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Abstract

Background A decline in cognitive function is associated with inflammatory processes. However, the association
between high-sensitivity C-reactive protein (hs-CRP) levels and cognitive decline in the Japanese population remains
inconclusive. Thus, this study aimed to determine whether hs-CRP is associated with low cognitive function in 70- and
80-year-old community-dwelling Japanese individuals.

Methods The participants in this cross-sectional study were 872 Japanese residents aged 70 and 80 years who
voluntarily participated in the Septuagenarians, Octogenarians, Nonagenarians Investigation with Centenarians
(SONIC) study between 2010 and 2011. Blood sample collection, cognitive assessment, and other measurements
were performed at the venue. Low cognitive function was defined as a score of 25 points or lower on the Japanese
version of the Montreal Cognitive Assessment. The odds ratio (OR) and 95% confidence interval (95% Cl) for each
hs-CRP quartile were calculated using logistic regression analysis.

Results A total of 288 (69.9%) parsons in the 70-year-old group and 372 (80.9%) in the 80-year-old group exhibited
low cognitive function. The association between hs-CRP levels and low cognitive function was significant among 70-
and 80-year-old Japanese community-dwelling adults. In particular, the fourth quartile of hs-CRP (0.727-7.420 mg/L)
in the 70-year-old group and the second and fourth quartiles (0.214-0.404 and 0.911-9.890 mg/L) in the 80-year-old
group were associated with low cognitive function. Furthermore, the third quartile (0.409-0.892 mg/L) in the 80-year-
old group was closely associated with low cognitive function.

Conclusions High hs-CRP levels were associated with lower cognitive function in 70- and 80-year-old Japanese
community-dwelling individuals, suggesting that high hs-CRP levels may influence cognitive function.
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Background

The incidence of dementia, one of the leading causes of
care dependence and disability in older adults, is rapidly
increasing worldwide [1]. The number of people living
with dementia worldwide was estimated to be 55.2 mil-
lion in 2019. This number is projected to increase to
78 million by 2030 and 139 million by 2050 [1]. In Japan,
one of the most aged countries worldwide, the num-
bers of people living with dementia were estimated to
be 4.6 million in 2012 and 7 million in 2025 [2]. Identi-
fying individuals at high risk of developing dementia is
crucial, as this condition has no cure [3]. Several risk fac-
tors for dementia were identified: aging [1], smoking [4],
excessive alcohol consumption [5], obesity [6], diabetes
[7], systolic hypertension [8], physical inactivity [9], and
chronic inflammation. Determining the risk factors in
persons aged 70 years and older is especially important as
the prevalence of this disease increases with age.

The development of dementia appears to be associated
with inflammatory processes. A meta-analysis demon-
strated that several surrogates of systemic inflammation,
such as C-reactive protein (CRP), interleukin-6 (IL-6),
and tumor necrosis factor (TNF), were associated with
Alzheimer’s disease [10]. Previous research found a nega-
tive correlation between serum CRP levels and cognitive
function in community-dwelling older Japanese people
[11]. However, serum CRP is a clinical marker of high
inflammation levels (>3.0 mg/L). Evidence suggests that
low-grade chronic inflammation is associated with cog-
nitive decline and disorders such as Alzheimer’s disease
[12, 13]. High-sensitivity CRP (hs-CRP) is useful for
identifying low-grade chronic inflammation that cannot
be detected using standard CRP testing. hs-CRP is asso-
ciated with cognitive decline in the general population of
England [12] and in Japanese Americans in Hawaii [13].
Therefore, we hypothesized that hs-CRP may serve as a
biomarker of cognitive decline in older Japanese people.

However, the association between hs-CRP level and
cognitive decline in the Japanese population remains
inconclusive. Watanabe et al. showed an association
between high hs-CRP levels (>1.0 mg/L) and cognitive
decline but failed to show an association between low hs-
CRP levels (<1.0 mg/L) and cognitive decline [14]. This
study has three limitations. First, the study population
comprised outpatients of a general hospital, not com-
munity residents. Second, the participants’ age ranged
from 29 to 91 years. Third, the criteria for selecting the
cognitive test changed during the period of participant
recruitment. Only those participants suspected of having
cognitive problems during the first and second periods
underwent the Mini-Mental State Examination. There-
fore, the association between hs-CRP levels and cognitive
decline in older Japanese community residents remains
unclear.
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This study aimed to determine whether hs-CRP is
associated with low cognitive function among 70- and
80-year-old Japanese community-dwelling people. A
cross-sectional analysis was performed using data from a
survey of community-dwelling older adults.

Methods

Study participants

This was a cross-sectional analysis of an epidemiological
study on older Japanese adults called the Septuagenar-
ians, Octogenarians, Nonagenarians Investigation with
Centenarians (SONIC) study [15]. It is a joint research
project involving researchers from various fields of
expertise at the Osaka University Graduate School of
Medicine, Human Sciences, and Dentistry; the National
Center of Gerontology and Geriatrics; and Keio Univer-
sity. The participants were randomly selected from the
basic resident registry by stratified sampling based on
age, and invitations were sent to those who voluntarily
participated in the survey. The 70-year-old group (aged
69-71 years) was invited to the venue for the survey in
2010 and the 80-year-old group (aged 79-81 years) in
2011. A narrow age-range cohort design was employed,
with each cohort comprising individuals within the
3-year age range. The study focused on assessing the indi-
vidual differences in the aging process and health out-
comes in each age group without age adjustment [15].

A total of 1,005 70- or 80-year-old adults who partici-
pated in the Kansai region (Hyogo Prefecture) SONIC
study between 2010 and 2011 were included in the pres-
ent study. We excluded 59 participants with a history
of dementia and/or stroke; 2 participants who did not
undergo a cognitive function test; 58 participants who
did not undergo a serum hs-CRP test; 11 participants
with a serum hs-CRP level of 210 mg/L; which is indica-
tive of acute inflammation [16]; and 3 participants with
missing covariate data. The final number of participants
in the analysis was 872, with 412 comprising the 70-year-
old group and 460 comprising the 80-year-old group
(Fig. 1).

The institutional review boards approved the SONIC
study of the Osaka University Graduate School of Medi-
cine, Dentistry, and Human Sciences and the Tokyo Met-
ropolitan Institute of Gerontology (approval numbers
266, H22-E9, 22018, and 38). All participants provided
written informed consent.

Data collection

High-sensitivity C-reactive protein

CRP is often used in clinical practice as an inflamma-
tory marker for understanding inflammatory responses.
hs-CRP measures low levels of CRP that cannot be
detected by conventional measurements. In other words,
hs-CRP is useful for identifying a low-grade chronic
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Participants (SONIC study in 2010 and 2011)
n= 1,005

133 participants excluded

History of dementia and/or stroke
n=159
Missing cognitive function test
> n=2

4

Missing serum hs-CRP test
n=>58
Serum hs-CRP >10 mg/L
n=11
Missing covariate data
n=3

Participants included in the present study
n=_872
(70-year-old group: n = 412; 80-year-old group: n = 460)

Fig. 1 Flowchart of the participant selection process

inflammation than that detectable using a standard CRP
testing. The hs-CRP level can be used to assess inflam-
mation due to atherosclerosis and predict cardiovascular
disease independent of the traditional risk assessments
such as the Framingham risk score [17, 18].

In this study, non-fasting blood sampling was per-
formed by a physician or nurse at the survey venue. The
total blood sample required for serum blood laboratory
tests was approximately 6 mL. The hs-CRP level was
determined using a latex nephelometry assay with an
automatic analyzer (Behring Nephelometer II (BNII);
Siemens Healthcare Diagnostics, Inc.). The intra- and
inter-assay coefficients of variation values were 1.1-4.0%
and 2.1-4.6%, respectively.

Other measurements and diagnostic criteria

Blood pressure measurements, blood sampling, and
carotid ultrasonography examinations were performed at
the venue. Carotid ultrasonography (GE Logiq Book X-P;
GE Healthcare, Tokyo, Japan) was performed by an expe-
rienced physician to measure the intima-media thickness
(IMT) of the left and right common carotid arteries as a
surrogate marker of atherosclerosis [19]. Two measure-
ments were taken on the left and right sides, and the
mean IMT was calculated [20]. The body mass index
(BMI) was calculated as weight/height? (kg/m?). A phy-
sician or nurse conducted individual interviews with the
participants regarding their smoking habits (never, past,
or current), alcohol intake (never, moderate, or exces-
sive), medical history, medications, and years of educa-
tion. Diabetes mellitus was defined as a casual plasma

glucose level of 2200 mg/dL, a hemoglobin Alc level of
26.5%, a self-reported diagnosis of diabetes, or the use of
antidiabetic agents based on the Japan Diabetes Society
criteria [21]. Dyslipidemia was defined as a low-density
lipoprotein cholesterol level of 2140 mg dL, a high-den-
sity lipoprotein cholesterol level of <40 mg dL, a triglyc-
eride level of 2150 mg dL, or the use of antidyslipidemic
medications according to the Japan Atherosclerosis
Society Guidelines [22]. The blood pressure was mea-
sured twice in each arm by a physician or nurse, and the
mean value from the two measurements was calculated.
Hypertension was defined as a systolic blood pressure of
2140 mmHg, a diastolic blood pressure of 290 mmHg,
or the use of antihypertensive medications according to
the hypertension management guidelines of the Japanese
Society of Hypertension [23].

Assessment of cognitive function

The Japanese version of the Montreal Cognitive Assess-
ment (MoCA-J) was used to assess cognitive function.
MoCA-] is a simple cognitive screening tool for detect-
ing mild cognitive impairment (MCI) [24, 25]. The cogni-
tive tasks included visuospatial ability, naming, attention,
language, abstraction, delayed recall, and orientation. A
self-administered questionnaire was used to ascertain
the number of years of education, with a maximum of
30 years. One point was added to the MoCA-]J score if
the number of years of education was less than 12 years.
The MoCA-]J score ranged from 0 to 30, with a sensitivity
of 80-100% and a specificity of 50—87%. A score of <25
points is considered indicative of MCI [24, 25]. In this
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study, low cognitive function was defined as a score of
<25 points.

Statistical analysis

The participants were classified into four groups accord-
ing to hs-CRP quartiles. The characteristics by hs-
CRP quartiles in the 70- and 80-year-old groups were
expressed as percentages for categorical variables or
meantstandard deviation for continuous variables. The
Spearman’s rank correlation test was used to determine
the trend of each item in the hs-CRP quartiles. The asso-
ciations between the prevalence of low cognitive function
(MoCA-J score<25) and quartiles of hs-CRP concentra-
tions were assessed by calculating the odds ratio (OR)
and 95% confidence intervals (95% Cls) using logistic
regression analysis. Subsequent analyses involved three
models: Model 1 adjusted for sex; Model 2 adjusted for
sex, education, and smoking; and Model 3 adjusted for
sex, education, smoking, hypertension, diabetes mellitus,
dyslipidemia, and mean IMT. These adjustments were
made as these variables were associated with the pro-
gression of dementia and hs-CRP level in previous stud-
ies [4, 6-8]. All statistical analyses were performed using
SPSS Statistics software (version 25.0; IBM Japan, Tokyo,
Japan). A p-value of <0.05 was considered significant.

Results

A total of 288 (69.9%) patients in the 70-year-old group
and 372 (80.9%) in the 80-year-old group exhibited low
cognitive function. The first, second, third, and fourth
quartiles were abbreviated as Q1, Q2, Q3, and Q4,
respectively, in ascending order of the hs-CRP level. The
hs-CRP distribution in this study was skewed (Additional
file 1).

Page 4 of 8

Table 1 shows the participants’ characteristics accord-
ing to the hs-CRP quartile in the 70-year-old group. The
hs-CRP (mg/L) ranges were 0.050-0.160 for Q1, 0.161—
0.364 for Q2, 0.365-0.720 for Q3, and 0.727-7.420 for
Q4. Univariate analysis showed significant trends in the
MoCA-] score, BMI, and dyslipidemia incidence toward
the quartiles of hs-CRP. Table 2 shows the characteristics
of the 80-year-old group across the hs-CRP quartiles. The
hs-CRP (mg/L) ranges were 0.050-0.212 for Q1, 0.214—
0.404 for Q2, 0.409-0.892 for Q3, and 0.911-9.890 for
Q4. Univariate analysis showed significant trends in BMI,
years of education, and dyslipidemia incidence across the
hs-CRP quartiles.

Table 3 presents the OR and 95% CI for low cognitive
function across the hs-CRP quartiles in the 70-year-old
group. The OR for Q4 was significantly higher than that
for Q1, and the trend across hs-CRP quartiles toward low
cognitive function was significant (p for trend=0.023)
after adjusting for sex, education, smoking, hypertension,
diabetes mellitus, dyslipidemia, and mean IMT. Table 4
shows the OR and 95% CI for low cognitive function
across the hs-CRP quartiles in the 80-year-old group.
The ORs for Q2 and Q4 were significantly higher than
those for Q1, while the OR for Q3 was marginally higher
than that for Q1. The trend across the hs-CRP quar-
tile toward low cognitive function was significant (p for
trend=0.038) after adjusting for sex, education, smoking,
hypertension, diabetes mellitus, dyslipidemia, and mean
IMT.

Discussion

This study examined the association between hs-CRP
levels and low cognitive function among 70- and 80-year-
old Japanese community-dwelling people. The results

Table 1 Participant characteristics by quartile of serum high-sensitivity CRP (70-year-old group)

Q1 Q2 Q3 Q4
(0.050-0.160 mg/L) (0.161-0.364 mg/L) (0.365-0.720 mg/L) (0.727-7.420 mg/L) p for trend
Number 103 103 103 103
MoCA-J score, mean (SD) 24.2(2.7) 24.0(34) 242 (3.1) 22.8(3.1) 0.003
Sex: male, n (%) 49 (47.6) 53(51.5) 40 (38.8) 53(51.5) 0.965
BMI (kg/m?), mean (SD) 220(3.1) 22.7(2.8) 226(26) 238(3.7) <0.001
Education (years), mean (SD) 124(2.7) 122(2.5) 11.6(2.1) 12.0 (2.5) 0.084
Smoking
Past, n (%) 30(29.1) 27 (26.2) 24(233) 36 (35.0) 0461
Current, n (%) 7 (6.8) 8 (7.8) 7 (6.8) 11(10.7)
Alcohol intake
Moderate, n (%) 33(320) 36 (35.0) 23(223) 30(29.1) 0.866
Excessive, n (%) 7 (6.8) 329 6 (5.8) 6 (5.8)
Hypertension, n (%) 61(59.2) 67 (65.0) 62 (60.2) 68 (66.0) 0618
Diabetes mellitus, n (%) 12(11.7) 15 (14.6) 8(7.8) 16 (15.5) 0.807
Dyslipidemia, n (%) 48 (46.6) 57 (55.3) 73(70.9) 63 (61.2) 0.006
mean IMT (mm), mean (SD) 0.8(0.1) 0.8(0.3) 0.8(0.2) 0.8(0.2) 0477

BMI=Body mass index, CRP=C-reactive protein, IMT=Intima-media thickness, MoCA-J=Japanese version of the Montreal Cognitive Assessment, Q=Quartile,

SD=Standard deviation
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Table 2 Participant characteristics by quartile of serum high-sensitivity CRP (80-year-old group)
Q1 Q2 Q3 Q4
(0.050-0.212 mg/L) (0.214-0.404 mg/L) (0.409-0.892 mg/L) (0.911-9.890 mg/L) p for trend
Number 115 115 115 115
MoCA-J score, mean (SD) 22.3(3.9) 22.2(36) 219(3.5) 216 (3.9) 0.120
Sex: male, n (%) 47 (40.9) 58 (504) 55 (47.8) 57 (49.6) 0.260
BMI (kg/mz), mean (SD) 214 (3.0) 223 (2.8) 23.0(29) 229(3.0) <0.001
Education (years), mean (SD) 10.9 (2.9) 11.3(3.1) 114 (3.0) 11.8(2.8) 0.006
Smoking
Past, n (%) 34 (29.6) 32 (27.8) 42 (36.5) 40 (34.8) 0352
Current, n (%) 4(3.5) 5(4.3) 3(2.6) 9(7.8)
Alcohol intake
Moderate, n (%) 35(304) 46 (40.0) 38(33.0) 41 (35.7) 0.995
Excessive, n (%) 2(1.7) 4(3.5) 2(1.7) 1(0.9)
Hypertension, n (%) 87 (75.7) 99 (86.1) 101 (87.8) 93 (80.9) 0430
Diabetes mellitus, n (%) 16 (13.9) 11 (9.6) 12 (104) 21(183) 0416
Dyslipidemia, n (%) 57 (49.6) 67 (58.3) 81(704) 74 (64.3) 0.005
mean IMT (mm), mean (SD) 0.9(0.2) 09(0.2) 09(0.2) 0.9(0.2) 0.175

BMI=Body mass index, CRP=C-reactive protein, IMT=Intima-media thickness, MoCA-J=Japanese version of the Montreal Cognitive Assessment, Q=Quartile,

SD=Standard deviation

Table 3 Association between high-sensitivity CRP and low cognitive function (70-year-old group)

Q1 Q2 Q3 Q4
(0.050-0.160 mg/L) (0.161-0.364 mg/L) (0.365-0.720 mg/L) (0.727-7.420 mg/L) p for trend
Number 103 103 103 103
MoCA-J score, mean (SD) 242 (2.7) 240 (34) 242 (3.1) 228 (3.1)
Low cognitive function, n (%) 66 (64.1) 71 (68.9) 66 (64.1) 85 (82.5)
Model 1°
OR (95% Cl) 1 (ref) 1.24 (0.69-2.21) 1.02 (0.57-1.80) 2.63(1.38-5.04) 0.013
p-value 0475 0.957 0.003
Model 2°
OR (95% CI) 1 (ref) 1.16 (0.64-2.10) 0.88 (0.49-1.58) 247 (1.28-4.78) 0.031
p-value 0.626 0.671 0.007
Model 3¢
OR (95% Cl) 1 (ref) 1.20 (0.65-2.19) 0.96 (0.53-1.76) 2.56 (1.30-5.02) 0.023
p-value 0.561 0.894 0.006

Notes: CRP=C-reactive protein, MoCA-J=Japanese version of the Montreal Cognitive Assessment, IMT=Intima-media thickness, OR=0dds ratio, CI=Confidence

interval, Q=Quartile, SD=Standard deviation

2Adjusted for sex; "Model 1+education and smoking; “Model 2+hypertension, diabetes mellitus, dyslipidemia, and mean IMT

showed that this association was significant in both
groups. In particular, the fourth quartile of hs-CRP
(0.727-7.420 mg/L) in the 70-year-old group and the
second and fourth quartiles (0.214-0.404 and 0.911-
9.890 mg/L) in the 80-year-old group were associated
with low cognitive function. Furthermore, the third quar-
tile (0.409-0.892 mg/L) in the 80-year-old group was
closely associated with low cognitive function.

Watanabe et al. identified an association between
the fourth quartile of hs-CRP (=1.09 mg/L) and cog-
nitive decline but did not find an association between
the second and third quartiles (0.223-0.471 and 0.471-
1.09 mg/L) and cognitive decline in Japanese outpatients
aged 29-91 years [14]. Another Japanese study showed
an association between hs-CRP and the risk of disabling

dementia in patients with a history of stroke, but failed to
show an association between hs-CRP and the risk of total
disabling dementia in community residents aged 40—69
years [26]. This study assessed dementia using informa-
tion from a national long-term care insurance program.
In age-, sex, and community-matched model, the second
to fourth quartiles of hs-CRP (0.17-0.41, 0.42-0.88, and
0.90-3.11 mg/L) was associated with risk of disabling
dementia among individuals with a history of stroke.
These findings suggest that both high hs-CRP levels
(>1.0 mg/L) and low hs-CRP levels (<1.0 mg/L) are sig-
nificant in assessing cognitive function in older Japanese
community residents, particularly those with subclinical
cerebrovascular changes.
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Table 4 Association between high-sensitivity CRP and low cognitive function (80-year-old group)
Q1 Q2 Q3 Q4
(0.050-0.212mg/L)  (0.214-0.404mg/L)  (0.409-0.892mg/L)  (0.911-9.890 mg/L)  p fortrend
Number 115 115 115 115
MoCA-J score, mean (SD) 22.3(3.9) 22.2(3.6) 219 (3.5) 216 (3.9)
Low cognitive function, n (%) 83(72.2) 97 (84.3) 95 (82.6) 97 (84.3)
Model 12
OR (95%Cl) 1 (ref) 2.09 (1.09-4.01) 1.84 (0.98-3.47) 2.09 (1.09-4.00) 0.034
p-value 0.026 0.058 0.026
Model 2°
OR (95%Cl) 1 (ref) 2.33(1.20-4.52) 1.96 (1.03-3.74) 2.54(1.29-5.00) 0.011
p-value 0.013 0.040 0.007
Model 3¢
OR (95%Cl) 1 (ref) 240(1.19-4.82) 1.83(0.93-3.60) 227 (1.14-4.55) 0.038
p-value 0.014 0.080 0.020

Notes: CRP=C-reactive protein, MoCA-J=Japanese version of the Montreal Cognitive Assessment, IMT=Intima-media thickness, OR=0dds ratio, CI=Confidence

interval, Q=Quartile, SD=Standard deviation

2Adjusted for sex, "Model 1+education and smoking, “Model 2+ hypertension, diabetes mellitus, dyslipidemia, and mean IMT

The CRP levels in Japanese individuals are lower than
those in individuals of other ethnicities. The median
CRP levels in Japanese individuals (0.5 mg/L) were lower
than those in African-American (3.2 mg/L), Hispanic
(2.3 mg/L), white (1.5 mg/L), and Chinese individuals
(0.7 mg/L) [27]. The Japanese study participants appeared
to be well-suited for assessing an hs-CRP level below
1.0 mg/L.

A 25-year follow-up study showed that the second to
fourth quartiles of hs-CRP (0.34-0.56, 0.57-1.00, and
>1.00 mg/L) were associated with dementia risk in Jap-
anese-American male residents [13]. Long-term systemic
inflammation appears to be associated with the develop-
ment of dementia.

The association between CRP level and dementia varies
across dementia subtypes. Previous studies have shown
that CRP concentration is associated with vascular
dementia risk but not with Alzheimer’s disease risk [28,
29]. Data on the dementia subtypes were not collected
in this study. Dyslipidemia and BMI correlated with hs-
CRP levels (Tables 1 and 2). Vascular dementia related
to atherosclerosis was associated with both dyslipidemia
and a higher BMI [30, 31], which were considered impor-
tant risk factors for low cognitive function in the present
study.

Years of education were correlated with hs-CRP levels
in the 80-year-old group (Table 2). Lower years of educa-
tion were associated with lower cognitive function [32].
In the present study, longer years of education were asso-
ciated with the highest hs-CRP levels. Although the exact
reason remains unclear, survivor bias may explain why
thr participants with the highest hs-CRP levels had more
years of education. To account for this confounding vari-
able, Models 2 and 3 were adjusted for years of education.

Inflammation is a biological “response to injury” It is
the response of cells and related substances in the body

to external invasion, such as infection or traumatic
stress, to protect the body from attack [33]. Although
this study did not elucidate the specific pathophysiology
of chronic inflammation, elevated blood cytokine levels
due to chronic systemic inflammation caused by vari-
ous factors can stimulate receptors in cerebral vascular
cells, promote the opening of the tight junctions of the
blood-brain barrier, and stimulate medullary reticular
formation and the hypothalamus via the vagus nerve [34,
35]. This mechanism promotes excessive activation of
microglia and astrocytes in the brain and causes neuronal
degeneration and dementia [34].

The strength of the SONIC study was its narrow age
range. Although aging is a major risk factor for cogni-
tive decline, the present study examined the association
between hs-CRP levels and MoCA-]J scores in different
age groups. This study involved a multidisciplinary team
(physicians, nurses, nutritionists, dentists, and psycholo-
gists) and collected reliable data that included a wide
range of confounding factors.

This study has several limitations. Owing to the cross-
sectional and observational nature of this study, a causal
relationship between hs-CRP levels and low cognitive
function could not be established. Therefore, the rela-
tionship between hs-CRP levels and low cognitive func-
tion must be investigated in a prospective study. Further
studies are needed to determine whether inflammatory
markers are associated with the onset and progression
of dementia in the Japanese population. Older adults
who voluntarily participated in this study appeared to
be healthier than those who did not. A previous study
showed that the apolipoprotein E4 allele alters the asso-
ciation between CRP and dementia [36]; however, these
data were not obtained.
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Conclusions

This study found that high hs-CRP levels were associated
with low cognitive function in both 70- and 80-year-old
community-dwelling Japanese individuals.

Abbreviations

Hs-CRP High-sensitivity C-reactive protein

OR Odds ratio

cl Confidence interval

CRP C-reactive protein

SONICstudy  Septuagenarians, Octogenarians, Nonagenarians
Investigation with Centenarians study

IMT Intima-media thickness

BMI Body mass index

MClI Mild cognitive impairment

MoCA-J Japanese version of the Montreal Cognitive Assessment

Q Quartile
SD Standard deviation
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