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REVIEWS

Research progress on risk factors for leukoaraiosis
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Abstract
Leukoaraiosis (LA), a term of neural imaging, is a disease which clinically causes cognitive dysfunction and gait disorders,
eventually leads to persistent or progressive cognitive and neural dysfunction, seriously affects patients’ daily lives. Early
detection and identification of LA and its risk factors and early intervention may be of help to improve the quality of patients’
living in the future. The research progress on risk factors for LA was reviewed in this study.
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Leukoaraiosis (LA), a neuroimaging term first proposed by
Canadian neurologist Hachinski in 1987, is used to describe
speckled and patchy changes in appearance of white matter
near the lateral ventricles and/or subcortex (centrum semio-
vale). CT manifestation shows PVLD; MRI shows isoin-
tense and/or hypointense of T1WI, hyperintense of T2WI
and hyperintense of FLAIR. At present, with the extensive
application of CT and MRI, the detection rate of LA is sig-
nificantly increased. By disrupting signal transduction be-
tween neurons as well as between cortex and subcortical
centrum, white matter damage causes cognitive dysfunction
and gait disorders, and ultimately is showed as persistent or
progressive cognitive and neurological dysfunction. There-
fore, the family and the society bear an increasingly heavier
burden. Currently, as there is no specific treatment for LA,
the prevention of LA becomes essential gradually. The re-
search progress on risk factors for LA is reviewed in the
sections below.

1 Age
Nearly all researches suggest that age is an independent risk
factor for LA. LA is an imaging change common in elderly

patients; detection rates of patients over 60 years by CT and
MRI were as high as 7%-30% and 8%-100% respectively.[1]

Besides, the incidence of LA is gradually increased with
age.[2] The research made by Peng CY et al.[3] shows that
age is an independent risk factor for LA, but the severity of
LA is not associated with age. In current researches, there is
no precise data concerning the focus scope of LA in a par-
ticular age, i.e., research results cannot clarify that at what
age LA starts to progress.

As to the role of age in LA, firstly, intracerebral proteins
such as myelin basic proteins and lecithins are main com-
ponents of myelin. The number of those proteins is in-
creased with age at birth and decreased gradually after being
an adult. Most of nerve fibers in white matter are myeli-
nated fibers. Therefore, demyelination changes come with
age eventually. Secondly, what comes with age as well is
cerebral arteriolar sclerosing vascular change. When the
blood pressure is decreased, these sclerosing blood vessels
cannot maintain the blood supply in brain white matter by
way of vasodilation, and then cerebral white matter chronic
ischemia arises eventually.[4]
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2 Gender
Some scholars at home and abroad[5, 6] have found that fe-
males may be more prone to LA than males. The probable
cause is the change in the level of estrogens. The decrease
of estrogen level in postmenopausal females will cause
ischemia-hypoxia in brain white matter and then lead to LA
eventually; Sijens et al.[7] consider that ratios and metabolite
concentrations of choline, creatinine and N-acetylaspartate
in front area near the lateral ventricles in females are all
higher than those in males. This is probably a cause of the
occurrence and development of LA. The factors that cause
the difference in gender have not been identified yet. Nev-
ertheless, some scholars[4, 8] have researched and failed to
verify that females may be more prone to LA than males.
Therefore, the current conclusions on the relevance of gen-
der to LA are still controversial, and it is necessary to make
a further study, exploration and verification.

3 Blood pressure
Currently, most of researches suggest that hypertension is
one of risk factors that cause LA.[3–5, 9–11]

Meng XJ et al.[5] consider that hypertension history, espe-
cially high diastolic blood pressure, is an independent risk
factor for LA. Ren J et al.[10] find that abnormal day-to-
night variation rhythm of blood pressure has an effect on
the incidence of LA. Foreign studies have found that both
systolic and diastolic blood pressures are associated with
severe periventricular white matter lesions. Compared with
patients with well-controlled blood pressure, patients with
badly-controlled blood pressure may be at a higher risk for
suffering white matter lesions. To control hypertension suc-
cessfully can reduce this risk.[11] The research made by
Peng CY et al.[3] have shown that the severity of LA is not
associated with the course of hypertension although it is an
independent risk factor for LA.

Long-term hypertension can cause inner-wall thickening
and hyalinization of intracranial arteriolae and deep per-
forating arteries with luminal stenosis. When the blood
pressure is decreased, it easily leads to low perfusion in
white matter and then gives rise to LA.[12] At the same
time, atherosclerosis or aneurysm and microthrombus can
be formed in blood vessels due to luminal stenosis, and
lead to decreased blood supply, cerebral ischemia and hy-
poxia demyelination[13] which can cause LA. In addition,
hypertension can also cause changes in vascular permeabil-
ity and damages of blood-cerebrospinal fluid barrier, lead-
ing to cerebral edema, astrocyte activation, and white matter
damage caused by the penetration of destructive enzymes
and other injurious toxic substances.[12]

However, there are some different views in a few studies as
well. For example, Robert[14] considers that, LA is related
to the status of hypotension. Tarvone-Schroder et al.[15] also

propose that cerebral hypoperfusion caused by hypotension
may be the main reason for LA.

Therefore, opinions on the relationship between blood pres-
sure and LA have not been completely unified yet and still
remain to be further studied.

4 Hyperhomocysteinemia
Homocysteine (HCY) is a type of sulfur-containing amino
acids. It is an important intermediate product in the
metabolic process of methionine which is an amino acid
needed for human body, and an amino acid that can dam-
age blood vessels.

Current studies have shown that high level of HCY in
plasma is a risk factor for LA.[9, 16–22] For example, schol-
ars at home and abroad have found that[9, 16, 17] LA is pos-
itively correlated to hyperhomocysteinemia. Pavlovic et
al.[18] have also found that, the level of HCY in plasma
is significantly higher in patients with cerebral small ves-
sel diseases than that in healthy subjects, and it is positively
correlated to the severity of white matter lesions. Therefore,
HYC can be considered as an independent predictive fac-
tor for LA. A domestic research[19] suggests that hyperho-
mocysteinemia has no significant association with cerebral
large vessel diseases, but it is an independent risk factor for
LA. A research in New Zealand[20] shows that high level of
HCY in plasma and hyperhomocysteinemia are significantly
associated with the volume of LA.

Effects of high level of HCY on white matter and its role
are as follows: High level of HCY is related to the oc-
currence of cerebral microvascular diseases.[21] It results
in intracerebral arteriolar atherosclerosis (caused by oxida-
tive stress, platelet activation and other mechanisms), white
matter ischemia damage and formation of LA by affecting
vascular endothelial function, damaging cerebrovascular en-
dothelial cells, promoting proliferation of vascular smooth
muscle cells, affecting lipid metabolism and peroxidation
reaction.[16] In addition, HCY is a marker of hypomethy-
lation. Increased HCY concentration will affect the in-
tegrity of myelin sheaths, that is, HCY is an antagonist of
N-methyl-D-aspartate and has a directly neurotoxic effect
on myelin sheaths, and will cause myelinated degeneration
and demyelination.[22]

However, there are also some studies showing that it is no
significant correlation between them. For example, Quadri
et al.[23] have found that LA has no obvious relationship
with hyperhomocysteinemia. Turaj et al.[24] have found that
the level of HCY in plasma in patients with cerebal small
vessel diseases is not higher than that in healthy subjects,
which indicates that there is no relationship between the two
factors.

Therefore, current research conclusions on the relevance of
hyperhomocysteinemia to LA have not been completely uni-
fied yet and still remain to be further studied and verified.
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5 Diabetes
Most of current findings have provided a supporting evi-
dence for the relevance of diabetes and LA.[8, 25–27]

Findings from Gouw AA’s research[25] have shown that, dia-
betes is associated with the progress of LA. Results from Qi
D et al.’s study[26] have indicated that the ratio of patients
with glycometabolism abnormality and the level of blood
glucose in LA group are significantly higher than those in
non-LA group. Glycometabolism abnormality is signifi-
cantly related to the severity of LA. In a research from South
Korea,[27] it is found that diabetes is independently associ-
ated with LA and considered as a determinant of microvas-
cular complications of LA.

High blood glucose can accelerate the occurrence of
atherosclerosis with obviously increased severity. Multi-
ple intracranial and extracranial vascular stenosis can often
happen to diabetic patients with seriously affected cerebral
hemodynamics and declined vascular reactivity and vascu-
lar auto-regulation, which contribute to the increase in the
incidence of LA.

However, not all studies come to an affirmed conclu-
sion.[3, 28] Peng CY et al.[3] conduct a retrospective survey
on patients with LA and find that, patients with a history of
diabetes are faced with less risk of LA. The probable reason
is that long-term diet control and oral hypoglycemic agents
for diabetic patients have a preventive effect on the occur-
rence of LA; it is also probable that, differed from com-
mon cerebrovascular diseases, the incidence of LA is of its
own characteristics; besides, it is unable to identify the rele-
vance of IGT history to the occurrence of LA. Kim et al.[28]

have found that diabetes can only increase the incidence of
macrovascular diseases, with no significant increase in the
incidence of microvascular diseases. Therefore, it is specu-
lated that diabetes probably has no direct relationship with
LA.

All in all, conclusions that diabetes is a risk factor for LA
are still controversial, and it is necessary to make a further
study, exploration and verification.

6 Blood lipid
A number of studies have shown that hyperlipoidemia is a
risk factor for the occurrence of LA, and the severity of LA
is associated with hyperlipoidemia.[29–31]

In many researches, increased levels of cholesterols, triglyc-
erides and low-density lipoproteins (LDLs) are thought to be
associated with the occurrence of LA.[29, 30] Yin Y et al.[30]

also find that overall levels of cholesterols and LDLs are re-

lated to the degree of LA, and triglycerides have no relation-
ship with the degree of LA. Some scholars have found that
apolipoprotein B is a risk factor for white matter damage,
while apolipoprotein A is a protective factor.[31]

Hyperlipoidemia and abnormal lipoprotein metabolism are
closely related to atherosclerosis. These two factors not only
promote the formation of cerebral atherosclerosis and re-
gional plaques, accelerate endovascular stenosis, slow down
the blood flow, but also cause white matter ischemia and
dysfunction through ischemia and hypoxia caused by cere-
bral atherosclerosis, so that the risk of LA is subsequently
increased.

On the other hand, the results acquired by some scholars do
not support the above-mentioned view.[4, 5] Meng XJ et al.[5]

find that the increase in total cholesterol can reduce the risk
of LA. This may be related to the difference in pathogene-
sis mechanisms of LA and large-artery atherosclerosis, the
former is mainly due to arteriolar hyalinization.[32] There
are also some researches[33] indicating that in comparison
with cerebral small vessel diseases, carotid atherosclerosis
is more closely related to hypercholesterolemia; high low-
density lipoproteinemia is an independent risk factor for
carotid atherosclerosis rather than cerebral small vessel dis-
eases. On the other hand, it is also related to the fact that
blood lipids (especially lipoids and cholesterols) are main
components of cell membranes and neural myelin sheaths.
Lower level of cholesterols will increase the permeability of
cell membranes, resulting in bad cellular signal transduction
and myelinated synthesis.

7 Other factors
In addition to the above-mentioned factors, there are also
some studies showing that LA is probably related to lacunar
infarction,[4, 34] carotid plaque or stenosis,[35–37] lysophos-
phatidic acid (LPA),[9] fibriongen (FIB),[38] smoking,[39] al-
cohol drinking[5, 40] etc. However, the specific relevance still
remains to be verified by clinical and basic researches.

In summary, LA is related to age, blood pressure, gender,
hyperhomocysteinemia, diabetes, blood lipid and other fac-
tors. On that account, LA is a consequence of various risk
factors. However, the intensity and the mechanism of each
risk factor are still lack of positive conclusions, and remain
to be further explored by large-scale and well-designed clin-
ical and basic researches, which provide a basis and a sup-
port to the prevention and treatment of LA.
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