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ABSTRACT

Background: Although maternal smoking during pregnancy has been reported to have an effect on childhood
overweight/obesity, the impact of maternal smoking on the trajectory of the body mass of their offspring is not very
clear. Previously, we investigated this effect by using a fixed-effect model. However, this analysis was limited
because it rounded and categorized the age of the children. Therefore, we used a random-effects hierarchical linear
regression model in the present study.

Methods: The study population comprised children born between 1 April 1991 and 31 March 1999 in Koshu City,
Japan and their mothers. Maternal smoking during early pregnancy was the exposure studied. The body mass index
(BMI) z-score trajectory of children born to smoking and non-smoking mothers, by gender, was used as the outcome.
We modeled BMI trajectory using a 2-level random intercept and slope regression.

Results: The participating mothers delivered 1619 babies during the study period. For male children, there was very
strong evidence that the effect of age in months on the increase in BMI z-score was enhanced by maternal smoking
during pregnancy (P < 0.0001). In contrast, for female children, there was only weak evidence for an interaction
between age in months and maternal smoking during pregnancy (P = 0.054), which suggests that the effect of
maternal smoking during pregnancy on the early-life BMI trajectory of offspring differed by gender.
Conclusions: These results may be valuable for exploring the mechanism of fetal programming and might

therefore be clinically important.

Key words: body mass index; childhood growth; gender; multi-level analysis; pregnancy; smoking

INTRODUCTION

Inrecent years, the obesity pandemic has become a major global
public health issue.! In Japan, the prevalence of obesity in adults
is still relatively low,23 but the prevalence of overweight and
obesity has steadily increased in both genders among people
vounger than 50 years.* Tn addition, the prevalence of child-
hood obesity has been steadily increasing since the 1980s.%
Moreover, gender differences have become apparent with
regard to childhood obesity in Japan. While the prevalence in
boys in 2007 was approximately twice (9%—10%) that of the
reference data in 197981, for each age group, the prevalence in
girls was less than that of boys, at approximately 8%.> This
difference is thought to reflect the recent decrease in mean body
mass index (BMI) among young women.*

Recently, the percentage of women who smoke during
pregnancy has also increased (5.6% in 1990 to 10.0% in 2000)

in Japan® a trend opposite to that in other industrialized
countries.” Further, some studies have observed an association
between maternal smoking during pregnancy and child-
hood obesity.*'! Children with mothers who smoked during
pregnancy tended to show a rapid increase in body weight,
and to be overweight, in infancy and childhood.? Further, it
has been suggested that there may be a gender difference in
the effect of maternal smoking during pregnancy, since gender
differences in the prevalence of childhood obesity have been
observed with the recent increase in the maternal smoking rate
in Japan.

Previously. we reported gender differences in the effect of
maternal smoking during pregnancy on childhood growth. We
found that, among children born to smoking mothers, the BMI
z-score trajectory at each subsequent check-up age was higher
for boys than for girls. Among girls, the only difference in the
slope of the trajectory was observed between age 3 and 5

Address for correspondence. Kohta Suzuki, Center for Birth Cohort Studies, Interdisciplinary Graduate School of Medicine and Engineering, University of
Yamanashi, 1110 Shimokato, Chuo, Yamanashi 409-3898, Japan (e-mail: kohtas(@yamanashi.ac.jp).

Copyright © 2012 by the Japan Epidemiological Association

211



ORIGINAL ARTICLE

VI BAIBFZE (RER)

Pediatric Allergy and Immunology

Maternal psychosocial factors determining the
concentrations of transforming growth factor-beta in

breast milk

Naoki Kondo', Yuki Suda', Atsuhito Nakao?, Kyoko Oh-Oka?, Kohta Suzuki®, Kayoko Ishimaru?,
Miri Sato’, Taichiro Tanaka', Akiko Nagai' & Zentaro Yamagata'

'Department of Health Sciences, Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Chuo-Shi, Japan;
2Department of Immunology, Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Chuo-Shi, Japan

To cite this article: Kondo N, Suda Y, Nakao A, Oh-Oka K, Suzuki K, Ishimaru K, Sato M, Tanaka T, Nagai A, Yamagata Z. Maternal psychosocial factors determin-
ing the concentrations of transforming growth factor-beta in breast milk. Pediatr Allergy Immunology 2011: Doi: 10.1111/1.1398-3038.2011.01194.x

Keywords

human milk; Japan; perceived health;
postpartum depression; transforming
growth factor-beta

Correspondence

Naoki Kondo, Department of Health
Sciences, Interdisciplinary Graduate School
of Medicine and Engineering, University of
Yamanashi, 1110 Shimokato, Chuo-Shi,
Yamanashi 409-3898, Japan

Tel: +81 55 273 9566

Fax: +81 55 273 7882

E-mail: nkondo@yamanashi.ac.jp

Accepted for publication 4 June 2011

DOI10.1111/].1399-3038.2011.01184.x

Abstract

Background: Cytokines in breast milk may play crucial roles in the beneficial effects
of breastfeeding in protecting against allergic and infectious diseases in infants. In
particular, breast milk-borne transforming growth factor-beta (TGF-f) has an
important potential role in developing the mucosal immune system in infants. How-
ever, little is known about what factors influence TGF-f expression in human milk.
We investigated whether the behavioral and psychosocial characteristics of mothers
affect breast milk TGF-f levels.

Methods: We conducted a survey of all 139 mothers who were lactating between
February and October 2010 in Koshu City, Japan. Participants completed a ques-
tionnaire and provided breast milk at the health checkups for their 3-month-old
child (N = 129, 93%). Breast milk was assayed for total TGF-p2 levels by ELISA.
We took an exploratory approach based on linear and ordered logistic regressions
to model TGF-B2 concentrations with their multiple potential determinants.

Results: Mothers with depression or poor self-rated health had higher TGF-p2 con-
centrations than mothers without depression (odds ratio for a higher TGF-B2 quar-
tile: 3.11, 95% confidence intervals: 1.03-9.37) or those reporting better health
(odds ratio: 2.34, 1.21-4.55). Smoking, drinking alcohol, probiotics supplementa-
tion, social support, and maternal history of allergic diseases were not associated
with milk TGF-p2 levels. Milk gathered between August and October or later in the
afternoon (3—4 pPM vs. 12-2 pM) contained less TGF-B2.

Conclusion: Depression, as the consequence of psychosocial stress, may be a strong
determinant of TGF-p levels in breast milk. Seasonal and daily fluctuations in milk
TGF-p2 concentrations warrant further study.

Cytokines in breast milk may play important roles in the
development of the infant immune system, and they may
explain the mechanisms of the beneficial effects of breastfeed-
ing in protecting against allergic and infectious diseases in
infants (1). Transforming growth factor-f (TGF-B) is a cen-
tral cytokine in the regulation of the immune system (2). In
particular, growing evidence suggests that TGF-p may be a
key immunoactive substance for the establishment of the
mucosal immune response including the production of IgA

Abbreviations:
Cl, confidence intervals; OR, odds ratio; TGF-B, transforming
growth factor-beta

© 2011 John Wiley & Sons A/S

and induction of oral tolerance (3). Interestingly, human milk
contains a large amount of TGF-p (2). Among the three iso-
forms of TGF-f (TGF-p1. TGF-p2, and TGF-f3) identified
in mammals, TGF-B2 is the major isoform present in human
milk (4).

A recent systematic review found that the concentration of
TGF-p in human milk is highly heterogeneous within and
between studies, which is potentially explained by a maternal
history of allergic disease prevalence (5) or probiotics supple-
mentation (3, 6, 7). However, associations between TGF-f lev-
els in breast milk and other maternal factors, including
behavioral and psychosocial characteristics, have not been
studied; for example, psychosocial stresses or depressive
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[ | Kohta Suzuki: Association between Fetal Environment and
Childhood Growth

Abstract

Barker, who established the fetal origins of adult disease hypothesis, has stated
that a cause for concern is that the rising rates of childhood obesity will fuel
chronic disease epidemics, including those of coronary heart disease, increased
blood pressure, and adult-onset type 2 diabetes. The findings of some studies on
fetal programming of chronic diseases, including obesity-related diseases, are
consistent with the Barker hypothesis, which states that fetal adaptations to
intrauterine undernourishment may have permanent and specific short- and
long-term effects on the development of various organ systems, including the
cardiovascular and metabolic systems. Some studies from the United Kingdom,
Finland, and India have suggested that there might be a relationship between the
specific path of growth, consisting of slow growth in fetal life and rapidly
increasing body mass index (BMI) as an infant, and the development of type 2
diabetes or coronary heart disease. Originally, they compared these data between
low and high socioeconomic areas. Therefore, when considering the etiologies of
such diseases, it is necessary to examine the association between fetal or perinatal
undernourishment and childhood growth.

For example, maternal smoking during pregnancy is a possible major cause of fetal
undernourishment. Many studies have shown that maternal smoking during
pregnancy affects placental and fetal circulation, which may lead to intrauterine
growth retardation, low-birth-weight infants, and small-for-gestational age infants.
Moreover, smoking is generally associated with socioeconomic status. Therefore,
maternal smoking during pregnancy could be also considered as a proxy indicator
for socioeconomic status.

On the other hand, the term ‘life course epidemiology’ has recently become popular.
The Barker hypothesis is probably the best-known example of a life course

association. Because it states that poor fetal nutrition, indicated by small birth size,
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leads to fetal adaptation that programme the propensity to adult disease, it is
necessary to conduct individual growth analysis that includes both individual and
age as different-level variables.

To clarify the association between maternal smoking and childhood growth, it
might be necessary to conduct a prospective cohort study which starts from fetal
period. Our research center has the data of Project Koshu (formerly Project Enzan),
a dynamic, ongoing prospective cohort study of pregnant women and their children
in rural Japan, which commenced in 1988. In this presentation, some of the results
from this project would be introduced as examples of the association between fetal
environment and childhood growth. Particularly, our latest result which clarified
the gender difference of the association between maternal smoking during
pregnancy and childhood growth by using multilevel analysis would be also
introduced. In addition, further research questions, like the association between
childhood lifestyle and their afterword growth would be also discussed in this

presentation.
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M Kohta Suzuki, Miri sato, Taichiro Tanaka, Naoki Kondo, Zentaro
Yamagata: EFFECTS OF MATERNAL SMOKING CESSATION BEFORE
AND DURING EARLY PREGNANCY ON CHILDHOOD GROWTH. [poster

session]

Maternal smoking during pregnancy has been recently considered a major risk
factor for childhood overweight. However, few studies have examined the effects of
smoking cessation before and during early pregnancy on childhood overweight.
Therefore, this study aimed to examine the effects of smoking cessation before, and
during pregnancy on overweight in children by using data of a prospective cohort
study. This study included 2137 women with their children born between April 1,
1991 and March 31, 2003. Anthropometric data were collected for 1834 of the 2137
(85.8%) children when they were 3 years old. Multiple linear and logistic
regression models were used to analyze the data. The number of women in each
group of smoking status during early pregnancy, i.e., nonsmokers, ex-smokers who
quitted before pregnancy, ex-smokers who quitted during early pregnancy, and
current smokers, was 1336 (76.0%), 95 (5.4%), 224 (12.7%), and 104 (5.9%),
respectively. After adjustments for maternal age and body mass index (BMI), it
was found that BMI (difference in adjusted mean: 0.47 kg/m2, p = 0.03) and risk of
overweight (adjusted odds ratio: 2.9; 95% confidence interval, 1.2—7.1) were more
likely to increase in boys born to current smokers than in those born to
nonsmokers. In the case of the ex-smokers, there was no evidence of the effect of
smoking status on growth in boys. Furthermore, smoking status and childhood
overweight did not significantly differ among girls. In conclusion, the effect of
smoking exposure on childhood overweight was not observed in children born to

mothers who quitted smoking before and during early pregnancy.
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B Miri Sato, Kohta Suzuki, Taichiro Tanaka, Naoki Kondo, Akiko Nagai,
Zentaro Yamagata: TRAJECTORIES OF WEIGHT STATUS AND
DEPRESSION DURING PUBERTY. [poster session]

Weight status and depression are reportedly associated during puberty.
However, examination at 2 time points in a cohort study[Author1] did not
clarify this association. Further, many studies suggest that this association
1s sex dependent. In this study, we identified trajectories of weight status at
6 time points during puberty and examined the effect of weight on
depression, taking into account sex. The height and weight of 10-year-old
children [(N = 102d[Author2]) from the Koshu Project, a representative
sample of rural youth, were evaluated annually over 6 years. Obesity was
defined using the international cut-off points. The presence of depression
symptoms was assessed at 15 years of age. Proc traj (SAS ®) was used to
categorize the participants of both sexes into 5 groups based on weight
status trajectories: 4 of the 5 groups included overweight children, while the
other included normal-weight children. Of the 4 overweight groups, 3
included children who remained overweight (high, middle, low), while those
in the fourth group attained normal weight. The association between
depression symptoms and weight status was assessed using multiple
logistic regression analysis. Depression symptoms were found in 17% boys
and 33% girls. In boys, there was no significant association between weight
status and depression. However, in girls, the low-overweight group had a
higher risk of depression than the normal-weight group (odds ratio: 2.5;
95% confidence interval, 1.2—4.8), even though this association was not
significant in the middle- and high-overweight groups. A high degree of
obesity increases the risk of depression; our results indicate that pubescent

girls with low-degree obesity have a higher risk of depression.
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19th TEA World Congress of Epidemiology. August 7-11, 2011. Edinburgh,
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BM Sato, K Suzuki, N Kondo, A Nagai, T Tanaka, Z Yamagata: Association
between change of weight status and development of depression during
puberty.

Background

Many studies have reported the association between overweight and
depressive status during puberty. Recently, it has been suggested that this
association is affected by a person’s image of their body which differ
between gender and nationality. Although these associations were mainly
examined by cross-sectional study, this study aimed to examine the
relationship between change in weight and developing depression, taking
into account gender in this prospective cohort study.

Method

In 2007, a community-based cohort study was conducted with 1,347
children in grades 4-7. Height, weight, depressive status and body image
were surveyed at the baseline and at the 1-year-follow-up. Over weight and
having depressive symptoms were defined using international cut-off points.
Multiple logistic regression analyses were conducted to examine the effects
of weight status and body image on developing depression by gender.
Result

The follow-up rate was 89.1%, and 6.9% of these children experienced
depressive symptoms at follow-up. Some boys who continued to be
dissatisfied with their body weight as overweight were more likely to
develop depression compared with those who were satisfied with their body
weight (odds ratio (OR), 2.5; 95% confidence interval (CI), 1.0-6.0). On the
other hand, some girls who continued to be satisfied with their body weight
were significantly less likely to develop depression. In both genders, body
1image caused a more increasing risk for depression than weight status.
Conclusion

This study suggested that body image effected the association between
weight status and depression; those effects might be affected by gender
difference.
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B Kohta SUZUKI, Ayasa TAKAHASHI, Miri SATO, Naoki KONDO,
Taichiro TANAKA and Zentaro YAMAGATA: Relationship between sleep
duration at 3 years of age and growth during childhood: A multi-level

analysis

Introduction: Short sleep duration in early life has been thought to be a risk
factor for subsequent overweight. This study aimed to examine the
relationship between sleep duration at 3 years of age and childhood weight
status through a multi-level analysis.

Methods: The study population comprised children born between April 1,
1991, and March 31, 2003, in Koshu City, Japan, and who participated in a
medical check-up at 3 years of age. Short and long sleep durations at 3 years
of age were the exposures studied. We compared the trajectory of body mass
index (BMI) z-scores from 3 to 9 years of age in exposed and non-exposed
participants. Random intercepts and slopes model (SAS Proc Mixed) was
used for statistical analysis.

Results: Of 1794 children who participated in a medical check-up at 3 years
of age, 1640 (91.4%) were not over-weight at 3 years and were followed up
until they were 9 or 10 years old. The number of children in each category of
sleep duration, i.e. <9 h, 9-10 h, 10-11 h, and>11 h, was 66 (3.7%), 609
(34.0%), 847 (47.2%), and 271 (15.1%), respectively. BMI z-scores increased
with increase in age (P = 0.03) for boys with a short sleep duration (<9 h).
On the other hand, sleep duration was not significantly associated with
BMI z-score in girls.

Conclusion: It was suggested that there is gender difference of the effect of

childhood sleep duration on subsequent overweight. (243 words)
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