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Purpose We investigated potentially promising imaging findings and their combinations in the evalu-
ation of cognitive decline.

Materials and Methods This retrospective study included 138 patients with subjective cognitive im-
pairments, who underwent brain MRI. We classified the same group of patients into Alzheimer’s dis-
ease (AD) and non-AD groups, based on the neuropsychiatric evaluation. We analyzed imaging find-
ings, including white matter hyperintensity (WMH) and cerebral microbleeds (CMBs), using the
Kruskal-Wallis test for group comparison, and receiver operating characteristic (ROC) curve analysis
for assessing the diagnostic performance of imaging findings.

Results CMBs in the lobar or deep locations demonstrated higher prevalence in the patients with AD
compared to those in the non-AD group. The presence of lobar CMBs combined with periventricular
WMH (area under the ROC curve [AUC] = 0.702 [95% confidence interval: 0.599-0.806], p < 0.001)
showed the highest performance in differentiation of AD from non-AD group.

Conclusion Combinations of imaging findings can serve as useful additive diagnostic tools in the as-
sessment of cognitive decline.

Index terms Alzheimer Disease; Cognitive Decline; Magnetic Resonance Image;
Cerebral Small Vessel Disease

INTRODUCTION

With the increasing population of older individuals in both developed and developing
countries, concerns regarding memory impairment and cognitive decline in these individu-

als are also growing (1). Multiple ongoing studies are attempting to identify the underlying
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causes and effective treatments for various forms of cognitive decline, including Alzheimer’s
disease (AD) (2-5). Cognitive function tests are usually used for diagnosing cognitive decline
(6, 7). Recent studies have demonstrated the additive value of imaging techniques, including
functional imaging, PET, and volumetric analysis, for evaluating cognitive declined (8-11). Al-
though advanced imaging technique demonstrated better diagnostic performance compared
to conventional imaging, imaging findings via conventional imaging has additive value in
evaluating cognitive decline. Moreover, because most institution caring for patients with cog-
nitive declined have certain limitations to performing advanced imaging techniques, visual-
ized estimation using conventional imaging can help evaluate change during follow-up and
provide the rationale for tertiary hospital referral.

In previous studies, many authors have already proven that small-vessel disease is an im-
portant predisposing factor for cognitive decline (12-15). In this regard, imaging findings, in-
cluding white matter hyperintensity (WMH) and cerebral microbleeds (CMBs), have been
suggested to be imaging findings for small-vessel disease within the brain (16, 17). These im-
aging findings could be simple visualizing findings for estimating cognitive decline. Although
these imaging findings have been individually shown to be correlated with cognitive decline
in previous studies (18, 19), no previous studies have evaluated the usefulness of combina-
tions of these imaging findings for the diagnosis of cognitive decline.

Thus, the purpose of this study was aimed to evaluate the diagnostic performance of conven-

tional imaging findings using combination of those findings for estimating cognitive decline.

MATERIALS AND METHODS

STUDY POPULATION
This retrospective study was approved by the Institutional Review Board (IRB No. SC22RI-

SI0113). We enrolled patients who complained of subjective memory impairment or cogni-
tive impairment and underwent brain MRI at a single secondary referral center between
June 2017 and August 2021. All the participants also underwent the Korean version of the
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD-K) assessment for evalua-
tion of cognitive function and were divided into the three groups; cognitively normal, mild
cognitive impairment (MCI), and AD. One hundred thirty-nine patients met the criteria. How-
ever, one patient was excluded owing to inappropriate MRI with motion artifact. Finally, 138
patients (34 males and 104 females: mean age, 74.2 = 7.0 years) were enrolled in our study. The
definition of MCI was based on Peterson’s criteria. Other supplementary information, such as

total years of education, was collected by interviewing the patients and/or their caregivers.

MRI ACQUISITION
MRI was performed using a 3T unit (Magnetom Skyra; SIEMENS, Erlangen, Germany) with

a body transmitting coil, and included T2-weighted imaging, fluid-attenuated inversion re-
covery (FLAIR) imaging, and a T2*-weighted gradient echo pulse sequence. All the included
patients also underwent three-dimensional T1-weighted (3D T1WI) magnetization prepared
rapid gradient echo (MPRAGE) imaging. A CMB was defined as a small punctate brain lesion
showing loss of signal on the gradient echo pulse sequence. The imaging parameters for axi-
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al FLAIR imaging were as follows: repetition time/echo time, 9000/76 ms; flip angle, 150°; ma-
trix, 384 X 240; field of view (FOV), 199 X 220 mm; section thickness, 5 mm; scan time, 3 min
2 s. The imaging parameters for the axial gradient echo pulse sequence were as follows: rep-
etition time/echo time, 752/19.9 ms; flip angle, 20°; matrix, 320 X 203; FOV, 199 X 220 mm;
section thickness, 5 mm; scan time, 2 min 46 s. The imaging parameters for 3D T1WI
MPRAGE were as follows: repetition time/echo time, 1860/2.53 ms; flip angle, 9°; TI, 984 ms;
echo spacing, 7.2 ms; bandwidth, 220 Hz/pixel; averages, 1; matrix, 224 X 224; FOV, 224 X

224 mm; section thickness, 1 mm; time of acquisition 3 min 38 s.

IMAGING ANALYSES

Two radiologists (a faculty neuroradiologist and a radiology resident with 5 and 4 years of
experience, respectively), blinded to the patients’ clinical information, performed indepen-
dent analyses of all the images for determining the location and number of CMBs in the lobar
regions or deep white matter. The lobar regions included the frontal, parietal, temporal, and
occipital lobes, while the deep white matter included the basal ganglia, thalamus, cerebellum,
brain stem, and caudate nucleus. The number of CMBs greater than 30 were all recorded as
30. Two radiologists also assessed the degree of periventricular WMH (PVWMH) and deep
WMH (DWMH) on the basis of the WMH visual rating system and ischemia classification sys-
tem developed by the Clinical Research Center for Dementia of South Korea (20). The results of
PVWMH and DWMH were later summed up to determine the WMH grade. PVWMH was clas-
sified into three grade as follows: P1 (cap or band < 5 mm), P2 (5 mm =< cap and band < 10 mm),
and P3 (10 mm < cap or band) (Fig. 1). DWMH were classified according to the size of deep
white matter lesion as follows: D1 (maximal diameter < 10 mm), D2 (10 mm < deep white
matter lesion < 25 mm), and D3 (= 25 mm) (Fig. 2). WMH were classified by the combinations
of PVWMH and DWMH as follows: minimal (D1P1 and D1P2), moderate (D2P1, D3P1, D2P2,
and D1P3), and severe (D3P).

COGNITIVE LEVEL ASSESSMENT

All the included patients underwent assessments for cognitive function using the CERAD-K.
The CERAD-K is a valid equivalent for the English version of the CERAD, clinical and neuro-
psychological assessment battery (21). This assessment includes eight tests, namely, Verbal
Fluency, Modified Boston Naming, Mini-Mental State Examination (MMSE), Word List Memo-
1y, Constructional Praxis, Word List Recall, Word List Recognition, and Constructional Praxis
Recall. These tests in the CERAD-K have been shown to successfully differentiate control indi-
viduals from dementia patients and AD patients with substantial interrater reliability (10). Ac-
cording to the CERAD-K, we categorized the groups as cognitive normal (CN), MCI, and AD.

STATISTICAL ANALYSES

Continuous variables (age, education level, and MMSE score) were assessed for variation
among the cognitive groups using one-way analysis of variance (ANOVA) with post-hoc Bonfer-
roni correction, and nominal variable (female sex) was analyzed for variation among the cog-
nitive groups using the Kruskal-Wallis test with post-hoc Bonferroni correction. Normality

was evaluated using the Shapiro-Wilk test. We also evaluated the correlation between the cog-
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Fig. 1. MRl images show the representative cases of various degree of periventricular white matter hyperin-
tensity according to the CREDOS white matter hyperintensity visual rating scale.

A. Mild degree of preventricular WMH (cap or band <5 mm) on FLAIR image in a 71 year old female patient.
B. Moderate degree of preventricular WMH (5 mm < cap and band < 10 mm) on FLAIR image in a 83 year
old female patient.

C. Severe degree of preventricular WMH (10 mm =< cap or band) on FLAIR image in a 78 year old female pa-
tient.

D. Coronal T2 weighted image shows the cross-section at the yellow line of the periventricular WMH. Yellow
lineis located just above the roof of the lateral ventricles.

CREDOS = Clinical Research Center for Dementia of South Korea, FLAIR = fluid-attenuated inversion recovery,
WMH = white matter hyperintensity

nitive function results (age, education level, and MMSE score) and imaging findings using
t-test or Mann-Whitney test according to the normality results from the Shapiro-Wilk test
(Supplementary Table 1 in the online-only Data Supplement). All the imaging findings were
assessed using the Kruskal-Wallis test after Bonferroni correction among the three groups. A
p-value < 0.0025 was considered statistically significant after Bonferroni correction.

The diagnostic performance of the imaging findings was assessed using receiver operating
characteristic (ROC) curve analysis. The area under the ROC curve (AUC), sensitivity, specificity,
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Fig. 2. MRl images show the representative cases of various degree of deep white matter hyperintensity ac-
cording to the CREDOS white matter hyperintensity visual rating scale.

A. Mild degree of deep WMH (maximal deep white matter lesion diameter < 10 mm) on FLAIR image in a 62
year old female patient.

B. Moderate degree of deep WMH (10 mm < maximal deep white matter lesion diameter <25 mm) on FLAIR
image in a 81 year old female patient.

C. Severe degree of deep WMH (maximal deep white matter lesion diameter = 25 mm) on FLAIR image in a
75 year old female patient.

D. Coronal T2 weighted image shows the cross-section at the yellow line of the deep WMH. Yellow line is lo-
cated two or more slices above the roof of the lateral ventricles.

CREDOS = Clinical Research Center for Dementia of South Korea, FLAIR = fluid-attenuated inversion recov-
ery, WMH = white matter hyperintensity

positive predictive value, negative predictive value, and accuracy were calculated. Inter-reader
agreement was assessed using intraclass correlation coefficients. Comparison of the AUCs be-
tween the single imaging findings and combination was evaluated using DeLong’s test. These
analyses were performed using MedCalc (MedCalc version 20.014; Mariakerke, Belgium) and
R statistical software (R version 4.0.2, R Foundation for Statistical Computing, Vienna, Austria).
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RESULTS

Demographic findings of the included patients were demonstrated, and we evaluated the
difference of the demographic findings for each group categorized to the cognitive level. (Ta-
ble 1). Participants in the AD group were significantly older than those in the cognitively nor-
mal group (74.2 = 7.0 vs. 74.1 & 7.0 years, p = 0.002) and had lower MMSE scores than those
in the cognitively normal and MCI groups, while the MCI group showed a lower MMSE score
than the cognitively normal group (p < 0.001). The AD group showed a significantly higher
positive rate in amyloid PET than the cognitively normal and MCI groups (all, p < 0.001). The
three groups showed no significant differences in sex distribution and education level. The re-
sults of correlation between the cognitive function results (age, education level, and MMSE)
and imaging findings are summarized in Supplementary Table 1 (in the online-only Data Sup-
plement). Patients with CMBs demonstrated significantly older age than patients without
CMBs (74.5 £ 11.0 vs. 73.1 = 7.0, p = 0.013). Other cognitive function results demonstrated no
difference according to the presence of CMBs or degree of WMH.

The intergroup difference in the imaging findings is summarized in Table 2. The AD group
showed more frequent presence of CMBs with lobar and deep location than the cognitively
normal and MCI groups (p = 0.002) (Figs. 3A, 4A). The AD group showed significantly higher
scores for PVWMH, DWMH, and WMH than the cognitively normal group (p = 0.005, 0.001,
and 0.001, respectively) (Figs. 3B, 4B), and the MCI group showed a significantly higher score
for PVWMH than the cognitively normal group (p < 0.001). Imaging findings, including lobar
CMBs and all WMH grades demonstrated moderate inter-reader agreements (0.40-0.56; Sup-
plementary Table 2 in the online-only Data Supplement).

The results of the diagnostic performance of imaging findings for distinguishing between
AD and non-AD (CN and MCI) groups are summarized in Table 3. The presence of lobar and
deeply located CMBs showed significant diagnostic performance for differentiating between
the AD and other groups (all, p < 0.001), with the lobar located CMBs showing the highest
AUC value (AUC = 0.673 [95% confidence interval {CI}, 0.577-0.769], p < 0.001). The scores for
PVWMH, DWMH, and WMH were significantly higher in the AD group (p = 0.003, 0.002, and
0.004), with the PVWMH score showing the highest AUC value (AUC = 0.649 [95% CI, 0.555~
0.742], p = 0.003). The combination of lobar CMBs and the PVWMH score also showed signifi-

Table 1. Demographic Characteristics of the Study Population

Total(n=138) CN(n=57) MCI (n=50) AD (n=31) p-Value p-Value* p-Valuet p-Value?

Age (years) 742170 741+7.0 742+7.0 742+7.1 0.014 0.149 0.002 0.119
Sex (female) 104 (75.4) 44.(77.2) 35(70.0) 25 (80.7) 0.513 0.401 0.709 0.291
Education level (years) 109+54 117t 46 109+£56 9.3£6.0 0.127 0.398 0.037 0.231
MMSE 233 E57 234%56 233%56 228*+59 <0.001 <0.001 <0.001 <0.001

Data are presented as mean =+ standard deviation or number (%). p-values are Bonferroni-corrected p-values. p refers to the statistical
significance among the three groups.

*p refers to the statistical significance for the difference between the CN and MCI groups.

p refers to the statistical significance for the difference between the CN and AD groups.

*p refers to the statistical significance for difference between the MCl and AD groups.

AD = Alzheimer’s disease, CN = cognitive normal, MCI = mild cognitive impairment, MMSE = Mini-Mental State Examination
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Table 2. Association of MRI-Based Imaging Findings with Cognitive Decline

Total (n=138) CN (n=57) MCI (n=50) AD (n=31) p-Value  p-Value* p-Value® p-Value*

CMB 73(52.9) 21(36.8) 21(42.0) 31(100) 0.002 0.773 <0.001 0.002
Lobar location 52 (37.7) 15(26.3) 17 (34.0) 20 (64.5) 0.002 0.389 <0.001 0.008
Deep location 21(15.2) 6(10.5) 4(8.0) 11(35.5) 0.002 0.656 0.005 0.002

PVWMHS$ 130 (94.2) 50 (87.7) 49 (98.0) 31(100) <0.001 0.003 <0.001 0.172
P1 92(66.7) 43 (75.4) 33(66.0) 16 (51.6)

P2 23(16.7) 4(7.0) 9(18.0) 10(32.3)
P3 15(10.9) 3(5.3) 7(14.0) 5(16.1)

DWMHS$ 122 (88.4) 46 (80.7) 45 (90.0) 31(25.4) 0.002 0.113 <0.001 0.030
D1 110 (79.7) 44.(77.2) 41(82.0) 25(80.6)

D2 8(5.8) 1(1.8) 3(6.0) 4(12.9)
D3 4(2.9) 1(1.8) 1(2.0) 2(6.5)

WMHS 119(86.2) 43 (75.4) 45 (90.0) 31(100) <0.001 0.014 <0.001 0.137
Mild 101 (73.2) 40(70.2) 37(74.0) 24.(77.4)

Moderate 14(10.1) 2(3.5) 7(14.0) 5(16.1)
Severe 4(2.9) 1(1.8) 1(2.0) 2(6.5)

Data are presented as number (%). p-values are Bonferroni-corrected p-values. p indicates statistically significant differences among the
three groups.

*p indicates the statistical significance for the difference between the CN and MCI groups.

p indicates the statistical significance for the difference between the CN and AD groups.

*p indicates the statistical significance for the difference between the MCl and AD groups.

SWMH scale is rated according to the CREDOS WMH visual rating scale.

AD = Alzheimer’s disease, CMB = cerebral microbleed, CN = cognitive normal, CREDOS = Clinical Research Center for Dementia of South
Korea, DWMH = deep white matter hyperintensity, MCl = mild cognitive impairment, PYWMH = periventricular white matter hyperintensi-
ty, WMH = white matter hyperintensity

Fig. 3. AT4-year-old male patient with subjective memory impairment, but with normal cognition on cogni-
tive function test.

A.There is no definite microbleed on susceptibility-weighted imaging.

B. There is no significant white matter hyperintensity on FLAIR image.

FLAIR = fluid-attenuated inversion recovery
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Fig. 4. An 83-year-old female patient with subjective memory impairment and Alzheimer’s disease diag-
nosed on cognitive function test.

A. Susceptibility-weighted imaging shows multiple lobar microbleeds.

B. FLAIR image shows severe degree of white matter hyperintensity.

FLAIR = fluid-attenuated inversion recovery

Table 3. Comparison of Diagnostic Performance in Differentiating Alzheimer’s Disease from Non-Alzheimer’s Disease Group

AD vs. Non-AD AUC (95% CI) p Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

CMBs

Lobar location 0.673(0.578-0.769) <0.001 64.5 70.1 38.5 87.2 68.8

Deep location 0.631(0.541-0.721) <0.001 355 90.7 52.4 82.9 78.3
WMH

PVWMH scale 0.649 (0.555-0.742)  0.003 48.4 78.5 39.5 84.0 117

DWMH scale 0.629 (0.559-0.700)  0.002 100 15.0 100 43.1 34.1

Total scale 0.631(0.556-0.707)  0.004 100 17.8 100 36.2 36.2
Combination

Lobar location + PYWWMH  0.702 (0.599-0.806) <0.001 64.5 71.0 39.2 87.4 69.6

CAA + PYWMH 0.665 (0.565-0.764)  0.001 323 95.3 66.7 829 81.2

Non-AD represents non-Alzheimer which is consisted of cognitively normal and mild cognitive impairment.
AD = Alzheimer’s disease, AUC = area under the receiver operating characteristics curve, CAA = cerebral amyloid angiopathy, CI = confi-
dence interval, CMB = cerebral microbleed, DIWMH = deep white matter hyperintensity, NPV = negative predictive value, PPV = positive
predictive value, PVWMH = periventricular white matter hyperintensity, WMH = white matter hyperintensity

cantly better diagnostic performance than the single finding alone (AUC = 0.702 [95% CI, 0.599—
0.806], p < 0.001).

The results of the diagnostic performance for distinguishing between the CN and AD
groups are shown in Table 4. The presence of lobar CMBs showed significant diagnostic per-
formance for differentiating between the cognitively normal and AD groups (p < 0.001). Lo-
bar located CMBs again showed the highest AUC value (AUC =0.691 [95% CI, 0.588-0.794], p <
0.001). The PVWMH, DWMH, and WMH scores were significantly higher in the AD group
(all, p <0.001), with the PVWMH score showing the highest AUC value (AUC = 0.709 [95% CI,
0.615-0.804], p < 0.001). The combination of lobar CMBs and the PVWMH score showed sig-
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Table 4. Comparison of Diagnostic Performance in Distinguishing Cognitively Normal Individuals from Patients with Alzheimer’s Disease

ADvs.CN AUC (95% CI) p Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

CMB

Lobar location 0.691 (0.588-0.794) <0.001 64.5 73.7 57.1 79.2 70.5

Deep location 0.625(0.530-0.719)  0.005 35.5 89.5 64.7 71.8 70.5

CAA 0.644 (0.557-0.731) <0.001 323 96.5 83.3 2.4 73.9
WMH

PVWMH scale 0.709 (0.615-0.804) <0.001 48.4 87.7 68.2 75.8 73.9

DWMH scale 0.657(0.581-0.732) <0.001 100 19.3 100 477 477

Total scale 0.681 (0.602-0.761) <0.001 100 24.5 100 51.1 51.1
Combination

Lobar location + PYWMH 0.743 (0.639-0.846) <0.001 67.7 71.9 56.8 80.4 70.5

CAA+PVWMH 0.720(0.625-0.815) <0.001 48.4 87.7 68.2 75.8 73.9

AD = Alzheimer’s disease, AUC = area under the receiver operating characteristics curve, CAA = cerebral amyloid angiopathy, Cl = confi-
dence interval, CMB = cerebral microbleed, CN = cognitively normal, DIWMH = deep white matter hyperintensity, NPV = negative predictive
value, PPV = positive predictive value, PYWMH = periventricular white matter hyperintensity, WMH = white-matter hyperintensity

nificantly better diagnostic performance than the single finding alone (AUC = 0.743 [95% CI,
0.639-0.846], p < 0.001).

DISCUSSION

In this study, we observed that the presence of CMBs and higher WMH scores were associat-
ed with cognitive decline. Furthermore, the presence of CMBs, WMH scores, and certain com-
binations of these imaging findings showed better diagnostic performance for differentiating
patients with cognitive decline. In particular, we found that the best diagnostic performance
for distinguishing the AD group from the non-AD group was derived from the combination of
lobar location of CMBs and a high score for WMH within the periventricular white matter.

Although previous studies have investigated the relationship between CMBs or WMH and
cognitive decline, they focused on either CMBs or WMH alone in evaluating their associations
with dementia (18). Previous studies have already demonstrated that CMBs, especially in large
numbers, are related to decrease cognitive function in an otherwise healthy adult population
(22-25). Furthermore, other studies demonstrated that the presence of microbleeds is associ-
ated with an increased risk for dementia (26). The findings of the present study are similar to
the results of previous studies. On the other hand, the association of WMH with cognitive de-
cline has been a topic of debate. Some studies suggested that WMH is also associated with an
increased risk of developing AD (27), while others observed no apparent relationship (28). In
our study, we demonstrated that higher PVWMH, DWMH, and WMH scores showed a signifi-
cant correlation with the rate of cognitive decline. Although CMBs or WMH alone have been
frequently studied for their associations with cognitive function, combinations of these two
findings are not as widely investigated. Thus, the most notable finding in our study is that a
combination of subtypes of CMBs and WMH (lobar located CMB + PVWMH) showed better
diagnostic performance for differentiating AD in comparison with CMBs or WMH alone.

Recent studies evaluated the diagnostic performance of cognitive decline using advanced
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imaging techniques, including volumetric analysis, functional MRI, and PET (8-11). These
methods showed promising results and can be used as diagnostic tools for detecting AD. Rel-
atively, conventional imaging findings showed inferior performance for evaluating patients
with cognitive decline. Although conventional imaging findings showed a relatively lower
clinical impact for detecting cognitive decline, they may have additive values for estimating
visualized change during follow-up and provide the rationale for tertiary hospital referral. In
real-world clinical practice, most primary or secondary hospitals may have limitations to
evaluate patients with cognitive decline because of low accessibility or utilization of ad-
vanced imaging techniques or volumetric analysis even though advanced imaging tech-
niques and artificial interest-based volumetric analysis are widely used for detecting a cogni-
tive decline in tertiary or referral centers. Therefore, simple imaging findings by visual
assessment can help physicians in primary or secondary hospitals for estimating the proba-
bility of cognitive decline and selecting patients for referral to tertiary hospitals for perform-
ing advanced imaging techniques.

The presence of CMBs and high grade of WMH can be considered simple imaging findings
for estimating patients with cognitive decline. Since small-vessel disease is known to be the
primary cause of blood brain barrier (BBB) disruption (29), this vicious cycle accelerates AD
progression. Multiple studies have reported significant associations between small-vessel dis-
ease and AD based on these possible pathways. CMBs and WMH demonstrated association
with small-vessel disease in AD, which can be explained on the basis of cerebrovascular con-
cepts (30-33). The association between small-vessel disease and CMBs is explained by the peri-
vascular edema and the release of toxic materials into the brain parenchyma (13-15, 34-37).
Several studies have also explained the cause of WMH on the basis of small-vessel disruption
(30, 32, 38). Small-vessel disease, which involves BBB breakage, small infarctions, and demye-
lination, causes cerebral blood flow reduction. Since white matter is a watershed area and
vulnerable to hypoxia and hypoperfusion, these reductions in cerebral blood flow cause
WMH (39, 40). These imaging findings indicating the physiologic causes or outcomes of cere-
brovascular disease may facilitate evaluations of cognitive decline. Therefore, conventional
imaging findings (CMBs and WHM) had an additive value for estimating cognitive decline ac-
cording to the concept of small-vessel disease.

This study had several limitations. First, the study was a retrospective study from a single
secondary referral center in a community with a rather high socioeconomic status, and our
study included a small and heterogeneous sample. Therefore, these factors might introduce
inevitable selection bias. Second, we assessed only gradient echo pulse sequences to identify
the presence and numbers of CMBs. Since gradient echo pulse sequences have poorer spatial
resolution than susceptibility-weighted imaging (SWI), they may show limited precision for
assessment of CMBs. In future studies, SWI assessment should be considered for better depic-
tion of the true brain status in microbleeds. Third, the retrospective nature of the study was
associated with some inherent limitations. Fourth, although several important factors can al-
ter patients’ cognitive levels, including physical activity, alcohol consumption habits, and pre-
vious medical history (12, 38), none of these factors could be effectively controlled in this
study population. Finally, similar to patients with CMBs who were significantly older than pa-
tients without CMBs, the AD group had significantly older patients than the CN group. There-
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fore, age could be considered a covariate variable for evaluating diagnostic performance in
differentiating the AD group from the CN group. Further studies following age matching
should be performed to evaluate the accurate diagnostic performance for detecting AD.

In conclusion, we found that the presence of CMBs and WMH was a useful predictor for
estimating cognitive decline and rationale for patient referral to tertiary hospitals. In particu-
lar, combined imaging findings (lobar CMB + PVWMH) showed good diagnostic perfor-
mance in distinguishing AD from non-AD groups. Therefore, we highlight that these imaging
findings on conventional brain MRI can provide additional values for evaluating patients

with cognitive decline, especially in primary care centers.
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