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Background and Purpose  This study investigated the contribution of white-matter hyperin-
tensities (WMH) and lacunar infarcts (LI) to the risk of Alzheimer’s disease (AD) in an elderly 
cohort in China.
Methods  Older adults who were initially cognitively normal were examined with MRI at 
baseline, and followed for 5 years. WMH were classified as mild, moderate, or severe, and LI 
were classified into a few LI (1 to 3) or many LI (≥4). Cognitive function was assessed using the 
Mini Mental State Examination and the Activities of Daily Living scale.
Results  Among the 2,626 subjects, 357 developed AD by the end of the 5-year follow-up peri-
od. After adjusting for age and other potential confounders, having only WMH, having only LI, 
and having both WMH and LI were associated with an increased risk of developing AD com-
pared with having neither WMH nor LI. Moderate and severe WMH were associated with an 
increased risk of developing AD compared with no WMH. Furthermore, patients with many LI 
had an increased risk of developing AD compared with no LI.
Conclusions  Having moderate or severe WMH and many LI were associated with an in-
creased risk of developing AD, with this being particularly striking when both WMH and LI 
were present.
Key Words    Alzheimer’s disease, small-vessel diseases, white-matter hyperintensities.

White-Matter Hyperintensities and Lacunar Infarcts Are 
Associated with an Increased Risk of Alzheimer’s Disease 
in the Elderly in China

INTRODUCTION

Alzheimer’s disease (AD) is the most common form of dementia among the elderly and 
one of the most important health-care challenges in this population. There were reportedly 
47 million people worldwide over the age of 60 living with dementia in 2015, and this is 
expected to increase to 131 million people by 2050.1 There is increasing evidence that many 
risk factors increase the risk of AD, including being older, low educational attainment, dia-
betes, hypertension, obesity, smoking, excessive alcohol consumption, and ApoE level.2-4 It 
is possible that controlling the related risk factors could greatly reduce the prevalence of 
dementia, but this remains to be fully explored.5 

Cerebral white-matter hyperintensities (WMH) are areas of increased signals in T2-
weighted and FLAIR MRI scans. The prevalence of WMH lesions increases with age, and is 
associated with arterial hypertension and arteriosclerosis.6,7 However, studies investigating 
the relationship between WMH and dementia have produced inconsistent results. Several 
studies have shown that WMH are associated with cognitive decline and dementia in the el-
derly population,8,9 while others have suggested that there are no such relationships.10 Lacu-
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nar infarcts (LI) are small (3–20 mm in diameter), noncorti-
cal infarcts that are generally thought to be caused by the 
occlusion of the penetrating arteries.11 However, the associa-
tion between LI and AD has received little attention. Both 
WMH and LI are small-vessel lesions, and cranial MRI sug-
gests that the two diseases are highly prevalent in the elderly 
population. However, the relative impacts of WMH and LI on 
AD remain unclear. 

In the present study we investigated the independent con-
tributions of WMH and LI to the risk of developing AD in an 
elderly cohort in China. We also examined the associations of 
the severities of WMH and LI with the risk of developing AD.

METHODS

Study subjects 
The study population included subjects aged at least 60 years 
who were registered in the Neurology Department of Dap-
ing Hospital in Chongqing, China during 2009 and 2010. 
These subjects underwent brain MRI for the following rea-
sons: transient ischemic attack , stroke, hypertension, diabetes, 
hyperlipidemia, dizziness, syncope, or headache. Patients with 
a diagnosis of dementia, a concomitant neurological disorder 
that could potentially affect cognitive function, a severe and 
persistent mental illness, or a history of head trauma were ex-
cluded from our study. Brain MRI was performed in 3,139 
patients. After the initial examination, 261 patients were ex-
cluded, resulting in 2,878 patients being followed. The Insti-
tutional Review Board of Daping Hospital approved the proto-
col of this study, and all subjects provided informed consent 
(IRB No. ChiCTR-OCC-12001966).

Clinical evaluation
The collected demographic data included age, sex, height, 
weight, and education level, where ≤6 years of schooling was 
considered to be a low education level and >6 years of school-
ing was considered to be a high education level. The vascular 
risk factors included in our analyses were hypertension, hyper-
lipidemia, diabetes, coronary artery disease, history of stroke, 
current smoking status, and daily alcohol consumption status. 
Blood samples were collected to measure the levels of glu-
cose, lipids, high-sensitivity C-reactive protein, homocyste-
ine, and ApoE. Hypertension, diabetes, hyperlipidemia, his-
tory of stroke, and coronary artery disease were diagnosed 
using the tenth revision of the International Classification of 
Diseases. The smoking status and the alcohol consumption 
status were classified as described previously.12

Neuropsychological assessment
The Chinese version of the Mini Mental State Examination 

(MMSE) and the Activities of Daily Living (ADL) scale were 
used to measure the cognitive status,13 with cutoff scores of 
24 and 16 points, respectively. A battery of neuropsychologi-
cal examinations was further administered when the MMSE 
revealed cognitive decline. This battery included the Fuld 
Object Memory Evaluation to assess extensive cognitive dys-
function,14 Rapid Verbal Retrieval to assess semantic memo-
ry,15 the Wechsler Adult Intelligence Scale to assess immedi-
ate memory and graphical recognition,16 the Pfeiffer Outpatient 
Disability Questionnaire to evaluate the ability to engage in so-
cial activities,17 the Hamilton Depression Rating Scale to mea-
sure emotional status,18 and the Hachinski Ischemic Score (HIS) 
to detect significant vascular disease.19

Diagnosing dementia
A senior neurologist diagnosed AD according to our previ-
ously described protocol.13 AD was diagnosed based on the 
updated clinical diagnostic criteria established by the National 
Institute on Aging and the Alzheimer’s Association.20 The 
National Institute of Neurological Disorders and Stroke/Asso-
ciation Internationale pour la Recherche et l’Enseignement 
en Neurosciences criteria and the HIS were used to distinguish 
AD from vascular dementia (VaD) as follows: HIS ≤4, AD; 
4<HIS<7, mixed dementia; and HIS ≥7, VaD.21 Other de-
mentias such as frontotemporal dementia (FTD) and demen-
tia with Lewy bodies (DLB) were diagnosed based on the Di-
agnostic and Statistical Manual of Mental Disorders.22

MRI analysis
All subjects underwent MRI on a device with a 1.5-T magnet 
(Signa EXCITE HD, General Electric, Boston, MA, USA) us-
ing the following standard protocol: T1-weighted [repetition 
time (TR)/echo time (TE)=450/8.9 ms], T2-weighted (TR/
TE=5,000/87 ms), and FLAIR (TR/TE=8,500/88 ms and inver-
sion time=2,000 ms) scans.

MRI was used to estimate the severity of WMH by rating 
a FLAIR sequence according to the Fazekas scale, followed 
by categorization into three severity classes:23 mild (punctate), 
moderate (early confluent), and severe (confluent). We avoid-
ed the confounding presence of focal WMH that were due to 
index stroke by simultaneously assessing T2-weighted and 
diffusion-weighted imaging sequences. LI were defined as 
areas of focal hyperintensity in a T2-weighted sequence that 
were 3–20 mm in diameter and located in the basal ganglia or 
subcortical white matter. Areas of WMH were also required to 
have corresponding prominent hypointensity in a T1-weighted 
sequence in order to distinguish LI from WMH. The number 
of LI was classified into a few LI (1 to 3) and many LI (≥4).24 
The presence of both WMH and LI was defined when WMH 
and LI existed together.
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Automatic quantification of intracranial volume, brain pa-

renchyma volume, and WMH volume was performed using 
T2-weighted and FLAIR images with Software for Neuro-Im-
age Processing in Experimental Research.25 A percentage mea-
sure reflecting the acquired loss of brain volume was calculat-
ed using the following equation:

Brain atrophy26=
 intracranial volume-parenchymal volume  ×100%
                     intracranial volume

Follow-up
In total, 2,878 patients were followed for 5 years from Janu-
ary 2011 to December 2015. The same neuropsychological 
tests were performed annually by a neuropsychologist blind-
ed to all clinical information.

Statistical analysis 
The chi-square test and Fisher’s exact test were used to ana-
lyze categorical data. Continuous data were analyzed with t 
tests or one-way ANOVA followed by the Tukey’s tau-b for 
multiple comparisons. Between-groups analyses of baseline 
variables were performed with a chi-square test, Fisher’s exact 
test, t test, and Mann-Whitney U test. The Cox proportional-
hazards model was used to estimate hazard ratios (HRs) for 
AD. The models were first applied without adjusting for any 
relevant confounding factors. They were subsequently adjust-
ed for the covariates that were chosen a priori, including age, 
sex, education level, hypertension, hyperlipidemia, diabetes, 
smoking status, alcohol consumption status, and ApoE level. 
All analyses were conducted using SPSS 19.0 for Windows (IBM 
Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics 
During the 5-year follow-up period, 89 of the patients died, 67 
moved away, and 96 discontinued participation (57 with 
VaD, 13 with DLB, 7 with FTD, and the remaining 19 patients 
dropped out due to the presence of severe illnesses such as car-
diac, hepatic, renal failure, or other systemic diseases), leaving 
2,626 patients who completed the 5-year follow-up. AD was di-
agnosed in 357 (13.6%) of these patients. MRI was performed 
at the end of the 5-year follow-up in 2009 (76.5%) patients, of 
which 260 (72.8%) patients were in the AD group, and 186 
(71.5%) patients were found to have brain atrophy.

The age of the patients was 66.3±8.1 years (mean±SD) at 
baseline, and 51.6% of them were female. Among the 2,626 
patients, only WMH were found in 856 (32.6%) patients, only 
LI were found in 496 (18.9%) patients, and both WMH and 

LI were found in 407 (15.5%) patients. The baseline charac-
teristics of the study participants are summarized in Table 1. 
The patients with AD were older, more likely to be female and 
have a low education level, hypertension, hyperlipidemia, and 
diabetes, be current smokers and daily drinkers, and have 
higher plasma ApoE levels. 

The severities of WMH and LI are compared between par-
ticipants with and without AD in Table 2. At the end of the 
follow-up, 147 patients with WMH had developed AD, in-
cluding 59 (36.6%) with mild WMH, 50 (37.4%) with mod-
erate WMH, and 38 (26.0%) with severe WMH. Additional-
ly, 80 patients with LI developed AD, including 46 (43.0%) 
with a few LI and 37 (34.6%) with many LI. The severities of 
WMH and LI differed significantly between the patients 
who did and did not develop AD. Furthermore, significant-
ly higher proportions of AD patients had only WMH, only 
LI, or both WMH and LI than neither WMH nor LI. The 
number of patients with WMH and LI had also increased 
at the end of the 5-year follow-up. Among 357 AD patients, 
there had been 147 patients with only WMH at baseline, and 
this increased to 163 at the end of the follow-up; similarly, the 
number with only LI increased from 80 to 87, and the number 
with both WMH and LI increased from 81 to 85.
Table 1. Comparison of baseline characteristics between patients with 
and without AD

Characteristic
No AD 

(n=2,269)
AD 

(n=357)
p

Demographics

Age, years 65.4±7.8 71.7±8.2 <0.01

Sex, female 1,161 (51.2) 194 (54.3) <0.05

Low education level, ≤6 years 547 (24.1) 101 (28.3) <0.01

BMI, kg/m2 23.5±3.1 24.1±3.2 0.27

Vascular risk factors  

Hypertension 615 (27.1) 115 (32.2) <0.01

Hyperlipidemia 517 (22.8) 96 (26.9) <0.01

Diabetes 533 (23.5) 94 (26.3) <0.05

Current smoking 361 (15.9) 67 (18.8) <0.05

Daily alcohol consumption 309 (13.6) 59 (16.5) <0.05

Coronary artery disease 329 (14.5) 59 (16.5) <0.08

History of stroke 481 (21.2) 80 (22.4) <0.18

Blood indexes

ApoE, mg/L 33.21±16.81 35.41±14.23 <0.05

Hcy, mmol/L 18.22±6.79 18.97±8.01 <0.12

hs-CRP, mg/L 5.61±1.24 5.55±1.19 <0.38

Cognition assessment

MMSE score 29.6±2.62 28.8±2.32 <0.15

ADL score 12.8±2.14 13.4±2.43 <0.13

Data are mean±SD or n (%) values.
AD: Alzheimer’s disease, ADL: Activities of Daily Living, BMI: body mass 
index, Hcy: homocysteine, hs-CRP: high-sensitivity C-reactive protein, 
MMSE: Mini Mental State Examination.
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Associations of WMH and LI with AD 
The associations of AD with WMH and LI are presented in 
Table 3 for the Cox proportional-hazards regression model. 
After adjusting for age, sex, education level, hypertension, 
hyperlipidemia, diabetes, smoking status, alcohol consump-
tion status, and ApoE level, moderate WMH (HR=1.31, 95% 
CI=1.27–1.52) and severe WMH (HR= 1.75, 95% CI=1.37–
2.01) were associated with an increased risk of developing AD 
when compared with no WMH. The presence of many LI 
(HR=1.34, 95% CI=1.26–1.52) was also associated with an 
increased risk of developing AD when compared with no LI 

after adjusting for confounding factors. Furthermore, the 
presence of only WMH (HR=1.40, 95% CI=1.25–1.59), the 
presence of only LI (HR=1.23, 95% CI=1.14–1.39), and the 
presence of both WMH and LI (HR=2.03, 95% CI=1.69–
2.26) were found to be associated with an increased risk of 
developing AD when compared with the presence of neither 
WMH nor LI after adjusting for confounding factors. 

 
Incidence of AD according to age 
The age-stratified relationships of the presence of only WMH, 
only LI, and both WMH and LI with the incidence of AD 
are presented in Table 4. All patients were divided into 
three age groups: 60–69, 70–79, and ≥80 years. A particu-
larly interesting finding was that in each age group, the inci-
dence of AD per 1,000 person-years was significantly higher 
in patients with only WMH, only LI, and both WMH and LI 
than in patients with neither WMH nor LI (p<0.01). Fur-
thermore, in each age group the incidence of AD per 1,000 
person-years was significantly higher in patients with mod-
erate or severe WMH than in patients with mild WMH (p< 
0.01). Finally, the incidence of AD per 1,000 person-years was 
also significantly higher in patients with many LI than in 
patients with a few LI (p<0.05).

Incidence of AD according to follow-up time
Fig. 1 illustrates the incidence rates of AD in patients with 
only WMH, only LI, or both WMH and LI during the 5-year 
follow-up period. At the end of the follow-up period, the in-
cidence of AD was significantly higher in patients with only 
WMH, only LI, or both WMH and LI than in those with nei-
ther WMH nor LI (p<0.01).

Table 2. Comparison of severities of WMH and LI between patients 
with and without AD 

Characteristic
No AD

(n=2,269)
AD

(n=357)
p

WMH <0.01

None 1,560 (68.7) 210 (58.8)

Mild 366 (16.1) 59 (16.5)

Moderate 217 (9.6) 50 (14.1)

Severe 126 (5.6) 38 (10.6)

LI <0.05

None  1,853 (81.8) 277 (77.6)

A few (1 to 3) 279 (12.2) 45 (12.6)

Many (≥4) 137 (6.0) 35 (9.8)

WMH and LI <0.01

Neither WMH nor LI 818 (36.1)  49 (13.7)

Only WMH 709 (31.2) 147 (41.2)

Only LI 416 (18.3)  80 (22.4)

Both WMH and LI 326 (14.4) 81 (22.7)

Data are n (%) values.
AD: Alzheimer’s disease, LI: lacunar infarcts, WMH: white-matter hy-
perintensities.

Table 3. Associations of WMH and LI with AD in a Cox proportional-hazards regression model

Crude HR for AD (95% CI) p  Adjusted HR for AD (95% CI)* p
WMH 

None 1 (reference) 1 (reference)

Mild 1.17 (0.93–1.26) >0.05 1.14 (0.91–1.23) >0.05

Moderate 1.33 (1.23–1.54) <0.05 1.31 (1.27–1.52) <0.05

Severe 1.78 (1.41–2.02) <0.01 1.75 (1.37–2.01) <0.01

LI

None 1 (reference) 1 (reference)

A few (1 to 3)  1.09 (0.85–1.17) >0.05  1.06 (0.82–1.14) >0.05

Many (≥4)  1.37 (1.25–1.54) <0.05  1.34 (1.26–1.52) <0.05

WMH and LI

Neither WMH nor LI 1 (reference) 1 (reference)

Only WMH 1.44 (1.24–1.62) <0.01 1.40 (1.25–1.59) <0.01

Only LI 1.26 (1.12–1.37) <0.05 1.23 (1.14–1.39) <0.05

Both WMH and LI 2.05 (1.67–2.28) <0.01 2.03 (1.69–2.26) <0.01

*Adjusted for age, sex, education level, hypertension, hyperlipidemia, diabetes, smoking status, alcohol consumption status, and ApoE level.
AD: Alzheimer’s disease, HR: hazard ratio, LI: lacunar infarcts, WMH: white-matter hyperintensities.
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Cognitive function scores according to WMH and LI 
Fig. 2 shows the MMSE and ADL scores in patients with only 
WMH, only LI, or both WMH and LI at the end of the fol-
low-up. Patients with only WMH, only LI, or both WMH and 
LI had significantly lower MMSE scores than those with nei-
ther WMH nor LI (p<0.01) (Fig. 2A). In addition, patients 
with only WMH, only LI, or both WMH and LI had signifi-
cantly higher ADL scores than those with neither WMH nor 
LI (p<0.01) (Fig. 2B).

DISCUSSION

Previous studies have found an association between WMH 

and AD.27 The Cardiovascular Health Cognition Study in-
vestigated the relationship between WMH and the risk of 
dementia in 3,608 participants who underwent MRI exami-
nations of the skull over an 8-year follow-up period.28 That 
study found that participants with a higher severity of WMH 
had an increased risk of developing clinical dementia (HR= 
2.0, 95% CI=1.63–2.37). The Rotterdam Scan Study also found 
WMH to be strongly associated with an increased risk of de-
veloping dementia.29 Another longitudinal study of 85 pa-
tients with uncomplicated AD conducted over a 6-month 
follow-up period found that WMH were associated with a 
greater degree of cognitive impairment in patients with AD.30 
However, another study found that there was no significant 
association between WMH and the risk of clinical dementia 
in 204 participants who were followed as part of the Osaki-
Tajiri Project over a 5-year period.10 The present prospective 
and large-sample study found that moderate and severe WMH 
were associated with an increased risk of developing AD. 

Few studies have directly investigated the relationship be-
tween LI and the risk of developing dementia.31,32 Kitagawa 
et al.31 retrospectively examined the impact of LI on the inci-
dence of dementia in 1,106 patients with vascular risk factors, 
and found a significant association between LI and dementia 
after adjusting for relevant confounding factors. Vermeer et 
al.32 prospectively examined the association between LI and 
the risk of dementia in 1,015 participants aged 60–90 years 
and free of dementia at baseline, and found LI to be strong-
ly associated with an increased risk of the development of de-
mentia over time. Our results also suggest that patients with 
many LI have an increased risk of AD. 
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Fig. 1. Incidence of AD during the 5-year follow-up. At the end of 
the follow-up, the incidence of AD dementia was significantly higher 
in patients with only WMH, only LI, and both WMH and LI than in 
those with neither WMH nor LI (p<0.01). AD: Alzheimer’s disease, LI: 
lacunar infarcts, WMH: white-matter hyperintensities.

Table 4. Relationships of WMH and LI with the incidence of AD according to age 

60–69 years 70–79 years ≥80 years

n*
Incidence per 1,000 

person-years (95% CI)
n*

Incidence per 1,000 
person-years (95% CI)

n*
Incidence per 1,000 

person-years (95% CI)
WMH and LI

Neither WMH nor LI 21 10 (5–16) 18 12 (10–19) 10 21 (13–28)

Only WMH 65 26 (14–39) 48 34 (21–47) 34 45 (28–65)

Only LI 32 25 (19–38) 31 33 (21–45) 17 40 (22–65)

Both WMH and LI 36 31 (21–49) 23 42 (27–58) 22 58 (32–74)

Only WMH

Mild 24 21 (16–29) 21 29 (18–41) 14 37 (22–52)

Moderate 25 32 (23–44) 14 38 (25–54) 11 49 (31–64)

Severe 16 39 (25–53) 13 46 (27–64) 9 57 (38–72)

Only LI

A few (1 to 3) 19 20 (12–29) 18 31 (15–47) 8 35 (19–52)

Many (≥4) 13 34 (21–47) 13 39 (27–51) 9 51 (33–69)

Total 154 19 (11–34) 120 28 (16–41) 83 38 (21–53)

*The number of AD cases.
AD: Alzheimer’s disease, LI: lacunar infarcts, WMH: white-matter hyperintensities.
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WMH and LI are considered to be cerebral small-vessel 
diseases,11 and they are often present in patients with vascu-
lar risk factors.33,34 There is increasing evidence that vascular 
risk factors play a role in the progression of AD.2,12 Qiao et 
al.35 explored the correlation between vascular risk factors 
and AD in 123 Chinese outpatients with probable AD who 

were followed for 3 years, and found hypertension, diabetes, 
hyperlipidemia, stroke, and coronary artery disease to be com-
mon comorbidities in patients with AD. In the present study, 
both WMH and LI were associated with a higher risk of de-
veloping AD compared with only WMH and only LI, sug-
gesting that WMH and LI exert certain synergistic effects on 
the development of AD. These effects might be due to WMH 
being associated with global neurocognitive deficits and psy-
chomotor speed,36 whereas LI individually contribute to a 
significant deterioration of domain-specific impairments such 
as mental and motor speed, and executive functions.37 There-
fore, patients with both WMH and LI simultaneously will 
have even greater cognitive impairment, which markedly in-
creases the risk of clinical dementia.

Cerebral WMH involve axonal loss and demyelination, and 
their pathogenesis is thought to be due to ischemia related to 
small-vessel diseases. However, WMH may also result from 
the consequences of cortical AD pathology [i.e., beta-amy-
loid (Aβ) deposition and hyperphosphorylated tau].38-40 To 
elucidate the association between WMH and the progression 
of Aβ deposition in patients with AD, Grimmer et al.39 per-
formed FLAIR MRI and [11C]PiB PET after a 28-month fol-
low-up of 22 patients with probable AD at baseline. Their lon-
gitudinal analysis revealed a statistically significant association 
between WMH and the progression of the Aβ load (p=0.006). 
Another study that used postmortem MRI showed that an 
increase in the cortical hyperphosphorylated tau burden inde-
pendently predicted the severity of WMH in the pathogenesis 
of WMH damage.40 The findings of that study also suggested 
that the presence of WMH is a marker for cortical AD-associ-
ated pathology rather than small-vessel disease in clinical de-
mentia patients.

Several studies have also demonstrated an association be-
tween LI and AD.41,42 One study found an association be-
tween small-vessel disease and AD pathology, which was fur-
ther associated with cognitive decline and dementia over 13-
year time period (from January 2002 to December 2012).41 
Another study examined the associations of WMH and LI 
with the CSF levels of Aβ42 and phosphorylated tau in 914 
consecutive patients for which CSF and MRI scans were avail-
able, with the results showing that the deposition of amyloid 
was aggravated in patients with cerebral small-vessel disease. 
Another cross-sectional study demonstrated that the presence 
of LI was tightly coupled to an increase in the plasma Aβ40 
concentration in patients with AD.42 

The strengths of the present study are that it included a 
large number of elderly people from the general population, its 
prospective design, and to it being (to our knowledge) the first 
study to investigate the associations of WMH, LI, and their 
synergistic effects with an increased risk of developing AD. 
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Fig. 2. Relationships of WMH and LI with cognitive function scores 
at the end of the follow-up. A: Patients with only WMH, only LI, and 
both WMH and LI had lower mean MMSE scores than those with nei-
ther WMH nor LI (p<0.01). B: Patients with only WMH, only LI, and both 
WMH and LI had higher mean ADL scores than those with neither WMH 
nor LI (p<0.01). ADL: Activities of Daily Living, LI: lacunar infarcts, 
MMSE: Mini Mental State Examination, WMH: white-matter hyperin-
tensities.
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However, this study was subject to some limitations. First, we 
did not use magnetic resonance diffusion-tensor imaging 
(DTI) to detect damage to the white matter. DTI is a new 
method for revealing the structure of white matter in the brain 
that can detect subtle WMH in white-matter tracts.43 Using 
DTI to observe changes in these tracts might have demon-
strated a more-robust relationship between WMH and the 
risk of developing AD. Second, previous studies have sug-
gested that periventricular WMH play an independent role 
in the development of dementia, especially with regards to 
AD,44 and we did not divide WMH into periventricular WMH 
and deep WMH in our analyses. Third, the severity of LI as 
well as their distribution (i.e., whether they are found in the 
subcortex, cerebral cortex, brainstem, or cerebellum) have 
been shown to be related to the risk of cognitive decline.45,46 
However, we did not examine the relationship between the 
distribution of LI and the risk of developing AD. Fourth, pre-
vious studies have suggested that WMH and LI exert differ-
ent effects on cognitive function. Although this study evalu-
ated various cognitive functions, such as semantic memory 
and transient memory, the associations of WMH and LI with 
various cognitive impairments were not assessed. Establish-
ing relationships of LI and WMH with cognitive decline in 
specific cognitive areas would be highly significant to reveal-
ing the correlations of LI and WMH with the increased risk 
of developing AD. Fifth, this observational study only inves-
tigated the associations of WMH, LI, and their synergistic ef-
fects with the development of AD, and did not further explore 
the impact of medication on the development of AD. Finally, 
changes in the Aβ level in CSF have been shown to be associat-
ed with risk of developing AD,47 and some studies have re-
vealed that such level changes are also associated with WMH.48 
However, we did not detect changes in the Aβ level in CSF.

In conclusion, this large-sample, prospective clinical study 
has demonstrated that WMH and LI are associated with 
the risk of developing AD. The results suggest that control-
ling the progression of brain white-matter lesions and cavi-
ties may reduce the risk of developing AD. The mechanisms 
underlying how WMH and LI lead to the development of 
AD warrant further investigations.
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