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ABSTRACT

Background: Maternal smoking during pregnancy is a major cause of intrauterine growth restriction and childhood
obesity, but only a few studies have examined the association of smoking cessation before and during pregnancy with
fetal and childhood growth. We examined this association in a prospective cohort study in Japan.
Methods: Our study included children born between 1991 and 2006 and their mothers. Using a questionnaire,
maternal smoking status was recorded at pregnancy. The anthropometric data of the children were collected during a
medical check-up at age 3 years. Multiple linear and logistic regression models were used for data analysis stratified
by sex.
Results: In total, 2663 mothers reported their smoking status during early pregnancy, and data were collected from
2230 (83.7%) children at age 3 years. Maternal smoking during pregnancy was associated with a significant reduction
in birth weight (approximately 120–150 g). Body mass index at age 3 years was significantly higher among boys born
to smoking mothers than among boys born to nonsmoking mothers. Maternal smoking during pregnancy was
associated with overweight at age 3 years among boys (adjusted odds ratio, 2.4; 95% CI, 1.03–5.4). However, among
women who stopped smoking in early pregnancy, there was no increase in the risks of a small for gestational age
birth or childhood overweight at age 3 years.
Conclusions: Children born to mothers who stopped smoking before or during early pregnancy had appropriate
fetal and childhood growth.
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INTRODUCTION

Maternal smoking during pregnancy is a major cause of low
birth weight (LBW) and intrauterine growth restriction.1–4

In addition, studies suggest an association between maternal
smoking during pregnancy and childhood obesity.5,6

Previously, we described the association between maternal
smoking during pregnancy and fetal/childhood growth.7–12

Although there is evidence to suggest that maternal
smoking is harmful for fetal and childhood growth, 13% of
women in the United States and 17% of women in Australia
smoked during pregnancy.13,14 In Japan, the smoking rate
among pregnant women is 5%, and the rate among young
pregnant women is higher than in other age groups.15 Thus,
maternal smoking during pregnancy is an important public
health issue.

Many expectant mothers modify their health practices
during pregnancy, and one of the most significant changes is
quitting smoking.16,17 A few previous reports have described
the effect of smoking cessation before and during pregnancy
on perinatal outcomes and fetal growth.4,18 To promote
smoking cessation among pregnant women, it is important
to provide evidence of the effects of both maternal smoking
and smoking cessation during pregnancy. Women who quit
smoking by the third trimester are not at increased risk of
delivering an LBW infant. However, women who begin
smoking in the late second or third trimester have a higher risk
of delivering an LBW infant, and the risk is equal to that faced
by women who smoke throughout pregnancy.19 Prabhu et al
used ultrasound to measure fetal size during the first and
second trimesters and found that maternal smoking in the
second and third trimesters, but not in the first trimester,
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was associated with reduced fetal measurements.20 Other
studies showed that women who quit smoking during the first
trimester and women who never smoked gave birth to children
with similar neonatal anthropometric measurements.21,22

Additionally, tobacco consumption in the third trimester was
found to be the strongest predictor of birth weight percentile.23

Reeves et al reviewed the literature and concluded that
decreased birth weight was determined primarily by
exposure to smoking during the latter half of pregnancy.4

Moreover, cessation before the late second trimester was most
beneficial.4 Furthermore, Vardavas et al reported that smoking
during pregnancy was associated with a 120 to 150 g
reduction in birth weight but found no significant difference
in birth weight between infants born to ex-smoking mothers
and those born to nonsmoking mothers.18

Maternal smoking during pregnancy may be associated
with childhood growth, particularly childhood obesity.5,6 To
our knowledge, only 1 study investigated the effect of
maternal smoking during pregnancy and smoking cessation
on childhood growth.24 The authors concluded that children of
mothers who smoked had a significantly higher mean body
mass index (BMI), and were more likely to be overweight,
as compared with children of mothers who never smoked.24

In addition, children of mothers who quit smoking did not
have a higher mean BMI or increased risk of overweight,
as compared with children of mothers who never smoked.24

Although there is a sex difference in the effect of smoking
during pregnancy on childhood growth, the authors could not
examine sex differences in the association between maternal
smoking cessation during pregnancy and childhood growth,
due the small size of the study cohort.24

We used data from an ongoing prospective Japanese cohort
to examine the effects of maternal smoking during pregnancy
and smoking cessation before and during early pregnancy on
fetal and childhood growth among boys and girls.

METHODS

Study design
The study cohort consisted of singleton children born in
Koshu City between April 1, 1991 and March 31, 2006.
We administered a questionnaire during early pregnancy to
women who visited the city office to register their pregnancy.
The questionnaire included questions on lifestyle (eg,
smoking status), maternal BMI, and age. Anthropometric
data of the children were obtained during a medical check-up
at age 3 years.

The mothers and children are participants in Project Koshu
(formerly Project Enzan), a dynamic, ongoing Japanese
community-based prospective cohort study that began in
1988. The details of this project have been previously
published.7–12 This study was approved by the Ethical
Review Board of the University of Yamanashi School of
Medicine and is conducted in accordance with the Guidelines

Concerning Epidemiological Research (the Ministry of
Education, Culture, Sports, Science and Technology and the
Ministry of Health, Labour and Welfare, Japan), with the
cooperation of the Koshu City administration office.

Data collection
Over 80% of expectant mothers registered their pregnancy
during the first trimester, and almost all expectant mothers
registered their pregnancy by 18 gestational weeks. In Japan,
expectant mothers must register their pregnancy to access
health care services during pregnancy. Smoking status during
early pregnancy was classified as “currently smoking,” “quit
smoking during early pregnancy,” “quit smoking before
pregnancy,” or “never smoked.” Furthermore, an obstetrician
or midwife measured the height and weight of women during
their first pregnancy check-up, and the data were reported in
the questionnaire. BMI was used to evaluate maternal obesity
and was calculated according to World Health Organization
standards (body weight [kg]/height [m]2).
Data on birth height and weight, birth order, and gestational

weeks at delivery were obtained from the birth registration.
The height and body weight of the children were recorded
during a medical check-up at age 3 years. Height was
measured using a stadiometer (unit, 0.1 cm), and body weight
was measured using a conventional weighing scale (unit,
100 g).

Statistical analyses
Children were divided into 4 groups for statistical analysis:
those born to mothers who did not smoke (NS), those born to
mothers who quit smoking before pregnancy (QSB), those
born to mothers who quit smoking during early pregnancy
(QSD), and those born to mothers who smoked (SM).
Analysis of variance and χ2 tests were used to compare
maternal age, maternal BMI immediately before pregnancy,
child sex, birth order, birth weight, BMI at birth, gestational
age at birth, and child BMI at age 3 years between groups.
Multiple linear and logistic regression models were used to
examine the association of maternal smoking status during
early pregnancy with fetal and childhood growth among boys
and girls.
Birth weight was estimated using the least-squares method,

after controlling for gestational age, parity, maternal BMI, and
age. Adjusted birth weight in the QSB, QSD, and SM groups
was compared with that of the reference group (NS) using the
Dunnett method. BMI at age 3 years was adjusted for maternal
BMI and BMI at birth. Adjusted BMI values at age 3 years in
the 3 groups were compared to that in the NS group.
Small for gestational age (SGA) was defined as a neonatal

birth weight below the 10th percentile on the standard birth
weight curve for Japanese male and female infants.25 The
definition of childhood overweight at age 3 years was
established previously26 and is based on international data
obtained from 6 large, nationally representative, cross-
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sectional surveys of growth in Brazil, Great Britain, Hong
Kong, the Netherlands, Singapore, and the United States.
Overweight at age 3 years is defined as a BMI of 25 kg/m2 or
higher, which is the widely accepted adult cutoff point.26

When SGA was used as an outcome, maternal BMI and
maternal age were used as covariates. Maternal BMI, maternal
age, and childhood BMI at birth were included as covariates
when BMI at 3 age years was used as a dependent variable in
the multivariable logistic model.

All analyses were conducted using SAS version 9.3 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of participants
There were 2730 singleton births during the study period.
Among these, 2663 mothers completed the questionnaire and
provided information on their smoking status during early
pregnancy. There were 1920 (72.1%) in the NS group, 170
(6.4%) in the QSB group, 396 (14.9%) in the QSD group,
and 177 (6.6%) in the SM group (Table 1). Childhood
anthropometric data were collected from 2230 (83.7%)
children during medical check-ups at age 3 years. Of these
children, 158 (7.1%) were overweight. The follow-up rate

significantly differed among the groups (NS: 1654/1920
[86.2%]; QSB: 131/170 [77.1%]; QSD: 312/396 [78.8%];
and SM: 133/177 [75.1%]; P < 0.001 by χ2 test).
Maternal smoking status during early pregnancy was

significantly associated with maternal age at pregnancy,
birth weight, and child BMI at birth. In the NS group, the
proportion of primiparas was lower and mean age at
pregnancy was higher. However, maternal smoking status
was not significantly associated with maternal BMI before
pregnancy or gestational age at delivery (Table 1).

Linear regression models
Maternal smoking status was significantly associated with
birth weight (boys, P = 0.005; girls, P = 0.004), after
controlling for maternal BMI before pregnancy, maternal
age, gestational weeks at delivery, and parity (Table 2).
There were sex differences between maternal smoking

status and BMI at age 3 years. Among boys, after adjusting for
maternal BMI and child BMI at birth, there was a significant
association between maternal smoking status and BMI at
age 3 years (P = 0.04; Table 3). However, no significant
association was observed among girls, although the partial
regression coefficient and standard error (SE) in the QSB
group were relatively large (β: 0.31, SE: 0.16; Table 3).

Table 1. Characteristics of participants by maternal smoking status during early pregnancy

Variables Nonsmokers

Ex-smokers
who quit
before

pregnancy

Ex-smokers
who quit

during early
pregnancy

Current
smokers

P-value

Number of participants 1920 (72.1%) 170 (6.4%) 396 (14.9%) 177 (6.6%)
Male children (%) 51.4 45.9 47.2 54.2 0.2a

Primigravida (%) 39.3 47.1 48.7 47.5 <0.001a

Maternal age at pregnancy, years 29.6 (4.2) 28.5 (4.5) 27.3 (4.5) 27.7 (4.8) <0.001b

Maternal body mass index before pregnancy, kg/m2 20.7 (2.8) 21.1 (3.2) 20.5 (2.8) 20.9 (3.6) 0.08b

Gestational age at delivery, weeks 39.0 (1.4) 39.0 (1.7) 39.0 (1.5) 38.8 (1.5) 0.6b

Birth weight of children, g 3068.8 (386.8) 3025.2 (393.1) 3046.6 (408.9) 2902.6 (408.8) <0.001b

Body mass index of children at birth, kg/m2 12.7 (1.2) 12.6 (1.2) 12.7 (1.2) 12.3 (1.2) <0.001b

Values are means (SD) unless otherwise noted.
aχ2 test.
bAnalysis of variance.

Table 2. Multiple linear regression model for birth weight in boys and girls

Variables
Boys Girls

β SE (β) P-valuea β SE (β) P-valuea

Intercept −2566.5 266.5 <0.001 −3167.9 304.8 <0.001
Smoking status (vs nonsmokers) 0.005 0.004
Ex-smokers who quit before pregnancy −66.4 39.7 −10.5 39.1
Ex-smokers who quit during early pregnancy −16.8 27.3 23.2 28.1
Current smokers −122.2 36.6 −151.5 44.5

Gestational weeks at delivery, weeks 136.9 6.4 <0.001 146.9 7.4 <0.001
Parity ≥1 −112.0 20.0 <0.001 −89.3 21.1 <0.001
Maternal body mass index before pregnancy, kg/m2 15.6 3.3 <0.001 18.9 3.5 <0.001
Maternal age at pregnancy, years 1.9 2.3 0.4 3.8 2.4 0.1

aCalculated using t-test and F-test.
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We calculated adjusted mean birth weight and adjusted
BMI at age 3 years. There was a significant difference in
birth weight between NS and SM among both boys and girls
(boys: 3084 g vs 2960 g, respectively, P = 0.002; girls: 3039 g
vs 2888 g, P = 0.002; Table 4). There were no significant
differences between other maternal smoking groups for either
sex, although the birth weight of boys born to mothers in the
QSB group was lower (3015.3 g; Table 4). Among girls,
BMI at age 3 years in the NS group did not significantly differ
from values in the QSB, QSD, and SM groups, although it
was higher for girls born to mothers in the QSB group (16.0;
Table 4). Among boys, BMI at age 3 years significantly
differed between the NS and SM groups (15.8 vs 16.2,
respectively; P = 0.02).

Logistic regression models
Maternal smoking during pregnancy was a significant
predictor of SGA during pregnancy in both sexes (boys:
adjusted odds ratio [OR], 3.2, 95% CI, 1.7–6.2; girls: adjusted
OR, 2.5, 95% CI, 1.3–5.2). However, for both sexes, women
who stopped smoking in early pregnancy did not have a
higher risk of giving birth to an SGA infant (Table 5).
Among boys, after adjusting for confounding factors,

maternal smoking during pregnancy was associated with
overweight at age 3 years (adjusted OR, 2.4; 95% CI,
1.03–5.4). In contrast, among girls there was no significant
effect of maternal smoking during pregnancy on overweight at
age 3 years, although the adjusted OR in the QSB group was
higher (2.0; 95% CI, 0.9–4.3). In both sexes, the risk of

Table 3. Multiple linear regression model for body mass index (BMI) at 3 age years in boys and girls

Variables
Boys Girls

β SE (β) P-valuea β SE (β) P-valuea

Intercept 12.6 0.55 <0.001 11.8 0.5 <0.001
Smoking status (vs nonsmokers) 0.04 0.2
Ex-smokers who quit before pregnancy 0.11 0.17 0.31 0.16
Ex-smokers who quit during early pregnancy −0.03 0.11 −0.02 0.11
Current smokers 0.44 0.16 0.16 0.19

Maternal BMI before pregnancy, kg/m2 0.07 0.01 <0.001 0.052 0.01 <0.001
Maternal age at pregnancy, years 0.007 0.009 0.5 −0.01 0.01 0.6
BMI of child at birth, kg/m2 0.12 0.03 <0.001 0.23 0.03 <0.001

aP-value calculated using t-test and F-test.

Table 4. Adjusted mean birth weight and body mass index (BMI) at age 3 years by sex

Smoking status during early pregnancy

Boys Girls

Adjusted
mean birth
weight (g)a

P-valueb

Adjusted
mean BMI at
age 3 years
(kg/m2)c

P-valueb
Adjusted
mean birth
weight (g)a

P-valueb

Adjusted
mean BMI at
age 3 years
(kg/m2)c

P-valueb

Nonsmokers 3083.8 15.8 3038.9 15.7
Ex-smokers who quit before pregnancy 3015.3 0.2 15.9 0.9 3029.4 0.99 16.0 0.1
Ex-smokers who quit during early pregnancy 3064.8 0.9 15.7 0.98 3063.1 0.8 15.7 0.999
Current smokers 2959.5 0.002 16.2 0.02 2887.6 0.002 15.9 0.7

aAdjusted for gestational weeks at delivery, parity, maternal BMI before pregnancy, and maternal age at pregnancy; calculated with least squares
(LS) mean adjustment.
bCalculated using Dunnett’s test with LS mean adjustment.
cAdjusted for maternal BMI before pregnancy and BMI of child at birth; calculated with LS mean adjustment.

Table 5. Adjusted odds ratios (ORs) and 95% CIs for small-for-gestational-age (SGA) birth associated with maternal smoking
status, by sex

Smoking status during early pregnancy

Boys Girls

SGA Non-SGA
Adjusted
ORa 95% CI SGA Non-SGA

Adjusted
ORa 95% CI

Nonsmokers 58 927 1 74 860 1
Ex-smokers who quit before pregnancy 5 73 1.2 (0.5–3.2) 3 89 0.5 (0.1–1.5)
Ex-smokers who quit during early pregnancy 11 176 1.0 (0.5–2.1) 20 189 1.1 (0.6–2.0)
Current smokers 17 79 3.2 (1.7–6.2) 13 68 2.5 (1.3–5.2)
aAdjusted for maternal body mass index before pregnancy and maternal age at pregnancy.
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childhood overweight was not significantly higher for children
born to mothers who stopped smoking in early pregnancy
(Table 6).

DISCUSSION

Our results show that birth weight and the proportions of
SGA and childhood overweight (and mean BMI) at age 3
years were similar in nonsmoking mothers and mothers who
quit smoking before or during early pregnancy. Therefore,
maternal smoking cessation before or during early pregnancy
appears to result in appropriate fetal and childhood growth.
However, maternal smoking during pregnancy reduced birth
weight by approximately 120 to 150 g and significantly
increased BMI at age 3 years among boys.

Our findings for birth weight and SGAwere consistent with
the results of previous studies. Vardavas et al reported that
smoking during pregnancy was associated with a 120- to 150-
g reduction in birth weight.18 Our results also showed that
maternal smoking during pregnancy reduced birth weight by
120 g and 150 g in boys and girls, respectively. Moreover,
although ex-smokers were included in the nonsmoker group,
our previous study showed that SGA was 2.3 times as likely
among infants born to women who smoked during pregnancy,
which is consistent with the results of the present study.8

However, maternal smoking cessation was not significantly
associated with reduced birth weight or SGA. Prabhu et al and
Vardavas et al concluded that mothers who did not quit
smoking during the first trimester were more likely to deliver
smaller infants.18,20

Our results regarding childhood growth were very similar to
those of Fasting et al.24 However, our results also suggest that
there are sex differences in the association between maternal
smoking during pregnancy and childhood growth, although
maternal smoking cessation during early pregnancy was not
associated with childhood overweight in either sex.

There are biological explanations for the association of
maternal smoking during pregnancy with fetal and childhood
growth. First, smoking during pregnancy directly or indirectly
impairs placental development by reducing blood flow, which
can create a hypoxic environment that leads to reduced
oxygen and micronutrient supply.27 Our results are consistent

with this explanation. Second, the present results reflect
differences in the rates of fetal growth between trimesters and
sexes. Women who quit smoking before the third trimester
do not have a higher risk of delivering an LBW infant, but
women who begin smoking in the late second or third
trimester are at a risk of delivering an LBW infant, and the
risk is equal to that among women who smoke throughout
pregnancy.19 Furthermore, the timing and impact of the fetal
growth spurt might differ between male and female fetuses.
During the third trimester, the increase in body size is earlier
and greater in the male fetus28,29; thus, the effect of smoking
during pregnancy may differ between sexes. This might lead
to sex differences in growth and biological effects. Finally,
the association between maternal smoking during pregnancy
and childhood growth, particularly overweight, was observed
only among boys.
This study had limitations. First, we were unable to measure

maternal smoking status using objective measurements.
However, the findings of a previous study suggested that
questionnaire data regarding maternal smoking during
pregnancy are valid.30 Second, we could not determine the
effect of smoking cessation after the first trimester, as we
did not obtain information on smoking status after the first
trimester. However, our results suggest that smoking cessation
early in pregnancy was effective in preventing a reduction in
birth-weight and childhood overweight. This study provides
evidence of the value of promoting smoking cessation during
pregnancy. Third, there could be differences among the study
groups if follow-up rates for smoking status during pregnancy
significantly differed. However, the follow-up rates for the
QSB, QSD, and SM groups were similar. In this study,
because the NS group was defined as the reference for
comparison at age 3 years, the effect of this limitation on
the results is likely to be small. Fourth, there was no
information on clinical characteristics such as maternal weight
gain during pregnancy. Thus, it was difficult to determine
the effect of maternal weight gain and complications during
pregnancy on the results. Finally, type 2 error is a concern
due to the limited numbers of SGA infants and overweight/
obese children.
Some previous studies concluded that it was more difficult

to quit smoking during pregnancy because drugs used for

Table 6. Adjusted odds ratios (ORs) and 95% CIs for overweight/obesity at age 3 years associated with maternal smoking status,
by sex

Smoking status during early pregnancy

Boys Girls

Overweight
or obese

Normal
Adjusted
ORa 95% CI

Overweight
or obese

Normal
Adjusted
ORa 95% CI

Nonsmokers 47 809 1 63 735 1
Ex-smokers who quit before pregnancy 3 57 0.7 (0.2–2.8) 9 62 2.0 (0.9–4.3)
Ex-smokers who quit during early pregnancy 11 133 1.1 (0.5–2.4) 12 156 1.1 (0.5–2.2)
Current smokers 9 65 2.4 (1.03–5.4) 4 55 0.9 (0.3–3.3)

aAdjusted for maternal body mass index before pregnancy, maternal age at pregnancy, and body mass index of child at birth.
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smoking cessation might be harmful to the fetus.4 Thus,
it is important to promote smoking cessation before or during
early pregnancy. Our results will be useful in establishing
health education and promotion programs for smoking and
nonsmoking pregnant women, as nonsmokers can learn the
importance of avoiding passive smoking and discuss this issue
with both nonsmokers and smokers.

In conclusion, children born to mothers who stopped
smoking before or during early pregnancy had appropriate
fetal and childhood growth and development. These results
are important in promoting smoking cessation among women,
regardless of pregnancy status.
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