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ABSTRACT

Leukoaraiosis is a neurological imaging in the periventricular area and the 
centrum semiovale. This condition occurs due to abnormalities in the small 
blood vessels in the brain that lead to hypoxia. It is often observed in patients 
with ischemic stroke and accompanied by risk factors for hyperlipidemia. This 
study aimed to evaluate the correlation between the degree of leukoaraiosis 
and hyperlipidemia in post-ischemic stroke patients. A cross-sectional study 
retrospectively was conducted on post-ischemic stroke patients who underwent 
brain MRI (magnetic resonance imaging) on T2 and FLAIR (fluid-attenuated 
inversion recovery) sequence at the Department of Radiology, Dr. Sardjito 
General Hospital, Yogyakarta, from January 2021 to March 2022. A total of 36 
patients were involved in this study. The leukoaraiosis of patient was examined 
by brain MRI. Degree of the leukoaraiosis was determined based on Fazekas 
classification. Serum cholesterol, HDL (high-density lipoprotein), LDL (low-
density lipoprotein), and triglyceride levels of patients were then examined. 
The data obtained were then analyzed using Spearman correlation test. A 
positive correlation was observed between the degree of leukoaraiosis and 
triglyceride level (p = 0.042; r = 0.292) and age (p= 0.004; r = 0.464). However, no 
correlation was observed between the degree of leukoaraiosis and cholesterol, 
HDL, and LDL (p>0.05). In conclusion, the leukoaraiosis degree is correlated 
with serum triglyceride levels and age in post-ischemic stroke patients.

ABSTRAK

Leukoaraiosis merupakan gambaran neurologis pada daerah periventrikuler 
dan sentrum semiovale. Leukoaraiosis terjadi akibat adanya kelainan 
pembuluh darah kecil di otak akibat hipoksia. Leukoaraiosis banyak dijumpai 
pada pasien stroke iskemik dan yang disertai faktor risiko hyperlipidemia. 
Penelitian ini bertujuan mengkaji hubungan antara derajat leukoaraiosis 
dengan hiperlipidemia pada pasien paska stroke iskemik. Penelitian potong 
lintang secara retrospektif ini menggunakan data sekunder gambaran MRI 
(magnetic resonance imaging) kepala sekuen T2 dan FLAIR (fluid-attenuated 
inversion recovery) pasien paska stroke iskemik di Departemen Radiologi, 
RSUP Dr Sardjito Yogyakarta periode Januari 2021 sampai Maret 2022. Total 
sebanyak 36 pasien terlibat dalam penelitian. Leukoaraiosis pasien diperiksa 
dengan MRI kepala dan derajat leukoaraiosis ditetapkan berdasarkan 
klasifikasi Fazekas. Data yang diperoleh selanjutnya dianalisis dengan uji 
korelasi Spearman. Didapatkan hubungan positif antara derajat leukoaraiosis 
dengan kadar trigliserida serum (p=0,042; r=0,292) dan dengan umur (p=0,004; 
r=0,464). Namun demikian tidak hubungan antara derajat leukoaraiosis 
dengan kadar kolesterol, HDL dan LDL serum (p>0,05). Simpulan, derajat 
leuokoaraiosis berhubungan dengan kadar trigliserida serum dan umur pada 
pasien paska stroke iskemik.
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INTRODUCTION

Leukoaraiosis is a neurological 
abnormality in the white matter area 
that appears as an area of increased 
intensity on magnetic resonance 
imaging, especially in the periventricular 
and centrum semiovale. This disorder 
is often found among older people. The 
term was coined by Hachinski in 1987 
and derived from the words leuko (white) 
and araiosis (smooth). Leukoaraiosis 
may present as subcortical, multifocal, 
or diffuse periventricular lesions of 
varying sizes.1 Leukoaraiosis may be 
caused by hypoxic ischemia due to small 
vessel diseases such as thalamostriate 
and perforated arteries.2-4

Decreased blood flow is one of the 
causes of nerve cell damage.5 Several 
studies have investigated blood-
brain barrier damage and endothelial 
dysfunction.6 Chutinet et al.,7 reported 
that age and acute ischemic stroke 
are the strongest determinants of the 
severity of leukoaraiosis in hypertension 
patients. Conde et al.,8 revealed that 
ischemic stroke patients with a history 
of hyperlipidemia have an increased 
intensity in the white matter area, which 
is milder at stroke time. Ke et al.,9 reported 
that hypertriglyceridemia is associated 
with the severity of leukoaraiosis and 
may play a role in small vessel cerebral 
disease. 

Dyslipidemia can manifest as an 
increase or decrease in lipid fractions, 
including increased serum cholesterol, 
LDL (low density lipoprotein), and 
triglyceride levels and decreased 
serum HDL (high density lipoprotein) 
levels. Pathological changes were 
observed in the white matter area 
due to lipid accumulation.10 Elevated 

of serum cholesterol, LDL, and HDL 
levels can lead to the development of 
atherosclerosis, damage to the vascular 
endothelium, and changes in vascular 
endothelial permeability.11 This study 
aimed to investigate the association 
between the degree of leukoaraiosis and 
hyperlipidemia in post-ischemic stroke 
patients.

MATERIALS AND METHOD

Design and sample

This study used a cross-sectional 
design with retrospective sampling 
using secondary data of brain MRI 
examination results of post-ischemic 
stroke patients at the Department 
of Radiology, and lipid profile of the 
patients at the Clinical Pathology 
Installation of Dr. Sardjito General 
Hospital, Yogyakarta from January 2021 
to March 2022. The selected sample was 
part of the population planned to be 
directly studied.12 The target population 
was post-ischemic stroke patients 
diagnosed with leukoaraiosis through 
brain MRI examination and found to 
have hyperlipidemia. Protocol of this 
study was approved by the Medical 
and Health Research Ethics Committee, 
Faculty of Medicine, Public Health and 
Nursing, Universitas Gadjah Mada/Dr. 
Sardjito General Hospital, Yogyakarta.

Procedure

Patients who meet the inclusion 
and exclusion criteria were involved 
in this study. The inclusion criteria 
were brain MRI results on T2 and 
FLAIR sequences with a post-ischemic 
diagnosis, the presence of leukoaraiosis 
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images stored on the Picture Archiving 
and Communication System (PACS) 
server, and an increase in the levels 
of cholesterol, LDL, and triglycerides. 
Patients were excluded when other 
lesions were found, such as brain 
infection, hydrocephalus tumor, or 
bleeding.

The data of brain MRI examination 
results were displayed on the research 
computer monitor, and subsequent 
assessment of leukoaraiosis severity 
in post-ischemic stroke patients was 
conducted by a specialist radiologist. 
During the MRI observation, the 
examiner was not provided with any 
information regarding the subjects’ 
identity or clinical data. Degree of the 
leukoaraiosis was determined based on 
Fazekas classification. The Fazekas scale 
classified the white matter area into the 
periventricular. Each region is graded 
according to the size and confluency of the 
lesion. In periventricular white matter 
(PVWM), 0 is given if no lesion is found; 
1 if a “cap” or thin-film image is found; 2 
if a “halo” image is found; 3 if irregular 
periventricular signal extending into 
the deep white matter is found. In deep 
white matter (DWM), 0 is given if there is 
no lesion; 1 if there is a punctate foci; 2 
if there is early confluence; 3 if there are 
large confluent areas.13

The lipid profile of the post-ischemic 
stroke patients was then classified 
as optimal (LDL <100 mg/dL), above 
optimal (100-129 mg/dL), borderline high 
(130-159 mg/dL), high (160-189 mg/dL), 
and very high (>190 mg/dL), and total 
cholesterol as desirable (<200 mg/dL), 
borderline high (200-239 mg/dL), and 
high (>240 mg/dL). Furthermore, HDL is 
classified as low (<40 mg/dL) and high (> 
60 mg/dL), while triglycerides as normal 
(< 150 mg/dL), borderline high (150-199 

mg/dL), high (200-499 mg/dL), and very 
high (>500 mg/dL).14

Statistical analysis

Data were presented as mean 
± standard deviation (SD) or 
frequency or percentage. Bivariate 
analysis was applied to evaluate the 
correlation between leukoaraiosis and 
hyperlipidemia. A p value < 0.05 was 
considered to be significant. 

RESULTS

The characteristics of the patients 
are presented in TABLE 1. A total of 
36 post-ischemic stroke patients were 
involved in this study consisting of 17 
(47.2%) male and 19 (52.8%) female with 
the mean age of 61±11 yo. The mean total 
cholesterol of all subjects was 199±34 
mg/dL, most (58.3%) having cholesterol 
levels higher than 240 mg/dL (n=21). In 
terms of HDL levels, the overall mean 
was 44±14 mg/dL, with most subjects 
(58.3%) having HDL levels between 40 
and 60 mg/dL (n=21), while the mean 
triglyceride level was 140±67 mg/dL, 
with almost all subjects (91.7%) having 
triglyceride levels between 200 and 
499 mg/dL. In addition, the mean LDL 
was 134±31 mg/dL, one-third of which 
(30.6%) had LDL levels between 100 
and 129 mg/dL (n=11). The mean blood 
pressure was 148±15 mmHg systolic and 
85±10 mmHg diastolic, with 58.3% of the 
subjects classified as hypertension grade 
1.

The leukoaraiosis examinations 
was conducted using 0.4T open MRI. 
The illustrations of leukoaraiosis lesions 
obtained from the post-ischemic stroke 
patients are presented in FIGURE 1.
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TABLE 1. Characteristics of patients
Variables Mean ± SD n (%)
Age (year) 61 ± 11
Sex 
•	Male 17 (47.2)
•	Female 19 (52.8)

Total cholesterol (mg/dL)
•	<200 199 ± 34 15 (41.7)
•	200-239 0 (0.0)
•	>240 21 (58.3)

HDL (mg/dL)
•	<40 21 (36.1)
•	40-60 44 ± 14 13 (58.3)
•	>60 2 (5.6)

Triglyceride (mg/dL)
•	<150 140 ± 67 3 (8.3)
•	150-199 0 (0.0)
•	200-499 33 (91.7)
•	>500 0 (0.0)

LDL (mg/dL)
•	<100 5 (13.9)
•	100-129 11 (30.6)
•	130-159 134 ± 31 10 (27.8)
•	160-189 10 (27.8)
•	>190 0 (0.0)

Fazekas scale
•	No lesion 0 (0.0)
•	Punctata lesion 18 (50.0)
•	Early confluence 15 (41.7)
•	Large confluence 3 (8.3)

Hypertension
•	Pre-hypertension 7 (19.4)
•	Hypertension grade 1 21 (58.3)
•	Hypertension grade 2 8 (22.2)

 

A B

C

FIGURE 1. MRI Images A. Leukoaraiosis Fazekas grade 1, illustrated by the presence of 
punctata lesions in bilateral centrum semiovale B. Leukoaraiosis Fazekas grade 
2, illustrated by the presence of hyperintense periventricular confluent lesions on 
both sides C. Leukoaraiosis Fazekas grade 3, illustrated by the presence of large 
confluence lesions in periventricular and centrum semiovale on both sides.
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TABLE 2 shows the correlation 
between the degree of leukoaraiosis and 
cholesterol, HDL, triglycerides, and LDL 
of the post-ischemic stroke. A significant 
and positive correlation was observed 
only between the serum triglyceride 
levels and the degree of leukoaraiosis 
(p=0.042; r= 0.292), indicating the patients 
with the higher degree of leukoaraiosis 
had the higher serum triglyceride levels. 

No correlation was observed between the 
degree of leukoaraiosis and cholesterol, 
HDL, and LDL levels (p>0.05).

A significant and positive correlation 
between degree of leukoaraiosis and 
age of post-ischemic stroke patients was 
observed (p= 0.004; r= 0.464) indicating 
that the older age patients had the higher 
degree of leukoaraiosis (TABEL 3).

TABLE 2. Correlation between the degree of leukoaraiosis and 
cholesterol, HDL, triglycerides and LDL

Variables
Degree of leukoaraiosis

r pPunctata lesion Early confluence Large confluence
n (%) n (%) n (%)

Cholesterol
•	<200 6 (33.3) 8 (53.3) 1 (33.3)

-0.136 0.214•	200-239 0 (0.0) 0 (0.0) 0 (0.0)
•	>240 12 (66.7) 7 (46.7) 2 (66.7)

HDL
•	<40 7 (38.9) 5 (33.3) 1 (33.3)

0.079 0.323•	40-60 10 (55.6) 10 (66.7) 1 (33.3)
•	>60 1 (5.6) 0 (0.0) 1 (33.3)

Triglyceride
•	<150 3 (16.7) 0 (0.0) 0 (0.0)

0.292 0.042*•	150-199 0 (0.0) 0 (0.0) 0 (0.0)
•	200-499 15 (83.3) 15 (100.0) 3 (100.0)
•	>500 0 (0.0) 0 (0.0) 0 (0.0)

LDL
•	<100 3 (16.7) 2 (13.3) 0 (0.0)

-0.015 0.465
•	100-129 4 (22.2) 5 (33.3) 2 (66.7)
•	130-159 7 (38.9) 2 (13.3) 1 (33.3)
•	160-189 4 (22.2) 6 (40.0) 0 (0.0)
•	>190 0 (0.0) 0 (0.0) 0 (0.0)

TABLE 3. Correlation between the degree of leukoaraiosis and age

Variables
Degree of leukoaraiosis

r pPunctata lesion Early confluence Large confluence
n (%) n (%) n (%)

Age (year)
•	36-45 3 (100.0) 0 (0.0) 0 (0.0)

0.464 0.004*•	46-55 7 (87.5) 1 (12.5) 0 (0.0)
•	56-65 5 (33.3) 8 (53.3) 2 (13.3)
•	> 65 3 (30.0) 6 (60.0) 1 (10.0)

DISCUSSION

The mean age of post-ischemic 
stroke patients in this study was 61±11 
yo. This results in accordance with the 
study conducted by Ke et al.,9 which 
reported that the mean of patients is 
60 yo. Furthermore, Ben-Assayag et 

al.,2 reported that the mean age of the 
models was 66.4±13.4 yo. Age is the 
most substantial non-modifiable risk 
factor for stroke incidence. About three-
quarters of all strokes occur in people 
aged 65 yo or older.15 Age is reported as 
a risk factor for ischemic stroke.16 It can 
be linked to an increase in leukoaraiosis 
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in older people due to the thickening and 
narrowing of blood vessels. This reduced 
blood flow to the brain is demonstrated 
by the development of areas of 
hyperintensity in the periventricular 
and centrum semiovale. In addition, 
increasing age can reduce the elasticity 
of blood vessels.17

Leukoaraiosis is expected in 
the elderly and is associated with 
recurrent stroke, cognitive decline, 
gait disturbances, hemorrhagic 
transformation, and functional 
abnormalities after ischemic stroke.18,19 
Most studies have investigated the 
correlation between active stroke and 
leukoaraiosis severity using computed 
tomography visual scales or volumetric 
measurements. Although faster, 
computed tomography is not as sensitive 
as T2 and FLAIR. The Fazekas scale 
allows rapid assessment of severity on 
T2 and FLAIR sequences.10

This study involved 36 ischemic 
stroke patients consisting of 17 (47.2%) 
men and 19 (52.8%) women. This number 
is lower than the sample size in several 
previous studies, such as Ben-Assayag 
et al.,2 which involved 170 acute stroke 
patients, consisting of 104 males and 66 
females.2 A study in China by Ke et al.,9 
reported that among 1,270 involving 
in the study, 66% are men and 34% are 
women. Another study reported that the 
incidence of stroke differs between the 
sexes.20 

Hypertension is the most common 
risk factor for stroke. Hypertension 
was reported in approximately 64% of 
patients with stroke. Hypertension, blood 
pressure variability, and leukoaraiosis 
are risk factors for early adverse events 
and poor functional outcomes after 
ischemic stroke. Previous studies have 
shown different correlation between 
leukoaraiosis and blood pressure 
variability, including in ischemic stroke.8 
In this study, over half of the sample 
(58.3%) had hypertension grade 1.

Hyperlipidemia is known to have 
a role in the pathogenesis of ischemic 
stroke. Hyperlipidemia is independently 
associated with a reduction in the 
severity of leukoaraiosis in elderly 
or ischemic stroke patients.9 In this 
study, a strong and positive association 
between the degree of leukoaraiosis 
and triglyceride levels (p= 0.042; r= 
0.292), indicating that patients with the 
higher the degree of leukoaraiosis have 
the higher the triglyceride levels. This 
result is comparable to that of a study 
conducted by Park et al.,21 that discovered 
hypertriglyceridemia is associated with 
a higher incidence of leukoaraiosis.

The radiological examination is 
conducted using 0.4T open MRI. It is 
sensitive and specific for leukoaraiosis 
assessment lower than 1.5T or 3.0T MRI. 
Thus, the MRI can not compare the result 
reflecting the effect of triglycerides on 
the hyperintensity of white matter area 
lesions in this study. However, the results 
of this study are in line with study by Ke 
et al.,9 which discovered a connection 
between hypertriglyceridemia 
(1.7 mmol/L) and the severity of 
leukoaraiosis (p=0.05). The mechanism 
of the correlation between triglyceride 
levels and leukoaraiosis remains largely 
unknown. However, it is thought to 
have involved myelin in the brain in 
white matter areas. Myelin contains 70% 
lipid which could explain the increased 
levels of triglycerides and cholesterol in 
ischemic stroke.9,22

In this study, no significant 
correlation was observed between 
the degree of leukoaraiosis and serum 
cholesterol level. Previous study by 
Wiszniewska et al.,6 in Switzerland also 
reported no significantly difference in the 
prevalence of hypercholesterolemia in 
the leukoaraiosis and non-leukoaraiosis 
groups. However, this study did not 
use the Fazekas classification and only 
divided the research subjects into 
leukoaraiosis and control.
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CONCLUSION

In conclusion, there is a correlation 
between the degree of leukoaraiosis and 
the serum triglyceride levels on post-
ischemic stroke patients. However, there 
is no a correlation between the degree of 
leukoaraiosis and the serum cholesterol, 
LDL, and HDL levels. In addition, age 
is one of the risk factors for ischemic 
stroke.
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