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Purpose: White matter hyperintensities (WMH) are the common marker of cerebral small vessel disease (CSVD). Dyslipidemia plays
a notable role in the pathogenesis of CSVD. However, the relationship between dyslipidemia and WMH is poorly elucidated. This
study aims to investigate the association between serum lipid fractions and WMH in patients with acute ischemic stroke (AIS).
Patients and Methods: A total of 901 patients with AIS were included in this study. The burden of WMH, including deep white matter
hyperintensities (DWMH), periventricular white matter hyperintensities (PVWMH), and total WMH load, were evaluated on magnetic
resonance imaging (MRI) by the Fazekas scale. All the WMH burden were set as dichotomous variables. Serum levels of triglycerides (TG),
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c) were collected. The
association of serum lipid fractions with WMH burden was analyzed using univariate and multivariate logistic regression models.
Results: The average age of the participants was 67.6+11.6 years, and 584 cases (64.8%) were male. About 33.5% (n = 302) patients
were smoker, and 23.5% (n = 212) patients had a history of alcohol consumption. The proportion of previous diabetes, ischemic
cardiomyopathy and hypertension was 39.0% (n = 351), 21.2% (n = 191) and 75.9% (n = 684), respectively. The average of serum
HDL-c, TC, TG, LDL-c levels for all participants were 1.26 + 0.28 mmol/l, 4.54 = 1.06 mmol/l, 1.67 = 1.09 mmol/l, 3.08 + 0.94
mmol/l. There were no statistical associations between HDL-c, TG, TC, LDL-c and each type of WMH burden (P > 0.05) in
multivariate logistic regression analysis. Similar findings were found in subgroup analysis based on gender classification.
Conclusion: Serum lipid levels were not associated with the presence of any type of WMH in patients with AIS.
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Introduction
Cerebral small vessel disease (CSVD) is a familiar progressive cerebral microvessels disorder that causes about a quarter of
acute strokes and 45% of dementia cases.' The typical neuroimaging phenotypes of CSVD include recent small subcortical
infarcts, lacunes, white matter hyperintensities (WMH), enlarged perivascular spaces (EPVS), cerebral microbleeds (CMBs),
and brain atrophy.? As the most common marker of CSVD, WMH contributed notably to stroke risk as well as associated
physical, psychological, and cognitive impairments.” > However, the pathogenesis of WMH is still poorly elucidated.
WMH is considered as an important feature of CSVD, reflecting abnormalities of the white matter. Increasing evidences have
suggested that WMH strongly correlated with clinical outcomes, and the severity of WMH can usually be quantitative and
qualitative assessed on brain magnetic resonance imaging (MRI). According to the Fazekas rating scale, the burden of WMH was
divided into deep white matter hyperintensities (DWMH), periventricular white matter hyperintensities (PVWMH), which was
graded from 0 to 3, respectively, and the total load of WMH was graded from 0 to 6.° In addition, WMH segmentations can be
carried out using automatic or semi-automatic software for quantitative WMH volume calculation.’
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Dyslipidemia is a well-established risk factor of atherosclerosis, coronary artery disease and stroke.® Nevertheless, it’s role in
CSVD, especially in WMH remains unclear. Association of serum lipid fractions such as high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c), total cholesterol (TC) and triglyceride (TG) with WMH is controversial.
Some researches found that hypertriglyceridemia (hyper-TG) rather than HDL-c, LDL-c, TC was associated with risk of WMH.”
High triglycerides levels were associated with larger WMH volume in 3C-Dijon Study and the EVA Study, while increasing LDL-
¢ appeared to be associated with a decreased risk of CSVD markers.'® Yet, in a Mendelian randomization study, genetic
predisposition to higher HDL-c correlated with the lower WMH volume, which was considered for the prevention of ischaemic
CSVD." These unconsensus results hint that further studies are needed to explore the association of serum lipid fractions with
WMH. In addition, few study has shown the serum lipid levels and WMH in patients with stroke. Although stroke was the second-
leading cause of death and the incidence and mortality due to stroke increased substantially from 1990 to 2019.'> While in China,
stroke has become the leading cause of death and disability since 2015.'*'* Exploring the relationship between serum lipid
fractions with WMH in stroke subjects can facilitate the optimization of strategies for stroke prevention and treatment.

In this study, we investigated the link between the four lipid profiles (HDL-c, LDL-c, TG, TC) and WMH burden,
including deep white matter hyperintensities (DWMH), periventricular white matter hyperintensities (PVWMH), and
total WMH burden (Fazekas scale) in acute ischemic stroke (AIS) patients.

Materials and Methods

Patients

This retrospective cohort study was approved by the Ethics Committee of the Affiliated Hospital of Nanjing University of
Chinese Medicine (2017NL-012-01). Informed consent was waived because of the retrospective design. One thousand eight
hundred and thirty-five AIS patients who admitted to the Encephalopathy Center of our hospital from January 1, 2019, to July 31,
2021, were selected in our database. The inclusion criteria are as follows: 1) AIS diagnosis confirmed on diffusion weighted
imaging (DWI) at admission, 2) >40 years, 3) native Chinese population. The demographics, clinical information, biochemical
results and radiological data were collected from medical records. Those patients with incomplete medical information, with
previous history of dementia, psychiatric illness, head surgery and younger than 40 years were not included for analyses (n =
447). And 487 patients with previous stroke were excluded. Finally, a total of 901 patients were enrolled in the current study.
A flowchart showing the patient selection is shown in Figure 1. All the patients received regular pharmacotherapy, for instance,
antiplatelet, anticoagulants, statin therapy. Some patients with large vessel occlusion underwent thrombolysis or thrombolysis
therapy. During the study, patient data confidentiality and compliance with the Declaration of Helsinki were followed.

Baseline Data Collection
We collected the baseline characteristics including subject demographics (age, sex), vascular risk factors (blood pressure,
drinking and smoking history), medical history (hypertension, diabetes, heart disease, and stroke). Hypertension was defined

AIS patients were enrolled from
January 2019 to July 2021
n= 1835

Exclude patients wtih previous stroke (n=487)

Included patients
n= 1348

Exclude:
1.Patients with incomplete medical information(n=178)
2.Patients with previous history of dementia, psychiatric
illness, head surgery(n=254)
3.Patients who younger than 40 years(n=15)

Total patients
n=901

Figure | Flowchart showing the patient selection.
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as systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg or use of antihypertensive agents. Diabetes was
defined as self-reported disease, use of antidiabetic agents, or nonfasting plasma glucose >11.1 mmol/L. Ischemic cardiomyo-
pathy was considered if there was a history of coronary heart disease, angina or myocardial infarction. History of cerebral
stroke was also recorded. Smoker or drinker was defined as a history of cigarette or alcohol taking in the past. Recent stroke
severity was assessed using NIHSS score after admission by two experienced neurologists who were blind to this study. When

there was a disagreement for the NIHSS evaluation, they made a consensus through negotiations.

Measurement of Serum Lipid Fractions

Samples of venous blood were obtained within 24 h of admission. The first test was used for analysis if patients who
were conducted more than once. The levels of serum TC, TG, HDL-c, LDL-c were measured by enzymatic methods
(Boehringer Mannheim, Mannheim, Germany). Dyslipidemia was defined according to 2016 Chinese guidelines for the
management of dyslipidemia in adults. Serum lipid levels were set as continuous variables.

MRI Acquisition and Assessment
Participants were scanned in a 1.5 T whole-body scanner (GE Signa Excite II, GE Medical Systems) or 3.0 T whole-body
scanner (Siemens, Germany) within 7 days after stroke. The imaging sequences consisted of axial diffusion-weighted
imaging (DWI), axial apparent diffusion coefficient (ADC), axial T1-weighted imaging (T1WI), axial T2-weighted
imaging (T2WI), and coronal fluid-attenuated inversion recovery (FLAIR) imaging with a slice thickness of 5 mm.
The major MRI marker of CSVD, WMH was defined based on the Standards for Reporting Vascular Changes on
Neuroimaging Criteria. WMH burden was assessed separately on FLAIR and T2WI sequences and was graded according
to the Fazekas scale,'> which classified lesions into 0 to 3 grades depending on the size and confluence of lesions in both areas.
Then, both DWMH and PVWMH were classified into low-burden (0—1 point) and high-burden (2—3 point). The total Fazekas
score was classified into low-burden (0-2 point) and high-burden (3—6 point). Figure 2 showed sample images of WMH grade.

Figure 2 (A-H) Sample images of WMH grade. A 53 years male patient with DWMH grade 0 and PYWMH grade | (A and B); A 60 years male patient with DWMH grade
| and PYWMH grade | (C and D); A 55 years male patient with DWMH grade 2 and PVWMH grade 2 (E and F); A 86 years female patient with DWMH grade 3 and
PVWMH grade 3 (G and H). A, C, E, G are axial T2WI images; B, D, F, H are coronal FLAIR images.
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Statistical Analysis

The Statistical Package for the Social Sciences (SPSS, ver. 20.0; SPSS Inc., Chicago, IL, USA) was applied for all
analyses. Independent-samples 7-test or Mann—Whitney U-test was used to compare the continuous variables. Chi-
squared test was used to compare the categorical variables. Univariate and multivariate logistic regression analyses were
utilized to evaluate the association between serum lipids levels and WMH burden in all AIS patients. Age, sex, previous
history, admission NIHSS and other lipid fractions were set as confounding factors. Furthermore, subgroup analysis
based on gender classification was performed respectively. Values of P < 0.05 was considered statistically significant.

Results

The Characteristics of AIS patients are shown in Table 1. A total of 901 consecutive AIS patients (age: 67.6 + 11.6 years
(mean + standard deviation)) were recruited into this study in which 64.8% of them were male. About 302 (33.5%)
patients were smoker, and there were 212 (23.5%) patients with a history of alcohol consumption. The proportion of
previous diabetes, ischemic cardiomyopathy and hypertension was 39.0% (n = 351), 21.2% (n = 191) and 75.9% (n =
684), respectively. The average of serum HDL-c, TC, TG, LDL-c levels for all participants were 1.26 = 0.28 mmol/l, 4.54
+ 1.06 mmol/l, 1.67 £ 1.09 mmol/l, 3.08 + 0.94 mmol/l, respectively.

Univariate analyses showed that HDL-c level was significantly linked with DWMH (Odds ratio (OR) = 1.809, 95%
confidence interval (CI): 1.133-2.887) (Table 2), PVWMH (OR = 1.673, 95% CI: 1.047-2.674) (Table 3) and total
WMH burden (OR = 1.922, 95% CI: 1.178-3.135) (Table 4). After adjustment for the confounding factors, these
associations disappeared. Similar findings were observed in TG (Tables 1-4). There were no statistical associations
between TC, LDL-c levels and the burden of DWMH, PVWMH and Fazekas score (Tables 1-4).

Then, subgroup analysis was performed based on different gender. Age, previous history (including smoking, alcohol
drinking, diabetes, ischemic cardiomyopathy, hypertension), admission NIHSS and other lipid fractions levels were
considered as confounding factors. In both subgroups, there were no significant correlations between serum lipid profiles
and each WMH burden (Tables 5 and 6).

Discussion

Few studies have shown the associations between serum lipid levels and CSVD. However, the results remain conflict and
such association in patients with acute ischemic stroke is still unclear. In the current study, we found that none of the
serum lipids (HDL-c, TC, TG, LDL-c) were associated with each type of WMH burden including DWMH, PVWMH and
total WMH load in patients with acute ischemic stroke. The similar findings were observed in subgroup analysis. There
were no correlations between serum lipids and WMH neither in male nor in female AIS patients.

Low HDL is a well-known risk factor for large artery atherosclerosis. However, findings about the relationship of
HDL-c with WMH were rare and unconsensus. In a cross-sectional study comprising a total of 1270 consecutive patients
with first ever ischemic stroke, HDL-c was not associated with leukoaraiosis.” Similarly, no significant association of
HDL-c with WMH and lacunes was observed in 2 large French population-based studies,'® and the findings were
consistent in participants taking and without taking lipid-lowering drugs. In a study consisting of three independent
cohorts, Leeuw et al meta-analyzed the relationship of 143 metabolites with cerebral atrophy and WMH, they found that
the higher glucose levels were linked with WMH, rather than the HDL-c.'® These studies are in line with our findings.
The current study showed that HDL-c was positively associated with any type of WMH burden in univariable analysis
but not in multivariable analysis. However, in a large-scale Mendelian randomization study, genetic predisposition to
higher HDL-c, especially to medium-sized high-density lipoprotein particles, was linked with lower WMH volume,
which indicated that HDL-c raising strategies could be a potential candidate for the prevention of CSVD.'! However, this
study is based on general population rather than AIS patients. Those AIS patients probably had overestimated WMH load
for acute cerebral edema. In addition, our study did not quantitatively calculated the WMH volume. The association
between HDL-c and WMH volume was not investigated. The potential mechanisms underlying the correlation of HDL-c
with WMH were still hypothetical. HDL-c is involved in regulating the vascular smooth muscle cells (VSMC) function,
preserving the integrity of the blood—brain barrier (BBB), which prevents the formation of WMH.'”"?
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Table | Characteristics of AIS Patients without Previous Stroke

DWMH DWMH P PVWMH PVWMH P Fazekas Score Fazekas Score P

Low-Burden High-Burden Low-Burden High-Burden Low-Burden High-Burden

N=519 N=382 N=399 N=502 N=330 N=571
Age, yr 64.3£10.9 72.2£10.9 <0.001 61.8£10.2 72.3£10.4 <0.001 61.0£10.2 71.5£10.6 <0.001
Male (%) 360(69.4%) 224(58.6%) 0.001 281(70.4%) 303(60.4%) 0.002 238(72.1%) 346(60.6%) <0.001
History of smoking (Y,%) 200(38.5%) 102(26.7%) <0.001 162(40.6%) 140(27.9%) <0.001 139(42.1%) 163(28.5%) <0.001
History of drinking (Y,%) 128(24.7%) 84(22.0%) 0.350 100(25.1%) 112(22.3%) 0.333 82(24.8%) 130(22.8%) 0.478
Diabetes (Y,%) 206(39.7%) 145(38.0%) 0.598 153(38.3%) 198(39.4%) 0.737 123(37.3%) 228(39.9%) 0.431
History of heart disease (Y,%) | 93(17.9%) 98(25.7%) 0.005 57(14.3%) 134(26.7%) <0.001 49(14.8%) 142(24.9%) 0.001
Hypertension (Y,%) 363(69.9%) 321(84.0%) <0.001 282(70.7%) 402(80.1%) 0.001 219(66.4%) 465(81.4%) <0.001
HDL, mmol/L 1.24+0.28 1.29+0.29 0.013 1.24+0.28 1.28+0.29 0.031 1.23+0.28 1.28+0.29 0.009
TC, mmol/L 4.57+1.05 4.50+1.07 0.328 4.57+1.07 4.52+1.05 0.465 4.55+1.06 4.54%1.06 0.885
TG, mmol/L 1.74x1.10 1.57+1.07 0.022 1.77+1.10 1.59+1.08 0.020 1.79+1.14 1.60+1.06 0.014
LDL, mmol/L 3.12+0.93 3.03+0.94 0.169 3.12+0.94 3.04+0.94 0.189 3.11+0.94 3.06+0.93 0.386

Abbreviations: AlS, Acute ischemic stroke; DWMH, Deep white matter hyperintensities; PYWMH, Periventricular white matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low

density lipoprotein.
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Table 2 Associated Factors of DWMH Burden

Unadjusted OR (95% CI) | P Model | OR (95% CI) | P Model 2 OR (95% CI) | P Model 3 OR (95% CI) | P Model 4 OR (95% CI) | P

HDL, mmol/L | 1.809 (1.133-2.887) 0.013 | 1229 (0.742-2.036) 0.424 | 1230 (0.722-2.094) 0.446 | 1240 (0.728-2.112) 0.428 | 1.487 (0.732-3.021) 0273
TC, mmol/lL | 0.939 (0.828-1.065) 0328 | 0.975 (0.850-1.118) 0.715 | 0.961 (0.836-1.106) 0.579 | 0.955 (0.830-1.099) 0522 | 0.852 (0.575-1.261) 0.423
TG, mmol/L | 0.859 (0.752-0.981) 0.025 | 0.983 (0.859-1.125) 0.804 | 0.966 (0.842-1.109) 0.628 | 0.968 (0.8431.111) 0.642 | 1.026 (0.868-1.213) 0.760
LDL, mmol/L | 0.905 (0.785-1.043) 0.170 | 0.970 (0.831-1.131) 0.693 | 0.962 (0.822-1.125) 0.626 | 0.954 (0.815-1.117) 0.560 | 1.102 (0.737-1.648) 0.637

Notes: Confounding factors: Model |: age+sex; Model 2: age+sex+previous history (smoking, alcohol drinking, diabetes, cardiopathy, hypertension); Model 3: age+sex+previous history+admission NIHSS. Model 4: age+sex+previous

history+admission NIHSS+other lipid fractions.

Abbreviations: NIHSS, The National Institutes of Health Stroke Scale; DWMH, Deep white matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low density lipoprotein.
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Table 3 Associated Factors of PYVWMH Burden

Unadjusted OR (95% CI) | P Model | OR (95% Cl) | P Model 2 OR (95% Cl) | P Model 3 OR (95% Cl) | P Model 4 OR (95% Cl) | P

HDL, mmoliL | 1.673 (1.047-2.674) 0.031 | 1.010 (0.591-1.725) 0971 | 0.998 (0.571-1.742) 0.994 | 1.004 (0.575-1.752) 0.990 | 1.020 (0.486-2.140) 0.959
TC, mmollL | 0.955 (0.843—1.081) 0.465 | 1.034 (0.895-1.196) 0.649 | 1.022 (0.882-1.185) 0.769 | 1.017 (0.877-1.179) 0.828 | 1.026 (0.678-1.555) 0.902
TG, mmol/L | 0.866 (0.765-0.980) 0.022 | 1.042 (0.905-1.199) 0568 | 1.026 (0.889—1.184) 0.726 | 1.027 (0.890-1.185) 0716 | 1.027 (0.863-1.221) 0.766
LDL, mmoliL | 0.910 (0.791-1.047) 0.189 | 1.020 (0.866—1.200) 0814 | 1.019 (0.864-1.201) 0.825 | 1.011 (0.857—1.194) 0.896 | 0.977 (0.638-1.497) 0916

Notes: Confounding factors: Model |: age+sex; Model 2: age+sex+previous history (smoking, alcohol drinking, diabetes, cardiopathy, hypertension); Model 3: age+sex+previous history+admission NIHSS. Model 4: age+sex+previous
history+admission NIHSS+other lipid fractions.

Abbreviations: NIHSS:The National Institutes of Health Stroke Scale; PYWMH, Periventricular white matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low density lipoprotein.
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Table 4 Associated Factors of Total WMH Burden (Fazekas Score)

Unadjusted OR (95% CI) | P Model | OR (95% CI) | P Model 2 OR (95% CI) | P Model 3 OR (95% CI) | P Model 4 OR (95% CI) | P

HDL, mmol/L | 1.922 (1.178-3.135) 0.009 | 1.165 (0.669-2.028) 0.589 | 1.192 (0.667-2.132) 0.554 | 1.197 (0.669-2.141) 0.544 | 1.080 (0.499-2.337) 0.845
TC, mmollL | 0.991 (0.872-1.126) 0.885 | 1.079 (0.930-1.252) 0314 | 1.064 (0.914-1.239) 0421 | 1.061 (0.911-1.236) 0.447 | 1.091 (0.707-1.682) 0.694
TG, mmol/L | 0.860 (0.760-0.973) 0.016 | 1.022 (0.886-1.178) 0.770 | 0.993 (0.857-1.151) 0.928 | 0.994 (0.857-1.152) 0.932 | 0.986 (0.825-1.178) 0.876
LDL, mmol/L | 0.938 (0.812—1.084) 0385 | 1.055 (0.893-1.247) 0.562 | 1.055 (0.890-1.251) 0537 | 1.051 (0.885-1.247) 0.572 | 0.964 (0.618-1.503) 0.871

Notes: Confounding factors: Model |: age+sex; Model 2: age+sex+previous history (smoking, alcohol drinking, diabetes, cardiopathy, hypertension); Model 3: age+sex+previous history+admission NIHSS. Model 4: age+sex+previous

history+admission NIHSS+other lipid fractions.
Abbreviations: NIHSS:The National Institutes of Health Stroke Scale; WMH, White matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low density lipoprotein.
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Table 5 Multivariate Logistic Regression Analysis in Male AIS Patients

DWMH PVWMH Total WMH Burden (Fazekas Score)

Multivariate OR (95% CI) | P Multivariate OR (95% CI) | P Multivariate OR (95% CI) P
HDL, mmol/L | 2.342 (0.903-6.078) 0.080 | 1.259 (0.478-3.315) 0.642 | 0.949 (0.352-2.555) 0917
TC, mmol/L 0.781 (0.451-1.354) 0.379 | 0.803 (0.460-1.403) 0.441 1.200 (0.682-2.110) 0.527
TG, mmol/L 1.013 (0.802—1.281) 0911 1.077 (0.857-1.354) 0.525 | 0.973 (0.773-1.225) 0.816
LDL, mmol/L 1.140 (0.650-1.999) 0.648 | 1.215 (0.684-2.158) 0.506 | 0.833 (0.466—1.489) 0.538

Notes: Confounding factors: age+previous history (smoking, alcohol drinking, diabetes, cardiopathy, hypertension)+admission NIHSS+other lipid fractions.
Abbreviations: WMH, White matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low density lipoprotein.

Table 6 Multivariate Logistic Regression Analysis in Female AIS Patients

DWMH PVWMH Total WMH Burden (Fazekas Score)

Multivariate OR (95% Cl) | P Multivariate OR (95% Cl) | P Multivariate OR (95% CI) P
HDL, mmol/L | 0.716 (0.242-2.118) 0.546 | 0.817 (0.259-2.579) 0.731 1.314 (0.375-4.603) 0.670
TC, mmol/L 0.990 (0.557-1.759) 0.973 | 1.407 (0.765-2.589) 0.273 | 0.986 (0.485-2.008) 0.970
TG, mmol/L 1.046 (0.810-1.350) 0.732 | 0.992 (0.758-1.299) 0.956 | 1.012 (0.754-1.358) 0.937
LDL, mmol/L 1.016 (0.566—1.824) 0.957 | 0.747 (0.403-1.386) 0.355 | 1.146 (0.557-2.357) 0.711

Notes: Confounding factors: age+previous history (smoking, alcohol drinking, diabetes, cardiopathy, hypertension)+admission NIHSS+other lipid fractions.
Abbreviations: WMH, White matter hyperintensities; HDL, High density lipoprotein; TC, Total cholesterol; TG, Triglycerides; LDL, Low density lipoprotein.

Our study showed negatively correlation between TG and three types of WMH burden in univariate analysis.
However, these associations disappeared after adjusting the confounding factors. Actually, the relationship between
TG and leukoaraiosis severity is still controversial. In a French population-based study, Schilling found increasing
triglycerides correlated with larger volume of WMH.8 Similar findings were observed in healthy subjects with no history
of stroke.”’ However, in a study comprise recent first lacunar infarct patients, hyper-TG showed a protective effect on
WMH load.” In another study, no statistical correlation was found between TG and WMH burden,13 which is in line with
our findings. Possible mechanisms of TG involved in WMH may be the characteristic that myelin contains 70% lipids.*'
Additionally, shared genetic burden is a considerable explanation.”® Future studies are need to explore the relationship
between TG levels and leukoaraiosis.

Several studies reported potential correlation between other lipid fractions and WMH. In some studies, LDL-c levels showed
negatively relationship with WMH,?*** and higher visit-to-visit variability in LDL-c was associated with greater WMH load.'**
Several studies did not report any association between LDL cholesterol and WMH.?**’ Few studies focused on the link between
TC and WMH. In a group of patients with Fabry disease (FD), Stefaniak found that increasing TC was correlated with slower
WMH progression, and researchers thought that this unexpected finding might be due to “survivor bias”.*® Interestingly, another
study showed that TC mediated about 30% of the effect of simvastatin on WM microstructure.”” However, in a recent first
lacunar infarct population, hypertriglyceridemia, rather than other lipid profiles, was associated with the severity of
leukoaraiosis.” While in a Mendelian randomization study, no relationship was found between WMH and LDL-c, TG, or
TC,'® which is in agreement with our findings. These results need to be further examined in other population-based studies.

Our study has some limitations. The first is that all participators in this cross-sectional design were in a single
medical center, and the sample is limited in Chinese population, which might not be suitable for other ethnicities.
Second, selection bias might exist because only patients with MRI examinations were included. Third, visual rating
scale rather than quantitative means was used for WMH assessment, and only dichotomous levels were adopted to
characterize WMH burden. Fourth, some studies have shown the association between serum lipids levels and prognosis
of stoke.’>*' The associations between WMH and stroke prognosis were also reported in some studies.>*>* In our
study, we did not perform such analysis. Finally, the association between lipids level and WMH may be influenced by
lipid-lowering drugs; however, detailed information such as drug dosages or species was not recorded in the current
study.
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Conclusion
In conclusion, in this retrospective study comprise patients with AIS, we found that serum lipids fractions were not associated

with any type of WMH burden. Similar findings were observed in subgroup analysis based on gender classification. For
patients with AIS, the relationship between serum lipid fractions and the WMH need to be further studied.
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