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sehab: because, he had posidve sign of painful arc. Maneuvers of MWMS
applied posterioinferior force on the humeral head and mechanically
avoided impingement of supraspinus tendon under the coracoacrominal
arch. MWMS with light weight and PNF facilitated propriocepton to
gain good motor control of arm movements, REFERENCES: 1. Mul-
ligan BR. {2004). Manual Therapy. NAGS, SNAGS, MWMS etc. Plane
View Services, Wellingron, New Zeajand.

P-118

Comparisons of Water- and Land- based Physical
Activity Interventions in Japanese Subjects with
Metabolic Syndrome

Hanai, A'; Yamatsu, K?

! Hokusho mllegz. JAPAN; 3Saga university, JAPAN
INTRODUCTION: We previously reported that group-based physi-
cal activity {PA) intervention had beneficial effccts on weight loss and
metabolic syndrome (MS) risk factors in Japanese subjects with MS1).
Although, watez- and land-based PA interventions were often conduct-
¢d, it is unknown which PA interventions were more effective. The aim
of this study was to compare the efficacy of these two intervendons in
Japanese subjects with MS or several MS risk factors. METHODS:
Eight subjects with MS or several MS risk factors were selected either
water-based PA intervention (WPI, n=4) or fand-based PA intervention
(LPI, n=4). The main outcome measures were body weight, body mass
index (BMI), %Fat and Lean body mass (LBM), Vo2max and daily
physical activity (DPA} level (walking steps per day). Both interventions
had 10 week duration. RESULTS: After 10-wecks, participants in both
groups lost their weight (WPI group: from 67.322.6 to 64.422.0 kg, LP1
group: from 61.322.7 to 59.423.5 kg, p<0.05), BMI (WPI group: from
26.322.0 t0 25.1=2.1 kgfm2, LPI group: from 25.721.6 10 24.6:1.8
kg/m2, p<0.01}, %Fat significantly (WPI group: from 34.3:103 to
31.1210.6 %, LPI group: from (36.9:2.5 to 34. 7£2.5 %, p<0.01). DPA
levels were maintained pre- o post-intervention at WP group (from
13,1453.178 10 13.16321.593 steps/day), and significantly increased at
LP! group (from 9,75223,858 to 13,61022.148 steps/day, p<0.03). The
results showed statistically no significant differences in body weight loss
and decrement of %Fa: benween the WPI and LP1 groups. DISCUS-
SION: From the results, it was suggested that the effects of losing body
weight and %Fat were similar regardless of the sclection of PA inter-
ventions in short term. Howsever, there is a possibility that the effcacy
will differ with the long term PA intervention, and further examination
might be necessary to investigate the difference of efficacy at water-
based and land-based PA interventions. REFERENCES: 1) Yamatsu
K, Hanai A: Cumpamon of Groups- and Home-based physical actviry
intervention in Japanese subjects with mezabolic syndrome. X00X FIMS
world congress of sports redicine, Barcelona, Spaxn 6:342, 2008. AC-
KNOWLEDGMENTS This study was partiy supported by the Grant-
in-Aid Northern Regions Lifelong Sports Rescarch center (SPOR).

P-120
The Influence of Ai Chi on balance and Fear of Falling in
Older Adults: a Randomized Clinical Trial

Lambeck, Joban': Neto, F°; Teixeira, R’

i Katholieke Universiteit Lewven, BELGIUNM,;* Fisia Neto,
PORTUGAL;Hospital Privado da Trofa, Parto, PORTUGAL

INTRODUCTION: Balance and fear of falling (FOF) are major

probiems in older adults. In water viscosity provides postural support.

reducing these hindzances. Ai Chi, a vasiant of Tai Chi, pcnormcd in
warer, includes siow exercises of the arms, legs and torso. with gradual
narrowing of the base of support and may have & positive effect o co-
ordination and balance in older adults (Sova & Konno, 2003). Only one

Ansyracts

study however with chronic stroke padients was found (Noh et al., 2008},
Ovur study examined the ¢ffect 6f Ai Chi on balance and fear of falling in
older adulrs. METHODS: Thirty older aduits were randomly allocared
to an experimental or control group. Inclusion criteria were aged 77-
88 yrs with cither high or medium risk of falling (POMA score from
0 to 24). Minima! adherence was 75%. Balance was assessed with the
Performance-Oriented Mobiiity Assessment (POMA) and FOF with
Falis Efficacy Scale (FES). The experimental group received 16 A Chi
sessions over 6 weeks at a community aquatic centre. The control group
received no instruction and was encouraged not to change their ADLs.
Prior o intervention, 2 familiarization sessions were held. Many partic-
pants had never experienced aquatic therapy and/or had a significant fear
of falling. RESULTS AND DISCUSSION: Following intervention the
experimental group improved balance (Wilcoxon Z, p=0.001) but not
fear of falling (p=0.306), whereas no change was seen in the controls
{(p=0.254). The conwrol group regressed in FOF {p=0.011}. Clinically
significant effects sizes (ES) to the advantage of the experimental group
were found of 1.3pts for the tPOMA (balance), with 1.1pts and 1.4pts
for bPOMA and gPOMA respectively. A clinically significant ES for
the FES was also reached (l,Spts),‘nut was more a result of the increase
in FOF in the conwols. Findings suggest that an Al Chi program eads
to a clinical relevant increase of both static and dynamic balance in older
persons. There is 2 tendency to decrease FOF, although statistical sig-
nificance has not been reached. Nevertheless as FOF increased in the
control group, a clinical relevant difference between groups at the end
of study was found. REFERENCES: Noh D-K, Lim J-Y, Shic H-1,
Paik N- . The effec of aguaric therapy on posmnl balance and muscle
strength in stroke survivors - a randomized controlled pilot wal. Clin
Rehabil 2008; 22: 966-76. Sova R, Konne J. Ai Chi Balance, Harmony
& Healing. 2nd ed. Washington (EUA): DSL Led.; 2003.

P-121
Prediciors of Performance in Pre-Pubertal and Puberta!
Male and Female Swimmers

Douda, H.’; Toubekis, A.°; Georgiou, C.'; Gourgoulis, J7*;
Tokmakidis, SE*

Demacritus University of Thrace, GREECE; *Kapodistrian
University of Athens, GREECE

INTRODUCTION: Swimmers should bz in a good body shape and
need muscular foree in order to achieve a successful performance. For
example, arm-span appear to be imporzan: determinant of front-craw!
swimming performance in young swimmers] and swimming force is
related to sprint swimming velocity2. The purpose of this study was
to identify the anthropometric characteristics, body compositon
and swength as predictors of performance of the 50 m front-crawd
swimming in pre-pubersal and pubertal male and femaie swimmers.
METHODS: Seventy-rwo swimmers (n=72), were divided into two
groups, pre-pubertal (n=30) aged 10.5+0.5yrs and pubertal (n=42) aged
13.7+1.5vrs. They underwent a battery of anthropomerric, body compo-
sition and muscle strength measurements. The Principal Components
Analysis (PCA) extracted thres components, Component-1: Anthropo-
metric-Tethered Swimming Force (TSF), Componen:-2: Body Com-
position and Component-3: Body Dimension, These components were
then used in a simultaneous multiple regression procedure to determine
which components best explain the variance in swimming performance.
RESULTS: Based on the PCA, the Component=1 cxplaincd 63.1%
of the total variance, Component-2 the 14.6% and Compenent-3 the
8.2% respectively. In total sample, the anthropometric and TSF were
significantly correlated with performance (r=-0.71, p<0.001). When
the multiple regression models were applied to the pre-puberaal swim-
mers ()v-: .242-0.420°TSF+1.01"c-arm}, 90.9% of the variation was
explained by the average TSF {83.7%) and arm circumference (7.2%)
while in pubertal swimmers (y=-38.661-0.111"TSF), the 70.4% of the
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Comparisons of Water- and Land-based Physical
Activity Interventions in Japanese Subjects with

Metabolic Syndrome
Hanai, A.! and Yamatsu, K

‘Hokusho College, Hokkaido, Japan
#Saga Unizversity, Saga, Japan

We ?rwmusx\ reported that group-based physical acrivity (PA) inter-
vention had beneficial effects on weigit loss in Japanese suhvms with
meiabolic syndrome (MS). Although, water- and land-based PA inter-
vention was often conducted, it is unknown which PA intervendons
were more effective. The aim of this study was to compare the cfficacy
of these rwo interventions in Tapancs, sub;c:ts with MS or several MS
risk factors (such as overweight, diabetes, h}?crhpxdcm‘a) As a resuly,
after 10-weeks, participants in both groups nporw& significant loss
of weight, BMI, and percent body fat. Statistical anaivses showed no
sxszcnm differences between the groups with the exception of daily
physical activiry levels. It was suggested that both water- and land-
based physical activity interventions had short-term beneficial effects
on weight loss and reduction of percent body fat.

Key words: Physical activity, Water-based intervention, Land-based
intervention

INTRODUCTION

W previously reported that group-based physical activity (PA) inter-
vention had beneficial effects on weight loss and merabolic syndroms
(MS) risk factors in Japanese subjects with MS. Although, water- and
{and-based PA interventions werr conducted, it is unknown which PA
interventions were more effective. The aim of this study was to compare
the afficacy of these two interventions in Japanese subjects with MS or
several MS risk facrors.

METHODS

Eight subjeces with MS or several MS risk factors {such as overweight,
dibezes, hyperlipidemia) were selected for either water-based PA in-
tervention (WP, n=4, Figure 1.) or land-based PA intervention (LP1,
n=4), The characteristics of the subjects are shown in Tabiz 1. The con-
tents of exercise program prescribed for WPI and LPT are shown in
Table 2. The main ourcome measures were body weight, body mass in-
dex (BMI), percent body fat and lzan body mass (LB\'IJ attrunk. upper
and lower limbs (measured by body composition analyzer, TANITA o)
and VO, max. The daily nhvsm:l activity (DPA) level was measured by
the Kenz Lifecorder EX (SUZUI\EN co.) awached to subjects for 1 or 2 3
weeks, registering the number of f daily walking steps. Borr interventions
had 2 duration of 10 weeks,

SPSS 14.0] was used for statistical analyses. All values are expressed
as means = $D. Two-way analyses of variance with repeated measures
{rwo-way ANOVA test), Mann-Whitney U test werz used for anaiyses.
Statistical significancs was set at p<0.05.
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Table 1. Characteristics of the subjects.

WP group in=$i LPI group {n=+}
mean (SD} mean {SDH
Age (yrs) 54.0(6.3) 57.8(6.9)
Height{om) 160.3 (7.5 153.0(8.00
Body weight (kg) 67.3({2.6) 61,527
BMI (xgrm’) 26320 25,7(1.6)

WPI: water-based physical activity intervention
LPL: land-based physical activity intervention

Tzbie 2. Contents of zxercisz program prescribed for WPl and LPL

i Contents of excrcise program
WPl | Walking and jogging, streiching, muscle
| strenethening with water gloves
LPl | Stretching and muscle strengthening,
including chair-sented  exercise  and
| resistance band exercise

WP water-based physical actvity intervention
LPI: fand-based physical acgviry intervention

Figure 1, Warer-bascd phvsical activity intsrvention.

RESULTS

Afer 10 wesks, purticipants in both groups lost weight {p<0.05), BMI
(p<0.001), significantly (Tabie 3). Although. values of LBM were main-
sained during the PA intervention in both groups, perceat hody fat sig-
nificantly decreased, approximately 3.2 kg for the WPI group, and 2.2
kg for the LPI group (p<0.001). No significant changes were found in
VO max values.

Taric 3 Changes af Provacai eharag ieashicy prx- 19 poy aRyOSa ATAUY TV e

WH yroaser=it [P
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e 137 e i3 3 =
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nian WLk RIa8 323428 L
MT BRI M 4
o Mtame 1T . -
PEENIR L BEy
LEM g wner ivem T} a6 (4
LB b e by TeuMm AR R W
LBsag — e — “dl
Watoraqromiion _ DML I L8 4l 3 ral

e

Vot imbemn JEITH PR |

L A TR PSR
The number of walking steps (DPA level) were maintained in pre- to
post-intervention for the WPI group, and increased significantly for the
LPI group (from 975223858 10 136102148 steps, p<0.03).

Changes of percent body fat at trunk. upper and lowsr limbs are
shown in Tzble 4 {post-value/pre-value*100). No significant changss
ware found for cither group, however, the change of percent hody rat at
the trunt: showed significant reduction compared with the upper Limbs
{p<0.03) and lower limbs (p<0.03).

Cuarter 6. Mepicie axo WaTER SaseTy

Table 4. Percent changes of %Fat at trunk, upper and lower limbs.

W =4 LPlm =% >
percent body ™ gﬂ:’p = P Eﬂiui’ L
fm 70 o
mean (SD) mean (SD)

yrunk 83.9 (8.4
uppes furhs 89.3 (3.
jower hirbs 8947 (3.8)
= Aenn-Whitiey Utess

WL water-based pinsical pcuvity inicrvenition

926 (3.4 (.20
Q5.4 {3.4) 0.20
96.0 (1.0) 0.89

LPI jgnd-based physical actnaiy miervention

DISCUSSION

Water-based exercise i5 popular because of the characteristics of wa-
ter. Buoyancy assistance makes water based activity less physically de-
manding than exercise on land, and water resistance can be adiusted by
changing the speed or direction of the movements. Therefore, it is 2n
effective training strategy for improving physical firness in those who
are overweight ar physically unfic”, Morcover, because of higher thermal
conductivity, caloric consumption is more efficient while exercising in
water. Percent changes of body fat at each bady part tended 1o decrease
sigmficantly afrer the water-based PA intervention.

After the 10-week PA interventions, body weight was significanty
reduced and percent body fat was also significantly Jowered. [t has been
demonsmated that obesity is related to MS and visceral fat is 2 factor
modulating MS. Therefore, reduction of body fat in the trunk is an im-
portant task for subjects with MS. In the present study, % change of
body far in the trunk had decreased greatly compared to upper and lower
limbs as a whole (p<0.05). Although, the results showed staristicaliy no
significant differences in body wright loss and decrement of percent
body fat berween the WPL and LPI groups.

As a result, it appears that the Joss of body weight and percent bady
far wers similar regardless of the selection of PA intervention i shozs
term. However, there is 2 possibility that the cficacy will differ for long
term PA intervention, and further examination might be necessary to
investigate the difference of efficacy of water-based and land-based PA
interventions.

CONCLUSION

From the results, it was suggested thar both water- and land-based phys-
feal activiry intervention had short-term beneficial effects on weight loss
and reduction of percent body fat. Howeves, no significant differences
of were found between the interventions. Further research is needed
to investigaic the differences of efficacy of water-base¢ and land-based
physical activity intesventions in the long term.
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Body Mass Index and Risk of Stroke and Myocardial
Infarction in a Relatively Lean Population
Meta-Analysis of 16 Japanese Cohorts Using Individual Data

Hiroshi Yatsuya, MD; Hideaki Toyoshima, MD; Kazumasa Yamagishi, MD; Koji Tamakoshi, MD;
Masataka Taguri, PhD; Akiko Harada, PhD; Yasuo Ohashi, PhD; Yoshikuni Kita, PhD;
Yoshihiko Naito, MD; Michiko Yamada, MD; Naohito Tanabe, MD; Hiroyasu Iso, MD;

Hirotsugu Ueshima, MD; for the Japan Arteriosclerosis Longitudinal Study (JALS) Group

Background-The association of overweight/obesity with the incidence of cardiovascular diseases, especially stroke, has
not been comprehensively examined in relatively lean populations in which stroke is more prevalent than coronary
heart disease.

Methods and Results—Pooled individual data from 16 Japanese cohorts comprising 45 235 participants ages 40 to 89 years
without previous history of cardiovascular disease were studied. During follow-up, 1113 incident strokes and 190
myocardial infarctions were identified. At baseline, mean ages of men and women were 55.4 and 56.5 years and mean
body mass indices (BMI) were 23.0 and 23.4 kg/m?, respectively. Compared with those with BMI <21.0, incidence
rates of cerebral infarction in subjects with BMI =27.5 were significantly elevated in both men (hazard ratio, 1.81; 95%
confidence interval [CI], 1.28 to 2.56) and women (hazard ratio, 1.65; 95% CI, 1.23 to 2.21), adjusted for age, smoking,
and drinking habit. Incidence of cerebral hemorrhage was also associated positively with BMI in both men (hazard ratio,
2.51; 95% CI, 1.21 to 5.20) and women (hazard ratio, 1.98; 95% CI, 1.12 to 3.52). Adjustment for systolic blood
pressure, a mediating factor, significantly attenuated most BMI association with stroke in both sexes. For myocardial
infarction, the hazard ratio was 3.16 (95% CI, 1.66 to 6.01) for BMI 27.5 or greater versus less than 21.0 only in men,
which appeared partly mediated by total cholesterol and SBP. '

Conclusions—Overweight/obesity was associated with an increased risk of cerebral infarction and hemorrhage in men and
women and myocardial infarction in men. Weight control may have the potential to prevent both stroke and myocardial
infarction in Japan. (Circ Cardiovasc Qual Qutcomes. 2010;3:00-00.) ,

Key Words: obesity m acute cerebral infarction m stroke m myocardial infarction m epidemiology

Ithough obesity in adults defined by a body mass index

(BMI) of =30 kg/m? has roughly tripled over the past
few decades in Japan, obesity prevalence is only 3.8% in
Japan versus 34.3% in the United States in 2005.!? Never-
theless, the impact of overweight or obesity on the incidence
of cardiovascular diseases (CVD), especially stroke, has not
been comprehensively examined in relatively lean Asian
populations in which stroke is more prevalent than coronary
heart disease (CHD).3 In addition, the association of stroke
with BMI is less clear, especially in the case of hemorrhagic

stroke, partly because hemorrhagic stroke was rare in previ-
ous Western studies.*~6

The societal burden of CVD morbidity is high even in a
lean population such as Japan. Japan’s national health
expenditures on stroke and CHD is large, and more so
for cancer.” In addition, CHD has increased in parts of
urban Japan,® and ischemic stroke subtypes may be shift-
ing from lacunar to atherothrombotic stroke predomi-
nance,’ as observed in Western populations.'® Thus, addi-
tional prospective studies of obesity and CVD incidence
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are needed in an era of growing obesity to offer clues for
their prevention.

The Japan Arteriosclerosis Longitudinal Study-Existing
Cohorts Combine (JALS-ECC) is a pooling project based on
individual participant data from existing high-quality pro-
spective cohort studies in Japan. This meta-analysis of 16
cohort studies allowed detailed investigations with more than
1000 stroke events and about 200 myocardial infarction (MI)
events from more than 400 000 person-years of follow-up in
middle-aged and older Japanese men and women.

WHAT IS KNOWN

e Obesity (body mass index =30 kg/m?) is an estab-
lished risk factor for cardiovascular disease; how-
ever, elevation of body mass index within normal to
overweight range has not been evaluated sufficiently
across different cardiovascular diseases.

WHAT THE STUDY ADDS

e Elevation of body mass index even within normal to
overweight range was positively associated with an
increased risk of cardiovascular disease in both men
and women.

e Effects of increased body mass index on stroke
incidence were mediated largely by elevated blood
pressure. Obesity control including prevention of
weight gain will play an important role as a way to
prevent and control hypertension and thus stroke.

e QObesity independently increased the risk of myocar-
dial infarction, implying additional importance of
obesity control. TS B ;

e A rise in weight in the population should be pre-
vented vigorously, and weight control ‘should be
emphasized in those with elevated weight regardless
of age and sex even in relatively lean populations.

Methods

Study Population
The rationale, study design, and methods of the JALS-ECC have
" been described elsewhere.'! In brief, cohort studies were potentially
eligible for inclusion in this project if they satisfied the following
criteria: (1) Japanese population; (2) prospective cohort study; (3) at
least 3000 persons-years of follow-up; (4) date of birth (or age), sex,
height, weight, blood pressure, and total cholesterol recorded at
baseline; and (5) date of death or the age at death (for death from
stroke or coronary heart disease, at least) recorded during follow-up.
Quality control of collected cohort data was performed at the JALS
Coordinating Center. Consequently, individual records for each of
66 691 participants ages 18 to 99 years in 21 cohort studies were
included in this project, with 82.7% of the participants from
community-based cohorts and 17.3% from work site-based cohorts.
Baseline years of the cohorts ranged from 1985 to 1999. Mean ages
at baseline and at the end of follow-up in the community-based
cohorts were 57.2 and 66.7 years and 48.8 and 55.0 years in work
site—based cohorts, respectively. Permission to submit cohort data to
the JALS central office was obtained from each institute’s review
board for ethical issues.

September 2010

Baseline Data

The JALS study group requested for each participant: date of
baseline survey, date of birth or age at baseline, sex, height, weight,
systolic and diastolic blood pressure (SBP and DBP), serum total
cholesterol (TC), high-density lipoprotein (HDL) cholesterol, glu-
cose, smoking status (current, past, and never) and alcohol drinking
habits, and history of CVD, hypertension, hypercholesterolemia, and
diabetes mellitus (DM). In each cohort, weight and height were
measured with the subjects in typical indoor clothing but without
shoes; weight to the nearest 0.5 kg, and height to the nearest 1 cm.
BMI (kg/m?) was calculated as weight (in kg) divided by the square
of height (in meters). In the present analyses, we considered age, sex,
BMI, SBP, TC, and smoking status and alcohol drinking habits as
essential variables because all the cohorts did not necessarily obtain
all data. As additional analyses, history of DM or HDL cholesterol
was further adjusted in a subsample in which these variables were
available.

End Points

In each cohort, vital status and the incidence of stroke and/or MI
were ascertained during the follow-up period using population-based
stroke and/or MI registration systems, death certificates, hospital
medical records, and/or questionnaires. The diagnosis of stroke was
based on 24 hours or more of typical clinical features and charac-
teristic changes on computed tomographic and/or MRI brain scans
and was typically based on criteria from the MONICA study!'? or
from the WHO.!3 The diagnosis of MI was based on chest pain,
cardiac enzyme levels, and ECGs and was typically based on criteria
from the MONICA study.!2 Disease classifications were made using
the 9th revision of the International Classification of Diseases (ICD)
as follows: stroke (ICD9: 430, 431, 433, 434, 436), cerebral
infarction (ICD9: 433 to 434), cerebral hemorrhage (ICD9: 431),
subarachnoid hemorrhage (ICD9: 430), and MI (ICD9: 410).

Exclusions

From 21 cohorts of the JALS-ECC, 3 cohorts were excluded because
they lacked stroke and MI incidence end points, and 2 cohorts were
excluded because did not assess baseline BMI. From the remaining
60 616 participants in 16 cohorts, participants age <40 years or =90
years (n=7484), those lacking baseline data on blood pressure,
serum TC, smoking, and/or alcohol drinking habits (n=6828), and
those with a history of CVD (n=570) were excluded. Among the
remaining 45 734 participants, 499 participants (1.1%) dropped out
during the follow-up period. Thus, this report was based on a total of
45 235 participants (19 760 men and 25 475 women). Among the 16
cohorts, analyses for stroke were performed in 15 cohorts (38 515
participants) in which stroke events were surveyed; analyses for MI
were performed in 13 cohorts (33 128 participants) in which MI
events were surveyed; and analyses for CVD or ischemic CVD
(cerebral infarction and MI) were performed in 12 cohorts (26 408
participants) in which both stroke and MI events were surveyed.

Statistical Analyses

We grouped subjects according to the World Health Organization
classification!4; however, because of the small number of samples in
underweight (<18.5, 4.7%) and obese (=30.0, 2.3%) categories, we
collapsed them with the adjacent categories. We then divided the
category with BMI 23 or lower by additional cutoff point (21) to
describe incidence within normal range. Consequently, the following
5 categories were used: BMI <21.0, 21.0 to 22.9, 23.0 to 24.9, 25.0
to 27.4, and =27.5. A fixed-effect Poisson regression model with a
fixed effect representing a combination of cohort enrollment year
(1980s or 1990s) and cohort characteristics (community-based or
work site—based) provided multivariate-adjusted hazard ratios (HRs)
for each BMI category taking <21 as the reference. The multivariate
model initially adjusted for age, current smoking, and current
drinking habits. Probability values and HRs described in the text
were derived from this model if not specified otherwise. SBP and TC
were then separately and simultaneously adjusted for as mediation
analyses. If the final model still showed a significant association of
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Table 1. Proportions or Mean Values (Standard Deviations) of Baseline Risk Factors According to BMI Categories

BMI Categories, kg/m?

Al <21.0 21.0-22.9 23.0-24.9 25.0-27.4 27.5+ P*
Men

n 19 760 4997 5426 4855 3263 1219

Age, y 55.4 (10.3) 57.8(11.1) 55.3(10.2) 54.3(9.8) 54.1(9.5) "53(9.1) <0.0001
Height, cm 163.0 (7.0) 162.4 (7.1) 162.8 (7.0) 163.1 (6.8) 163.7 (6.9) 163.9 (7.0) <0.0001
Weight, kg 61.1(9.5) 51.6 (5.5) 58.4 (5.2 63.8 (5.6) 69.9(6.2) 78.3(8.3) <0.0001
TC, mg/dL 193.9 (36.1) 182.4 (33.1) 191.4 (35.4) 199.1 (35.8) 203.3 (36.4) 206 (37.0) <(0.0001
SBP, mm Hg 131.3(18.9) 128.1 (19.6) 129.3 (18.4) 132.3(18.3) 135.3(18.2) 138.3 (18.2) <0.0001
DBP, mm Hg 79.6 (11.7) 76.3(11.3) 78.1 (11.3) 80.6 (11.3) 83.2 (11.5) 86.3(11.7) <0.0001
Antihypertensive medication, %t 1.7 8.7 9.6 12.6 15.7 196 <(0.0001
Current smoker, % 54.5 63.1 55.0 51.6 46.3 50.5 <0.0001
Current drinker, % 7141 69.0 7.5 72.6 ni 70.8 0.0019

Women

n 25 475 6051 6481 5907 4598 2438

Age, ¥ 56.5(10.2) 56.4 (11.4) 55.6 (10.3) 56.5(9.8) 57.2(9.5) 57.4(9.3) <0.0001
Height, cm 149.8 (6.3) 150.2 (6.6) 150.1 (6.3) 149.8 (6.0) 149.2 (6.0) 148.9 (5.9) <0.0001
Weight, kg 52.4(8.1) 44 (4.8) 49.7 (4.4) 53.8 (4.5 58.1 (4.9 65.8 (7.1) <0.0001
TC, mg/dL 203.1(36.0) 196.3 (34.5) 201.5 (35.6) 204.6 (36.1) 207.7 (35.9) 211.8 (37.0) <0.0001
SBP, mm Hg 129.2 (19.2) 123.6(18.9) 127 (18.6) 130.2 (18.2) 133.7 (18.6) 138.4 (18.9) <0.0001
DBP, mm Hg 76.2 (11.1) 72.3(10.5) 74.8 (10.7) 76.8 (10.5) 79.3(10.8) 82.5(11.2) <0.0001
Antihypertensive medication, %t 14.8 8.1 11.5 15.5 20.7 29.0 <0.0001
Current smoker, % 43 5.1 4.0 3.8 41 48 0.0058
Current drinker, % 12.7 13.0 13.8 12.8 12.1 10.2 0.0001

*Continuous variables were tested by ANOVA and categorical variables were tested by »# tests for the differences across BMI categories.
+tProportions among 11 741 men and 13 174 women for whom the data were available.

BMI with incidence, further adjustment was attem[jted for hisfory of

DM and HDL cholesteral to evatuate their mediation effects in the-

available sample (n=26 694, 58.8% of total sample). These variables
were entered into the model as fixed effects. For each end point—
total stroke, cerebral infarction, cerebral hemorrhage, MI, ischemic
CVD, and total CVD—analyses were done for men and women,
separately.

Supplementarily, stratified analyses were performed by age (<60
or >60), current smoking, hypercholesterolemia, and hypertension
to evaluate possible effect modification. Hypercholesterolemia was
defined total cholesterol =5.69 mmol/L (220 mg/dL) or use of
cholesterol-lowering medication. Hypertension was defined SBP/
DBP =140/90 mm Hg or use of hypertensive medication. These
stratified analyses were carried out in the sex-combined sample after
confirming that there was no significant sex-BMI category interac-
tion by likelihood ratio test caused by the small number of events
among women. Finally, we conducted analyses excluding events
within 1 year of baseline in an attempt to eliminate the potential
effect of occult disease on baseline BMI. Age-adjusted incidence rate
was obtained by standardizing it to the age distribution of the total
sample (n=45 235) and expressed as the number per 10 000 person-
years. HR estimates and 95% confidence intervals (Cls) were
determined by PROC GLIMMIX in the SAS program for Windows,
Release 9.13 (SAS Institute Inc, Cary, NC). The linear trend of HRs
across the BMI categories was tested, when appropriate, by a
continuous variable assigning the median value of each quintile to
corresponding individuals. Forest plots were used to qualitatively
assess heterogeneity of associations between BMI and outcomes
among included cohorts. These figures are also shown in sex-
combined fashion due to small number of events in some cohorts. A
probability value less than 0.05 was considered statistically
significant.

Results
Mean baseline age and BMI were 55.4 years and 23.0 kg/m®
in men and 56.5 years and 23.4 kg/m” in women (Table 1).
Higher BMI was associated with higher TC, SBP, and DBP in
both men and women. In men, age was inversely associated
with BMI. Women in the lowest BMI category were oldest on
average, but mean age tended to increase in the subsequent
BMI categories. Current smoking was most prevalent in the
lowest BMI category in both sexes.

There were 1113 total strokes and 190 MI events during
337 287 person-years for the stroke analyses, 261 702 person-
years for the MI analyses, and 206 011 person-years for the
total CVD analyses. Among stroke events with reported
stroke subtype information, 725 were classified as cerebral
infarction and 229 as cerebral hemorrhage. There was no
heterogeneity among the cohorts in the association of BMI
with any cardiovascular diseases events (P for heterogeneity
>0.4, MI shown in Figure 1, cerebral infarction shown in
Figure 2, and cerebral hemorrhage shown in Figure 3).

In men, the incidence of cerebral infarction was increased
86% in subjects with BMI =27.5 compared with those with
BMI <21.0 after adjusting for age, current smoking, and
current drinking habits (Table 2). Risks of cerebral infarction
tended to increase for each successive BMI category (trend
P=0.007). Further adjustment for possible mediating factors
(SBP and TC) attenuated the association (HR, 1.51; 95% CI,
0.99 to 2.30). Similarly, in men, BMI was positively associ-
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Myocardial Infarction
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Figure 1. Fixed-effect Poisson regression model was used to
determine age, current smoking, and current drinking habits by
adjusted HRs of MI per each 2 kg/m? increment in BMI. The HR
from each cohort was plotted in the Forest plot for a qualitative
assessment of heterogeneity in the associations among
included cohorts. P for heterogeneity=0.61.

ated with risk of cerebral hemorrhage (HR, 2.51; 95% CI,
1.21 to 5.20); this, however, appeared to be highly mediated
by SBP (HR, 1.85; 95% CI, 0.89 to 3.86 after adjustment for
SBP). For MI, the HR was 3.16 (95% CI, 1.66 to 6.01) for

Cerebmal Infarction
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Figure 2. Fixed-effect Poisson regression model was used to
determine age, current smoking, and current drinking habits by
adjusted HRs of cerebral infarction per each 2 kg/m? increment
in BMI. The HR from each cohort was plotted in the Forest plot
for a qualitative assessment of heterogeneity in the associations
among included cohorts. P for heterogeneity=0.58.
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Cerebral Hemorrhage
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Figure 3. Fixed-effect Poisson regression model was used to
determine age, current smoking, and current drinking habits by
adjusted HRs of cerebral hemorrhage per each 2 kg/m? incre-
ment in BMI. The HR from each cohort was plotted in the For-
est plot for a qualitative assessment of heterogeneity in the
associations among included cohorts. P for heterogeneity=0.60.

BMI =27.5 versus BMI <21.0 only in men, which appeared
only partly mediated by TC and SBP (trend P=0.012 after
adjustment for TC and SBP). Further adjustment for history
of DM and HDL cholesterol in a subsample in which these
variables were available did not eliminate the MI-BMI
association (trend P=0.004 data not shown in the table).

In women, both cerebral infarction and hemorrhage were
significantly and positively associated with BMI (Table 3).
Although the association with cerebral hemorrhage was
largely mediated by SBP (trend P=0.17 after adjustment for
SBP), BMI showed a somewhat independent association with
cerebral infarction (trend P=0.044 after adjustment for SBP).
No association was observed between BMI and MI in
women.

Analyses excluding events within 1 year after baseline
produced similar results in both men and women. Associa-
tions were similar in the stratified analyses by age or current
smoking habit for all end points (all trend P<<0.05). Cerebral
infarction and MI were similarly associated with BMI within
cholesterol strata (all trend P<0.05). Although incidence
rates of these end points in subjects with hypertension were
much higher than the rates in those without it, associations
with BMI were more prominent for nonhypertensive subjects
(Table 4).

Discussion
In the present meta-analysis of prospective studies of a
relatively lean population, incidence of cerebral infarction
and hemorrhage in both sexes and that of myocardial infarc-
tion in men were associated positively and linearly with the
degree of obesity as measured by BMI. The associations
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Table 2. Hazard Ratios and 95% Confidence Intervals for CVD According to BMI Categories in Men

End Points <21.0 21.0-22.9 23.0-24.9 25.0-27.4 27.5+
Model HR (95% C) HR (95% CI) HR (95% C) HR (5% C) HR (85% Cl) Trend P
Total stroke
n of cases/N 147/4383 167/4869 138/4364 82/2992 421132
Age-adjusted incidence rate 36.1 448 44.4 43.7 57.6
Model 1 1 1.29 (1.03-1.61) 1.30 (1.03-1.64) 1.24 (0.94-1.69) 1.81 (1.28-2.56) 0.003
+8BP 1 1.24 (0.99-1.55) 115 (0.91-1.46) 1.04 (0.79-1.38) 1.48 (1.04-2.10) 0.17
+SBP+TC 1 1.25 (1.00-1.56) 117 (0.92-1.48) 1.06 (0.80-1.40) 150 (1.06-2.14) 0.13
Cerebral infarction
n of cases/N 111/4383 117/4869 108/4364 58/2992 29/1132
Age-adjusted incidence rate 26.2 315 35.2 325 411
Model 1 1 1.23 (0.95-1.60) 141 (1.08-1.84) 1.23(0.89-1.69) 177 (1.17-2.69) 0.007
+SBP 1 1.19 (0.92-1.55) 1.28 (0.97-1.67) 1.06 (0.77-1.47) 150 (0.99-2.28) 0.12
+SBP+TC 1 1.19 (0.92-1.55) 1.28 (0.98-1.68) 1.06 (0.76-1.47) 151 (0.99-2.30) 0.12
Cerebral hemorrhage
n of cases/N 23/4383 33/4869 21/4364 19/2992 111132
Age-adjusted incidence rate 6.0 8.6 6.4 8.7 14.0
Model 1 1 147 (0.86-2.51) 110 (0.61-2.01) 1.54 (0.83-2.86) 2,51 (1.21-5.20) 0.045
+SBP 1 140 (0.82-2.39) 0.95 (0.52-1.73) 1.2 (0.66-2.28) 1.85 (0.89-3.86) 0.32
+SBP+TC 1 141 (0.83-2.42) 0.97 (0.53-1.77) 1.26 (0.67-2.36) 1.92 (0.91-4.03) 0.26
M '
n of cases/N 26/3918 5/4231 33/3864 27/2632 15/1011
Age-adijusted incidence rate 8.5 8.4 125 18.9 25.2
Model 1 P 1 1.07 (0.61-1.85 ~ 1.68 (1.00-2.83) 2.21(1.28-3.83) 3.16 (1.66-6.01) <0.001
+SBP 1 1.03 (0.60-1.80) 154 (0.91-259) .. 1.90 (1.09-3.30) 2,65 (1.38-5.08) <0.001
+SBP+TC 1 093(0.54-169  130077-221)  1.53(0.87-269) 2.12 (1.10-4.10) 0.012
Ischemic CVD - '
nofcasesN 7713304 82/3674 96/3373 51/2361 30/924
Age-adjusted incidence rate W24 o1 Tl i e M3 64.8
Model 1 1 125091171 174(1.28-235)  1.39(097-199)  216(141-330)  <0.001
+SBP . h 1 120(0.88-164)  158(1.16-2.14)  1.19(0.83-1.72) 1.84 (1.20-2.83) 0.008
+SBP+TC " 1 117 (0.85-1.60)  1.51(1.11-2.05) 1.13(0.78-1.63) 1.75 (1.13-2.70) 0.022
Total CVD
n of cases/N 97/3304 111/3674 113/3373 64/2361 37/924
Age-adjusted incidence rate 40.9 484 57.4 535 764
Model 1 1 1.30 (0.99-1.72) 157 (1.19-2.07) 1.34 (0.98-1.85) 2.03 (1.39-2.98) <0.001
+SBP 1 1.24 (0.94-1.64) 1.39 (1.06-1.83) 1.1 (0.80-1.54) 1.65 (1.12-2.43) 0.036
+SBP+TC 1 1.22 (0.93-1.61) 1.35 (1.02-1.78) 1.07 (0.77-1.49) 159 (1.08-2.35) 0.070

n indicates number; N, number of subjects.

Incidence rate was adjusted to the age distribution of total sample (n=45 235) and expressed as the number per 10 000 person-years.

Model 1: Adjusted for age and current smoking and current drinking habits.

Stroke analyses were carried out using data from 15 cohorts (17 740 men); Ml analysis, 13 cohorts (15 656 men); and ischemic (cerebral infarction and MI) and
total CVD analyses, 12 cohorts (13 636 men). ¢

between stroke, especially cerebral hemorrhage, and BMI in association of MI incidence with BMI in men was strong and

both sexes were largely mediated by blood pressure, but BMI
tended to explain incidence of cerebral infarction independent
of TC and SBP. Although further mediation analyses using
DM history information in the available sample were possi-
ble, the results would not be readily interpretable because
SBP adjustment alone significantly attenuated the associa-
tion. Thus, the association of cerebral infarction with BMI
largely appears to be mediated by SBP. In contrast, the

was independent of TC and SBP. Even further adjustment for
history of DM and HDL cholesterol did not eliminate the
association. Although residual confounding caused by mea-
surement error of these covariates is possible, other factors
that accompany obesity may increase MI risk, such as
prothrombotic factors's or low-grade systematic inflamma-
tion.!'s In any case, the present results imply that avoidance of
obesity offers the potential of reducing CVD in Japan.
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Table 3. Hazard Ratios and 95% Confidence Intervals for CVD According to BMI Categories in Women

End Points <21.0 21.0-22.9 23.0-24.9 25.0-27.4 27.5+
Model HR (95% Cl) HR (35% CI) HR (95% CI) HR (95% Cl) HR (95% Cl) Trend P
Total stroke
n of cases/N 108/4911 110/5255 121/4753 120/3766 78/2090
Age-adjusted incidence rate 21.9 23.3 26.8 313 34.8
Model 1 1 1.05 (0.81-1.38) 1.22 (0.94-1.58) 1.45(1.12-1.89) 1.65 (1.23-2.21) <0.001
+SBP 1 0.99 (0.76-1.29) 1.09 (0.84-1.42) 1.23(0.94-1.60) 1.31(0.97-1.76) 0.028
+SBP+TC 1 1.00 (0.77-1.31) 1.10 (0.85-1.44) 1.25(0.96-1.62) 1.33(0.98-1.79) 0.021
Cerebral infarction
n of cases/N 61/4911 58/5255 67/4753 75/3766 41/2090
Age-adjusted incidence rate 12.3 12.3 14.8 19.3 18.4
Model 1 1 1.01 (0.71-1.45) 1.22 (0.86-1.73) 1.64 (1.17-2.30) 1.56 (1.05-2.32) 0.001
+SBP 1 0.96 (0.67-1.37) 1.10 (0.78-1.56) 1.40 (0.99-1.97) 1.25(0.84-1.87) 0.050
+SBP+TC 1 0.96 (0.67-1.39) 1.11(0.78-1.57) 1.41 (1.00-1.99) 1.27 (0.85-1.90) 0.044
Cerebral hemorrhage
n of cases/N 26/4911 22/5255 24/4753 28/3766 22/2090
Age-adjusted incidence rate 4.8 4.6 5.3 7.3 94
Model 1 1 0.88 (0.50-1.55) 1.02 (0.58-1.78) 1.43(0.83-2.45) 1.98 (1.12-3.52) 0.010
+SBP 1 0.80 (0.45-1.41) 0.87 (0.49-1.52) 1.12(0.65-1.93) 1.41(0.79-2.52) 0.17
+SBP+TC 1 0.81 (0.46-1.43) 0.89 (0.50-1.55) 1.15(0.67-1.99) 1.44 (0.80-2.59) 0.15
Mi
n of cases/N 13/4389 17/4494 11/4047 17/2975 6/1567
Age-adjusted incidence rate 33 45 3.0 6.0 36
Model 1 1 1.37 (0.66-2.83) 0.92 (0.41-2.06) 1.73(0.83-3.57) 1.15 (0.44-3.04) 0.42
+SBP 1 1.26 (0.61-2.60) 0.79 (0.35-1.78) 1.43(0.69-2.97) 0.89 (0.33-2.36) 0.89
+SBP+TC 1 1.14 (0.55-2.36) 0.73(0.32—1.64) 1.26 (0.60-2.62) 0.78 ’(0.29—2.09) 0.86
Ischemic CVD
n of cases/N 51/3249 44/3268 45/2893 51/2143 241219
Age-adjusted incidence rate 19.1 18.3 18.6 26.5 20.4
Model 1 1 0.98 (0.65-1.46) 1.02 (0.68-1.52) 1.41(0.96-2.09) 1.12 (0.69-1.82) 0.19
+SBP 1 0.92 (0.62-1.38) 0.94 (0.63—1.40) 1.25(0.84~1.86) 0.95 (0.58-1.55) 0.60
+SBP+TC 1 0.91(0.61-1.37) 0.92 (0.62—1.38) 1.23(0.83-1.83) 0.93 (0.57-1.53) 0.65
Total CVD
n of cases/N 76/3249 64/3268 73/2893 78/2143 47/1219
Age-adjusted incidence rate 277 26.8 305 409 408
Model 1 1 0.94 (0.67-1.31) 1.10 (0.80-1.52) 1.46 (1.07-2.01) 1.49 (1.04-2.15) 0.003
+SBP 1 0.88 (0.63-1.23) 1.00 (0.72-1.38) 1.26 (0.92-1.74) 1.22 (0.84-1.77) 0.077
+8BP+TC 1 0.87 (0.62-1.22) 0.99 (0.72-1.37) 1.25(0.91-1.73) 1.21(0.84-1.76) 0.087

n indicates number; N, number of subjects.

Incidence rate was adjusted to the age distribution of total sample (n=45 235) and expressed as the number per 10 000 person-years.
Model 1: Adjusted for age and current smoking and current drinking habits.
Stroke analyses were carried out using data from 15 cohorts (20 775 women); Mi analysis, 13 cohorts (17 472 women); and ischemic (cerebral infarction and MI)

and total CVD analyses, 12 cohorts (12 772 women).

This pattern of BMI independently associated with MI is
consistent with most previous reports.*!’-20 Most studies
conclude that the effect of obesity on stroke was explained by
etiologically mediating factors that accompany obesity. For
example, a significant association of BMI with stroke was
explained by hypertension, hypercholesterolemia, and DM in
the Framingham study.!” The relative risk for ischemic stroke
was successively significantly attenuated by adjustments for
hypertension, hypercholesterolemia, and DM in the Women’s

Health Study.5 The association of BMI with intracerebral
hemorrhage was no longer significant after adjustment for
blood glucose, cholesterol, and SBP in Korean women.'®
Other studies suggest some residual association of BMI with
stroke*!8:20 after controlling for the established risk factors
associated with adiposity.

Although we found that the incidence of cerebral hemor-
rhage was associated positively with BMI, previous studies
are less consistent. No2!-2? inverse or J-shaped® associations
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Table 4. Hazard Ratios and 95% Confidence Intervals of Stroke and MI According to BMI Categories in Subjects With or
Without Hypertension
BMI Categories, kg/m?
n of <21.0 21.0-22.9 23.0-24.9 25.0-27.4 275+

End Points Cases/N HR (95% CI) HR (95% Cl) HR (35% Cl) HR (95% Cli) HR (95% Cl) Trend P
Cerebral infarction

Without hypertension 257/24 404 1 1.23(0.88-1.72) 1.31(0.91-1.87) 1.72(1.17-2.53) 1.82 (1.07-3.08) 0.002

With hypertension 468/14 311 1 1.03 (0.78-1.35) 1.17 (0.89-1.53) 1.07 (0.80-1.43) 1.19(0.85-1.68) 0.29
Cerebral hemorrhage

Without hypertension 63/24 404 1 1.16(0.59-2.32) 0.94 (0.44-2.05) 1.46 (0.67-3.18) 2.79 (1.18-6.59) 0.067

With hypertension 166/14 311 1 1.05 (0.65-1.67) 0.91 (0.56-1.47) 1.13(0.70-1.83) 1.36 (0.79-2.32) 0.32
M

Without hypertension 64/20 291 1 1.06 (0.52-2.17) 1.57 (0.79-3.14) 2.36(1.134.93) 2.08 (0.69-6.25) 0.016

With hypertension 126/12 837 1 1.22 (0.70-2.14) 1.19(0.67-2.08) 1.58 (0.91-2.76) 1.69 (0.88-3.23) 0.061

n indicates number; N, number of subjects.

All HRs were adjusted for age, sex, and current smoking and current drinking habits.
Hypertension was defined as those who reported the use of antihypertensive medications or SBP and/or DBP was =140/90 mm Hg.
Interactions for BMI category by hypertension tested in Model 1 using likelinood ratio test with 5 degrees of freedom were significant (P<0.05) for all end points.

have been reported. Small numbers of cases, heterogeneity of
hemorrhagic strokes,* or differences in other factors such as
average cholesterol level might contribute to such discrepan-
cies.2 However, large-scale studies of Korean men and
women also reported BMI positively associated with cerebral
hemorrhage as well as corroborative evidence that over-
weight/obesity increases risk of cerebral hemorrhage through
the elevation of blood pressure.!9-20 ~
There are several strengths of the present study, apart from

its large-scale and prospective design. We used measured =

weight and height rather than self-reported measures. We
could also examine the potentlal effect of mild or moderate
increases in relative weight in our lean population. The
present study included participants from urban and rural
areas, Or commtmxty-based and work site—based cohons,
strengthening the generalizability of the study findings. "

There are also several limitations that should be consid-
ered. First, other obesity measures incorporating abdominal
regional adiposity may better predict individual risk of CVD
beyond BMLI. It is, however, reported that differences of such
measures applied to a population are unlikely to be clinically
important.2425 Second, it is possible that physical activity
may explain or modify some of our findings, although
previous studies have shown independent associations of
BMI with CVD.2627 Another limitation may be the lack of
information on ischemic stroke subtypes (lacunar, athero-
thrombotic. or embolic), which should specifically be ad-
dressed in future studies. Furthermore, the number of events
was still small, so sex-specific stratified analyses were not
feasible.

In conclusion, in the present large, population-based,
prospective study of Japanese men and women, greater BMI
was associated with an increased risk of total stroke, cerebral
infarction, and cerebral hemorrhage in men and women and
MI in men. The fact that stroke risks associated with obesity
appeared largely explained by concomitant rise in blood
pressure emphasizes the role of weight control including
prevention of weight gain as a way to prevent and control

hypertension and thus stroke. Our finding that obesity inde-
pendently increased MI risk implies additional importance of
obesity control in MI prevention in men. To avoid a possible
upturn of stroke and CHD incidence in Japan, we believe that
a rise in weight in the population should be prevented
vigorously and that weight control should be emphasized in
those with elevated weight regardless of age and sex.
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Association between Change in Eating Behaviors and Weight Reduction
Through a Health Guidance Program for Improvement of
Obesity among Japanese Women

Junko Miyazaki', Setsuko Nishimura', Yaoko Kawanaka', Tomoko Hakui',
Koutatsu Maruyama!?, Mitsumasa Umesawa' and Yoshihiko Naito®

!0saka Medical Center for Health Science and Promotion
“Public Health, Department of Social and Environmental Medicine,
Graduate School of Medicine, Osaka University
Department of Food Sciences and Nutrition, School of Human Environmental Sciences,
Mukogawa Women'’s University

Several observational studies have suggested that some eating behaviors are related to obesity, but few studies
have indicated the association between change in eating behavior and improvement of obesity. Therefore, the
objective of this study was to determine whether changes in eating behaviors are associated with changes in body
weight and dietary intakes. The subjects were 144 Japanese women (age, 19-78 years; body mass index [BMI].
18.6-43.8 kg/m®) who participated in a health guidance program for improvement of obesity “Slim-de-kenko-Juku” at
Osaka Medical Center for Health Science and Promotion from September 2003 to August 2008. During this
2.5~-month program, participants were provided health guidance 8 times, and 2 health check-ups were performed.
Anthropometric measures, blood pressure, serum chemistry, dietary intakes, and eating behaviors were evaluated at
the 2 health check-ups. We analyzed associations between changes in BMI and eating behaviors by stepwise muttiple
linear regression analysis. After the program, body weight, BMI, body fat, and waist circumference were significantly
reduced {(mean values, ~1.8 kg, 0.8 kg/m? -1.5%, and -3.6 cm, respectively; p<0.001). Dietary energy and intake of
carbohydrates, fat, sugar, oils, and snacks were decreased, vegetable intake and physical activity were increased.
Further, eating behaviors were improved, especially among obese individuals. Results of stepwise multiple liner
regression analysis revealed that improvement of “substitute eating and drinking” was significantly associated with
decrease in BMI (8 = -0.284; $<0.001). In conclusion, our findings suggested that improvement of eating behaviors,
particularly “substitute eating and drinking” is important for improvement of obesity in Japanese women.

Jpn. J. Nutr, Diet., 68 (6) 378~387 (2010)
Key words: eating behaviors, BMI, dietary intake, health guidance program, japanese women
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