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levels and the degree of white matter lesions in 
stroke patients
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Abstract 
This study explores the relationship between elevated homocysteine (Hcy) levels and white matter lesion (WML) severity in stroke 
patients, aiming to clarify Hcy role in stroke pathology and support clinical treatment and prevention strategies for cerebrovascular 
diseases. A retrospective analysis was conducted on 200 stroke patients from Guyuan People’s Hospital (2022–2024). Hcy levels 
were measured using a Beckman AU5800 analyzer, and WML severity was assessed via magnetic resonance imaging using 
the Fazekas scale. Carotid intima-media thickness (cIMT) was measured by ultrasound. The mean Hcy level was significantly 
higher in the moderate to severe WML group (16.2 ± 5.3 μmol/L) compared to the mild group (11.4 ± 3.8 μmol/L, P < .001), 
showing a positive correlation with WML severity. The moderate to severe group also had significantly higher left and right cIMT 
(P < .001). Logistic regression identified age, hypertension, diabetes, Hcy levels, and right-sided cIMT as independent predictors 
of moderate to severe WML. Receiver operating characteristic curve analysis indicated high diagnostic value for both Hcy levels 
and right-sided cIMT, with combined use improving assessment accuracy. Elevated Hcy levels and increased right-sided cIMT 
are independent risk factors for moderate to severe WML in stroke patients. Combining these measures improves assessment 
accuracy and highlights the need for targeted interventions. Future research should investigate Hcy and cIMT mechanisms and 
interventions to enhance clinical application.

Abbreviations: AF = atrial fibrillation, cIMT = carotid intima-media thickness, Hcy = homocysteine, MRI = magnetic resonance 
imaging, ROC = receiver operating characteristic, WML = white matter lesions.
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1. Introduction
Cerebral infarction, a significant neurological disorder threaten-
ing human health, presents with complex pathological processes 
and severe consequences that cannot be ignored.[1–3] The core 
pathological feature focuses on the acute or chronic occlusion 
of cerebral blood vessels, leading to a sharp decrease in blood 
supply to local brain tissues and resulting in ischemic necro-
sis.[4–6] This process not only directly damages the structure and 
function of brain tissues but also often accompanies a series 
of neurological dysfunctions, such as hemiplegia, aphasia, and 
cognitive impairment, severely impacting patients’ quality of life 
and prognosis.[2,7]

In recent years, with the rapid development of neuroim-
aging technology, especially the widespread application of 
high-resolution magnetic resonance imaging (MRI), scien-
tists have been able to observe the microstructural changes 
in the brains of stroke patients in greater detail.[8–10] Among 
these changes, white matter lesions (WML) have emerged 
as a significant imaging finding and have become a research 

hotspot.[11,12] As a critical area responsible for information 
transmission in the brain, the degeneration of white matter 
not only reflects abnormalities in the brain’s microvascular 
system, such as compromised blood-brain barrier integrity, 
reduced vascular dilation function, and hardened vessel walls, 
but also indicates damage to the myelin sheath, which insu-
lates nerve fibers. These pathological changes are particularly 
prominent in cerebral small vessel disease, which is closely 
related to various neurological disorders, including stroke and 
vascular dementia, and significantly contribute to the poor 
prognosis of stroke patients.[13–16]

Homocysteine (Hcy), a nonessential amino acid, has met-
abolic abnormalities closely linked to the development and 
progression of various cardiovascular and cerebrovascular 
diseases.[17–19] Numerous studies have confirmed that elevated 
plasma homocysteine levels are independent risk factors for 
atherosclerosis, stroke, and cognitive decline.[20–23] This find-
ing reveals the potential role of homocysteine in endothelial 
cell dysfunction, suggesting that high homocysteine levels may 
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impair vascular integrity by inducing oxidative stress, promot-
ing inflammatory responses, and interfering with nitric oxide 
synthesis, thereby accelerating vascular hardening and exacer-
bating the degree of white matter lesions.

However, despite the preliminary validation of these asso-
ciations, research on the specific mechanisms linking elevated 
homocysteine levels and white matter lesions remains insuffi-
cient, especially within the context of stroke.[24] The quantitative 
relationship and dynamic evolution between the 2 need further 
elucidation. Therefore, exploring the impact of elevated homo-
cysteine levels on the degree of white matter lesions in stroke 
patients will not only provide new insights into the pathological 
mechanisms of stroke but also offer scientific evidence for devel-
oping more precise prevention and treatment strategies.[25,26]

To investigate the relationship between elevated homocysteine 
levels and the degree of white matter lesions in stroke patients. 
By analyzing the impact of elevated homocysteine levels on the 
severity of white matter lesions, the study seeks to further eluci-
date its pathological mechanisms in stroke patients. The hypoth-
esis of this study is that there is a positive correlation between 
elevated homocysteine levels and the degree of white matter 
lesions, meaning that as homocysteine levels increase, the sever-
ity of white matter lesions worsens. This hypothesis is based 
on existing literature on the relationship between homocysteine 
and vascular lesions. To validate this hypothesis, the study will 
retrospectively analyze the clinical data of stroke patients, mea-
sure their blood homocysteine levels, and assess the degree of 
white matter lesions through cranial MRI. Statistical analysis 
will be used to explore the relationship between elevated homo-
cysteine levels and the degree of white matter lesions, providing 
reference data for the clinical treatment of stroke patients and 
advancing comprehensive prevention strategies for cerebrovas-
cular diseases.

2. Materials and methods

2.1. Selection of study subjects and data collection

This study was approved by the Ethics Committee of Guyuan 
People’s Hospital Affiliated to Ningxia Medical University. This 
retrospective study selected stroke patients treated in the neurol-
ogy department of Guyuan People’s hospital between 2022 and 
2024. A total of 200 patients with detailed clinical data were 
included, all of whom were diagnosed through cranial MRI. 
Stroke is defined and classified as follows: stroke is defined as 
an acute neurological deficit resulting from a vascular cause, 
classified into ischemic stroke (cerebral infarction) and hemor-
rhagic stroke based on cranial MRI findings. Ischemic stroke is 
characterized by the presence of focal cerebral infarction due to 
arterial occlusion, while hemorrhagic stroke is defined by the 
presence of intracerebral or subarachnoid hemorrhage. In this 
study, only patients diagnosed with ischemic stroke (cerebral 
infarction) were included.

2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) age 40 years and above. (2) Diagnosed 
with cerebral infarction through cranial MRI. (3) Complete 
medical records, including blood lipid levels, blood uric acid, 
Hcy, and carotid artery ultrasound results.

Exclusion criteria: (1) nonvascular white matter lesions. 
(2) Malignant tumors, dementia, and psychiatric disorders. 
(3) Incomplete data or cases that did not meet the study 
requirements.

2.3. Measurement of study indicators

	 (1)	 Hcy levels: measured using blood samples and quantita-
tively analyzed with a Beckman AU5800 fully automated 

biochemical analyzer.[27] Blood samples were collected 
within 24 to 72 hours after stroke onset to minimize the 
influence of acute-phase fluctuations.

	 (2)	 Degree of WML: WML severity was assessed via cranial 
MRI using the Fazekas scale. The scoring criteria evaluate 
both periventricular and deep white matter lesions, assign-
ing separate scores to each region. However, for analysis, 
patients were classified based on the highest score among 
these regions, with WML severity categorized as mild (1 
point) or moderate-to-severe (≥2 points). This approach 
provides a comprehensive assessment while ensuring con-
sistency in severity classification.[28] MRI was performed 
within 3 to 7 days after stroke onset to ensure stable 
lesion visualization while reducing the impact of acute 
ischemic changes.

	 (3)	 Carotid intima-media thickness (cIMT): measured using 
a GE VIVID E80 ultrasound diagnostic instrument, with 
bilateral cIMT values recorded. All measurements were 
performed by an experienced technician to ensure accu-
racy, and the instrument was calibrated regularly to main-
tain measurement reliability.[29] cIMT was measured at 
the common carotid artery, approximately 1 cm proximal 
to the carotid bifurcation, using B-mode ultrasound. The 
internal carotid artery was not included in the measure-
ment to ensure standardization and reproducibility. cIMT 
assessment was conducted within 3 to 7 days after stroke 
onset, in parallel with MRI evaluation, to provide a com-
prehensive assessment of vascular status.

2.4. Imaging and scoring methods

Cranial MRI examinations were performed using 1.5 T or 
3.0 T high-field MRI scanners provided by SIEMENS AERA 
or SIEMENS VIDA, including standard axial scans such 
as T1-weighted images, T2-weighted images, and FLAIR 
sequences. Fazekas scale scoring was independently conducted 
by 2 experienced neurologists using a double-blind method to 
ensure objectivity. A third neurologist reviewed the scores in 
case of disputes.

2.5. Statistical analysis

Data analysis was performed using SPSS 25.0 statistical soft-
ware. For normally distributed quantitative data, results are 
expressed as mean ± standard deviation (x ̄ ± s) and compared 
between groups using independent t tests. Non-normally dis-
tributed quantitative data are expressed as median (M) and 
interquartile range (P25, P75), with group comparisons con-
ducted using rank-sum tests. Categorical data are expressed 
as frequency (n) and percentage (%), with group comparisons 
conducted using χ2 tests. Additionally, binary logistic regres-
sion analysis was used to identify independent risk factors for 
moderate to severe white matter lesions. Receiver operating 
characteristic (ROC) curve analysis was employed to assess 
the diagnostic efficacy of Hcy levels and cIMT in predicting 
the severity of white matter lesions, including calculations of 
sensitivity and specificity.

3. Results

3.1. Basic characteristics of study subjects

This retrospective study included 200 stroke patients admit-
ted to the neurology department of Guyuan People’s hospital 
from 2022 to 2024. All patients were diagnosed via cranial 
MRI. According to the Fazekas scale, patients were divided 
into the mild WML group (112 cases, score of 1) and the  
moderate-to-severe WML group (88 cases, score ≥ 2). The 
average age of patients in the mild group was significantly 
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lower than in the moderate-to-severe group (62.4 years vs 
70.1 years). There were significant differences in clinical char-
acteristics such as gender, hypertension, diabetes, and coronary 
heart disease between the 2 groups (P < .05). Detailed data are 
shown in Table 1.

3.2. Analysis of Hcy levels

The average Hcy level in the moderate-to-severe WML group 
was significantly higher than in the mild group (16.2 ± 5.3 
μmol/L vs 11.4 ± 3.8 μmol/L, P < .001), indicating a signifi-
cant correlation between elevated Hcy levels and the severity of 
WML. Specific data are presented in Table 2.

3.3. Comparison of cIMT

In the moderate-to-severe WML group, the measurements of 
both left and right cIMT were significantly higher than those in 
the mild group, possibly reflecting the potential role of vascular 
lesions in WML. Detailed data are shown in Table 3.

3.4. Regression analysis of independent risk factors

Binary logistic regression analysis revealed that age, hyperten-
sion, diabetes, Hcy levels, and increased right cIMT were inde-
pendent predictors of moderate-to-severe WML. Specific data 
are presented in Table 4.

3.5. Application of ROC curve analysis

ROC curve analysis demonstrated the diagnostic value of Hcy 
levels and right cIMT in assessing the severity of WML, with 
the combined use of both indicators showing better evaluation 
efficiency. This is illustrated in Fig. 1.

4. Discussion
This study investigates the relationship between elevated Hcy 
levels and the degree of WML in 200 stroke patients through 
a retrospective analysis. The results indicate that Hcy levels 
in the moderate-to-severe WML group are significantly higher 
than in the mild group, with a positive correlation between 
Hcy levels and WML severity. Additionally, cIMT is closely 
associated with WML severity, particularly the right cIMT. 
Binary logistic regression analysis revealed that higher Hcy 
levels and thicker right cIMT are independent risk factors for 
moderate-to-severe WML, consistent with previous research 
findings.

4.1. Age, gender, hypertension, and diabetes as 
independent risk factors

Our study identified age as a significant independent risk factor 
for moderate-to-severe WML, consistent with previous research 
linking aging to cerebral small vessel disease. Age-related endo-
thelial dysfunction, impaired cerebrovascular autoregulation, 
and increased prevalence of hypertension and diabetes likely 
contribute to the progression of WML.

Gender differences were also observed, which may be influ-
enced by hormonal factors, vascular structure, and metabolic 
risks. Estrogen may provide vascular protection in premeno-
pausal women, while postmenopausal hormonal decline could 
accelerate WML progression. Additionally, men are more prone 
to early atherosclerosis, which could contribute to differences in 
cIMT and stroke risk profiles.

Hypertension and diabetes, both identified as independent 
risk factors, are well-established contributors to WML. Chronic 
hypertension leads to small vessel remodeling, reduced cere-
bral perfusion, and blood-brain barrier dysfunction, acceler-
ating WML formation. Similarly, diabetes is associated with 

Table 1

Comparison of clinical characteristics between 2 patient groups.

Group Gender (male/female) Age (years) Hypertension (n, %) Diabetes (n, %) Coronary Heart Disease (n, %) Hcy (μmol/L)

Mild group (n = 112) 68/44 62.4 ± 9.8 42 (37.5%) 15 (13.4%) 10 (8.9%) 11.4 ± 3.8
Moderate-severe group (n = 88) 64/24 70.1 ± 10.3 56 (63.6%) 32 (36.4%) 18 (20.5%) 16.2 ± 5.3
t/Z 2.679 3.124 2.961 2.783 3.123 3.352
P-value .023 <.001 <.001 <.001 .027 <.001

Table 2

Comparison of carotid intima-media thickness (cIMT) between 2 patient groups.

Group Left cIMT (mm) Right cIMT (mm)

Mild group (n = 112) 0.92 ± 0.16 0.93 ± 0.18
Moderate-severe group (n = 88) 1.05 ± 0.22 1.08 ± 0.20
P-value <.001 <.001

Table 3

Logistic regression analysis of risk factors for moderate-severe white matter hyperintensities.

Variable Wald OR (95% CI) P-value

Age 45.321 1.084 (1.057–1.112) <.001
Hypertension 15.673 2.583 (1.593–4.188) <.001
Diabetes 8.342 2.456 (1.332–4.527) .004
Hcy 11.624 1.069 (1.031–1.108) <.001
Right cIMT 6.728 3.157 (1.529–6.514) .009

CI = confidence interval, Hcy = homocysteine, OR = odds ratio.
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microvascular damage and oxidative stress, further exacerbat-
ing white matter degeneration.

These findings highlight the need for early identification and 
management of these risk factors to mitigate WML progres-
sion and cerebrovascular complications. Future studies should 
explore their combined effects on stroke outcomes.

4.2. Homocysteine and white matter lesions

Hcy, a sulfur-containing amino acid, is widely recognized as a 
significant risk factor for cardiovascular and cerebrovascular 
diseases. Elevated Hcy levels can cause endothelial dysfunc-
tion, leading to vascular sclerosis and atherosclerosis, thereby 
increasing the risk of stroke and cognitive impairment.[30,31] 
Our study found that Hcy levels were significantly higher in 
the moderate-to-severe WML group, consistent with Vermeer 
et al.’s findings, which demonstrated a close association 
between high Hcy levels and WML. Additionally, Hu et al.’s 
research also indicated that elevated Hcy levels are signifi-
cant risk factors for Alzheimer disease and other cognitive 
disorders.

Hcy exhibits toxic effects on endothelial cells, and high levels 
of Hcy can cause endothelial cell damage, inhibit the release 
of endothelial nitric oxide, and subsequently lead to endothe-
lial dysfunction.[32] Furthermore, Hcy can exacerbate vascular 
damage through oxidative stress and inflammatory responses.[33] 
These mechanisms may explain the relationship between ele-
vated Hcy levels and WML. Our study further confirms this, 
finding that Hcy levels are an independent risk factor for  
moderate-to-severe WML.

4.3. Carotid intima-media thickness and white matter 
lesions

Carotid intima-media thickness (cIMT) is a critical indica-
tor of atherosclerosis, and its thickening is closely associated 
with the risk of both cardiovascular and cerebrovascular dis-
eases.[34] In this study, we observed that both left and right 
cIMT were significantly higher in the moderate-to-severe 
WML group compared to the mild group, with the relation-
ship between right cIMT and WML severity being particu-
larly pronounced.

Several studies have previously shown that increased cIMT 
correlates significantly with WML volume,[35] and Franki I et 
al found a strong association between increased cIMT and the 
severity of periventricular WML.[36] Our findings corroborate 
these results and highlight the role of vascular health in the pro-
gression of WML. The greater predictive value of right cIMT 
for WML severity in our study is noteworthy. It is known that 
the right carotid artery may be more prone to atherosclerotic 
changes, potentially influencing cerebral perfusion and contrib-
uting to WML development.

Regarding the differences between left and right cIMT, 
previous studies suggest that the left cIMT is often thicker in 
untreated hypertensive patients, possibly due to the left com-
mon carotid artery’s origin from the aortic arch, which may be 
more influenced by hemodynamic changes.[37,38] However, our 
study indicates that the right cIMT may be more closely related 
to WML severity, which aligns with the findings of Lee et al., 
who suggested that right cIMT could independently predict 
cardiovascular events. This could reflect individual variations 
in hemodynamic conditions, including differences in blood flow 

Table 4

ROC curve analysis of Hcy and right cIMT for assessing the severity of white matter hyperintensities.

Indicator Optimal cutoff Sensitivity (%) Specificity (%) AUC (95% CI) P-value

Right cIMT 1.05 67.5 72.3 0.721 (0.675–0.767) <.001
Hcy 14.5 70.3 74.1 0.737 (0.691–0.783) <.001
Combined cIMT & Hcy – 75.6 78.4 0.783 (0.741–0.825) <.001

AUC = area under the curve, CI = confidence interval, Hcy = homocysteine, ROC = receiver operating characteristic.

Figure 1.  ROC curve diagram for assessing the severity of white matter lesions (WML) using right cIMT and Hcy. cIMT = carotid intima-media thickness, Hcy =  
homocysteine, ROC = receiver operating characteristic.
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dynamics between the carotid arteries, and potentially points 
to regional vascular differences that impact the progression 
of WML. Moreover, the right side’s involvement could also 
be linked to asymmetries in intracranial small vessel disease, 
underscoring the complex interplay between vascular health 
and white matter integrity.

Thus, while the left cIMT is often emphasized in vascular 
studies, our findings suggest that the right cIMT holds particu-
lar value in predicting WML severity. Further research is needed 
to explore the specific mechanisms underlying these differences 
and their potential implications for early intervention and risk 
stratification in stroke patients.

4.4. Value of combined analysis

Our study, through ROC curve analysis, found that both Hcy 
levels and right cIMT have value in assessing the severity of 
WML, with the combined evaluation being more effective. 
The sensitivity and specificity of the combined indicators were 
higher than those of single indicators, suggesting that in clinical 
practice, combined detection of Hcy levels and right cIMT can 
more accurately assess the severity of WML. Hcy and cIMT are 
easily accessible clinical indicators, thus their combined applica-
tion holds significant clinical value.

Compared with previous studies, our study further clari-
fies the impact of Hcy and cIMT on the severity of WML in 
stroke patients. Previous studies have mostly focused on the 
relationship between Hcy and cIMT and WML in the general 
population or elderly population, while our study focuses on 
a specific population of stroke patients.[39] Muzurović E et al’s 
study showed a close association between high Hcy levels and 
the occurrence of WML but did not further explore its role in 
stroke patients. Our study fills this research gap, providing evi-
dence of the relationship between Hcy and cIMT and WML in 
stroke patients.

4.5. Clinical significance and future prospects

The results of this study have significant clinical implications. 
First, Hcy levels and right cIMT can serve as important indi-
cators for assessing the severity of WML, helping clinicians to 
more accurately judge the patient’s condition. Second, lower-
ing Hcy levels may be an essential means of preventing and 
treating WML. Studies have shown that folic acid and vitamin 
B12 supplementation can effectively reduce Hcy levels, thereby 
reducing the risk of stroke. Future research should further 
explore the application effects of these interventions in stroke 
patients. Additionally, our study suggests that measuring cIMT 
is crucial for managing stroke patients. Regular monitoring of 
cIMT, especially right cIMT, can help in the early detection 
and intervention of WML, thereby improving patient progno-
sis. Previous studies link atrial fibrillation (AF) to WML via 
hypoperfusion and embolic mechanisms. Mayasi et al found 
AF-related anterior subcortical WML, while de Leeuw et al 
reported AF’s association with periventricular WML.[40,41] Our 
study, however, identifies elevated Hcy and increased right 
cIMT as independent risk factors, highlighting the role of vas-
cular pathology beyond cardiac influences. Future research 
should investigate the impact of interventions, such as antihy-
pertensive and lipid-lowering treatments, on cIMT and their 
role in WML.

Despite revealing the impact of Hcy and cIMT on the sever-
ity of WML in stroke patients, our study has some limitations. 
First, as a retrospective study, it may have selection bias and 
information bias. Second, our study is a single-center study, 
and the results may not be generalizable, requiring further val-
idation through multi-center, large-sample prospective studies. 
Additionally, our study only used the Fazekas scale to grade 
WML severity, and future studies could consider using more 

precise imaging measurement methods, such as imaging soft-
ware or artificial intelligence technology, to further improve 
assessment accuracy.

5. Conclusion
In summary, our study systematically analyzes the relationship 
between Hcy levels and cIMT and the severity of WML in stroke 
patients, finding that high Hcy levels and thicker right cIMT are 
independent risk factors for moderate-to-severe WML, and the 
combined indicators can more accurately assess the severity of 
WML. This finding provides new perspectives for the diagnosis 
and treatment of cerebrovascular diseases, holding significant 
clinical value. Future research should further explore the mech-
anisms and interventions of Hcy and cIMT in different popula-
tions to improve the prognosis of stroke patients.
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