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ABSTRACT

Background: Although homocysteine (Hcy) and white matter hyperintensities (WMH) have

been proven to be correlated with increased risks of ischemic stroke, there have been few studies

addressing the association between serum Hcy and WMH in a population with asymptomatic

intracranial arterial stenosis (aICAS). Thus, the aim of the present study is to describe the

association between Hcy and WMH in rural-dwelling Chinese people with aICAS.

Methods: In this study, 150 participants diagnosed as aICAS by magnetic resonance

angiography were recruited from the Kongcun Town Study, which was a population-based study

aimed to investigate the prevalence of aICAS in general population aged 40 to 90 years old, free

of ischemic stroke history, and living in the Kongcun town, Pingyin county, Shandong, China.

Data on demographics, risk factors, and serum Hcy levels were collected via interview, clinical

examination, and laboratory tests. The WMH volumes were calculated through the lesion

segmentation tool system for the Statistical Parametric Mapping package based on magnetic

resonance imaging. The association between Hcy and WMH volume was analyzed using both

linear and logistic regression analysis.

Results: After adjusting for all confounders, high Hcy (HHcy) (serum Hcy ≥15umol/L) was

significantly associated with severe WMH (the highest quartile in WMH volume) (OR: 2.972,

95%CI: 1.017-7.979, P <0.05). However, with changing of WMH volumes, only trends towards

association with HHcy were observed in all 3 models (P values only slightly exceeded 0.05).

After being stratified by age, sex, or ever smoking, the association between HHcy and WMH

became more significant in participants who were ≥60 years old, male, or ever smoker.
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Conclusions: HHcy is associated with severe WMH in rural-dwelling Chinese people with

aICAS, especially in participants ≥60 years old, male participants, or ever smokers, indicating

these may be risk factors that contribute to the association between HHcy and severe WMH.

Keywords: Homocysteine; White matter hyperintensities; Arteriosclerosis; Asymptomatic

intracranial arterial stenosis; Population-based study
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Highlights

 Hcy levels are associated with WMH in rural-dwelling Chinese people with aICAS.

 Automated, quantitative measurements of WMH volume can avoid inaccuracies.

 Presence of risk factors can increase association between high Hcy and severe WMH.
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Background

White matter hyperintensities (WMH) are mostly bilateral and symmetrical areas in the white

matter that appear hyperintense on proton density and T2-weighted magnetic resonance imaging

(MRI) scans [1]. WMH is one of the most important signs of cerebral small vessel disease

(CSVD), a group of pathological processes with various aetiologies that affect small arteries,

arterioles, venules, and capillaries of the brain [1, 2], and is known for its high prevalence in the

elderly [3, 4]. It is associated with increased risks of death, ischemic stroke [5], cognitive decline

[6], and dementia [7]. Besides WMH, signs of CSVD include lacunar, recent small subcortical

infarcts, enlarged perivascular spaces, microbleeds, and brain atrophy seen with MRI [8].

A series of study found that high neutrophil to lymphocyte ratio and subcutaneous adipose

tissue were associated with WMH volumes in a healthy population [9, 10]. In recent years, an

increased number of studies have focused on identifying an association between WMH and

homocysteine (Hcy), which is a sulphur-containing amino acid formed during the metabolism of

the essential amino acid, methionine. Hcy has also proved to be an independent predictor of

stroke risk [11], and a significant risk factor for cognitive decline and dementia [12, 13]. In The

Rotterdam Scan Study, Hcy was associated with WMH and silent brain infarcts [14]. In The

Northern Manhattan Study, investigators found that elevated Hcy is a risk factor for white matter

damage [15]. In patients with symptomatic atherosclerosis disease, higher Hcy levels are also

associated with increased WMH volume [16].

However, most of these studies focused on community-based populations of Hispanic,

Black, and Caucasian subjects, or patients with symptomatic atherosclerosis disease. Few studies

about the association between WMH and Hcy in Chinese people have been conducted, especially

in rural-dwelling Chinese people with asymptomatic intracranial arterial stenosis (aICAS). The
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purpose of this study was to investigate the association between Hcy and WMH in rural-dwelling

Chinese people with aICAS.

Methods

Study population

This study was based on the Kongcun Town Study, which was a population-based study that

aimed to investigate the prevalence of aICAS within the general Kongcun town (Pingyin county)

population. A total of 2027 participants, who were between the ages of 40 and 90 years and had

no prior history of ischemic stroke, were enrolled. Among them, 150 participants were detected

arrow intracranial arteries through magnetic resonance angiography (MRA), which consist of

bilateral intracranial segments of the internal carotid arteries (ICA), middle cerebral arteries

(MCA), posterior cerebral arteries (PCA), anterior cerebral arteries (ACA), intracranial segments

of vertebral arteries (VA) and/or the basilar artery (BA). All participants did not experience any

symptoms commonly associated with intracranial artery stenosis, such as limb weakness,

numbness, aphasia, etc., and did not have a history of stroke, or transient ischemic attacks (TIA)

which were rated by a trained investigator. All 150 of these participants were recruited to this

present study.

This study was approved by the ethical standards committee on human experimentation at

Shandong Provincial Hospital Affiliated to Shandong University. Written informed consent was

obtained from all participants. This study was conducted in accordance with the principles for

medical research involving human subjects expressed in the Declaration of Helsinki.
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Demographics and risk factors

Data on age, gender, and smoking or drinking history were obtained through interviews.

Smoking or drinking history were defined as an ever, or never smoking or alcohol consumption.

Overnight fasting, venous blood samples were taken to determine blood glucose levels and

obtain lipid profiles from participants which included low density lipoprotein-cholesterol (LDL-

C), high density lipoprotein-cholesterol (HDL-C), triglyceride (TG), total cholesterol (TC) and

Hcy levels. Height and weight were measured to calculate body mass index (BMI). Hypertension

was defined as having either a mean systolic blood pressure ≥140 mmHg, a mean diastolic blood

pressure ≥90 mmHg, a history of hypertension, or antihypertensive drug use. Diabetes mellitus

was defined as having either a history of diabetes mellitus, or a venous blood glucose level ≥7.0

mmol/L, or using oral antidiabetic drugs or insulin. Finally, hypercholesterolemia was defined as

total cholesterol ≥6.2 mmol/L.

Hcy measurement

Overnight fasting, venous blood samples were taken in the morning from all participants. The

blood samples were allowed to clot in a 37 °C water bath for 30 minutes, followed by

centrifugation at 3000 rpm for 15 minutes. The serum supernatant was taken and separated into 5

aliquots (200 μL each) that were snap frozen in liquid nitrogen before transferring to a -80 °C

freezer for storage; a method shown to improve stability of Hcy in assays [17]. Blood tests were

conducted at the certified clinical laboratory of Shandong Provincial Hospital Affiliated to

Shandong University. Participants were placed in either the High Hcy (HHcy) group, defined as

having a Hcy level ≥15 µmol/L, or the normal Hcy group if their Hcy level was less than 15

µmol/L.
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WMH volume measurement

We calculated the total volume, comprised of both periventricular and deep WMH, in all 150

participants using a LST system which is a lesion segmentation tool for the Statistical Parametric

Mapping package (SPM) [18] based on MRI. WMH were considered present if they were visible

as hyperintense on proton density and T2-weighted images, without prominent hypointense areas

on T1-weighted images to distinguish them from infarctions in white matter. Participants were

divided into the following 4 groups based on their total WMH volume: ≤0.29 mL, 0.30 to 1.36

mL, 1.37 to 4.28 mL, and ≥4.29 mL. The severe WMH group consisted of patients with WMH

volumes ≥4.29 mL.

Data analysis

The association between HHcy and WMH volume was examined using linear regression analysis.

Model 1 adjusted for age and sex, and model 2 additionally adjusted for BMI, hypertension,

diabetes mellitus, hypercholesterolemia, HDL-C, LDL-C, and TG. In model 3, ever smoking and

drinking were added. Additionally, logistic regression was used to analyse the association

between HHcy and severe WMH. Variants adjusted in models 1, 2, and 3 for logistic regression

analysis were the same as those adjusted for linear regression. We also evaluated the association

between Hcy levels and WMH volume or severe WMH volume using both linear regression

analysis and logistic regression analysis after adjusting the same variants.

In order to investigate the association between HHcy and severe WMH volume in

participants with different risk factors, we also analysed the association between HHcy and

severe WMH volume in participants stratified according to age, sex, and ever smoking.
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Results

Demographics of study participants

Of the 150 participants included in this study, 13 participants were excluded due to missing MRI

data (n = 3) or homocysteine data (n = 10). Consequently, the analytical sample included 137

participants with aICAS. The mean age of these participants was 59.9 years (SD ±10.1); 40.9 %

were men; 78.8 % had hypertension, and 27.0 % had diabetes (Table.1). The mean Hcy level was

15.0 µmol/L (SD ±6.5), while the mean WMH volume was 3.60 mL (SD ±5.60) (Table.1). Fig. 1

shows the flowchart of the WMH volume using the LST auto-calculation. The differences were

significant between the HHcy (n = 47) and the normal Hcy (n = 90) groups in age, gender, and

ever smoking (P <0.05). Besides, the difference between the HHcy and the normal Hcy groups in

WMH volumes was obviously significant (P <0.01) (Table.1).

Association between HCY and WMH

HHcy levels were significantly associated with severe WMH volumes in model 1 (OR: 3.11,

95 % CI: 1.239-7.803, P <0.05), model 2 (OR: 3.013, 95 %CI: 1.139-7.971, P <0.05) and model

3 (OR: 2.972, 95 % CI: 1.107-7.979, P <0.05) in logistic regression (Table.2). However, there

was only a trend towards association between HHcy levels and WMH volumes in all 3 models in

linear regression (P value only slightly exceeded 0.05 in all three models) (Table.2).

Association between HHcy and severe WMH stratified by age, gender or ever smoking

After being stratified by age, HHcy levels were significantly associated with severe WMH

volumes adjusted for all confounders in participants with age ≥60 years (OR:4.266, 95%CI:
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1.084-16.794, P <0.05). HHcy was also significantly associated with severe WMH in male

participants (P <0.05), and participants with ever smoking (P ≤0.05) (Table.3). However, there

was no significant association between HHcy and severe WMH in participants <60 years old,

female participants, or participants without ever smoking (Table.3).

Discussion

This study found that HHcy was associated with severe WMH, and adjustments for associated

risk factors did not attenuate this effect. The odds of severe WMH were 2.972-fold higher in

participants with HHcy compared with those without HHcy. After stratification by different risk

factors, HHcy was significantly associated with severe WMH in older participants (≥60 years),

male participants, and participants with ever smoking. To the best of our knowledge, this is the

first study to explore the association between Hcy and WMH in rural-dwelling Chinese people

with aICAS.

Previous studies found that there was an association between Hcy and WMH in some

community-based studies [14, 15, 19]. In The Rotterdam Scan Study, researchers concluded that

Hcy was associated with white matter lesions independent of cardiovascular risk factors, such as

the presence of carotid artery plaques, and increased intima-media thickness of the common

carotid artery [14]. In the Northern Manhattan Study, Hcy was found to be associated with

WMH volume in a population that included Hispanic, Black and Caucasian men [15]. The same

conclusion was reached in a study that included 682 participants from the CHA Bundang

Medical Center [19]. The results of these studies are consistent with our findings. However,

some studies were unable to illustrate the association between Hcy and WMH. In the
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Framingham Offspring Study, investigators could not find an association between plasma Hcy

and WMH volume [20]. This inconsistency may arise from their reduced mean Hcy levels,

which were 9.8 µmol/L at the fifth offspring examination and 8.3 µmol/L at the seventh

examination (versus 15.0 µmol/L in our present study). This might have underestimated the

association between Hcy and WMH. In another study that randomly selected individuals from a

community in Australia, between the ages of 60 and 64, researchers found that the association

was significant only between HHcy and deep WMH, but not periventricular WMH [21]. One

possible explanation is that the pathological basis of these two kinds of lesions may be different.

Ischemia aetiology is likely to be more important for development of deep WMH, while myelin

pallor, or rarefaction, are often related to periventricular WMH [21]. Because we could not

calculate volumes of deep or periventricular WMH separately, we were unable to illustrate the

association between Hcy with deep or periventricular WMH singularly.

Being this study is a cross-sectional research, it is difficult to conclude a possible causal

association between Hcy and WMH. However, a closer look at previously conducted,

longitudinal studies suggests contradicting conclusions about this association. To the best of our

knowledge, as this present moment, only 4 studies have investigated a longitudinal association

between Hcy and WMH, and most of them failed to identify an association between Hcy and

WMH [12, 22, 23]. The Epidemiology of Vascular Aging study and the Cardiovascular Health

Study are two of the most well-known longitudinal studies [12, 22]. However, considering that

only semiquantitative measurements of WMH were used, and sample sizes were small and

included only a specific population (only older hypertensive subjects recruited from the Study on

Cognition and Prognosis in the Elderly (SCOPE) trial) [23, 24], it is difficult to draw a

convincing conclusion about the association between Hcy and WMH. To avoid these
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confounding factors and investigate the association between Hcy and WMH more precisely, a

larger, longitudinal study using quantitative measurement of WMH was conducted [25]. In the

SMART-MR study, researchers found that elevated Hcy levels were associated with greater

progression of WMH, independent of vascular risk factors and severity of atherosclerotic disease

[25]. However, what needs to be mentioned is that the SMART-MR study was not a community-

based study. Therefore, larger longitudinal studies, based on general communities are needed to

reveal the association between Hcy and WMH progression.

In our current study, HHcy was closely associated with severe WMH, especially in older

participants, in male participants, and in participants with ever smoking. The pathological effects

of elevated Hcy may explain these results. High levels of Hcy could activate NMDA receptor-

dependent regulation of adherens and tight junctions to increase permeability of the blood-brain

barrier [26], which is considered one of the most important pathological factors in CSVD [1].

Furthermore, the activation of NMDA receptors caused by HHcy could also induce neurotoxicity,

causing apoptosis of brain cells [27]. Hcy has also been shown to directly induce endothelial

damage [3, 28], which has been noted in CSVD [29].

Arterial stiffness is known to accelerate with aging [29]. Men may be less protected than

women from this stiffening effect since they have lower circulating levels of oestrogen, a

protective factor for cerebral circulation [30]. Smoking could affect endothelial nitric oxide

synthase activity which is essential for normal endothelial function [31]. Because of this, the

endothelium of brain tissue may be more vulnerable to damage by metabolites and toxicants,

such as Hcy. These factors may contribute to the increased WMH seen in elderly people, in male

participants, and in smokers with elevated Hcy.
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Because the Hcy level can be regulated by folic acid and vitamin B12, which may be

potential therapy targets, it is of great importance to elucidate whether treatment with vitamin

supplements can reduce WMH volumes and thus prevent stroke or dementia. Despite the fact

that the results of several large trials testing vitamin supplementation failed to show beneficial

effects towards preventing vascular diseases [32-34], our study suggests that vitamin supplement

trials should focus more on elderly populations, males, and smokers, as they might be more

sensitive to damage caused by Hcy.

The strengths of this study are as follows: First, to the best of our knowledge, this is the first

study to explore the association between Hcy and WMH in rural-dwelling Chinese people with

aICAS. Second, the lesion prediction algorithm implemented using the SPM LST toolbox in this

study has been shown to produce reliable, consistent results, and in many cases, is considered a

robust gold standard for lesion segmentation [35]. The use of automated, quantitative

measurements of WMH avoided pitfalls of previously used semi-quantitative methods that could

invariably result in inaccurate measurements of WMH, and researcher bias. However, there are

several limitations in the present study as well. First, because we did not calculate volumes of

deep or periventricular WMH separately, we were unable to illustrate the individual associations

between Hcy and deep, or periventricular, WMH. Larger longitudinal studies focusing on the

association between Hcy and deep or periventricular WMH are needed to help understand the

potential different roles of Hcy in deep WMH versus periventricular WMH. Second, as a cross-

sectional study, it is impossible to conclude a possible causal association between Hcy and

WMH. Third, Hcy levels were not corrected for vitamin B12 and folic acid levels in this study,

and since they are involved in the metabolism of Hcy, they could have lowered blood plasma

Hcy levels in participants [36].
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Conclusions

In conclusion, this study found that HHcy is associated with severe WMH in rural-dwelling

Chinese people with aICAS, especially in participants ≥60 years old, male participants, and

participants with ever smoking, indicating these may be risk factors that contribute to the

association between HHcy and severe WMH.
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