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Abstract

BACKGROUND: Obesity is one of the most common risks for lifestyle-related diseases, but the personality of individuals in
relation to obesity has not been well studied. We investigated the association of personality traits with physical activity levels

and eating behaviors in obese subjects.

METHOD: The subjects were |16 males and 119 females in the Saku Conwol Obesity Program SCOP study. The influence of
personality on obesity was analyzed using a questionnaire from the NEO-FFI. We analyzed the association of physical activity
level (measwred with an accelerometer) and cating behavior (asscssed by a questionnaire) amony the three classes (low,

average, high) of scores within five personality domains.

RESULTS: Scores in the Neuroticism and Agrecableness domains of females were significantly higher than those of males.
There were significant differences among the three classes of Neuroticism and Agreeableness with regard to physical activity
levels. Eating behavior was associated with the Neuroticism and Openness domains. The scales of bad eating behavior related
to obesity were positively correlated with scores in the Neuroticism domain in both males and females. In males the scale of

all categories of eating behavior increased as scores in the Openness domain rose; in females the scale of “perception of
constitution and weight” decreased as Openness scores rose.
CONCLUSION: Personality determined by NEO-FFI was related to physical activity level and eating behavior. In particular,
the Neuroticism domain had great effects on these parameters.
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Introduction

Obesity appears to be closely correlated with personality, and
recent studies have shown that obese people are at increased risk
of depression and Neuroticism.'? A study using the NEO-Five
Factor Inventory (NEO-FFI) reported that obese females had
more neurotic tendencies compared with temales who were not
obese.” In addition, Yoshida et al reported that the effectiveness
of treatment for obesity was influenced by ditterences in
personality,®

To further investigate the effects of personality {raits on
obesity, we performed a psychological behavior analysis (NEO-
FFI) of obese participants in a weight-loss intervention program.
The present NEO-FFI ¥ is a shortened version of the Revised
NEO Personality Inventory (NEO PI-R). Yoshimura et al
translated this version into Japanese, and its reliability and
validity have been confirmed. ¥ NEO-FFI is a questionnaire that
measures personality traits within five domains, and it has been
most widely used in the United States. The NEO-FFI has proven
useful for the study of health consciousness and behavior in both
young and elderly subjects.”$
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Although a wide array ot research has shown a positive effect
of weight loss in the prevention of lifestyle-related diseases,
methods to achieve changes in physical activity and eating
behaviors in obese individuals have not been well developed. In
addition, no studies have examined how personality traits are
related to the process of losing weight in obesity education
programs. Therefore, we conducted a multifactorial study of the
physical activity levels and eating behaviors among obese
subjects using the NEO-FFI questionnaire. We also wied to
clarify whether individual personality assessment can serve as a
valuable tool in such individualized education programs.
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Method

The subjects and methods of this study were described in detail
elsewhere in this supplement.”’ Subjects were 235 obese people
(116 males and 119 females; 40-64 years) with BMI > 283
kg/m? at their last medical check-up at the Saku Central Hospital.
The participants gave written informed consent prior to being
enrolled in the SCOP study.

The NEO-FFI consists of 60 questions, 12 for cach of five
personality domains. For each question, subjects express
agreement or disagreement on a five-point Likert scale: (1)
swongly disagree, (2) disagree, (3) neutral, (4) agree, (5) strongly
agree. The NEO-FFI is used to measure the five major domains
of individual personalities (Neuroticism, Extroversion, Openness,
Agreeableness, and Conscientiousness), which allow for a
comprchensive asscssment of normal adult personality. Raw
scores of Newroticism, Extroversion, Openness, Agrecableness,
and Conscientiousness were converted into T-scores, and each
domain was grouped into three classes: high (7= 56 and higher),
average (T = 45-55), and low (T = 44 and lower)."" T-scores
have a mean ot' 50 and a standard deviation ot 10 and allow for
comparison of individuals across the population.

Physical activity lcvels were measured using  an
accelerometer (Suzuken, Nagoya, Japan); the details of how
these levels were assessed is described elsewhere.!'" The device
can monitor the number of steps as well as exercise intensity
with the acceleration sensor, allowing calculation of the caloric
expenditure through physical activity. Each subject received the
device 2 weeks before the baseline health check-up. Participants
were unable to view the data so that they would not conscquently
alter their normal routines of physical activity.

Participants’eating behavior was analyzed by a questionnaire
in the Manual of Obesity 2006 written by the Japan Society for
the Study of Obesity (see Appendix [).'>'¥) The questionnaire’s
55 statements are based on the statements given by obese people
in a clinical survey, and subjects were asked to agree or disagree
on a four-point Likert scale: (1) disagree, (2) somctimes, (3)
having a wrend, (4) agree. The questionnaire is assessed by
categorizing 51 items into the following eight cutegories: (1)
perception of constitution and weight, (2) motivation for eating,
(3) unhealthful eating, (4) feeling of fullness and hunger, (5) bad
eating habits, (6) contents of diet, (7) unsteady eating pattern,
and (8) total of all of them. One is a dummy question. The higher
scorc in this questionnaire indicated worsc in cating behavior,
Based on each participant’s answers; his or her eating behaviors
were plotted along these eight axes and used for further analysis.
Because we slightly modified the eating behavior questionnaire,
the validity of the eight categories was analyzed using principal
component analysis.

The associations between personality, physical activity levels,
and cating bchaviors were analyzed using SPSS® version 14.0
(SPSS Inc., Tokyo). Associations among the mean physical
activity levels, eating behavior categories, and NEQ-FFI classes
were danalyzed by ANOVA, Bonferroni test, and Games-Howell
multiple comparison. Analysis was administrated according to
cach subject’s sex because selecting the ditferent question from
55 question to assess each category by sex. The database was
processed using Execel©2003 (Microsoft, Redmond, WA, USA)
and converted to SPSS.

Results

The mean and standard deviation of NEO-FFI raw scores of
the subjects and the distribution of T-scores among the low,
average, and high classes for each personality domain are shown
in Tuble 1 and Figure 1. The raw scores for both males and
females coincided well, except for significantly higher scores in
females in the domains of Neuroticism and Agreeableness.
Within each sex, there was no significant difference in the
distribution of T-scores across all domains. Correlation
coefficients among the raw scores of the NEO-FFI are shown in
Table 2. Significant negative associations were found between
Neuroticism and Extroversion and between Neuroticism and
Agreeableness in males. In females, however, significantly
negative associations existed between WNeuroticism and
Extroversion, Neuroticism and Agreeableness, and Neuroticisin
and Conscientiousness, but significantly positive associations
were  found between Extroversion and  Agreeableness,
Extroversion and Conscienticusness, and Agreeableness and
Conscientiousness. '

Table 1 The raw score of NEO-Five Factor Inventory
male female total
= 116) (a=119) (n = 235)
Neuroticism 228+£56 25568~ 24264
Extraversion 253+ 5.6 26.7+6.1 26.0%59
Openness 282501 2862 45 284+48
Agreeableness 29744 3224437 31.0%45
Conscientivusness 28.1%5.2 285%59 283535

Value present the mean =5D
* Significamtly diffelent between sex (P<().03)

100%
75%
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50% D
Low
25% ] L I
29|28 28|27 3425 37f27 33(33
0% W F MF MF MF MF
Neuroticism Opennes Conscientious
Extraversion Agreeableness -ness

Fig. 1. The distribution of 7-scores among the low class (7= 44 and lower),
average class (T = 45-55), and high class (T'= 56 and higher) in each
personalicy domain of the NEO-FFI by sex. The values indicate the
nuinber of subjects (males, M, = 116; females, F, n=119)

* Relationship between NEO-FFI Scores and Physical
Activity

Although the absolute number of daily step counts was
greater in females (8015 + 3126) than in males (7601 + 3300),
there was no significant difference between these values. METs
h (exercise intensity X time) was similar in males and females:
3.0% 1.4 and 3.1 + 1.3, respectively.

Tables 3 and 4 lists the number ot steps and physical activity
levels according to T-score class among the NEO-FFI domains.
In females, daily step counts and METs b were low in those with
low Neuroticism scores, and physical activity was significantly
higher in the average class than in the low class of Neuroticism.
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Table 2 Correlation coefficients in the scales of the five domain of NEO-Five Factor Inventory
male:n=116 female : n= 119

Extraversion Openness Agreeableness  Conscienlionsness Exwaversion Openness Agreeablencss  Conscientiousness
Neuroticism -0.30* 0.08 -0.23* -0.12 -043* 0.0t -0.24 * -0.32*
Fxtraversion 0.06 .11 0.18 -0.02 032" 047"
Openness 0.18 0.16 0.15 0.01
Agreeableness -0.15 025~
* p<0.05

Table 3  The association between the daily step counts and NEO-Five Factor Inventory.class in each domain

Low class Average class High class
mcan + SD (n mean + SD m mean +  SD (n)
Neuroticism male 7178 & 3284 (26) male 7479 + 3424 (57) male 8242 £ 3069 28)
female 6741 *+ 2422 (28) female 8692 = 3467 (48) female 8090 = 29317 (43) -2
Extraversion mate 7945 £ 2118 27) male 7512 + 3848 (52) male 7435 £ 3222 (32)
female 7435 + 3036 27) female 7918 £ 2980 (46) female 8454 £ 3319 (46)
Openness male 7926 * 3301 (34) male 7254 + 2967 (51) male 7856 = 3932 (26)
female 8303 £ 3371 (25) female 7789 + 2632 (67) female 8310 + 3999 (27)
Agreeableness male 8659 t 3450 34) male 673 + 2542 {46) male 7773 £ 3244 31y*2
female 8825 = 3366 (27) female 7898 + 2830 (62) female 7529 £ 3448 (30)
Conscientiousness male 7428 + 3180 (32) male 7364 + 2624 (50) male 8200 £ 436t (29)
female 7102 £ 2696 33) female 8055 £ 3080 (48) female 8696 + 3425 (33)

* Significant between groups by ANOVA (P<0.05)

a: Siguificantty different between Luw class and Average class (P<0.03)
Low class : T-scores = 44 and lower

Average class : T-scores = 45 - 53

Highclass:  T-scores = 56 and higher

Table 4 The association between METs « h and NEO-Five Factor Inventory class in each domain

Low class Average class High class
mean + SD in) mean + SD (n) tean £ SD {nj
Neuroticism male 28+ 13 (26) male Juox 135 (57) male 33+ 1.3 (28)
female 261 1.0 28 female 34 1.5 (48) female 32 1.2 (43) %4
Extraversion mle 32+ 0.9 27) male 30 1.7 (52) male 3.0% 1.3 (32)
female 291+ 1.3 (27) female It: 13 (46) femule 33+ 1.4 (46)
Openness male 3.0 1.4 (34 male 29+ 1.3 (51) male 30217 (26)
female 32+ 15 (25) female 3 0% 1.1 (67) temale 33217 27)
Agreeableness male 35+ 1.8 (34) male 2.6+ 1.1 (46} wale 3.0 £ 1.3 (3(y*a
fernale 35 1.5 2N female 3Lt 12 (62) female 29+ 15 [E11))]
Conscientiousness male 3o+ 1.4 (32) male 29+ 1.2 (50) ale 3319 (29)
female 2.8 £ 1.1 (34) femule 32+ 1.4 (47) female 34+ 1.5 (38)

* Significant between groups by ANOVA (P<(1.05)

a : Sigaificandy different between Low class and Average class (P<0.05)
Low, vluss : T-scores = 44 and lower

Average class : T-scores = 45 - 53

High class :  T-scores = 56 and higher

In males, there were no significant differences in daily step
counts and METs h among the Neuroticism classes. With regard
to Agreeableness scores, in males both physical activity
measures were lower in the average class than in the low and
high classes. In females there was an increase in daily step
counts and METs-h as Conscientiousness scores rose, but no
significant difference existed among the classes according to
ANOVA.

- Association between Eating Behavior and NEO-FFI
Scores

The results of the principal component analysis with a
varitnax rotation for eating behavior are shown by sex in Tuble 5.
According to the principal component analysis, 16 tactors had

cigenvalues > 1.0. For each sex, we chose the five highest
factors, where the cumulative percentage for attribution was no
less than 40%. In males, these factors were: (1) eat between
meals; (2) fast eating-gluttony; (3) uncertainty ot hunger; (4)
promiscuous eating habits-dining out; and (5) supper conscious.
In females the top factors were: (1) comfort eating- Western food,
(2) uncertainty of hunger; (3) fast eating; (4) dining out; and (5)
promiscuous eating habits. We examined the relationship
between principal component scores of these factors and the raw
scores in the five personality domains; although some
associations were significant, the coefficients were all less than
0.265 (data not shown).

Stronger correlations were found between the eight eating
behavior categories within the Manual of Obesity 2006
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Table 5-1  Rotated factor loading based on rank correlations of eating behaiver

Factor
Male ! 2 ) 4 5
Eat between Fast cating* Uncertainty of  Promiscuous Supper-
meals Gluttony Iunger eating habits* conscious
Dining owt
T often eat between meals. 0.817 0.073 0.019 0.142 0.025
T often eat snacks. U.778 0.U61 -0.013 -0.016 0.073
I'tend 1o eat anything when [ have nathing to do. .67t 0.1ts 0.181 0.089 -0.044
T often eat sweet rolls. 0.585 -0.082 0.048 0.064 0.089
[ always keep fuod around. U.550 0.124 0.158 0311 0.030
I often have a midnight snack. 0.543 0.043 -0.021 0.247 0.064
Tdun’thave a sense of bunger and fullvess. 0.403 0.214 0.323 0.195 . 0.106
Teut'a meal fast. ) o 0.094 U.825 -0.069 0.107 -0.059
I don’c chew well. 0.051i 0811 0.119 0.105 0.074
Teat as putting food into my mouse one after anodier. 0.043 0.759 0.236 0.010 0.042
[ stuff fond into my month, -0.019 0.632 0.140 0.125 0.058
I'mcold [ eat alot. n.390 0.51% 0.241 0.024 0.129
T don’t sadsfied unless T eat my fill. 0.340 0.440 0.033 0.156 0.159
I tend tn order more than [ can cat at cating out. 0.085 0.414 0.112 0.063 0.191
Just a meal, I can eat my favorite foods a meal 0.336 0.390 0.206 0.001 0.134
i:'a;n;lal-h—el_p-c-oal;ir-lé Fnznfe'll_lu_n;eh::ﬁg-h._ ________________________________ -0.008 77 0.198 0.757 0.074 -0.022
T cavalot at dinner compared with other meals. 0.062 0.283 0.724 0.076 6.212
I’'n1 uncomfortable unless I keep enough food let in a refrigerator. 0.191 0.017 0.625 0.165 0.071
When T find something good at the grocery store, T buy it even if it is nut planed. 0.192 0.053 0,483 0.006 0.424
T eat well even if { have a cold. 0.029 0.267 0.299 0.046 -0.093
Thave dinner Jue, 777777 T T T I T I T AT mm T m T T 0.0027 77T 0163777 0.039 0.768 0.158
T dow’t have a vegular meal rhythin, 0.233 0.183 0.103 0.649 -0.048
I doa’t have enough lime 1o eat meal. 0.324 0.324 0.176 1.643 -0.012
Iam a night person 0.098 -0.039 -0.199 0.554 0.157
T often cat out und have foud delivered., 0.007 -0.061 0,274 0.545 0.308
Ioften buy at the convenience stores. 28R 0.070 | 0.07t 0.374 0.262
1 have much occasions to attend dinner at drinking partes. ’ ) 0.068 0.016 TTl0060 0 0.145 0.781
T have many social occasions to eut. u. 1ol 0.2y 0.066 0.203 0.681
I diink beer ofien. -0.152 -(1.009 0.155 o 0.572
Tt not satisfied whea a very few-food items are served at dinner. 0.174 -0.025 0.398 -0.057 0.335
Tcan't sleep when I feel hungry. 0.045 0.137 0.183 0.107 0417
Principal components analysis with varimax rotation
Figure in front of each question is the number of each items of questionnaire (see Appendix)
Table 5-2  Rotated factor loading based on rank correlations of eating behaiver
Factor
1 5

Female

Cumfort eating, Uncertainty of

Fust eatin z

Dining out

Promiscuous

Western food hunger eating habiws
I tend to ear fuuits and sweets when I see them. 1772 0.275 0.080 0.134 0.064
Tust a mead, [ can eat my favorite foods a meal 0.711 -0.014 0.253 -0.116 0.383
T tend to eat anything when [ have nothing ta do. U.637 0.180 -0.020 0.257 -0.079
Itend to eat when I see others eating. 2.633 1336 0.030 N.156 -0.150
I love sweets. 0.611 0.132 0.123 0.073 0.227
Falways gain weight whenever I take long holidays, 0.603 -0.016 0.006 0.210 -0.133
[ regret after I eat a lot. 1.575 0.282 0.218 0.087 -0.003
I often eat between meals, 0.574 0.124 0.068 0.003 0.237
[ don’t satisficd unless Tcat my fill. 0.565 0.200 0.324 -0.076 0.153
Ttend to eat when I amn irritated or swessed. 0.554 0.138 -0.044 0.077 0.276
Tbelieve that T gain weight because T like sweets 0.504 0.108 -0.054 0.081 0.048
I'm told T eat a low 0.502 7.203 0.250 0.094 -0.086
I cat more westem food than Japanese foud. 0.468 -0.275 0.118 0.445 0.050
Tlike greusy foud. 0.429 -0.009 0.208 0.233 -0.022
T eataln at dinner compared with qihermeals, ~~ T 7T TTT T 0.136 0.785 0.022 -0.108 0.113
T caunot help cooking more than enough. 0.154 0.750 0.157 -0.2t5 0.052
T'm uncomfortable untess T keep enuugh food letin a vefrigerator, 0.220 0.687 0.062 0.025 -0.165
Iend (o order more than I can eat at eating out. 0.104 0.568 0.063 0.289 0.222
Whea I find something good at the grocery store, I buy it even if it is not planed. 0.340 0.471 0.166 0.120 0.172
1 always keep foud around. 0.326 .403 0.153 0.274 0.152
Featamealfast” ~ 7777 T T III IO T m T m s 0.047 777 n.053 0.818 0.162 -0.045
Tdon't chew well. 0.133 0.123 0.776 0.081 0.109
T eal as putting food into my mouse one after another, U.238 0.159 0.632 0.121 0.126
Tofienbuy af the convenience stores. T T TITTITTTormmmmoon nir T 007807 0.148 0.755 0.194
T often eat fast foud like hunburgers. 0.187 -0.010 0.025 0.718 -0.134
[ eat meal a lox, 0.263 -0.145 0.207 0.525 0.090
1 often eat out and have food delivered. -0.059 0.194 0.196 0.507 0.314
Tdon'Chiave a regular mead thydwn, 777 T TTITI TR T e e 0.069 T T TNE -0.039 77 0.040 0.765
T have dinner late. 0.154 -0.004 0.147 0.124 0.717
T often have a midnight snack. 0.250 0.230 0.197 0.010 0.485

Principal components wnalysis with varimax rotation

Figure in front of each question is the number of each iteins of questionnaire (see Appendix)
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questionnaire and the raw scores in each of the personality
domains (Tuble 6). In temales, scores in the eight categories had
negative associations with the domains of Extroversion,
Openness, Agreeableness, and conscientiousness. In both males
and females, however, the associations with Neuroticism were
positive. Extroversion scores had significant positive
associations with eating behavior scores only in males, whereas
Agreeableness and Extroversion scores had significant negative
assoctations with these scores only in females.

We compared the mean score of the eight eating behavior
categories by sex with those from a previous study on normal-
weight subjects (Fig. 2).'> In both males and females, the scales
of “perception of physical constitution and weight” and “bad
habits for eating” in our subjects were much higher than those of’
the normal-weight subjects.

Diagrams of the eight cating behavior categories by three
classes (low, average. high) of Neuroticism and Openness are

ANTI-AGING MEDICINE

shown in Figure 3 (no other domains showed significant
associations). Significant ditfferences among the three classes of
Neuroticism scores were seen in the categories “unhealthful
eating” and “feeling of fullness and hunger” in males. In all
categories. the higher the Neuroticism class, the higher the eating
behavior score. Females showed a similar trend, except “total
points,” “unsteady eating pattern,” and “contents of meals”
also showed significant difference between Neuroticism classes.
Among the three classes of Openness scores, there were
signiticant difterences in the eating behavior categories of “total
points,” “motivation for eating,” “unhealthful eating,” and
“unsteady ealing pattern” in males. In females, “contents of
meals,” and “perception of constitution and weight” showed a
significant ditference among Openness classes.

Table 6 Correlation coefficients between NEO-Five Factor Inventory scale and principal component score by eating
behavior questionnaire
Neuroticisin Extraversion Openness Agreeableness Conscieatiousness
Male Total point 0.221 * 0.204 * 0272 * 0.007 -0.015
Conception of hody constitution and weight 0.090 0.120 0.084 ¢ -0.142 0.123
Modivation for eating 0.142 0.204 ~ 0.273 0.079 0.030
Unhealthiful eating 0.338 * 0.022 0.278 * -0.082 0.099
Fecling of fullnes and hunger 0.313 * 0.141 0.155 -0.023 0.070
Bad hubits for eating 0.212 0.197 ¥ 0174 0.058 -0.056
Cuntents of meals 0.015 0192 ¢ o411 0.009 -0.136
Unsteady of cating pattern 0.224 * 0114 0316 0.051 -0.011
Female Tutal puint 0.277 -0.055 -U0.085 -0.133 -0.211 *
Conceptinn of body constitution and weight 0.143 -0.046 -0.271 + -0.176 -0.225 +
Motivation for eating 0.161 0.087 0.012 0.052 -0.106
Uunheatthful eating 0.353 » -0.136 -0.024 -0.112 -0.090
Fecling of fullnes and hunger 0.238 »* -0.114 -0.042 -0.168 -0.140
Bad habits for eating 0.148 -0.003 -0.082 -0.103 -0.114
Cuntents of meals 0.240 = -0.098 -0.208 = -0.207 » -0.240 =
Unsteady of eating pattern 0.203 -0.070 0.095 -0.081 -0.192 »
* p<0,05
Total Total
Unsteady of eating Perception of constitution Unsteady of eating Perception of constitution
pattern and weight patten and weight
Contents of : Motivation Contents of Motivation
meals for eating meals for eating
Bad habits for Unhealthful eating Bad habits for Unhealthfui eating
eating eating

Feeling of fullness

and hunger __ . Normal e Obesity

Male

Feeling of fullness
and hunger  ___ Normal ~—— Obesity

Female

k3 . . . . . . . . . N . 2 . .
Fig. 2. Compurison between the eating behaviors of obese subjects in this study and normal-weight subjects in a previous sludy,") Displayed are the scores of

obese subjects (solid line) and normal-weight subjects (dash line) by sex.
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Fig. 3u

Total

Unsteady of eating
pattem

Perception of constitution
and weight

Contents of Motivation
meals for eating
Bad habits for Unhealthful eating

eating
Feeling of fullness
and hunger ... Low — —Ave ——High
Male
Fig. 3b
Total
Unsteady of eating Perception of constitution
pattern and weight -

Contents of Motivation
meals for eating
Bad habits for Unhealthful eating

eating

Feeling of fuliness
and hunger

Male

e LOW == «=Av@ == High

Total

Unsteady of eating
pattern

Perception of constitution
and weight

Contents of Motivation
meals for eating
Bad habits for Unhealthful eating

eating
Feeling of fullness
andhunger .oy ——Ave ——High
Female
Total
Unsteady of eating Perception of constitution
pattem and weight

Contents of Motivation
meals for eating
Bad habits for Unhealthful eating
eating
Feeling of fullness
and hunger ... Low — —Ave ——High
Female

Fig. 3. Comparison of the cuting behaviors umong subjects in the low, average, and high classes of Nearoticism () and Openness (b), separated by sex (males, left;
females, right). Asterisks indicate significant difference among the three classes (ANOVA, *p < 0.03). Each superscript indicates significant differeace
between High vs Low (a: P<0.05), significant between High vs Ave in (b:P<0.05), significant between Ave vs Low (c: P<0.03) by multiple comparison.

Discussion

Basic personality is considered to be static throughout a
person’s life unless a significant incident occurs.' Therefore,
personality is an important element that atfects an individual's
lifestyle, including eating behavior and physical activities.
Hewever, the relationship between lifestyle and the perscnality
traits of obese people has not been studied in detail.

According to Costa and McCrae, the five-factor model of
personality should not be used to judge the value (i.e., good vs.
bad) of particular personality traits;' rather it allows for a
comprehensive assessment of normal adult personality.
Consistency was reported between the five personality domains
of the NEO-FFT as rated by the subjects themselves and by close
family and friends. This consistency suggests that the
questionnaire in the NEO-FFI can be successfully wanslated into
ditferent languages without losing efficacy.

Considering the distribution of NEO-FFI personality domains
among the subjects in this study. in females there was a tendency

to T-score higher in Neuroticism and Extroversion, although
there were no significant differences among the low, average,
and high classes in these domains. The mean T-score and the
standard deviation of the subjects in this study were 56 and 28,
whereas those in the normative population were 50 and 10 for
cach domain. Thus, compared with the subjects who are
representative samples of other area examined in previous
studies '3 our subjects tended to be somewhat more neurotic
and extroverted. It is expected that these differences were
influenced from obesity. However, they might are intluenced
from regional difference. An American national survey'® showed
that the distribution of NEO-FFI was not effected by the
differences of age, race and sex. Thus, it is necessary to compare
the subjects in sanie region tor more reliable results.

Costa and Mcrae said that an individual with high scores of
Neuroticism tends to be nervous, uneasy, and very sensitive to
siress, whereas a person with low scores of Neuroticism tends to
be relaxed and stable.'* A swdy by Gidi showed a positive
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correlation between BMI and Neuroticism scores in both obese
and the non-obese females.® In addition, previous studies
showed that Neuroticism is positively correlated with levels of
Eating Disorder and bad eating behavior.'”!'®) [n this swdy,
females in the high class for Neuroticism showed high scores for
eating behaviors. Thus, it is suggesied that a person with bigh
scores of Neuroticism may have some problems related to eating
behavior. Also, females in the high class for Neuroticism had
high daily step counts and high METs-h. Considering the result,
people with a low Neuroticism score, who tend to be relaxed,
secure, and contfident, may not overeat but may also engage in
little physical activity.

In males, the scores of all categories of eating bebavior
increased as Openness scores rose. People with a high degree of
Openness tend to be very curious and quick to take positive
actions,'® and their curiosity and activities might cause
somewhat of a rise in appetite. In contrast, we found no positive
association between Openness scores and eating behaviors
among females. Thus, it appears that the effects of Openness on
eating behavior differ between males and females.

With regard to Agreeableness, the average class of males
showed low values for daily step counts and METs-h, whereas
those in the low and high classes had higher physical activity.
Merta analysis studying the correlates of personality and physical
activities did not show the association between Agreeableness
and physical activities until 2006.'” Subjects of the studies
which use NEO-FFI including this meta-analysis were selected
from students, cancer survivors, elderly people; were not middle-
aged people such as our study. It isn’t still clear that there was
the association between Agreeableness and physical activities. It
is necessary to clearly the association of NEO-FFI and physical
activities in greater number of samples with and without obesity
in general population including middle-aged people.

According to our analysis based on the NEO-FFI, difterent
personality trait distributions were found between obese people
and the general population, so further study regarding
personality traits is necessary for the obese population. For
instance, among the five personality domains, there was a
significant difference in eating behaviors among the three classes
of Neuroticism in both males and females, with the scores of
nearly all categories of eating behavior increasing as
Neuroticism scores rose. The associations between eating
behaviors, physical activity levels, and personality waits defined
by the NEO-FFI showed that personality analysis can serve as a
useful tool in health education. As seen in Figure 2, obese
people showed a broader range of scores tor the eight categories
of eating behavior compared to the general adult population.!®
Using this eating behavior questionnaire, we were uble to
identify which categories caused more problems for each subject,
which can then be used to improve an individual’s eating
behavior through nutritional education.

Although personality has long been considered to be
unchangeable throughout an individual’s life, Adil et al. recently
reparted that the personality scales have changed in a short
period of time.® Another study reported that the NEO-FFI
scales differ between elderly people and college students,®"
Thus, 1if personality can change over the course of a person’s life,
these baseline data should help us to elucidate which pre-
intervention waits allow for more successful behavior
moditication with regard to eating behavior and physical activicy.
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Questionaire of eating behavior

Question number from

R R ¥ o

=]

26

30

Question Maunnual of Obesity
I often have a midnight snack. 4
Tam 4 night person [H
[ don’( have a regular meal rhythm. 27
I often cat between meals. 21
I don’t have enough time to eat meal. 47
['have dinner late. 37
T don't eat breakfast. 48
I'm oftcn wold [eat alot. g
Tust a eal, I can eat my favorite foods a meal 13
I don’t sutisfied unless [ eat my fill. 15
I regret after 1 eat alot. 32
I can’¢ sleep when 1 feel hungry. 39
[ think ahout next meal just afier a mcal. 45
T often eat snacks. 11
like strong seasoning, 14
I often cat fast food like hambuegers. 30
I like greasy food. 43
[ like nnndles. 19
T often cat sweet rolls. 40
T love sweets. 52
[ end 10 eat lefi-over fond because 1 don’t want 1o waste. 12
I tend w cat when T amn irritated or stressed. 16
[ always keep food around. 23
I tend to eat when I see others cating. 24
Ttend to eat fruits and sweets when T see them, 34
[ always gain weight whenever [ (ake long holidays. 20
I tend to eat anything when I have nothing to do. 3
[ believe myself to gain weight more easity than others. 42
I'believe myself to gain weight even by drinking water. 22
T eat a mead fast. 1
T cavas putting food intn my mouse one after another, 55
I don't chew well. 25
[ stuff fuod into my muath, 41
[ rend to order more than [ can eat at eating out. 28
I cannot help buying more food than necessary. 33
[ cannat help eooking more than cnough. 38
I believe thar I gain weight because I like sweets 2
T often buy at the convenience stores. 3
{ eat a lot at dinner compared with other meals. 35
I gain weight because I have not sufficient physical acuvity. 36
I’m uncomfortable unless [ keep enough food let in a refrigerator. 5
‘When I find something good at the grocery store, I buy it even if it is not planed. 44
I drink Leer often. 46
T am not satisfied when a very few-fond items are served w dinner. 17
I don't have a sense of hunger and fullness. 49
[ have many social oecasions 1o eat. 50
I don’t louse weight although I don’t so much. 5t
T tend not to be hungry before meals. 53
[ car meal alot. 54
[ gain weight because I lie down soon after I finish meal. 6
T have much occasions tu attend dinner st drinking parties. 7
[ getircitated when 'm hungry. 9
Teat well even if T have a cold. 10
[ cavmore western food than Japanese fond. 2

I often eat vut and have food delivered. 26
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ORIGINAL ARTICLE

A dose-response relation between aerobic exercise
and visceral fat reduction: systematic review of
clinical trials |

K Ohkawara, S Tanaka, M Miyachi, K Ishikawa-Takata and I Tabata

Health Promotion and Exercise Program, National Institute of Health and Nutrition, Shinjuku-ku, Tokyo, Japan

Objective: It has been suggested that exercise has preferential effects on visceral fat reduction. However, the dose-response
effect remains unclear because of limited evidence from individual studies. The purpose of this study was to systematically review
the current literature to establish whether reduction of visceral fat by aerobic exercise has a dose-response relationship.
Methods: A database search was performed (PubMed, 1966-2006) with appropriate keywords to identify studies exploring the
effects of aerobic exercise as a weight loss intervention on visceral fat reduction. Visceral fat reduction was expressed as the
percentage of visceral fat change per-week (%AVF/w). The energy expenditure by aerobic exercise was expressed as
> (metabolic equivalents x h per week (METs- h/w)).

Results: Nine randomized contro! trials and seven non-randomized control trials were selected. In most of the studies, the
subjects performed aerobic exercise generating 10 METs - h/w or more. Among all the selected groups (582 subjects), visceral fat
decreased significantly (P<0.05) in 17 groups during the intervention, but not in the other 4 groups. There was no significant
relationship between METs-h/w from aerobic exercise and %AVF/w in all the selected groups. However, when subjects with
metabolic-related disorders were not included (425 subjects), METs - h/w from aerobic exercise had a significant relationship
with %AVF/w (r=—0.75). Moreover, visceral fat reduction was significantly related to weight reduction during aerobic exercise
intervention, although a significant visceral fat reduction may occur without significant weight loss.

Concdlusion: These results suggest that at least 10 METs-h/w in aerobic exercise, such as brisk walking, light jogging or
stationary ergometer usage, is required for visceral fat reduction, and that there is a dose~response relationship between aerobic
exercise and visceral fat reduction in obese subjects without metabolic-related disorders. -
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Introduction

Obesity is a widespread and growing problem around the
world, with a population of more than 1 billion overweight
adults, of which at least 300 million are clinically obese.’
Excess adipose tissue, especially visceral adipose tissue,
releases inflammatory cytokines that increase insulin resis-
tance in skeletal muscles.? Furthermore, central obesity,
which is defined as a state of excessive visceral fat
accumulation, is associated with a decreased production of
adiponectin, an adipose-specific molecule with anti-diabetic,
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anti-atherosclerotic and anti-inflammatory functions.? In
recent years, central obesity has been defined as a predomi-
nant risk factor for metabolic syndrome,** a condition for
which a collection of cardiovascular biomarkers are corre-
lated with an increased probability of heart disease, stroke
and diabetes. These biomarkers include high plasma triacyl-
glycerol, low high-density lipoprotein cholesterol, high
plasma blood glucose, and high blood pressure.

Numerous studies have investigated the effects of diet,
drugs and exercise on reduction in weight, total fat mass
and/or visceral fat mass.%’ Generally, diet therapy is the
most effective method for decreasing weight and total fat
mass rapidly, because it easily results in a negative energy
balance, as compared with exercise or drug therapies.®
However, it has been suggested that aerobic exercise has
specific effects on decreasing visceral fat mass as it may lead
to increased sympathetic tonus, thereby increasing lipolysis
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especially in abdominal fat.” For that reason, exercise
therapy is expected to be one of the most effective methods
for improving central obesity.

Several investigators have reviewed the effects of physical
activity (or aerobic exercise) on the reduction in body
weight, total fat mass and/or visceral fat mass.!®'* Ross
and Janssen'® suggested that physical activity was associated
with a reduction of total fat, in a dose-dependent manner,
within 16 weeks. However, the effects of physical activity on
visceral fat reduction were unclear. Kay and Fiatarone
Singh'® also reviewed the influence of physical activity on
abdominal fat. Although they concluded that physical
activity had a beneficial influence on visceral fat reduction,
a dose-response relationship was not examined. After Ross
and Janssen'® reviewed the dose-response relationship
between physical activity and visceral fat reduction, several
papers were published.’>?* In the present study, we system-
atically reviewed the literature to clarify whether aerobic
exercise for weight loss is positively associated with visceral
fat reduction, and to determine the minimal amount of
aerobic exercise required to achieve visceral fat reduction.

Materials and methods

Data collection

A PubMed (1966-May 2006) database search was performed
to identify studies examining the effects of aerobic exercise
as a weight loss intervention on visceral fat reduction using
the following keywords: (physical activity, exercise, (physical
and training), sports, physical education, or physical fitness)
and (((abdominal, abdomen, or visceral) and (fat or adipose))
or ((waist, abdominal, or abdomen) and (girth or circumfer-
ence))). The searches were limited to humans and clinical
trials. Several studies were selected from reference lists cited
in the selected studies.

Study selection

Studies were selected if they met the following criteria: (1)
they involved clinical trials (that is, randomized controlled
or non-randomized); (2) they must have included at least
one group of aerobic exercise alone; (3) the age of subjects
was between 18 and 65; (4) subjects had a mean body mass
index (BMI) of <25 kg/m?, or a mean BMI of > 25kg/m?, but
with a small amount of visceral fat (if the mean plus s.d. of
the visceral fat area (VFA) in a group was less than 100 cm?
(in which case, only 16% of the subjects are estimated to
have over 100 cm? of visceral fat), that group was considered
not to need to reduce visceral fat) were excluded;'$2528 (5)
the studies used computed tomography (CT) or magnetic
resonance imaging (MRI) as a measurement of visceral fat;
(6) the subjects were instructed to maintain energy intake
before and during the intervention; and (7) the exercise
amount and change in visceral fat could be calculated by the
procedures described. Only groups that were instructed to
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practice aerobic exercise without weight loss by additional
energy intake, which corresponded to the increased energy
expenditure (EE) by prescribed aerobic exercise, were in-
cluded.?**® We excluded data from studies using drug
therapy, but included data from their control groups with
aerobic exercise therapy alone.!” Resistance training groups
were also excluded, because calculation of their EE is difficult
and the mechanism of decreasing visceral fat during
resistance training may be different to that for aerobic
exercise. Furthermore, if we identified two studies that used
approximately the same research subjects, the study contain-
ing the least amount of information was excluded. Within
these ariteria-matched studies, groups that were not instructed
to practice exercise during the intervention were employed
as the control group for the degree of visceral fat reduc-
tion compared to the aerobic exercise groups.!>1%21-3.2
Eligible studies were reviewed independently by two of the
authors to assess inclusion suitability and data extraction
accuracy.

Conversion to %AVF/w

In the selected studies, several units (for example, cm?, cm®,
kg) were used for expressing the quantity of visceral fat. VFA
was measured at either the 3rd-4th lumbar or 4th-5th lumbar
vertebrae. Kvist et al.>® and Shen et al.*' have shown a strong
correlation between the 4th-5th lumbar VFA, or the 3rd-4th
lumbar VFA, and total visceral fat volume, respectively.
However, they have also reported that the actual values do
not accurately match between the 4th-Sth and 3rd-4th
lumbar VFA as well as VFA measured by CT vs MRI in the
same region.’> Therefore, we converted the visceral fat
amount reported in each study to a percentage of visceral
fat change per week (%AVF/w), which enabled us to directly
compare the groups.

Conversion to METs - h/w

Aerobic exercise amounts during the intervention were
converted to ) (metabolic equivalentsxh per week
(METs - h/w)), which adjusted the EE for body size. Weekly
EE by aerobic exercise during the intervention was acquired
using the following criteria: (1) if an actual value was shown,
that value was used;*>?? (2) if an estimated or instructed
value by authors was stated, that value was used;'®'>2* (3) if
values were not expressed,”!517.18,20.21.23,25,27,35,34 pp yag
calculated using exercise intensity, exercise time, exercise
frequency, body weight and VO2max/VO2peak as follows:>*

EE (kcal/week) = (VxI)/1000xSxFxTxW or
= (3.5+ (V- 3.5)xI')/1000x SXFxTxW,

where 3.5 ml/kg/min is resting metabolic rate, 5kcal/l is EE
for oxygen consumption per liter, V is VO2max or VO2peak
(ml/kg/min), 1 is exercise intensity (for example, if exercise
was done by 70%VO2max, the value is 0.7.), I is exercise
intensity (if exercise was done by 70% heart rate reserve, the



value is 0.7)), F is exercise frequency (times/week), T is
exercise time (min/session) and W is body weight (kg).

For the exercise intensity and time used in the EE
calculation, the values decided by authors in each study
were used. For studies that gradually increased exercise
intensity and time, final target values were used. In cases
where only the number of daily steps was shown,?® 100 steps
was calculated as one minute of exercise,?® and intensity was
assumed to be that for normal walking (3.5 METs).*” If only
the percentage of the heart rate maximum (%HRmax) for
exercise intensity was shown, the exercise intensity by
%HRmax was converted into exercise intensity by percen-
tage of heart rate reserve. For the EE calculation, we did not
include exercise volume during warm-up and cool-down (for
example, stretching) periods, since several studies described
this information, while others did not. Following these
calculations, EE by aerobic exercise/week in each study was
converted to METs - h/w using the following equation:**

METs - h/w = EE/((Wx3.5x5/1000) x60),
where W is body weight (kg).

Data analysis

The amount of visceral fat decrease in each group was
considered to be statistically significant if the P-value was
less than 0.05. Correlations between METs - h/w and %AVF/w
in selected groups, with or without the metabolic-related
disorders, such as type 2 diabetes and dyslipidemia, were
assessed by weighted Pearson’s correlation coefficients (r) for
the number of subjects. The Kruskal-Wallis test and the
Mann-Whitney's U-test for post hoc comparisons were
applied for comparing the mean %AVF/w values between
the control and exercise groups that had been divided into
tertiles by METs-h/w amount. We also analyzed these
correlations in several categorized groups (for example,
groups with only women or men, and groups with more or
less than 16-week interventions). Furthermore, the relation-
ship between METs-h/w and %AWeight/w, and between
%AVF/w and %AWeight/w, were expressed by weighted r
values for the number of subjects. Because %AVF/w and
METs - h/w were calculated from mean values in each study,
only these variables and the number of subjects were
available for analyses. Therefore, specific analytic programs
for meta-analysis could not be used, although the number of
subjects was weighted for.

Results

Two hundred and fifty-five studies were selected from
PubMed (1966-May 2006) with the appropriate keywords.
From these papers, plus the added references collected from
the cited literature, nine randomized control trials
(RCT)>15:16,19.22-24.2933 anqg seven non-randomized control
trials (nRCT)'7-1#20-21:25.27.34 yere selected according to our
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criteria (Table 1). The studies included 13 RCT groups and 8
nRCT groups examining solo aerobic exercise interventions
(Table 2). The subjects of six groups in four of the studies
were diagnosed as having metabolic-related disor-
ders.>162%33 [n all of the selected studies, the calculated
METs - h/w ranged from 5.9 to 47.1, and the %AVF/w ranged
from —6.062 to 0.078, including four groups that did not
show any significant changes in VF during the intervention
period.

Correlation coefficients between METs- h/w and %AVF/w
are shown in Figure 1. METs - h/w had a significant correla-
tion with %AVF/w in the groups that did not include
subjects with metabolic-related disorders (r=-0.75),
although there was no significant correlation when all
groups were selected (r= —0.28). The selected groups without
metabolic-related disorders were divided into tertiles by their
METs - h/w amount. %AVF/w values in the 1st, 2nd and 31d
exercise groups were significantly higher than that of the
control group, although these exercise groups were not
significantly different from each other (Figure 2). Significant
correlations were also observed in the women-only group,
while there was no significant correlation in the men-only
group (Table 3). Groups were also categorized by their
duration of either shorter or longer than the 16-week
intervention period (short-term or long-term intervention
duration). Only in the short-term intervention groups,
without metabolic-related disorder subjects, did METs-h/w
exhibit a significant correlation with %AVF/w (r=—0.81).

For analysis of the relationship between %AWeight/w and
METs - h/w or %AVF/w, the two groups?>?? that did aerobic
exercise without weight loss, were excluded. As a result,
METs - h/w had a significant correlation with %AWeight/w in
all of the selected groups (r=—0.79), as well as the groups
without metabolic-related disorder subjects (r=—0.87)
(Figure 3). Furthermore, %AVF/w had a strong relationship
with %AWeight/w in the groups not including metabolic-
related disorder subjects (r=0.93), even though there was a
significant correlation in all the selected groups (r=0.64)
(Figure 4).

Discussion

Dose-response relationship between aerobic exercise and visceral
fat reduction

The present study indicates aerobic exercise volume has a
dose-response relationship with visceral fat reduction in
subjects without metabolic-related disorders. There are
several excellent reviews for investigating the relationship
between diet and exercise interventions and weight and/or
visceral fat reduction.®’*®'* Ross and Janssen'? suggested
that physical activity with or without weight loss was
associated with a reduction in visceral adipose tissue,
although insufficient evidence limited their reaching a
definitive conclusion. Based on this research, Ross and
Janssen'? also reviewed dose-Tesponse relationships between

w

International Journal of Obesity



Relation between exercise and visceral fat

K Ohkawara et al

‘(abuei) "ps Fueaw Aq passaidxd aby ‘sjeu) [o11u0d paziwopues ‘1Y Adesayy Buiuiesy adueisisal ‘y {(sajewnay Jo JaquINU+s3jew Jo JaquINy) s33(qns Jo ;AquInu ‘U ‘sdalgns ajew ‘W s1algns ajewsy 4
desayy 6nip 1 ‘Adesays 101p 1 ‘onuod *) Apms au ut Adesay) 3spiaxa diqesae jo sadA Juaryip aa1y) ' 'sso] yBam e nouyim Adesay) aspdsaxa diqosde ‘Adeiayy 3spp1axa d1qosae ‘y :suoneiAlIqay

tesnedousunsod ‘ejwapidisAq §9°LFETS Ly N o)
tesnedouaunsod ‘epwapidysAg £5FS 1S 2% N v
tesnedouaunisod ‘enwapidisAq 0LFo€s 9t N v
fesnedouaunsed ‘elwapidysAq S STFObS oy HN Qv oPIMm 7€ il 21D 13 T3U3(S
sonaqerg £For L I+ 2
sonaqeg TFSH oL I+ v sy2am g 1o 10 32 13unon
fesnedouaw ‘sonagelq £1F5°sS L E| v
Jesnedousw ‘nageIq £1L¥5°8 L 4 1a
_wm=mnocwE .wu_uwnm_o rAls F VLS Lt 4 vHa OP23IM | ple}] w—.\u 12 DO_JO&OCCM_U
sonaqetp z ad4) 0TSF06TY 8 W v Pam g 1D ¢¢ /P 32 nopnog
(zg19) 2dAouab (uiplod s3ysuer) 12353 (K12353(0Y3) d13D LF95 (9+8) ¥1 I+ v
(1g19) 2dfouab (ua30.d Japsuen 43353 |Kisisajoyd) diId LF9s (oL+9) 91 N v SPOM 7| 1Dyuou 5210 12 puniip
viFLop L5 N o]
LULFsor $9 N v |PIM G| 10 ¢z 1P 32 Hoys
8'SFS5'L9 St W v
v'TFT'8C £l W v M L7 L1Oyuou 210 18 ZIEMYIS
6°01LF09p 8 W >
9 LF LYY vl W N
SLFOSK 9l W v
6F9Ty pL W 1a ;PIM Z| 108 6z 10 12 5504
v9FLEY oL E| ]
TLFE L 4 v
LSsFTEr 3 E v
6vFoeh S1 E| 1a SPIM p| 1oy 2z 10 12 $50Y
vO'LF b EY oL El y+y
L6’ LFZTH oL E| v
L9LFLEY oL E| o) NIM 7 1Dyuou 210 13 ed
(65-2¢) L£ w v Jeaf | 1Dyuou oz 10 12 3yerRAN
lesnedouayy (1'79-1'65) 9709 98 4 o)
fesnedouay (5°29-9'6S) 0°19 /8 4 v syuow 7| 1Dy 61D 32 Uy
11/1D pue DD adAQouab (3uab ased) jefayiopud) odn pauiqwiod 9'0F6°LS (6v++€) €8 4N v SIIM b 1Dyuou g11D 12 1peIsIdARH
jesnedouausisod ‘gy3 uoN £9Fees 8l F| v
jesnedouaunsod ‘(qy3) Adesayy Juawadeidas uabons3y p'SFb9s o€ 4 v+Qa M 07 1DYyuou (10 32 wdAND
(2274 Sl W 2
r+Te 9l W v
vFIZ 81 E| b)
SFre ST E| v syuow 9| 104 10 32 Apuuog
€sTF88¢ £L 4 v syuow 9 1DyuoN ye 1D 12 sa1dsaq
$11519)2040Y> YIS (1paf) aby u 1apuan dnoubB jo adAy uonyping
palgns uofuanuy 1Dyuou Jo 1Oy duY

saded sy} ug saIpRIs paydaes Jo SasuBIIRIRYD | djqEL

International Journal of Obesil



Relation between exercise and visceral fat

K Ohkawara et of

(129m/sal1w 0Z)

Am/Bfjen €7
6uiB660f upeasy ‘XEWZOA%H08-59 16T SIS A
(Ram/sapw 1)
am/Ba/ien L
6ubbof jyuipeasy ‘XRWZON%%08-S9 62 €S N
(Pam/sapw Z1)
A/BNfie L
Bupijem ypwpeaiy 'XRWZOA%SS—OF 8'62 [ N 1D 32 IS
1e3dZOA%0S UIW ZL
pue 9eadzOA%SL
‘U gL yeRm/AWN | (Z
“eadZoA%S L
sawobsg ‘UpIGH APIMSBWRZ (L vHT (&3 s J+HN 41D 17 Jaunow
uo|SSas/{eN §£°867-56°05C
ainypuadxa ABisua 9,10 22
Bupiiem  ‘XeWZOA%O0L-S9 ‘Ui 09 6'SE %33 4 nonodouueyn
Ae2dZOA%60S ‘Ui ZL
pue 4eadzOA%%S8
‘U Q) 4eam/awn | (2
‘AeIdZONKSL ‘U W ST
w0613 yoam/sawn z (L £'87 [x44 W 1D 32 nopnog
XRWZOASKOL WWOy  O'VE 9 N
: XEWZOASOL WWOp  0'8E 9 N 1D 32 puni
Buphorg Lieuopmg XeWYH%08 ¥ LE 9°97 Y4 N 710 12 UOYS
6uibBol/Bupilem AMDSINHYSE WIS 6T 9z $L9 W 'ID 22 TURMYDS
Ihwpesn uo Buybbo|
w6y 10 Bupjlem yspg XRURYHO6L L URAN [yt vy W
nwpean uo bub6o{
6y 10 bupjiem ysug XRWYHO6LL UBIN 343 14 [ 21D 12 550y
wpean uo 6uybGof
6y 10 Buptjem yspg XeWYHI6ZY VeI 62€ €L 3
wpean uo 6ubGo]
611 10 Bupiyem ysug XEWYH08 UeIN ¥4 TEr 4 21D 13 550y
Buppjem 1se4 XBURHHOL 09  TT¥ 314 44 F] (210 B Wed
(sAep/sdars £zg1 snid)
Suptiem jeuuioN Aep/sdas 6£88—Z10L  €'67 9'8Z 65-2€ W 10 12 Mereliy
awoy e (Buyafolg
‘so1q019e
‘Bupjjem *6-3)
3SPIIXI Jqosde pue
qe7 uy
Buypfoiq Lieuopeys
pue
Bupyiem |jwipeas) XPURIHO6L8 VRSN 9°/b (Y3 19 FR 3 -]
511012
XeWZOA%OL 09 6'LS N 1pESIBARH
mpwobsg XeWZOAKSL 80V £62 ¥'9§ 4 1032 wRID
lwpeasy, XBWZOASOL ‘WWSy €82 6z [44 W ¢,Ip 13 Ajjauuog
Supiiem XRWYHIESS WIWO0s  O'Lb S'bE 2'8€ 3 1012 saidsaQ
Juawnusyy Aysuajus pup (96) «~E\mt (A)
351243xa Pasn 10 3O wn uoisSes Iy 9% g aby Rpuan

35[249%2 JGOIIY

safgng

0U343)2Y

saded siy3 ui sdnosb aspuaxa Jiqosse jo Lewwsng 7 ajqey

International Journal of Obesil




Relation between exercise and visceral fat

K Ohkawara et of

-p's Fueaw 1o (abuer) ueaw Aq passasdxa synsay *abueyd 'y {5070 >d) uonuaaaiul ay) Buunp paasqo sem abuey jey jesadsia Juedipubis e *,B1s (50°0 >4) uopuaniaiuy ay buunp pansasqo sem abueyd
waam 1ad (tnoy x siuageamba sogedw) X ‘my-siI ‘s1vafans sjew ‘W ‘s1d2gns ajeway ‘4 Aydeibowoy paindwiod {13 suoneidiaqy

y61am Juedipubss e ¢ Bis ‘Guibewr asueuosar onaubew ‘HIN
b1 5 e

»  917°0— 069~ 891 « 1800-09C — 58 61T 161 |74 9t
SN 8200 0S5 PSL « SZO0—080- 0°s8 et 0611 (1741 (%
1O SN €500 027} | 743 « CT00—0L0- [10:4:4 69 [4748 8L S
AN . 290'9— 6¥BF— QWO L'SL— 08 L'9SL SN 0ZZ'0—9L'L— §TL- 8’8 £'s8 6'8 64 wsrQ £ TIFoe
MW« 9ZL0- LLOL— WD 062§~ 0°SL9Y0P0ZS SN LELO— €81~ L'L— L6 6'Z6 6’6 796 09 €
MN . ZE9S- 90°SH— D 1'69— Z'V8 EESL SN ELZ0-61T- 6°L- 0S8 6'98 6 9t8 syt € 09 FSY'ET
o LETL- PRVL— D 06l 0601 0°8ZL . LZL0—IS\- TL- 8L 0'6L yolL £98 or € L¥9z
1D+« €160~ 9601 U2 09i— O0EL 09¥L SN 6£0°0-$60— 80— 411 o've oot 788 or £ LF¥sz
(PP
D . €ZVO- L9~ W 06— OvZL 0EEL . 6E00—€9°0- S0 8L T'6L (24} 99tL oY 4 IULFS0p) 9°ST
s PZOL— LSPT— D SSE— 0°60L STHPL . LELO—vLUE— $°T— vLL 9°6L (1324 6002 S EPOF iy T L6z
. 96EL= SL9L— I 0ZE— 0'6SL 0'L6L SN EYOO— LS0— S0~ &3 6L6 (W44 (uoissas/z69) viBY €°€9 4
NN & OEEZ— 96°LZ— WO 06— OvEL 0°98L .« 9190-6EL— L 0'v6 s'ioL X4 (uolssas/g69) 988Y $'09 L
. 66TL- s1gL— By po- 8L 7T SN L¥00— LS0— S0~ 9'¢8 L'sg (Y13 (uoyssas/gs+ £15) 619€ €9 L
N . bLT- EvoE- B ro—- 9L €T s« £6V°0—-069— 09- 608 6'98 (44 (uolssas/zs F yTS) 899€ 144 ¢
D« S9LT 9ETY— M2 9°78—  PTLL 0°S6L . LOEO-BEL— L' 0'6S L'€9 $'8Z 8061 09 9 TEFTHE
1D . 66Y0— 966L— M L1T— 0°(8 (80l . 1600 99t— 0t~ 0'6L 0ze 6'S £0S 7’81 I3
1D« ELL0- 95— MO §8— 9Lkl 1E00- 651 €L 918 [ %41 1501 AIIMI9LL S'E (6'0z-€'61) 1°0Z
1D & 69P°0— LTLL— A PRL— PELL 8L . LS00 9L UL §'6L 9'08 ol €58 ov € ’ SOFTST
1D SN 9510~ EL'E— M2 g€~ 8LLL 91Tt SN 000 €10 1’0 6'9L 8'9¢L L (743 oS € ovFELT
. PEE'0— 88T~ M HTZ- SSL 6746 + 9EL0-9E6— 88— [414 o'v6 v'EE 11134 114 S
1D SN S¥00— ££7— MU pE— €171 LTl s 6900 LUV~ L'€— £98 0°06 [4114 £l6L 06 S+
(yoam (yaam (¥aam/ip3x) (uosssas (yoam
/%) () /%) (%) (6 (6%) (6%) my ainypuadaa fupw) fsawpy) (ouyasoq)
poyw  bis 7% P%  wun 4 By acpg BiS  F% 7% 4 Yy al0pg “SIIN Absau3z awyf Aouanbasy XOWZOA
10§ 10URISIA wblam as1243xa Jqosy

(panunuod) z aiqeL

International Journa! of Obesi




