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研究要旨 
The hazardous effect of tobacco smoke exposure during pregnancy is a major 

public health concern. Maternal smoking has been associated with adverse birth 
outcomes. We investigated the association between secondhand smoke (SHS) 
exposure and infant birth size. A prospective cohort of 2,792 non-smoking 
Japanese pregnant women who delivered singleton babies at hospitals within 
Hokkaido Prefecture from 2003 to 2007 was conducted. Information on maternal 
and infants’ characteristics, and lifestyle behaviors were gathered through self-
administered questionnaires as well as hospital and birth records. Biochemical 
analysis of plasma cotinine was carried out using the enzyme-linked 
immunosorbent assay (ELISA) technique. Overall, an average increase in 
prenatal SHS exposure by about 0.66ng/mL, i.e. from 25th percentile (0.15ng/mL) 
to 75th percentile (0.81ng/mL) resulted in a mean reduction in birth weight of 
61.4g (95% CI:-100.5, -22.3; p=0.002), birth length of 0.6cm (95%CI:-0.9, -0.2; 
p=0.002) and birth head circumference of 0.6cm (95%CI:-1.0,  
-0.1; p=0.007). The corresponding exposure brought about a mean birth weight 
deficit of 70g (95%CI:-124.9, -15.2; p=0.012) and head circumference deficit of 
0.5cm (95%CI: -1.0, -0.03; p=0.037) in male infants and a birth length decrease of 
0.8cm (95%CI:-1.3, -0.2; p=0.011) in female infants. This study concluded that 
maternal tobacco smoke exposure during pregnancy through passive route has 
negative effects on infant birth size especially the males.  
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Ａ．研究目的 
Maternal active smoking is 

associated with adverse pregnancy 
and birth outcomes such as placenta 
previa, abruptio placentae, ectopic 
pregnancy, spontaneous abortion, 
preterm delivery, low birth weight 
and perinatal mortality. Results of 
few studies on the negative effects of 
secondhand smoke (SHS) exposure on 
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birth outcomes are not clearly defined. 
Lack of clarity is probably due to the 
evaluation of SHS exposure using 
only self-administered questionnaires, 
measurement of cotinine levels in 
body fluids during the early gestation 
or failure to control for gestational age, 
a major determinant of birth weight. 

In order to improve the reliability 
and validity of assessments by self-
reported questionnaires, the use of 
biomarkers have been recently 
introduced. Cotinine, a widely studied 
biomarker, is a main metabolite of 
nicotine which can be found in blood, 
saliva, hair or urine analysis of SHS-
exposed nonsmoker. Given the high 
prevalence of smoking among the 
Japanese men and the reluctance of 
most husbands to quit smoking 
during their wives’ pregnancy, 
nonsmoking pregnant women in 
Japan are at a risk of exposure to 
SHS especially at home. The impact of 
SHS exposure on the unborn fetus 
remains a significant public health 
concern as birth size of a newborn 
greatly determines its survival, 
perinatal morbidity and adulthood 
health conditions.  

Gender-specific difference in the 
effect of environmental pollutants on 
birth outcomes has been recently 
reported but with inconsistent results. 
Birth weight of male infants was more 
negatively affected by prenatal toxic 
exposure such as smoking, lead and 
airborne fine particles than the 
females. Contrariwise, maternal 
smoking during pregnancy has higher 

significantly negative influence on the 
mean birth weight and risk of small 
for gestational age (SGA) in newborn 
girls than in boys. In this study, we 
investigated the effects of maternal 
exposure to SHS during pregnancy on 
birth size using plasma cotinine 
concentrations as a biomarker for 
nicotine exposure. Gender-specific 
difference in fetal growth reduction 
was also assessed.  
 
Ｂ．研究方法  
  A total of 2972 Japanese pregnant 
women were recruited from 2003 to 
2007 from the ongoing “Hokkaido 
study on Environment and Children’s 
Health”. Vital information were 
gathered from baseline self-
administered questionnaires, infants’ 
hospital birth records and post–
partum self-administered 
questionnaires. Biochemical analysis 
of maternal blood specimens collected 
during the third trimester was 
carried out through enzyme-linked 
immunosorbent assay (ELISA) 
technique (Cosmic Corporation, 
Japan) with a limit of detection of 
0.12ng/mL.  

Briefly, the ELISA 96-well plates 
coated with a rabbit anti-cotinine-4-
bovine-ɣ-globulin polyclonal antibody 
were first incubated with 1% bovine 
serum albumin (BSA) after which 
25μl of blood plasma samples and 
100μl horseradish peroxidase-labeled 
(HRP) cotinine were added. The 
mixture was left to incubate at 20-
250C for 1 hour. Subsequent to three 



厚生労働科学研究費補助金（化学物質リスク研究事業） 
分担研究報告書 

－3－ 

washes with 1% BSA, peroxidase 
substrate, tetramethylbenzidine, and 
H2O2 were added (Kirkegaad & Perry 
Laboratories, Gaithersburg, MD). 
The mixture was re-incubated for 30 
minutes in the dark at the same 
temperature and 100μl phosphoric 
acid was added to the wells to stop 
enzyme activity. The absorbance was 
read at a wavelength of 450nm using 
an ELISA reader (Emax; Molecular 
Devices, Sunnyvale, CA)  

The main birth outcomes were 
birth weight, length and head 
circumference and their relationship 
with maternal and infants’ 
characteristics were examined with 
the student’s t-test, Spearman’s 
correlation test and analysis of 
variance (ANOVA). Next, their 
associations with exposure were 
examined using univariate and 
multivariate regression models. The 
main exposure variable (plasma 
cotinine concentration) was 
categorized by quartiles (<0.16, 0.16 - 
0.33, 0.34 - 0.80 and >0.80ng/mL). 
First, their crude effects were 
examined and later adjusted for 
confounding variables such as 
maternal age, pre-pregnancy 
maternal weight, height, educational 
level, annual household income, 
parity, infant gender and gestational 
age at delivery. The subjects with 
undetectable cotinine levels were 
assigned a value half the detection 
limit (0.06ng/mL). Another multiple 
linear regression model was used to 
elucidate the gender-specific 

difference in the effect of SHS 
exposure on infant birth size by 
stratifying with infant gender. All 
statistical analyses were performed 
using the Statistical Packages for 
Social Sciences (SPSS, Inc., Chicago, 
USA) software for Windows version 
16.0.  
 
（倫理面への配慮） 

This study was conducted with the 
informed consent of all subjects and 
approved by the institutional ethical 
board for human gene and genome 
studies of the Hokkaido University 
Center for Environmental and Health 
Sciences and the Hokkaido 
University Graduate School of 
Medicine. 
 
Ｃ．研究結果  
In our earlier study, cut-off points for 
distinguishing the smoking statuses 
were established. Thus, those women 
whose plasma cotinine levels 
suggested active smoking 
(>11.48ng/mL ) were excluded.  

In the current study, 80.7% of the 
overall study population has 
detectable plasma cotinine levels 
(≥0.12ng/mL). Table 1 summarizes 
the maternal and infants’ 
characteristics in relation to birth 
size. Maternal age ranged from 17 to 
44 years, with a mean (±SD) of 30.2 ± 
4.4 years. Mean (±SD) pre-pregnancy 
weight and mean (±SD) maternal 
body mass index (BMI) were 52.8 
±8.6 kg and 21.1 ± 3.2 kg/m2 
respectively. More mothers were 
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multi-parous (50.5%), less educated 
(83.3%), low-income earners (54.3%) 
and drank alcohol during pregnancy 
(61.3%). Mean (±SD) gestational age 
was 39.1 ± 1.1 weeks. The 
associations of birth size with 
maternal and infants’ characteristics 
are also shown in Table 1. Maternal 
height, pre-pregnancy weight, BMI 
and gestational age positively 
correlated with birth weight, birth 
length and head circumference 
(p<0.001). Maternal age positively 
correlated with birth head 
circumference but negatively with 
birth length (p<0.001). First infants 
were smaller than subsequent babies 
(p<0.001). Male infants were bigger, 
taller and had bigger head 
circumference than the females at 
birth (p<0.001).  

Table 2 shows the maternal and 
infants’ characteristics in relation to 
plasma cotinine levels. Mothers with 
the highest cotinine levels are more 
likely to be significantly younger, 
nulliparous (51.5%), less educated 
(56.0%), earn less than 5 million yen 
per annum (70.4%), have husbands 
who smoke more than 20 cigarettes 
per day (5.8%) in comparison to those 
in the lower cotinine quartile groups.  

Figure 1 shows the mean birth 
weight, birth length and head 
circumference in relation to cotinine 
quartile levels respectively. The mean 
(±SD) birth weight, birth length and 
head circumference of infants in the 
highest cotinine quartile (Q4) were 
3058.8 ± 362.6g, 48.9 ± 4.1cm, and 

32.9 ± 3.8cm respectively; and lower 
in comparison to those of lower 
quartile groups.  
Table 3 shows the multivariate 
regression analysis of birth size and 
plasma cotinine concentrations. In 
the adjusted model, the known risk 
factors of birth size from previous 
literature (maternal age, maternal 
height, maternal pre-pregnancy 
weight, educational level, annual 
household income, number of 
cigarettes smoked by partner per day, 
parity, infant gender, gestational age 
and delivery mode (included for head 
circumference)) were included. When 
all infants were considered, an 
inverse relationship of cotinine levels 
with infant birth weight, length and 
head circumference in the adjusted 
model was observed. Mothers in the 
highest quartile (>0.80ng/mL) group 
gave birth to babies with significantly 
lower birth weight (61.4g; 95%CI:-
100.5, -22.3; p=0.002), birth length 
(0.6cm; 95%CI:-0.9, -0.2; p=0.002) 
and head circumference (0.6cm; 
95%CI:-1.0, -0.1; p=0.007) than those 
in the lowest quartile group 
(<0.16ng/mL). Significant deficits in 
the mean birth weight (-70g; 95%CI:-
124.9, -15.2; p=0.012) at the highest 
cotinine level and in the birth head 
circumference both at the 2nd (-0.6cm, 
95%CI:-1.1, -0.1, p=0.011) and 4th 
quartiles (-0.5cm, 95%CI:-1.0, -0.003, 
p=0.037) of male infants were 
observed. On the other hand, 
reduction in the birth length of 
female infants was associated with 
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highest SHS exposure (-0.8cm, 
95%CI:-1.3, -0.2, p =0.011).  
 
Ｄ．考察  

The major strength of this study 
is the use of plasma cotinine 
measurements for assessing SHS 
exposure which reduces the 
possibility of misclassification bias. 
The current study found an 
association of high SHS exposure 
during pregnancy with reduced mean 
birth weight, birth length and birth 
head circumference, before and after 
adjusting for potential confounding 
factors.         Our finding of an inverse 
relationship of plasma cotinine 
concentrations with birth outcomes 
confirms the results of two studies 
which observed the greatest effect of 
prenatal SHS exposure on birth 
weight at the highest cotinine levels. 
A decrease of 108g in the mean birth 
weight of infants with mothers in the 
upper tertile cotinine levels 
(>1ng/mL) in comparison with those 
of lower tertile (<0.5ng/mL) mothers 
(Haddow et al. 1988). Also, neonates 
of women with cotinine levels 
>1.7ng/mL were 85g smaller than 
those of lowest quintile range 
(Rebagliato et al. 1995).  

In a study of 263 nonsmoking 
African-Americans and Dominican 
women, high prenatal exposure to 
PAHs was associated with lower birth 
weight and smaller head 
circumference (Perera et al. 2003). 
Nicotine exposure on pregnancy 
causes a transient reduction in 

uterine blood flow due to early 
morphological changes of the 
placenta, while carbon monoxide in 
tobacco smoke can result in 
hypoxemia. Consequently, the birth 
weight, birth length and head 
circumference of the fetus may be 
reduced. The fundamental 
mechanisms of tobacco smoke effects 
on fetal growth need more 
clarifications and may possibly be 
multi-factorial.  

Reduction in head circumference at 
birth has been correlated with a 
lower intelligence quotient (IQ), 
cognitive impairment, school 
performance in childhood and 
schizophrenia.  

Our study provided an evidence of 
a gender difference in the effect of 
SHS exposure during pregnancy, with 
the male fetuses appearing to be more 
vulnerable to the exposure than the 
female ones. Overall average increase 
in exposure to SHS by about 
0.66ng/mL gave rise to birth weight 
reduction of 70g (95% CI:-124.9, -15.2) 
in male infants compared to 50g 
(95%CI:-105.9, 5.7) in female infants.  
There are conflicting findings in 
previous studies regarding the effect 
of gender-specific differences. While a 
greater negative effect of heavy 
smoking in girls than in boys has 
been reported in a study, male fetuses 
have been observed to be more 
susceptible to the negative effect of 
active tobacco smoke than the females 
in other studies (Zaren et al. 2000, 
Varvarigou et al. 2009). Prenatal 
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exposure to fine particulate matters 
affected the birth size of male infants 
more than females (Jedrychowski et 
al. 2009). The gender-specific effect 
can be explained by the fact that the 
growth rate of male fetuses is 
normally higher than the females, 
hence, the effect of the factors 
restraining fetal development could be 
greater in fetuses with faster 
intrauterine growth. Demands on 
blood circulation, oxygen or fuels 
related to faster growth rate are also 
greater by the male gender. 
Differences exist in hormonal 
conditions based on gender. During 
the second half of the second 
trimester of pregnancy, the 
vulnerability to toxic effects of tobacco 
smoke chemicals increases as the 
brain begins its growth spurt (for 
example, glial cells and axon growth, 
dendrites’ branching and synapses’ 
formation) at this period.  

The design of this study as a 
prospective cohort reduces recall bias. 
Second, exclusion of preterm births 
eliminates confounding from 
pregnancy complications and 
concentrates on fetal development. 
Third, the selection of study 
participants from 37 hospitals within 
Hokkaido eradicates the possibility of 
selection bias.  
 
Ｅ．結論  

SHS exposure obviously has 
adverse effects on fetal growth 
especially among the male fetuses. 
The greater vulnerability of the male 

fetuses may be due to their faster 
intrauterine growth and different 
hormonal conditions. It remains 
unclear why the birth length of the 
female fetuses suffers more negative 
effect than that of the males. There is 
the need to further investigate into 
this in future studies.  
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Table 1. Maternal and infants’ characteristics in relation to birth outcomes (N= 2972) 
 
Variables 

 
No.  

Birth weight  
(g) 

 
p value 

Birth length  
(cm) 

 
p value 

Birth head 
circumference 
(cm) 

 
p valuea 

Maternal age (years)  r = -0.025 0.178 r = -0.042 0.023 r = 0.058 0.002 
Maternal height (cm)  r = 0.173  <0.001 r = 0.188 <0.001 r = 0.154 <0.001 
Pre-pregnancy 
maternal weight (kg) 

   
r = 0.219  

 
<0.001 

 
r = 0.183 

 
<0.001 

 
r = 0.177 

 
<0.001 

Maternal BMI (kg/m2)  r = 0.153 <0.001 r = 0.105 <0.001 r = 0.114 <0.001 
Parity        
  Nulliparous 1361 3078.0 ± 354.3 0.001 49.2 (2.3) 0.046 33.0 (3.1) 0.314 
  Multiparous 1501  3124.8 ± 365.5  49.0 (3.6)  33.1 (3.7)  
Alcohol intake during 
pregnancy  

       

  No  1126 3102.5 ± 359.8 0.725 49.0 (3.7) 0.080 33.0 (3.9) 0.345 
  Yes 1823  3097.7 ± 361.1  49.2 (2.8)  33.1 (3.2)  
Educational level 
(years) 

       

  ≤12 2477  3100.0 ± 359.1 0.809 49.2 (2.3) 0.031* 33.1 (3.1) 0.261 
  >12 492 3096.1 ± 366.9  48.1 (3.7)  33.0 (3.8)  
Annual household 
income (millions of 
Yen) 

       

  <5 1615  3102.0 ± 362.3 0.736 49.1 (3.1) 0.246 33.0 (3.3) 0.780 
  ≥5 888  3096.1 ± 366.9  49.0 (3.4)  33.1 (3.9)  
Number of cigarettes 
smoked by partner per 
day 

       

  0 1457  3101.0 ± 373.9 0.998 49.1 (3.2) 0.500 33.0 (3.3) 0.834 
  1 – 9 427  3104.6 ± 368.0  49.1 (3.0)  33.0 (4.0)  
  10 – 19 526  3103.4 ± 333.8  48.9 (4.1)  33.1 (3.3)  
  ≥20 539 3102.8 ± 380.0  49.2 (1.9)  33.2 (3.3)  
Gestational age 
(weeks) 

  
r = 0.303  

 
<0.001 

 
r = 0.316 

 
<0.001 

 
r = 0.112 

 
<0.001 

Infant gender        
  Male 1436  3146.9 ± 354.9 <0.001 49.5 (2.9) <0.001 33.3 (3.2) <0.001 
  Female 1536  3056.2 ± 360.1  48.8 (3.4)  32.8 (3.7)  

a Spearman’s correlation test, Student’s t test, ANOVA    
b Mean (SD) 
BMI, body mass index  SD, standard deviation  
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Table 2. Maternal characteristics in relation to plasma cotinine levels during pregnancy (N= 2972) 

 
Variable 

<0.16ng/mL  
(n = 784) 

0.16 - 0.33ng/mL  
 (n = 714) 

0.34 - 0.80ng/mL  
 (n = 743) 

>0.80ng/mL 
 (n = 731) 

 
p valuea 

Maternal age (years)b 31.1 (4.2) 30.6 (4.1) 29.8 (4.2) 29.1 (4.5) <0.001∯ 

  Nulliparous 336 (43.6) 339 (48.8) 339 (46.9) 347 (51.5) 0.024 
  Multiparous 434 (56.4) 356 (51.2) 384 (53.1) 327 (48.5) 
Alcohol intake during 
pregnancy 

     

  No  292 (37.5) 269 (38.0) 287 (39.0) 278 (38.2) 0.939 
  Yes 487 (62.5) 439 (62.0) 448 (61.0) 449 (61.8) 
Educational level (years)      
  ≤12 277 (35.7) 294 (41.4) 326 (44.2) 405 (56.0) <0.001 
  >12 498 (64.3) 416 (58.6) 412 (55.8) 318 (44.0) 
Annual household income 
(millions of Yen) 

     

  <5 390 (59.4) 378 (61.2) 427 (67.7) 420 (70.4) <0.001 
  ≥5 267 (40.6) 240 (38.8) 204 (32.3) 177 (29.6) 
Number of cigarettes 
smoked by partner per day 

     

  0 565 (72.5) 385 (54.1) 308 (41.6) 203 (27.8) <0.001 

  1 – 9 119 (15.3) 188 (26.4) 216 (29.2) 257 (35.3) 
  10 –19  90 (11.6) 122 (17.1) 179 (24.2) 227 (31.1) 
  ≥20   5 (0.6)  17 (2.4)  37 (5.0)  42 (5.8) 

Q1 aChi square test, ANOVA  ∯Kruskal Wallis test   
     bMean (SD) 
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Table 3. Association of cotinine concentrations in maternal plasma with infant birth size (N = 2972)  
 Birth weight (g) 

 
β (95%CI                     p value 

Birth length (cm) 
 
β (95%CI              p value 

Head circumference (cm) 
 
β (95%CI                 p value 

All infants (N = 2972) 
SHS exposure 

   

   <0.16ng/mL Reference Reference Reference 

   0.16 – 0.33ng/mL -23.7 (-61.5, 14.1)       0.797 
 

-0.1 (-0.5, 0.2)        0.542  -0.3 (-0.7, 0.1)        0.145 

   0.34 – 0.80ng/mL 
    
   >0.80ng/mL 

-32.6 (-70.4, 5.7)         0.154 
 
-61.4 (-100.5, -22.3)    0.002 

-0.2 (-0.5, 0.2)        0.353 
 
-0.6 (-1.9, -0.2)       0.002 

-0.3 (-0.6, 0.1)        0.198 
 
-0.6 (-1.0, -0.1)       0.007 

 
Male infants (n = 1436) 

   

SHS exposure 
<0.16ng/mL 

 
Reference 

 
Reference 

 
Reference 

   
 0.16 – 0.33ng/mL 

 
-7.0 (-59.9, 46.0)         0.797 

 
-0.2 (-0.6, 0.2)        0.352 
 

 
-0.6 (-1.1, -0.1)       0.011 

  0.34 – 0.80ng/mL 
    
   >0.80ng/mL 

-38.6 (-91.7, 14.4)       0.154 
 
-70.0 (-124.9, -15.2)    0.012 

-0.3 (-0.7, 0.1)        0.166 
 
-0.4 (-0.9, 0.1)        0.093 
 

-0.4 (-0.9, 0.1)        0.121 
 
-0.5 (-1.0, -0.03)     0.037 

 
Female infants (n = 1536) 
SHS exposure 

   

  <0.16ng/mL Reference Reference Reference 

   0.16 – 0.33ng/mL -35.2 (-88.6, 18.2)       0.191 -0.04 (-0.6, 0.5)      0.925 -0.02 (-0.6, 0.6)      0.962 

   0.34 – 0.80ng/mL 
    
   >0.80ng/mL 

-27.7 (-81.2, 25.9)       0.331 
 
-50.1 (-105.9, 5.7)       0.092 

-0.1 (-0.6, 0.5)        0.840 
 
-0.8 (-1.3, -0.2)       0.011 

-0.1 (-0.8, 0.5)        0.654 
 
-0.6 (-1.2, 0.04)      0.079 

CI, confidence interval 
β: Change in birth weight after adjusting for maternal age, height, pre-pregnancy maternal weight, educational level, annual 
household income, parity, infant gender and gestational age. 
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                       Figure 1: Fetal growth parameters and SHS exposure levels 
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