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Small and dense LDL cholesterol (sdLDL-C) and apolipoprotein B (ApoB) have important roles

in promoting the development of atherosclerosis and are highly correlated with the degree of
atherosclerosis. Several studies have found differences in anterior and posterior circulation strokes

and in the mechanisms of their atherosclerosis, but little research has been done on the relationship

of sdLDL-C and ApoB to atherosclerotic stenosis in anterior and posterior circulation strokes. We
analyzed the correlation between sdLDL-C and ApoB and the degree of arterial stenosis in patients
with posterior circulation stroke. We included 230 anterior circulation stroke (ACS) patients and 170
posterior circulation stroke (PCS) patients. Blood specimens were collected at admission, serum ApoB
and sdLDL-C concentrations were measured, and the degree of arterial stenosis was determined on
the basis of vascular imaging. We analyzed the predictive value of ApoB and sdLDL-C for the degree

of cerebral artery stenosis in patients with PCS. For patients with nonmild stenosis, sdLDL-C and

ApoB levels were higher in the PCS group than in the ACS group (P <0.05). SALDL-C (P<0.001) and
ApoB (P <0.05) were independent risk factors for increased intracranial artery stenosis in the posterior
circulation group. Binary logistic regression analysis showed that sdLDL-C (P <0.05) and ApoB (P <0.05)
were independent risk factors for non-mild stenosis of the intracranial arteries in patients with PCS
after correction for confounders. In the posterior circulation group, there was an interaction between
the effects of sdLDL and ApoB on intracranial artery stenosis, P<0.05. Plotting the ROC curve showed
that the AUC of the combined detection of sdLDL-C and ApoB was 0.791, which was better than that
of the single index. We built nomogram model, the DCA curves, calibration curves, NRI index, and IDI
index of both the modeling and validation groups indicated that the diagnostic efficacy and clinical
benefit of the combined sdLDL-C and ApoB assay were greater than those of single-indicator assays for
cerebral artery stenosis in posterior circulation stroke. Risk factors contributing to the increased degree
of intracranial arterial stenosis in ACS and PCS vary somewhat. SALDL-C and ApoB may be of value in
clinical decision making as predictors of cerebral arterial stenosis in patients with PCS.

Keywords Small dense low-density lipoprotein—cholesterol, Apolipoproteins B, Posterior circulation stroke,
Arterial stenosis, Anterior circulation stroke

Acute cerebral infarction (ACI) is an ischemic cerebrovascular disease that poses a serious risk to human health,
and the incidence of ACI has been increasing in developing countries in recent decades!'~. This seriously affects
the quality of life of the population. Atherosclerosis is recognized as the pathological basis for the development
of ACI*®. Traditional risk factors for atherosclerosis include age, obesity, hypertensive disease, and low-density
lipoprotein cholesterol®8. However, these traditional factors only partially predict the risk of developing ACI.
Small and dense LDL cholesterol (sdLDL-C), as a subclass of LDL cholesterol (LDL-C) with small particle
sizes, possesses greater oxidative susceptibility and greater atherogenic capacity®. While apolipoprotein B (ApoB),
as one of the apolipoproteins of celiac microsomes (CM), LDL, and very low density lipoprotein (VLDL), the
number of ApoB particles in the arterial lumen is a major determinant of its rate of entry into the intima, and
is a better marker of atherosclerosis in comparison with other lipid indices'’. Studies have demonstrated that
serum sdLDL-C and ApoB are new independent risk factors for ACI'!-!%. Due to their high correlation with
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the degree of atherosclerosis!>!S, the relationship with cerebrovascular disease has received increasing attention
from researchers. Posterior circulation stroke (PCS), which accounts for about 20-30% of AIS cases, is more
difficult to recognize compared to anterior circulation stroke (ACS), which is prone to delayed diagnosis'’.
And some studies have shown that there are differences between anterior and posterior circulation stroke and
their risk factors for atherosclerosis, a study by Von Sarnowski B et al. found that men were more common in
posterior circulation strokes compared to women and that cardiogenic embolism was more common in anterior
circulation strokes'®. Li Yan et al. found that the mechanisms of stroke in the posterior circulation were more
complex than in the anterior circulation and that the posterior circulation arteries were more prone to occlusion
in the presence of atherosclerotic stenosis'®. In the past, due to technical limitations, more studies have focused
on ACS, and fewer studies have been conducted on PCS. Therefore, in this study, we analyzed the correlation
between related factors and the degree of intracranial artery stenosis in ACS and PCS, and further explored the
predictive value of sdLDL-C and Apob on intracranial artery stenosis in PCS, with the aim of providing a certain
theoretical basis for interventions on intracranial artery stenosis.

Materials and methods

Participants

Patients with acute cerebral infarction who were hospitalized in the Department of Neurology of Qianfoshan
Hospital in Shandong Province from August 1, 2021 to March 1, 2024 were selected for the study. Based on the
exclusion criteria, we finally selected 400 ACI patients from 723 ACI patients (Fig. 1). This study was approved
by the Ethics Review Committee of the First Affiliated Hospital of Shandong First Medical University [Reference
No.(S531)]. All methods were carried out in accordance with relevant guidelines and regulations. We confirmed
that informed consent was obtained from all subjects and/or their legal guardian(s).Inclusion criteria: (1) meeting
the criteria of the Chinese Guidelines for Diagnosis and Treatment of Acute Ischemic Stroke 2018 and confirmed
by imaging; (2) onset to admission time<72 h; (3) first onset or non-first onset without residual neurological
deficits; (4) age > 18 years old; and (5) complete clinical data such as imaging, personal history, and laboratory test
indexes. Exclusion criteria: (1) Combination of immune system diseases, serious infections, malignant tumors;
(2) Previous history of transient ischemic attack (TTA), cerebral hemorrhage, and head trauma; (3) Combination
of cardiovascular diseases, such as heart failure, coronary artery disease, and myocardial infarction; (4) Previous
cerebral artery stenting; (5) Patients with stroke of cardiac origin, coagulopathies, altered blood composition,
vasculitis of various causes, vascular malformations, and stroke of unknown origin. The patients were divided
into the ACS group (230 cases) and the PCS group (170 cases) according to the site of the vessel responsible for
the acute lesion and the degree of stenosis. In the ACS group, there were 135 cases of mild stenosis and 95 cases
of non-mild stenosis of the intracranial arteries (including 48 cases of moderate stenosis and 47 cases of severe
stenosis and occlusion), and in the PCS group, there were 95 cases of mild stenosis and 75 cases of non-mild
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Fig. 1. Study patients selection.
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stenosis of the intracranial arteries (including 42 cases of moderate stenosis and 33 cases of severe stenosis and
occlusion).

Data collection

General information of the patients was collected, including age, gender, history of smoking, alcohol consumption,
history of hypertension, diabetes mellitus, and hyperlipidemia. Early morning fasting venous blood was drawn
from the patients within 24 h of admission and tested for sdLDL-C, ApoB, ApoAl, triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC),
homocysteine, and lipoprotein-associated phospholipase A2(Lp-PLA2). The patients underwent CT angiography
(CTA), whole-brain digital subtraction angiography (DSA), or cranial magnetic resonance angiography (MRA).
The stenosis rate and grading of intracranial arteries were calculated according to the 2017 “Guidelines for
the Management of Symptomatic Intracranial and Extracranial Atherosclerotic Large Artery Stenosis-Scientific
Statement of the Chinese Stroke Association”. The stenosis rate was calculated as follows: 1- diameter of the
narrowest part of the diseased vessel/diameter of the normal part of the proximal part of the diseased vessel; and
the stenosis degree of the intracranial arteries was graded as follows: 0-49% was considered as mild stenosis,
50-69% was considered as moderate stenosis, and 70-99% was considered as Severe stenosis. The intracranial
arteries included the intracranial segments of bilateral vertebral arteries, basilar arteries, bilateral anterior,
middle and posterior cerebral arteries and intracranial segments of bilateral internal carotid arteries.

Statistical analysis

All data were statistically analyzed using SPSS 27.0 statistical software and R.4.3.3. The count data were expressed
as frequency and percentage (%), and the x? test was used for comparison between groups; the measurement
data were tested for normality by Shapiro-Wilk (S-W test), and obeyed the normal distribution or approximate
normal distribution expressed as mean + standard deviation (X + SD). The comparison between two groups was
performed by two independent samples t-test, and one-way analysis of variance (ANOVA) was used for the
comparison between groups, and the non-normal distribution was performed by median and quartiles. The
median and quartiles were used for non-normal distribution [M(P25, P75)], and the non-parametric rank sum
test was used for comparison between groups. We used univariate and multivariate ordered logistic regression
to analyze the factors affecting the degree of intracranial artery stenosis in the ACI and PCS groups, respectively.
Binary logistic regression was used to analyze the correlation between sdLDL-C and ApoB on non-mild stenosis
of intracranial arteries in the PCS group. The sdLDL-C and ApoB were divided into 4 groups by quartiles and
then exploring the interaction between them at different levels. R language is used to construct the nomogram,
and receiver operating characteristic curves (ROC Curvers), calibration plots, and decision curve analysis
(DCA) are used to evaluate the reliability and predictive ability of the prediction model. Net reclassification
indices (NRI) and integrated discriminatory improvement indices (IDI) were used for different comparison of
prediction models. All P-values were two-tailed with a significance level of 0.05.

Results

For all ACI patients and patients with mild stenosis of intracranial arteries, there was no difference in general
data between the ACS and PCS groups (P>0.05, Tables 1 and 2). For patients with non-mild stenosis of the
intracranial arteries, The levels of sdLDL-C, ApoB, ApoA1/ApoB, LDL-C, TC, and Lp-PLA2 were higher in the
PCS group than in the ACS group (P<0.05, Table 3).

Using the degree of intracranial artery stenosis as the dependent variable (mild stenosis=0, moderate
stenosis = 1, and severe stenosis or occlusion = 2), univariate ordinal logistic regression analyses were performed
first. Independent variables with P<0.2 in the univariate analyses were selected for multiple covariance tests,
and those with VIF<5 (diabetes mellitus, hyperlipidemia, history of alcohol consumption, sdLDL-C, TG,
ApoA1/ApoB, and Lp-PLA2) were included in multifactor logistic regression. The results showed that history of
diabetes mellitus was an independent risk factor for increased intracranial arterial stenosis in the ACS group (no
history of diabetes mellitus vs. history of diabetes mellitus, OR =0.499, P<0.05, Table 4); sdLDL-C (OR=5.573,
P<0.001) and ApoB (OR=16.643, P<0.05) were independent risk factors for increased intracranial arterial
stenosis in the PCS group(Table 5).

Comparing the general data between the mild stenosis group and the non-mild stenosis group of PCS
patients, the differences in sdLDL-C, ApoB, LDL-C, TC, TG, Lp-PLA2, diabetes mellitus, and hyperlipidemia
were statistically significant between the two groups (P <0.05). Binary logistic regression analysis was performed
with the degree of intracranial artery stenosis as the dependent variable (mild stenosis =0, non-mild stenosis=1)
and sdLDL-C and ApoB as independent variables. Model 1 was not corrected for any confounders; model 2 was
corrected for age and sex on the basis of model 1; and model 3 was corrected for TG, Lp-PLA2, diabetes, and
hyperlipidemia on the basis of model 2. The final model results showed that sdLDL-C (OR=4.191, P<0.05)
and ApoB (OR=48.091, P<0.05) were independent risk factors for non-mild stenosis of intracranial arteries
in patients undergoing PCS (Table 6). In the post-circulation group, we further stratified sdLDL and ApoB
into subgroups by interquartile range. SALDL <0.854mmol/L and ApoB<0.790 g/L were assigned a value of
0, sdLDL<1.236 mmol/L and ApoB<0.930 g/L were assigned a value of 1, and sdLDL<1.569 mmol/L and
ApoB <1.080 g/L were assigned a value of 2, and sdLDL > 1.569 mmol/L and ApoB >1.080 g/L were assigned a
value of 3. Repeated measures ANOVA found that sdLDL at subgroup 2 level interacted with ApoB at subgroup
2 and 3 levels, and that sdLDL at subgroup 3 level interacted with ApoB at subgroup 3 level, P<0.05(Table 7).

To further assess the predictive value of sdLDL-C and ApoB for non-mild stenosis of intracranial arteries in
PCS, We first plotted ROC curves (Fig. 2), the AUC for sdLDL-C was 0.754 [95% CI (0.679,0.828)] with 1.377
cutoff value, 64.90% sensitivity, 81.2% specificity, and 0.461 Youden index; ApoB had an AUC of 0.770 [95%
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Characteristics ‘ACS (n=230) PCS (n=170) ‘t/Z/cz ‘P
Sex [n(%)]

Male 154(67%) 118(69.4%)

Female 76(33%) 52(30.6%) 0271 | 0.603
Age (years) 60.67+10.88 60.52+10.34 0.141 | 0.888
Hypertension [n(%)] | 119(51.7%) 103(60.6%) 3.099 | 0.078
Diabetes [n(%)] 54(23.5%) 51(30%) 2.148 | 0.143
Smoker [n(%)] 92(40%) 72(42.4) 0.224 | 0.636
Drinker [n(%)] 95(41.3%) 84(49.4%) 2599 | 0.107
Hyperlipidemia [n(%)] | 117(50.9%) 90(52.9%) 0.168 | 0.682
sdLDL-C (mmol/L) 1.23+0.44 1.24+0.46 -0.148 | 0.883
LDL (mmol/L) 2.83+0.70 2.94+0.83 —1.448 | 0.149
HDL (mmol/L) 1.08(0.94,1.28) 1.09(0.95,1.27) ~0.005 | 0.996
TC (mmol/L) 4.72+0.98 4.82+1.03 —1.001 | 0.318
TG (mmol/L) 1.37(0.99,2.02) 1.44(1.06,1.88) ~0.124 | 0.901
ApoAl (g/L) 0.93(0.81,1.05) 0.94(0.82,1.05) ~0.377 | 0.706
ApoB(g/L) 0.93+£0.21 0.94+0.21 —0.838 | 0.404
ApoA1/ApoB 1.03(0.86,1.21) 1.02(0.82,1.25) - 0.835 | 0.404
Lp-PLA2 (IU/L) 538.26+118.08 | 555.27+127.77 | — 1375 | 0.170
Hey (umol/L) 13.35(10.90,18.13) | 13.45(11.48,17.55) | — 0.012 | 0.990

Table 1. Comparison of two sets of baseline data. sdLDL-C small dense low-density lipoprotein cholesterol,
TG triglyceride, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL high-density lipoprotein,
ApoB Apolipoproteins B, ApoA I apolipoprotein A-I, Lp-PLA2 lipoprotein-associated phospholipaseA2, Hcy

homocysteine.
Mild stenosis

Characteristics ACS (n=135) | PCS (n=96) t/ZIc¢ | P
Sex [n(%)]
Male 89(65.9%) 70(72.9%)
Female 46(34.1%) 26(27.1%) 1.278 10258
Age(years) 60.85+10.19 60.21+10.68 0.464 | 0.643
Hypertension [n(%)] 64(47.4%) 57(59.4%) 3.221 | 0.073
Diabetes [n(%)] 24(17.8%) 23(24%) 1.322 | 0.251
Smoker [n(%)] 53(39.3%) 38(39.6%) 0.002 | 0.961
Drinker [n(%)] 51(37.8%) 46(47.9%) 2.368 | 0.124
Hyperlipidemia [n(%)] | 56(41.5%) 40(41.7%) 0.001 | 0.978
sdLDL-C (mmol/L) 1.15(0.86,1.42) | 1.00(0.76,1.32) —-1.904 | 0.057
LDL (mmol/L) 2.90+0.70 2.64+0.65 1.464 | 0.145
HDL (mmol/L) 1.09(0.93,1.28) | 1.10(0.95,1.26) ~0.262 | 0.794
TC (mmol/L) 4.59+0.95 4.40£0.79 1.583 | 0.115
TG (mmol/L) 1.26(0.97,1.79) | 1.30(0.95,1.77) —0.141 | 0.889
ApoAl (g/L) 0.93(0.82,1.05) | 0.93(0.81,1.05) ~0.119 | 0.905
ApoB (g/L) 0.89+0.19 0.86+0.17 1.447 | 0.149
ApoAl/ApoB 1.06(0.89,1.21) | 1.09(0.89,1.30) —-0.825 | 0.409
Lp-PLA2 (IU/L) 535.04+£109.99 | 520.65+123.81 0.931 | 0.353
Hcy (umol/L) 13.20(10.8,18.9) | 13.50(10.65,17.65) | — 0.534 | 0.593

Table 2. Comparison of two sets of baseline data in patients with mild stenosis. sdLDL-C small dense
low-density lipoprotein cholesterol, TG triglyceride, TC total cholesterol, LDL-C low-density lipoprotein
cholesterol, HDL high-density lipoprotein, ApoB apolipoproteins B, ApoA I apolipoprotein A-I, Lp-PLA2
lipoprotein-associated phospholipaseA2, Hcy homocysteine.

CI (0.699,0.841)] with 1.045 cutoff value, 54.10% sensitivity, 87.50% specificity, and 0.416 Youden index; The
combination of sdLDL-C and ApoB had the highest AUC 0f 0.791 [95% CI (0.722,0.860)] with 77.00% sensitivity
and 71.90% specificity, suggesting that the combination of the two tests has a high predictive value for non-mild
stenosis of the intracranial arteries in PCS (Table 8). Then, we randomly split 170 PCS patients into a modeling
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Non-mild stenosis
Characteristics ACS (n=95) PCS (n=74) t/Z/c2 | P
Sex [n(%)]
Male 65(68.4%) 48(64.9%)
Female 30(31.6%) 26(35.1%) 0237 0.626
Age (years) 60.41+11.84 60.92+9.94 -0.297 | 0.767
Hypertension [n(%)] 55(57.9%) 46(62.2%) 0.315 | 0.575
Diabetes [n(%)] 65(68.4%) 28(37.8%) 0.723 | 0.395
Smoker [n(%)] 39(41.1%) 34(45.9%) 0.406 | 0.524
Drinker [n(%)] 44(46.3%) 38(51.4%) 0422 | 0516
Hyperlipidemia [n(%)] | 61(64.2%) 50(67.6%) 0.208 | 0.648
sdLDL-C (mmol/L) 1.32+0.47 1.46£0.46 —-2.011 0.046
LDL (mmol/L) 2.90+0.69 3.32+0.88 —3.540 | <0.001
HDL (mmol/L) 1.08(0.94,1.27) | 1.10(0.93,1.28) | -0.241 | 0811
TC (mmol/L) 491+1.01 5.37+1.05 —2.884 | 0.004
TG (mmol/L) 1.73(1.14,2.31) 1.60(1.20,2.07) -0.372 | 0.711
ApoAl (g/L) 0.93(0.81,1.05) | 0.95(0.83,1.06) | —0.407 | 0.684
ApoB (g/L) 0.96(0.84,1.08) 1.07(0.90,1.18) —2.889 | 0.004
ApoAl/ApoB 0.96(0.81,1.21) | 0.88(0.74,1.09) —-2.087 | 0.037
Lp-PLA2 (IU/L) 542.84+129.17 | 600.18+119.27 —2.960 | 0.004
Hcy (umol/L) 13.50(10.9,17.6) | 13.35(11.80,17.25) | — 0.556 | 0.578

Table 3. Comparison of two sets of baseline data in patients with non-mild stenosis. sdLDL-C small dense
low-density lipoprotein cholesterol, TG triglyceride, TC total cholesterol, LDL-C low-density lipoprotein
cholesterol, HDL high-density lipoprotein, ApoB apolipoproteins B, ApoA 1 apolipoprotein A-I, Lp-PLA2
lipoprotein-associated phospholipaseA2, Hcy homocysteine.

group (n=104) and a validation group (n=66) according to a ratio of 7:3, and plotted nomogram model of
the combined predictors of severe stenosis or occlusion of the intracranial arteries in PCS patients(Fig. 3). We
plotted predictive calibration curves, and DCA curves. The calibration curve of both modeling and validation
groups suggests that the predictive calibration curve of the joint prediction model of the two is in the best
agreement with the standard curve (Fig. 4). DCA curves showed that the joint prediction model outperforms
the single prediction model at risk thresholds of 0.25-0.46 and 0.66-0.88 for the modeling group and the joint
prediction model outperformed the single prediction model at risk thresholds of 0.17-0.30 and 0.77-0.98 in the
validation group (Fig. 5).

We utilized NRI and IDI to compare the predictive efficacy of the combination of both sdLDL-C and ApoB
versus single-indicator testing for non-mild stenosis in PCS. The combined sdLDL-C and ApoB assay showed
an improvement in NRI and IDI compared with sdLDL-C (NRIL,_= 0.545, P, < 0.05; IDI_= 0.063, P_< 0.05;
NRI = 0.279, P, < 0.05; IDI = 0.084, P < 0.05) and ApoB (NRI —0079 P, <005 IDL —0012 P <005 NRI =
0.122, P, <0. 05; IDI =0. 024, P <0. 05) in both the modeling and validation groups, 1nd1cat1ng that the combined
detection of sdLDL-C and ApoB has better predictive efficacy compared with a single test indicator (Table 9).

Discussion

The posterior circulation consists of the vertebral, basilar and posterior cerebral arteries originating from the
subclavian artery. Compared with ACS, the incidence of PCS is low, but its prognosis is poor, with high rates
of disability and mortality. Atherosclerosis is a common disease of the posterior circulation arteries, and in
situ thrombosis often leads to complete occlusion of the vessels, especially the basilar arteries, with a very
high mortality rate®. It has been noted that there are significant anatomical differences between the anterior
and posterior circulations, and unlike the carotid system, the vertebrobasilar artery has a specific geometry,
high frequency of variations, and a vertebrobasilar junction angle of more than 90°, which all increase the risk
factors for localized atherosclerosis in the posterior circulation®!?2, Serological markers have been of interest to
researchers and are widely used in the clinic due to their simplicity and less invasiveness compared with imaging.
Therefore, the study of risk factors for cerebral artery stenosis in PCS is clinically important for early assessment
of cerebral infarction.

Despite the differences between ACS and PCS in terms of clinical manifestations and prognosis, the
conclusions regarding the risk factors for both are controversial. A study by Yun L, et al.?* found that TG,
HDL-C, and diabetes mellitus differed between ACS and PCS, with diabetes mellitus being more common in
PCS. However, a recent study showed that the difference in general clinical data comparing anterior and posterior
circulation stroke was not statistically significant?®, which is consistent with the results of the present study.
Previous studies comparing atherosclerosis in the anterior and posterior intracranial circulation are scarce. He
Jianfeng et al. showed differences in the distribution of plaque in the anterior and posterior circulation, with
plaque in the posterior circulation being more dispersed, suggesting to some extent that there are differences
in atherosclerosis in the anterior and posterior cerebral arteries?. In this study, we found that in patients with
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Univariate Multivariate
Characteristics | OR (95%CI) P OR (95%CI) P
Sex
Male
Female 1.176(0.683,2.026) | 0.558 | 1.155(0.548,2.435) | 0.704
Age 0.993(0.970,1.016) | 0.548 | 1.001(0.975,1.028) | 0.930
Hypertension* 0.779(0.468,1.296) 0.336
Diabetes* 0.503(0.281,0.900) | 0.021 | 0.495(0.270,0.906) | 0.023
Smoker* 0.941(0.562,1.578) | 0.817
Drinker* 0.676(0.405,1.129) | 0.135 | 0.681(0.345,1.342) | 0.266
Hyperlipidemia* | 0.421(0.250,0.710) | 0.001 | 0.554(0.287,1.069) | 0.078
sdLDL-C 1.881(1.047,3.380) | 0.035 | 1.012(0.433,2.366) | 0.977
LDL-C 1.260(0.875,1.815) | 0.215
TC 1.331(1.022,1.732) 0.034
TG 1.415(1.051,1.904) | 0.022 | 1.090(0.739,1.608) | 0.663
HDL 0.941(0.516,1.714) | 0.841
ApoAl 1.014(0.293,3.508) | 0.982
ApoB 4.788(1.335,17.184) | 0.016 | 5.865(0.910,37.788) | 0.063
ApoAl/ApoB 0.486(0.206,1.148) | 0.100 | 1.551(0.524,4.600) | 0.428
Lp-PLA2 1.001(0.999,1.003) | 0.500
Hcy 0.986(0.962,1.011) | 0.268

Table 4. Ordinal logistic regression analysis of the degree of intracranial artery stenosis in patients with ACS.
sdLDL-C small dense low-density lipoprotein cholesterol, TG triglyceride, TC total cholesterol, LDL-C low-
density lipoprotein cholesterol, HDL high-density lipoprotein, ApoB apolipoproteins B, ApoA I apolipoprotein
A-1, Lp-PLA2 lipoprotein-associated phospholipaseA2, Hcy homocysteine. *No vs. yes. Age, sex, and factors
with P<0.02 in the univariate analysis (sdLDL-C, TG, ApoB, ApoA1/ApoB, history of diabetes mellitus,
history of alcohol consumption, and history of hyperlipidemia) were included in the multivariate analysis.

mild stenosis of cerebral arteries, there was no statistically significant difference between the general data of
the ACS and PCS groups, but in patients with non-mild stenosis, the levels of sdLDL-C, ApoB, ApoAl/ApoB,
LDL-C, TC, and Lp-PLA2 were higher in the PCS group than in the ACS group. For this reason we hypothesized
that the risk factors for anterior and posterior circulation cerebral atherosclerosis may be different. To verify
this speculation, this study further performed univariate and multivariate ordered logistic regression analyses,
which showed that ApoB and sdLDL-C were independent risk factors for the degree of cerebral arterial stenosis
in PCS. However, sdLDL-C and ApoB did not show a significant correlation with the degree of cerebral artery
stenosis in patients with ACS. It has been shown?*?” that there is some variability in the risk factors for cerebral
atherosclerosis in the anterior and posterior circulations, and that atherosclerosis in the posterior circulation
intracranial arteries is more closely associated with metabolic risk factors. For this reason, we believe that, on
the one hand, compared with the anterior circulation, the posterior circulation vessels possess less sympathetic
innervation®®, which explains to some extent the presence of positive remodeling of the vessels in the posterior
circulation. On the other hand, complex plaque and hemodynamic factors are also involved in the development
of stroke, with the anterior circulation being more susceptible to hemodynamic alterations?®->!. These make
the posterior circulation vessels more resistant to arterial stenosis, and therefore atherogenic lipoproteins such
as sdLDL possess a stronger correlation with the degree of arterial stenosis in posterior circulation cerebral
infarction.

SALDL-C, a subclass of LDL-C, is more likely to cross the vascular endothelium and be deposited because
of its small particle size. On the other hand, oxidative stress plays an important role in atherosclerosis, and
sdLDL-C possesses a stronger oxidative susceptibility, with the sdLDL molecule having a lower affinity for apoB-
100 on the surface of the LDL receptor. Those make it difficult for the receptor to recognize and remove sdLDL,
which is then taken up by phagocytes, forming foam cells and promoting the development of atherosclerosis™*2.
ApoB is the key structural protein component found in all major atherogenic lipoproteins, with each very low
density lipoprotein (VLDL), LDL, intermediate density lipoprotein (IDL), and Lp(a) particle containing only
one molecule of ApoB, so that the level of ApoB responds to the total amount of atherogenic lipoproteins.
ApoB has also been implicated in the inflammatory process of atherosclerosis itself, and may serve as a superior
predictor of atherosclerotic cardiovascular disease (ASCVD)?3-3. It has been found that sdLDL-C is closely
related to the degree of vasculopathy in patients with ACI**-%%, and is an independent risk factor affecting the
degree of intracranial artery stenosis in patients with ACI*°. Scholars at home and abroad have found that ApoB
not only has a high predictive value for the occurrence of ACI***!, but also is closely related to the degree of
atherosclerosis in patients with ACI*>~*4. In the study by Wang Shi et al., ApoB and ApoA1l were significantly
correlated with positive remodeling of posterior circulation vessels, but the correlation was not significant in
the anterior circulation®®. Vascular remodeling is a compensatory change in vessel size under pathological or
physiological conditions, characterized by alterations in vessel wall structure and function, which significantly
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Univariate Multivariate
Characteristics | OR (95%CI) P OR (95%CI) P
Sex
Male
Female 0.784(0.419,1.464) 0.445 | 0.968(0.447,2.096) 0.933
Age 1.003(0.975,1.031) 0.846 | 1.029(0.996,1.064) 0.084
Hypertension* 1.049(0.579,1.900) 0.875
Diabetes* 0.511(0.273,0.955) 0.035 | 0.506(0.251,1.022) 0.058
Smoker* 0.754(0.419,1.355) 0.345
Drinker* 0.917(0.513,1.639) 0.769
Hyperlipidemia* 0.332(0.18,0.613) <0.001 | 0.706(0.312,1.598) 0.404
sdLDL-C 10.507(4.879,22.646) | <0.001 | 5.930(2.235,15.721) | < 0.001
LDL-C 2.863(1.904,4.302) | <0.001
TC 2.454(1.756,3.432) | <0.001
TG 1.331(0.987,1.795) 0.061 | 0.929(0.610,1.412) 0.729
HDL 1.040(0.335,3.232) 0.946
ApoAl 0.899(0.185,4.375) 0.895
ApoB 134.420(24.36,741.74) | <0.001 | 18.765(1.088,323.434) 0.044
ApoAl/ApoB 0.084(0.027,0.272) | <0.001 1.573(0.318,7.791) 0.579
Lp-PLA2 0.272(1.003,1.008) | < 0.001 1.001(0.998,1.005) 0.430
Hcy 1.015(0.991,1.039) 0.231

Table 5. Ordinal logistic regression analysis of the degree of intracranial artery stenosis in patients with PCS.
sdLDL-C small dense low-density lipoprotein cholesterol, TG triglyceride, TC total cholesterol, LDL-C low-
density lipoprotein cholesterol, HDL high-density lipoprotein, ApoB apolipoproteins B, ApoA I apolipoprotein
A-1, Lp-PLA2 lipoprotein-associated phospholipaseA2, Hcy homocysteine. *No vs. yes. Age, sex, and factors
with P<0.02 in the univariate analysis (sdLDL-C, TG, ApoB, ApoA1/ApoB, Lp-PLA2, history of diabetes
mellitus, history of hyperlipidemia) were included in the multivariate analysis.

Variables | p SE | Wald ¢ | OR(95%CI) P

Modlel sdLDL-C | 1.364 | 0.503 7.355 3.914(1.460,10.491) 0.007
odle

ApoB 4.23 1.178 | 12.903 68.738(6.835,691.259) | < 0.001

sdLDL-C | 1.494 | 0.513 | 8.493 4.456(1.631,12.175) 0.004
Modle2?*

ApoB 431 | 1.192 | 12.079 | 74.466(7.202,769.959) | < 0.001

sdLDL-C | 1.433 | 0.552 | 6.739 4.191(1.421,12.363) 0.009
Modle3P

ApoB 3.873 | 1.474 | 6.900 48.091(2.673,865.146) 0.009

Table 6. Logistic regression analysis of sdLDL-C and ApoB and nonmild stenosis in patients with PCS.
Adjusted for age and sex. "Adjusted for modle 2 variables + TG, Lp-PLA2, diabetes, hyperlipidemia.

contributes to the progression of cardiovascular disease?®. For this reason, we further investigated the predictive
value of ApoB and sdLDL-C for non-mild stenosis of PCS intracranial arteries. This study further found that
sdLDL and ApoB are independent risk factors for non-mild stenosis of PCS intracranial arteries, and that they
have an interactive effect on intracranial artery stenosis, suggesting that the two can interact to influence the
development of intracranial artery stenosis. The suggestion is that we should balance the control of the levels
of both so as to maximize patient benefit. To this end, we included sdLDL and ApoB together in the prediction
model. Compared with single-indicator testing, the combined testing of sdLDL-C and ApoB has higher
predictive efficacy for non-mild stenosis in posterior circulation cerebral infarction.

Limitations

This study has several limitations. First, the sample size of this study was limited and all of them were from the
neurology department of the same hospital, which is prone to selection bias. Second, the accuracy of MRA in
observing the degree of intracranial artery stenosis is not as good as CTA, which is prone to group bias. Finally,
this study was retrospective and lacked follow-up and observation of patients. In future studies, it is necessary
to further expand the sample size and select CTA and DSA, which are more accurate in grouping the degree of
stenosis, to further investigate the relationship between sdLDL-C and ApoB levels and the degree of intracranial
artery stenosis in patients with PCS.
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Groups

sdLDL-C | ApoB | SE 95%CI P
0 0.186 | 0.516,1.350 | 0.878
1 0.207 | 0.519,1.564 | 0.997

0 2 0.343 | 0.324,2.014 | 0.991
3 0.316 | 0.649,3.494 | 0.733
0 0.215 | 0.569,1.982 | 0.998
1 0.180 | 0.409,1.068 | 0.999

! 2 0.162 | 0.691,1.639 | 0.997
3 0.231 | 0.582,1.989 | 0.999
0 0.321 | 0.466,2.563 | 0.992
1 0.152 | 0.656,1.516 | 0.994

2 2 0.176 | 1.125,2.881 | 0.006
3 0.180 | 1.126,2.948 | 0.007
0 - — —
1 0.221 | 0.549,1.822 | 0.987

} 2 0.212 | 0.440,1.225 | 0.379
3 0.143 | 1.305,2.059 | 0.028

Table 7. Interaction analysis of ApoB and SALDL for prediction of non-mild stenosis in intracranial arteries.
P < 0.05: suggests an interaction between sdLDL-C and ApoB in this range for non-mild stenosis of the
intracranial arteries; 0:sdLDL-C <0.854, ApoB <0.790; 1:0.854< sdLDL <1.236, 0.790< ApoB < 0.930; 2:1.236<
sdLDL <1.569, 0.930< ApoB < 1.080; 3:sdLDL-C>1.569, ApoB>1.080. — No data available for this item.

Conclusion

This demonstration suggests that there are some differences in the risk factors contributing to the increased
degree of intracranial arterial stenosis in patients with anterior and posterior circulation cerebral infarction.
Clinical prevention and treatment strategies should be adjusted to the vascular lesions of anterior and posterior
circulation cerebral infarction. And the combination of sdLDL-C and ApoB as novel serum markers is highly
valuable in predicting non-mild stenosis of intracranial arteries in patients with PCS. However, further studies
are needed to determine whether the two may be potential therapeutic targets for ACI and atherosclerosis.
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Fig. 2. ROC curves for predictive modeling of non-mild stenosis in PCS patients.

sdLDL-C*¢ 1.377 | 0.754 | 0.679,0.828 | 64.90 81.20 0.461
ApoB¢ 1.045 | 0.770 | 0.699,0.841 | 54.10 87.50 0.416
sdLDL-C+ ApoB® | — 0.791 | 0.722,0.860 | 77.00 71.90 0.489

Table 8. Predictive value of sdLDL-C and ApoB for non-mild stenosis of intracranial arteries in patients with
PCS. e vs. c: P=0.021 < 0.05; e vs. d: P=0.037<0.05; d vs. c: P=0.016 < 0.05; CI, confidence interval; OR, odds

ratio.
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Fig. 3. Nomogram for predicting intracranial artery stenosis in PCS patiens. The nomogram model scores
each variable, with the horizontal line following each variable corresponding to the corresponding score; the
higher the sum of the scores for multiple variables, the higher the risk that the patient will have > 50% stenosis
of the intracranial arteries.
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Fig. 5. DCA curves for predictive modeling of non-mild stenosis in patients with PCS. (A: modeling group; B:
validation group). None means no intervention for all and All means intervention for all. The model has real
value when the model curve is above the solid line representing both All and None. The joint prediction model
outperforms the single prediction model at risk thresholds of 0.25-0.46 and 0.66-0.88 for the modeling group.
In the validation group, the joint prediction model outperformed the single prediction model at risk thresholds
0f0.17-0.30 and 0.77-0.98.
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NRI (95%CI) IDI (95%CI) Puu | P
group 1f | 0.545(0.199,0.891) | 0.063(0.017,0.108) | 0.002 | 0.007
group 18 | 0.279(0.050,0.514) | 0.084(0.009,0.172) | 0.019 | 0.042
group 2 | 0.079(0.002,0.155) | 0.012(0.007,0.031) | 0.043 | 0.021
group 28 | 0.122(0.006,0.239) | 0.024(0.001,0.048) | 0.040 | 0.049

Table 9. Comparison of predictive efficacy between different models. group 1: sdLDL-C+ ApoB vs. sdLDL-C.;
group 2: sdLDL-C+ ApoB vs. ApoB. f: modeling group; g: validation group.
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