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Original Article

Analysis of factors that influence body mass index from ages 3 to
6 years: A study based on the Toyama cohort study

Abstract

Key words

Obesity in childhood is becoming a major area of public
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'Department of Preventive Medicine, St. Marianna University, School of Medicine, Kawasaki,
*Department of Hygiene, Toho University, School of Medicine, Tokyo, *Department of Humanity and
Environment, Hosei University, Tokyo, *Hokuriku Yobou Igaku Kyoukai, Toyama and *Department of
Welfare Promotion & Epidemiology, Toyama Medical & Pharmaceutical University, Faculty of Medicine,
Toyama, Japan

Background: The aim of the present study was to elucidate both environmental and behavioral factors that
influence body mass index (BMI, kg/m?) among Japanese children from ages 3-6.

Methods: In 1992 (at age 3) and 1995 (at age 6), 8170 6-year-old children (4176 boys and 3994 girls) were
surveyed using a questionnaire on both body build (height and weight) and lifestyle. The correlation between
BMI for 3-year-olds and for 6-year-olds were analyzed. From the temporal changes of body build between age
3 and 6 years, we categorized children into four groups: group 1, normal at both age 3 years and 6 years
(normal/normal); group 2, overweight at age 3 years and normal at age 6 years (overweight/normal); group 3,
normal at age 3 years and overweight at age 6 years (normal/overweight); and group 4, overweight at both age
3 years and 6 years {overweight/overweight). The authors compared the four groups with each other according
to sex, concerning frequencies of children who matched the categories of environmental and behavioral
factors, Each factor was tested using the ? test. Overweight children were defined as those whose BMI value
was age-sex specific in the 90th percentile or more.

Resulis: A significant correlation was found between body builds for children aged 3 and 6 years in both
genders (boys, r=10.559, P <0.01; girls, r = 0.584, P <0.01). Significant factors associated with overweight
children were diet (eating rice, green tea, eggs, meat, but less breads and juice), rapid eating, short sleep
duration, early bedtime, long periods of television viewing, avoidance of physical activity, and frequent bowel
movement.

Discussion: Temporal changes in BMI from age 3 years to 6 years are significantly associated with both
environmental and behavioral factors at age 6 years. The results of this study may be useful for health
promotion programs designed to prevent obesity during the early stages of childhood.

children, cohort study, obesity, Toyama Birth Cohort study.

disease, respiratory disease, some types of cancer, gout, and

health interest, especially prevention of obesity in Japan.'?
Qbese children may be at increased risk of becoming obese
adults, which is related to many acute and chronic medical
conditions in adulthood including hypertension, dyslipi-
deinia, coronary heart disease, diabetes mellitus, gallbladder
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arthritis.3* Also, becanse most attempts to achieve weight
loss during adulthood are unsuccessful, prevention of obesity
in youth continues to be the most practical strategy for
controlling obesity in adulthood.S Therefore, it is preferable
to eliminate factors influencing the development of obesity in
childhood in order to establish positive long-term lifestyle
modifications in early life.’” So far, few studies have
assessed the association between temporal changes of body
build and lifestyle factors during childhood, especially early
childhood.

In previous studies, we reported the factors contributing to
obesity in 3-year-old Japanese children through a case-
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control analysis.”® The results indicated that the following
five factors were significantly associated with overweight
3-year-old Japanese children: person other than a mother
responsible for nursing the child, eating snacks irregularly,
short sleep duration, overweight father and mother. These
previous findings suggested that inherited factors as well as
acquired factors seemed to be associated with the
development of obesity in childhood.

In this study, we aimed to elucidate behavioral and environ-
mental factors influencing temporal changes in BMI from
ages 3~6 years using large cohort data from the Toyama
study, and to analyze in greater detail factors promoting
obesity in childhood.” In addition to well-known factors such
as dietary habits and physical activity, we collected data that
we considered to be potential contributors (time spent
watching television, particular psychological characteristics,
ctc.). Furthermore, because we followed the same subjects as
in previous the longitudinal study, the present study might be
able to elucidate factors which increase the likelihood of
obesily during early childhood. Because the lifestyles of
children are well known to differ according to sex, in this
study we also attempted to elucidate factors stratified by sex.

Method

Subjects

Subjects were sclected from the Toyama Birth Cohort Study
which was designed to investigate the lifestyle of children
born in the 1 year period between 2 April 1989 and 1 April
1990, in Toyama Prefecture, Japan® The first survey was
conducted in 1992; initial subjects consisted of 10177
children aged 3 years. Of those who received questionnaires,
9674 of the parents (95.1%) responded and anthropometric
measurements ¢height and weight) were undertaken. The
follow-up survey was conducted in 1996, when subjects were
in the first grade of elementary school (6 years of age).1%13
The following subjects were excluded from the analysis:
those who could not be traced at the follow-up survey stage
due to having moved from the area (615 children), and those
whose questionnaires and anthropometric measurements data
were not obtained properly (889 children). Therefore, 8170
eligible 6-year-old children (4176 boys and 3994 girls) par-
ticipated in this analysis. Informed consent was obtained
from all parents of participants.

Medical examination and questionnaire

The questionnaire was distributed through regional public
health centers on the day preceding the health checkup, and
anthropometrical measurements were conducted by trained
public health nurses, according to the protocol of the Law for
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the Health of Mothers and Children. Body mass index (BMI,
kg/m?) was used for evaluating the degree of overweight in
both 3- and 6-year-old age groups. The height and weight of
the children were measured with the help of a stadiometer.
All children removed their shoes. Height measurements were
taken using a movable horizontal bar that noted to the nearest
0.1 cm. The recording of weight was noted to the nearest
100 g, while wearing only light indoor clothing. The stadio-
meter was checked for accuracy and the scales were cali-
brated before the examination. Overweight children were
defined as those with 2 BMI index and age-sex specific in the
90th percentile or more.'*** To calculate BMI at birth year,
both height and weight at birth year was obtained from the
questionnaire, which was transcribed from the subject’s
Matemal and Child Health Handbook data.

The questionnaire was used to coliect information on
behavioral and environmental factors of children, which
consists of a lifestyle survey of the children and the past
history of both parents and grandparents. Quality control was
done by a standardized protocol that specified exact
techniques for collecting and recording results. The following
lifestyle data were obtained: items related to meals
(regularity of breakfasts, eating breakfast with mother, eating
between meals, dinners, late-night meals, eating out, eating
speed), food items (rice, bread, milk, juice, green tea, eggs,
meat, vegetables, soup, fruit, snack, soft drinks, confection-
ery, instant noodles, etc), items related to sleep (time of
waking, bedtime, duration of sleep), items related to bowel
movement {frequency of stool, regularity of stool time zone),
physical activities (physical exercise/playing outdoor),
physical club activities, duration of TV viewing, and temper-
amental disposition (enthusiastic, tantrums, competitive
spirit, sociable spirit, voluntary spirit), and were compared
between the four groups. The questionnaire had been
pretested and checked for the reproducibility of lifestyle
variables at an interval of 3 months, and proportion of
agreement coefficients ranged from 0.50 to (.83 and Kappa
coefficients ranged from .48 to 0.64. The questionnaire was
considered to have moderate to high reproducibility.

Study design

Temporary course of the children from birth year to 6 years
of age

For 8170 children (4176 boys, 3994 girls), we calculated the
mean and standard deviation (SD) of BMI (25th percentile,
median, 75th percentile, 90th percentile) by age groups at
birth year, age 3 years, and age 6 years. Stratified by sex, we
obtained scattered diagrams for BMI at 3 years and at
6 years. Furthermore, we analyzed the correlation between
BMI at 3 years and at 6 years, and tested the significance of
correlations using Pearson’s correlation coefficient statistics.
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Behavioral and environmental factors at 6 years associated
with temporal change of body build from age 3 years to age
6 years (four group comparisons)

In this study, one major objective was to elucidate the influence
of behavioral and environmental factors associated with temporal
changes in body build ages from 3 to 6 years. Therefore, we
categorized children into four groups derived from the
temporal changes of body build for both 3 years and 6 years,
as follows: group 1, normal both at 3 years and 6 years
{normal/normal}; group 2, overweight at 3 years and normal
at 6 years (overweight/normal); group 3, normal at 3 years
and overweight at 6 years {normal/overweight); group 4, over-
weight both at 3 years and 6 years (overweight/overweight).

In addition, in order to elucidate factors according to sex,
we assessed four groups individually stratified by sex. We
compared the four groups with each other by sex concerning
frequencies of children who matched categories of environ-
mental and behavioral factors at 6years. Each four
frequencies of factors were tested using the %? test. However,
since in the multiple comparisons, attention must be paid
toc the total number of comparisons, we showed precise
P-values in Tables and demonstrated the significance level
of both 0.05 (*) and (.01'6 (**) as a guide. For variables
where there was a significant difference between the four
groups, pairwise comparisons were undertaken, using group I
(normal/normal) as comparison, to determinate source of the
difference.

Results

Temporary course of the children from birth year up to
6 years

Table I shows BMI (25 percentile, median, 75 percentile, 90
percentile) according to age and sex. In both genders, mean
BMI values increased from birth year to age 3 years, and
persisted to age 6 years. In every age group, mean BMI
values of boys were a little higher than that of girls. Figures 1
and 2 show scatter diagrams between BMI at 6 years and
BMI at 3 years. (Alpha numeric letters A to Z as individual
scatter points, means that *A’ represents one observation and
‘B’ represents two observations on the same scatter points,
etc.) Significant correlation was found between BMI for
3 years and that for 6 years in both genders (boys, r = 0.559,
P < 0.001; girls, r=0.584, P < 0.001).

Behavioral and environmental factors at 6 years
associated with temporal change in body build from
ages 3-6 years (four group comparisons)

Table 2 shows factors at 6 years, which are associated
with temporal change in boy's BMI from 3 to 6 years of age.
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Tablel Body mass index (BMI) and frequencies of obese children by age group and sex

= 8170)

All(n

Girls (n = 3994)

Q1

Boys (r = 4176)
Q2

Ql

Age

W%

Q3

Q1

mean + SD
129+ 1.4

90%

Q3
13.6
16.6

90% mean £ SD Q2

Q3

mean £ SD

(years)

12.9 13.7 144
15.8 16.7 17.5

12.2
159+13 151

14.4
17.4

12.8
15.8

121
15.0

12914
158+13

129 13.7 14.5
159 16.7 17.6

122
15.2

130+ 1.4
160+ 1.3

i54 16.5 17.9

14.6

157+1.9

8

14.5 15.3 16.5 17

156+1.8

15.5 16.5 18.0

14.6

158+19

6

Q1, 25 percentile; Q2, median; Q3, 75th percentile; 90%, 90th percentile.
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Fig. 1 Scatter diagram of BMI at 3 years and BMI at 6 years in
boys. Note: alpha numeric letters A to Z as individual scatter
points means that *A’ represents one observation and ‘B’ repre-
sents two observations on the same scatter points, etc. n = 4176;
r=0.559,

By comparing frequencies between the four groups,
significant factors found in boys were eating between meals,
rice, bread, juices, green tea, eggs/meets, eating speed,
duration of sleep, physical exercise, playing outside, physical
club activity, TV viewing on holiday, and prone to tantrums.
Pairwise comparisons of these variables that showed
significant positive associations with overweight at age
6 years, were eating between meals {group 3), rice (group 3,
4), breads (groups 3, 4), juices (groups 2, 3), green tea
groups 3, 4), eggs/meats (groups 3, 4), eating speed (groups
2, 3, 4), duration of sleep (groups 2, 3, 4), physical exercise
(group 2, 4), playing outside (groups 2, 4), physical club
activity (group 3), TV viewing on holiday (group 4), and
prone to tantrums (groups 2, 4).

Table 3 shows factors at 6 years, which are associated
with temporal change in BMI of girls from 3 to 6 years. By
comparing frequencies between the four groups, significant
factors found in girfls werc breakfast, rice, breads, eggs/
meets, eating speed, bedtime, regularity of evacuation time,
TV viewing on weekdays and holidays, and voluntary.
Pairwise comparisons of these variables that showed
significant positive associations with overweight at age 6,
were breakfast (groups 2, 3), rice (groups 3, 4), breads
{groups 3, 4), eggs/meats (group 3), eating speed (groups 2,
3, 4), bedtime (group 3), regularity of evacuation time
{group 4}, TV viewing on weekdays (group 4) and holidays
{group 4), and voluntary spirit (group 2).
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Fig. 2 Scatter diagram of BMI at 3 years and BMI at 6 years in
girls. Note: alpha numeric letters A to Z as individual scatter
points means that ‘A’ represents one observation and ‘B’ repre-
sents two observations on the same scatter points, eic.

Discussion

Education for preventing obesity requires the assessment of
risk factors. It is necessary to understand the relationship
between obesity in childhood and behavioral and environ-
mental factors influencing cbesity.

Although dietary causes of obesity are complex and
poorly understood, few attempts have been made to identify
eating patterns. In this study, with regard to eating habits, we
found that Japanese style food, such as rice and green tea,
associated significantly with the overweight groups. Takada
etal. reported the amount of rice intake was positively
associated with the BMI of Japanese children at age 10, and
our results were consistent with their report.”” High rice
intake might be an early risk sign for future obesity."?
However, this might be due in part to other characteristics of
the Japanese diet, such as low intake of vegetables, juice, and
fruit, which contains a lot of dietary fiber known to associate
negatively with obesity.'® In addition, this might be partly
explained by other confounders that would influence a
mother’s way of nursing or feeding, such as parental socio-
economic status or parental educational background. Further
investigations are needed to confirm whether a high intake of
rice can be directly associated with obesity or not.

High speed of eating was also significantly associated
with overweight groups in both genders. This finding is
consistent with previous studies.’®?® There are several
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interpretations for this association. Sakata and Yoshimatsu
suggested, from the study of obese rats, that eating rate
abnormalities might be the result of a defect in hypothalamic
neuronal histamine?' Due to a lack of satiety, rapid eating
may cause overeating before the stomach senses fullness. A
study of a multicomponent and multidisciplinary after-school
intervention program indicated the possibility for improving
this behavior.?

Short sleep duration (<9 h) reached statistical significance
among boys, confirming previcus reports® Similar results
were previously reported among girls in the Toyama study,
which were derived from the same subjects at age 3 years.
Because these previous reports demonstrated an association
between hyposomnia and obesity by multivariate methods,
which took confounders into consideration, these results
could minimize the possibility of either a sampling error or
an information bias. Serotonin, involved in both bulimic
behavior and sleeping disorders, and the reduction of
lipolytic activity that is maximai at night, and the reduction
of growth hormone secretion, may account for this associa-
tion.* In the boys’ analysis, although increase in height from
3 years to Gyears did not reach statistical significance
(P=021), we found that growth rate of height in short
sleepers seemed to be higher (21.4 + 3.9 cm vs 20.8 £ 3.8 cm).
However, we need to ascertain whether obesity leads to a
shortage of sleep or if short sleepers are at risk of obesity.

Conversely, early bedtime showed significant association
with the girls' overweight groups, and this result seems
contradictory to results of short sleep duration ostensibly.
Further studies, which consider other factors, are needed to
validate this discrepancy,

Evacuation frequency seemed to be higher among over-
weight groups in both genders, which might be caused by
higher bowel movement. Alternatively, Pecora et gl. reported
that constipation frequency was significantly higher in obese
patients than in normal-weight subjects.?® Although we need
further studies, we should not overlook the association
between body build and autonomic imbalance.

Physical inactivity significantly associated with boys’ over-
weight subjects. Physical inactivity is a well-known factor
that influences obesity, and in addition, it is expected to
provide substantial benefits in reducing future morbidity and
mortality from several chronic diseases in adults.?” Several
studies indicated that today’s children might be less fit than
children several decades ago and they might become more
sedentary than earlier.?” It is necessary to conduct education
in early childhood for both high-risk children and their
parents, to increase physical aétivity in daily living. However,
among girls, physical inactivity failed to reach statistical
significance. There may be gender differences in influencing
factors on developing obesity during early childhood, and it
might be necessary and practicable to conduct health promo-
tion programs according to sex aimed at preventing obesity.
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Conceming boys' psychiatric dispositions, ‘prone to
tantrums’ showed significant association with overweight
groups. Although, other personality factors failed to reach
significance, they also appeared to be associated with over-
weight groups. Previous studies have reported association
between psychopathology and obesity in adolescence.??
We should not fail to notice this association, and when we
conduct education for obesity we should give greater weight
to these psychiatric results.

In both genders, duration of TV viewing was significantly
higher ameng overweight groups. Proportions of long TV
viewing seemed to increase with BMI values in & dose-
dependent manner. These results were consistent with
previous reports.® Locard et al. suggested that TV viewing
would reduce energy expenditure in daily life.® In addition to
this, TV viewing means exposure to advertisements for food
products that can be fattening.* A national report in Japan
suggested that communication between parents and children
represented by ‘watching TV and having talks’ trend upwards
as the child grows older.*? Therefore, it may be imnportant to
warn of the risks of long TV viewing, in regards to the
development of obesity in early childhood. Before television
games were widely preferred among Japanese children, we
should also bear in mind this new environmental factor.™

Eating between meals was associated positively with the
overweight group (group 3) among boys. A late, high-calorie
dinner was known for its association with obesity. Yet, group
2 showed lower frequency of this item. Group 2 consisted of
subjects who were overweight at age 3 years and became
normal at age 6 years, and were characterized as ‘improving
obesity at age 6’. Therefore, this result might be explained by
modification of an unhealthy lifestyle (i.e. late-night eating)
from ages 3 to 6 years.

There are several limitations in this study. First, we have
to consider that we have shown only ‘associations’ and not
‘causality’ of changes in children’s body build. However, this
relatively large cohort population study could be very helpful
in teasing out developing child obesity and may help to form
intervention strategies. Second, in this study we used anthro-
pometrical measures (height and weight) at birth by the
questionnaire. Although they were derived from trustworthy
data, namely the Maternal and Child Health Handbook
obliged by the Law for the Health of Mothers and Children,
we should take into account the reproducibility of anthropo-
metrical data in evaluating the correlations of BMI in
different ages. Third, we undertook a large number of
statistical analyses and we need to be aware of problems
leading from multiple statistical testing. Although we quoted
significance level of 0.05, UKPDS group paper used 0.0] and
attention must be paid to the interpretation of the results.'®

In sumrnary, significant factors at age 6 years associated
with the overweight body build were: diet items (rice, green
tea, eggs, meat, less bread), rapid eating, short sleep duration,



early bedtime, long TV viewing, dislike of physical activity,
and frequent bowel movements. Elucidating the factors
promoting the reasons for overweight children will be useful
in conducting effective health education, aiming both to
‘prevent obesity in childhood and in early life as well as
to reduce chronic diseases in adult life.
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