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Purpose: The serum lipid level is strongly associated with atherosclerosis. However, research on the relationship between lipid- 
derived indices and acute ischemic stroke (AIS) occurrence in hemodialysis populations is limited. This study aimed to explore the 
predictive value of lipid-derived indices, including atherogenic index of plasma (AIP), Non- high density lipoprotein cholesterol (Non- 
HDL-C), Non-HDL-C/HDL-C, and lipoprotein combine index (LCI) in clinical practice for the occurrence and prognosis of AIS in 
hemodialysis patients.
Methods: A total of 451 patients undergoing maintenance hemodialysis were screened and 350 were enrolled in this study. The lipid 
parameters exhibit a progressive increase across the tertiles, with values rising from Q1 through Q3. Enrolled patients were divided 
into three groups (Q1, Q2, and Q3) based on tertiles of AIP, Non-HDL-C, Non-HDL-C/HDL-C, and LCI values. Kaplan-Meier curves 
were performed to investigate the association between the AIP, Non-HDL-C, Non-HDL-C/HDL-C, LCI and AIS-free survival in 
hemodialysis patients. Chi-square analysis was used to explore the association between the AIP, Non-HDL-C, Non-HDL-C/HDL-C, 
LCI and AIS outcomes in hemodialysis patients. AIS outcomes were assessed using the modified Rankin Scale (mRS).
Results: Kaplan-Meier analysis revealed that the AIS-free survival rates were significantly higher in the Q1 group compared to Q2 
and Q3 groups for AIP, Non-HDL-C, Non-HDL-C/HDL-C, and LCI. Log rank tests showed statistically significant differences 
between the Q1 group and the Q2 and Q3 groups (p < 0.05 for all). The proportion of patients with a good outcome mRS was higher in 
the Q1 group compared to the Q2-Q3 groups (AIP: 0.818 vs 0.792; Non- HDL-C: 0.866 vs 0.767; Non- HDL-C/HDL-C: 0.867 vs 
0.767; LCI: 0.938 vs 0.750).
Conclusion: The four lipid-derived parameters are effective predictors of AIS in patients undergoing hemodialysis, and AIP has 
a strongest correlation with the risk of AIS. Hemodialysis patients with elevated levels of the four lipid-derived indices had a higher 
incidence of AIS and poorer functional outcomes compared to those with lower levels. Our conclusions may require confirmation by 
further research in the future.
Keywords: hemodialysis, acute ischemic stroke, atherogenic index of plasma, non-high density lipoprotein cholesterol, lipoprotein 
combine index

Introduction
Progressive decline in renal function in patients with chronic kidney disease (CKD) eventually leads to end-stage renal 
disease (ESRD).1 ESRD, characterized by the kidneys’ inability to maintain fluid, electrolyte, and waste balance, poses 
a significant global public health challenge.1 Maintenance hemodialysis, a widely-used and effective renal replacement 
therapy, is often employed for patients with ESRD.2
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Acute ischemic stroke (AIS) is caused by a decrease in blood supply to a certain area of the brain due to 
vascular obstruction, and has been reported as the most common type of stroke.3 AIS is a common complication in 
patients on maintenance hemodialysis, with a reported 3 to 7.1-fold increased stroke risk in patients with CKD 
stages 3 to 5 on dialysis, compared to the general population.4 Furthermore, hemodialysis patients appear to have 
an elevated stroke risk compared to those undergoing peritoneal dialysis or kidney transplantation.5 Additionally, 
AIS in hemodialysis patients is associated with higher mortality and disability rates, and worse prognosis than in 
the general population, significantly impacting their quality of life.6,7 Early identification of patients at high risk 
for AIS enables proactive prevention and intervention by physicians, which has important clinical implications.8

Atherosclerosis, significantly influenced by dyslipidemia, is a principal traditional risk factor in the pathogenesis 
of AIS in hemodialysis patients.9,10 Recent studies indicate that dyslipidemia promotes a pre-activated state of 
platelets, facilitates the role of transforming growth factor-β (TGF-β) in vascular remodeling, and triggers nitration 
reactions mediated by inducible nitric oxide synthase (iNOS). These processes collectively contribute to the 
formation of atherosclerosis, thereby increasing the risk of ischemic vascular disease.11–13 The atherogenic index 
of plasma (AIP) is an effective marker of atherosclerosis,14 and elevated AIP levels correlate with increased 
cardiovascular events and all-cause mortality in both the general and hemodialysis populations.15,16 Non-high- 
density lipoprotein cholesterol (non-HDL-C) serves as another composite index of atherogenic lipoproteins.17 In 
hemodialysis patients, higher non-HDL-C levels are positively correlated with an increased incidence of acute 
myocardial infarction.15 The lipid complexity index (LCI) shows a stronger correlation with atherosclerotic vascular 
disease than does any single lipid parameter.18 Furthermore, the non-HDL-C/HDL-C ratio is proposed as 
a straightforward indicator of cardiovascular disease risk.19 These lipid-derived parameters are strongly associated 
with atherosclerosis, offering simple and easily obtainable clinical results. However, research on the relationship 
between these parameters and AIS occurrence in hemodialysis populations is limited. As dyslipidemia in hemodia-
lysis patients differs from that in the general population, the predictive effectiveness of lipid-derived parameters for 
AIS in hemodialysis patients may contradict findings in the general population.20,21 These are all the more 
motivating for us to conduct this study to investigate the correlation of AIP, non-HDL-C, non-HDL-C/HDL-C 
ratio, and LCI with the occurrence of AIS events in hemodialysis patients and their predictive value for the 
occurrence of AIS. This study aimed to explore whether these lipid-derived parameters (AIP, Non-HDL-C, Non- 
HDL-C/HDL-C, LCI) have a predictive value for AIS in hemodialysis patients and the relationship between these 
lipid-derived parameters and outcome of AIS.

Materials and Methods
Study Design and Subject Enrollment
Maintenance hemodialysis patients were screened between January 1, 2015, and April 30, 2023, in the Department of 
Nephrology, Beijing Chao-Yang Hospital. The inclusion criteria were as follows: 1) Age over 18 years; 2) Renal failure 
requiring maintenance hemodialysis, hemodialysis duration more than 3 months, with a frequency of three times per 
week, each session lasting 4 hours; 3) Agreement to participate in the study and voluntary signing of informed consent. 
The exclusion criteria were as follows: 1) Severe infections, liver failure, malignant tumors, malignant fluid, and other 
conditions affecting; 2). Absence of laboratory data (lipid indices, including triglycerides, LDL cholesterol, HDL 
cholesterol, total cholesterol).

From January 1, 2015 to April 30, 2023, a total of 451 patients were screened in the Department of Nephrology, 
Beijing Chao-Yang Hospital. Among them, 101 patients were excluded and 350 patients were included in this study. 
Participant recruitment details are presented in Figure 1. Conducted in compliance with the Declaration of Helsinki for 
Ethics in Clinical Research, this study was approved by the Ethics Committee of Beijing Chaoyang Hospital (No. 2023- 
K19). All patients provided written informed consent prior to participation.
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Data Collection
Data collected included sex, age, dialysis duration, primary disease diagnosis, smoking history, diabetes mellitus, atrial 
fibrillation, hypertension, coronary artery disease, previous stroke history, baseline erythropoietin (EPO) dose, antiplatelet 
drug use, lipid-lowering medication use, and average one-week ultrafiltration volume. This information was sourced from 
patient interviews and medical records. The endpoint event was defined as the first occurrence of AIS during the follow-up 
period. Venous blood samples were collected from fasting patients before their second weekly hemodialysis session, 
typically on a Wednesday or Thursday. To reduce experimental errors, all blood samples were sent to the same laboratory 
for analysis within one hour of collection. Routine blood tests utilized an automated hematology analyzer (SYSMEX, Japan), 
while blood biochemistry tests employed an automated biochemistry analyzer (Siemens, Germany). Hemodialysis was 
conducted using Nikkiso DBB-26 or DBB-27 machines with F7 polysulfone membrane dialyzers (Fersen, Germany), 
bicarbonate dialysate, a blood flow rate of 250 to 300 mL/min, and a dialysate flow rate of 500 mL/min.

The four lipid-derived parameters are defined as follows: 1) AIP = lg (TG(mmol/l) / HDL(mmol/l)); 2) Non-HDL-C = 
TC (mmol/l) - HDL (mmol/l); 3) Non-HDL-C/HDL-C = (TC (mmol/l) - HDL (mmol/l)) / HDL (mmol/l); 4) LCI = TC 
(mmol/l) × TG (mmol/l) × LDL-C (mmol/l) / HDL-C (mmol/l). Patients were categorized into tertiles for AIP, Non-HDL 
-C, LCI, and Non-HDL-C/HDL-C, resulting in Q1-Q3 groups for each parameter.

Outcome Measures
AIS diagnosis followed the guidelines of the American Heart Association/American Stroke Association22 and patient 
prognosis was assessed using the modified Rankin Scale (mRS). Prognosis was evaluated 3 months post-first stroke using 
the mRS scale.23 mRS scores were categorized into seven grades: 0 - No symptoms; 1 - No significant disability: able to 
perform daily tasks and activities despite symptoms; 2 - Minor disability: unable to perform all prior activities, yet capable of 
managing personal affairs independently; 3 - Moderate disability: requires some help but can walk unassisted; 4 - Moderate to 
severe disability: requires assistance with walking and physical activities; 5 - Severe disability: bedridden, incontinent, 
requiring constant care; 6 - Death.24 Scores were categorized as indicating a good (0–2) or poor (3–6) outcome.24

Statistical Analysis
Continuous variables with a normal distribution were expressed as mean ± standard deviation, and compared using 
independent samples Student’s t-test. Non-normally distributed continuous variables were expressed as median (M25, 
M75) and compared using the Mann–Whitney U-test. Categorical variables were expressed as numbers (percentages) and 

Figure 1 Flow diagram of the study population.
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compared using chi-square tests. Cox regression analysis was used to explore the risk factors for AIS in hemodialysis patients. 
Kaplan-Meier curves were used to investigate the relationship between the four lipid-derived indices and the incidence of AIS 
in hemodialysis patients. The chi-square analysis was used to compare the relationship between the four lipid-derived indices 
and the prognosis of AIS in hemodialysis patients. Statistical analyses were performed using SPSS 19.0 software (SPSS Inc., 
Chicago, IL, USA) and GraphPad Prism software version 6 (GraphPad Software Inc., San Diego, CA, USA). The threshold 
for statistical significance was set at p < 0.05. A two-tailed p-value was used in our analysis.

Results
A total of 451 maintenance hemodialysis patients were screened, with the following exclusions: one for liver failure due 
to cirrhosis, two for cancer-related cachexia, eight for hemodialysis duration less than 3 months, 28 for follow-up time 
under 2 years with unclear outcomes, eight for declining participation, six for missing relevant data, and 48 for early 
dropout, resulting in 350 enrolled patients. The patient selection process is illustrated in Figure 1.

Comparison of the Medical History and Treatment Between the Two Groups
This study compared the medical history and treatment between two groups. Table 1 shows that age (p<0.001), diabetes 
history (p=0.009), AIS history (p<0.001), coronary atherosclerotic heart disease (CAD) history (p=0.026), smoking 
(p=0.024), and dialysis ultrafiltration volume (p=0.022) were significantly higher in the AIS group compared to the non- 
AIS group. However, there were no significant differences in sex, dialysis duration, systolic/diastolic/mean arterial blood 
pressure, atrial fibrillation history, and administration of aspirin, clopidogrel, statins, fibrates, and erythropoietin dosage 
between the two groups (all p> 0.05).

Comparison of the Laboratory Test Indicators Between the Two Groups
Laboratory test indicators (Table 2) showed significantly higher levels of total cholesterol (p<0.001), LDL-C (p=0.008), 
triglycerides (p=0.001), AIP (p=0.001), Non-HDL-C (p<0.001), Non-HDL-C/HDL-C (p<0.001), LCI (p<0.001), and 
ferritin (p=0.032) in the AIS group compared to the non-AIS group. Serum albumin (p<0.001) and serum creatinine 

Table 1 The Baseline Characteristics of the Medical History and Treatment in the Two Groups

Non-AIS Group (n=262) AIS Group (n=88) P value

Sex (Male, %) 149 (56.9%) 48 (54.5%) 0.704

Age (years) 58.466±12.916 65.807±9.627 <0.001***
BMI 22.67±4.00 22.03±3.21 0.174

Dialysis duration (months) 109.0 (95.0, 149.0) 102.5 (86.0, 169.5) 0.396

Systolic blood pressure (mmHg) 146.5 (135.0, 161.0) 151 (134.5, 162.5) 0.664
Diastolic blood pressure (mmHg) 82.0 (75.0, 88.0) 83 (75.5, 91.0) 0.566

Mean arterial pressure (mmHg) 103.963±12.728 104.932±12.224 0.533
Diabetes history (n, %) 28 (10.7%) 234 (21.6%) 0.009**

Atrial fibrillation history (n, %) 6 (2.3%) 6 (6.8%) 0.093

AIS history (n, %) 5 (1.9%) 16 (18.2%) <0.001***
CAD history (n, %) 53 (20.2%) 28 (31.8%) 0.026*

Smoking (n, %) 18 (6.9%) 13 (14.8%) 0.024*

Aspirin administration (n, %) 18 (6.9%) 12 (13.6%) 0.050
Clopidogrel administration (n, %) 13 (5%) 2 (2.3%) 0.281

Statins administration (n, %) 58 (22.1%) 18 (20.5%) 0.740

Fibrate administration (n, %) 30 (11.5%) 10 (11.4%) 0.982
ACEI/ARB administration (n, %) 63 (24.0%) 19 (21.6%) 0.638

Dosage of erythropoietin (IU/w) 8000 (6000, 8000) 7500 (6000, 8000) 1

Dialysis ultrafiltration volume$ (L) 3.096±0.541 3.252±0.584 0.022*

Notes: $Mean dehydration volume during 1 week before dialysis. *p < 0.05; **p < 0.01; and ***p < 0.001. 
Abbreviations: AIS, Acute ischemic stroke; BMI, Body mass index; CAD coronary artery disease; ACEI, Angiotensin- 
Converting Enzyme Inhibitors; ARB, Angiotensin receptor blockers.
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(p=0.034) levels were lower in the AIS group compared to the non-AIS group. However, levels of HDL-C, hemoglobin, 
serum urea, serum uric acid, calcium, phosphorus, fasting blood glucose, iPTH, and hsCRP did not significantly differ 
between the two groups (all p> 0.05).

Univariate Cox proportional hazards analysis (Table 3) showed that elevated total cholesterol (HR=1.298, p=0.001), 
LDL-C (HR=1.388, p=0.004), Triglyceride (HR=1.225, p=0.003), AIP (HR=3.052, p=0.001), Non-HDL-C (HR=1.393, 
p<0.001), LCI (HR=1.012, p<0.001), Non-HDL-C /HDL-C (HR=1.299, p<0.001) were associated with a higher inci-
dence of AIS in the hemodialysis patients. However, elevated HDL-C (HR=0.490, p=0.046) was associated with a lower 
incidence of AIS in the hemodialysis patients. Multivariate Cox proportional hazards analysis (Table 4) showed that 
elevated AIP (HR=4.288, p=0.030) and age (HR=1.052, p<0.001), were associated with a higher incidence of AIS in the 
hemodialysis patients.

Table 2 The Baseline Characteristics of the Laboratory Test Indicators in the Two Groups

Non-AIS Group (n=262) AIS Group (n=88) P value

Total cholesterol (mmol/l) 4.035 (3.360, 4.700) 4.495 (3.830, 5.310) <0.001***
HDL-C (mmol/l) 1.035 (0.850, 1.310) 1.020 (0.895, 1.100) 0.247

LDL-C (mmol/L) 2.145 (1.730, 2.700) 2.350 (1.890, 3.020) 0.008**

Triglyceride (mmol/l) 1.635 (1.170, 2.370) 1.870 (1.590, 2.520) 0.001**
AIP 0.183 (−0.012, 0.387) 0.258 (0.194, 0.418) 0.001**

Non-HDL-C 2.920 (2.330, 3.660) 3.455 (2.840, 4.200) <0.001***

LCI 13.516 (6.789, 26.344) 21.213 (12.770, 39.523) <0.001***
Non-HDL-C/HDL-C 2.776 (1.974, 3.643) 3.446 (2.713, 4.219) <0.001***

Hemoglobin (g/L) 109.580±9.501 109.909±7.334 0.737
Serum albumin (g/L) 38.087±4.822 35.917±3.588 <0.001***

Serum urea (mmol/l) 22.980 (19.180, 28.370) 24.615 (20.385, 28.195) 0.277

Serum creatinine (μmol/L) 881.834±254.351 817.773±208.771 0.034*
Serum uric acid (mmol/L) 395.395 (349.000, 454.830) 375.635 (355.445, 432.700) 0.257

Calcium (mmol/l) 2.174±0.260 2.200±0.286 0.444

Phosphorus (mmol/l) 1.88 (1.53, 2.25) 1.80 (1.50, 2.09) 0.372
Fasting blood-glucose (mmol/l) 5.985 (4.840, 7.800) 5.920 (4.570, 8.485) 0.525

iPTH (ng/l) 270.50 (158.60, 412.10) 274.25 (136.20, 464.50) 0.756

Ferritin (ng/mL) 181.70 (88.70, 360.70) 235.25 (136.65, 366.20) 0.032*
hsCRP (mg/l) 1.815 (1.130, 3.000) 1.810 (1.255, 3.130) 0.359

Notes: *p < 0.05; **p < 0.01; and ***p < 0.001. 
Abbreviations: AIS, Acute ischemic stroke; HDL-C, high density lipoprotein cholesterol; LDL-C, Low density lipoprotein 
cholesterol; AIP, atherogenic index of plasma; LCI, lipoprotein combine index; iPTH, intact parathyroid hormone; hsCRP, high 
sensitivity C reactive protein.

Table 3 Univariate Cox Proportional Hazards Analysis for Four 
Lipid-Derived Indices to Predict AIS Event in Maintenance 
Hemodialysis Patients

Variable β HR 95% CI P-value

Total cholesterol (mmol/l) 0.261 1.298 1.113–1.514 0.001**

HDL-C (mmol/l) −0.713 0.490 0.243–0.987 0.046*

LDL-C (mmol/L) 0.328 1.388 1.111–1.734 0.004**
Triglyceride (mmol/l) 0.203 1.225 1.069–1.403 0.003**

AIP 1.116 3.052 1.574–5.918 0.001**

Non-HDL-C 0.331 1.393 1.191–1.63 <0.001***
LCI 0.012 1.012 1.007–1.017 <0.001***

Non-HDL-C /HDL-C 0.261 1.299 1.138–1.482 <0.001***

Notes: *p < 0.05; **p < 0.01; and ***p < 0.001. 
Abbreviations: AIS, Acute ischemic stroke; HDL-C, high density lipoprotein choles-
terol; LDL-C, Low density lipoprotein cholesterol; AIP, atherogenic index of plasma; LCI, 
lipoprotein combine index.
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Association Between Four Lipid-Derived Indices and AIS-Free Survival of 
Hemodialysis Patients
Kaplan-Meier analysis (Figure 2) was performed to investigate the association between four lipid-derived indices and 
AIS-free survival in hemodialysis patients. Patients were divided into tertiles for AIP, Non-HDL-C, LCI, and Non-HDL 
-C/HDL-C: AIP Q1 (−0.442 to 0.101), Q2 (0.102 to 0.327), Q3 (0.328 to 1.177) with AIS-free survival rates of 0.875, 
0.534, and 0.591, respectively; Non-HDL-C Q1 (1.35 to 2.67), Q2 (2.68 to 3.54), Q3 (3.55 to 9.55) with rates of 0.830, 
0.636, and 0.534; LCI Q1 (2.322 to 9.622), Q2 (9.623 to 23.784), Q3 (23.785 to 343.592) with rates of 0.818, 0.602, and 
0.580; Non-HDL-C/HDL-C Q1 (0.676 to 2.404), Q2 (2.405 to 3.506), Q3 (3.507 to 10.160) with rates of 0.830, 0.660, 
and 0.511. Kaplan-Meier analysis showed that the AIS-free survival rates in the AIP, Non-HDL-C, Non-HDL-C/HDL-C, 

Table 4 Multivariate Cox Proportional Hazards Analysis for Four 
Lipid-Derived Indices to Predict AIS Event in Maintenance 
Hemodialysis Patients

Variable β HR 95% CI P-value

AIP 1.456 4.288 1.151–15.969 0.030*

Non-HDL-C 0.275 1.316 0.927–1.869 0.125
LCI 0.004 1.004 0.990–1.018 0.602

Non-HDL-C /HDL-C −0.095 0.909 0.681–1.214 0.519

Age (years) 0.051 1.052 1.032–1.073 <0.001***

Notes: *p < 0.05; and ***p < 0.001. 
Abbreviations: AIS, Acute ischemic stroke; HDL-C, high density lipoprotein cho-
lesterol; LDL-C, Low density lipoprotein cholesterol; AIP, atherogenic index of 
plasma; LCI, lipoprotein combine index.

Figure 2 Kaplan–Meier analysis of AIS-free survival in maintenance hemodialysis patients according to: AIP (A), Non-HDL-C (B), LCI, (C), and Non- HDL-C/HDL-C (D). 
Notes: AIP Q1 (−0.442–0.101), AIP Q2 (0.102–0.327), AIP Q3 (0.328–1.177); Non-HDL-C Q1 (1.35–2.67), Non-HDL-C Q2 (2.68–3.54), Non-HDL-C Q3 (3.55–9.55); LCI 
Q1 (2.322–9.622), LCI Q2 (9.623–23.784), LCI Q3 (23. 785–343.592); Non- HDL-C/HDL-C Q1 (0.676–2.404); Q2 (2.405–3.506); Q3 (3.507–10.160). 
Abbreviations: AIS, Acute ischemic stroke; AIP, atherogenic index of plasma; HDL-C, high density lipoprotein cholesterol; LCI, lipoprotein combine index.
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and LCI were significantly higher in the Q1 group compared to Q2 and Q3 groups. Log rank tests revealed statistically 
significant differences between the Q1 group and the Q2 and Q3 groups (all p < 0.05).

Association Between of Four Lipid-Derived Indices and Outcome of AIS in 
Hemodialysis Patients
To explore whether AIP, Non-HDL-C, Non-HDL-C/HDL-C, LCI and AIS outcomes are associated with patients 
undergoing hemodialysis. AIS outcomes were evaluated using mRS scores, with the proportion of patients at each 
mRS scale being calculated. Comparisons were conducted between patients in the lowest tertile (Q1) and those in the 
combined higher tertiles (Q2-Q3) of hemodialysis patients (Figure 3). The proportion of patients with a good outcome 
(mRS 0–2) was significantly higher in the Q1 group than in the Q2-Q3 group across all lipid-derived parameters (AIP: 
0.818 vs 0.792; Non-HDL-C: 0.866 vs 0.767; Non-HDL-C/HDL-C: 0.867 vs 0.767; LCI: 0.938 vs 0.750).

Discussion
AIS in hemodialysis patients is characterized by high mortality, high disability rate, and an increased need for 
rehabilitation post-stroke.25 Therefore, identifying simple, cost-effective predictors for high-risk AIS in hemodialysis 
patients is clinically significant to implement preventive strategies. The KDIGO guidelines recommend that hemodialysis 
patients need to be monitored for lipid profiles including total cholesterol, LDL-C, HDL-C, and triglycerides.26 

Dyslipidemia in hemodialysis patients, differing from the general population, typically features normal serum total 
cholesterol and LDL levels, alongside reduced HDL-C levels and elevated triglycerides and triglyceride-rich lipoproteins, 
such as celiac, MDI, and VLDL.21 Previous studies have reported a negative correlation between non-HDL cholesterol, 
as well as a U-shaped relationship between AIP and all-cause mortality in hemodialysis patients.20,27 The distinct nature 

Figure 3 The modified Rankin Scale (mRS) score of AIS patients in different tertiles (Q) group in maintenance hemodialysis patients according to: AIP (A), Non-HDL-C (B), 
Non- HDL-C/HDL-C (C), and LCI (D). 
Notes: AIP Q1 (−0.442–0.101), AIP Q2 (0.102–0.327), AIP Q3 (0.328–1.177); Non-HDL-C Q1 (1.35–2.67), Non-HDL-C Q2 (2.68–3.54), Non-HDL-C Q3 (3.55–9.55); LCI 
Q1 (2.322–9.622), LCI Q2 (9.623–23.784), LCI Q3 (23. 785–343.592); Non- HDL-C/HDL-C Q1 (0.676–2.404); Q2 (2.405–3.506); Q3(3.507–10.160). The proportion of 
patients with a good outcome mRS was greater between participants in Q1 as compared to participants in Q2–Q3 (AIP: 0.818 vs 0.792; Non- HDL-C: 0.866 vs 0.767; Non- 
HDL-C/HDL-C: 0.867 vs 0.767; LCI: 0.938 vs 0.750). 
Abbreviations: mRS, modified Rankin’s scale. AIS, Acute ischemic stroke; AIP, atherogenic index of plasma; HDL-C, high density lipoprotein cholesterol; LCI, lipoprotein 
combine index.
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of dyslipidemia in hemodialysis patients and previous inconsistencies in lipid-derived parameters’ association with all- 
cause mortality and cardiovascular prognosis motivated this study.

The study revealed that older hemodialysis patients with an extensive history of diabetes, AIS, CAD, smoking, and greater 
dialysis ultrafiltration volume were more prone to AIS. Laboratory indicators showed higher levels of total cholesterol, LDL, 
triglycerides, AIP, Non-HDL-C, Non-HDL-C/HDL-C, LCI, and ferritin in the AIS group compared to the non-AIS group, 
while serum albumin and creatinine levels were lower. Conversely, higher HDL-C levels were linked to a lower AIS incidence 
in these patients. This study indicated that dyslipidemia is risk factors for AIS in hemodialysis patients.

The AIP was first proposed by Dobiasova et al in 2001,28 and is regarded as a reliable predictor for CAD.29 The 
significant association between AIP and cardiovascular risk is primarily attributed to lipoprotein particle size, insulin 
resistance, and metabolic syndrome.30 In hemodialysis patients, AIP correlated with a 2.59-fold increase in cardiovas-
cular mortality and a 2.15-fold rise in all-cause mortality within the highest quintile.21 This study identified AIP as an 
independent risk factor for AIS in hemodialysis patients. Among the four lipid parameter-derived indicators, Cox 
regression analysis results show that the HR value of AIP is the highest, indicating that AIP has the strongest and 
most sensitive predictive ability for AIS. Elevated AIP results from increased triglycerides (TG) and/or decreased high- 
density lipoprotein (HDL). In this study, the AIS group exhibited lower HDL and higher TG levels compared to the non- 
AIS group. Uremic patients with dyslipidemia often present with high levels of TG and low levels of HDL. This is 
consistent with current guidelines.26 HDL activates the fibrinolytic system, reduces platelet activation, inhibits throm-
boxane A2 synthesis, decreases endothelial cell damage, and exerts antithrombotic effects.31 Reduced HDL levels are an 
independent risk factor for restenosis However, HDL-C may be dysfunctional in ESRD patients.32 Elevated levels of TG 
indicate the presence of celiac remnants that accumulate in arterial walls and induce endothelial dysfunction, attracting 
numerous mononuclear cells.33 Accumulation of celiac particles in arterial walls and their penetration into endothelial 
cells leads to dysfunction, attracting monocytes and macrophages. This process, involving phagocytosis and cytokine 
activation, contributes to sclerotic plaque formation, potentially linked to AIS development.34

Serum non-HDL cholesterol, the difference between total and HDL cholesterol, includes all atherogenic lipoprotein 
particles such as LDL, LpA, and triglyceride-rich lipoproteins (eg, ML, VLDL, celiac particles). It is a recognized predictor 
of atherosclerosis and cardiovascular risk.35 Although Shoji et al identified non-HDL-C as an independent risk factor for 
CAD in both hemodialysis patients and the general population,36 other studies suggest a negative or “U-shaped” association 
of non-HDL-C with all-cause mortality in hemodialysis patients, possibly due to factors that may contribute to reduced total 
cholesterol, such as malnutrition, cachexia, and high systemic inflammatory burden.37 In this study, the AIS group had 
significantly higher non-HDL-C levels compared to the non-AIS group, affirming it as an independent risk factor positively 
associated with AIS development. Non-HDL-C levels strongly correlate with apolipoprotein B (ApoB) levels, with each 
pro-atherosclerotic lipoprotein, including VLDLs, VLLDLs, LDLs, and lipoprotein a, containing an ApoB molecule. It has 
been reported that the atherogenicity of ApoB-containing lipoproteins is associated with subendothelial retention, interac-
tion with arterial wall proteoglycans, and proinflammatory properties.38 In addition, a negative correlation exists between 
non-HDL-C and LDL particle size; smaller, very low-density lipoprotein particles are more susceptible to oxidation and 
thus more atherogenic.39 An advantage of non-HDL-C as a predictor is its independence from dietary intake. Desmeules 
et al showed that non-fasting samples did not alter serum non-HDL-C levels, simplifying its assessment in hemodialysis 
patients and enhancing clinical practice convenience.40

The non-HDL-C/HDL-C ratio, which represents the ratio of atherogenic factors to anti-atherogenic factors, has been 
shown to correlate with various dyslipidemia-related diseases, including diabetes mellitus and metabolic syndrome.41,42 

Studies have shown that it may be a more accurate predictor of cardiovascular disease than the traditional lipid index,43 and 
high non-HDL-C/HDL-C ratios are strongly associated with poorer overall survival in peritoneal dialysis patients.44 In 
addition, an independent association has been found with carotid plaque lipid cores.45 However, studies focusing on the 
non-HDL-C/HDL-C ratio in hemodialysis patients are limited. To the best of our knowledge, this is the first study to 
explore the non-HDL-C/HDL-C ratio as a predictor of AIS in hemodialysis patients. Our study found a positive association 
between the non-HDL-C/HDL-C ratio and AIS occurrence. The non-HDL-C/HDL-C ratio reflects the balance between 
atherogenic and antiatherogenic lipid particles, potentially explaining its association with plaque stability.
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LCI, another frequently used lipid-derived parameter, has been found to be a predictor of cardiovascular risk in 
patients with acute coronary syndrome.46 It is reported that LCI correlates more strongly with atherosclerotic vascular 
disease than single lipid parameters.18 Our study found a positive association between LCI and the risk of AIS in 
hemodialysis patients.

To investigate the association between four lipid-derived indices and the incidence of AIS in hemodialysis patients, 
this study performed a Kaplan–Meier analysis, and patients enrolled in this study were divided into three groups based on 
the tertiles of the four lipid-derived indices value (Q1, Q2, and Q3). Four indices in the Q1 group were significantly 
higher compared to those in the Q2 and Q3 groups.

Indices in the Q1 group were significantly higher compared to those in the Q2 and Q3 groups. AIS outcomes were 
assessed using the modified Rankin Scale (mRS), a simple, time-efficient tool well-received by patients and evaluators 
for accurately assessing functional disability in stroke patients. In this study, we calculated the proportion of patients at 
each mRS level and compared differences between those in the lowest quartile (Q1) and those in the higher quartiles 
(Q2-Q3) of the lipid-derived indices. Results indicated a significantly higher proportion of patients with a good outcome 
(mRS 0–2) in the Q1 group compared to the Q2-Q3 group for all lipid-derived parameters. This suggests that higher 
levels of the four lipid-derived indices are associated with worse functional outcomes of AIS in hemodialysis patients.

This study has several advantages. First, the four lipid-derived indices were obtained from the lipid-related index, 
which are common indicators in blood biochemical examinations. This approach is noninvasive, cost-effective, and 
convenient. In addition, these indicators, regularly monitored for medical quality control in hemodialysis patients, offer 
high detection frequency and produce accurate and reliable results. Second, the study’s experimental design of the study 
was rigorous. To ensure comparability, the variables might have a potential impact on four lipid-derived indices, such as 
statin and fibrate administration were not significantly different between the two groups. Finally, the follow-up period 
ranged from a minimum of 60 to a maximum of 90 months, facilitating a comprehensive analysis of AIS risk predictors 
in hemodialysis patients and yielding reliable results. However, this study had some disadvantages. This was a single- 
center study, and multicenter and larger cohort studies are needed to further validate the predictive performance of the 
four lipid-derived indices for AIS in hemodialysis patients. Additionally, further research should explore the applicability 
of these findings across different ethnic groups and countries, and the impact of statin intervention on AIS events.

In conclusion, the four lipid-derived indices can be used as a good predictor of AIS in patients undergoing 
hemodialysis, and AIP has a strongest correlation with the risk of AIS. Hemodialysis patients with elevated levels of 
the four lipid-derived indices had a higher incidence of AIS and poorer functional outcomes compared to those with 
lower levels. Our conclusions may require confirmation by further research in the future.
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