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Abstract
Leukoaraiosis (LA) refers to white matter hyperintensities or white matter lesions (WMLs) onmagnetic resonance imaging (MRI) scans
of the brain; this disease is associated with an increased risk of stroke, dementia, and cognitive decline. The aims of the study are to
assess the incidence of LA and its associated risk factors in a Chinese population.
A hospital-based cross-sectional study was conducted that included 4683 patients who were 40 years or older. Data collected

included age, sex, hypertension, diabetes, smoking, drinking, homocysteine (HCY), and low-density lipoprotein cholesterol (LDL-C)
levels in the blood in addition to brain MRI information. We examined the relationship of those putative risk factors with LA, LA
occurrence, and LA progression through single-factor and multivariate analyses.
Of the total subjects, 58.3% (2731/4683 cases) suffered from LA. LA was more frequent amongst elderly females, particularly in

those older than 60, compared tomen. The incidence of LA increasedwith age. Age, sex, hypertension, diabetes, smoking, and HCY
levels all were risk factors for LA. Amongst those risk factors, both smoking and high HCY levels were associated with the onset
process of LA. Moreover, the multivariate logistic analysis revealed that both drinking and abnormal LDL-C levels were positive
regulators in the progression process of LA.
This study revealed that the incidence of LA is high in hospitalized patients in China; moreover, age, sex, hypertension, diabetes

mellitus, smoking, drinking, and abnormal HCY and LDL-C levels were found to be associated with overall LA risk, LA onset, or LA
progression. These results provide insight into strategies for the prevention and treatment of LA.

Abbreviations: CI = confidence interval, CNS = central nervous system, FLAIR = fluid-attenuated inversion recovery, LA =
leukoaraiosis, LDL-C = low-density lipoprotein cholesterol, HCY = homocysteine, OR = odds ratio, SD = standard deviation, WMHs
= white matter hyperintensities, WML = white matter lesion.
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1. Introduction

Leukoaraiosis (LA), also known as white matter lesions (WMLs),
is a universal neuroimaging phenomenon that often occurs in
elderly people.[1,2] It refers to white matter hyperintensities
(WMHs) that are observed on magnetic resonance imaging
(MRI) of the brain on T2-weighted and fluid-attenuated
inversion recovery (FLAIR) sequences.[3,4] During the past 20
years, several epidemiological investigations on LA have been
performed in Australia, Europe, and America.[5–10] The preva-
lence of LA is high in certain populations, and it increases with
age.[5,10,11] Studies in healthy community-based populations
have demonstrated that the prevalence of LA increased from
50.9% in healthy persons aged 44 to 48 years to 95% in healthy
persons aged 60 to 90 years.[5,6] LA seems asymptomatic but it is
not benign. Some reports also showed that LA could coexist with
other geriatric disorders, such as dementia, Alzheimer disease,
Parkinson disease, and stroke.[4,11] With the improvement in
neuroimaging technology and the widespread use of MRI in the
diagnosis of central nervous system disorders, that prevalence of
LA is increasing rapidly in the worldwide. Moreover, LA has
been confirmed to be associated with an increased risk of
dementia, stroke, brain atrophy, abnormal gait, and urinary
incontinence,[11–15] which could lead to disability, worse stroke
outcome, poor quality of life, and high health care costs.[11,16] LA
is even considered as an importantMRImarker for cerebral small
vessel disease progression.[17] However, the pathogenesis of LA
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Figure 1. Flowchart of subject recruitment for the study population in the First Hospital affiliated with Xiamen University, including residents 40 years and older who
showed normal neuroimaging or white matter hyperintensity on the T2-weighted FLAIR MRI scans of brain scans. LA = Leukoaraiosis, MRI =magnetic resonance
imaging.
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remains unclear to date and it has long been debated. Moreover,
LA is increasingly becoming a major public health challenge with
the growth of the aging population. Therefore, exploring the
comprehensive epidemiology of LA and screening for its clinical
risk factors are urgently required for the understanding,
prevention, and management of LA.
Except an investigation on risk factors for LA conducted in

Zhengzhou which is a Northern city in China,[18] a comprehen-
sively epidemiological study on LA in a large proportion of
Chinese population is currently rare to date. Thus, we for the first
time conducted a large-scale investigation on LA in Southern
Chinese population. The aims of this study were as follows: to
provide a whole-picture understanding of LA in hospitalized
patients in China; to determine the effects of age, sex,
hypertension, diabetes, and serum low-density lipoprotein-
2

cholesterol (LDL-C) and homocysteine (HCY) levels, and
epigenetic factors, such as smoking and drinking, on the risk
and severity of LA; and to identify those risk factors as potential
biomarkers for the diagnosis and management of LA.

2. Materials and methods

2.1. Study population

This survey was a hospitalized population-based, cross-sectional,
retrospective study that was conducted in the first affiliated
hospital of Xiamen University, Xiamen, Fujian, China. The flow
of subject recruitment for the study population is shown in the
Figure 1. This study followed 9305 subjects who were
hospitalized in the department of neurology in this hospital
from 2008 to 2013. The inclusion criteria included subjects ≥40
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years of age and subjects with LA or controls without LA. The
following subjects were excluded: patients with lack of MRI data
and sufficient medical record, subjects <40 years of age, subjects
suffering from an intracerebral hemorrhage, a subarachnoid
hemorrhage, an intracranial infection, toxic encephalopathy,
Parkinson disease, ischemic heart disease, multiple sclerosis,
hydrocephalus, and/or malignant tumor. After the exclusion of
2334 subjects who were younger than 40 years or whose brain
FLAIR-MRI information was missing and 2288 subjects who
were diagnosed with severe brain disorders and/or malignant
tumor described in exclusion criteria, a total of 4683 subjects
were included in the final analysis (Fig. 1). The remaining subjects
were hospitalized in the department of neurology mainly due to
stroke, headache, dizzy, and memory Loss. This study complied
with the Declaration of Helsinki, and it was approved by the
Institutional Review Board of Xiamen University.

2.2. Data collection and evaluation

We collected the clinical data, including sex, age, the diagnosis and
treatment of hypertension and diabetes, smoking and drinking
status, and the results of the FLAIR-MRI of the brain, and several
biochemical variables, such as serum LDL-C and HCY levels. The
enrolled patients were older than 40 years, and they were divided
into 5 groups according to age: 40 to 49, 50 to 59, 60 to 69, 70 to
79, and ≥80 years old. Hypertension was considered a systolic
bloodpressure≥140mmHgand/or adiastolic bloodpressure≥90
mm Hg or requiring treatment with oral antihypertension drugs,
according to the 1999 World Health Organization (WHO)
Guidelines for the prevention and treatment of hypertension.[19]

Diabetes was determined as a fasting glucose level≥7.0mmol/L or
2-hour postglucose load glucose levels ≥ 11.1mmol/L, according
to the diagnostic criteria of WHO for diabetes.[20] Cigarette
smoking was defined as having smoked at least 10 cigarettes daily
for at least 2 years. Drinking was defined as having a history of
chronic alcoholism for 10 years. The LDL-C level was divided into
3 groups: <2.07mmol/L, ≥2.07mmol/L and �3.36mmol/L and
>3.36mmol/L. The normal LDL-C level was considered to vary
from 2.07 to 3.36mmol/L. The level of HCY was divided into
�15mmol/L (normal HCY levels) and >15mmol/L (the cutoff for
hyperhomocysteinemia). Fasting plasma glucose, total cholesterol,
and LDL-C concentrations were determined in enzymatic assays
using Hitachi 7170 automatic biochemical analyzed (Hitachi,
Tokyo, Japan). HCY level was assayed by high-performance
chromatography with fluorometric detection, and was measured
using the commercial kits supplied by Beijing Strong Biotechnol-
ogies Inc (BSBE, Beijing, China). FLAIR-MRI of the brain was
performedusing 3.0T Siemens Sonata (SiemensMedical Solutions,
Erlangen, Germany) scanners using image acquisition. The MRI
protocol included T1, T2-weighted images, and axial FLAIR. The
scanning protocol used FLAIR sequence: echo time[TE], 94ms;
repetition time[TR], 9000ms; inversion time[TI], 2500ms; field of
view[FOV], 22�mm; matrix, 256�256�512�512; slice thick-
ness, 5mm; slice spacing, 1mm.
2.3. Definition and classification of LA

LA was defined as cerebral WMLs detected by the FLAIR MRI
technology using 3.0 T Siemens Sonata (Siemens Medical
Solutions) scanners. According to the Fazekas scale, LA is often
divided into 2 broad categories: periventricular WMLs and deep/
subcortical WMLs.[13] Given that LA shows heterogeneous forms
ofWMLs that could reflect different progression states and clinical
3

consequences, wemoreover divided LA into 3 groups, “mild LA,”
showing punctate foci and/or “caps” or pencil-thin lining;
“moderate LA,” showing beginning confluence of foci and/or
smooth “halo,” and “severe LA,” showing large confluent
abnormalities, according to the severity of the WMLs (Fig. 2).
Normalwasdefinedas the absenceof cerebralWMHsignals on the
several sections of the FLAIR MRI scans (Fig. 2). Both an
experienced neurologist (QL) and a trained neuroradiologist (J-
HY) who was blinded to all clinical information independently
assessed theneuroimagingand then reacheda consensusduring the
analysis of the MRI data. When the disagreement occurred,
another neurology specialist (Q-LM,C-XL, or S-JT)made the final
diagnose.
The enrolled patients were then classified into “normal,” “mild

LA,” and “moderate and severe LA” groups. The last group
included those patients whose severity of LA ranged from
“moderate” to “severe.” All 3 groups met the following criteria:
≥40years of age andno changes or anydegree of changes in cerebral
subcortical white matter on the FLAIR MRI scans of the brain.
2.4. Statistical analyses

The categorical variables were expressed in numbers and
percentages, and the continuous variables were expressed in mean
values± standard deviation (standard deviation) unless otherwise
specified. We first used Pearson x2 test to compare the differences
between the normal and the LA groups regarding sex, age,
hypertension, diabetes, smoking, drinking, and LDL-C and HCY
levels. Then, we used a multivariate logistic regression model to
estimate odds ratio (OR) and corresponding 95% confidence
intervals (CIs) for the association of the above factors with the
overall LA risk, LA occurrence, and LA progression, respectively.
Furthermore, the correlationsof these variablesweremeasured.All
of the statistical analyses were performed using SPSS software
version 17.0. AllP valueswere calculated using a 2-sided test and a
P value <.05 was considered statistically significant.
3. Results

3.1. Characteristics of the study subjects

The demographic characteristics are shown in Table 1. During
the 6 years of the study, the study population grew from 573
patients in 2008 to 975 in 2013, and the detectable rate of LA
patients significantly increased from 53.2% to 63.4% (P< .001).
Amongst those subjects, 2547 (54.4%) were male and 3977
(84.9%) were 50 to 79 years old (23.5%, 33.2%, and 28.3%
were 50–59, 60–69, and 70–79 years old, respectively). Themean
age was 64.3±9.5 years (62.1±9.8 years for men and 66.9±8.3
years for women). The majority of the subjects did not have a
history of diabetes (76.5%), smoking (73.4%), or drinking
(92.0%). Amongst all of the subjects, 2112 (45.1%) suffered
from hypertension, and 2484 (53.0%) showed abnormal LDL-C
levels (53.0%). However, only 730 (15.6%) showed abnormal
HCY levels. In addition, as shown in Table 1, 41 7% were
normal (58.4%were men, 41.6%were women), 36.9% hadmild
LA (52.4% were men, 47.9% were women) and 21.4%
had moderate and severe LA (50.1% were men, 49.9% were
women).

3.2. Incidence of LA in males and females

The overall incidence of LAwas 58.3% in the total subjects (2732
of 4683 cases), 55.3% in men (1408 of 2547 cases) and 62.0% in
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Figure 2. White matter changes on several sections of T2-weighted FLAIR MRI scans. LA-related neuroimaging was classified as normal, mild LA, moderate, and
severe LA, according to the modified Fazekas scale. LA = Leukoaraiosis.
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women (1324of 2136 cases). Of all the LA subjects, 1730 (63.3%)
had mild LA, and 1002 (36.7%) had moderate and severe LA.
Similar to that of total LA, both the overall incidence of mild LA
and the incidence ofmoderate and severeLA inwomenwerehigher
than those inmen (38.6%vs 35.6% formild LA, 23.4% vs 19.7%
for moderate and severe LA) (Fig. 3). The age-specific incidence of
LA inmen andwomen is shown in Figure 3A. The incidence of LA
increasedwith age amongstmen andwomen and peaked in the age
group 80 to 100 years for both men and women. The incidence of
LA inmenwas 33.4% in those aged 40 to 49 years, 56.6% in those
aged 50 to 59 years, 55.9% in those aged 60 to 69 years, 62.4% in
those aged70 to79years, and80.7%inmenolder than80years; in
women, the prevalencewas 3.7% for ages 40 to 49 years, 9.2% for
ages 50 to 59 years, 59.3% for ages 60 to 69 years, 80.0% for ages
70 to 79 years, and 82.7% for individuals older than 80 years. As
shown in Figure 3A, the specific incidence of LA was higher in
women than in men after the age of 60 years, when the incidence
increased significantly amongst women while decreasing slightly
amongst men.
4

3.3. Risk factors for LA
To identify the risk factors for LA, we first evaluated the
associationsof sex, age, hypertension, diabetes, smoking, drinking,
and LDL-C and HCY levels with LA risk using the x2 test. The
results are displayed in Table 1 and Supplemental Figure 1, http://
links.lww.com/MD/B864. Except for LDL-C levels (P= .118), all
of the variables were significantly associated with LA (P< .001).
The significant risk factors were age (P< .001) and hypertension
(P< .001). As shown in Supplemental Figure 2, http://links.lww.
com/MD/B864, the incidences of overall LA, mild LA, and
moderate and severe LA all increased with age, indicating that age
not only acts as a crucial risk factor for LA but also has an
important effect on the severity of LA. Furthermore, we stratified
by age for those categories of the 6 significantly associated factors
described above. As expected, the age-specific incidence of overall
LA increasedwith increasing agewithin each category, as shown in
Figure 3. We showed that the age-specific incidence of LA differed
significantly according to categories of sex, hypertension, diabetes,
smoking, and HCY level (Fig. 3A–D, F), but it did not differ
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Table 1

Baseline characteristics of the study population.

All events (N=4683) Normal (N=1951) Mild LA (N=1730) Moderate and severe LA (N=1002) x2 P

Year 44.387 <.001
∗∗

2008 573 (12.2%) 268 (13.7%) 196 (11.3%) 109 (10.9%)
2009 610 (13.0%) 275 (14.1%) 200 (11.6%) 135 (13.5%)
2010 782 (16.7%) 317 (16.2%) 302 (17.5%) 163 (16.3%)
2011 860 (18.4%) 365 (18.7%) 286 (16.5%) 209 (20.9%)
2012 883 (18.9%) 369 (18.9%) 367 (21.2%) 147 (14.7%)
2013 975 (20.8%) 357 (18.3%) 379 (21.9%) 239 (23.9%)

Sex 22.803 <.001
∗∗

Male 2547 (54.4%) 1139 (58.4%) 906 (52.4%) 502 (50.1%)
Female 2136 (45.6%) 812 (41.6%) 824 (47.6%) 500 (49.9%)

Age, y 488.327 <.001
∗∗

40–49 432 (9.2%) 312 (16.0%) 91 (5.3%) 29 (2.9%)
50–59 1101 (23.5%) 601 (30.8%) 322 (18.6%) 178 (17.8%)
60–69 1553 (33.2%) 661 (33.9%) 581 (33.6%) 311 (31.0%)
70–79 1323 (28.3%) 327 (16.8%) 623 (36.0%) 373 (37.2%)
80–100 274 (5.9%) 50 (2.6%) 113 (6.5%) 111 (11.1%)

Hypertension 281.469 <.001
∗∗

No 2571 (54.9%) 1344 (68.9%) 829 (47.9%) 398 (39.7%)
Yes 2112 (45.1%) 607 (31.1%) 901 (52.1%) 604 (60.3%)

Diabetes 75.979 <.001
∗∗

No 3581 (76.5%) 1612 (82.6%) 1272 (73.5%) 697 (69.6%)
Yes 1102 (23.5%) 339 (17.4%) 458 (26.5%) 305 (30.4%)

Smokers 67.993 <.001
∗∗

No 3438 (73.4%) 1553 (79.6%) 1211 (70.0%) 674 (67.3%)
Yes 1245 (26.6%) 398 (20.4%) 519 (30.0%) 328 (32.7%)

Drinkers 10.800 <.01
∗

No 4307 (92.0%) 1786 (91.5%) 1618 (93.5%) 903 (90.1%)
Yes 376 (8.0%) 165 (8.5%) 112 (6.5%) 99 (9.9%)

LDL-C, mmol/L 5.381 .068
≥2.07 and �3.36 2199 (47.0%) 899 (46.1%) 797 (46.1%) 503 (50.2%)
<2.07 or >3.36 2484 (53.0%) 1052 (53.9%) 933 (53.9%) 499 (49.8%)

HCY, mmol/L 71.776 <.001
∗∗

�15 3953 (84.4%) 1750 (89.7%) 1403 (81.1%) 800 (79.8%)
>15 730 (15.6%) 201 (10.3%) 327 (18.9%) 202 (20.2%)

HCY = homocysteine, LA = leukoaraiosis, LDL-C = low-density lipoprotein cholesterol.
∗
P< .01.

∗∗
P< .001.
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significantly according to drinking category (Fig. 3E). Further-
more, we found that the age-specific incidences of LA were
significantly higher in hypertension, diabetes, and smoking groups
inwhich subjectswere40 to79years old (P< .001 for 40–69years,
P< .05 for 70–79 years) (Fig. 3B–D), whereas this was true
primarily in subjectswith abnormalHCY levelswhowere 50 to 69
years old (P< .01) (Fig. 3F).
We next performed a multivariable logistic analysis to

estimate theOR and corresponding 95%CI for the associations
of sex, age, hypertension, diabetes, smoking, drinking,
and HCY and LDL-C levels with the risk of overall LA.
Table 2 showed that age (OR=1.071, 95% CI: 1.063–1.080),
sex (OR=1.394, 95% CI: 1.204–1.613), hypertension (OR=
2.425, 95% CI: 2.125–2.766), diabetes (OR=1.635, 95% CI:
1.396–1.914), smoking (OR=2.051, 95% CI: 1.736–2.423),
and HCY levels (OR=1.434, 95% CI: 1.188–1.731) were
all significantly associated with an increased risk of LA
(P< .001). However, neither dinking (OR=0.950, 95% CI:
0.747–1.209, P= .676) nor LDL-C levels (OR=0.891, 95%CI:
0.784–1.013,P= .079) showed significant associationswith LA
risk. Taken together, those results suggest that age, sex,
hypertension, diabetes, smoking, and HCY levels are risk
factors for LA.
5

3.4. Differences of risk factors for early onset and late
progression of LA
To decipher the different risk factors between LA occurrence and
development, we considered the process from “normal” to “mild
LA” and that from “mild LA” to “moderate and severe LA” as
the early onset and late progression of LA, respectively;
furthermore, we performed a multivariable logistic analysis on
“mild LA” vs “normal” and “moderate and severe LA” vs “mild
LA”, respectively. Unexpectedly, not all of the risk factors for LA
described above were shown to be associated with both
processes. Surprisingly, we found that both smoking (OR=
1.904, 95% CI: 1.588–2.284, P< .001) and HCY levels (OR=
1.462, 95% CI: 1.197–1.786, P< .001) were only shown to be
significantly associated with the early onset of LA. In addition,
both drinking (OR=1.595, 95% CI: 1.193–2.133, P< .05) and
LDL-C levels (OR=0.851, 95% CI: 0.726–0.997, P< .05) were
only shown to be significantly associated with the late
progression (Table 2). In addition, age, hypertension, and
diabetes all were associated with both early onset (OR=1.060,
95% CI: 1.052–1.069, P< .001 for age; OR=2.123, 95% CI:
1.839–2.451, P< .001 for hypertension; OR=1.549, 95% CI:
1.305–1.839, P< .001 for diabetes) and late progression (OR=
1.027, 95%CI: 1.016–1.037, P< .001 for age; OR=1.415, 95%
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Figure 3. Comparison of the age-specific incidence of leukoaraiosis for 6 risk factors (sex, hypertension, diabetes, smoking, drinking, and HCY levels) among
Chinese hospitalized patients.

∗
P< .05,

∗∗
P< .01, and

∗∗∗
P< .001.
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CI: 1.202–1.666, P< .001 for hypertension; OR=1.216, 95%
CI: 1.019–1.451, P< .05 for diabetes) (Table 2). These results
suggest that there is a difference between the risk factors for the
early onset of LA and those contributing to the late progression.

4. Discussion

In the present study, we reported a high incidence of LA. The
incidence of LA in our subjects (58.3%) was higher than that
Table 2

Odds ratio and 95% confidence intervals for overall LA, early onset,

Risk
factor

Overall LA
(LA vs normal)

Early onset process
(mild LA vs normal)

OR (95% CI) P OR (95% CI) P

Age 1.071 (1.063–1.080) <.001
∗∗

1.060 (1.052–1.069) <.00
Sex 1.394 (1.204–1.613) <.001

∗∗
1.347 (1.149–1.579) <.00

Hypertension 2.425 (2.125–2.766) <.001
∗∗

2.123 (1.839–2.451) <.00
Diabetes 1.635 (1.396–1.914) <.001

∗∗
1.549 (1.305–1.839) <.00

Smoking 2.051 (1.736–2.423) <.001
∗∗

1.904 (1.588–2.284) <.00
Drinking 0.950 (0.747–1.209) .676 0.798 (0.605–1.052) .11
HCY 1.434 (1.188–1.731) <.001

∗∗
1.462 (1.197–1.786) <.00

LDL-C 0.891 (0.784–1.013) .079 0.942 (0.819–1.084) .40

CI = confidence interval, HCY = homocysteine, LA = leukoaraiosis, LDL-C = low-density lipoprotein c
∗
P< .05.

∗∗
P< .001.
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previously reported in Chinese hospitalized patients (36.5%
rate),[18] but it was lower than those observed in healthy
populations from the Netherlands,[5] Australia,[21] and
Europe,[7] respectively. Age range, comorbid medical disorders,
ethnicity, and sample sizes likely account for the between-study
differences in LA incidence. In addition, our study showed that
the overall incidence and severity of LA gradually increased with
age,with a similar pattern inmen andwomen, in accordancewith
and late progression of LA in the multivariate logistic regression.

Early onset
and late progression
processes (moderate

and severe LA vs normal)

Late progression
process (moderate and
severe LA vs mild LA)

OR (95% CI) P OR (95% CI) P

1
∗∗

1.090 (1.078–1.101) <.001
∗∗

1.027 (1.016–1.037) <.001
∗∗

1
∗∗

1.692 (1.382–2.071) <.001
∗∗

1.136 (0.934–1.382) .202
1
∗∗

2.992 (2.510–3.566) <.001
∗∗

1.415 (1.202–1.666) <.001
∗∗

1
∗∗

1.740 (1.419–2.134) <.001
∗∗

1.216 (1.019–1.451) <.05
∗

1
∗∗

2.591 (2.063–3.254) <.001
∗∗

1.185 (0.967–1.452) .102
0 1.246 (0.916–1.694) .162 1.595 (1.193–2.133) <.05

∗

1
∗∗

1.365 (1.075–1.735) <.05
∗

0.928 (0.758–1.135) .466
6 0.789 (0.663–0.939) <.05

∗
0.851 (0.726–0.997) <.05

∗

holesterol, OR = odds ratio.
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previous studies. These results support age as the crucial risk
factor for LA.
In accordance with the previous studies,[5,9,22–24] this present

study showed that the incidences of overall LA, mild LA, and
moderate and severe LA were higher in women than in men,
suggesting that women, particularly older subjects (>60 years
old), are predisposed to LA. However, we found that both sexes
had similar contributions from factors such as hypertension,
diabetes, and abnormal HCY levels in the association analysis.
Physiological causes (such as hormone levels, brain morphology,
etc) and/or genetic factors may contribute to the sex differ-
ence.[25,26]

In addition to the age and sex, the present study also confirmed
the close association between hypertension, diabetes, smoking,
and HCY levels and LA through both single-factor analysis
and multivariate logistic analysis. Consistent with previous
results,[27–29] our findings identified hypertension as the most
important risk factor for LA. Although the roles of hypertension in
LA remain unclear, we think that they may be associated with the
pathology of LA, such as widespread perivascular rarefaction of
myelin, patchy demyelination, partial loss of axons and oligoden-
droglial cells, mild reactive astrocytic gliosis, and sparsely
distributed macrophages and the disruption of ependymal.[4,30]

In accord with the significant association of hypertension with
overall LA, we found that the incidence of LA in the group with
diabetes was significantly higher than that in the group without
diabetes at each age category. Consistent with the recent finding,[31]

this suggests that diabetes is an important risk factor for LA.
In the multivariate logistic analysis, both smoking and HCY

levels were shown to be risk factors for LA occurrence only.
However, drinking and LDL-C levels may not contribute to the
occurrence of LA, but they may contribute to its progression. We
thought that the lack of a significant association between
drinking and LDL-C with the overall LA observed in both the
single-factor analysis and the multivariate analysis was mainly a
result of the different effects of risk factors on LA onset and
development. Moreover, these novel findings suggested that
controlling smoking and HCY levels could prevent the occur-
rence of LA, but it could not attenuate the progression of LA.
Conversely, controlling drinking and LDL-C levels could not
trigger LA onset but could slow down or stop previously existing
LA changes. However, it is urgent to perform longitudinal
population-based studies to investigate the roles of those risk
factors in all the processes of LA. Once the association of the risk
factors with LA is confirmed, this information will be helpful for
clinicians to manage the risk factors for LA and to generate
effective strategies for its prevention and treatment.
Taken together, the above results indicate that LA is not a typical

type of neurodegenerative disease but is an avoidable disease, and
controlling certain vascular risk factors could be helpful for
patients to prevent LA occurrence and slow down LA progression,
or even reverse already existing LA lesions. To date, the effect of
antihypertensive medication on LA progression has been con-
firmed by at least 3 large prospective population-based
studies.[27–29] Those reports showed that antihypertension
treatment was associated with a smaller increase in WML volume
than no hypertensive treatment. Moreover, participants with
poorly controlled hypertension had a higher risk of WMLs than
those with successfully treated hypertension. Those findings
suggested that the effective treatment of hypertension could reduce
the risk of LA and prevent its progression. In addition to
antihypertensive treatment, large longitudinal population-based
studies are necessary to assess the role of antidiabetic treatment,
7

smoking cessation, abstinent alcoholics, and controlling blood
lipid levels with statins in the management of LA.
Although multiple putative mechanisms have been reported to

be involved in the pathogenesis of LA, such as abnormal cerebral
perfusion, dysfunction of the blood-brain barrier, ischemia
damage, disturbances in cerebrospinal fluid circulation, diffuse
cerebral microangiopathy, inflammatory response, and genetic
changes,[32–41] an efficient management strategy has not been
established to prevent the LA occurrence, slow down the disease
progression or reverse already existing WMLs.[42] This study for
the first time revealed the difference of risk factors between LA
onset and progression processes, and it could provide an
epidemiological evidence for making several specific interven-
tions for the patients with different severity degree of LA
The major strengths of our study are the large sample size and

broad age range. In addition, patients with several LA-associated
small vessel diseases for which LA may be a causal or predictive
factor were excluded in this study, and thus avoiding the possibility
that risk factors for those LA-associated disorders interfered the
effects of those factors for LA. However, we should acknowledge
that there are some limitations in this study. Themajor shortcoming
is that this is a hospitalized cross-sectional study in which there is
almost certainly a selection bias. Therefore, the incidence in this
study may not represent the overall incidence of LA in the general
population. Moreover, we are unable to make inferences as to
causality. Another potential limitation was the use of visual rating
scales which may not only make the results of the study
incomparable but may also result in an inexact assessment of LA
incidence and progression. Therefore, an automated WMLs
volumetric/quantitative analysis is suggested to be applied in the
epidemiology study of LA in future. In addition, the association
analysis of several recently reported risk factors, such as C-reactive
protein, uric acid, thyroid function and vitamin B12, obesity index-
bodymass, andworking and living conditions,[43–45]with the risk of
LAwere not conducted in this study since these parameterswere not
available for all of subjects. The last but not the least is the limitation
that both thepercent of subjectswith stroke among this study cohort
and the relationship of stroke and LA could not be assessed because
the information is inaccessible for a large portion of subjects.
5. Conclusions

This study highlighted the high incidence of LA in hospitalized
patients in China and confirmed age and hypertension as themost
important risk factors for LA. Moreover, it suggested the sex
difference that older women, particularly those aged 70 to 79
years, are predisposed to LA. In the present study, we revealed
that LA was a complex illness that may be driven by multiple
vascular factors, including diabetes. In addition, we found for the
first time different patterns of risk factors between LA occurrence
and progression, and we identified both smoking and high HCY
levels as the risk factors in the early onset process of LA; we also
recognized both drinking and abnormal LDL-C levels as the
positive regulators in the late progression process of LA. The
identification and further confirmation of those factors for overall
LA risk, LA occurrence, and LA progression could provide
effective information for clinicians and scientists to explore
effective strategies for the prevention and treatment of LA.
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