R BDHEEETHS-ROLT) 270 b ALELEODXT 4 v I ERDHT; MHE (14,
Fih, BEEHTHRE) (n=1,943)

B YR E Wald df  HEHER  Exp(B) 95%{E $E X [
PERI (3B) 1. 520 0.615 6. 108 1 0.013 4.571 1.37-15.3
GH 0.119 0. 057 4.321 1 0.038 1. 127 1.01-1. 26
BEFEE -0.244 0.148 2. 725 1 0. 099 0.783 0.59-1. 05
ik -0. 024 0. 026 0. 86 1 0. 354 0.976 0.93-1.03

% 8 FREMEEEIET (HDS-R20 LLF) &7V b ALE LA T4 vV EIRDHT ; FiERE
B (M. F#r. BEFEHTHE) (n=1,943)
B IRYERRE Wald df  HEMESR  Exp(B) 95%(E #E X [H
PER () 1.471 0. 61 5. 81 1 0.016 4. 354 1.32-14. 4
G5 0.116 0. 057 4.122 1 0. 042 1.123 1.00-1. 26
HEFEHE  -0.249 0.148 2.817 1 0. 093 0.779 0.58-1.04
PPERERA —0.007 0. 008 0. 968 1 0.325 0.993 0.98-1.01
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Association of Postural Instability With Asymptomatic
Cerebrovascular Damage and Cognitive Decline
The Japan Shimanami Health Promoting Program Study

Yasuharu Tabara, PhD; Yoko Okada, MD, PhD; Maya Ohara, MD; Eri Uetani, MD, PhD;
Tomoko Kido, MD, PhD; Namiko Ochi, MD, PhD; Tokihisa Nagai, MD, PhD;
Michiya Igase, MD, PhD; Tetsuro Miki, MD, PhD; Fumihiko Matsuda, PhD;
Katsuhiko Kohara, MD, PhD

Background and Purpose—Asymptomatic cerebral small-vessel disease (¢cSVD) in elderly individuals are potent risk
factors for stroke. In addition to common clinical risk factors, postural instability has been postulated to be associated with
c¢SVD in older frail patients. Here, we conducted a cross-sectional study to understand the possible link between postural
instability and asymptomatic cSVD further, namely periventricular hyperintensity, lacunar infarction, and microbleeds,
as well as cognitive function, in a middle-aged to elderly general population (n=1387).

Methods—Postural instability was assessed based on one-leg standing time (OLST) and posturography findings. cSVD
was evaluated by brain MRI. Mild cognitive impairment was assessed using a computer-based questionnaire, and carotid
intima-media thickness as an index of atherosclerosis was measured via ultrasonography.

Results—Frequency of short OLST, in particular <20 s, increased linearly with severity of cSVD (lacunar infarction lesion:
none, 9.7%; 1, 16.0%; >2, 34.5%; microbleeds lesion: none, 10.1%; 1, 15.3%; >2, 30.0%; periventricular hyperintensity
grade: 0, 5.7%; 1, 11.5%; >2, 23.7%). The association of short OLST with lacunar infarction and microbleeds but not
periventricular hyperintensity remained significant even after adjustment for possible covariates (lacunar infarction,
P=0.009; microbleeds, P=0.003; periventricular hyperintensity, P=0.601). In contrast, no significant association was
found between posturographic parameters and cSVD, whereas these parameters were linearly associated with OLST.
Short OLST was also significantly associated with reduced cognitive function independent of covariates, including cSVD
(P=0.002).

Conclusions—Postural instability was found to be associated with early pathological changes in the brain and functional
decline, even in apparently healthy subjects. (Stroke. 2015;46:16-22. DOI: 10.1161/STROKEAHA.114.006704.)

Key Word: stroke, lacunar

B rain MRI in elderly individuals frequently detects asymp- In addition to these clinical risk factors and pathogenesis,
tomatic cerebral small-vessel disease (cSVD), such postural instability in the elderly has also been postulated to
as small infarction in the perforator territory (namely lacu- be associated with ¢cSVD, particularly with PVH.!® Reduced
nar infarction) and periventricular hyperintensity (PVH).!? physical activity, which includes postural instability as a
Frequency of lacunar infarction and PVH has been reported to component, has been suggested to be associated with cSVD
increase with age, potentially indicating strong risk of future in observational analysis'"'? and in longitudinal studies.'>!
symptomatic stroke.>* In addition to these ischemic pathologi- Although the study population in these previous studies num-
cal changes, microbleeds-—minor blood leakage through dam- bered <700 individuals, a large-scale longitudinal study (the
aged blood vessels detectable via gradient-echo T2*-weighted Cardiovascular Health Study) provided further support for
MRI—are observed relatively frequently in the general popu- the relationship between physical inactivity and subclinical
lation® and have also been suggested to be a risk factor for brain MRI abnormalities in community-dwelling adults aged
stroke®” and stroke-related mortality.® cSVDs arise from age- 265 years.'>'® However, these studies were based on elderly
and hypertension-related small-vessel damage that shares subjects, with no results available for middle-aged individ-
cerebral amyloid angiopathy as a common cause.’ uals, despite the fact that cSVD can be detected in middle
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age.! Furthermore, only 1 study'® has examined the asso-
ciation between lacunar infarction and postural instability,
and no data are available on the association between micro-
bleeds and postural instability, despite individuals with lacu-
nar infarction and PVH being frequently complicated with
microbleeds. !’

Here, we conducted a cross-sectional study to understand
the possible link between postural instability and asymptom-
atic ¢SVDs further—namely, PVH, lacunar infarction, and
microbleeds—in a middle-aged to elderly general population.
As we previously showed that individuals with mild cognitive
impairment, particularly those with Alzheimer disease, were
prone to instability while standing on 1 leg,'® we attempted to
gather more evidence in the present study.

Methods

Study Subjects

The study subjects were 1387 apparently healthy middle-aged to el-
derly individuals who were consecutive participants in the medical
checkup program at Ehime University Hospital Anti-aging Center
from February 2006 to June 2013. This medical checkup is provided
to general residents of Ehime Prefecture, Japan, and is specifically
designed to evaluate aging-related disorders, including atheroscle-
rosis, cardiovascular disease, physical function, and mild cognitive
impairment.'>® A full list of clinical parameters measured in the med-
ical checkup program is presented in Table I in the online-only Data
Supplement. Evaluation of diagnostic and prognostic significance of
postural instability was an initially planned study theme.'s

Recruitment was performed via mass communications, such as in-
ternet homepages, periodical newspapers in the local community, and
commercial newspapers, and a total of 1816 individuals gave written
informed consent to this study. Of the 1691 middle-aged to elderly
individuals aged =50 years at enrollment, those who were free from
symptomatic stroke (n=1619), underwent brain MRI (n=1417), were
not taking drugs for dementia or dizziness (n=1398), were not taking
insulin therapy (n=1393), and completed all clinical measurements
used in this study (n=1387) were ultimately included in this analy-
sis. Brain MRI was provided as an optional examination for who re-
quested to undergo such a procedure. All participants were physically
independent and completed all clinical measurements.

The present study was part of a series of the Japan Shimanami
Health Promoting Program (the J-SHIPP study), which was approved
by the ethics committee of Ehime University Graduate School of
Medicine.

Assessment of Postural Instability

One-leg standing time (OLST) with eyes open was used as an in-
dex of postural stability, with the leg selected by the subject. Time
interval until the raised leg was put down was measured twice, with
a maximum time of 60 s allowed. The better of the 2x was used for
statistical analysis.

Postural instability was also measured using a posturograph
(Gravicorder G-5500; Anima Inc, Tokyo, Japan) consisting of an
equilateral triangular footplate with 3 built-in vertical force transduc-
ers to determine instantaneous fluctuations in the center of pressure.
Signals were processed by a DC amplifier and low-pass filters (cutoff
frequency 10 Hz) and stored in a computer after analog-digital con-
version at a sampling rate of 20 Hz. Subjects were instructed to main-
tain a static upright posture on the footplate with their feet together
while watching a circular achromatic target placed 200 ¢cm ahead of
their eye point. Data were acquired for 1 minute, beginning after the
subject’s posture had stabilized. The subject then rested for | minute
while seated, after which the measurement was repeated with the eyes
closed to assess the effects of visual feedback on postural stability.
All measurements were performed barefoot with both arms held at
the side of the body. Path length and circumferential area of the center
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of pressure movement were considered parameters for movement of
center of gravity and used as indices of postural stability.

MRI and Assessment of Silent Cerebral Damage

The presence of ¢SVDs, including lacunar infarctions, PVH, and
microbleeds, was evaluated based on findings on brain MRI with a
3-tesla scanner (Signa Excite 3.0T; GE Healthcare, Milwaukee, WI).
MRI was performed within =1 month before the clinical measure-
ments (mean, 19+10 days). The following images parallel to the or-
bitomeatal line were obtained: T1-weighted axial images (repetition
time, 2000.0 ms; echo time, 16.0 ms; thickness, 6.0 mm; gap, 1.0
mm; matrix, 288x224), T2-weighted axial images (repetition time,
4800.0 ms; echo time, 92.0 ms; thickness, 6.0 mm; gap, 1.0 mm;
matrix, 512x256), fluid-attenuated inversion recovery images (rep-
etition time, 11000.0 ms; echo time, 140.0 ms; thickness, 6.0 mm;
gap, 1.0 mm; matrix, 288x224), and gradient-echo (T2*-weighted)
images (repetition time, 600.0 ms; echo time, 7.2 ms; thickness, 6.0
mm; gap, 1.0 mm; matrix, 320x192).

Lacunar infarction was defined as areas of low signal intensity
(3- to 15-mm diameter) on T1-weighted images and of high inten-
sity on T2-weighted and fluid-attenuated inversion recovery images.
Microbleeds were defined as small (2- to 5-mm diameter) hypoin-
tense lesions on T2*-weighted images. Such lesions within the sub-
arachnoid space and areas of symmetrical hypointensity in the globus
pallidus on T2*-weighted images were considered likely to represent
adjacent pial blood vessels and calcifications, respectively, and were
therefore ignored. PVH were defined as white matter hyperintensities
depicted on T2-weighted and fluid-attenuated inversion recovery im-
ages in contact with the ventricular wall. PVH was further classified
into 5 grades according to a scale developed by Shinohara et al?' and
later modified and published as a guideline by the Japan Brain Dock
Society, as follows: grade 0, absent or only a rim; grade 1, limited
lesion-like caps; grade 2, irregular halo; grade 3, irregular margins
and extension into the deep white matter; and grade 4, extension into
the deep white matter and subcortical portion. PVH grade >2 was
considered a pathological condition according to the guideline, as
well as based on our previous findings indicating a greater frequency
of left ventricular hypertrophy® and microbleeds® in subjects show-
ing PVH grade >2 than in those with lower scores. Imaging analysis
was performed by neurologists without clinical information on the
subject. Images were analyzed using OsiriX software (http:/www.
osirix-viewer.com).?

Assessment of Mild Cognitive Impairment

mild cognitive impairment was assessed using a Touch Panel-type
Dementia Assessment Scale (TDAS), which was specifically de-
signed to rate cognitive dysfunction quickly and without the need for
a special rater.” This test battery consists of the following 4 tasks,
which were performed in a fixed order: a 3-word memory test for as-
sessing immediate memory, temporal orientation test, 3-dimensional
visual-spatial perception test, and delayed recall test for assessing
short-term memory. The TDAS provides for a maximum score of 15
points, and a score of 13 was suggested as a cutoff point in discrimi-
nating cognitive impairment in a previous study.? Details of this rat-
ing system have been described elsewhere.?

Arterial Parameters

We measured carotid intima-media thickness (IMT) as an index of
arteriosclerosis. To measure IMT, ultrasonography of the common
carotid artery was performed using an SSD-3500SV or ¢.10 ultraso-
nograph (Aloka Co, Ltd, Tokyo, Japan) with a 7.5-MHz probe. After
5- minute resting in the supine position, optical visualization of the
bilateral carotid arteries was obtained with the subject’s head tilted
slightly upward in the midline position. IMT of the far wall was mea-
sured from B-mode images using onboard computerized software,
which simultaneously measured IMT at 3 points at 1-cm intervals.
Nine IMTs of the far wall were measured at 1-cm intervals proximal
to the bulb from the anterior, lateral, and posterior approaches. Mean



