays a role in the initiation and
progression of atherosclerosis; the proatherogenic func-
tion of LpPLA2 is believed to stem from its proinflamma-
tory byproducts, which may facilitate the development of
atherosclerotic plaques and ultimately contribute to the
formation of a necrotic core.l'*37! Studies have confirmed
that early atherosclerosis is involved in the occurrence
and development of CSE 38! which might be another link
between LpPLA2 and CSF pathogenesis. In our study,
when LpPLA2 was divided into quartiles, the results of
multimodel Cox regression indicated that the highest
level of LpPLA2 was associated with a higher incidence
of MACE compared with the lowest level in CSF patients.
When considered as a continuous variable, although the
RCS curve suggests an overall linear relationship between
LpPLA2 and MACE rate, the linear relationship becomes
more pronounced when plasma levels of LpPLA2 exceed
247.7ng/mL. The mechanisms underlying the associa-
tion between LpPLA2 and rehospitalization-dominated
MACE in CSF are not fully understood. The most plau-
sible hypothesis suggests that unresolved inflammatory
responses mediated by LpPLA2 may contribute to vas-
cular endothelial dysfunction, oxidative stress, and early
atherosclerosis, thereby playing a role in the initiation
and progression of CSE.

In addition to LpPLA2, multiple Cox regression analy-
ses have shown that mTFC, LDL-C, HDL-C, and diabe-
tes are associated with the occurrence of MACE in CSF
patients. Previous studies have found that dyslipidemial®*’!
and mTFCB? are associated with the occurrence of MACE
in CSF patients, which is consistent with our findings. Isik
et al.*" identified diabetes as a potential predictor of CSE.
Yu et al.¥! demonstrated that diabetes was an independent
prognostic predictor of MACE in patients with normal
coronary arteries during a mean of 3.5 years of follow-up.
Our study suggests that diabetes is linked to poor prog-
nosis in CSF patients. Previous studies have indicated that
hypertension independently predicts MACE in patients
with CSE®*’! [eading to a certain number of cardiovascular
deaths over a relatively long follow-up period. However,
our study suggests that there is no significant correlation
between hypertension and the occurrence of MACE in
patients with CSF; this may be due to insufficient follow-up
time and a limited number of cases of cardiovascular death.

Despite suggesting that LpPLA2 may have predictive
value for clinical outcomes in CSF patients, several lim-
itations should be acknowledged when interpreting our
findings. First, this was a single-center retrospective study
primarily relying on telephone follow-up, which may
result in incomplete information, recall bias, and omission
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of crucial details regarding clinical outcomes. The retro-
spective design and modest sample size (7 =285) limit
generalizability and require validation in larger, multi-
center prospective cohorts. Second, the limited number of
hard clinical endpoints (cardiovascular death, myocardial
infarction, stroke) precluded robust analysis of LpPLA2’s
predictive value for these outcomes. Our findings are pri-
marily driven by rehospitalization for unstable angina
(44/54 events). Due to substantial censoring and limited
events beyond three years, stable ROC curves could not be
constructed for longer follow-up. Additionally, the short
follow-up period (initiated in 2019 when testing became
available at our institution) may affect statistical power.
Third, LpPLA2 was measured only at baseline, and we
lack data on its dynamic changes during follow-up, which
might provide additional prognostic insight. Although
we included inflammatory indicators such as platelet-
to-lymphocyte ratio and neutrophil-to-lymphocyte ratio
as confounders, other inflammatory markers (e.g., CRP,
interleukin-6) were not systematically collected due to
data limitations. Fourth, unmeasured confounding can-
not be excluded. While smoking status was included
in multivariable models, other lifestyle-related factors,
such as physical activity, alcohol consumption, and
socioeconomic status, were not systematically collected.
These unmeasured confounders may have influenced the
observed association between LpPLA2 and cardiovas-
cular outcomes. Accordingly, we explicitly acknowledge
that the modest sample size and event count, together
with potential residual confounding, preclude any defin-
itive predictive claims. Thus, our findings should be
interpreted as demonstrating an association rather than
providing evidence for a causal mechanism. Fifth, prog-
nostic outcome data for the 215 NCF patients and the
remaining > 8,000 patients who underwent angiography
were unavailable, which represents a significant limitation
of our study. Furthermore, as coronary artery stenosis is
often not apparent in CSF patients, only a small subset
of MACE patients (7 = 5) underwent repeated angiogra-
phy, limiting the assessment of stenosis progression across
LpPLA2 levels. Finally, although LpPLA2 was associated
with outcomes, the time-dependent AUC analysis showed
that its prognostic performance did not differ significantly
from that of mTFC (P > 0.05). This finding suggests that,
in clinical practice, the added value of measuring LpPLA2
beyond the readily available angiographic index mTFC
may be limited, and its routine use should be weighed
against cost and availability, and the exploratory thresh-
old identified in our RCS analysis (about 247.7 ng/mL)
requires external validation before clinical application.

In conclusion, elevated LpPLA2 levels were associ-
ated with MACE in CSF patients. Additionally, dys-
lipidemia, diabetes, and mTFC may also be associated
with CSF prognosis. However, further investigation is
needed to elucidate the exact pathophysiological mech-
anism of LpPLA2 in CSF, and prospective multicenter
studies with larger sample sizes are required to validate
our findings.
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