Proof Correction Marks

Please correct and return your proofs using the proof correction marks below. For a more
detailed look at using these marks please reference the most recent edition of The Chicago
Manual of Style and visit them on the Web at: http://www.chicagomanualofstyle.org/home.

html

Instruction to typesetter

Textual mark

Marginal mark

Leave unchanged

Insert in text the matter
indicated in the margin

Delete

Substitute character or
substitute part of one or
more word(s)

Change to italics

Change to capitals

Change to small capitals

Change to bold type

Change to bold italic

Change to lower case
Insert superscript

Insert subscript

Insert full stop

Insert comma

Insert single quotation marks
Insert double quotation marks
Insert hyphen

Start new paragraph
Transpose

Close up

Insert or substitute space

between characters or words

Reduce space between
characters or words

-+ « under matter to remain
A

j’Lhrough single character, rule or underline

or
¥ through all characters to be deleted

A through letter or
+—— through characters

— under matter to be changed
== under matter 10 be changed
== under matter to be changed
~~ under matter 10 be changed
== under matter to be changed

¥

v

a1 @« 0
P

LI
linking” characters
~—

#

-
-

A followed by new
matter

ar

new character A or
new characters .(

@
@
D
®
(4
@

Vv under character
e.g. Vv

» over character
g 4

(o]

o

$ 3

+()5°" 2
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1. Introduction

ABSTRACT

Background ond purpose: The relationship between alcohol consumption and subclinical findings on
magnetic resonance imaging (MRI) remains uncertain. We examined the relationship between light to
moderate alcohol intake and silent brain infarction (5BI), white matter lesions (WMLs), and cerebral atrophy.
Methods: Crantal MRI was performed on subjects 240 years residing in a rural community in Japan (n=385; mean
age, 67.2). Alcohol intake and type was determined using a detailed questionnaire; subjects were categorized into
three groups: non-drinkers, light drinkers (<7 drinks per week), and moderate drinkers (27 drinks per week).
Farmer drinkers were considered non-drinkers. Periventricular WMLs, deep WMLs and cerebral atrophy were
measured quantitatively using a computer-assisted processing system (XPVWML 2DWML, and %Brain,
respectively).
Results: Compared with non-drinkers, the prevalence odds ratios for SBI were significantly higher in light and
moderate drinkers, after multivariate adjustment. After adjusting for age, sex, and other related factors, the
geometric mean XPVWML volumes in light and moderate drinkers were 1.27% and 1.52% respectively,
significantly larger than those for non-drinkers (0.85%) The geometric mean XDWML volume in light drinkers
was 0.10%, which was larger than the value for non-drinkers (0.06X); the value for moderate drinkers (0.13%) was
significantly larger than that for non-drinkers. The geomertric mean %Brain values for non-, light, and moderate
drinkers were 92.1, 91.9 and 90.8%, respectively; a statistically significant difference was found between non-
drinkers and moderate drinkers.
Conclusions: The present study indicates that regular drinking. including even low levels of consumption, may be a
risk factor for subclinical findings detecred on MRI in community-dwelling Japanese people.

© 2008 Elsevier B.V. All rights reserved.

is uncertain. In addition, the effect of alcohol on stroke is proposed to
vary with race. Camargo reviewed 62 epidemiological studies and found

Alcohol intake has been proposed as a factor that increases the risk of
hemorrhagic stroke in a dose-dependent manner | 1,2). In contrast, a |- or
U-shaped association between light to moderate alcohol consumption
and the risk of ischemic stroke has been found in several epidemiologic
studies| 1-5|. A meta-analysis of 35 observational studies revealed that
heavy alcohol consumption increases the relative risk of stroke, whereas
light or moderate alcohol consumption protects against ischemic stroke
[2]: however. some reports demonstrate positive or no association of
low to light to moderate alcohol consumption and ischemic stroke |6-8],
and the influence of light to moderate alcohol intake on ischemic stroke
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that a J-shaped association has been found in predominantly white
populations, while little association has been found among Japanese
subjects [1].

Subclinical findings of the brain, such as silent brain infarction (SBI),
white matter lesions (WMLs), and brain atrophy, can be visualized
using magnetic resonance imaging (MRI). These findings are com-
monly seen in healthy elderly people and draw attention as an im-
portant prodromal stage or a risk for progression into symptomatic
stroke and dementia [9-11). We also have previously reported that
cognitive impairment in non-demented elderly subjects was related to
the presence of SBI, WMLs, and brain atrophy [12,13]. Therefore, to
evaluate the effects of alcohol intake on the brain it is useful to inves-
tigate the relationship between alcohol intake and subclinical findings
detected on MRL, yet few studies have examined these relationships.
The Cardiovascular Health Study (CHS) found that among older adults,
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low to moderate alcohol consumption is associated with a lower pre-
valence of infarcts and WMLs, compared to non-drinkers and former
drinkers, but with a dose-dependent higher prevalence of brain atrophy
| 14}. In contrast, The Atherosclerosis Risk in Communities (ARIC) study
showed that alcohol intake was neither a risk factor for nor protective
against MRI infarction and WMLs in middle-aged aduits [ 15].

In the present study, we examined how drinking habits are related
to SBI, WMLs, and brain atrophy in community-dwelling Japanese
people, based mainly on a quantitative measurement method
described previously [12].

2. Materials and methods

We examined volunteers 240 years of age (n=385; 149 men and
236 women; mean age, 67.2 [SD 11.8] years) living in the rural
community of Sefuri village, Saga, apan from August 1998 to
November 2001 (the total population of the village was 1938 as of
November 1999), Clinical information was gathered by means of a
personal interview, and all subjects had no past history of stroke or
transient ischemic attack (TIA). Each subject underwent standardized
evaluations, including physical and neurological examinations. elec-
trocardiogram (ECG), and a complete blood chemistry panel. Our
study was approved by an institutional review committee and each
subject gave informed consent. The study protocol was in accordance
with institutional guidelines.

Blood pressure was measured in the sitting position by the standard
cuff method after 5 min rest. Arterial hypertension was considered
present if a subject had a history of repeated high blood pressure
recordings of 2160/95 mmHg or was being treated for hypertension
for the purpose of measuring the long-term effects of moderate
hypertension. Left ventricular hypertrophy (Minnesota Code 3-3-2),
ST depression (4-1), or atrial fibrillation (8-3-2) was registered on 12-
lead ECG recordings. Diabetes mellitus was defined as fasting plasma
glucose greater than 7.77 mmol/l or a previous diagnosis of diabetes
mellitus. Hyperlipidemia was defined as total serum cholesterol con-
centration >5.69 mmol/l or if the subject was being treated for hyper-
lipidernia at the time of examination.

We obtained information about typical alcohol intake and type of
alcohol consumed from a detailed questionnaire. Weekly alcohol
consumption was calculated by combining the amount of ethanol per
day and frequency per week. We defined a drink as 10 g of ethanal,
calculated as follows: 350 ml beer as 1.4 drinks, 180 ml sake (rice wine)
as 2.2 drinks, 180 ml shochu (white spirits) as 3.6 drinks, 60 ml
whiskey as 2.0 drinks, and 120 ml wine as 1.2 drinks. We categorized
participants into three groups: non-drinkers who drank less than
once a month, light drinkers (<7 drinks per week), and moderate
drinkers (27 drinks per week). About half of the moderate drinkers
(n=58) consumed 2 14 drinks per week. Former drinkers were consi-
dered non-drinkers in the present study.

MR! was performed on a 1.0 T superconducting magnet (MAGNEX
alpha, Shimadzu, Kyoto, Japan) using the spin echo technique and
fluid attenuated inversion recovery (FLAIR) sequences. Transverse
Ti-weighted (TR/TE 380/14 ms), T2-weighted (TR/TE 3750/110 ms),
and FLAIR (TR/TI/TE 5800/1700/110 ms) images were obtained with a
slice thickness of 6 mm separated by a 1-mm interscan gap. All scans
were reviewed by two independent investigators who were blinded
to all clinical data. The MRI data were modified from 256 <256 pixels
to 512x512 pixels and then transferred to a Macintosh computer.
The area of WMLs and the brain volume were measured quantitatively
using a computer-assisted processing system (NIH Image version 1.63).
as described previously [12]. WMLs were defined as areas of
high signal intensity on T2-weighted images that were isointense
with normal brain parenchyma on T1-weighted images, WMLs that
connected to the lateral ventricle were labeled as periventricular
WMLs (PVWMLs), otherwise as deep WMLs (DWMLs). All measure-
ments were performed using FLAIR images obtained at the level two

slices above the pineal body. The area of PVWMLs and DWMLs was
measured quantitatively using a semi-automatic method that counted
the number of pixels with a given intensity. To correct for individual
differences in head size, WMLs measurements were calculated as a
percentage of the rotal intracranial volume. These findings were
defined as EPVWMLs and XDWMLs,

The area of the cerebral parenchyma was quantified using T2-weighted
images and was divided by the area inside the skull to calculate the ¥Brain
value, which was used as an index of cerebral atrophy. ¥Brain was
measured in four slices: at the level of the pineal body, at one slice and
two slices above the pineal body. and at one slice below. The mean of
these four values of ¥Brain was calculated. Diagnoses of SBl were made
using the following qualitative criteria: (1) lesions with an abnormal
signal in vascular distribution and no mass effects. and lesions 3 mm in
size or larger defined as areas of low signal intensity on the T1-weighted
images and high signal intensity on the T2-weighted images; and (2) a
lack of neurological signs and/or symptoms that could be explained by
MRI lesions. A diagnosis of SBI was made only when both researchers
were in agreement.

Statistical analysis was carried out using the SPSS software package
(SPSS Advanced Statistics TM version 6.1, SPSS Inc, Chicago, IL, USA).
The distributions of ¥PYWMLs, ¥DWMLs, and %Brain approximated
normal distributions only after logarithmic transformation. Therefore,
the logarithmic transformations were performed before analysis using
the following calculation method: log{#PVWMLs), log(¥DWMLs+0.1),
log( 100~ %Brain), and geometric means were reported as the mean of
the volume and 95% confidence interval (95% CI) [16]. Univariate
analysis was performed with ANOVA for continuous variables and the
«? test for categorical variables, Forward stepwise logistic regression
models were used to estimate the odds ratio (OR) of 5B for the alcohol
intake categories, and stepwise multiple regression analyses were
used to identify any variables associated with $PVWMLs, ¥DWMLs,
and %Brain. We chose age, sex. body mass index, hypertension,
diabetes mellitus, hyperlipidemia, history of coronary heart disease,
abnormal ECG, current smoking, packed cell volume, and albumin as
candidates for entry into both forward stepwise logistic regression
analyses and stepwise multiple regression analyses. In addition, the
three alcohol-intake categories were treated as two dummy-coded
variables that represented light and moderate drinkers with non-
drinkers as the referent group in multivariate analysis. The adjusted
means (95% Cl) of $PYWMLs, XDWMLs, and %Brain were continuously
compared among the three alcohol-intake categories using ANCOVA.
Variables adjusted in ANCOVA were those considered statistically
significant in stepwise multiple regression analyses.

3. Results

Of the 385 subjects free of stroke or transient ischemic stroke, SBIs
were seen in 43 subjects (11.2%), with a mean number of 1.5 infarcts; 41
of 43 subjects (95.3%) had lacunes (<15 mm). The geometric means of
the XPVWML and ¥DWML volumes were 118% and 0.08%, respectively.
The geometric mean volume of %Brain was 91.7%. Table 1 shows the
clinical characteristics of the study subjects according to alcohol con-
sumption. Univariate analysis demonstrated that age and sex ratios were
significantly different among the three groups, as were hypertension,
history of coronary heart disease, current smoking, systolic blood
pressure, diastolic blood pressure, packed cell volume, total cholesterol,
and HDL cholesterol.

To explore the reliability of the assigned drinking category, we
examined mean HDL cholesterol levels according to alcohol-intake
category, in accordance with the known relationship between alcohol
consumption and HDL levels, After adjusting for age and sex, the mean
values of HDL cholesterol in light and moderate drinkers were
1.60 mmol/l (95%C1 1.52-1.68) and 1.63 mmol/l (95%C] 1.54-1.72),
respectively, which were significantly higher than the value for non-
drinkers (1.44 mmol/l, 95%Cl 1.38-1.50),
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Table 1
Mean values or frequencies of characteristics of the study subjects according to aicohol-
intake category

Non- Light Moderate
drinkers drinkers drinkers P
(n=176) (m=100) (m=109)
Age, years B630:94 59197 61.7£102 0.0078
Male sex. £ 125 290 895 <0.0001
Body mass index, kg/m® 231234 27430 235132 01887
Hypertension, X 250 140 349 00023
[habetes mellitus, T 23 60 83 0.0651
Hyperipidernia, £ 182 no ns 0.1751
History of coronary heart 5.1 10 92 00290
disease, %
Abnormal ECG*. % 68 60 138 00713
Current smoking, % 57 13 351 <0.0001
Systolic blood pressure. 1374231 1286£227 13802212 0.0026
mmiig
Diastolic blood pressure,  778£10.2 772199 826295 <0.0001
mmHg
Fasting blood ghucose, 522:141 5452148 5541135 01569
mmelfi
Packed cell volume 393240 4062316 434245 <0.0001
Total cholesterol, mmol/l 5202084 497:083 4912088 0.0089
HDL cholesterol, mmol/l  1.48+035 1612035 1552046 00239
Albumin. g/l 44102 43:02 43203 0.7033

ECG indicates electrocardiogram. Values are mean £50 or percentage of subjects.
* Left ventricular hypertrophy, ischemic change, or atrial fibrillation.

Table 2 shows that compared with non-drinkers, the OR of SBI was
4.1 (95%C1 1.7-10.0, p=0.002) in light drinkers and 3.1 (95%C1 1.3-7.0,
p=0.008) in moderate drinkers, after adjusting for age and hyperten-
sion selected by forward stepwise logistic regression analysis.

Stepwise multiple regression analyses revealed that light drinking,
moderate drinking, age, sex, hypertension, and abnormal ECG were
significantly related to ¥PYWMLs; furthermore, the same variables
were related to ¥DWMLs. Moderate drinking, age, sex, and abnormal
ECG were significantly related to %Brain.

The geometric mean ¥PVWML volumes for light and moderate
drinkers were 1.27% (95%CI 1.13-1.43) and 1.52% (95%C 1.32-175),
respectively, which were significantly larger than the 0.95% (95%Cl
0.86-1.04) value in non-drinkers after adjustment for age, sex,
hypertension, and abnormal ECG (Fig. 1), The geometric mean
EDWML volume in moderate drinkers was 0.13% (95%Cl 0.09-0.18),
which was significantly larger than the value of 0.06% (95%Cl 0.04-
0.08) in non-drinkers after adjustment for age, sex, hypertension, and
abnormal ECG; the value of 0.10% (95%C1 0,07-0.13) in light drinkers
was larger than that in non-drinkers, although the difference was not
statistically significant (p=0.10). indicating that the effect of light
alcohol intake on DWMLs is less than that on PYWMLs (Fig. 2).

No difference was found between the geometric mean %Brain
volume in light drinkers (91.9%; 95%Cl 91.4-92.4) and that in non-
drinkers (92.1%: 95%C191,7-92.6); the value 0f 90.8% (95%C1 90.1-91.5)
in moderate drinkers was significantly smaller than that in non-
drinkers after adjustment for age, sex, and abnormal ECG (Fig. 3).

Table 2
Relative risk of silent brain infarction according to alcohol-intake category
Odds Ratio 95% Confidence Interval
Non-drinkers (n=176) 10 -
Light drinkers {n = 100) 41 17-100
Moderate drinkers (n=109) 11 L3-70

Model was adjusted for age and hypertension selected by lorward stepwise logistic
regression analysis

(%) 18

Moderate
Drinkers

Lignt

MNon-Drinkars Dilcivers

Fig. 1. SPYWML (periventricular white matter lesion) volumes according to alcohol-
intake category. The graph shows geometric mean values in SPVWML and 953C1,
X PYWML was adjusted for age, sex, hypertension, and abnormal ECG. *P<0.05 versus
non-drinkers.

Excluding those who consumed =14 drinks per week from the
maoderate drinkers did not significantly change the results.

4. Discussion

Among community-dwelling elderly subjects, light to moderate
alcohol intake increased the risk of SBI and WMLs, while moderate
drinking was associated with brain atrophy.

Two previous studies have investigated the effects of light to
moderate alcohol intake on subclinical MRI findings [ 14,15). The CHS
found that light to moderate alcohol consumption in older adults aged
265 years was inversely associated with the presence of MRl infarction
and WMLs [14]:; however, the ARIC study found that alcohol intake
was not associated with MRI infarction or WMLs in middle-aged
adults [15]. The differing results of these two studies in the USA may
reflect the different ages of the subjects. The mean age of the subjects
in the present study (67.2 years) s intermediate between those of
these prior studies. One possible explanation for the lack of a
beneficial effect of light to moderate drinking in the present study
may be that the subjects in the present study are approximately ten
years younger than those in the CHS.

In the present study, light to moderate alcohol intake increased the
risk of SBl and WMLs in older adults. Discrepancies between the

(%) 0.20 .

0.16
0.12
0.08

1

0.04 4 I
0

Non-Drinkars ’E‘-":::tm m

Fig. 2. TDWML (deep white matter lesion) volumes according to alcohol-intake
category. Graph shows geometric mean values in SDWML and 95%C1. XDWML was
adjusted for age. sex. hypertension. and abnormal ECC. *P<0.05 versus non-drinkers.
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Fig. 3. %Brain volume according to alcohol-intake category. Graph shows geometric
mean values in %Brain and 95%C1. %Brain was adjusted for age. sex, and abnormal ECG.
*P<0.05 versus non-drinkers.

results of our study and those of the CHS may be partly explained by
racial differences. The Japanese are a lighter-weight population
compared with Western populations. For a similar alcohol dose, a
higher blood alcohol level is expected in a low-weight population
compared to a heavy-weight population. In addition, approximately
50% of the Japanese population is affected by a genetic deficiency in
aldehyde dehydrogenase (ALDH) isozyme 2, which rapidly metabo-
lizes acetaldehyde, the major oxidized product of alcohol; this defect
is not present in the majority of Western populations | 17]. It is possible
that these factors cause the Japanese to be more susceptible to alcohol
than Western populations. Camargo explained the relation between
moderate drinking and ischemic stroke in terms of race: a J-shaped
association has been found in predominantly Caucasian populations,
while little association has been found among japanese [1]. Further-
more, Camargo speculated that the racial difference in alcohol effects
might be due to a more protective effect on the proximal segment of
the cerebrovascular tree. The Japanese population has a higher
incidence of intracranial small artery atherosclerosis than Caucasian
populations, which have shown an inverse relation of moderarte
alcohol intake with atherosclerosis of the large arteries, but not with
arteriosclerosis of the small intracerebral arteries [18].

The CHS and ARIC study showed that alcohol intake contributed to
brain atrophy in a dose-response fashion [14,15). The present study
found that moderate drinking was associated with brain atrophy, but
that light alcohol intake did not affect brain volume. Compared with
the results of the CHS and ARIC study, the result of brain atrophy with
light alcohol intake contradicts the findings for SBI and WMLs in the
present study, The reason [or this contradiction is not clear, but it is
possible that our brain-atrophy measurement method may have had
an influence on the result. In calculating the degree of brain atrophy,
we quantified the entire area of the cerebral parenchyma and divided
this by the corresponding areas inside the skull. Given that alcohol-
related brain damage is known to affect the frontal lobes [19-21],
our methods might be insufficient in evaluating focal cerebral atrophy.

We used a quantitative MRI method to investigate WMLs and brain
atrophy, whereas the CHS and ARIC study semiquantitatively assessed
abnormalities on MRI images | 14.15]. We have previously shown the
guantitative MRl method to be a useful tool in quantifying MRI
abnormalities [12], and we employed this method because quantita-
tive data enables us to undertake evaluations objectively. In addition,
we assessed PVWMLs and DWMLs separately. Although light to mode-
rate alcohol intake appeared to influence WML, it had a pronounced
effect upon PYWMLs. PVWMLs and DWMLs are reported to differ in
terms of their pattern of vasculanzation. As the vascular supply to
PVWMLs is infenor w that of DWMLs under physiological circum-
stances, PVWMLs is especially vulnerable 1o a decrease in cerebral blood

flow (CBF) [22.23]. Given that alcohol is reported to lead to reduced CBF
|24-26], this reduced CBF may lead to a stronger relationship between
alcohol intake and PYWMLs than that with DWMLs.

The mechanisms that underlie the association between alcohol
intake and abnormalities on MRI images remain unclear. It is primarily
thought that hypertension contributes to these abnormalities. Ohmori
et al. demonstrated that alcohol intake, even light drinking, is a
predictor of future hypertension among the Japanese population [27.
and hypertension is reported to be related to SBI, WMLs. and brain
atrophy [23,28-31]; however, as associations between alcohol intake
and MRI findings were recognized after adjustment for hypertension,
we should consider other mechanisms such as alcohol-induced
cardiomyopathy and reductions in CBF [25). Interestingly. plasma
homocysteine levels were found to nise with moderate alcohol
consumption in social drinkers [32]. We and others have reported
the relationship between homocysteine levels and 58! [33.34], and
some studies have demonstrated that homocysteine levels are
associated with WMLs and brain atrophy, independent of other
cerebrovascular risk factors [34-36).

The present study has some potential limitations. First, the validity
of self-reported alcohol consumption has been debated [37]. However,
the HDL cholesterol levels adjusted for age and sex among the three
alcohol-intake groups in the present study may support the validity of
the assigned drinking category. Second, in the present study, ex-drinkers
were not excluded from the non-drinking group. Ex-drinkers may have
ceased alcohol consumption because of health problems, and they are
at increased risk of cerebrovascular disease |2,7.8]. Therefore, we may
have overestimated the risk of abnormal MRI findings in non-drinkers,
and as a result underestimated the risks of light to moderate alcohol
intake. Namely, in contrast to studies showing reduced risk from light to
moderate drinking, including ex-drinkers in the present study strength-
ens the conclusion that light 1o moderate drinking does not confer
protection. Finally, the number of female participants in this study was
greater than that of male participants. As some reports suggest that
alcohol intake is detrimental to women at lower levels of consumption
than for men |38, it is possible that the sex difference in the number of
participants influenced the results.

In conclusion, the results of the present study suggest that regular
drinking, including even low levels of consumption, is a risk factor for
subclinical findings detected on MRI in community-dwelling Japanese
people.
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Cognitive Consequences of Multiple Lacunes and Leukoaraiosis
as Vascular Cognitive Impairment in Community-Dwelling
Elderly Individuals

Hiroshi Koga, MD, PhD,* Yuki Takashima, Mp, PD,* Ryo Murakawa, Mp, PhD,”
Akira Uchino, Mp, pho,T Takefumi Yuzuriha, Mp, phd,* and Hiroshi Yao, Mp, phD*

The aim of our study was to investigate the effects of silent brain lesions on cognitive
function of community-dwelling elderly individuals. Brain magnetic resonance im-
aging and other medical examinations were performed on 350 nondemented elderly
individuals (121 male and 229 female, average age 72.4 years) who resided in the ru-
ral community of Sefuri Village, Saga, Japan. The mini mental state examination and
modified Stroop test (MST) were used to identify cognitive impairment. White mat-
ter lesions (WMLs) and cerebral atrophy on magnetic resonance imaging were mea-
sured quantitatively. Multivariate analyses were done using a logistic regression
model with a software package. Cognitive impairment defined by mini mental state
examination score less than 24 was present in 55 individuals (15.7%). They had
a lower educational level, significantly larger quantity of WMLs, and more remark-
able cerebral atrophy. Frontal lobe dysfunction was detected in 52 individuals
(14.9%) through prolonged MST score (=36 seconds). Impaired frontal lobe function
was related to number of silent lacunar infarcts, larger WMLs, and more prominent
cerebral atrophy. MST score in individuals with two or more infarcts was signifi-
cantly more prolonged compared with MST score in those without infarction. These
results suggest that WMLs may cause rather diffuse cognitive decline, whereas mul-
tiple lacunar infarcts are specifically involved in frontal lobe dysfunction. Silent is-
chemic lesions in apparently healthy elderly individuals seem to form a distinctive
group of people with vascular cognitive impairment without dementia. This group
should be the primary target of prevention of vascular dementia. Key Words:
Asymptomatic stroke—lacunar infarction—white matter lesions—vascular
dementia—neuropsychology—magnetic resonance imaging.
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An increase in dementia is inevitable in an aging soci-
ety, and the frequency of dementia in those older than
60 years has been doubling every 5 years, estimated to
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be present in a third of the population of 85-year-olds.'?
Although the main cause of dementia in the very old is
Alzheimer’s disease,'” vascular dementia is apparently
more preventable than Alzheimer's disease. However,
not only has the diagnostic criteria for vascular dementia
been equivocal, but the whole concept of the disease itself
has remained under debate. Requirement of severe cogni-
tive impairment or dementia prevents identification of
early or treatable cases, and the emphasis on dementia
distracts focus from prevention and treatment. Hence,
Hachinski and Bowler' proposed that the term “vascular
dementia” should be replaced with “vascular cognitive
impairment” (VCI), which encompasses all cases of cog-
nitive impairment of cerebrovascular origin without
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a requirement for dementia. A further important point is
that a preclinical phase may exist in VCI that differs from
that In Alzheimer’s disease,s which does not include neu-
roimaging data.

Neuropsychological profile in patients with stroke and
transient ischemic attack has been characterized by distur-
bance of frontal lobe functions,” but this study did not
include patients with VCI from other settings (e.g., nonde-
mented community-dwelling individuals). In the Cana-
dian Study of Health and Aging, a prospective cohort
study of community- and institutional-dwelling persons,
VCI without dementia (VCIND) was the most prevalent
form of VCI (2.6% of those aged = 65 years).” Although
VCl is apparently not a single condition, its primary types
of brain lesions are silent infarction, ischemic white matter
lesions (WMLs), or both." There is a generally accepted
agreement that the most universally recognized lesions
on magnetic resonance imaging (MRI) in healthy elderly
people are WMLs or leukoaraiosis and silent infarction.
Moreover, recently there has been a re-emphasis on the im-
pact of brain atrophy on cognitive function in the general
public.” Therefore, in the current study, we examined the
effects of silent stroke, WMLs, and brain atrophy on cogni-
tive function in community-dwelling people.

Methods

Between June 1997 and October 2001, we examined 350
elderly volunteers aged = 60 years, living in the rural
community of Sefuri Village, Saga, Japan. All volunteers
were living independently at home without apparent de-
mentia based on the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition.'" Anyone with chronic
intracranial illness including symptomatic cerebrovascu-
lar disease, psychiatric disorders including depression,
or a history of head trauma were excluded. No partici-
pants showed apparent dysarthria or aphasia. This study
was approved by the local ethics committee, and written
informed consent was obtained from all participants.

Participants underwent a structured clinical interview re-
garding their history of cardiovascular disease, hypertension,
diabetes mellitus, and hyperlipidemia, and their smoking
habits and alcohol consumption. In addition to height,
weight, blood pressure measurements, and a neurologic ex-
amination, the testing categories included general hematol-
ogy tests, biochemistry tests, and electrocardiograms.

All participants underwent neuropsychological tests
(the mini mental state examination [MMSE] and modified
Stroop test [MST]). The MST was used to measure the
ability to shift one’s perceptual set to conform to changing
demands and suppress a habitual response in favor of an
unusual one. This test consists of two parts. In part 1, 24
colored dots are arranged at random, and in part 2, the
color sequence is the same, but a different color name is
written in Kanji (a Chinese character) instead of a colored
dot. The Japanese version using colored Kanji (part 2) was
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created by Kashima." The participants were requested to
read out the color of the dot or Kaniji as quickly as possi-
ble. The difference in time between the two parts was
used to detect an inability to inhibit stereotypical behav-
ior caused by frontal lobe dysfunction.

A brain MRI examination was performed with a 1.0-T
superconducting magnet (Shimadzu, Magnex XF, Kyoto,
Japan) using the spin-echo and the fast spin-echo tech-
niques and fast fluid-attenuated inversion recovery se-
quences. Transverse Tl-weighted (TR/TE = 510/12
milliseconds), T2-weighted (TR/TE = 4300/110 millisec-
onds), and fluid-attenuated inversion recovery (TR/T1/
TE = 6744/1588/22 milliseconds) images were obtained
with a slice thickness of 6 mm with a 1-mm interslice gap.
Brain infarcts were shown as low signal intensities on Ti-
weighted images, and their size was 5 mm or larger. We re-
corded the quantity of brain infarction, the sites, and the
lobes of the brain exhibiting abnormal MRI features. Sites
were categorized as the corona radiata, basal ganglia, thal-
amus, and others, and the lobes of the brain with lesions
were categorized as the frontal lobe, temporal lobe, parietal
lobe, occipital lobe, basal ganglia, and others. Dilated
Virchow-Robin spaces were differentiated from brain in-
farction based on reports by Takao et al'? and Bokura
etal." The WMLs were defined as isointense with normal
brain parenchyma on T1-weighted images, and high signal
intensity areas on T2-weighted images. The MRI data were
modified from 256 X 256 pixels to512 X 512 pixels, and then
were transferred from the MRI unit to a computer (Macin-
tosh). The area of WMLs and brain volume were quantita-
tively measured using a semiautomatic method as
previously described."! To correct for an individual differ-
ence in head size on the measurement of area of WMLs
and brain volume, they were calculated as percentages of
total intracranial area and volume, and defined as
%WMLSs and %Brain, respectively. All scans were reviewed
independently by two authors (H. Y. and A. U.) who were
blinded to all clinical data. In the case of disagreement
between the raters, a consensus reading was held.

All values were given as mean = SD. We used a soft-
ware package (SPSS Advanced Statistics, Version 6.1,
SPSS, Chicago, IL) for the statistical analysis. A univariate
analysis was performed with a ¢ test for continuous vari-
ables and the Chi-square test for categorical variables. We
chose the variables for entry into the multivariate analysis
based on the clinical and neuroradiologic findings with P
values of less than .10 after univariate testing. Multivari-
ate analysis was done using a logistic regression model
to identify any factors indicative of the cognitive impair-
ment defined by MMSE and MST. We used the forward
stepwise method of the logistic analysis.

Results

The participants (121 male and 229 female) had a mean
age of 72.4 = 1.7 years and a mean educational level of 8.7
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Table 1. Clinical and nexroradiological features of subjects with or withowt cognitive impairment defined by MMSE

Cognitive impairment (+) Cognitive impairment (—)
(n = 55) (n = 295) P value
Age (y) 76.8 * 6.9 7666 <0.0001
Sex (M/F) 16/39 105/190 0.4375
Education (y) 15>14 8917 <0.0001
Hypertension (+) 26 (47%) 102 (35%) 0.1012
Hyperlipidemia (+) 3(5%) 44 (15%) 0.0942
Systolic blood pressure (mm Hg) 157 =29 143 =23 <0.0001
Diastolic blood pressure (mm Hg) T =11 =10 0.8148
Blood chemistry
Packed cell volume 037 x 0.04 0.39 = 0.04 0.0002
Albumin (g/L) 427 32 43.1 £ 26 0.3199
Fasting blood glucose (mmol/L) S31% LIT 531 £ 1.17 0.9663
Total cholesterol (mmol/L) 504 = 1.18 505 =035 09243
HDL cholesterol (mmol/L) 1.45 = 030 1.52 = 038 0.2053
Creatinine (pumol/L) 65.7 = 17.0 62.1 £ 16.3 0.1364
Abnormal neurological signs (+) 4 (7%) 15 (5%) 0.7389
MRI findings
% WML (%) 782+ 4.73 470 + 4.04 <0.0001
% Brain (%) 826 =54 865*53 <0.0001
Brain infarction (+) 12 (22%) 44 (15%) 0.2794
No. of brain infarction per case 233 1.37 1.86 £ 1.55 0.0937

Values are mean = SD.
WML, white matter lesion.

+ 1.7 years, Silent infarction was detected by MRI in 56 of
the 350 volunteers (16.0%). The %WMLs ranged from
0.4% to 29.7% (5.2 = 4.3%) of the intracranial area. The
%Brain ranged from 67.6% to 96.5% (858 = 5.5%) of the
intracranial volume.

A total of 55 individuals (15.7%) with MMSE score less
than 24 were operationally defined as having a cognitive
impairment. They were older and had a lower educa-
tional level, lower hematocrit, larger WML, and more re-
markable cerebral atrophy (Table 1). In a multivariate
analysis, there was a significant relationship between cog-
nitive impairment defined by MMSE and %WMLs,
%Brain, and education (Table 2).

Frontal lobe dysfunction defined by MST score greater
than 37 seconds was determined to be present in 52 par-
ticipants: almost the same number of participants found
to have cognitive impairment as defined by the MMSE.
They were older and had a lower hematocrit, lower total
cholesterol, significantly larger quantity of WMLs, more
remarkable cerebral atrophy, and more brain infarcts
(Table 3). In a multivariate analysis, impaired frontal
lobe function was related to number of silent lacunar
infarcts, larger WMLs, and more remarkable cerebral
atrophy (Table 4). MST score of participants with two or
more infarcts was significantly more prolonged compared
with MST score of those without infarction (data not
shown). Brain infarction existed predominantly in the
middle cerebral arterial region. Multivariate analysis on
the relation between the lobe with brain infarction and
MST score after adjusting for age, sex, and educational

level revealed an independent correlation between MST
score and the frontal lobe brain infarction (odds ratio
3.10, 95% confidence interval 1.10-8.79). An independent
correlation was also established between MST score and
corona radiata brain infarction (odds ratio 2.97, 95% con-
fidence interval 1.07-8.29). There was no difference in
MST and MMSE concerning the laterality of hemisphere
(data not shown).

Discussion

These results suggest that WMLs may cause rather gen-
eralized cognitive decline, whereas multiple lacunar in-
farcts are more specifically related with frontal lobe
dysfunction. With subcortical lesions or small-vessel dis-
ease of this kind, the mechanism that impairs cognitive
function is fundamentally the same as the mechanism of
dementia in subcortical ischemic vascular dementia or
vascular dementia of the Binswanger type (i.e., diaschi-
5is).'” In this study, of course, relatively minor cognitive
impairments were revealed in the sample of commu-
nity-dwelling nondemented people.

We studied a relatively large sample of community-
dwelling individuals, using quantitative semiautomated
methods of MRI analysis. The substantial contribution
of silent ischemic lesions would be missed without inclu-
sion of MRI, and the significant relation between WMLs
or brain atrophy and cognitive dysfunction could not
have been detected without quantification data. There
are several limitations to this study such as the narrow
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Table 2. Logistic regression analysis of factors affecting cognitive impairment defined by MMSE
Variables i SE P value OR 95% ClI
% WML (/5%) 0.0989 0.0332 0.0029 1.640 1.184-2.270
% Brain (/5%) =0.0763 0.0303 0.0117 0.683 0.508-0.919
Education (/y) =0.5407 0.1342 0.0001 0.582 0.448-0.758

B, coefficient: SE. standard error; OR, odds ratio; Cl, confidence interval.

scope of the cognitive assessment and cross-sectional na-
ture. In the current study, we used exclusively the MMSE
and MST for evaluation, although many kinds of assess-
ment can be applied, as has been done in the Framingham
Study.'" The use of a broader test would have produced
a more in-depth evaluation of the neuropsychological
characteristics of VCI in the general population. In partic-
ular, loss of motivation or apathy frequently mimics fron-
tal lobe dysfunction and should be evaluated by other
means such as apathy scale'” in future studies. Longitudi-
nal studies should clarify whether the VCIND group de-
velops vascular dementia or mixed dementia.

Several studies'* " have found a pattern of frontal lobe
dysfunction in patients with multiple lacunes including
difficulty in shifting set, impaired executive functions, de-
creased verbal fluency, and apathy. Looi and Sachdev®
conducted a meta-analysis and found that disturbance
in verbal memory as a neuropsychological characteristic
of vascular dementia is less prominent compared with

Alzheimer's disease, but there was significant impair-
ment of executive function, which is considered to be
the result of impairment of the frontal lobe-subcortical cir-
cuit. As mentioned above, the localization of the infarc-
tion is more important than its volume, and the frontal
deep white matter can be postulated to exert a crucial
role in frontal lobe function consistent with the results
of our study.

Even if it does not develop dementia, silent infarction
commonly seen in community-dwelling people has ap-
parent detrimental effects on cognitive function, and ad-
ditional silent infarcts after baseline further impairs
cognition.” There are, however, various opinions as to
whether silent infarction progresses to vascular dementia.
One of those opinions as found in the nun study™ is that
dementia caused exclusively by brain infarction (here
referring to mainly asymptomatic lacunar infarction) is
not common. But when brain infarction merges with
Alzheimer’s disease pathology, it becomes apparent as

Table 3. Clinical and neuroradiological features of subjects with or without cognitive impairment defined by MST

Cognitive impairment (+) Cognitive impairment (—)
(n = 52) (n = 298) P value
Agely) TI2x7.6 716 £ 65 <0.0001
Sex (M/F) 22730 99/199 0.2656
Education (y) 8519 8717 0.5086
Hypertension (+) 24 (46%) 104 (35%) 0.1628
Hyperlipidemia (+) 3 (6%) 44 (15%) 0.1247
Systolic blood pressure (mm Hg) 151 = 25 144 = 24 0.0772
Diastolic blood pressure (mm Hg) 76 £ 10 T7T+10 0.6449
Blood chemistry
Packed cell volume 0.38 = 0.04 0.39 = 0.04 0.0122
Albumin (g/L.) 424 £33 431 +26 0.0503
Fasting blood glucose (mmol/L) 5.10 = 0.59 535+ 1.4 0.1643
Total cholesterol (mmol/L) 479 = 1.00 5.09 = 0.89 0.0275
HDL cholesterol (mmol/L) 1.54 = 0.33 1.50 = 0.38 0.5044
Creatinine (jumol/L) 664 = 158 619 = 164 0.0679
Abnormal neurological signs (+) 4 (8%) 15 (5%) 0.6533
MRI findings
% WML (%) 7.67 = 5.36 476 = 394 <0.0001
% Brain (%) 818 =63 866 = 5.0 <0.0001
Brain infarction (+) 16 (31%) 40(13%) 0.0032
No. of brain infarction per case 225129 1.85 = 1.59 0.0016

Values are mean * SD.
WML, white maiter lesion.



