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Abstract
Background: Previous studies have shown that discordance between blood lipids
is associated with severe coronary events in patients with coronary heart dis-
ease, which may lead to overestimation or underestimation of their risk of coro-
nary events. Currently, the clinical significance of discordance between rem-
nant lipoprotein cholesterol (RLP-C) and non-high-density lipoprotein choles-
terol (non-HDL-C) remains unclear. Objective: To determine the association
between discordance of RLP-C and non-HDL-C and the severity of coronary
artery stenosis in patients with coronary heart disease. Methods: A retrospec-
tive analysis was conducted on 421 patients from a previous prehypertension
cohort study database who had complete coronary angiography records and
complete Gensini score calculations. They were divided into 4 groups based on
the median levels of RLP-C and non-HDL-C in the cohort: Group 1: RLP-C
< median RLP-C and non-HDL-C < median non-HDL-C; Group 2: RLP-C <
median RLP-C and non-HDL-C ≥ median non-HDL-C (discordant low RLP-C
group); Group 3: RLP-C ≥ median RLP-C and non-HDL-C
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Abstract

Background: Previous studies have demonstrated that discordance between
lipid parameters is associated with major coronary events in patients with coro-
nary heart disease and may lead to overestimation or underestimation of coro-
nary event risk. However, the clinical significance of discordance between rem-
nant lipoprotein cholesterol (RLP-C) and non-high-density lipoprotein choles-
terol (non-HDL-C) remains unclear.

Objective: To determine the association between RLP-C and non-HDL-C dis-
cordance and the severity of coronary artery stenosis in patients with coronary
artery disease (CAD).

Methods: We retrospectively analyzed 421 patients from a previous high-
normal blood pressure cohort study database who had complete coronary an-
giography records and complete Gensini score calculations. Based on the me-
dian RLP-C and non-HDL-C levels in the cohort, patients were divided into
four groups: Group 1: RLP-C < median RLP-C and non-HDL-C < median
non-HDL-C; Group 2: RLP-C < median RLP-C and non-HDL-C ≥ median
non-HDL-C (discordant low RLP-C group); Group 3: RLP-C ≥ median RLP-C
and non-HDL-C < median non-HDL-C (discordant high RLP-C group); Group
4: RLP-C ≥ median RLP-C and non-HDL-C ≥ median non-HDL-C. Groups 2
and 3 were discordant groups, while Groups 1 and 4 were concordant groups.
The severity of coronary stenosis was determined using the Gensini scoring sys-
tem. The median values of RLP-C and non-HDL-C were 0.72 mmol/L and 3.13
mmol/L, respectively.

Results: Lipid discordance was observed in 34% of patients. Severe CAD was
present in 15%, 19%, 32%, and 25% of patients in subgroups 1, 2, 3, and 4,
respectively (P = 0.033). In logistic regression models, there was no difference
in CAD severity between discordant and concordant groups (OR = 1.451, 95%
CI 0.867–2.429). However, when Group 2 (discordant low RLP-C) and Group
3 (discordant high RLP-C) were compared separately with the two concordant
groups (reference), CAD severity was significantly higher in Group 3 (OR =
2.084, 95% CI 1.110–3.912) but not in Group 2 (OR = 0.958, 95% CI 0.473–
1.939). Furthermore, after adjustment in multivariate logistic regression models,
RLP-C remained a strong predictor of severe coronary artery disease risk (OR
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= 1.911, 95% CI 1.253–2.914).

Conclusion: In our study, approximately one-third of patients exhibited discor-
dance between RLP-C and non-HDL-C. The discordant pattern of high RLP-C
with low non-HDL-C was associated with the degree of coronary stenosis and
may be considered a novel risk factor for predicting severe coronary lesions in
CAD patients, independent of age, sex, and other traditional risk factors.

Keywords: Coronary artery disease; Atherosclerosis; Remnant lipoprotein
cholesterol; Non-high-density lipoprotein cholesterol; Discordance

Introduction

Remnant lipoprotein cholesterol (RLP-C) is a triglyceride-rich lipoprotein
cholesterol that consists of very low-density lipoprotein cholesterol (VLDL-C)
and intermediate-density lipoprotein cholesterol (IDL-C) in the fasting state,
as well as remnants of these lipoproteins and chylomicrons in the non-fasting
state [1]. RLP-C has been shown to be closely associated with ischemic heart
disease (IHD) independent of traditional lipid parameters, including low-density
lipoprotein cholesterol (LDL-C), triglycerides (TG), and total cholesterol (TC)
[2-5]. The predictive and prognostic value of RLP-C in clinical practice is
receiving increasing attention.

Non-HDL-C encompasses nearly all atherogenic factors, such as LDL-C, VLDL-
C, and IDL-C. Several studies have demonstrated that non-HDL-C better pre-
dicts fatal cardiovascular disease events than LDL-C, and some national and
international guidelines recommend non-HDL-C as a secondary target for lipid
lowering [6,7]. Professor Mora from Brigham and Women’s Hospital, Harvard
Medical School, first proposed that discordance between lipid patterns may
have predictive value for coronary artery disease severity [8-10]. They found
that when LDL-C levels are discordant with non-HDL-C levels, coronary risk
may be underestimated or overestimated. In recent years, RLP-C has played
an increasingly important role in atherosclerosis, yet no studies have investi-
gated whether discordance between RLP-C and non-HDL-C is associated with
the severity of coronary lesions in CAD patients. Therefore, this study explores
this question.

Methods

1.1 General Data We retrospectively analyzed 421 patients from a previous
high-normal blood pressure cohort study database who had complete coronary
angiography records and complete Gensini score calculations. These patients
underwent coronary angiography at the General Hospital of Northern Theater
Command between January 2004 and December 2014. We further excluded 23
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patients with incomplete baseline data. None of the included patients had sys-
temic inflammation, renal or hepatic failure, hypothyroidism/hyperthyroidism,
Cushing’s syndrome, familial hyperlipidemia, or other conditions causing sec-
ondary hypercholesterolemia. Finally, data from 398 patients were used for
analysis. General patient information collected included age, sex, alcohol con-
sumption, smoking status, and statin use. The patient screening and grouping
flow chart is shown in [Figure 1: see original paper].

Note: RLP-C = remnant lipoprotein cholesterol; Non-HDL-C = non-high-
density lipoprotein cholesterol

Figure 1 Flow Chart of Patient Screening and Grouping

1.2 Angiographic Assessment The Gensini scoring system [11] is an an-
giographic scoring method widely used to assess CAD severity. Each patient’
s Gensini score was independently calculated by two experienced cardiologists
(associate chief physician or higher) based on their angiographic results. The
Gensini scoring principle assigns baseline scores of 1, 2, 4, 8, 16, and 32 for pa-
tients with luminal stenosis of 25%, 50%, 75%, 90%, 99%, and total occlusion,
respectively. This score is then multiplied by a factor indicating the lesion loca-
tion in the coronary tree (5 points for left main, 2.5 for proximal left anterior
descending or circumflex, 1.5 for mid left anterior descending, 1 for distal left
anterior descending, right coronary artery, and obtuse marginal, and 0.5 for
other branches). Patients with a Gensini score ≥ 20 were considered to have
severe CAD, approximately equivalent to ≥ 70% stenosis in the left anterior de-
scending artery [11]. Coronary heart disease diagnosis used DSA examination as
the gold standard, with CAD diagnosed when coronary stenosis involved major
branches with ≥ 50% narrowing.

1.3 Measurement and Calculation of Lipid Parameters Fasting blood
samples were collected before angiography to measure TC, LDL-C, HDL-C, and
TG levels in the laboratory. RLP-C was calculated as TC - (LDL-C + HDL-C)
[12]; non-HDL-C was calculated as TC - HDL-C [9].

1.4 Statistical Analysis Categorical variables were summarized as numbers
and percentages, while continuous variables were summarized as mean ± stan-
dard deviation (SD) for normally distributed data and median (interquartile
range, IQR) for skewed data. As there is no standard cutoff point for discor-
dance, we selected median values to define discordance for easier application to
our study population. Discordance was defined as RLP-C ≥ median RLP-C of
the total sample and non-HDL-C < median non-HDL-C of the total sample, or
RLP-C < median RLP-C and non-HDL-C ≥ median non-HDL-C. Concordance
was defined as both RLP-C and non-HDL-C being either ≥ their respective me-
dians or < their respective medians. Based on this, patients were divided into
four groups: Group 1: RLP-C < median RLP-C and non-HDL-C < median
non-HDL-C; Group 2: RLP-C < median RLP-C and non-HDL-C ≥ median
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non-HDL-C (discordant low RLP-C group); Group 3: RLP-C ≥ median RLP-C
and non-HDL-C < median non-HDL-C (discordant high RLP-C group); Group
4: RLP-C ≥ median RLP-C and non-HDL-C ≥ median non-HDL-C. Groups 2
and 3 were discordant groups, while Groups 1 and 4 were concordant groups.
Baseline characteristics of the four subgroups were compared using chi-square
tests for categorical variables and one-way ANOVA for continuous variables.
To reduce the probability of Type I error, P-values for differences in categor-
ical variables were adjusted using Bonferroni correction. Multivariate logistic
regression analysis was used to determine whether discordance was a risk factor
for severe coronary artery disease. Missing data (total missing < 20%) were
imputed using multiple imputation. Data analysis was performed using SPSS
for Windows version 26.0 (SPSS Inc., Chicago, IL, United States). A P-value
< 0.05 was considered statistically significant.

Results

2.1 Baseline Characteristics and Prevalence of Discordant Groups
The study population (n = 398) had a mean age of 58.86 (7.37) years, with
56.0% male. Baseline characteristics are shown in . Mean systolic blood pressure
was 129.3 (7.5) mmHg. Approximately one-third of patients had diabetes; 24%
had a family history of CAD; 14% consumed alcohol; nearly half were taking
statins; and 16% had multivessel coronary artery disease. Mean levels (SD) of
RLP-C, LDL-C, and non-HDL-C were 0.76 (0.54), 2.46 (0.81), and 1.23 (0.35)
mmol/L, respectively. The median Gensini score was 4 (2, 15). RLP-C levels
were positively correlated with non-HDL-C (r = 0.51, P < 0.001). Overall,
discordance between RLP-C and non-HDL-C was observed in 34.2% of patients
([Figure 2: see original paper]).

Table 1 Baseline Characteristics of the Study Population

Figure 2 Scatter Plot and Incidence of Discordance and Concordance Defined
by Median Values for RLP-C and Non-HDL-C

2.2 Baseline Characteristics of Four Subgroups Stratified by RLP-C
and Non-HDL-C Discordance and Concordance There were no statisti-
cally significant differences among the four subgroups in age, body mass index
(BMI), systolic blood pressure, fasting glucose, mean Gensini score, family his-
tory of CAD, family history of hypertension, statin use, or multivessel coronary
disease. However, significant differences were observed in sex distribution and
prevalence of severe CAD (both P < 0.05). Group 3 had a higher proportion
of patients with severe coronary lesions compared to Group 1 (32% vs. 15%,
respectively), as detailed in .

Table 2 Characteristics of Patients with Concordant and Discordant RLP-C
and Non-HDL-C
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2.3 Logistic Regression Analysis of Lipid Discordance and Severity
of Coronary Lesions In both univariate and multivariate logistic models,
there was no statistically significant difference in CAD severity between subjects
with discordant versus concordant RLP-C and non-HDL-C (unadjusted OR =
1.333, 95% CI 0.811–2.276; age- and sex-adjusted OR = 1.370, 95% CI 0.831–
2.258; age, sex, smoking, and alcohol-adjusted OR = 1.370, 95% CI 0.831–2.258;
fully adjusted OR = 1.451, 95% CI 0.867–2.429) (all P > 0.05), as shown in .
However, when comparing RLP-C < median RLP-C and non-HDL-C ≥ median
non-HDL-C (discordant low RLP-C group) and RLP-C ≥ median RLP-C and
non-HDL-C < median non-HDL-C (discordant high RLP-C group) separately
against the two concordant groups (reference), CAD severity was significantly
increased in Group 3 (OR = 2.084, 95% CI 1.110–3.912) but not in Group 2
(OR = 0.958, 95% CI 0.473–1.939), as detailed in .

Assignment specifications: Dependent variable: Gensini score ≥ 20 ($�$20
= 1, <20 = 0); Independent variables: age (assigned as actual measured value);
sex (0 = female, 1 = male); smoking (0 = no, 1 = yes); alcohol consumption
(0 = no, 1 = yes); statins (0 = no use, 1 = use); diabetes (0 = no, 1 = yes);
discordant or concordant group (0 = concordant group, 1 = discordant group).

Table 3 Results of Multivariate Logistic Regression Analysis for CAD Severity
Between Discordant and Concordant Groups

Table 4 Results of Multivariate Logistic Regression Analysis Between Choles-
terol Discordant Subgroups and Risk of CAD Severity

2.4 Correlation Between RLP-C and Severity of Coronary Stenosis in
CAD Patients Under Different Models Based on multivariate logistic re-
gression analysis results, RLP-C remained an independent risk factor for severe
coronary lesions in our study population, consistent with previous findings, as
shown in .

Table 5 Correlation Between RLP-C and Severity of Coronary Artery Stenosis
in Patients with Coronary Heart Disease Under Different Models

Discussion

In this study, we evaluated the cross-sectional relationship between coronary
stenosis severity and discordant RLP-C and non-HDL-C values. Discordance
between RLP-C and non-HDL-C was present in 34.2% of patients, and differ-
ences in CAD severity were observed between discordant and concordant groups.
Although the calculation formula for RLP-C partially overlaps with non-HDL-
C, it is important to recognize that the clinical significance of RLP-C extends
beyond its mathematical formula. Due to the high cost of directly measuring
RLP-C with current technology, a more convenient calculation method is em-
ployed, but calculated RLP-C is not merely the difference between TC, LDL-C,
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and HDL-C as shown in the formula. Based on single lipid measurement criteria,
discordance between lipid patterns may lead to overestimation or underestima-
tion of CAD risk.

Mora et al. [8] followed 27,533 healthy women for a median of 17.2 years, dur-
ing which 1,070 coronary events occurred. Among 13,595 women with LDL-C
below the median, those with discordant LDL-C and non-HDL-C levels had a
threefold underestimation of coronary risk compared to women with concordant
levels. Zhang et al. [9] also investigated discordance between LDL-C and non-
HDL-C in patients not receiving lipid-lowering therapy. They found that cardio-
vascular risk was overestimated when LDL-C was ≥ median while non-HDL-C
was < median. Their study confirmed that coronary risk may be overestimated
or underestimated when LDL-C levels are discordant with non-HDL-C levels.
However, no studies have evaluated whether discordance between RLP-C and
non-HDL-C may lead to potential overestimation or underestimation of CAD
risk and severity.

Given the increasingly important role of RLP-C in CAD, we assessed whether
discordance between RLP-C and non-HDL-C is associated with CAD severity.
We found that patients with RLP-C ≥ median and non-HDL-C < median had
greater CAD severity than those with concordant RLP-C and non-HDL-C levels.
However, compared to concordant subjects, the discordant pattern of RLP-C
< median RLP-C and non-HDL-C ≥ median non-HDL-C was not significantly
associated with CAD severity. This may be because RLP-C is a better predictor
of CAD severity than non-HDL-C. Unlike non-HDL-C, RLP-C represents the
cholesterol content in triglyceride-rich lipoproteins, which are primary contrib-
utors to atherosclerotic heart disease as triglycerides are ultimately catabolized
[13]. In the fasting state, RLP-C consists primarily of cholesterol content in
VLDL and IDL. Abnormally elevated RLP-C levels are directly associated with
acute myocardial infarction, ischemic stroke, peripheral artery disease, in-stent
restenosis, aortic valve stenosis, and other unexpected cerebrovascular events
[14-17]. Mechanistically, LDL particle cholesterol content may vary between in-
dividuals due to particle heterogeneity. However, intraparticle cholesterol mass
can be regulated through exchange of cholesterol esters and TG, and these well-
described processes explain discordance between non-HDL-C and RLP-C levels.
For these reasons, patients with high RLP-C but acceptable non-HDL-C levels
may require close monitoring and more intensive therapy to prevent recurrent
coronary events, which is often overlooked in secondary prevention of CAD.

This study has several limitations. First, it is a retrospective observational study
with inherent limitations. Second, there is no standard definition or cutoff value
for RLP-C and non-HDL-C discordance; we used median values for our study
population, which is a commonly used method in previous studies. Third, the
sample size was relatively small, and larger studies are needed to confirm our
findings.

In conclusion, approximately one-third of patients in our study exhibited dis-
cordance between RLP-C and non-HDL-C. We have shown that the discordant
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pattern of high RLP-C with low non-HDL-C is associated with CAD severity
and may be considered a risk factor for severe coronary artery disease, indepen-
dent of age, sex, and other risk factors.
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