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Abstract The aim of the present study was to identify obesity risks in the lifestyles
of schoolchildren. The subjects included 478 boys and 438 girls aged from 6 to 15
years. Obesity, breakfast intake, sleep time and exercise frequency were subjected
to the logistic regression analysis and the meta-analytical summary by sex and age.
The mean body mass index (BMI) increased with age for all subjects except 7-year-old
boys and 15-year-old girls. Breakfast intake and sleep time decreased with age. Ex-
ercise frequency increased with age. We conducted a meta-analytical summary of
the logistic regression analysis, and found a significant correlation between obes-
ity and exercise frequency in 13-15-year-old boys.

One results indicated that the decrease in the exercise frequency is the risk of obes-
ity for 13-15-year-old boys. The lifestyles of schoolchildren change with age, and dis-
tributions of lifestyle-related variables are not constant. For such an inconsistent
target, the meta-analytical summary for all subjects based on a multiple logistic re-
gression analysis for each group is useful.
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Introduction

Since the promulgation of "Healthy Japan
21", health promotion measures in Japan have
placed emphasis on establishing healthy lifes-
tyle habits and preventing lifestyle-related
diseases. The aim is to see how much the in-
cidences can be reduced of the so-called
lifestyle-related diseases, including obesity,
diabetes, hypertension, hyperlipidemia, heart
disease, stroke, and cancer. Obesity and di-
abetes are basic risk factors for the develop-
ment of chronic diseases, so it is important
that they be prevented in the early stages.

Muramatsu et al. observed 309 boys and 335
girls at birth, 3, 6, 11, 14, and 17 years, and
revealed that obese, medium or lean infants
at age 3 tend to become obese, medium or lean

adolescents at age 17 respectively, among the
boys. They also wrote that, among the girls,
a statistically significant relationship existed
between the obese group at 17 and at the oth-
er ages, including at birth. They recommended
that prevention of obesity should start as ear-
ly as possible, at least from 3 years of age.”
Boreham et al. suggested that there is a bi-
ological carryover effect into adulthood, where-
by improved adult health status results from
childhood physical activity. They stressed that
childhood obesity may be a precursor for a
range of adverse health effects in adulthood.”
In today's age of overeating, obesity preven-
tion measures are required throughout life.
It is difficult for children by themselves to
establish living habits, as they are influenced
by the lifestyles of their parents. Burke et al.
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reported that the BMI of both sons and
daughters was predicted additively by the BMI
of their fathers and mothers, with independ-
ent contributions from variables reflecting
health behaviors, particularly physical fitness
and alcohol intake.”

On the other hand, in longitudinal surveys
andstudiesof childrenintheir period of marked
growth in elementary and middle school, the
normal values of physical measurements dif-
fer with the children's ages. Sleep and other
factors that make up the daily time schedule
also differ greatly. Therefore, children from
elementary to middle school cannot be pooled
together in a single group and analyzed en
masse. Blair et al. reported that meta-analysis,
when used appropriately, can enhance under-
standing of association between sources of ex-
posure and their effects that may not be ap-
parent from individual examination of ep-
idemiological studies.”

In the current study, because there were too
few subjects to make a definite conclusion in
the risk identification for obesity, we grouped
the children into 3 levels, by age. Then we con-
ducted a meta-analytical summary. The rela-
tion between obesity and lifestyle factors such
as exercise and sleep was analyzed using ap-
propriate standards for each age group. The
results were summarized meta-analytically,
and an attempt was made to identify risk fac-
tors by age group.

Subjects and Methods

1. Survey Subjects

The subjects of the survey were all children
aged 6-15 years (boys 536, girls 527) residing
in "Town A" in Hiroshima Prefecture.
Responses were received from a total of 916
children, 478 boys and 438 girls, for a valid re-
sponse rate of 86.2%.

The response numbers by age group for boys
were 153 in the 6-9 year old group, 177 in the
10-12 year old group, and 148 in the 13-15 year
old group. For girls they were 168 in the 6-9
year old group, 147 in the 10-12 year old group,
and 123 in the 13-15 year old group.

2. Methods
The survey was conducted in November 2002.
Normally, at this time of the year, there are

relatively few infectious diseases, and very few
school events such as school festivals or ath-
letic meets, so it is easy to gain an understand-
ing of the children's regular daily lives. The
9 question items on the survey were age, sex,
height, weight, breakfast intake, exercise fre-
quency, exercise time, bedtime, and wake up
time. Body mass index (BMI=Weight (kg)/
(Height (m))?) was used as the main indica-
tor of obesity in this study.

Using the statistical package HALBAU for
Windows, ver. 5.4, we calculated the means and
standard deviations for BMI, exercise frequen-
cy, sleep time by sex and age groups. The sub-
jects were classified in two levels by sex and
10 levels by age, for a total of 20 groups. Mean
BMI was calculated for each group. With this
value as reference, the children were classi-
fied into three obesity groups: non-obese (BMI
<+410% of mean), mildly obese (BMI +10% to +
<20% of mean), and obese (BMI = +20% of
mean). Breakfast intake was classified into
four categories of every day, 3 or more times/
week, rarely 3 times/ week, and skipped.

Sleep time was calculated from bedtime to
waking time. Following the classification
method for sleep time in the 2001 Survey of
Physical Strength and Exercise Capacity by
the Ministry of Education, Culture, Sports, Sci-
ence and Technology, sleep time was grouped
as less than 6 hours, 6-8 hours, and more than
8 hours.” However, since there were few sub-
jects who slept less than 6 hours, we adopted
the two groups: less than 8 hours (short sleep
time group) and 8 hours or more (long sleep
time group).

Four levels were established for exercise fre-
quency: every day, 3 or more times/week, rare-
ly 3 times/week, and never. Exercise time was
expressed in units of minutes.

In performing the multiple logistic regres-
sion analysis, "non-obese and mildly obese
cases" were taken as 0, and "obese cases" were
taken as 1. This is a binary variable as the de-
pendent variable. As the explanatory vari-
ables, "breakfast intake: everyday", "exercise
frequency: everyday and 3 or more times/week",
and "long time sleepers" were taken as 0, and
cases other than these cases were taken as 1.
The analysis was conducted with a binary var-
iable, obese or not, as the dependant variable,
and breakfast intake, exercise frequency, and



Obesity Risks of Schoolchildren 11

sleep time as explanatory variables. Software
developed by Masui was used in the meta-
analytical summary.®” Prentice and Thomas
developed a general variance-based method for
meta-analysis where the effect measures are
ratio measures that require only information
on each study's estimate of relative risk and
its 95% confidence interval.”

The summary measure of effect, RRs, is cal-
culated as follows.

In RRs = sum (wi X In RRi)/sum wi
where  wi = 1/variance RR;:

The RR;: are estimates of relative risk and
may have been measured as odds ratios, rate
ratios, or risk ratios. The formula for estimat-
ing variance from the 95% confidence interval
given by Prentice and Thomas (1986) is

Variance RR; = [In (RRi/RR1)/ 1.96]
where RR; is the estimate of the relative risk
in the ith (numerical value of an i joint) study.

A 95% confidence limit for the estimated rel-
ative risk is calculated as
95% CI - eln RRs * 1.96 x4/ variances
variances = 1 /(sum weight:)®
The factors that contributed to obesity were
analyzed in each of these three groups: 6-
9-year-olds, 10-12-year-olds, and 13-15-year-
olds. We attempted to identify the risks for
obesity in children 6 though 15 years of age
using the above-mentioned meta-analysis.
Three types of lifestyle factors were used:
breakfast intake, sleep time, and exercise fre-
quency.

Results

Table 1 shows the mean, SD, minimum, and
maximum for BMI, sleep time, and exercise
time by sex and age. The mean BMI increased
with age for all except 7 year-old boys and 15
year-old girls. The maximum BMI exceeded

Table 1 Mean, SD, minimum, and maximum values for BMI, sleep time,
and exercise time by sex and age.

boys girls

Age N Mean SD Min Max N Mean SD Min Max

BMI n=446 n=405
(kg/m?) 6 24 163 270 128 241 19 153 141 122 174
7 32 159 205 134 239 47 158 2.06 13.0 245
8 39 165 231 129 236 42 16.3 248 132 253
9 40 171 201 141 231 40 176 324 13.7 266
10 49 174 244 139 243 41 179 287 132 247
11 64 187 288 134 264 50 188 348 142 276
12 54 188 3.17 143 293 51 188 272 145 26.2
13 50 195 367 148 321 43 19.2 365 139 355
14 54 20.0 295 158 33.6 51 206 283 158 29.4
15 40 204 248 166 277 21 197 195 163 232

sleep time n=469 n=324
(hour) 6 27 93 055 80 105 22 94 067 80 11.0
7 36 93 058 80 105 56 93 042 85 10.0
8 43 91 057 75 100 45 92 057 80 11.0
9 44 9.0 053 80 100 45 90 050 80 10.0
10 52 89 054 80 10.0 42 87 046 79 95
11 68 88 0.72 6.0 110 51 86 056 7.0 10.0
12 53 84 060 70 93 51 83 061 65 95
13 52 81 058 7.0 95 46 79 081 57 93
14 54 79 082 6.0 10.0 54 75 071 6.0 9.0
15 40 87 067 59 95 22 76 064 60 85

exercise time n=266 n=159
(minute) 6 13 80.8 29.73 30 120 6 75.0 33.54 30.0 120.0
7 12 743 3813 30 180 16 65.6 33.54 10.0 120.0
8 18 87.2 6145 10 210 14 729 31.49 30.0 120.0
9 22 1326 69.23 30 300 13 746 29.25 30.0 120.0
10 28 1273 80.65 25 360 12 76.7 42.49 20.0 180.0
11 37 1239 7068 10 300 12 1150 57.23 60.0 240.0
12 40 1305 55.94 60 300 26 108.1 49.46 30.0 300.0
13 40 1013 2431 50 120 24 95.0 32.02 60.0 180.0
14 38 95.9 5484 20 360 33 90.9 34.23 30.0 180.0
15 18 86.7 5281 30 240 3 93.3 61.82 40.0 180.0
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150% of the mean for boys aged 7 and 12-14
years and for girls aged 6-9 and 13 years. In
both boys and girls, the maximum BMI was
more than 150% of the mean at 7 and 13 years
of age. Sleep time decreased with age. Boys
aged 14 and girls aged 13-15 were in the short
sleep time group.

Next, Table 2 shows obesity (BMI = +20%
of mean for each age subjects), breakfast in-
take, sleep time, and exercise frequency shown
by sex for the three age groups of 6-9-year-olds,
10-12-year-olds, and 13-15-year-olds. Of the
non-obese, mildly obese, and obese groups the
non-obese group accounted for the majority of
subjects. Obese subjects among boys were 11
(8.3%) in the 6-9-year-olds, 24 (14.4%) in the
10-12-year-olds, and 15 (10.4%) in the 13-
15-year-olds. Among girls, there were 13 (8.8%)
in the 6-9-year-olds, 23 (16.2%) in the 10-12-
year-olds, and 9 (7.8%) in the 13-15 -year-olds.

As for breakfast intake, there were no boys
or girls in the 6-9 year-old group who skipped

breakfast regularly, but there were some who
ate breakfast only 3 or more times/ week and
also, some who rarely ate breakfast 3 times a
week. The number of children who ate break-
fast every day decreased with age, and in the
13-15 year-old age group those who ate break-
fast every day accounted for 129 (87.2%) of boys
and 103 (84.4%) of girls.

Sleep time decreased with age, and half of
the girls in the 13-15-year-old group belonged
to the short sleep time group. Only one boy and
no girls among 6-9-year-olds was a short time
sleeper.

The frequency of exercise among boys was
every day for 163 (34.5%) subjects, 3 or more
times/ week for 122 (25.8%), and rarely 3 times/
week for 144 (30.5%). Among girls, 96 (22.0%)
subjects exercised every day, 75 (17.2%) sub-
jects exercised 3 or more times/ week, and 193
(44.4%) rarely 3 times/ week. More boys than
girls exercised.

Next, a multiple logistic regression analy-

Table 2 Obesity , breakfast-intake, sleep-time and
exercise-frequency by sex and age of the groups (%).
boys girls
age groups 6-15 6-9 10-12 13-15 6-15 6-9 10-12 13-15
obesity (1) n=446 n=405
non-obese 264 (59.2) 76 (56.3) 104 (62.3) 84 (58.3) 239 (59.0) 84 (56.8) 91 (64.1) 64 (55.7)
mildly obese 132 (29.6) 48 (35.4) 39 (23.4) 45 (31.3) 121 (29.9) 51 (34.5) 28 (19.7) 42 (36.5)
obese 50 (11.2) 11 (83) 24 (14.4) 15 (10.4) 45 (11.1) 13 ( 8.8) 23 (16.2) 9 (798
breakfast intake n=478 n=437
every day 431 (90.2) 142 (92.8) 160 (90.4) 129 (87.2) 402 (92.0) 160 (95.2) 139 (94.6) 103 (84.4)
3 or more times/week 29 (60.9) 7 (46) 13 (73 9 (6.1 23(53) T7(42 5(34 1190
rarely 3 times/week 14 (91) 4(26) 3(1L7) 7040 8(18 1(06) 2(14 5(41)
skipped 4(08 0(00 1(06) 3(20 4(09 0(00 1(07 3(25
sleep time (2) n=469 n=434
short-time 67 143) 1 (0.7 10 (58 56 (38.4) 81 (18.7) 0 (0.0 15 (10.4) 66 (54.1)
long-time 402 (85.7) 149 (99.3) 163 (94.2) 90 (61.6) 353 (81.3) 168 (100.0) 129 (89.6) 56 (45.9)
exercise frequency n=472 n=435
every day 163 (34.5) 27 (18.0) 51 (29.1) 85 (57.8) 96 (22.0) 15 (1 9.00 27 (186) 54 (43.9)
3 or more times/week 122 (25.8) 42 (28.0) 60 (34.3) 20 (13.6) 75 (17.2) 37 (22.2) 25 (17.2) 13 (10.6)
rarely 3 times/week 144 (30.5) 66 (44.0) 46 (26.3) 32 (21.8) 193 (44.4) 96 (57.5) 68 (46.9) 29 (23.6)
never 43 (19.1) 15 (10.0) 18 (10.3) 10 ( 6.8) 71 16.2) 19 (11.4) 25 (17.2) 27 (22.0)
(I)non-obese: BMI<+10% of mean (2)short-time: less than 8 hours
mildly obese: BMI +10% to +< 20% of mean long-time: 8 hors or more

obese: BMI = +20%

of mean
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sis was conducted with binary variable, obese
or not, as the dependant variable, and break-
fast intake, exercise frequency, and sleep time
as explanatory variables for 10-12-year-old and
13-15-year-old subjects by sex. It was found
that not a single child in the 6-9-year-old group
skipped breakfast or had short sleep time, mak-
ing analysis of the 6-9-year-old group impos-
sible.

Odds ratios of factors related to obesity based
on the multiple logistic regression analysis are
shown in Table 3. Consequently, an analysis
was conducted for 4 groups of 10-12, and 13-
15-year-olds classified by sex, and these results
were summarized by using meta-analysis
(Mantel-Haenszel method). The summary
odds ratio for obesity and breakfast intake
among 10-12-year-old boys was 1.322 (95% CI
0.386-4.532), and among girls was 0.539 (95%
CI 0.062-4.682). The summary odds ratio for

obesity and short sleeping time among 10-
12-year-old boys was 0.888 (95% CI 0.235-3.352),
and among girls was 1.074 (95% CI 0.317-3.636).
The summary odds ratio for obesity and ex-
ercise frequency among 10-12-year-old boys
was 1.447 (95% CI 0.668-3.135), and among girls
was 2.037 (95% CI 0.795-5.222).

The summary odds ratio for obesity and
breakfast intake among 13-15-year-old boys
was 0.968 (95% CI 0.233-4.022), and among girls
was 1.028 (95% CI 0.207-5.121). The summary
odds ratio for obesity and short sleeping time
among 13-15-year-old boys was 2.738 (95% CI
0.469-15.994), and among girls was 0.517 (95%
CI 0.062-4.303). The summary odds ratio for
obesity and exercise frequency among 13-
15-year-old boys was 2.987 (95% CI 1.103-8.090)
(p<0.05), and among girls was 0.988 (95% CI
0.331-2.943).

In the meta-analytical summary of the logis-

Table 3 Logistic regression analysis of breakfast intake, sleep time
and exercise frequency in relation to obesity.

g;is boys pvalue OR (95% CI) gils  pvalue OR (95% CI)
10-12 Dbreakfast intake n=163 n=139
every day - 1 — 1
non every day 0.657 1322 (0.386-4.532) 0.576  0.539 (0.062-4.682)
sleep time
long-time - 1 — 1
short-time 0.861 0.888 (0.235-3.352) 0.908 1.074 (0.317-3.636)
exercise frequency
doing - 1 — 1
never 0.349 1.447 (0.668-3.135) 0.136  2.037 (0.795-5.222)
13-15 breakfast intake n=142 n=114
every day - 1 — 1
non every day 0.964 0968 (0.233-4.022) 0.970 1.028 (0.207-5.121)
sleep time
long-time - 1 — 1
short-time 0.263 2.738 (0469-15994) 0.542 0517 (0.062-4.303)
exercise frequency
doing — 1 — 1
never 0.031 2987 (1.103-8.090)* 0.982 0.988 (0.331-2.943)
#:p<0.05

tic regression analysis, for obesity and exer-
cise frequency among 13-15-year-old boys, the
summary odds ratio was significantly higher
at 2987 (p<0.05). The other oddsratios for break-

fast intake and sleeping time among boys and
girls were not significant. The odds ratio for
exercise frequency was also insignificant
among girls.
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Discussion

In the present study it was not possible to
clarify all the risks for obesity in children aged
from 6 through 15 years. There were not enough
subjects for our investigation to find the risk
of obesity, we grouped the children as follows:
starting with grades 1-3 of elementary school
(6-9 years old), then the grades 4-6 of elemen-
tary school (10-12 years old), and ending with
the grades 1-3 of middle school (13-15 years
old). This is because nearly all children aged
6-9 years ate breakfast and got sufficient sleep,
and a logistic regression analysis is impossi-
ble if there are no samples with these risks.

Therefore, the analysis was conducted by
dividing the 10-15- year-old group into four
groups by age and sex. The results showed that
obesity and exercise frequency were signifi-
cantly related among 13-15-year-old boys.

Several studies showed that risk factors for
weight gain in school age are strongly linked
to low physical activity and family environmen-
tal factors.” Schonfeld-Warden et al. reported
that adults who were obese as children have
increased mortality independent of adult
weight.'” Strong family influence in child-
hood, and negative health habits are thought
to indicate a strong possibility of lifestyle-
related diseases later in adult life.'"'® Fuen-
tes et al. found that children in the highest ter-
tile of BMI at age 7 had a significantly higher
risk of being in the highest tertile of BMI at
age 15 compared with children in other tertiles
of BMI at age 7.'® Trost et al. suggested that
a significant proportion of overweight pre-
school children may be at increased risk for
future gains in adiposity because of low levels
of physical activity during the day.'” These
findings indicate the importance of obesity pre-
vention measures for children aged 6-15 years.

No significant relation was seen between
breakfast intake and obesity. Breakfast is eat-
en between waking time and the start of the
school day, and 90% of the subjects ate break-
fast every day. Multiple logistic regression
analysis is used in determining the kinds of
factors that affect the incidence of abnor-
malities, such as obesity, or calculating the
odds ratio for the morbidity risk ratio with con-
sideration of factors related to life-style dis-
eases. In the present study, we analyzed the

contribution of the factors of breakfast intake,
sleep time and exercise frequency among
schoolchildren.™

The distributions of lifestyle variables were
not constant among schoolchildren, so we had
to divide the subjects by sex and age groups
for their analysis. We conducted a meta-
analytical summary of logistic regression anal-
ysis, and found that there was significantly
less obesity in 13-15-year-old boys who exer-
cise. This agrees with the report of Saito et
al. that in addition to diet, exercise also plays
a major role in decreasing obesity.'*"'?

No relation was found between the level of
obesity and the length of sleep time or wheth-
er or not breakfast was eaten. In the meta-
analytical summary of the logistic regression
analysis, a significant correlation was seen be-
tween obesity and exercise frequency in 13-
15-year-old boys. The present study suggests
that exercise is effective in the prevention of
obesity. The lifestyles of schoolchildren chan-
ge with age, and distributions of lifestyle-
related variables are not constant. For such an
inconsistent target, meta-analytical summa-
ry for all subjects based on a multiple logis-
tic regression analysis for each group is use-
ful.
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