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ABSTRACT

Background The adverse effects of maternal and paternal smoking on child health have been studied. However, few studies demonstrate the

interaction effects of maternal/paternal smoking, and birth outcomes other than birth weight have not been evaluated. The present study

examined individual effects of maternal/paternal smoking and their interactions on birth outcomes.

Methods A follow-up hospital-based study from pregnancy to delivery was conducted from 1997 to 2010 with parents and newborn infants

who delivered at a large hospital in Hamamatsu, Japan. The relationships between smoking and growth were evaluated with logistic regression.

Results The individual effects of maternal smoking are related to low birth weight (LBW), short birth length and small head circumference. The

individual effects of paternal smoking are related to short birth length and small head circumference. In the adjusted model, both parents’

smoking showed clear associations with LBW (odds ratio [OR] ¼ 1.64, 95% confidence interval [CI] 1.18–2.27) and short birth length

(21 standard deviation [SD] OR ¼ 1.38, 95% CI 1.07–1.79; 22 SD OR ¼ 2.75, 95% CI 1.84–4.10).

Conclusions Maternal smoking was significantly associated with birth weight and length, but paternal smoking was not. However, if both

parents smoked, the risk of shorter birth length increased.

Keywords birth length, birth weight, head circumference, smoking

Implications

The adverse effects of maternal smoking on birth outcomes
are widely accepted. The effects of passive smoking, including
second-hand and environmental tobacco smoke, are also well
known. However, there are few studies on the interaction
effect of maternal/paternal smoking on child health. Our
study showed that maternal smoking is significantly associated
with birth weight and length. If both parents smoked, the
effect of smoking was stronger and the risk was higher for
shorter birth length. This result highlights the adverse effects
of smoking on child health.

Background

The adverse effects of maternal smoking on a number of
birth outcomes are widely accepted. To date, most studies

have targeted the risk of maternal smoking on low birth
weight (LBW), small-size for gestational age (SGA) and intra-
uterine growth restriction.1 – 7 Other studies have focused on
the long-term effects of maternal smoking on children, in-
cluding overweight, obesity, higher blood pressure, attention-
deficit hyperactivity disorder and regular smoking habits.8 – 14
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Several previous studies demonstrated the effect of maternal
smoking on fetal growth. Iñiguez et al.15 found a dose–
response relationship between smoking and fetal growth (e.g.
biparietal diameter and femur length). Another study showed
that a combination of smoking and low maternal body mass
index (BMI) can cause high rates of preterm birth and SGA
neonates as well as low mean birth weight.16 These studies
support the evidence that smoking affects fetal growth.

Birth length, head circumference and LBW are major
indices of fetal growth measurement. However, compared
with the number of studies relating to LBW, there is limited re-
search on the impact of maternal smoking on birth length
and head circumference.17 – 22 Howe et al.23 reported that
maternal smoking during pregnancy was associated with
shorter birth length, faster height growth in infancy and
slower growth in later childhood. A recent study in Japan
reported that birth length was associated with the chance of
hospitalization due to all causes between 6 and 18 months of
age; and this association was stronger than the association
with birth weight, indicating the importance of birth length
as a screening index.24 Although the clinical significance
of shorter or longer birth length has not been adequately eval-
uated, the impact of maternal smoking during pregnancy on
birth length may be pronounced. Similarly, head circumfer-
ence, routinely measured at birth in many countries, reflects a
child’s long-term cognitive outcomes25 and possible influ-
ences on brain development.26 While these three measure-
ments are essential independent screening indices when
infant health conditions are examined, evidence of the impact
of paternal smoking and parental smoking on these factors is
limited.

Some studies examined the effect of paternal smoking as
passive smoking in pregnant women or preterm birth and
showed adverse effects on fetus and infant health (https://ije.
oxfordjournals.org/content/43/5/1355.full.pdf+html).27 – 30

For example, via passive smoking, paternal smoking may
reduce birth weight, induce earlier delivery31 and increase the
risk of heart defects.32 Andriani and Kuo33 also reported that,
in addition to smoking mothers, infants born to smoking
fathers or two smoking parents had a significant reduction
in birth weight and gestational age, as well as an increased risk
of LBW and preterm birth. However, Krstev et al.34 concluded
that an effect for environmental tobacco smoking exposure
alone was not detected on any pregnancy outcomes. To our
knowledge, few studies have examined the combined effects of
maternal and paternal smoking on birth outcomes (https://ije.
oxfordjournals.org/content/43/5/1355.full.pdf+html).27 – 36

Therefore, we evaluated the relationship between maternal/
paternal smoking and birth outcomes in newborn infants in
Japan, using the birth indices of birth weight, birth length and

head circumference. We also evaluated the interaction effects
of maternal and paternal smoking.

Methods

Data source and participants

Deliveries at Seirei Hamamatsu General Hospital in Shizuoka
Prefecture, Japan, from 1997 to 2010 were eligible for inclu-
sion in the present study (n ¼ 21 855). Previous studies have
used this dataset to demonstrate several effects of medical,
environmental and social factors on maternal and child
health.37 – 40 Participant information was collected in general
clinical practice and recorded in individual medical records.
Inclusion criteria were: deliveries after the 37th gestational
week that were singleton, live births; an Apgar score of 1 or
more at 1 min after birth; and the infant’s sex known
(Supplementary data, Fig. S1, n ¼ 17 162). Participants were
excluded if information about maternal and paternal smoking
was unknown (n ¼ 766). We did not consider marital status if
both maternal and paternal smoking information was col-
lected. In total, 16 396 participants were included for analyses
in the present study. Participants whose baby’s birth weight
(n ¼ 16 394), birth length (n ¼ 16 340) and head circumfer-
ence (n ¼ 16 379) were available were eligible for the final
analysis. The restriction of birth after the 37th gestational
week was to avoid confounding between mature and prema-
ture birth LBW.41

Exposure variables

To demonstrate the effect of maternal smoking and paternal
smoking separately, information on the mother’s and father’s
smoking habits were used as exposure variables. Maternal
and paternal smoking information was dichotomized (Yes, No).
To evaluate the interaction effect of maternal and paternal
smoking, combination variables were used: (i) maternal
smoking (no) and paternal smoking (no); (ii) maternal smoking
(no) and paternal smoking (yes); (iii) maternal smoking (yes)
and paternal smoking (no) and (iv) maternal smoking (yes) and
paternal smoking (yes). This information was obtained from
mothers’ self-report by trained obstetricians or midwives at the
time of prenatal examination when the expected due date was
confirmed (at about 10 weeks’ gestational age). Information
was collected face-to-face, using a questionnaire constructed to
collect general health information. Information on a father’s
smoking habits was obtained in the mother’s interview.

Outcome variables

LBW, a shorter birth length at 21 standard deviation (SD)
(dichotomous value with cutoff point at 21 SD) and at 22
SD (dichotomous value with cutoff point at 22 SD) and
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smaller head circumference at 21SD (dichotomous value
with cutoff point at 21SD) and 22SD (dichotomous value
with cutoff point at 22SD) were used as outcome variables.
LBW was defined as a baby born under 2500 g. We calculated
the SD values for birth length and head circumference based
on current study participants. The population average for the
study participants was 49.65 cm (1SD ¼ 1.88 cm) for height
and 33.61 cm (1SD ¼ 1.41 cm) for head circumference in
girls, and 50.13 cm (1SD ¼ 1.84 cm) for height and 33.16 cm
(1SD ¼ 1.27 cm) for head circumference in boys. These
values were similar to those of the Japanese guideline pub-
lished by the Japan Pediatric Society and a report from the
Japanese Ministry of Health, Labour and Welfare.42,43

Statistical analysis

Descriptive analyses were conducted to show demographic
characteristics, maternal/paternal lifestyles and birth informa-
tion for newborn infants. A logistic regression model was used
to examine the effects of maternal and paternal smoking on
LBW, short birth length and small head circumference. We
estimated odds ratios (OR) and 95% confidence intervals (CI).

In the model, we first estimated the OR and 95% CI for
either maternal or paternal smoking on birth outcomes.
Three models were applied: adjusted for only maternal or pa-
ternal age (Model 1); additionally adjusted for partner’s
smoking (Model 2) and fully adjusted for other potential con-
founders (Model 3). In Model 3, for the analysis between ma-
ternal smoking and birth outcomes we considered maternal
age, maternal BMI at baseline (pre-pregnancy) maternal occu-
pational status, parity and newborns’ sex as potential confoun-
ders. For the analysis between paternal smoking and birth
outcomes, paternal age, paternal occupation, parity and new-
borns’ sex were considered as potential confounders. In all
models, maternal and paternal age were entered into the
models as linear and quadratic terms, because a U-shaped as-
sociation was expected between maternal or paternal age and
birth outcomes. BMI was divided into three categories: under
17.9, 18.0–24.9 and over 25.0. Maternal and paternal occupa-
tion status was collected and used as a proxy for socio-
economic status. Occupational information was divided into
five categories: unemployed/student; part-time worker;
freelance-/self-employed worker; company-employed worker
and professional worker. The information on occupational
status did not include more specific job descriptors such as
clerk, service worker or sales representative. Parity was cate-
gorized as none, 1, 2 or 3 or more. The information for new-
borns’ sex (boy/girl) was obtained from medical records.

To examine the interaction effect of maternal and paternal
smoking, maternal and paternal smoking information was

entered into the same model using the combinations men-
tioned above. The combination of maternal nonsmoking and
paternal nonsmoking was used as the reference. When we
examined the interaction effect, we first adjusted for both ma-
ternal and paternal age (Model 1) and then adjusted for po-
tential confounders (Model 3). We evaluated the interaction
effect using an additive interaction model. We used Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA) spread-
sheets provided by Knol and VanderWeele44 to calculate the
proportion attributable to the interaction (AP), and the pro-
portion of each birth outcome among those with both mater-
nal and paternal tobacco exposure attributable to the
interaction.45 In the absence of interaction, AP ¼ 0. AP . 0
means a positive interaction or more than additivity, and
AP , 0 means a negative interaction or less than additivity.

A supplementary multiple linear regression analysis was
conducted to examine the association of smoking with con-
tinuous birth outcome indicators (birth weight, birth length
and head circumference). SPSS Version 20.0 (IBM Japan,
Tokyo, Japan) was used for all statistical analyses.

Ethical issues

This study was approved by the Institutional Review Board of
Okayama University on 29 November 2011 (No. 498) and
by the Institutional Review Board of Seirei Hamamatsu
General Hospital. The clinical research guidelines of Seirei
Hamamatsu General Hospital were strictly followed with
respect to the use of individual information.

Results

Characteristics of study participants are described in Table 1.
Of the 16 396 participants, 580 mothers (3.5%) had a
smoking habit during pregnancy. Mothers who smoked were
more likely to have babies with LBW (12.1%), shorter birth
length (20.3% in 21 SD; 7.2% in 22 SD) and smaller head
circumference (21.9% in 21 SD). Mothers older than 45
years were more likely to have LBW newborns (18.2%) and
newborns with shorter birth length (27.3% in 21 SD; 18.2%
in 22 SD). Mothers whose BMI was under 18.0 were more
likely to have LBW newborns, and newborns with shorter
birth length or small head circumference. Mothers who were
professional workers were unlikely to have a LBW baby, and
no difference in maternal or paternal occupational status was
found for birth length and head circumference.

Table 2 presents the adjusted ORs for the associations
between maternal or paternal smoking and LBW. In the fully
adjusted model, both parents’ smoking was associated with
LBW (OR ¼ 1.57, 95% CI 1.21–2.04 for maternal smoking;
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Table 1 Characteristics of study participants (n ¼ 16 396)

Total LBW Shorter length Shorter

length

Smaller HC Smaller HC

(21 SD) (22 SD) (21 SD) (22 SD)

n % n % n % n % n % n %

Total 16 396 1359 8.3 2703 16.5 562 3.4 3068 18.7 322 2.0

Maternal smoking habits

No 15 816 96.5 1289 94.9 2585 95.6 520 92.5 2941 95.9 311 96.6

Yes 580 3.5 70 5.2 118 4.4 42 7.5 127 4.1 11 3.4

Paternal smoking habits

No 9194 56.1 727 53.5 1442 53.4 280 49.8 1663 54.2 167 51.9

Yes 7202 43.9 632 46.5 1261 46.7 282 50.2 1405 45.8 155 48.1

Parental smoking habits

Mother no/father no 7210 44.0 570 41.9 1194 44.2 231 41.1 1346 43.9 141 43.8

Mother no/father yes 5905 36.0 502 36.9 1040 38.5 224 39.9 1155 37.7 130 40.4

Mother yes/father no 120 0.7 16 1.2 23 0.9 5 0.9 27 0.9 2 0.6

Mother yes/father yes 385 2.3 46 3.4 82 3.0 31 5.5 87 2.8 8 2.5

Maternal age

,24 1968 12.0 189 13.9 351 13.0 88 15.7 433 14.1 50 15.5

25–34 11 758 71.7 936 68.9 1898 70.2 382 68.0 2190 71.4 224 69.6

35–44 2657 16.2 232 17.1 451 16.7 90 16.0 443 14.4 48 14.9

.45 11 0.1 2 0.2 3 0.1 2 0.4 2 0.1 0 0.0

Paternal age

,24 145 0.9 13 1.0 20 0.7 4 0.7 31 1.0 4 1.2

25–34 1301 7.9 105 7.7 170 6.3 27 4.8 214 7.0 20 6.2

35–44 845 5.2 69 5.1 96 3.6 26 4.6 125 4.1 10 3.1

.45 14 105 86.0 1172 86.2 2417 89.4 505 89.9 2698 87.9 288 89.4

Maternal BMI at baseline

,17.9 2153 13.1 282 20.8 470 17.4 98 17.4 526 17.1 64 19.9

18–24.9 12 971 79.1 982 72.3 2059 76.2 431 76.7 2363 77.0 235 73.0

25, 1245 7.6 89 6.6 168 6.2 31 5.5 174 5.7 21 6.5

Parity

0 9156 55.8 832 61.2 1544 57.1 324 57.7 1914 62.4 219 68.0

1 5560 33.9 395 29.1 869 32.2 170 30.3 903 29.4 84 26.1

2 1429 8.7 108 8.0 252 9.3 58 10.3 213 6.9 14 4.4

3 or more 239 1.5 23 1.7 37 1.4 10 1.8 36 1.2 4 1.2

Maternal occupation status

Unemployed/student 9446 57.6 759 55.9 1600 59.2 325 57.8 1702 55.5 167 51.9

Part-time worker 560 3.4 48 3.5 93 3.4 16 2.9 121 3.9 12 3.7

Freelance/self-employed worker 164 1.0 16 1.2 33 1.2 8 1.4 28 0.9 2 0.6

Company-employed worker 3952 24.1 361 26.6 645 23.9 142 25.3 797 26.0 101 31.4

Professional worker 1391 8.5 108 8.0 212 7.8 51 9.1 265 8.6 24 7.5

Paternal occupation status

Unemployed/student 126 0.8 10 0.7 25 0.9 9 1.6 30 1.0 7 2.2

Part-time worker 31 0.2 1 0.1 7 0.3 0 0.0 1 0.0 0 0.0

Freelance/self-employed worker 960 5.9 83 6.1 165 6.1 33 5.9 178 5.8 20 6.2

Company-employed worker 14 128 86.2 1194 87.9 2334 86.4 479 85.2 2668 87.0 285 88.5

Professional worker 764 4.7 45 3.3 115 4.3 32 5.7 126 4.1 6 1.9

Continued

4 JOURNAL OF PUBLIC HEALTH

D
ow

nloaded from
 https://academ

ic.oup.com
/jpubhealth/article/39/3/1/3002976 by U

.S. D
epartm

ent of Justice user on 16 August 2022



OR ¼ 1.11, 95% CI 0.99–1.24 for paternal smoking). When
examining the interaction effects, combinations of a smoking
mother/smoking father, and a smoking mother/nonsmoking
father had elevated risks, but the AP was not elevated. When
we examined the effects on short birth length (Table 3), both
maternal and paternal smoking habits were independently
associated with the outcome (short length of 21 SD or 22

SD). In addition, when both parents were smokers, we
observed higher effect estimates compared with other combi-
nations: OR 1.38 (95% CI 1.07–1.79) for short length of
21SD and OR 2.75 (95% CI 1.84–4.10) for short length of
22SD compared with the combination of nonsmoking
parents. AP was significantly elevated for the association
between parental smoking and shorter birth length at 22 SD.

Table 1 Continued

Total LBW Shorter length Shorter

length

Smaller HC Smaller HC

(21 SD) (22 SD) (21 SD) (22 SD)

n % n % n % n % n % n %

Newborn infant’s sex

Boy 8007 48.8 806 59.3 1598 59.1 345 61.4 1854 60.4 201 62.4

Girl 8389 51.2 553 40.7 1105 40.9 217 38.6 1214 39.6 121 37.6

LBW, low birth weight; HC, head circumference; SD, standard deviation; BMI, body mass index.

Table 2 Adjusted ORs and 95% CIs for maternal/paternal smoking habits and LBW

Model 1 Model 2 Model 3

Adjusted for age Additionally adjusted for

maternal/paternal smoking

Fully adjusted model

OR 95% CI OR 95% CI OR 95% CI

LBW

Individual effect of maternal smoking

No Reference Reference Reference

Yes 1.55 1.20 2.00 1.50 1.16 1.95 1.57 1.21 2.04

Individual effect of paternal smoking

No Reference Reference Reference

Yes 1.12 1.00 1.25 1.10 0.98 1.23 1.11 0.99 1.24

Interaction effect of

Mother (no)/Father (no) Reference Reference

Mother (no)/Father (yes) 1.08 0.95 1.23 1.07 0.94 1.22

Mother (yes)/Father (no) 1.79 1.05 3.05 1.78 1.00 3.15

Mother (yes)/Father (yes) 1.58 1.15 2.18 1.64 1.18 2.27

Interaction term (AP, SE) 20.06 20.69 0.56

LBW, low birth weight; HC, head circumference; SD, standard deviation; BMI, body mass index; NA, not applicable.

Model 1: Individual effect of maternal smoking was adjusted for maternal age. Individual effect of paternal smoking was adjusted for paternal age.

Interaction effect was adjusted for maternal age and paternal age.

Model 2: Individual effect of maternal smoking was adjusted for maternal age and paternal smoking. Individual effect of paternal smoking was adjusted

for paternal age and maternal smoking. Interaction effect was not evaluated.

Model 3: Maternal smoking, paternal smoking (or four types of combination of interaction effect), maternal age, paternal age, maternal BMI at baseline

(pre-pregnancy), maternal occupational status, parity and newborn infants sex were adjusted.
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Finally, with regard to head circumference, maternal and
paternal smoking habits were independently associated with
small head circumference of 21 SD (Table 4). When we
examined the interaction effect, a significant association was
observed only when both parents were smokers (OR ¼ 1.36,
95% CI 1.05–1.75), but AP was not elevated.

A supplementary analysis of the multiple linear regression
analysis supported these results (Supplementary data, Table S1).

Discussion

Key results

After adjusting for sociodemographic and obstetric factors
such as age, BMI and socioeconomic status, both maternal
and paternal smoking habits were associated with birth out-
comes, although the effect estimate was stronger for maternal
smoking than for paternal smoking. Adverse effects were

Table 3 Base ORs and 95% CIs for maternal/paternal smoking habits and short birth length

Model 1 Model 2 Model 3

Adjusted for age Additionally adjusted for

maternal/paternal smoking

Fully adjusted model

OR 95% CI OR 95% CI OR 95% CI

Short length of 21 SD

Individual effect of maternal smoking

No Reference Reference Reference

Yes 1.31 1.06 1.61 1.26 1.02 1.55 1.32 1.07 1.63

Individual effect of paternal smoking

No Reference Reference Reference

Yes 1.14 1.05 1.24 1.13 1.04 1.23 1.13 1.04 1.23

Interaction effect of

Mother (no)/father (no) Reference Reference Reference

Mother (no)/father (yes) 1.08 0.98 1.18 1.07 0.97 1.17

Mother (yes)/father (no) 1.19 0.76 1.89 1.22 0.75 1.98

Mother (yes)/father (yes) 1.36 1.06 1.75 1.38 1.07 1.79

Interaction term (AP, SE) 20.07 20.57 0.43

Short length of 22 SD

Individual effect of maternal smoking

No Reference Reference Reference

Yes 2.30 1.66 3.18 2.15 1.54 2.99 2.27 1.62 3.18

Individual effect of paternal smoking

No Reference Reference Reference

Yes 1.30 1.10 1.54 1.24 1.04 1.47 1.32 1.11 1.57

Interaction effect of

Mother (no)/father (no) Reference Reference Reference

Mother (no)/father (yes) 1.19 0.99 1.44 1.21 1.00 1.46

Mother (yes)/father (no) 1.31 0.53 3.25 1.15 0.42 3.17

Mother (yes)/father (yes) 2.65 1.79 3.91 2.75 1.84 4.10

Interaction term (AP, SE) 0.50 0.08 0.92

LBW, low birth weight; HC, head circumference; SD, standard deviation; BMI, body mass index; NA, not applicable.

Model 1: Individual effect of maternal smoking was adjusted for maternal age. Individual effect of paternal smoking was adjusted for paternal age.

Interaction effect was adjusted for maternal age and paternal age.

Model 2: Individual effect of maternal smoking was adjusted for maternal age and paternal smoking. Individual effect of paternal smoking was adjusted

for paternal age and maternal smoking. Interaction effect was not evaluated.

Model 3: Maternal smoking, paternal smoking (or four types of combination of interaction effect), maternal age, paternal age, maternal BMI at baseline

(pre-pregnancy), maternal occupational status, parity and newborn infants sex were adjusted.
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observed on short birth length and small head circumference
as well as LBW. In addition, the adverse effects were strongest
when both parents were smokers, in particular for short birth
length.

Effect of smoking on LBW, birth length and head

circumference

Both maternal and paternal smoking habits were associated
with the risk of LBW. Many studies to date have evaluated the

effects of maternal smoking on LBW, with most results
showing a strong association between maternal smoking and
LBW.1 – 7,46 – 48 These results are consistent with the present
study. Although marginally significant, we also found paternal
smoking was associated with the risk of LBW. Considering
previous studies that have examined the effect of passive
smoking on LBW,47,49,50 the present result is also reasonable.

Few studies have examined the effects of parental smoking
on birth length. Our findings demonstrated that the smoking

Table 4 Base ORs and 95% CIs for maternal/paternal smoking habits and head circumference

Model 1 Model 2 Model 3

Adjusted for age Additionally adjusted for

maternal/paternal smoking

Fully adjusted model

OR 95% CI OR 95% CI OR 95% CI

Small head circumference of 21 SD

Individual effect of maternal smoking

No Reference Reference Reference

Yes 1.23 1.00 1.50 1.19 0.98 1.46 1.30 1.05 1.59

Individual effect of paternal smoking

No Reference Reference Reference

Yes 1.10 1.01 1.19 1.09 1.01 1.18 1.10 1.01 1.19

Interaction effect of

Mother (no)/father (no) Reference Reference

Mother (no)/father (yes) 1.06 0.97 1.16 1.05 0.96 1.15

Mother (yes)/father (no) 1.26 0.82 1.95 1.30 0.82 2.07

Mother (yes)/father (yes) 1.27 0.99 1.63 1.36 1.05 1.75

Interaction term (AP, SE) 0.08 20.36 0.52

Small head circumference of 22 SD

Individual effect of maternal smoking

No Reference Reference Reference

Yes 0.96 0.53 1.77 0.91 0.49 1.68 1.06 0.57 1.95

Individual effect of paternal smoking

No Reference Reference Reference

Yes 1.19 0.95 1.48 1.19 0.96 1.49 1.17 0.94 1.47

Interaction effect of

Mother (no)/father (no) Reference Reference

Mother (no)/father (yes) 1.13 0.89 1.44 1.08 0.84 1.37

Mother (yes)/father (no) 0.85 0.21 3.47 0.92 0.22 3.79

Mother (yes)/father (yes) 1.06 0.52 2.19 1.07 0.52 2.22

Interaction term (AP, SE) 0.18 20.94 1.31

LBW, low birth weight; HC, head circumference; SD, standard deviation; BMI, body mass index; NA, not applicable.

Model 1: Individual effect of maternal smoking was adjusted for maternal age. Individual effect of paternal smoking was adjusted for paternal age.

Interaction effect was adjusted for maternal age and paternal age.

Model 2: Individual effect of maternal smoking was adjusted for maternal age and paternal smoking. Individual effect of paternal smoking was adjusted

for paternal age and maternal smoking. Interaction effect was not evaluated.

Model 3: Maternal smoking, paternal smoking (or four types of combination of interaction effect), maternal age, paternal age, maternal BMI at baseline

(pre-pregnancy), maternal occupational status, parity and newborn infants sex were adjusted.
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habits of both parents affected birth outcomes. There is
limited evidence showing smoking has significant effect on
short birth length20,21 which is consistent with the present
study. For example, a recent study suggested a relationship
between maternal smoking and shorter birth length that influ-
enced faster height growth in infancy and slower growth in
later childhood.23 Another recent study indicated that birth
length was an important predictor of subsequent health.24

This suggests future studies evaluating the impact on birth
length and its trajectories may have merit.

Our study found an adverse effect of parental smoking on
head circumference. Previous studies suggest possible asso-
ciations between maternal smoking and small head circumfer-
ence,8,11 and those findings are consistent with the present
study. Although the mechanism is not known, there was no
clear association between smoking habits and head circumfer-
ence at 22 SD (i.e. a much smaller body composition). As
mentioned, head size is an index of abnormal brain condition
or neurodevelopmental delay in intelligence and cognitive
function.25 Further investigation of this outcome is also
warranted.

Independent effects and interaction effects

The second aim of the present study was to examine the inter-
action effect of parental smoking in addition to the independ-
ent effects. With regard to independent effects, maternal
smoking had a stronger impact on birth outcomes than paternal
smoking. This result is consistent with a previous study,51 and
may be explained by different modes (active versus passive) of
exposure. However, both active and passive smoking are
reported to have long-term impacts on child development; for
example, neurobehavioral development,52 and both parents
should refrain from smoking. Moreover, as evident in the inter-
action effect we examined, if both parents were smokers, the
adverse effects of smoking were worse, in particular on short
birth length. Cessation of smoking should therefore be recom-
mended for both parents. This finding highlights the necessity
of obtaining smoking information from both parents to com-
prehensively evaluate the adverse effect of parental smoking.

Limitations

There are some limitations in the present study. First, the
study was conducted with data derived from one hospital
in Japan. Seirei Hamamatsu General Hospital provides
advanced medical care and the hospital accepts pregnant
women with high-risk conditions, which may limit the gener-
alizability of our findings. Second, there may be a social desir-
ability bias. Information on smoking habits was collected by
self-report, and there might be misclassification between

smoking and nonsmoking, in particular for mothers. This
may be due to social background, as smoking is considered
an undesirable behavior in pregnant women. This might have
weakened the results (i.e. moving effect estimates toward the
null). Third, a previous study showed a dose–response rela-
tionship between maternal smoking during pregnancy and
adverse outcomes (e.g. fetal biometry)15. However, as data on
the amount of smoking were not collected, we could not
evaluate dose–response relationship. Instead, we evaluated
the interaction effect using an additive interaction model. This
may help in understanding the dose–response effect. Fourth,
measuring birth length and head circumference may have a
possibility of measurement error, which might lead to non-
differential misclassification moving the effect estimates
toward null. Finally, only 3.5% of the mothers in the present
study smoked. This might have reduced the statistical power.

Conclusions

Both maternal smoking and paternal smoking were associated
with various birth outcomes such as LBW, short birth length
and small head circumference. If both parents smoked, these
effects were stronger, in particular on shorter birth length.
Barker (1995) noted that being born small may harm child de-
velopment53 and smoking itself may increase the risk of be-
havioral problems and undesirable life habits.8 Avoiding both
maternal and paternal smoking during pregnancy will benefit
the developing fetus and later child health.
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