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Non-traditional lipid parameters
are independent predictors of the
location, distribution, and stroke
events of moderate-to-severe
intracranial and extracranial
atherosclerotic stenosis

Yin Fei Huang1†, Zhen Xing Liu2†, Kuan Cen1, Ren Wei Zhang1,

Qiao Yuan Xiang1, Qi Cai1, Chun Jiao Yang1, Lei Luo1,

Hai Long Xu2, Yu Xie1*‡ and Yu Min Liu1*‡

1Department of Neurology, Zhongnan Hospital A�liated to Wuhan University, Wuhan, Hubei, China,
2Department of Neurology, Yiling Hospital of Yichang City, Yichang, Hubei, China

Objective: Moderate-to-severe stenosis has been identified as a significant risk

factor for stroke recently. This study aims to investigate the relationship between

non-traditional lipid parameters and the location and distribution of stenosis,

as well as symptomatic events, in patients with moderate-to-severe intracranial

atherosclerotic stenosis (ICAS) and extracranial atherosclerotic stenosis (ECAS).

Methods: This study analyzed correlation between non-traditional lipid

parameters and moderate-to-severe ICAS and ECAS concerning stenosis

location, distribution, and the presence or absence of symptoms. Logisticmodels

and restricted spline analysis were utilized to explore the relationship between

Castelli’s risk index-II (CRI-II) and the occurrence of stroke events.

Results: The present study comprised 1,030 participants, of whom 143 were

non-stenotic and 887 were patients with moderate-to-severe stenosis. The

study focuses on the latter and indicated statistically significant di�erences

in AIP, LCI, RC, AC, CRI-I, and CRI-II among the three groups of ICAS,

ECAS, and combined ICAS and ECAS (P = 0.012, 0.005, 0.013, 0.009, 0.009,

0.032, respectively). Lipid parameters for ICAS were generally higher than

those for ECAS. Remnant cholesterol (RC) exhibited a discrepancy among

the anterior, posterior, and combined anterior and posterior circulation

stenosis groups (P = 0.047). Logistic regression analysis revealed that CRI-II

(Odds ratio [OR] = 1.20, Confidence interval [CI] 1.03–1.40, P = 0.009)

and low-density lipoprotein cholesterol (LDL-c) (OR = 1.21, CI 1.03–1.42,

P = 0.011) demonstrated remarkable elevations in symptomatic stenosis

patients compared to patients without symptoms. After adjusting for potential

confounding factors, CRI-II remained an independent risk factor for symptomatic

stenosis. Furthermore, multivariate spline regression modeling elucidated that

an augmented risk of stroke events in moderate-to-severe stenosis was

associated with an elevated CRI-II. As CRI-II elevated, the risk of stroke events

increased progressively.
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Background

Stroke is the second leading cause of mortality worldwide and a

pivotal risk factor for mortality and disability in adults. Currently,

ischemic stroke has been the predominant form of stroke (1,

2). Intracranial atherosclerotic stenosis (ICAS) and extracranial

atherosclerotic stenosis (ECAS) have represented a significant cause

of ischemic stroke (3, 4). Atherosclerotic stenosis is classified by

the degree of stenosis as mild (<49%), moderate (50%−69%), and

severe (70%−99% or occlusion) to facilitate clinical diagnosis and

treatment (5). Moreover, moderate-to-severe stenosis is a vital risk

factor for stroke events, making it crucial to elucidate its etiology.

Prior research has indicated that irregularities in lipid

metabolism are associated with the development of atherosclerosis.

However, recent studies challenge the notion that traditional

lipid parameters, such as total cholesterol (TC), triglycerides

(TG), low-density lipoprotein cholesterol (LDL-c), and high-

density lipoprotein cholesterol (HDL-c), are the most accurate

predictors of cardiovascular disease risk (6, 7). Compared to

traditional lipid parameters, non-traditional lipid parameters have

demonstrated greater predictive value for cardiovascular disease

risk (8–11). Based on these traditional lipid parameters, non-

traditional lipid parameters can be calculated, including the

Atherogenic Index of Plasma (AIP), non-high-density lipoprotein

cholesterol (non-HDL-c), Lipoprotein Combine Index (LCI),

Remnant Cholesterol (RC), Atherogenic Coefficient (AC), Castelli’s

Risk Index-I (CRI-I), and Castelli’s Risk Index-II (CRI-II). These

non-traditional lipid parameters expand the scope of the lipid

profiles, thereby providing a more accurate reflection of the

balance between atherogenic and anti-atherogenic lipoproteins in

the body. Nevertheless, the relationship between non-traditional

lipid parameters and moderate-to-severe ICAS and ECAS remains

incompletely understood.

This study aims to analyze the differences of non-traditional

lipid parameters in patients with moderate-to-severe ICAS and

ECAS at high risk of stroke and to explore their relationship

with stroke events. To investigate the correlation among the

location (ICAS/ECAS/combined ICAS and ECAS) and distribution

(anterior/posterior/combined anterior and posterior circulation) of

the stenosis and the presence or absence of symptomatic events

(defined as the presence or absence of stroke or transient ischemic

attack [TIA] episodes within the last month), in order to facilitate

a more comprehensive assessment of the risk of cardiovascular

and cerebrovascular diseases and to effectively guide clinical stroke

prevention and treatment strategies.

Abbreviations: ICAS, Intracranial atherosclerotic stenosis; ECAS, Extracranial

atherosclerotic stenosis; DSA, Digital subtraction angiography; ICA,

Internal carotid artery; TIA, Transient ischemic attack; IQR, Interquartile

range; OR, Odds ratio; CI, Confidence interval; SD, Standard deviation;

TC, Total cholesterol; TG, Triglyceride; HDL-c, High-density lipoprotein

cholesterol; LDL-c, Low-density lipoprotein cholesterol; AIP, Atherogenic

Index of Plasma; Non-HDL-c, non-high-density lipoprotein cholesterol; LCI,

Lipoprotein Combined Index; RC, Remnant Cholesterol; AC, Atherogenic

Coe�cient; CRI-I, Castelli’s Risk Index-I; CRI-II, Castelli’s Risk Index-II.

Subjects and methods

This study utilized a single-center, retrospective clinical design.

The methodology for patient selection, clinical data collection, and

analysis has been detailed in an article published previously (12).

Patient selection

This study included middle-aged and elderly patients who

underwent cerebrovascular digital subtraction angiography

(DSA) at the Department of Neurology in Zhongnan Hospital of

Wuhan University from January 2017 to October 2021. Patients

with moderate (50%−69%) and severe stenosis (70%−99% or

occlusion) were selected for inclusion, while those with no stenosis,

mild stenosis (<49%), or stenosis due to other causes were

excluded. The exclusion criteria were as follows: non-Chinese

nationality; age younger than 45-year-old; incomplete DSA

data or laboratory tests; evidence of cardiogenic embolisms,

such as the history of atrial fibrillation; artery stenosis caused

by dissection; hemorrhagic stroke; subarachnoid hemorrhage;

moyamoya disease; fibromuscular dysplasia; arteriovenous

malformation; aneurysm; signs of acute infection; tumor;

hematological disorders; severe liver and kidney function

impairment. The study was approved by the Clinical Research

Ethics Committee of Zhongnan Hospital of Wuhan University

(ref. no.: 2,022,106K).

Data collection and analysis

The hospital information management system was used

to extract essential clinical data, including demographic

characteristics (gender, age), past medical history (hypertension,

diabetes, ischemic stroke), smoking and drinking habits, and

lipid profiles (LDL-c, TC, TG, and HDL-c) within 24 hours of

admission. The non-lipid parameters are calculated as follows:

AIP= lg (TG/HDL-c) (13);

non-HDL-C= TC–HDL-c (14);

AC= non-HDL-c/HDL-c (15);

CRI-I= TC/HDL-c (15);

CRI-II= LDL-c/HDL-c (15);

LCI= (TC∗TG∗LDL-c)/HDL-c (16);

RC= TC–HDL-c–LDL-c (17).

In this study, the DSA data of all patients were independently

evaluated by two neuro-interventionalists with more than 5 years

of experience in DSA image interpretation. In the event of

a discrepancy, a third neuro-interventionalist was consulted to

confirm the results. The intracranial arteries include the C6–C7

segments of the internal carotid artery (ICA), theM1–M2 segments

of the middle cerebral artery, the A1–A2 segments of the anterior

cerebral artery, the P1–P2 segments of the posterior cerebral artery,

the V4 segment of the vertebral artery, and the basilar artery.

The extracranial arteries included the subclavian artery, the V1–

V3 segments of the vertebral artery, the common carotid artery,

and the C1–C5 segments of the ICA. Patients presenting with
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FIGURE 1

Flowchart and violin plots. (A) Flowchart. (B–D) The violin plots demonstrating the distribution of the non-traditional lipid parameters among patients

in di�erent groups. (B) intracranial stenosis, extracranial stenosis, and combined intracranial and extracranial stenosis. (C) anterior circulation (AC)

stenosis, posterior circulation (PC) stenosis and combined anterior/posterior (AC-PC) stenosis. (D) Asymptomatic stenosis, and symptomatic stenosis.

ICAS only, ECAS only, or both were categorized into the ICAS

group, ECAS group, or the combined ICAS and ECAS group. The

patients were classified into three groups based on the distribution

of stenosis: the anterior circulation atherosclerotic stenosis group,

the posterior circulation atherosclerotic stenosis group, and

the combined anterior and posterior circulation atherosclerotic

stenosis group. The degree of stenosis was evaluated according to

the methodology outlined in the Warfarin-Aspirin Symptomatic

Intracranial Disease Study (4), where the degree of stenosis is

calculated as follows: degree of stenosis (%) = (1 – diameter of the

narrowest point of the narrowed segment/diameter of the proximal

normal vessel) ×100%. Patients exhibiting moderate stenosis (50–

69%) and severe stenosis (70–99% or occlusion) were included in

the analysis. Patients were assigned to the symptomatic stenosis

group if they exhibited symptoms consistent with a TIA and/or

ischemic stroke in the region of the stenotic artery within the

subsequent 30 days, as defined by the SAMMPRIS and VISSIT

studies (18, 19). TIA and ischemic stroke were diagnosed in

accordance with the criteria set forth by the American Heart

Association/American Stroke Association (AHA/ASA) (20).

Statistical analysis

The baseline characteristics of the patients, including gender,

age, past medical history, and lipid levels, were compared among

the groups. For Gaussian distributions, continuous variables

were expressed as mean ± standard deviation. Conversely,

for non-Gaussian distributions, median and interquartile range

(IQR) were applied. Categorical variables were expressed as

frequencies (proportions), and comparisons were made using

the Kruskal–Wallis test and chi-square test. P-values were

two-sided, and the significance level was set at P < 0.05.

A logistic regression model was employed to examine the

relationship among non-traditional lipid parameters and ICAS

and ECAS with symptoms. Restricted spline-like bar graphs

were employed to model the non-linear relationship between

non-traditional lipid parameters and symptomatic stenosis. All

statistical analyses were conducted using the statistical software R

(version 4.0.5) (20).

Results

Baseline characteristics

As illustrated in the flowchart (Figure 1A), a total of 887

patients enrolled in the study. As shown in Table 1, the median

age of the included patients was 62 years (IQR 56–68), with

72.7% being male. Among the non-traditional lipid parameters, the

median of AIP was 0.4 (−0.1 to 0.8), non-HDL-c was 3.0 (2.3–

3.7), LCI was 13.3 (7.4–25.4), RC was 0.5 (0.3–0.7), AC was 3.0

(2.3–3.9), CRI-I was 4.0 (3.3–4.9), and CRI-II was 2.5 (1.9–3.1).

The total number of patients with ICAS, ECAS, and combined

ICAS/ECAS was 348, 193, and 346, respectively. The number

of patients with anterior circulation atherosclerotic stenosis,

posterior circulation atherosclerotic stenosis, and combined

anterior and posterior circulation atherosclerotic stenosis were
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356, 150, and 381, respectively. Two hundred and seventy-

three patients were asymptomatic, while 614 patients exhibited

symptoms. The non-traditional lipid parameters among patients

with different arterial stenosis status was shown by violin plots in

Figure 1.

The relationship of non-traditional lipid
parameters and stenosis location

In the stenosis location, traditional lipid parameters (TC, TG,

HDL-c, and LDL-c) revealed no significant differences between

ICAS and ECAS. In contrast, among the non-traditional lipid

parameters, the differences in AIP, LCI, RC, AC, CRI-I, and CRI-

II were statistically significant in the three groups (P = 0.012,

0.005, 0.013, 0.009, 0.009, 0.032, respectively). In comparison to

the other two groups, the combined ICAS/ECAS group exhibited

more pronounced elevations in non-traditional lipid parameters.

Moreover, non-traditional lipid parameters were generally higher

in ICAS patients than in those with ECAS alone, and only AIP

demonstrated a statistically significant difference. The baseline data

and results are presented in Table 1.

The relationship of non-traditional lipid
parameters and stenosis distribution

Baseline clinical data and laboratory measurements in

patients with different stenosis distributions are shown in

Table 2. The RC differed meaningfully (P = 0.047) among the

anterior circulation atherosclerotic stenosis group (median,

0.5; IQR, 0.3–0.7), the posterior circulation atherosclerotic

stenosis group (median, 0.5; IQR, 0.3–0.8), and the combined

anterior/posterior circulation atherosclerotic stenosis group

(median, 0.5; IQR, 0.3–0.7).

The relationship of non-traditional lipid
parameters and asymptomatic or
symptomatic stenosis

In this study, if patients exhibited symptoms consistent with

a stroke or TIA caused by an ischemic lesion in a relevant artery

with ≥50% stenosis within the subsequent 30 days, they were

assigned into the symptomatic stenosis group. As demonstrated in

Table 3, patients with moderate-to-severe atherosclerotic stenosis

who exhibited symptoms were older and had a higher proportion

of males, smoking, drinking, and hypertension compared to

those without symptoms. In terms of lipid metabolism, a logistic

regression analysis revealed that CRI-II (odds ratio [OR] = 1.20,

confidence interval [CI] = 1.03–1.40, P = 0.009) and LDL-c (OR

= 1.21, CI = 1.03–1.42, P = 0.011) were elevated in patients

with symptomatic stenosis compared to those with asymptomatic

stenosis. The observed discrepancies were statistically significant.

After adjusting for confounding variables, including age, sex,

smoking, drinking, medical history of hypertension, diabetes, and

stroke, as well as the location and distribution of stenosis, CRI-

II remained an independent risk factor for symptomatic stenosis

(OR = 1.18, CI 1.00–1.38, P = 0.047). The results of this study

are presented in Table 4. Multivariate spline regression modeling,

as shown in Figure 2, demonstrated that an elevated CRI-II was

associated with an increased risk of stroke events in patients with

moderate-to-severe atherosclerotic stenosis and this correlation is

not non-linear (P= 0.5020).

Comparison of non-traditional lipid
parameters in a non-stenotic group vs.
patients with moderate-to-severe stenosis

In order to generalize the findings to a more extensive

population and to provide a more comprehensive illustration of

the role of non-traditional lipid parameters as indicators of risk

for cerebrovascular stenosis and stroke, a comparative analysis

was conducted between non-traditional lipid parameters in a

non-stenotic group and moderate-to-severe stenosis patients. This

analysis revealed that HDL-c, AIP, AC, CRI-I, and CRI-II remained

statistically significant (P = 0.001, 0.039, 0.042, 0.042, 0.040,

respectively) (Supplementary Table S1).

Discussion

Previous studies have demonstrated a strong correlation

between the degree of stenosis and the risk of stroke. Specifically,

researches indicate that in carotid stenosis, the risk of stroke is

highly dependent on the degree of stenosis, with the incidence

of ipsilateral stroke progressively increasing as stenosis worsens

(21–23). This study is a retrospective analysis of patients with

moderate-to-severe stenosis, a population at higher risk for stroke.

By analyzing clinical data and cerebrovascular DSA examinations,

the correlation between non-traditional lipid parameters and

moderate-to-severe ICAS and ECAS was evaluated. The results

suggest that: (1) Lipid parameters for ICAS are generally higher

than those for ECAS. AIP, LCI, RC, AC, CRI-I, and CRI-II are

more strongly correlated with extensive cerebrovascular lesions; (2)

RC shows statistically significant differences among groups in the

anterior, posterior, and combined anterior and posterior circulation

atherosclerotic stenosis; (3) CRI-II was identified as an independent

risk factor for symptomatic atherosclerotic stenosis, with elevated

CRI-II levels linked to an increased risk of stroke events in patients

with moderate-to-severe atherosclerotic stenosis.

A single traditional lipid parameter is insufficient to provide

a comprehensive understanding of lipid component metabolism

interactions. Non-traditional lipid parameters (AIP, non-HDL-c,

RC, AC, LCI, CRI-I, CRI-II), calculated from traditional lipid

parameters, have emerged as potential alternative predictors of

cardiovascular risk. These non-traditional lipid parameters have

been shown to be independent risk factors for carotid plaque

susceptibility in patients with acute ischemic stroke, with a positive

correlation observed between these parameters and the degree of

carotid plaque stenosis (24). Furthermore, non-traditional lipid

parameters demonstrated superior efficacy in assessing the risk
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TABLE 1 Comparison of factors among patients with moderate-to-severe atherosclerotic stenosis in di�erent locations of cerebral vessels.

All (N = 887) Intracranial
stenosis alone

(N = 348)

Extracranial
stenosis alone

(N = 193)

Combined
Intracranial/

extracranial stenosis
(N = 346)

Overall
(P-value)

ICAS vs ECAS
(P-value)

ICAS vs.
Combined
ICAS/ECAS
(P-value)

ECAS vs.
Combined
ICAS/ECAS
(P-value)

Male, N (%) 645 (72.7%) 224 (64.4%) 160 (82.9%) 261 (75.4%) <0.001 <0.001 0.003 0.057

Age, median (IQR) 62.0 [56.0–68.0] 58.0 [53.0–65.0] 65.0 [59.0–70.0] 63.0 [57.0–69.8] <0.001 <0.001 <0.001 0.180

Drink, N (%) 120 (13.5%) 44 (12.6%) 29 (15.0%) 47 (13.6%) 0.739 0.799 0.799 0.799

smoking, N (%) 286 (32.2%) 99 (28.4%) 66 (34.2%) 121 (35.0%) 0.149 0.294 0.233 0.931

Medical history

Hypertension, N

(%)

635 (71.6%) 238 (68.4%) 137 (71.0%) 260 (75.1%) 0.140 0.597 0.176 0.514

Diabetes, N (%) 289 (32.6%) 100 (28.7%) 57 (29.5%) 132 (38.2%) 0.018 0.923 0.032 0.083

Pre-stroke, N (%) 219 (24.7%) 84 (24.1%) 49 (25.4%) 86 (24.9%) 0.945 0.973 0.973 0.973

TC, median (IQR),

mmol/L

4.0 [3.3–4.8] 4.0 [3.2–4.8] 3.8 [3.3–4.5] 4.1 [3.4–4.8] 0.251 0.404 0.404 0.264

TG, median (IQR),

mmol/L

1.4 [1.0–1.9] 1.4 [1.0–1.9] 1.3 [1.0–1.7] 1.4 [1.1–1.9] 0.013 0.085 0.258 0.008

HDL-c, median

(IQR), mmol/L

1.0 [0.8–1.1] 1.0 [0.8–1.1] 1.0 [0.9–1.2] 1.0 [0.8–1.1] 0.072 0.076 0.866 0.076

LDL-c, median

(IQR), mmol/L

2.4 [1.9–3.1] 2.3 [1.8–3.1] 2.4 [1.8–2.9] 2.5 [1.9–3.1] 0.298 0.666 0.405 0.405

RC, median (IQR),

mmol/L

0.5 [0.3–0.7] 0.5 [0.3–0.7] 0.4 [0.3–0.7] 0.5 [0.4–0.7] 0.013 0.071 0.255 0.010

Non-HDL-c,

median (IQR),

mmol/L

3.0 [2.3–3.7] 2.9 [2.3–3.8] 2.8 [2.2–3.5] 3.1 [2.4–3.8] 0.085 0.256 0.256 0.076

AIP, median (IQR) 0.4 [−0.1–0.8] 0.4 [−0.1–0.8] 0.3 [−0.2–0.6] 0.4 [<0.1–0.8] 0.012 0.042 0.433 0.009

LCI, median (IQR) 13.3 [7.4-25.4] 13.0 [7.3-25.9] 11.4 [6.8-20.5] 14.8 [8.6-26.6] 0.005 0.089 0.121 0.004

AC, median (IQR) 3.0 [2.3–3.9] 3.0 [2.3–4.0] 2.8 [2.1–3.7] 3.1 [2.5–4.0] 0.009 0.069 0.213 0.006

CRI-I, median

(IQR)

4.0 [3.3–4.9] 4.0 [3.3-5.0] 3.8 [3.1–4.7] 4.1 [3.5-5.0] 0.009 0.069 0.213 0.006

CRI-II, median

(IQR)

2.5 [1.9–3.1] 2.5 [1.8–3.1] 2.3 [1.8–3.0] 2.6 [2.0–3.2] 0.032 0.184 0.184 0.030

TC, total cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; RC, residual cholesterol; Non- HDL-c, non-high-density lipoprotein cholesterol; AIP, plasma atherosclerotic index; LCI, lipoprotein

binding index; AC, coefficient of atherosclerosis; CRI-I, Castelli Index-I; CRI-II, Castelli Index-II; IQR, interquartile range; Castelli index-I; CRI-II, Castelli index-II; IQR, interquartile range.

P-values are used among ICAS/ECAS/combined ICAS and ECAS. Bold indicates valid values (P < 0.05).
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TABLE 2 Comparison of non-traditional lipid parameters among patients with moderate-to-severe atherosclerotic stenosis in di�erent cerebral circulations.

All
(N = 887)

Anterior
circulation
stenosis
(N = 356)

Posterior
circulation
stenosis
(N = 150)

Combined
anterior/posterior

circulation
stenosis
(N = 381)

Overall
(P-value)

Anterior circulation
stenosis vs.

Posterior circulation
stenosis (P-value)

Anterior circulation
stenosis vs.

anterior/posterior
circulation stenosis

(P-value)

Posterior circulation
stenosis vs.

anterior/posterior
circulation stenosis

(P-value)

Male, N (%) 645 (72.7%) 252 (70.8%) 106 (70.7%) 287 (75.3%) 0.317 1.000 0.481 0.481

Age, median (IQR) 62.0

[56.0–68.0]

59.0 [54.0–66.0] 60.5 [54.2–67.0] 65.0 [58.0–71.0] <0.001 0.335 <0.001 <0.001

Drink, N (%) 120 (13.5%) 49 (13.8%) 19 (12.7%) 52 (13.6%) 0.943 1.000 1.000 1.000

smoking, N (%) 286 (32.2%) 115 (32.3%) 39 (26.0%) 132 (34.6%) 0.159 0.290 0.552 0.208

Medical history

Hypertension, N

(%)

635 (71.6%) 217 (61.0%) 108 (72.0%) 310 (81.4%) <0.001 0.024 <0.001 0.024

Diabetes, N (%) 289 (32.6%) 97 (27.2%) 50 (33.3%) 142 (37.3%) 0.015 0.306 0.014 0.453

Pre-stroke, N (%) 219 (24.7%) 85 (23.9%) 35 (23.3%) 99 (26.0%) 0.734 0.987 0.902 0.902

TC, median (IQR),

mmol/L

4.0 [3.3–4.8] 3.8 [3.2–4.7] 4.0 [3.4-5.0] 4.1 [3.4–4.7] 0.072 0.090 0.090 0.523

TG, median (IQR),

mmol/L

1.4 [1.0–1.9] 1.4 [1.0–1.9] 1.5 [1.1–2.0] 1.4 [1.0–1.9] 0.252 0.356 0.369 0.369

HDL-c, median

(IQR), mmol/L

1.0 [0.8–1.1] 1.0 [0.8–1.2] 1.0 [0.8–1.2] 1.0 [0.9–1.1] 0.975 0.939 0.939 0.939

LDL-c, median

(IQR), mmol/L

2.4 [1.9–3.1] 2.3 [1.8–3.0] 2.5 [1.9–3.2] 2.5 [1.9–3.0] 0.212 0.277 0.277 0.846

RC, median (IQR),

mmol/L

0.5 [0.3–0.7] 0.5 [0.3–0.7] 0.5 [0.3–0.8] 0.5 [0.3–0.7] 0.047 0.073 0.073 0.693

Non-HDL-c,

median (IQR),

mmol/L

3.0 [2.3–3.7] 2.8 [2.3–3.7] 3.1 [2.3–3.8] 3.1 [2.4–3.7] 0.061 0.081 0.081 0.674

AIP, median (IQR) 0.4 [−0.1–0.8] 0.3 [−0.1–0.8] 0.4 [<0.1–0.8] 0.4 [<0.1–0.7] 0.532 0.530 0.530 0.530

LCI, median (IQR) 13.3 [7.4-25.4] 12.4 [7.3-22.2] 15.0 [7.7-28.5] 14.4 [7.5-26.2] 0.069 0.100 0.100 0.621

AC, median (IQR) 3.0 [2.3–3.9] 2.9 [2.2–3.8] 3.1 [2.4–4.2] 3.1 [2.3–3.9] 0.111 0.129 0.129 0.734

CRI-I, median

(IQR)

4.0 [3.3–4.9] 3.9 [3.2–4.8] 4.1 [3.4-5.2] 4.1 [3.3–4.9] 0.111 0.129 0.129 0.734

CRI-II, median

(IQR)

2.5 [1.9–3.1] 2.4 [1.8–3.1] 2.6 [2.0–3.3] 2.6 [1.9–3.2] 0.159 0.296 0.213 0.880

IQR, interquartile range.

P-value for comparison among anterior circulation atherosclerotic stenosis/posterior circulation atherosclerotic stenosis/combined anterior and posterior circulation atherosclerotic stenosis. Bold indicates valid values (P< 0.05).
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TABLE 3 Comparison of non-traditional lipid parameters among patients with and without symptomatic stenosis.

All (N = 887) Asymptomatic
stenosis
(N = 273)

Symptomatic
stenosis
(N = 614)

Overall
(P-value)

OR P-ratio

Male, N (%) 645 (72.7%) 183 (67.0%) 462 (75.2%) 0.014 1.49 [1.09–2.04] 0.012

Age, median (IQR) 62.0 [56.0–68.0] 64.0 [57.0–71.0] 61.0 [55.0–67.0] <0.001 0.97 [0.95–0.98] <0.001

Drink, N (%) 120 (13.5%) 23 (8.4%) 97 (15.8%) 0.004 2.03 [1.28–3.35] 0.002

smoking, N (%) 286 (32.2%) 67 (24.5%) 219 (35.7%) 0.001 1.70 [1.24–2.36] 0.001

Medical history

Hypertension, N (%) 635 (71.6%) 211 (77.3%) 424 (69.1%) 0.015 0.66 [0.47–0.91] 0.011

Diabetes, N (%) 289 (32.6%) 91 (33.3%) 198 (32.2%) 0.810 0.95 [0.70–1.29] 0.749

Pre-stroke, N (%) 219 (24.7%) 70 (25.6%) 149 (24.3%) 0.724 0.93 [0.67–1.29] 0.659

TC, median (IQR),

mmol/L

4.0 [3.3–4.8] 3.8 [3.2–4.7] 4.0 [3.3–4.8] 0.071 1.09 [0.96–1.24] 0.191

TG, median (IQR),

mmol/L

1.4 [1.0–1.9] 1.5 [1.0–2.0] 1.4 [1.0–1.9] 0.060 0.88 [0.77–1.00] 0.048

HDL-c, median (IQR),

mmol/L

1.0 [0.8–1.1] 1.0 [0.8–1.1] 1.0 [0.8–1.2] 0.924 1.09 [0.61–1.96] 0.765

LDL-c, median (IQR),

mmol/L

2.4 [1.9–3.1] 2.3 [1.7–2.9] 2.4 [1.9–3.1] 0.011 1.21 [1.03–1.42] 0.020

RC, median (IQR),

mmol/L

0.5 [0.3–0.7] 0.5 [0.3–0.7] 0.5 [0.3–0.7] 0.157 0.76 [0.55–1.05] 0.096

Non-HDL-c, median

(IQR), mmol/L

3.0 [2.3–3.7] 2.8 [2.2–3.7] 3.0 [2.4–3.8] 0.050 1.09 [0.96–1.25] 0.191

AIP, median (IQR) 0.4 [−0.1–0.8] 0.4 [<0.1–0.8] 0.3 [−0.1–0.7] 0.238 0.83 [0.66–1.05] 0.115

LCI, median (IQR) 13.3 [7.4-25.4] 13.9 [6.5-24.4] 13.2 [7.7-25.8] 0.629 1.00 [0.99–1.00] 0.306

AC, median (IQR) 3.0 [2.3–3.9] 2.8 [2.2–3.7] 3.1 [2.4–4.0] 0.057 1.08 [0.96–1.21] 0.215

CRI-I, median (IQR) 4.0 [3.3–4.9] 3.8 [3.2–4.7] 4.1 [3.4-5.0] 0.057 1.08 [0.96–1.21] 0.215

CRI-II, median (IQR) 2.5 [1.9–3.1] 2.3 [1.8–3.0] 2.5 [2.0–3.2] 0.009 1.20 [1.03–1.40] 0.018

IQR, interquartile range.

P-value for comparison between asymptomatic and symptomatic stenosis. Bold indicates valid values (P < 0.05).

TABLE 4 The relationship of CRI-II index and stroke events in patients with moderate-to-severe stenosis.

Model 1∗ Model 2† Model 3#

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-
value

Asymptomatic stenosis (N = 273)

CRI-II Reference – – Reference – – Reference – –

Symptomatic stenosis (n = 614)

CRI-II 1.20 [1.03–1.40] 0.018 1.15 [1.01–1.34] 0.042 1.18 [1.00–1.38] 0.047

CRI-II index, Castelli Index-II, the ratio of LDL-c to HDL-c.
∗Model 1: unadjusted.
†Model 2: adjusted for age and sex.
#Model 3: adjusted for age, sex, smoking, drinking, medical history of hypertension, diabetes and stroke, stenosis location, and stenosis distribution.

of bleeding after endovascular treatment in acute ischemic stroke

compared to traditional lipid parameters (25). However, the

relationship between non-traditional lipid parameters and ICAS

and ECAS, particularly in terms of location, distribution, and the

presence or absence of symptoms, remains unclear.

In this study, we compared the non-traditional lipid profiles

of patients with moderate-to-severe stenosis in different locations

and finally found that found statistically significant differences in

AIP, LCI, RC, AC, CRI-I, and CRI-II. And the elevation of non-

traditional lipid parameters was most pronounced when combined

ICAS and ECAS were present. Consequently, non-traditional lipid

parameters (AIP, LCI, RC, AC, CRI-I, and CRI-II) offer optimal

utility in identifying extensive stenosis of the cerebral vasculature.

This may be attributable to patients with both ICAS and ECAS
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presenting with a heavier lipid burden, more severe metabolic

dysfunction and chronic inflammation, and more pronounced

hemodynamic superimposed effects of multivessel stenosis (26).

Compared with patients with ECAS alone, the non-traditional

lipid parameters were observably elevated in patients with ICAS

alone (except for LDL-c), especially AIP. AIP is defined as the

logarithmic ratio of TG to HDL-c, reflecting the balance between

the actual concentrations of plasma TG and HDL-c (9, 13). Our

data indicate that AIP and TG are elevated in ICAS compared to

ECAS, suggesting that elevated AIP and TG may have a greater

impact on the intracranial vessels. This finding aligns with previous

studies that lipid disorders are more strongly correlated with the

severity of intracranial stenosis (27). It can be posited that AIP

may act as an independent risk factor for the development of ICAS

and ECAS.

This study also examined the relationship between the

distribution of stenosis and non-traditional lipid parameters. The

results demonstrated statistically significant differences among

the three groups for RC only. Nevertheless, no discrepancy was

observed when the anterior and posterior circulation groups were

evaluated separately. Consequently, the clinical significance of non-

traditional lipid parameters in stenosis distribution is relatively

minor. This may be attributed to the limited amount of available

clinical data. Furthermore, the impact of vascular anatomy, lipid

sensitivity, collateral circulation, and hemodynamic factors must be

given due consideration (28, 29).

As previously mentioned, the study found that CRI-II is a

more valuable predictor of extensive lesions of atherosclerosis

(combined ICAS/ECAS). Shun et al. have also supported that CRI-

II is more valuable in predicting ICAS or combined ICAS/ECAS

lesions (9). The possible reason for this result is that CRI-II is a

ratio between LDL-c (major atherogenic lipoprotein) and HDL-c

(anti-atherogenic lipoprotein), reflecting systemic lipid metabolism

imbalances rather than local vascular specificity and revealingmore

sensitive to extensive atherosclerosis (e.g., combined ICAS/ECAS).

Equally important, this study demonstrated that CRI-II

levels were elevated in patients with symptomatic stenosis in

compared to those with asymptomatic stenosis. After adjusting

for various confounding variables, including age, sex, smoking,

and alcohol consumption, as well as hypertension, diabetes

mellitus, history of stroke, location of stenosis, and distribution

of stenosis, the CRI-II remained an independent risk factor for

symptomatic stenosis. Subsequent multivariate spline regression

models showed that the CRI-II was associated with the risk

of ischemic stroke due to moderate-to-severe stenosis and this

correlation is not non-linear. That is, as CRI-II elevated, the

risk of stroke events increased progressively. Besides, a large

prospective cohort study by Zhang et al. found CRI-II to be a

superior predictor of stroke status in hypertensive patients (30). A

recent meta-analysis also suggested that higher CRI-II levels were

significantly associated with an increased risk of ischemic stroke

(31). Therefore, CRI-II may serve as a more refined predictor of

ischemic stroke.

Furthermore, CRI-II is anticipated to emerge as a standard for

the evaluation of treatment and prognosis in cases of ischemic

stroke. Ryu et al. demonstrated that enhancement of CRI-

II is correlated with a diminished risk of in-stent restenosis

(32), indicating that CRI-II may play an important role in

FIGURE 2

Correlation of CRI-II with stroke events in moderate-to-severe

stenosis. Restricted cubic spines of the relationship between

non-traditional lipid parameters and stroke events. The model

adjusted for age, sex, smoking, drinking, medical history of

hypertension, diabetes and stroke, stenosis location, and stenosis

distribution.

the prevention of in-stent restenosis in subjects undergoing

intracranial stent placement. As previously indicated, the CRI-II

represents the proportion of LDL-c in relation to HDL-c (33–

35). The Atherosclerosis Risk In Communities (ARIC) study

demonstrated that increased LDL-c levels and decreased HDL-

c levels were associated with the prevalence of symptomatic

intracranial atherosclerotic stenosis (36). In our study, LDL-c

levels were also markedly enhanced in patients with symptomatic

stenosis. Up to the present moment, the reduction of LDL-c

levels has been a key focus in routine clinical treatment (37).

A reduction in LDL-c levels by 30 mg/dL has been verified to

result in a 40–50% reduction in the incidence of major ischemic

events (38, 39). For individuals with more than 50% carotid plaque

stenosis and no history of ischemic stroke, the use of statins is

advised to maintain LDL-c levels below 1.8 mmol/L, regardless

of dyslipidemia or not (40, 41). Non-traditional lipid parameters,

particularly CRI-II, offer an effective means of monitoring the

efficacy of the therapy of LDL-c lowering. On the other hand, a

multicenter study by Kim et al. provided new insights into the

value of CRI-II. They analyzed non-traditional lipid profiles in

ischemic stroke patients on statin therapy with admission LDL-c

<100 mg/dl found that CRI-II performed best and that there was

a linear relationship between CRI-II and increased risk of vascular

events in 1 year (42). This suggests that the CRI-II may be useful in

predicting the risk of subsequent vascular events in patients who

have had an ischemic stroke, despite good control of LDL with

statin therapy.

Interestingly, smoking and drinking have been identified as an

important contributing factor to the development of stroke (43, 44).
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In this study, the proportion of smoking and alcohol consumption

was observed to be relatively lower in ICAS patients compared

to ECAS patients. This finding may suggest that the development

of ICAS is more dependent on lipid metabolism disorders and

inflammation than on behavioral factors alone (26, 27). Moreover,

a significantly higher prevalence of diabetes and hypertension in

the patients with moderate-to-severe stenosis compared to non-

stenotic group. The synergistic effect of diabetes and hypertension

has been demonstrated to result in an increased cardiovascular risk,

and is thus considered a significant risk factor for the progression

of atherosclerotic stenosis (45–47). Our study re-emphasizes the

importance of integrated management of blood glucose, blood

pressure and lipids in the clinical management of cardiovascular

disease.We also compared non-traditional lipid parameters in non-

stenosis and moderate-to-severe stenosis patients and finally found

that AIP, AC, CRI-I, and CRI-II remained statistically significant.

This finding may indicate that an imbalance in lipid metabolism

plays a pivotal role in the progression of atherosclerosis and that

non-traditional lipid parameters are potential to serve as effective

predictors of atherosclerotic stenosis progression and the risk of

stroke occurrence.

Several limitations merit consideration in our study. Firstly, the

research was conducted at a single center and involved patients

from a Chinese hospital, potentially introducing selection bias.

Consequently, further validation in larger external populations is

warranted. Secondly, the study population was predominantly Han

Chinese. Given that lipid parameters were associated with ethnicity,

dietary patterns, and lifestyle factors, replication studies in

multiethnic cohorts are imperative. Thirdly, almost all participants

received lipid-lowering agents, with interindividual variability in

drug types (statins or ezetimibe), dosages, and treatment durations.

This heterogeneity may affect the lipid parameters. Collectively,

there is a need for further research in different ethnic groups

and regions to confirm the applicability of the results to a

wider population.

Conclusion

In summary, non-traditional lipid parameters demonstrated

higher predictive value in the assessment of extensive lesions of

atherosclerotic stenosis, as well as the presence or absence of

symptoms. CRI-II has been identified as an independent risk

factor for symptomatic stenosis. These non-traditional parameters

provide greater insight into ICAS and ECAS, as well as enable

quantitative risk assessment. Incorporating these metrics into

routine clinical practice may facilitate effective patient treatment

and lifestyle modifications.

Data availability statement

The data that support the findings of this study are available

from the corresponding author upon reasonable request.

Ethics statement

This study was reviewed and approved by the Clinical Research

Ethics Committee of Zhongnan Hospital of Wuhan University

(Ref. No.:2022106 K). Written informed consent for participation

was not required for this study in accordance with the national

legislation and the institutional requirements.

Author contributions

YH: Data curation, Methodology, Writing – original draft,

Writing – review & editing. ZL: Conceptualization, Methodology,

Software, Writing – review & editing. KC: Methodology, Writing

– original draft. RZ: Investigation, Writing – review & editing.

QX: Investigation, Writing – review & editing. QC: Investigation,

Writing – review & editing. CY: Investigation, Writing –

review & editing. LL: Investigation, Writing – review &

editing. HX: Investigation, Writing – review & editing. YX:

Project administration, Resources, Supervision, Writing – review

& editing. YL: Project administration, Resources, Supervision,

Writing – review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This work was

supported by the innovation platform of Zhongnan Hospital

of Wuhan University (Grant/Award Number: PTXM2022003),

the Science and Technology Innovation Cultivation Fund

of Zhongnan Hospital of Wuhan University (Grant/Award

Number: CXPY2020022, and the Program of Excellent Doctoral

(Postdoctoral) of Zhongnan Hospital of Wuhan University,

(Grant/Award Number: ZNYB2019005).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.

1564966/full#supplementary-material

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2025.1564966
https://www.frontiersin.org/articles/10.3389/fneur.2025.1564966/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huang et al. 10.3389/fneur.2025.1564966

References

1. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke
and its risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0

2. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204–
22. doi: 10.1016/S0140-6736(20)30925-9

3. Holmstedt CA, Turan TN, Chimowitz MI. Atherosclerotic intracranial arterial
stenosis: risk factors, diagnosis, and treatment. Lancet Neurol. (2013) 12:1106–
14. doi: 10.1016/S1474-4422(13)70195-9

4. Sun J, Yuan C, Hatsukami TS. Stroke prevention with extracranial carotid artery
disease. Curr Cardiol Rep. (2021) 23:161. doi: 10.1007/s11886-021-01593-1

5. Liu Y, Hou C, Dong X, Wu D, Chu X, Luo J, et al. Sex-related
difference in outcomes of remote ischemic conditioning for symptomatic
intracranial atherosclerotic stenosis. Cyborg Bionic Syst. (2025) 6:0275.
doi: 10.34133/cbsystems.0275

6. Pikula A, Beiser AS, Wang J, Himali JJ, Kelly-Hayes M, Kase CS, et al. Lipid and
lipoproteinmeasurements and the risk of ischemic vascular events: Framingham Study.
Neurology. (2015) 84:472–9. doi: 10.1212/WNL.0000000000001202

7. Zhu L, Lu Z, Zhu L, Ouyang X, Yang Y, He W, et al. Lipoprotein ratios are better
than conventional lipid parameters in predicting coronary heart disease in ChineseHan
people. Kardiol Pol. (2015) 73:931–8. doi: 10.5603/KP.a2015.0086

8. Millán J, Pintó X, Muñoz A, Zúñiga M, Rubiés-Prat J, Pallardo LF, et al.
Lipoprotein ratios: Physiological significance and clinical usefulness in cardiovascular
prevention. Vasc Health Risk Manag. (2009) 5:757–65. doi: 10.2147/VHRM.S6269

9. Yu S, Yan L, Yan J, Sun X, Fan M, Liu H, et al. The predictive value of
non-traditional lipid parameters for intracranial and extracranial atherosclerotic
stenosis: a hospital-based observational study in China. Lipids Health Dis. (2023)
22:16. doi: 10.1186/s12944-022-01761-4

10. Fernández-Macías JC, Ochoa-Martínez AC, Varela-Silva JA, Pérez-Maldonado
IN. Atherogenic index of plasma: novel predictive biomarker for cardiovascular
illnesses. Arch Med Res. (2019) 50:285–94. doi: 10.1016/j.arcmed.2019.08.009

11. Chen Z, Chen G, Qin H, Cai Z, Huang J, Chen H, et al. Higher triglyceride
to high-density lipoprotein cholesterol ratio increases cardiovascular risk: 10-year
prospective study in a cohort of Chinese adults. J Diabetes Investig. (2020) 11:475–
81. doi: 10.1111/jdi.13118

12. Xie Y, Liu Z, Dan B, Zou L, Zhang L, Zhang R, et al. Associations of neutrophil-
to-lymphocyte ratio with intracranial and extracranial atherosclerotic stenosis. Front
Neurol. (2022) 13:966022. doi: 10.3389/fneur.2022.966022

13. Dobiásová M, Frohlich J. The plasma parameter log (TG/HDL-C) as an
atherogenic index: correlation with lipoprotein particle size and esterification rate
in apoB-lipoprotein-depleted plasma (FER(HDL)). Clin Biochem. (2001) 34:583–
8. doi: 10.1016/S0009-9120(01)00263-6

14. Wu J, Chen S, Liu L, Gao X, Zhou Y, Wang C, et al. Non-high-density
lipoprotein cholesterol vs low-density lipoprotein cholesterol as a risk factor for
ischemic stroke: a result from the Kailuan study. Neurol Res. (2013) 35:505–
11. doi: 10.1179/1743132813Y.0000000206

15. Guo J, Wang A, Wang Y, Liu X, Zhang X, Wu S, et al. Non-traditional lipid
parameters as potential predictors of asymptomatic intracranial arterial stenosis. Front
Neurol. (2021) 12:679415. doi: 10.3389/fneur.2021.679415

16. Wu TT, Gao Y, Zheng YY, Ma YT, Xie X. Atherogenic index of plasma (AIP), a
novel predictive indicator for the coronary artery disease in postmenopausal women.
Lipids Health Dis. (2018) 17:197. doi: 10.1186/s12944-018-0828-z

17. Sandesara PB, Virani SS, Fazio S, Shapiro MD. The forgotten lipids: triglycerides,
remnant cholesterol, and atherosclerotic cardiovascular disease risk. Endocr Rev.
(2019) 40:537–57. doi: 10.1210/er.2018-00184

18. Derdeyn CP, Chimowitz MI, Lynn MJ, Fiorella D, Turan TN, Janis LS, et al.
Aggressive medical treatment with or without stenting in high-risk patients with
intracranial artery stenosis (SAMMPRIS), the final results of a randomised tr ial.
Lancet. (2014) 383:333–41. doi: 10.1016/S0140-6736(13)62038-3

19. Zaidat OO, Fitzsimmons BF, Woodward BK, Wang Z, Killer-Oberpfalzer M,
Wakhloo A, et al. Effect of a balloon-expandable intracranial stent vs medical
therapy on risk of stroke in patients with symptomatic intracra nial stenosis: the
VISSIT randomized clinical trial. JAMA. (2015) 313:1240–8. doi: 10.1001/jama.
2015.1693

20. Easton JD, Saver JL, Albers GW, Alberts MJ, Chaturvedi S, Feldmann
E, et al. Definition and evaluation of transient ischemic attack: a scientific
statement for healthcare professionals from the AmericanHeart Association/American
Stroke Association Stroke Council; Council on Cardiovascular Surgery and
Anesthesia; Council on Cardiovascular Radiology and Intervention; Council
on Cardiovascular Nursing; and the Interdisciplinary Council on Peripheral
Vascular Disease. The American Academy of Neurology affirms the value of

this statement as an educational tool for neurologists. Stroke. (2009) 40:2276–
93. doi: 10.1161/STROKEAHA.108.192218

21. Howard DPJ, Gaziano L, Rothwell PM; Oxford Vascular Study. Risk of
stroke in relation to degree of asymptomatic carotid stenosis: a population-based
cohort study, systematic review, and meta-analysis. Lancet Neurol. (2021) 20:193–
202. doi: 10.1016/S1474-4422(20)30484-1

22. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, et al. Guidelines
for prevention of stroke in patients with ischemic stroke or transient ischemic attack: a
statement for healthcare professionals from the AmericanHeart Association/American
Stroke Association Council on Stroke: co-sponsored by the Council on Cardiovascular
Radiology and Intervention: the American Academy of Neurology affirms the value
of this guideline. Stroke. (2006) 37:577–617. doi: 10.1161/01.STR.0000199147.3001
6.74

23. Cuffe RL, Rothwell PM. Effect of nonoptimal imaging on the relationship
between the measured degree of symptomatic carotid stenosis and risk of ischemic
stroke. Stroke. (2006) 37:1785–91. doi: 10.1161/01.STR.0000227231.85653.ea

24. Zhao Z, Wang H, Hou Q, Zhou Y, Zhang Y. Non-traditional lipid parameters
as potential predictors of carotid plaque vulnerability and stenosis in patients with
acute ischemic stroke. Neurol Sci. (2023) 44, 835–843. doi: 10.1007/s10072-022-
06472-3

25. Sun J, Zhang J, Xin B, Ye Z, Cai Y, Lu K, et al. Traditional and non-traditional
lipid parameters in relation to parenchymal hemorrhage following endovascular
treatment for acute ischemic stroke in anterior circulation. Clin Interven Aging. (2024)
19:891–900. doi: 10.2147/CIA.S459884

26. Kim JS, Nah HW, Park SM, Kim SK, Cho KH, Lee J, et al. Risk factors and
stroke mechanisms in atherosclerotic stroke: intracranial compared with extracranial
and anterior compared with posterior circulation disease. Stroke. (2012) 43:3313–
8. doi: 10.1161/STROKEAHA.112.658500

27. Turan TN, Makki AA, Tsappidi S, Cotsonis G, Lynn MJ, Cloft HJ, et al. Risk
factors associated with severity and location of intracranial arterial stenosis. Stroke.
(2010) 41:1636–40. doi: 10.1161/STROKEAHA.110.584672

28. Caplan L. Posterior circulation ischemia: then, now, and tomorrow. The Thomas
Willis Lecture-2000. Stroke. (2000) 31:2011–23. doi: 10.1161/01.STR.31.8.2011

29. Amin-Hanjani S, Du X, Rose-Finnell L, Pandey DK, Richardson D, Thulborn
KR, et al. Hemodynamic features of symptomatic vertebrobasilar disease. Stroke. (2015)
46:1850–6. doi: 10.1161/STROKEAHA.115.009215

30. Zheng J, Sun Z, Zhang X, Li Z, Guo X, Xie Y, et al. Non-traditional lipid
profiles associated with ischemic stroke not hemorrhagic stroke in hypertensive
patients: results from an 8.4 years follow-up study. Lipids Health Dis. (2019)
18:9. doi: 10.1186/s12944-019-0958-y

31. Liu Y, Jin X, Fu K, Li J, Xue W, Tian L, et al. Non-traditional lipid profiles and
the risk of stroke: A systematic review and meta-analysis. Nutr Metab Cardiovasc Dis.
(2023) 33:698–714. doi: 10.1016/j.numecd.2023.01.003

32. Ryu JC, Bae JH, Ha SH, Kwon B, Song Y, Lee DH, et al. Association
between lipid profile changes and risk of in-stent restenosis in ischemic stroke
patients with intracranial stenosis: a retrospective cohort study. PLoS ONE. (2023)
18:e0284749. doi: 10.1371/journal.pone.0284749

33. Zhang L, Yin J, Sun H, Yang J, Liu Y. Association between atherogenic
coefficient and depression in US adults: a cross-sectional study with data from
National Health and Nutrition Examination Survey 2005-2018. BMJ Open. (2023)
13:e074001. doi: 10.1136/bmjopen-2023-074001

34. AkbariRad M, Darroudi S, Farsi F, Mohajer N, Ghalibaf AM, Firoozi A,
et al. Investigation of the relationship between atherogenic index, anthropometric
characteristics, and 10-year risk of metabolic syndrome: a population-based study. Irish
J Med Sci. (2024) 193:2705–11. doi: 10.1007/s11845-024-03791-6

35. Li Y, Feng Y, Li S, Ma Y, Lin J, Wan J, et al. The atherogenic index of plasma (AIP)
is a predictor for the severity of coronary artery disease. Front Cardiovasc Med. (2023)
10:1140215. doi: 10.3389/fcvm.2023.1140215

36. Suri MF, Qiao Y, Ma X, Guallar E, Zhou J, Zhang Y, et al. Prevalence
of intracranial atherosclerotic stenosis using high-resolution magnetic resonance
angiography in the general population: the atherosclerosis risk in communities study.
Stroke. (2016) 47:1187–93. doi: 10.1161/STROKEAHA.115.011292

37. Agnello F, Ingala S, Laterra G, Scalia L, Barbanti M. Novel and emerging LDL-
C lowering strategies: a new era of dyslipidemia management. J Clin Med. (2024)
13:1251. doi: 10.3390/jcm13051251

38. Amarenco P, Kim JS, Labreuche J, Charles H, Abtan J, Béjot Y, et al. A
comparison of two LDL cholesterol targets after ischemic stroke. N Engl J Med. (2020)
382:9. doi: 10.1056/NEJMoa1910355

39. Cholesterol Treatment Trialists’ (CTT) Collaboration. Efficacy and
safety of more intensive lowering of LDL cholesterol: a meta-analysis
of data from 170, 000 participants in 26 randomised trials. Lancet.
376:1670–81. doi: 10.1016/S0140-6736(10)61350-5

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2025.1564966
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S1474-4422(13)70195-9
https://doi.org/10.1007/s11886-021-01593-1
https://doi.org/10.34133/cbsystems.0275
https://doi.org/10.1212/WNL.0000000000001202
https://doi.org/10.5603/KP.a2015.0086
https://doi.org/10.2147/VHRM.S6269
https://doi.org/10.1186/s12944-022-01761-4
https://doi.org/10.1016/j.arcmed.2019.08.009
https://doi.org/10.1111/jdi.13118
https://doi.org/10.3389/fneur.2022.966022
https://doi.org/10.1016/S0009-9120(01)00263-6
https://doi.org/10.1179/1743132813Y.0000000206
https://doi.org/10.3389/fneur.2021.679415
https://doi.org/10.1186/s12944-018-0828-z
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1016/S0140-6736(13)62038-3
https://doi.org/10.1001/jama.2015.1693
https://doi.org/10.1161/STROKEAHA.108.192218
https://doi.org/10.1016/S1474-4422(20)30484-1
https://doi.org/10.1161/01.STR.0000199147.30016.74
https://doi.org/10.1161/01.STR.0000227231.85653.ea
https://doi.org/10.1007/s10072-022-06472-3
https://doi.org/10.2147/CIA.S459884
https://doi.org/10.1161/STROKEAHA.112.658500
https://doi.org/10.1161/STROKEAHA.110.584672
https://doi.org/10.1161/01.STR.31.8.2011
https://doi.org/10.1161/STROKEAHA.115.009215
https://doi.org/10.1186/s12944-019-0958-y
https://doi.org/10.1016/j.numecd.2023.01.003
https://doi.org/10.1371/journal.pone.0284749
https://doi.org/10.1136/bmjopen-2023-074001
https://doi.org/10.1007/s11845-024-03791-6
https://doi.org/10.3389/fcvm.2023.1140215
https://doi.org/10.1161/STROKEAHA.115.011292
https://doi.org/10.3390/jcm13051251
https://doi.org/10.1056/NEJMoa1910355
https://doi.org/10.1016/S0140-6736(10)61350-5
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huang et al. 10.3389/fneur.2025.1564966

40. Wabnitz AM, Turan TN. Symptomatic carotid artery stenosis: surgery,
stenting, or medical therapy? Curr Treat Options Cardiovasc Med. (2017) 19:62.
doi: 10.1007/s11936-017-0564-0

41. Wilkinson MJ, Lepor NE, Michos ED. Evolving management of low-density
lipoprotein cholesterol: a personalized approach to preventing atherosclerotic
cardiovascular disease across the risk continuum. J Am Heart Assoc. (2023)
12:e028892. doi: 10.1161/JAHA.122.028892

42. Kim H, Kim JT, Lee JS, Kim BJ, Kang J, Lee KJ, et al. Impact of
non-traditional lipid profiles on 1-year vascular outcomes in ischemic stroke
patients with prior statin therapy and LDL-C < 100 mg/dL. Sci Rep. (2024)
14:22794. doi: 10.1038/s41598-024-73851-5

43. Wang Y, Ge Y, Yan W, Wang L, Zhuang Z, He D. From smoke to stroke:
quantifying the impact of smoking on stroke prevalence. BMC Public Health. (2024)
24:2301. doi: 10.1186/s12889-024-19754-6

44. Smyth A, O’Donnell M, Rangarajan S, Hankey GJ, Oveisgharan S, Canavan M,
et al. Alcohol Intake as a Risk Factor for Acute Stroke: The INTERSTROKE Study.
Neurology. (2023) 100:e142–53. doi: 10.1212/WNL.0000000000201388

45. Meng Y, Koskinen JS, Thomson R, Juonala M, Pahkala K, Mykkänen J,
et al. Blood pressure in childhood, young- and mid-adulthood: association with
carotid plaque severity. Eur Heart J. (2025) 25:ehaf139. doi: 10.1093/eurheartj/
ehaf139

46. Khan AW, Jandeleit-Dahm KAM. Atherosclerosis in diabetes mellitus: novel
mechanisms and mechanism-based therapeutic approaches. Nat Rev Cardiol. (2025)
13:1–15. doi: 10.1038/s41569-024-01115-w

47. López-Bueno R, Núñez-Cortés R, Calatayud J, Salazar-Méndez J, Petermann-
Rocha F, López-Gil JF, et al. Global prevalence of cardiovascular risk factors based
on the Life’s Essential 8 score: an overview of systematic reviews and meta-analysis.
Cardiovasc Res. (2024) 120:13–33. doi: 10.1093/cvr/cvad176

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2025.1564966
https://doi.org/10.1007/s11936-017-0564-0
https://doi.org/10.1161/JAHA.122.028892
https://doi.org/10.1038/s41598-024-73851-5
https://doi.org/10.1186/s12889-024-19754-6
https://doi.org/10.1212/WNL.0000000000201388
https://doi.org/10.1093/eurheartj/ehaf139
https://doi.org/10.1038/s41569-024-01115-w
https://doi.org/10.1093/cvr/cvad176
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Non-traditional lipid parameters are independent predictors of the location, distribution, and stroke events of moderate-to-severe intracranial and extracranial atherosclerotic stenosis
	Background
	Subjects and methods
	Patient selection
	Data collection and analysis
	Statistical analysis
	Results
	Baseline characteristics
	The relationship of non-traditional lipid parameters and stenosis location
	The relationship of non-traditional lipid parameters and stenosis distribution
	The relationship of non-traditional lipid parameters and asymptomatic or symptomatic stenosis
	Comparison of non-traditional lipid parameters in a non-stenotic group vs. patients with moderate-to-severe stenosis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


