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Table 5. Adjusted odds ratio (OR) and 95% confidence interval {CH for maternal lifastyle factors that affected childhood

overweight at age 810 years

Number of Number of Crude Adjusted
Lifestyle factor n® averwsight normal weight
children children OR 86% Ci OR 88% Ct
8moking during early pregnancy 1282
Current smoker 21 50 2.22 {1.30-3.77} 191 {1.03-3.83)
Former smoker or Never smoker 193 1018
Sleep duration 1302
More than 8h/d 76 475 8.68 {0.51-0.84) 0.78 {0.54-1.08)
Less than 8hid 141 810
Breakfast consumption 1287
Occasionally skip 84 185 2.03 {1.46-2.83) 2158 {1.47-3.18)
Never skip 151 887

*n, number of participants who answered this question.

“Adjusted by maternal age, maternal body mass index, smoking siatus, slesp duration, and breakiast consumption.

DISCUSSION

In this prospective cohort study of Japanese participants, we
analyzed data collected from pregnant mothers at the time of
pregnancy registration (ie, when the children were fetuses)
and followed the children to age 9-10 years. The main finding
of this study was that the association of maternal smoking
during pregnancy with childhood obesity at 5 years of age
persisted to 9-10 years of age. These results are consistent
with those of a study by Montgomery and Ekbom,” which
assessed the impact of maternal smoking during pregnancy on
adult obesity (the National Child Development Study [NCDS]
cohort). Although our point estimates were considerably
higher than those obtained in previous studies, the difference
in the effect sizes might be due to differences between studies
with respect to the participants’ ages, In addition, the results of
the present study are similar to and consistent with those of
our previous study.'®

Childhood obesity can result from childhood lifestyle
factors, such as dietary habits and physical activity,? and the
effects of these environmental factors on childhood obesity
may be more pronounced at the age of 9-10 years than at the
age of 5 years. Therefore, the effects of conditions present
during the fetal stage or infancy on childhood obesity may no
longer be present at the age of 9-10 years. Indeed, our point
estimates for the association between maternal smoking during
pregnancy and childhood obesity at the age of 910 years were
considerably lower than those obtained at the age of 5 years.

It has been postulated that smoking affects childhood
obesity via intrauterine exposure to smoke, which could
result in the birth of an undernourished newborn baby.
This nutritional deprivation may lead to increased nutrient
absorption later and, ultimately, postnatal obesity. It has been
reported that undernutrition during pregnancy increases the
risk of adult obesity,” causes intrauterine growth retardation,
and increases the risk of abnormal glucose tolerance.™ Our
results were consistent with these reports,

J Epidemiof 2009,19(3):136-142

It is believed that there is a positive dose—response
association between both the duration and quantity of
maternal smoking and childhood obesity.?® It is important
to note, therefore, that not every woman who smoked
during early pregnancy continued to smoke up to delivery
in this study.® In our study, women who smoked during early
pregnancy comprised women who quit smoking during early
pregnancy, those who quit smoking during late pregnancy, and
those whe continued to smoke up to delivery. Therefore, our
results also suggest that maternal smoking cessation during
pregrnancy affects childhood obesity and overweight,

Our results suggest that a mother’s not eating breakfast
daily immediately before pregnancy is an independent risk
factor for childhood obesity and overweight. Williams
suggested that nutrent intake was substantially more likely
to be inadequate in people who skipped breakfast than in those
who did not.” Therefore, women who do not eat breakfast
daily may be undemourished. Remacle ef al demonstrated
that adulthood obesity principally cccurs in people who are
malnourished during early gestation,? and our resulis are
consistent with theirs. Although many studies have been
conducted to clarify the relation between undernutrition in
pregnant mothess and the development of obesity in their
children, most of these studies fail to consider that low birth
weight and intrauterine growth retardation may be caused by
maternal  smoking during pregnancy.”?® Therefore, the
association between low birth weight and childhood obesity
may be confounded by maternal smoking. In this regard, our
results are extremely valuable for clarifying the mechanism
involved in the fetal programming of obesity-related diseases.

We believe that our study has certain strengths. Many birth
cohort studies have been conducted worldwide; however,
most of these have pot investigated the effecis of maternal
lifestyle habits such as smoking dwring carly pregnancy.
Morcover, almost all pregnant women in Japan register their
pregnancy at a city office in order to obtain health care
services during pregnancy. Consequently, we were able to
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obtain data from almost every pregnant woman in the study
region during the study period because we collected data at
the time of pregnancy registration (ie, during the fetal stage of
the child’s 1ifs). We consider this to be one of the main
advantages of our study.

Purthermore, because the children whose mothers had
compieted the questionnaire during early pregnancy were
followed until the age of 5 and then to the age of 9-10 years,
the follow-up period for a participant was approximately 10
years, and our total study period was approximately 18
years. Although it is usually quite difficult to follow study
participants over such an extended period, the follow-up rate
of our study was relatively high (79.2% at 910 years of age).
This high rate can be attributed to the fact that most of the
city’s population had not migrated elsewhere and that we were
able obtain data on the height and body weight of the children
at age 910 years from physical measurements taken during
medical checkups for grade 4 children, which are conducted in
all the elementary schools in Koshu city. This is another
advantage of our study.

Finally, by using data from different periods of childhood
growth, we were able to confirm that the association between
smaternal lifestyle habits during early pregnancy and childhood
obesity is observable from the time the children are 5 years old
and continues to be so until they are at least 9-10 years old.
We believe that our results, which confinm the association
between maternal lifestyle habits during pregnancy and
¢childhood obesity, are thus very important.

This study does, however, possess certain limitations. In
order to examune the continuity of the association between
maternal smoking during pregnancy and childhood obesity,
we could have examined continuity on the basis of monitoring
individual participants rather than a study population. If
we had used the former method, however, we would have
been unable to maintain such a high follow-up rate and to
externally validate our results, because the follow-up rate at
5 years of age was lower than that at 9-10 years of age.
Therefore, we preforred to use all collected data and to
examine continuity in the study population as'a whole.

Although we designed a questionnaire to obtain data on
maternal lifestyle habits such as smoking during early
pregnancy, the validity of this questionnaire was 1ot
examined. However, a previous study demonstrated that
pregnant women reported their own smoking habits very
accurately,?” On the basis of this report, we believe that our
results are valid. Another limitation of this study is that we
did not obtain data on the height and weight of the fathers of
the children in this study. Therefore, the effects of paternal
genetic factors could not be investigated. Although we lacked
data on paternal BMI, parental weight status—which reflects
the genetic predisposition of the children to obesity and
overweight—was partially addressed by the inclusion of
maternal BMI in the analysis. We were also unable to obtain
data on complications arising in the women, weight gain

during pregnancy, and fetal abnormalities because this study
was not conducted in a clinical setting. With regard to the
analyses, we were unable to adjust for the socioeconomic
status of the participants, which might be a potential
confounding factor, However, we believe that the effect of
this was relatively small because Japanese socioeconomic
differentials are not as large as those in many foreign
countries, including the United States.® Finally, we could
not obtain data on maternal smoking trends at various stages
of pregnancy. Therefore, we could not examine the possibility
of a dose-response association between maternal smoking
during pregnancy and subsequent childhood obesity in this
study.

In conclusion, our results suggest that both the smoking
status and dietary habits of women during and before
pregnancy should be considered when investigating the
association between fetal undernufrition and the postmatal
development of the child. Thus, our results are important from
a clinical perspective and with regard to public health.
Moreover, we believe that good maternal lifestyle habits
during and before pregnancy contribute significantly to the
prevention of childhood obesity.
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Gender differences in the association between
maternal smoking during pregnancy and childhood
growth trajectories: multilevel analysis

K Suzuki', N Kondo', M Sato!, T Tanaka®, D Ando? and Z Yamagata®

'Department of Health Sciences, School of Medicine, University of Yamanashi, Chuo, Yamanashi, Japan and *Department
of Physical Education, National Defence Academy, Yokosuka, Kanagawa, Japan

Objectives: This study examines the gender differences in the association between maternal smoking during pregnancy and
later growth in childhood.

Design: Ongoing prospective cohort study, which is called “the Project Koshu’, initiated in the foetal stage to the age of 9-10 years.
Setting: Koshu City which was in Japanese rural area

Participants: 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.

Main outcome measures: Childhood body mass index (BMI) and BMI z-score trajectories of the children born to the smoking
and non-smoking mothers by gender. Multilevel analysis that includes both individual and age as different-level variables was
used for statistical analyses.

Results: The participating mothers delivered 1619 babies during the study period. Birth weight and anthropometric data were
collected from 1603 (at birth, 99.0%), 1358 (at age 3, 83.9%), 1248 (at age 5, 77.1%), 1270 (at age 7-8, 78.4%) and 1274
(at age 9-10, 78.7%) of these children. The mean birth weight of both the male and female children whose mothers had
smoked during pregnancy was significantly low compared with those born to non-smoking mothers (P<0.01). However, the
childhood BMI at each subsequent checkup age significantly increased only among the male children born to the smoking
mothers. Moreover, this increase was continuously observed after 3 years of age. The results of BMI z-score analysis were also
similar to these of BMI analysis.

Conclusions: Smoking by pregnant women decreases the infant birth weight irrespective of gender but increases childhood
weight gain especially by male children. The results might be valuable to explore the mechanism of fetal programming.
International Journal of Obesity (2011) 35, 53-59; doi:10.1038/ij0.2010.198; published online 5 October 2010

Keywords: BMI; childhood growth; smoking; pregnancy; multilevel analysis; gender

Introduction foetal adaptations to intrauterine undernourishment may

have permanent and specific short- and long-term effects on

Barker, who established the foetal 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 foetal programming of
chronic diseases, including obesity-related diseases, are
consistent with the Barker hypothesis, which states that
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Yamanashi 4093898, Japan.

E-mail: zenymgt@yamanashi.ac.jp
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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 foetal life and rapidly
increasing body mass index (BMI) as an infant, and the
development of type 2 diabetes or coronary heart disease.>™®
Therefore, when considering the aetiologies of such diseases,
it is necessary to examine the association between foetal or
perinatal undernourishment and childhood growth.
Maternal smoking during pregnancy is a possible major
cause of foetal undernourishment. Many studies have shown
that maternal smoking during pregnancy affects placental
and foetal circulation, which may lead to intrauterine
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growth retardation, low-birth-weight infants, and small-for-
gestational age infants.”'' We previously clarified this
association by using a prospective cohort studied from early
pregnan(:y.12 Moreover, several investigators have suggested
that maternal smoking during pregnancy increases the
child’s risk of obesity during childhood and/or adult-
hood. 3% We have also previously reported that maternal
smoking during pregnancy may influence the onset of
obesity and overweight in children aged 5 years, and found
that this association persisted up to the age of 9-10 years in
Japanese children.’®!” Overweight children have a high risk
of becoming overweight adults'®'® and experience typical
obesity-related morbidity.?° Therefore, the association
between maternal smoking during pregnancy and childhood
obesity or overweight might be consistent with the Barker
hypothesis or might include a part of his hypothesis.

The term ‘life course epidemiology’ has recently become
popular. The Barker hypothesis is probably the best-known
example of a life course association. As it states that poor
foetal nutrition, indicated by small birth size, leads to foetal
adaptation that programmes the propensity to adult disease,? it
is necessary to conduct individual growth analysis that
includes both individual and age as different-level variables.
However, no study has conducted such a multilevel analysis to
clarify the association between maternal smoking during
pregnancy and childhood growth or development. Moreover,
because there are gender differences in foetal growth, these
differences may be a basis for gender differences in the
sensitivity to foetal programrning;?‘1 however, such differences
have not been studied previously. Therefore, in this study, we
examined the gender differences in the association between
maternal smoking during pregnancy and later growth in
childhood by conducting multilevel analysis.

Materials and methods

Study design
The study population comprised children born between 1 April
1991 and 31 March 1999 in Koshu City, Yamanashi Prefecture,
Japan, and their mothers. These subjects are participants 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. Details
of this project have been described in previous articles.'>'%
First, we conducted a questionnaire-based survey on the
expectant mothers who visited the city office to register their
pregnancy, to determine their lifestyles. We then administered
a questionnaire on the lifestyle habits of the mothers and their
children at each medical checkup for the children. During
these checkups, we obtained data on the children’s growth and
physical characteristics, as well as anthropometric data from
elementary school children, who are measured annually in
April in each grade as per the Japanese school health law.
This study was approved by the Ethical Review Board of
the University of Yamanashi, School of Medicine, and was
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conducted in accordance with the Guidelines Concerning
Epidemiological Research (the Ministry of Education, Cul-
ture, Sports, Science and Technology and the Ministry of
Health, Labour and Welfare, Japan), with the cooperation of
the Koshu City administration office.

Data collection
Data on the maternal smoking status during early pregnancy
were obtained from the mothers by using a self-report
questionnaire at pregnancy registration. In the study area,
over 80% of the expectant mothers registered their pregnancy
in the first trimester, and almost all expectant mothers
registered by 18 gestational weeks. In Japan, it is mandatory
for expectant mothers to register their pregnancy in order
to access health care services during pregnancy. We used
the following items to assess smoking status during early
pregnancy: ‘smoking’, ‘have quit smoking’ or ‘have never
smoked’. Moreover, we used these items dichotomously, that
is, ‘smoking mother’ included those participants who only
answered ‘smoking’ and ‘non-smoking mother’ included those
who answered ‘have quit smoking’ or ‘have never smoked’.
The height and weight of these women at the first
pregnant checkup, which was usually carried out just before
pregnancy registration, were measured and recorded in the
Maternal and Child Health Handbook by an obstetrician or a
midwife. We used BMI as a parameter for evaluating
maternal obesity, calculated according to the World Health
Organization (WHO) standards (body weight (kg)/height
(m?). Data on the birth height and weight, birth order and
gestational week of delivery were obtained from the
Maternal and Child Health Handbook. Data on the height
and body weight of the children were obtained from the
physical measurements during their medical checkup at ages
3 and 5 years. These parameters were again measured during
the medical checkups for grade 2 and grade 4 children at
elementary schools (that is, at age 7-8 years and 9-10 years,
respectively). Height was measured using a stadiometre
(unit: 0.1cm), and body weight was measured using
conventional weighing scales (unit: 100 g).

Statistical analyses

We initially used the »* test to assess the association between
the children’s gender and maternal smoking status during
early pregnancy. We compared the characteristics of birth
order, birth weight, gestational week of delivery and
maternal BMI at the first pregnant checkup between the
smoking and non-smoking mothers by the children’s gender.
We then used the individual growth analysis method (SAS
Proc Mixed, Cary, NC, USA) to compare the childhood BMI
and BMI z-score trajectories of the children born to the
smoking and non-smoking mothers by gender. Adopting the
approach by Fitzmaurice, Laird and Ware, we used the
following model to explore the differences of the slopes in
each interval between the years of age because our previous



findings showed nonlinearity in the slopes of BMI and BMI
z-score.”?

E(BMIy or BMI z — score;t) =f; + o xTimey; + fi5
xSmoking;, + ff, xTime;
xSmoking;, + e,

where i represents individual, f represents time, §,_g represent
estimates, and e is error term. In the final models, years were
used as dummy variables of time. Sample clustering within
individuals were addressed. In this analysis, we used the
individual data of BMI, which was recorded at birth and one
or more times after 3 years of age. Individual BMI z-score,
which was based on the WHO standards was used to adjust
the difference of BMI in each age of month within same age
groups.?® All analyses were conducted using SAS version 9.1
(SAS Institute, Inc.).

Results

Participants

The participating mothers gave birth to 1619 babies during the
study period, including 97 (6.0%) mothers who had smoked
during early pregnancy. There was no significant difference in
the number of smoking mothers by the children’s gender. The
follow-up rates were significantly lower among the female
children than the male children at ages 7-8 and 9-10 (Table 1).

Participant characteristics

We next compared the characteristics of the mothers and
their children by smoking status and gender (Table 2).
Irrespective of gender, the children born to the smoking
mothers had significantly lower birth weight than those
born to the non-smoking mothers (P<0.001). No significant
differences were found in terms of birth order, gestational

week of delivery and maternal BMI at pregnancy registration. .

BMI trajectories of the male and female children
The BMI of the male children at birth did not differ
significantly by maternal smoking status. However, the

Table T The comparison of the rate of maternal smoking during pregnancy
and the number of follow-up children at each age between male children and
female children in the Koshu Project, Japan, 1991-2008

Variables Male children Female children P-value®
n % n %

Smoking mothers 53 6.5 44 55 0.38
Non-smoking mothers 761 93.5 761 94.5

Birth 803 98.6 800 99.4 0.21
3 years old 683 83.9 675 83.9 0.98
5 years old 637 78.3 611 75.9 0.98
7-8 years old 656 80.6 614 76.3 0.02
9-10 years old 658 80.8 616 76.5 0.03

?P-value were calculated by 72 test.
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BMI of the female children born to the smoking mothers
was significantly lower than that of the female children born
to the non-smoking mothers (Tables 3 and 4). In the period
between birth and 3 years of age, the mean childhood BMI
changed significantly irrespective of gender. For the male
gender, the BMI trajectory at each subsequent checkup age
was significantly higher among those children born to the
smoking mothers (Figure 1). For the female gender, on the
other hand, a significant difference in the trajectory inclina-
tion was observed in the period between 3 and 5 years of
age (Figure 2); however, after age 5 years, no significant
difference was seen.

BMI z-score trajectories of the male and female children

Even though the BMI z-score was applied to adjust the effect
of the differences of month age in each years of age, the
trajectories of childhood growth in both male and female
children were almost similar to the results of the BMI
trajectories. (Table 5, Figures 3 and 4) In the period between
birth and 3 years of age, the mean childhood BMI z-score
changed significantly irrespective of gender. For the male
gender, there was very strong evidence that the BMI z-score
trajectory at each subsequent checkup age was higher among
those children born to the smoking mothers (Figure 3). For
the female gender, on the other hand, there was only strong
evidence that a difference in the slope of trajectory was
observed in the period between 3 and 5 years of age. In
addition, there was evidence that there was a difference in
the slope of trajectory between 5 and 7-8 years, however,
after age 7-8 years, no significant difference was seen
(Figure 4).

Discussion

In this study, we clarified that maternal smoking during
pregnancy decreased the infant birth weight irrespective of
gender, and found possible gender differences in the
association between maternal smoking during pregnancy
and childhood growth.

Although several investigators have suggested that mater-
nal smoking during pregnancy increases the child’s risk of
obesity during childhood and/or adulthood,'®*” most of
them did not use repeated measurements with multilevel
data analyses and could not describe the individual growth
trajectories. Therefore, we are the first to examine the
association between maternal smoking during pregnancy
and childhood growth, and clarify the gender differences in
this association by using multilevel data analyses.

In this study, we did not find significant differences
between the genders with regard to the association between
maternal smoking during pregnancy and infant birth
weight. This association has been clarified by many
studies.”* Some studies have suggested that the physio-
logical effects of maternal smoking during pregnancy on

55
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Table 2 The comparison of characteristics about the children and their mother between smoking mothers and non-smoking mothers in the Koshu Project, Japan,
1991-2008

Variables Male children Female children

Smoking mothers Non-smoking mothers P-value® Smoking mothers Non-smoking mothers P-value®

n  Means (s.d.) n Means (s.d.) n  Means (s.d.) n Means (s.d.)
Maternal body mass index just before pregnancy (kg m2) 50 21.2(3.6) 662 20.8 (2.7) 0.44 31 20.6(3.7), 650 20.7 (2.8) 0.88
Birth order of infants 53 2.0(0.9) 761 1.9 (0.9) 0.47 44 1.8(1.0) 760 1.8 (0.8) 0.55
Birth weight of infants (g) 53 2961 (304) 760 3082 (413) <0.01 44 2822 (505) 760 3057 (403) <0.01
Gestational week of infants (week) 53 388(1.2) 759 38.8 (1.2) 0.96 44 38.8 (1.6) 758 39.1 (1.4) 0.16

2p-value were calculated by t-test

Table 3 The comparison of body mass index (BMI) and BMI z-score in the children between smoking mothers and non-smoking mothers in the Koshu Project,
Japan, 1991-2008

Variables Male children Female children
Smoking mothers Non-smoking mothers Smoking mothers Non-smoking mothers

n Means (s.d.) n Means (s.d.) n Means (s.d.) n Means (s.d.)
BMI at birth (kgm™2) 53 12.6 (1.2) 750 12.8 (1.2) 44 121 (1.4) 756 12.8(1.3)
BMI at 3 years of age (kg m~?) 36 16.7 (2.2) 647 15.8 (1.2) 36 15.6 (1.3) 639 15.7 (1.3)
BMI at 5 years of age (kg m?) 34 17.3 3.1) 603 15.5(1.5) 28 15.5(1.9) 583 15.5(1.4)
BMI at 7-8 years of age (kg m~?) 35 18.0 (3.7) 621 16.1 (2.3) 34 15.8 (2.4) 580 15.9 (1.9)
BMI at 9-10 years of age (kg m™2) 36 19.5 (4.2) 622 17.4 (3.0) 34 16.9 (3.6) 582 16.9 (2.5)
BMI z-score at birth 53 -0.7 (1.0) 750 —0.5 (1.0) 44 -1.1(1.3) 756 -0.5(1.1)
BMI z-score at 3 years of age 36 0.7 (1.5) 647 0.1 (1.0) 36 0.1 (1.0) 639 0.1 (1.0)
BMI z-score at 5 years of age 34 1.2 (1.8) 603 0.2 (1.0) 28 0.0 (1.2) 583 0.1 (0.9
BMI z-score at 7-8 years of age 35 1.0 (1.7) 621 0.2 (1.2) 34 0.0 (1.1) 580 0.1 (0.9)
BMI z-score at 9-10 years of age 36 1.1 (1.5) 622 0.3(1.3) 34 -0.1 (1.7) 582 0.1 (1.1)

Table 4 Solution for fixed effects about body mass index (BMI) in each age of children, smoking status of their mother and interaction between each age and
smoking status of their mother in the Koshu Project, japan, 1991-2008

Factor Male children Female children
Estimate s.e t value P-value Estimate s.e. t value P-value

Intercept 12.56 0.16 77.56 <0.0001 12.06 0.20 61.84 <0.0001
3 years old 3.99 0.25 15.75 <0.0001 3.51 0.26 13.55 <0.0001
5 years old 4.45 0.30 14.78 <0.0001 3.57 0.29 12.4 <0.0001
7-8 years old 5.68 0.41 13.79 <0.0001 3.71 0.35 10.59 <0.0001
9-10 years old 7.29 0.52 13.96 <0.0001 4.80 0.45 10.75 <0.0001
Non-smoking mother 0.25 0.17 1.48 0.1394 0.77 0.20 3.82 0.0001
3 years old* Non-smoking mother -1.02 0.26 -3.9 0.0001 —0.66 0.27 ~2.47 0.0139
5 years old* Non-smoking mother -1.75 0.31 -5.64 <0.0001 —-0.87 0.30 -2.95 0.0033
7-8 years old* Non-smoking mother -2.37 0.42 -5.6 <0.0001 —0.57 0.36 -1.59 0.1118
9-10 years old* Non-smoking mother -2.77 0.54 -5.15 <0.0001 —-0.66 0.46 ~1.44 0.1495
foetal growth are a culmination of the vasoconstrictive The childhood BMI and BMI z-score trajectories of the
effects of nicotine on the uterine and, potentially, umbilical male children born to mothers who smoked during preg-
arteries and the effects on oxygenation by carboxyhaemo- nancy significantly increased compared with that of the
globin.>* Our results suggest that there might not be gender male children born to the non-smoking women; for the
differences in these mechanisms with regard to maternal female children, however, the results of this analysis were
smoking during pregnancy and foetal growth. However, different, especially after 5 years of age . These results suggest
because we found that the BMI at birth was affected by that there are some gender differences in childhood physical
maternal smoking during pregnancy in only the female development, such as vascular development, which are
children, gender differences between maternal smoking and affected by maternal smoking during pregnancy. De Zegher
birth height may exist. et al.?! have suggested that some critical time windows of
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Figure 1 Body mass index (BMI) trajectories of the male children, calculated
by individual growth analysis between the smoking and non-smoking
mothers.

development may be slightly different in male and female
children, and this phenomenon may be a basis for the
gender differences in the sensitivity to foetal programming,
because male foetuses seem to grow not only more but also
earlier than female foetuses.

Many studies have found gender differences in foetal
programming of some chronic diseases in animal models.?>27
For example, consistent with our results, a study of pregnant
mice revealed a gender-specific effect on foetal programming
of blood pressure.®® With regard to vascular structure,
Gariepy et al. have suggested possible protection of the
female gender from early structural arterial alteration due to
smoking, on the basis of the finding that smoking-related
increase in intima-media thickness exists only in men, and
not in women.”® Moreover, Gardiner?® has suggested that
there might be early environmental influences on vascular
programming. Although the participants of the Gariepy et al.
study were adults, we believe that our results are consistent
with their findings. Therefore, maternal smoking during
pregnancy might affect childhood vascular development,
and this effect might represent the phenotype of childhood
obesity or overweight. Moreover, there might be gender
differences in these mechanisms of foetal programming.

Finally, with regard to sex hormones, Smith et al.>° have
suggested that prenatal nicotine increases testosterone levels
in rat foetuses, and Blouin et al.>! suggested that androgens
have an important role in the regulation of body fat
distribution. Therefore, it is important to conduct further
studies on the gender differences in foetal programming to
clarify the mechanism of obesity-related diseases, such as
coronary heart disease or type 2 diabetes. We consider our
results to be a basis for such future studies.

Our study has certain strengths. Many birth cohort studies
have been conducted worldwide; however, most of these
studies did not investigate the effects of maternal lifestyle
habits, such as smoking, during early pregnancy. Moreover,
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Figure 2 Body mass index (BMI) trajectories of the female children,
calculated by individual growth analysis between the smoking and
non-smoking mothers.

almost all the pregnant women in Japan register their
pregnancy at a city office to obtain health care services
during pregnancy. Consequently, we were able obtain data
from almost every pregnant woman in the study area during
the study period, because we had collected the data at
pregnancy registration (that is, during the children’s foetal
stage of life). We consider this to be one of the main
advantages of our study.

Further, because the children who participated were
followed up until 9-10 years of age, the follow-up period
was about 10 years. Although it is usually considerably
difficult to follow-up study participants over such an
extended duration, the follow-up rate of the participants
was relatively high (78.7% at 9-10 years of age). This high
rate is attributable to the fact that most of the city’s
population had not migrated elsewhere and we were able
to obtain the children’s height and body weight data from
physical measurements taken during medical checkups for
elementary-school children, conducted in all elementary
schools in Koshu city.

This study, however, has some limitations. First, we
designed a questionnaire to obtain data on maternal
smoking during early pregnancy, but did not examine its
validity. Nevertheless, a previous study demonstrated that
pregnant women report their own smoking habits very
accurately.®® On the basis of this report, our results can be
considered valid. Next, we were unable to obtain data on the
complications arising in these women, weight gain during
pregnancy and foetal abnormalities because the study was
not conducted in a clinical setting. With regard to the
analyses, we were unable to adjust for the participants’ socio-
economic status, which is a potential confounding factor.
However, we consider that the effect of this limitation was
relatively small. Because this study was conducted in a whole
municipality and there was no significant gender difference
in the rate of maternal smoking during pregnancy,
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Table 5 Solution for fixed effects about body mass index (BMI) z-score in each age of children, smoking status of their mother and interaction between each age
and smoking status of their mother in the Koshu Project, Japan, 1991-2008

Factor Male children Female children
Estimate s.e. t-value P-value Estimate s.e t-value P-value
Intercept —0.74 0.14 —5.47 <0.0001 ~1.14 0.16 —6.94 <0.0001
3 years old 1.39 0.20 6.89 <0.0001 1.21 0.20 5.89 <0.0001
5 years old 1.83 0.21 8.66 <0.0001 1.26 0.20 6.18 <0.0001
7-8 years old 1.90 0.24 7.86 <0.0001 1.09 0.21 5.19 <0.0001
9-10 years old 1.99 0.25 8.13 <0.0001 1.01 0.24 4.28 <0.0001
Non-smoking mother 0.21 0.14 1.47 0.1424 0.67 0.17 3.94 0.0001
3 years old* Non-smoking mother -0.75 0.21 -3.63 0.0003 ~0.58 0.21 -2.75 0.0061
5 years old* Non-smoking mother -1.14 0.22 —-5.23 <0.0001 —-0.68 0.21 —3.26 0.0012
7-8 years old* Non-smoking mother -1.22 0.25 —4.92 <0.0001 -0.51 0.22 —-2.34 0.0194
9-10 years old* Non-smoking mother -1.15 0.25 —4.54 <0.0001 —0.44 0.24 -1.8 0.0716
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Figure 4 Body mass index (BMI) z-score trajectories of the female children,
Figure 3 Body mass index (BMI) z-score trajectories of the male children, calculated by individual growth analysis between the smoking and
calculated by individual growth analysis between the smoking and non-smoking mothers.
non-smoking mothers.
the non-smoking mothers (Table 3). Therefore, the impact of
this limitation on the results might also be relatively small.
we believe that there was little gender difference in these In conclusion, smoking by pregnant mothers decreases
factors. In addition, there was no information about infant birth weight irrespective of gender and increases
maternal smoking after delivery. The effect of this limitation childhood weight gain especially by male children. These
might be also very small because it was suggested that almost results might be valuable to explore the mechanism of foetal
all women who did not smoke during pregnancy did not programming, and are therefore important from the clinical
start smoking after their delivery.33 viewpoint and with regard to public health. For example, it is
Moreover, for the elementary-school children, we could very important to consider the gender differences in the
obtain data only on their medical checkups performed in aetiologies of obesity or obesity-related diseases to develop
April annually. Therefore, the children’s age at the medical and conduct prevention and intervention programmes.

checkups was inconsistent: for example, the age range at the
medical checkup for the grade 4 students was 9-10 years.
However, because we thought there was no gender difference
in the distribution of birth month, the effect of this
limitation was also relatively small. To investigate if the
impact of this measurement error was crucial, we repeated
our analysis by a random effects modelling approach using
month as the unit of time. The result of this sensitivity
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