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Differences in the effect of maternal smoking during
pregnancy for childhood overweight before and after
5 years of age

Kohta Suzuki!, Miri Sato?, Daisuke Ando?, Naoki Kondo* and Zentaro Yamagata'?

"Department of Health Sciences, ‘Center for Birth Cohort Studies, Interdisciplinary Graduate School of Medicine and
Engineering, University of Yt hi, Chuo, Yi hi, *Department of Physical Education, National Defence Academy,
Yokosuka, Kanagawa, and *Depariment of Health Economics and Epidemiology Research, University of Tokyo School of Public
Health, Tokyo, Japan

Abstract

Aim: This study aimed to clarify the association between maternal smoking during pregnancy and childhood
overweight during different periods using two cohort studies from the same population: the birth cohort (the
1st cohort) and the non-overweight children at 5 years of age cohort (the 2nd cohort) by sex.

Material and Methods: The study population comprised children born between 1 April 1991 and 31 March
1999 in Koshu City, Yamanashi Prefecture, Japan, and their mothers. The dependent variables were diagnosis
of overweight in each cohort. The primary independent variable was maternal smoking during pregnancy.
Multiple logistic regression models were applied for these statistical analyses.

Results: Mothers who answered the questionnaire during early pregnancy gave birth to a total of 1644 babies
during the study period. The 1st cohort consisted of these babies and were followed until 5 years of age. The
2nd cohort consisted of 1131 children who were diagnosed as normal weight at 5 years of age and followed
until 9-10 years of age. There was an association between maternal smoking during pregnancy and overweight
only in boys in the 1st cohort analysis (adjusted odds ratio, 4.5; 95% confidence interval, 2.0-10.2).
Conclusions: These results suggest that the effects of maternal smoking during pregnancy on childhood
overweight tend to appear before 5 years of age, especially in boys. It is necessary for children whose mother
smoked during pregnancy, especially in boys, to be careful with their diet and physical activity in order to
prevent childhood obesity.

Key words: childhood obesity, fetal programming, pregnancy, smoking.

Introduction

In recent years, the obesity pandemic has become a
major global public health issue.! Childhood obesity
leads to adulthood obesity and obesity-related dis-
eases, such as diabetes and cardiovascular disease”*
Therefore, it is important to implement prevention pro-
grams from an early stage.

There are a number of risk factors for childhood
obesity, including genetic factors, eating behavior, and
physical activity.” Moreover, there have been studies
that have shown an association between maternal
smoking during pregnancy and childhood obesity.***
Children whose mothers smoked during pregnancy
tended to show a rapid increase in their bodyweight
and to be overweight in the infant and childhood
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ABSTRACT

Background: Determining standard pubertal growth patterns using longitudinal anthropometric measures is
important in growth assessment. We used an appropriate repeated-measurements method to identify height growth
patterns in Japanese school-aged girls and boys.

Methods: The participants were children born during the period from 1991 through 1999 who had entered the first
grade of elementary school in the Enzan district in Koshu City, Japan. This study was part of the Project Koshu
cohort study. Height was measured annually in April from the first grade of elementary school (age, 6-7 years) to the
third grade of junior middle school (age, 14-15 years). Height gain and growth rate trajectories in boys and girls were
constructed using multilevel analysis.

Results: In total, 1984 children (1036 boys and 948 girls) were included in this study. Height in boys and girls was
similar at age 6.5 to 9.5 years. Girls subsequently grew faster and were taller than boys at age 10.5 to 11.5 years.
Starting at age 12.5 years, male height caught up and exceeded female height. Height gain trajectories showed that
annual height gain among girls increased slowly and peaked during age 9.5 to 11.5 years, while male height gains
declined slightly at first and peaked at age 11.5 to 12.5 years. Sex differences in height gains were significant during
the period from age 7.5 to 14.5 years (P < 0.0001). Growth rate and height gain trajectories were similar between
sexes.

Conclusions: Sex differences in growth trajectory were significant, and female height gain peaked approximately
2 years earlier than male height gain.

Key words: growth pattern; sex; puberty; height gain; growth rate

INTRODUCTION

It is important to use anthropometric measures to determine
standard growth curves when assessing childhood growth.
Height in particular is an important indicator of puberty
because of the association between these 2 factors.! In
addition, it is generally agreed that height growth differs
between sexes. Previous studies showed that male and female
height gains differed greatly during the pubertal growth spurt.”
Age at height take-off and at peak height velocity is later™* in
boys than in girls. In addition, duration of the pubertal spurt is
longer, and growth velocity is higher, for boys than for girls.’

The participants of most previous studies of sex differences
were born in Europe around the 1950s, and sample sizes in the

studies were small. Early studies of secular pubertal growth
changes revealed a trend toward earlier pubertal development
in both sexes,®” although such changes sometimes differed
between sexes. Kagawa et al found that Japanese boys
had greater height increments (1.6-3.8cm) than did gitls
(1.1-3.1cm) in each decade from 1950 to 2000 Hence,
further studies are needed to identify modern growth patterns.

Although the Japanese government recently conducted a
national survey of childhood growth and clarified related sex
differences,® that survey was not a cohort study, and it used
cross-sectional data for each age group. Therefore, further
studies are needed to clarify the differences in growth rates
between sexes. Such studies should use prospective individual
data from a cohort study because cohort studies better reveal

Address for correspondence. Prof. Zentaro Yamagata, Department of Health Sciences, Interdisciplinary Graduate School of Medicine and Engineering, University
of Yamanashi, 1110 Shimokato, Chuo, Yamanashi 409-3898, Japan (e-mail: zenymgt@yamanashi.ac.jp).
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Abstract

Background: A trend towards earlier pubertal growth has been identified along with an increase in childhood
obesity rates. The study aimed to identify the differences in growth patterns during adolescence between
overweight/obese and non-overweight children in Japan.

Methods: The participants were children from a prospective cohort study called Project Koshu, who were born
between 1991 and 1998, in Japan. They were classified as overweight/obese or non-overweight according to their
body mass index (BMI) in the first grade of elementary school (6-7 years of age) and were followed until
graduation from junior high school (1415 years of age). Anthropometric data were collected at an annual medical
check-up in their school. Height gain trajectories were constructed by BMI categories using multilevel analyses.
This analysis was stratified by gender.

Results: Overall, 111/850 (13.1%) girls and 109/911(12%) boys were defined as overweight/obese at baseline.
Approximately 80% of the children were followed until the third grades of junior high school. Overweight/obese
girls gained more height in the first half period, reached their peak height gain about a year earlier than non-
overweight girls, and experienced an earlier decline in height gain. Similarly, overweight/obese boys gained
more height than non-overweight boys initially. Additionally, non-overweight boys maintained a higher rate of
height gain from the age at peak height gain, although the age at peak height gain did not differ between the two
groups.

Conclusions: The overweight/obese children grew faster than the non-overweight children in the early pubertal
stages, and the non-overweight children caught up and exceeded in height gain at a later stage.

Keywords: height gain, body mass index, puberty.

Puberty development is a salient milestone during the
course of life. Many important changes, such as hor-
monal secretion, occur during this period.' Variations
in the growth patterns during this period are associ-
ated with long-term health, including the risk of adi-
posity? cardiovascular disease,” and breast cancer.*
Clarifying the modifiable early life factors that relate to
adolescent growth may help to improve life course
health.

Recently, a secular increase in childhood obesity
rates that accompanies a secular change in pubertal
growth has drawn much attention. A number of
studies have been conducted to explore the relation-
ship between pre-pubertal body composition and
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pubertal development®” Girls with high body mass
index (BMI) values during childhood were suggested
to experience advanced pubertal stages earlier.’
However, the influence of pre-pubertal BMI on the
timing of pubertal onset was not consistent in previ-
ous studies.**" For boys, a review shows that the rela-
tionship between pre-pubertal BMI and pubertal
timing is not yet conclusive."’

To assess pubertal growth, it is important to deter-
mine the overall growth trajectory during adolescence
as well as the timing of different growth stages.
However, to the best of our knowledge, few studies
have discussed the association between childhood
body composition and the shape of adolescent growth
curves.

We previously clarified gender differences in
growth patterns using multilevel analysis."" Thus, it is
necessary to examine the association between child-
hood body composition and growth spurt by gender.
As in our previous studies, ' multilevel analysis
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B SPER 26th Annual Meeting(Society for Pediatric and Perinatal Epidemiologic Research). June
17-18, 2013. Boston, Massachusetts

1.
Association of individual social skills and classroom connectedness with depressive
symptoms in puberty

*Miri Sato, Kohta Suzuki, Zentaro Yamagata (University of Yamanashi, Japan)

Childhood depression, recognized as a serious disorder, has a globally increasing
prevalence. An important factor related to it is social skills: the ability to communicate
and interact with others. In puberty, social skills are strongly affected by social
environment (especially school classroom connectedness, defined as the total of
individual social skills). We examined the association of individual social skills and
classroom connectedness with depressive symptoms among 1911 children from
grades 4-9 in this community-based study. Depressive symptoms were assessed
using the Burleson Depression Self-Rating Scale. Social skills were examined with a
guestionnaire generally used in Japanese schools. First, we divided 81 school classes
into high-connectedness (HC) and low-connectedness (LC) groups. Second, on the
basis of the mean social skills score of each class, students were divided into
high-score (HS) and low-score (LS) groups. Then, groups were combined as HC-HS,
HC-LS, LC-HS and LC-LS. The association between depressive symptoms and the
above 4 groups was examined using multiple logistic regression analyses stratified by
sex and grade. Depressive symptoms were found for 141 (7.4%) participants.
Symptoms were significantly more prevalent among students categorized as LS,
particularly in LC classes, compared with HC-HS students. This association was
stronger in boys and 4"-6" graders. In conclusion, both individual social skills and
classroom connectedness should be strengthened to prevent childhood depression.
Further prospective research should be conducted to clarify the pathway and

mechanisms of this association.
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2.
Effect of smoking cessation before and during early pregnancy on fetal and childhood
growth: a prospective cohort study

SUZUKI K*, SATO M, and YAMAGATA Z
(University of Yamanashi, Chuo, Japan)

Maternal smoking during pregnancy is a major cause of intrauterine growth restriction.
In addition, recently, an association between maternal smoking during pregnancy and
childhood obesity has been suggested. However, few studies have examined these
associations, including that of smoking cessation before and during pregnancy and
fetal and childhood growth. This study aimed to simultaneously examine these
associations using a prospective cohort study in Japan. The study participants
comprised 2676 women and their children who were born between 1991-2006.
Anthropometric data were compiled through medical check-ups conducted at 3 years
of age for 2275 (85.0%) participants. Multiple linear regression models according to
sex were used to analyze the data. After adjusting for gestational age, parity, maternal
body mass index (BMI), and age; the birth weight of the babies from smoking mothers
was found to be significantly lower than that of babies from non-smoking mothers. The
birth weight of mothers who quit smoking was not significantly different from that of
non-smoking mothers. Next, after adjusting for maternal BMI and BMI of children at
birth, the BMI at 3 years of age of the babies from smoking mothers, especially in male
children, was found to be significantly greater than that of babies from non-smoking
mothers. However, as compared to the BMI of babies from non-smoking mothers, the
BMI of babies from mothers who quit smoking was not significantly greater. In
conclusion, maternal smoking cessation before and during early pregnancy might be
beneficial for fetal and childhood growth.

236



VI. BRIR (% - IERH)

M 46th Annual SER Meeting (Society for Epidemiologic Research). June 18-21, 2013. Boston,

Massachusetts

Childhood growth trajectories by combinations of maternal weight status before
pregnancy and maternal smoking during pregnancy: a multilevel analysis

*K. SUZUKI, M. SATO, and Z. YAMAGATA (University of Yamanashi, Chuo,
Japan)

Maternal weight status before pregnancy and maternal smoking during pregnancy
are significantly associated with fetal and childhood growth. However, few studies
have examined the association between childhood growth and combinations of both
factors using multilevel analysis. This study aimed to describe the difference in
childhood growth trajectories by these combinations, using data from a prospective
cohort study in Japan.

The study participants were 1973 women and their singletons who were born
between April 1, 1991, and March 31, 2003. Children were categorized as born
from normal-weight and non-smoking mothers (NN), normal-weight and smoking
mothers (NS), underweight and non-smoking mothers (UN), underweight and
smoking mothers (US), overweight and non-smoking mothers (ON), and
overweight and smoking mothers (OS). Birth weight and anthropometric data
were collected from 1965 (at birth, 99.6%), 1655 (at age 3, 83.9%), 1527 (at age 5,
77.4%), 1497 (at age 7-8, 75.9%), and 1501 (at age 9-10, 76.1%) of these children.
Multilevel analysis including both individual and age as different level variables
by gender of children was used to describe the trajectories of body mass index
(BMI) z-scores for statistical analyses.

Although children of the OS group were the leanest at birth, their BMI increased
rapidly by 3 years of age. Moreover, male children of the NS and ON groups were
also likely to increase their BMI. On the other hand, a different trend was observed
among female children. Only female children of the US group were likely to
decrease their BMI from 5 years of age. In addition, there was no remarkable
difference in BMI trajectories among children of the other groups.

In conclusion, childhood growth trajectories differed by combinations of maternal
weight status before pregnancy and maternal smoking during pregnancy. Further,
a gender difference existed in the association between childhood growth and the

combinations.
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2.

Difference in pubertal height gain trajectories based on gender and childhood body
mass index

*W. ZHENG, K. SUZUKI, M. SATO, and Z. YAMAGATA (University of Yamanashi,
Chuo, Japan)

Recently, a trend towards earlier pubertal growth has been identified along with
an increase in childhood obesity rates. Therefore, it is important to determine the
current growth pattern and elucidate the factors influencing it. However,
longitudinal studies using multilevel analysis are limited. Hence, this study aimed
to evaluate pubertal height gain trajectories in Japanese school-aged children first
by gender and then by gender-based childhood body mass index (BMI).

This study included 2450 children born between 1991 and 2003 in Japan. These
children were followed up from first-grade at elementary school (age range, 6—7
years) to third-grade at a junior high school (age range, 14—15 years) and their
anthropometric data were collected annually. Annual height gain trajectories were
constructed by multilevel analysis because repeated measurements were used. Of
the participants, 12.2% (153/1281) of boys and 11.9% (143/1169) of girls were
classified as overweight/obese based on their BMI at baseline.

Gender-based height gain trajectories showed that in girls, annual height gain
increased slowly and peaked between ages 9.5 and 11.5 years, while in boys, the
height gain declined slightly at first and peaked between ages 11.5 and 12.5 years.
The gender-based difference in height gain was significant between ages 7.5 and
14.5 years (p < 0.0001). In both genders, obese/overweight children exhibited a
greater increase in height until the peak age of height gain, after which a decline
in height gain was observed at an earlier age. Peak height gain was observed in
obese/overweight girls at an earlier age compared to their non-overweight peers.
In conclusion, although differences in gender-based height gain trajectories were
significant, a trend that obese/overweight children grew faster in the early
pubertal stages, while their non-overweight peers attained similar growth at a

later age, was observed in both genders.
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1.

Maternal smoking during pregnancy and infancy growth: a covariance structure analysis

Wei Zheng!, Kohta Suzuki?, Ryoji Shinohara?, Miri Sato?, Hiroshi Yokomichi® and Zentaro
Yamagata'-?

!Department of Health Sciences, Interdisciplinary Graduate School of Medicine and
Engineering University of Yamanashi

2Center for Birth Cohorts Studies, Interdisciplinary Graduate School of Medicine and
Engineering University of Yamanashi

[Background] Smoking during pregnancy was reported to be related to fetal constrains and
accelerated postnatal growth. Pathway analysis which links these factors in one model can help
us better understand the mechanism.

[ Objective] This study aimed to examine pathways between maternal smoking during
pregnancy and infancy growth.

[ Methods] Participants were singleton who were born between 1993 and 2006 in Koshu City,
Yamanashi. Outcome was change in weight z-score from birth to 3 years old. Structural
equation modeling was constructed according to result of exploratory analysis. Multi-group
analysis was used to compare pathways between genders. Pathways from maternal smoking
and other maternal factors (maternal body mass index and maternal work status) to infancy
growth via birth factors (birth weight and gestational age) and breastfeeding were examined.

[Results] The number of children who had complete information on maternal/early life
factors and were followed up to 3 years old was 1524 (775 boys and 749 girls). Modeling
fitness was adequately (GFI=1.00, CFI=0.97, RMSEA=0.019). Lower birth weight and not
entirely breastfeeding were both identified to be mediators of the link between maternal
smoking during pregnancy and increased infancy growth. Maternal smoking was also directly
linked to rapid infancy growth (Standardized direct effect was 0.07, p=0.03 in boys and
standardized direct effect was 0.08, p=0.005 in girls). Taking all the pathways into account,
standardized total effect of maternal smoking on infancy growth was 0.11 both in boys and in
girls. The pathways did not differ significantly between genders.

[Discussion] These findings were consistent with previous studies. However, few studies
discussed the pathways of how maternal smoking influenced infancy growth.

[Conclusions] Besides through birth weight and breastfeeding status, maternal smoking
during pregnancy may also directly influence infancy growth or through other unknown
pathways.
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