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Abstract: Low-grade inflammation is implicated in the pathogenesis of atherosclerosis,
metabolic syndrome, and apathy as a form of vascular depression. We analyzed the brain magnetic
resonance imaging findings in 259 community-dwelling older adults (122 men and 137 women,
with a mean age of 68.4 years). The serum concentrations of high-sensitivity C-reactive protein (hsCRP)
were measured by a quantitative enzyme-linked immunosorbent assay. Logistic regression analysis
revealed that the log10 hsCRP value and the presence of a metabolic syndrome were independently
associated with confluent but not punctate deep white matter lesions (DWMLs). Path analysis based on
structural equation modeling (SEM) indicated that the direct path from the log10 hsCRP to the DWMLs
was significant (β = 0.119, p = 0.039). The direct paths from the metabolic syndrome to the log10 hsCRP
and to the DWMLs were also significant. The direct path from the DWMLs to apathy (β = −0.165,
p = 0.007) was significant, but the direct path from the log10 hsCRP to apathy was not significant.
Inflammation (i.e., elevated serum hsCRP levels) was associated with DWMLs independent of common
vascular risk factors, while DWMLs were associated with apathy. The present analysis with SEM
revealed the more realistic scheme that low-grade inflammation was associated with apathy indirectly
via DWMLs in community-dwelling older adults.

Keywords: physical activity; apathy; vascular depression; vascular cognitive impairment; white matter
lesions; magnetic resonance imaging; small vessel disease; silent stroke

1. Introduction

Low-grade inflammation, which is typically determined by increased levels of high-sensitivity
C-reactive protein (hsCRP), has been recognized in several studies as a risk factor for ischemic stroke,
independent of other cardiovascular risk factors [1–4]. However, one study reported contrasting
results [5]. Higher levels of CRP (C-reactive protein), but not interleukin-6 (IL-6) [6] or the CRP level
relative to that of IL-6 [7], were associated with increased risk of ischemic stroke in population-based
studies. An earlier study reported that higher levels of both CRP and IL-6 were associated with silent
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brain infarction even when adjusted with traditional vascular risk factors [8], whereas higher CRP levels
were associated with the presence and progression of deep white matter lesions (DWMLs) [9,10] or white
matter integrity [11] rather than lacunar infarcts. Although one study found that CRP was not associated
with small vessel disease-related brain lesions (i.e., the volume of white matter lesions and the number
of lacunes) [12], cerebral small vessel disease and particularly DWMLs—the predominant basis of
vascular cognitive impairment [13]—may be partly caused by systemic inflammation in addition to
classical vascular risk factors.

Initially, the role of CRP in mood disorders was intriguing but somewhat ambiguous partly due
to study design (e.g., case-control studies) and insufficient adjustment for potential confounders [14].
Recent meta-analyses revealed that elevated levels of inflammation markers were found to be associated
with an increased risk of depression in the general population [15,16]. However, this association could
be confounded by the symptoms of apathy, that is, apathy and depression might be confused due to
overlapping clinical features. Although apathy is one of the symptoms of depression, apathy (a lack
of motivation without depressed mood, guilt, and hopelessness) can also be discriminated from
depression [17,18]. A population-based cohort study indicated that increased CRP levels were associated
with apathy symptoms but not with depressive symptoms [17]. Furthermore, apathy rather than
depression may be more closely related to cardiovascular risk factors and cardiovascular disease [18].
Several studies, including ours, have reported that ‘silent’ ischemic brain lesions such as DWMLs [19–23]
or lacunar infarcts in DWMLs [24,25] contributed to depression or apathy in healthy older adults,
supporting the concept of the vascular depression hypothesis [26]. Therefore, we hypothesized that
apathy would be associated with systemic inflammation indirectly via DWMLs.

2. Results

2.1. Background Characteristics

For the 259 subjects (122 men and 137 women, with a mean age of 68.4 years) enrolled in this
study, the mean education duration (years of school) was 11.5 years. None of the subjects included
in the study had clinical depression, while 24 (9.3%) reported having a depressed mood. Silent brain
infarction, DWMLs, periventricular hyperintensities, and cerebral microbleeds were detected in 26
(10.0%), 90 (34.7%), 40 (15.4%), and 19 (7.3%) subjects, respectively. The numbers of subjects with DWMLs
by grade were as follows: grade 0 (n = 169), grade 1 (n = 61), grade 2 (n = 28), and grade 3 (n = 1).

Although the hsCRP level distribution was highly skewed (median: 0.589 mg/L, interquartile
range: 0.292-1.326 mg/L), the log-transformed hsCRP values (log10 hsCRP) were normally distributed
(Shapiro–Wilk test, p = 0.362). The mean log10 hsCRP value in the grades 2–3 (confluent) DWMLs group
was significantly higher than those in the grade 0 and grade 1 DWMLs group (p = 0.018 and p = 0.050,
respectively). The mean of the apathy scale scores in the grades 2–3 (confluent) DWMLs group was
414 ± 123, which was significantly lower (more apathetic) than that in the grades 0–1 DWMLs group
(478 ± 110, p = 0.014). The characteristics of the study population among tertiles of hsCRP values
are provided in Table 1. Medium to high tertiles of CRP were associated with metabolic syndrome
and its components (waist circumference, triglyceride, and high-density lipoprotein (HDL) cholesterol),
body mass index, and uric acid. We produced a metabolic syndrome score as the sum of the four
essential components of metabolic syndrome (i.e., waist circumference, blood pressure, triglyceride
and/or HDL cholesterol, and blood glucose). The log10 hsCRP value was correlated with metabolic
syndrome score, and an analysis of variance (ANOVA) revealed that the log10 hsCRP value in the score
4 group was significantly higher than that in the score 0 group after post hoc Bonferroni testing
(p = 0.038). The leukocyte count was significantly correlated with the log10 hsCRP value (r = 0.28,
p < 0.001).

Because apathy may affect cognitive function, we analyzed the association between cognitive
function and apathy. Although the modified Stroop Test (mST) was significantly associated with
the apathy scale (Pearson’s correlation, r = −0.141, p = 0.025), executive dysfunction, determined by
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the most prolonged quintile of mST, was not associated with apathy scale in univariate logistic regression
analysis. Memory dysfunction, determined by the lowest quintile of the Rivermead Behavioral Memory
Test (RBMT, standard profile score), was significantly associated with the apathy scale (odds ratio
(OR) = 0.965; 95% confidence interval (CI), 0.939–0.992; p = 0.012), this association was no longer
significant after adjustment for age, sex, education, and hippocampal atrophy. The independent
predictors of memory dysfunction, defined by the RBMT < 17 (54 of 256 [21.1%]), were age
(OR per 10 years 2.486, 95% CI, 1.542–4.007, p < 0.001) and hippocampal atrophy (OR per 1-z-score
4.163, 95% CI, 1.825–9.492, p = 0.001). Taken together, a direct association of apathy with cognitive
function was unlikely as far as we could investigate.

Table 1. Characteristics of the Study Population.

C-Reactive Protein Tertiles

p for TrendLow (n = 87) Medium (n = 86) High (n = 86)

High-Sensitivity C-Reactive Protein 0.020–0.366 mg/L 0.379–0.982 mg/L 1.001–12.617 mg/L

Age, mean (S.D.), years 68.8 (7.3) 67.7 (6.3) 68.8 (7.3) NS
Male, n (%) 38 (43.7) 46 (53.5) 38 (44.2) NS

Body mass index, mean (S.D.), kg/m2 22.5 (3.1) 23.8 (3.7) 24.2 (3.5) 0.004
Metabolic syndrome, n (%) 5 (5.7) 15 (17.4) 14 (16.3) 0.043

Waist circumference, mean (S.D.), cm 81.7 (7.5) 85.6 (9.9) 87.1 (9.6) <0.001
Hypertension, n (%) 34 (39.1) 32 (37.2) 38 (44.2) NS

Systolic BP, mean (S.D.), mmHg 139.8 (19.7) 139.5 (18.0) 145.2 (18.8) 0.089
Diastolic BP, mean (S.D.), mmHg 80.9 (10.9) 82.1 (10.4) 83.0 (10.9) NS

Diabetes mellitus, n (%) 8 (9.2) 14 (16.3) 17 (19.8) 0.140
Hyperlipidemia, n (%) 24 (27.6) 32 (37.2) 30 (34.9) NS

Ischemic heart disease, n (%) 4 (4.6) 9 (10.5) 1 (1.2) 0.024
Chronic kidney disease, n (%) 15 (17.2) 12 (14.0) 20 (23.3) NS

Alcohol, n (%) 32 (36.8) 41 (47.7) 30 (34.9) 0.180
Smoking, n (%) 6 (7.0) 13 (15.1) 6 (7.0) 0.110

Hemoglobin A1c, mean (S.D.), % 5.56 (0.51) 5.78 (0.96) 5.74 (0.63) 0.103
LDL cholesterol, mean (S.D.), mg/dL 117.5 (29.0) 125.1 (31.4) 126.7 (38.2) 0.150
HDL cholesterol, mean (S.D.), mg/dL 73.5 (15.7) 65.2 (18.5) 63.8 (15.7) <0.001

Triglyceridel, mean (S.D.), mg/dL 95.6 (59.7) 135.8 (107.8) 125.9 (87.9) 0.007
Uric acid, mean (S.D.), mg/dL 4.69 (1.34) 5.05 (1.21) 5.38 (1.29) 0.002

eGFR, mean (S.D.), mL/min/1.73 m2 74.0 (14.6) 76.1 (15.4) 71.9 (14.7) 0.183

Abbreviations: BP, blood pressure; LDL, low density lipoprotein; HDL, high density lipoprotein; eGFR, estimated
glomerular filtration rate. NS, p > 0.2.

2.2. Logistic Regression Analysis

Multivariate analysis was carried out with logistic regression analysis for DWMLs as the dependent
variable and the log10 hsCRP value, age, sex, hypertension, diabetes mellitus, hyperlipidemia,
renal function, metabolic syndrome, uric acid, alcohol use, and smoking as the independent variables.
When possible confounders, including vascular risk factors and the log10 hsCRP value, were entered
into the binary logistic regression model (the forward stepwise method), the independent predictors
of DWMLs were age (OR = 2.456/10 years; 95% CI, 1.647–3.663; p < 0.001) and hypertension
(OR = 2.620; 95% CI, 1.508–4.553; p = 0.001), while the independent predictors of confluent DWMLs
were age (OR = 4.405; 95% CI, 2.419-8.021; p < 0.001), the log10 hsCRP value (OR = 3.024; 95% CI,
1.305–7.008; p = 0.010) and metabolic syndrome (OR = 3.211; 95% CI, 1.141–9.003; p = 0.027) (Table 2).
When the presence of metabolic syndrome (Model 1) was replaced by the metabolic syndrome score
(Model 2), the associations between confluent DWMLs and age, log10 hsCRP, and the metabolic
syndrome (score) were essentially the same.
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Table 2. Potential Risk Factors for Deep White Matter Lesions (DWMLs).

MRI Findings DWMLs
Confluent DWMLs Confluent DWMLs

Model 1 Model 2

OR 95% CI p OR 95% CI p OR 95% CI p

Age, /10 years 2.456 1.647–3.663 <0.001 4.405 2.419–8.021 <0.001 5.065 2.683–9.559 <0.001
log10 hsCRP 3.024 1.305–7.008 0.010 2.878 1.218–6.800 0.016

Hypertension 2.620 1.508–4.553 0.001
Metabolic syndrome * 3.211 1.141–9.003 0.027 1.996 1.228–3.243 0.005

Age, sex, hypertension, diabetes, hyperlipidemia, chronic kidney disease, metabolic syndrome, smoking, alcohol
habit, uric acid, and log10hsCRP were included in the forward stepwise method of logistic regression analysis. * Model
1, the presence of metabolic syndrome; Model 2, metabolic syndrome was replaced by metabolic syndrome score.

2.3. Structural Equation Modeling

These findings mentioned above lead us to the hypothesis that metabolic syndrome
and inflammation would cause DWMLs, and that DWMLs might intensify apathetic behavior.
We investigated the relationship between metabolic syndrome, the log10 hsCRP value, DWMLs,
and apathy, using a graphical multivariate analysis structural equation modeling (SEM). Apathy was
quantified with a visual analog version of the Starkstein’s apathy scale [22]. Depressed mood was
defined as being always or frequently present for this symptom. The SEM was described as path
diagrams, where the square boxes represented measured observations, and circles represented latent
constructs. Single-headed arrows represented a simple regression relationship, and double-headed
arrows represented correlations (Figure 1). Path analysis based on SEM indicated that the direct path
from log10 hsCRP to DWMLs was significant (β = 0.119, p = 0.039). The direct paths from the metabolic
syndrome (score) to log10 hsCRP and to DWMLs were also significant. The direct path from DWMLs to
apathy was significant (β=−0.165, p = 0.007), as was the direct path from education to apathy (β= 0.179,
p = 0.003). However, the direct path from log10 hsCRP to apathy was not significant. When apathy
was replaced by depressed mood, the direct paths from DWMLs or education to depressed mood
were no longer significant. Therefore, apathy but not depressed mood was indirectly associated
with inflammation (i.e., log10 hsCRP) via DWMLs. The measures of model fitness were as follows:
chi-square N.S., goodness of fit index (GFI) = 0.993, adjusted goodness of fit index (AGFI) = 0.979,
comparative fit index (CFI) = 1.000, and root mean square error of approximation (RMSEA) = 0.000.
Thus, the presented model reasonably fit the data.
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3. Discussion

In the present cross-sectional study, we observed that the presence of confluent but not punctate
DWMLs was associated with metabolic syndrome and low-grade inflammation. Silent brain infarction
(i.e., lacunes as the prototype of small vessel disease) was not associated with inflammation, suggesting
that moderate- to high-grade DWMLs may not be the consequence of ‘pure’ small vessel disease.
SEM analysis revealed that metabolic syndrome might be one of the risk factors for DWMLs directly
and indirectly via inflammation. Although apathy was associated with the presence of DWMLs,
a direct link between inflammation and apathy was not indicated.

The term subcortical ischemic vascular disease is often used for both lacunar infarction and white
matter lesions, but the pathophysiology may differ; deep white matter is particularly vulnerable
to brain hypoperfusion [27]. The medullary and perforating arteries are end arteries, thus making
the periventricular border zones the most susceptible to decreased cerebral blood flow (CBF) [28,29].
Typically, no significant stenosis of the extracranial or intracranial arteries is observed in Binswanger’s
disease or extensive DWMLs [30,31], suggesting that extensive DWMLs may be caused by compromised
CBF without vascular occlusion. Decreased CBF with a transient rise in the oxygen extraction fraction
(i.e., misery perfusion) [32,33] or low baseline CBF [34] was observed in association with DWMLs,
thereby indicating the ischemic origin of DWMLs. Taken together, DWMLs are considered to be
a ‘hybrid’ of small and large vessel disease.

Arteriosclerosis affects the deep basal ganglia, the brainstem and white matter perforator vessels,
thereby causing cerebral small vessel disease [35]. In contrast, atherosclerosis is an inflammatory
disease of the large- and medium-sized artery walls, characterized by complex immune activations
(Supplementary Figure S1) [36–38]. In brief, retention and oxidation of low-density lipoprotein (LDL) particles
in an artery induces pro-inflammatory responses. Adhesion and migration of monocytes/macrophages,
augmented by leukocyte adhesion molecules on the endothelial cells, results in the uptake of oxidized LDL,
which leads to the formation of foam cells. Furthermore, activated macrophages and T cell lymphocytes
are involved in the advanced atherosclerotic lesion. Endothelial dysfunction characterized by increased
endothelin-1 and decreased nitric oxide is also observed. Furthermore, oxidized LDLs increase the expression
of growth factors such as platelet-derived growth factor and fibroblast growth factor for the migration
and proliferation of smooth muscle cells, leading to the thickening of the plaques, formation of the necrotic
core, and ultimately plaque rupture. As a consequence of these complex immune responses, the majority of
circulating CRP is produced by hepatocytes under the regulatory control of circulating IL-6 [36–38].

Low grade inflammation is characteristic of the metabolic syndrome, as hsCRP levels have been
found to correlate with the key components of metabolic syndrome, such as elevated triglyceride,
low HDL cholesterol, central obesity, elevated blood pressure, and high fasting glucose levels or
insulin resistance [39,40]. In the metabolic syndrome, the concentrations of pro-inflammatory cytokines
(e.g., IL-6 and tumor necrosis factor-α [TNF-α]), markers of pro-oxidant status (e.g., oxidized LDL
and uric acid), and prothrombotic factors were elevated, while the levels of anti-inflammatory cytokines
(e.g., IL-10), ghrelin, adiponectin, and antioxidant factors were decreased [41]. The inflammatory
process that occurs in obese people differs from the classical inflammatory response; the toll-like
receptor 4 signaling pathway, which is activated by saturated fatty acids, has been acknowledged
as one of the main triggers of the obesity-induced inflammation [42]. Previous studies have
reported that metabolic syndrome may exert its detrimental effects on silent ischemic brain lesions,
particularly DWMLs, on magnetic resonance imaging (MRI) via inflammation in addition to classical
risk factors [43,44].

Our study possesses several limitations of note, including its cross-sectional study design,
which limits the interpretation of our results with respect to cause and effect. Although it is generally,
but not fully, accepted that inflammation is one of the causes of DWMLs, as discussed in the Introduction
section, we cannot definitively conclude as such based on our present results. Another limitation is
that CRP is the downstream event of inflammation; therefore, the precise mechanisms of damage
involved in the formation of DWMLs are unclear. In addition, we cannot exclude the possibility of
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residual confounding related to factors not included in the SEM analysis. However, in addition to
the first-generation regression-based approaches, SEM revealed the more realistic scheme that apathy
might be associated with inflammation indirectly, via DWMLs. Another strength of our study includes
the use of MRI in community-dwelling subjects. For example, the incidence of silent brain infarction is
five times higher than that of strokes in the general population, and most cardiovascular risk factors
increase the risk of silent ischemic lesions on MRI [45], indicating that silent ischemic lesions on MRI
are better surrogate markers of cerebral arteriosclerosis than symptomatic strokes.

In conclusion, inflammation and metabolic syndrome were independently associated with
the presence of confluent but not punctate DWMLs. Path analysis based on SEM indicated that the direct
paths from log10 hsCRP and metabolic syndrome to DWMLs were significant. Although the direct path
from DWMLs to apathy was significant, the direct path from log10 hsCRP to apathy was not significant.
Therefore, inflammation was associated with apathy indirectly via DWMLs in healthy older adults.
Recently, the CANTOS trial indicated that directly reducing inflammation with an IL-1β-neutralizing
monoclonal antibody could reduce the rate of cardiovascular events [46,47]. In future studies,
investigation further upstream in the inflammatory cascade from CRP and IL-6 to IL-1 may provide
novel targets for protection against DWMLs.

4. Subjects and Methods

4.1. Participants and Protocol Approval

Between 2010 and 2016, we performed a cross-sectional observational study in the rural community
of Sefuri village (Saga, Japan), which had a total population of 1739 people as of April 2014. We examined
consecutive 297 volunteers aged 60–89 years, who were independent in their daily life without apparent
dementia. A total of 38 subjects were excluded due to cognitive impairment (n = 7); psychiatric disorders,
including depression (n = 5); claustrophobia or contraindications for MRI (n = 8); a history of stroke
(n = 9); brain tumor (n = 1); chronic subdural hematoma (n = 1); a history of head trauma (n = 3);
chronic renal failure (n = 3); and insufficient clinical information (n = 1). Finally, we analyzed
259 subjects in the present study.

The National Hospital Organization Hizen Psychiatric Center Institutional Review Board approved
the study (approval number: 15-1 and 24-4). Written informed consent was obtained by H.Y. from
all participants.

4.2. Clinical Assessments

The participants underwent a structured clinical interview, general hematology tests including
leukocyte count, and biochemical tests. Blood pressure was measured in the sitting position using
the standard cuff method; beginning in 2013, simultaneous blood pressure measurements were
recorded from both arms using a pair of automated sphygmomanometers (Omron model HEM-1020,
Omron, Japan). The blood pressure values obtained from the right arm were used throughout the current
study. Vascular risk factors were defined as previously described [48]. Briefly, arterial hypertension
was considered to be present in participants with a history of repeated blood pressure recordings
≥140/90 mmHg, and in those being treated for hypertension. Diabetes mellitus was defined as a fasting
plasma glucose level of ≥6.99 mmol/L (126 mg/dL) and/or HbA1c of ≥6.5%, or a previous diagnosis of
diabetes mellitus. Hyperlipidemia was considered to be present in participants with a total serum
cholesterol concentration of ≥5.69 mmol/L (220 mg/dL), and in those being treated for hyperlipidemia.
Because the optimal cutoff points of waist circumference for predicting cardiovascular disease in Japan
were 90 cm for men and 80 cm for women [49], central obesity was defined by waist circumferences of
≥90 cm for men and ≥80 cm for women in the present study. Metabolic syndrome was defined by
the presence of central obesity and a minimum of two of three factors: a blood pressure of≥130/85 mmHg,
a fasting blood glucose level of ≥6.1 mmol/L (110 mg/dL) or blood glucose level of ≥7.77 mmol/L
(140 mg/dL) in the case of non-fasting settings, and a triglyceride level of ≥1.69 mmol/L (150 mg/dL)
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and /or HDL cholesterol level of <1.03 mmol/L (40 mg/dL). We produced a metabolic syndrome score
as the sum of the four indices defined above (i.e., waist circumference, blood pressure, triglyceride
and /or HDL cholesterol, and blood glucose). The presence of each index above the threshold value was
counted as 1 to generate total scores of between 0 and 4. The estimated glomerular filtration rate (eGFR)
was calculated using the Modification of Diet in Renal Disease equation for the Japanese modification:
eGFR (mL/min/1.73 m2) = 194 × (serum creatinine [mg/dL])−1.094

× (age)−0.287
× (0.739 if female) [50].

Smoking was defined as the participant smoking an average of at least 10 cigarettes per day, while former
smokers were considered nonsmokers. Alcohol use was defined as the participant reporting drinking
one or more alcoholic beverages (10 g of ethanol) per week.

4.3. Apathy Scale

Each item of the Starkstein’s apathy scale [51] was quantified on a visual analog scale, where one
end of a 60 mm long line is ‘absolutely correct’ and the other end is ‘completely wrong’, as previously
described [23,52]. Because the item–total correlations of questions 3 (Are you concerned about your
condition?) and 11 (Are you unconcerned with many things?) had been weak out of the 14 original
questions, we excluded the scores of these two questions from the analysis. This apathy scale yields
total scores of 0–720, with lower scores indicating apathetic behavior. Depressed mood and insomnia
were rated as ‘none’, ‘sometimes’, ‘frequent’, and ‘always’; depressed mood and insomnia were defined
as an always or frequent presence of these symptoms. Patients who had been previously diagnosed
with clinical depression or were taking medication for depression were excluded from the study.

Because apathy was associated with physical inactivity [23], and physical inactivity was associated
with hippocampal atrophy and memory impairment [53], apathy may be directly or indirectly related
to cognitive disturbance. Therefore, we analyzed the association between cognitive function tests
and the apathy scale. Memory and executive function were assessed with RBMT and mST, respectively,
as previously described [50,53]. As mST was not available in three cases, the relationship between
apathy and cognitive function was examined in 256 subjects.

4.4. High-Sensitivity CRP Measurements

Serum specimens were stored at −80 ◦C until the measurements. We measured hsCRP using
a quantitative enzyme-linked immunosorbent assay with a sensitivity of 25 ng/L (Human C-Reactive
Protein/CRP Quantikine ELISA Kit, R&D Systems, Inc., Minneapolis, MN, USA). According to
the manufacturer’s instructions, the samples were assayed in duplicate and the absorbance was
measured at 450 nm. The final concentrations were calculated from the respective standard curves
and expressed as mg/L.

4.5. Assessment of MRI Findings

A combination of T1-weighted, T2-weighted, and fluid attenuated inversion recovery images
(FLAIR) is required to accurately detect both silent brain infarction and white matter lesions [54].
Imaging was performed on a 1.5T MRI scanner (Achieva, Philips, the Netherlands) using the T1-
and T2-weighted, fluid-attenuated inversion recovery, and T2*-weighted images. Silent brain infarction
was defined by low signal intensities on T1-weighted images, and high signal intensity areas
on T2-weighted images, and a diameter of ≥3 mm, as previously described. We differentiated
enlarged perivascular spaces from silent brain infarction based on their location, shape, and size.
Lesions of <3 mm in diameter are more likely to be perivascular space than lacunes, and the presence of
moderate to severe basal ganglia perivascular space was recorded [55]. The white matter lesions were
defined as isointense with normal brain parenchyma on T1-weighted images, and high signal intensity
areas on T2-weighted images. We used the validated rating scale of DWMLs by Fazekas et al.: grade 0,
absent; grade 1, punctate foci; grade 2, beginning confluence of foci; and grade 3, large confluent
areas [56]. For periventricular hyperintensities, we determined the presence and severity (grade 0,
absent; grade 1, pencil thin; and grade 2, smooth halo lining) using FLAIR images. Two authors



Int. J. Mol. Sci. 2019, 20, 1905 8 of 12

(H.Y. and A.U.), who were blinded to all clinical data, independently reviewed all scans. We evaluated
the degree of hippocampal atrophy, using a free software program—the Voxel-Based Specific Regional
Analysis System for Alzheimer’s Disease (VSRAD) advance version, as previously described [53].

4.6. Statistical Analysis

All clinical variables are presented as the mean ± standard deviation. All tests were two-sided,
and the level of statistical significance was set at p < 0.05. The data were analyzed using IBM
SPSS Statistics version 18 for Windows (SPSS Japan Inc., Tokyo, Japan). For the univariate analysis,
the chi-square test or Fisher’s exact test were used to investigate between-group differences in
categorical variables, while unpaired t-tests were used to investigate differences in continuous variables.
Pearson’s correlation coefficients were used to assess the relationship between the log10 hsCRP
value and leukocyte counts. Multiple comparisons were performed using ANOVA, followed by
Bonferroni testing.

Multivariate analysis was carried out with the forward stepwise method of logistic regression
analysis. The association between the MRI findings and the log10 hsCRP value was tested using
logistic regression models, adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, renal
function, metabolic syndrome, uric acid, alcohol use, and smoking. We investigated the relationship
between metabolic syndrome, the hsCRP value, DWMLs, and apathy using SEM [57]. The SEM was
described as path diagrams, wherein the square boxes represented measured observations and circles
represented latent constructs. Single-headed arrows represented a simple regression relationship
and double-headed arrows represented correlations. We examined several indices of model fit for SEM
analysis (chi-square, GFI, AGFI, CFI, and RMSEA).

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/20/8/1905/
s1.
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AGFI adjusted goodness of fit index
ANOVA analysis of variance
CBF cerebral blood flow
CFI comparative fit index
DWMLs deep white matter lesions
eGFR estimated glomerular filtration rate
FLAIR fluid attenuated inversion recovery
GFI goodness of fit index
HDL high-density lipoprotein
hsCRP high-sensitivity C-reactive protein
IL-1 interleukin-1
IL-1β interleukin-1β
IL-6 interleukin-6
IL-10 interleukin-10
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MRI magnetic resonance imaging
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Ox-LDL oxidized low-density lipoprotein
RBMT Rivermead Behavioral Memory Test
RMSEA root mean square error of approximation
SEM structural equation modeling
TNF-α tumor necrosis factor-α

References

1. Rost, N.S.; Wolf, P.A.; Kase, C.S.; Kelly-Hayes, M.; Silbershatz, H.; Massaro, J.M.; D’Agostino, R.B.;
Franzblau, C.; Wilson, P.W. Plasma concentration of C-reactive protein and risk of ischemic stroke and transient
ischemic attack: The Framingham study. Stroke 2001, 32, 2575–2579. [CrossRef]

2. Curb, J.D.; Abbott, R.D.; Rodriguez, B.L.; Sakkinen, P.; Popper, J.S.; Yano, K.; Tracy, R.P. C-reactive protein
and the future risk of thromboembolic stroke in healthy men. Circulation 2003, 107, 2016–2020. [CrossRef]
[PubMed]

3. Cao, J.J.; Thach, C.; Manolio, T.A.; Psaty, B.M.; Kuller, L.H.; Chaves, P.H.; Polak, J.F.; Sutton-Tyrrell, K.;
Herrington, D.M.; Price, T.R.; et al. C-reactive protein, carotid intima-media thickness, and incidence of
ischemic stroke in the elderly: The Cardiovascular Health Study. Circulation 2003, 108, 166–170. [CrossRef]

4. Wakugawa, Y.; Kiyohara, Y.; Tanizaki, Y.; Kubo, M.; Ninomiya, T.; Hata, J.; Doi, Y.; Okubo, K.; Oishi, Y.;
Shikata, K.; et al. C-reactive protein and risk of first-ever ischemic and hemorrhagic stroke in a general
Japanese population: the Hisayama Study. Stroke 2006, 37, 27–32. [CrossRef] [PubMed]

5. Elkind, M.S.; Luna, J.M.; Moon, Y.P.; Liu, K.M.; Spitalnik, S.L.; Paik, M.C.; Sacco, R.L. High-sensitivity
C-reactive protein predicts mortality but not stroke: The Northern Manhattan Study. Neurology 2009,
73, 1300–1307. [CrossRef]

6. Shoamanesh, A.; Preis, S.R.; Beiser, A.S.; Kase, C.S.; Wolf, P.A.; Vasan, R.S.; Benjamin, E.J.; Seshadri, S.;
Romero, J.R. Circulating biomarkers and incident ischemic stroke in the Framingham Offspring Study.
Neurology 2016, 87, 1206–1211. [CrossRef] [PubMed]

7. Luna, J.M.; Moon, Y.P.; Liu, K.M.; Spitalnik, S.; Paik, M.C.; Cheung, K.; Sacco, R.L.; Elkind, M.S.
High-sensitivity C-reactive protein and interleukin-6-dominant inflammation and ischemic stroke risk:
the northern Manhattan study. Stroke 2014, 45, 979–987. [CrossRef]

8. Hoshi, T.; Kitagawa, K.; Yamagami, H.; Furukado, S.; Hougaku, H.; Hori, M. Relations of serum
high-sensitivity C-reactive protein and interleukin-6 levels with silent brain infarction. Stroke 2005, 36, 768–772.
[CrossRef]

9. Van Dijk, E.J.; Prins, N.D.; Vermeer, S.E.; Vrooman, H.A.; Hofman, A.; Koudstaal, P.J.; Breteler, M.M.
C-reactive protein and cerebral small-vessel disease: The Rotterdam Scan Study. Circulation 2005, 112, 900–905.
[CrossRef]

10. Satizabal, C.L.; Zhu, Y.C.; Mazoyer, B.; Dufouil, C.; Tzourio, C. Circulating IL-6 and CRP are associated with
MRI findings in the elderly: The 3C-Dijon Study. Neurology 2012, 78, 720–727. [CrossRef]

11. Walker, K.A.; Power, M.C.; Hoogeveen, R.C.; Folsom, A.R.; Ballantyne, C.M.; Knopman, D.S.; Windham, B.G.;
Selvin, E.; Jack, C.R., Jr.; Gottesman, R.F. Midlife Systemic Inflammation, Late-Life White Matter Integrity,
and Cerebral Small Vessel Disease: The Atherosclerosis Risk in Communities Study. Stroke 2017, 48, 3196–3202.
[CrossRef]

12. Schmidt, R.; Schmidt, H.; Pichler, M.; Enzinger, C.; Petrovic, K.; Niederkorn, K.; Horner, S.; Ropele, S.;
Watzinger, N.; Schumacher, M.; et al. C-reactive protein, carotid atherosclerosis, and cerebral small-vessel
disease: results of the Austrian Stroke Prevention Study. Stroke 2006, 37, 2910–2916. [CrossRef]

13. Rosenberg, G.A.; Wallin, A.; Wardlaw, J.M.; Markus, H.S.; Montaner, J.; Wolfson, L.; Iadecola, C.; Zlokovic, B.V.;
Joutel, A.; Dichgans, M.; et al. Consensus statement for diagnosis of subcortical small vessel disease. J. Cereb.
Blood Flow Metab. 2016, 36, 6–25. [CrossRef]

14. De Berardis, D.; Campanella, D.; Gambi, F.; La Rovere, R.; Carano, A.; Conti, C.M.; Sivestrini, C.; Serroni, N.;
Piersanti, D.; di Giuseppe, B.; et al. The role of C-reactive protein in mood disorders. Int. J. Immunopathol. Pharmacol.
2006, 19, 721–725. [CrossRef]

http://dx.doi.org/10.1161/hs1101.098151
http://dx.doi.org/10.1161/01.CIR.0000065228.20100.F7
http://www.ncbi.nlm.nih.gov/pubmed/12681999
http://dx.doi.org/10.1161/01.CIR.0000079160.07364.6A
http://dx.doi.org/10.1161/01.STR.0000194958.88216.87
http://www.ncbi.nlm.nih.gov/pubmed/16306468
http://dx.doi.org/10.1212/WNL.0b013e3181bd10bc
http://dx.doi.org/10.1212/WNL.0000000000003115
http://www.ncbi.nlm.nih.gov/pubmed/27558379
http://dx.doi.org/10.1161/STROKEAHA.113.002289
http://dx.doi.org/10.1161/01.STR.0000158915.28329.51
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.506337
http://dx.doi.org/10.1212/WNL.0b013e318248e50f
http://dx.doi.org/10.1161/STROKEAHA.117.018675
http://dx.doi.org/10.1161/01.STR.0000248768.40043.f9
http://dx.doi.org/10.1038/jcbfm.2015.172
http://dx.doi.org/10.1177/039463200601900402


Int. J. Mol. Sci. 2019, 20, 1905 10 of 12

15. Haapakoski, R.; Mathieu, J.; Ebmeier, K.P.; Alenius, H.; Kivimäki, M. Cumulative meta-analysis of interleukins 6
and 1β, tumour necrosis factor α and C-reactive protein in patients with major depressive disorder.
Brain Behav. Immun. 2015, 49, 206–215. [CrossRef]

16. Ng, A.; Tam, W.W.; Zhang, M.W.; Ho, C.S.; Husain, S.F.; McIntyre, R.S.; Ho, R.C. IL-1β, IL-6, TNF- α and CRP
in Elderly Patients with Depression or Alzheimer’s disease: Systematic Review and Meta-Analysis. Sci. Rep.
2018, 8, 12050. [CrossRef]

17. Eurelings, L.S.; Richard, E.; Eikelenboom, P.; van Gool, W.A.; Moll van Charante, E.P. Low-grade inflammation
differentiates between symptoms of apathy and depression in community-dwelling older individuals.
Int. Psychogeriatr. 2015, 27, 639–647. [CrossRef]

18. Eurelings, L.S.; van Dalen, J.W.; Ter Riet, G.; Moll van Charante, E.P.; Richard, E.; van Gool, W.A.;
ICARA Study Group. Apathy and depressive symptoms in older people and incident myocardial infarction,
stroke, and mortality: A systematic review and meta-analysis of individual participant data. Clin. Epidemiol.
2018, 10, 363–379. [CrossRef]

19. Hajjar, I.; Quach, L.; Yang, F.; Chaves, P.H.; Newman, A.B.; Mukamal, K.; Longstreth, W., Jr.; Inzitari, M.;
Lipsitz, L.A. Hypertension, white matter hyperintensities, and concurrent impairments in mobility, cognition,
and mood: The Cardiovascular Health Study. Circulation 2011, 123, 858–865. [CrossRef]

20. Firbank, M.J.; Teodorczuk, A.; van der Flier, W.M.; Gouw, A.A.; Wallin, A.; Erkinjuntti, T.; Inzitari, D.;
Wahlund, L.O.; Pantoni, L.; Poggesi, A.; et al. Relationship between progression of brain white matter
changes and late-life depression: 3-year results from the LADIS study. Br. J. Psychiatry 2012, 201, 40–45.
[CrossRef]

21. Brookes, R.L.; Herbert, V.; Lawrence, A.J.; Morris, R.G.; Markus, H.S. Depression in small-vessel disease
relates to white matter ultrastructural damage, not disability. Neurology 2014, 83, 1417–1423. [CrossRef]

22. Van Sloten, T.T.; Sigurdsson, S.; van Buchem, M.A.; Phillips, C.L.; Jonsson, P.V.; Ding, J.; Schram, M.T.;
Harris, T.B.; Gudnason, V.; Launer, L.J. Cerebral Small Vessel Disease and Association With Higher Incidence
of Depressive Symptoms in a General Elderly Population: The AGES-Reykjavik Study. Am. J. Psychiatry
2015, 172, 570–578. [CrossRef] [PubMed]

23. Yao, H.; Takashima, Y.; Araki, Y.; Uchino, A.; Yuzuriha, T.; Hashimoto, M. Leisure-Time Physical Inactivity
Associated with Vascular Depression or Apathy in Community-Dwelling Elderly Subjects: The Sefuri Study.
J. Stroke Cerebrovasc. Dis. 2015, 24, 2625–2631. [CrossRef]

24. Lavretsky, H.; Zheng, L.; Weiner, M.W.; Mungas, D.; Reed, B.; Kramer, J.H.; Jagust, W.; Chui, H.; Mack, W.J.
The MRI brain correlates of depressed mood, anhedonia, apathy, and anergia in older adults with and without
cognitive impairment or dementia. Int. J. Geriatr. Psychiatry 2008, 23, 1040–1050. [CrossRef] [PubMed]

25. Grool, A.M.; Gerritsen, L.; Zuithoff, N.P.; Mali, W.P.; van der Graaf, Y.; Geerlings, M.I. Lacunar infarcts in
deep white matter are associated with higher and more fluctuating depressive symptoms during three years
follow-up. Biol. Psychiatry 2013, 73, 169–176. [CrossRef]

26. Taylor, W.D.; Aizenstein, H.J.; Alexopoulos, G.S. The vascular depression hypothesis: Mechanisms linking
vascular disease with depression. Mol. Psychiatry 2013, 18, 963–974. [CrossRef] [PubMed]

27. Rosenberg, G.A.; Bjerke, M.; Wallin, A. Multimodal markers of inflammation in the subcortical ischemic
vascular disease type of vascular cognitive impairment. Stroke 2014, 45, 1531–1538. [CrossRef] [PubMed]

28. De Reuck, J. The human periventricular arterial blood supply and the anatomy of cerebral infarctions.
Eur. Neurol. 1971, 5, 321–334. [CrossRef]

29. Furuta, A.; Ishii, N.; Nishihara, Y.; Horie, A. Medullary arteries in aging and dementia. Stroke 1991,
22, 442–446. [CrossRef]

30. Fisher, C.M. Binswanger’s encephalopathy: A review. J. Neurol. 1989, 236, 65–79. [CrossRef]
31. Yao, H.; Sadoshima, S.; Kuwabara, Y.; Ichiya, Y.; Fujishima, M. Cerebral blood flow and oxygen metabolism

in patients with vascular dementia of the Binswanger type. Stroke 1990, 21, 1694–1699. [CrossRef] [PubMed]
32. Yao, H.; Sadoshima, S.; Ibayashi, S.; Kuwabara, Y.; Ichiya, Y.; Fujishima, M. Leukoaraiosis and dementia in

hypertensive patients. Stroke 1992, 23, 1673–1677. [CrossRef] [PubMed]
33. Nezu, T.; Yokota, C.; Uehara, T.; Yamauchi, M.; Fukushima, K.; Toyoda, K.; Matsumoto, M.; Iida, H.;

Minematsu, K. Preserved acetazolamide reactivity in lacunar patients with severe white-matter lesions:
15O-labeled gas and H2O positron emission tomography studies. J. Cereb. Blood Flow Metab. 2012, 32, 844–850.
[CrossRef]

http://dx.doi.org/10.1016/j.bbi.2015.06.001
http://dx.doi.org/10.1038/s41598-018-30487-6
http://dx.doi.org/10.1017/S1041610214002683
http://dx.doi.org/10.2147/CLEP.S150915
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.978114
http://dx.doi.org/10.1192/bjp.bp.111.098897
http://dx.doi.org/10.1212/WNL.0000000000000882
http://dx.doi.org/10.1176/appi.ajp.2014.14050578
http://www.ncbi.nlm.nih.gov/pubmed/25734354
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.07.018
http://dx.doi.org/10.1002/gps.2030
http://www.ncbi.nlm.nih.gov/pubmed/18412291
http://dx.doi.org/10.1016/j.biopsych.2012.08.024
http://dx.doi.org/10.1038/mp.2013.20
http://www.ncbi.nlm.nih.gov/pubmed/23439482
http://dx.doi.org/10.1161/STROKEAHA.113.004534
http://www.ncbi.nlm.nih.gov/pubmed/24692476
http://dx.doi.org/10.1159/000114088
http://dx.doi.org/10.1161/01.STR.22.4.442
http://dx.doi.org/10.1007/BF00314400
http://dx.doi.org/10.1161/01.STR.21.12.1694
http://www.ncbi.nlm.nih.gov/pubmed/2264076
http://dx.doi.org/10.1161/01.STR.23.11.1673
http://www.ncbi.nlm.nih.gov/pubmed/1440720
http://dx.doi.org/10.1038/jcbfm.2011.190


Int. J. Mol. Sci. 2019, 20, 1905 11 of 12

34. Bernbaum, M.; Menon, B.K.; Fick, G.; Smith, E.E.; Goyal, M.; Frayne, R.; Coutts, S.B. Reduced blood flow in
normal white matter predicts development of leukoaraiosis. J. Cereb. Blood Flow Metab. 2015, 35, 1610–1615.
[CrossRef]

35. Yakushiji, Y.; Werring, D.J. Cerebrovascular disease: Lobar cerebral microbleeds signal early cognitive
impairment. Nat. Rev. Neurol. 2016, 12, 680–682. [CrossRef]

36. Ross, R. Atherosclerosis—An inflammatory disease. N. Engl. J. Med. 1999, 340, 115–126. [CrossRef] [PubMed]
37. Hansson, G.K. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 2005, 352, 1685–1695.

[CrossRef] [PubMed]
38. Wu, M.Y.; Li, C.J.; Hou, M.F.; Chu, P.Y. New Insights into the Role of Inflammation in the Pathogenesis of

Atherosclerosis. Int. J. Mol. Sci. 2017, 18, 2034. [CrossRef] [PubMed]
39. Ridker, P.M.; Wilson, P.W.; Grundy, S.M. Should C-reactive protein be added to metabolic syndrome and to

assessment of global cardiovascular risk? Circulation 2004, 109, 2818–2825. [CrossRef]
40. Devaraj, S.; Singh, U.; Jialal, I. Human C-reactive protein and the metabolic syndrome. Curr. Opin. Lipidol.

2009, 20, 182–189. [CrossRef]
41. Srikanthan, K.; Feyh, A.; Visweshwar, H.; Shapiro, J.I.; Sodhi, K. Systematic Review of Metabolic Syndrome

Biomarkers: A Panel for Early Detection, Management, and Risk Stratification in the West Virginian
Population. Int. J. Med. Sci. 2016, 13, 25–38. [CrossRef] [PubMed]

42. Rogero, M.M.; Calder, P.C. Obesity, Inflammation, Toll-Like Receptor 4 and Fatty Acids. Nutrients 2018,
10, 432. [CrossRef] [PubMed]

43. Bokura, H.; Yamaguchi, S.; Iijima, K.; Nagai, A.; Oguro, H. Metabolic syndrome is associated with silent
ischemic brain lesions. Stroke 2008, 39, 1607–1609. [CrossRef] [PubMed]

44. Dearborn, J.L.; Schneider, A.L.; Sharrett, A.R.; Mosley, T.H.; Bezerra, D.C.; Knopman, D.S.; Selvin, E.;
Jack, C.R.; Coker, L.H.; Alonso, A.; et al. Obesity, Insulin Resistance, and Incident Small Vessel Disease
on Magnetic Resonance Imaging: Atherosclerosis Risk in Communities Study. Stroke 2015, 46, 3131–3136.
[CrossRef] [PubMed]

45. Vermeer, S.E.; Den Heijer, T.; Koudstaal, P.J.; Oudkerk, M.; Hofman, A.; Breteler, M.M.; Rotterdam Scan Study.
Incidence and risk factors of silent brain infarcts in the population-based Rotterdam Scan Study. Stroke 2003,
34, 392–396. [CrossRef] [PubMed]

46. Ridker, P.M. From C-Reactive Protein to Interleukin-6 to Interleukin-1: Moving Upstream To Identify Novel
Targets for Atheroprotection. Circ. Res. 2016, 118, 145–156. [CrossRef] [PubMed]

47. Aday, A.W.; Ridker, P.M. Antiinflammatory Therapy in Clinical Care: The CANTOS Trial and Beyond.
Front. Cardiovasc. Med. 2018, 5, 62. [CrossRef]

48. Yao, H.; Fukuda, K.; Araki, Y.; Takashima, Y.; Uchino, A.; Yuzuriha, T.; Hashimoto, M. Parity As a Protective
Biomarker Against Silent Brain Infarction in Community-Dwelling Older Adults: The Sefuri Study. J. Stroke
Cerebrovasc. Dis. 2018. [CrossRef] [PubMed]

49. Doi, Y.; Ninomiya, T.; Hata, J.; Yonemoto, K.; Arima, H.; Kubo, M.; Tanizaki, Y.; Iwase, M.; Iida, M.; Kiyohara, Y.
Proposed criteria for metabolic syndrome in Japanese based on prospective evidence: The Hisayama study.
Stroke 2009, 40, 1187–1194. [CrossRef]

50. Yao, H.; Araki, Y.; Takashima, Y.; Uchino, A.; Yuzuriha, T.; Hashimoto, M. Chronic Kidney Disease and Subclinical
Brain Infarction Increase the Risk of Vascular Cognitive Impairment: The Sefuri Study. J. Stroke Cerebrovasc. Dis.
2017, 26, 420–424. [CrossRef] [PubMed]

51. Starkstein, S.E.; Mayberg, H.S.; Preziosi, T.J.; Andrezejewski, P.; Leiguarda, R.; Robinson, R.G. Reliability,
validity, and clinical correlates of apathy in Parkinson’s disease. J. Neuropsychiatry. Clin. Neurosci. 1992,
4, 134–139. [PubMed]

52. Yao, H.; Takashima, Y.; Mori, T.; Uchino, A.; Hashimoto, M.; Yuzuriha, T.; Miwa, Y.; Sasaguri, T. Hypertension
and white matter lesions are independently associated with apathetic behavior in healthy elderly subjects:
The Sefuri brain MRI study. Hypertens. Res. 2009, 32, 586–590. [CrossRef] [PubMed]

53. Hashimoto, M.; Araki, Y.; Takashima, Y.; Nogami, K.; Uchino, A.; Yuzuriha, T.; Yao, H. Physical inactivity
associated with vascular depression or apathy leads to hippocampal atrophy and memory dysfunction in
community-dwelling elderly subjects: The Sefuri study. Brain Behav. 2016, 7, e00620. [CrossRef]

54. Sasaki, M.; Hirai, T.; Taoka, T.; Higano, S.; Wakabayashi, C.; Matsusue, E.; Ida, M. Discriminating between
silent cerebral infarction and deep white matter hyperintensity using combinations of three types of magnetic
resonance images: A multicenter observer performance study. Neuroradiology 2008, 50, 753–758. [CrossRef]

http://dx.doi.org/10.1038/jcbfm.2015.92
http://dx.doi.org/10.1038/nrneurol.2016.179
http://dx.doi.org/10.1056/NEJM199901143400207
http://www.ncbi.nlm.nih.gov/pubmed/9887164
http://dx.doi.org/10.1056/NEJMra043430
http://www.ncbi.nlm.nih.gov/pubmed/15843671
http://dx.doi.org/10.3390/ijms18102034
http://www.ncbi.nlm.nih.gov/pubmed/28937652
http://dx.doi.org/10.1161/01.CIR.0000132467.45278.59
http://dx.doi.org/10.1097/MOL.0b013e32832ac03e
http://dx.doi.org/10.7150/ijms.13800
http://www.ncbi.nlm.nih.gov/pubmed/26816492
http://dx.doi.org/10.3390/nu10040432
http://www.ncbi.nlm.nih.gov/pubmed/29601492
http://dx.doi.org/10.1161/STROKEAHA.107.508630
http://www.ncbi.nlm.nih.gov/pubmed/18323475
http://dx.doi.org/10.1161/STROKEAHA.115.010060
http://www.ncbi.nlm.nih.gov/pubmed/26451022
http://dx.doi.org/10.1161/01.STR.0000052631.98405.15
http://www.ncbi.nlm.nih.gov/pubmed/12574548
http://dx.doi.org/10.1161/CIRCRESAHA.115.306656
http://www.ncbi.nlm.nih.gov/pubmed/26837745
http://dx.doi.org/10.3389/fcvm.2018.00062
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/30482484
http://dx.doi.org/10.1161/STROKEAHA.108.531319
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/28341210
http://www.ncbi.nlm.nih.gov/pubmed/1627973
http://dx.doi.org/10.1038/hr.2009.65
http://www.ncbi.nlm.nih.gov/pubmed/19424282
http://dx.doi.org/10.1002/brb3.620
http://dx.doi.org/10.1007/s00234-008-0406-6


Int. J. Mol. Sci. 2019, 20, 1905 12 of 12

55. Yakushiji, Y.; Charidimou, A.; Hara, M.; Noguchi, T.; Nishihara, M.; Eriguchi, M.; Nanri, Y.; Nishiyama, M.;
Werring, D.J.; Hara, H. Topography and associations of perivascular spaces in healthy adults: The Kashima
scan study. Neurology 2014, 83, 2116–2123. [CrossRef]

56. Fazekas, F.; Kleinert, R.; Offenbacher, H.; Schmidt, R.; Kleinert, G.; Payer, F.; Radner, H.; Lechner, H. Pathologic
correlates of incidental MRI white matter signal hyperintensities. Neurology 1993, 43, 1683–1689. [CrossRef]
[PubMed]

57. Haenlein, M.; Kaplan, A.M. A beginner’s guide to partial least squares analysis. Underst. Stat. 2004, 3, 283–297.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1212/WNL.0000000000001054
http://dx.doi.org/10.1212/WNL.43.9.1683
http://www.ncbi.nlm.nih.gov/pubmed/8414012
http://dx.doi.org/10.1207/s15328031us0304_4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Background Characteristics 
	Logistic Regression Analysis 
	Structural Equation Modeling 

	Discussion 
	Subjects and Methods 
	Participants and Protocol Approval 
	Clinical Assessments 
	Apathy Scale 
	High-Sensitivity CRP Measurements 
	Assessment of MRI Findings 
	Statistical Analysis 

	References

