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Abstract 

Background:  Maternal smoking during the third trimester reduces birthweight of full-term 

neonate.  We assessed the relationship between the timing of exposure to maternal smoking, 

gestational period, and weight and body length for both full-term and preterm neonates. 

Methods:  A retrospective study with a questionnaire was conducted in 1,194 infants who 

participated in the official medical examination for 3-years-old infants. 

Results:  The risk of preterm birth from mother who smoked during any trimesters was 

significantly increased. The body length of neonates whose mothers smoked during the third 

trimester was shorter than that of neonates whose mothers did not smoked during the third trimester. 

The weight of full-term neonates whose mothers smoked during the third trimester was lighter than 

that of neonates whose mothers did not smoked during the third trimester. 

Conclusions:  Maternal smoking during any trimesters increased the risk of preterm birth. 

Maternal smoking during the third trimester reduced the body length of both full-term and preterm 

neonates, and the birthweight of the full-term neonate in a somewhat dose dependent manner. 

Keywords:  fetal growth, maternal smoking, trimester. 
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Introduction 

 Low birthweight is a major public health problem in both developed and developing 

countries. There are two categories, one is intrauterine growth retardation, and the other is preterm 

birth occurring before the 37th week of pregnancy1. In developed countries, maternal cigarette 

smoking during pregnancy is a primary known risk factor for both intrauterine growth retardation 

and preterm birth1. It was clarified that maternal smoking during the third trimester reduced 

birthweight of full-term neonate2-5.  

 We assessed the relationship between the timing of exposure to maternal smoking and 

gestational period. The relationship between the timing of maternal smoking, and weight and body 

length for both full-term and preterm neonates was also assessed. 
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Methods 

The subjects were the infants who participated in the official medical 

examinations for 3-years-old infants, which were provided by municipal health service 

sections, from 1994 to 1997 at 4 rural towns (Bekkai, Nakashibetsu, Shibetsu and 

Rausu) in Hokkaido, Japan. We mailed questionnaires containing questions for the 

1,720 mothers in the study (age, educational background, smoking and drinking habits 

during pregnancy) who had 3-years-old infants. Of 1,632 participants, 1,589 

questionnaires were collected at the medical examination settings. Thirty-four infants 

whose mothers drank more than twice a month during pregnancy were excluded in the 

analysis. We analysed 1,194 singleton infants without malformation whose mothers 

replied smoking habits during pregnancy. No pregnant case of addiction to illicit drugs 

was reported in this area. Weight and body length of neonate and gestational period 

were obtained from medical and health records written by obstetricians and 

paediatricians in the Maternal and Child Handbooks which were supplied at the 

registration of pregnancy by municipal authorities. 

 Mothers were categorised into one of five groups according to their smoking habits by 

trimester: 
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1. Non-smokers: mothers who never smoked and those who stopped smoking prior to 

pregnancy were combined. 

2. Smoked during the first trimester of pregnancy only. 

3. Smoked during the first and second trimesters of pregnancy only. 

4. Smoked during the first and third trimesters, the second and third trimesters or the 

third trimester of pregnancy only. 

5. Smoked throughout pregnancy. 

Mothers were re-categorised into one of five groups according to their smoking habits during the 

third trimester following Lieberman et al2. 

1. Non-smokers: mothers who never smoked and those who stopped smoking prior to 

pregnancy were combined. 

2. Smoked during the first and/or second trimester only: mothers who smoked during 

the first trimester only, the second trimester only or the first and second trimesters 

only (during the third trimester, they stopped smoking.). 

3. Smoked during the third trimester: one to five cigarettes a day, mothers who might 

also smoke during the first and/or second trimesters. 

4. Smoked during the third trimester: six to ten cigarettes a day. 
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5. Smoked during the third trimester: over 11 cigarettes a day. 

The risk of preterm birth according to smoking category was determined to assess the 

relationship between the timing of exposure to maternal smoking and gestational period. We also 

calculated sex-specific standard scores (Z-scores) for weight and body length of neonates for their 

gestational age, using the growth curve supplied by the Joint Committee of the Japan Paediatric 

Society and the Japan Society of Obstetrics and Gynaecology for neonate-related terms6. To assess 

the relationship between the timing of exposure to maternal smoking or the smoking habits during 

the third trimester, and weight and body length of neonates, Z-scores for weight and body length 

according to smoking categories were compared using one-way analysis of variance followed by 

two-tailed Bonferroni/Dunn’s technique. Neonates were not categorised as being small for dates or 

appropriate for dates, because the criteria for small for dates was on debate7. 
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Results 

 Young mothers in their twenties showed the highest smoking prevalence. Part-time 

working mothers were more likely to smoke. Low educational background was associated with a 

high prevalence of smoking (Table 1). Proportion of preterm birth, and Z scores for weight and 

body length of neonates were not statistically different among mothers according to their 

demographic characteristics. 

 Within the study population, 68 (5.7%) mothers gave birth to preterm babies. Except for 

the “smoked first and second trimester only” group which had no preterm birth, the risk of preterm 

birth from the mother who smoked during any trimesters, even during the first trimester only, was 

significantly increased (Table 2). 

 The Z-scores for weight of neonates whose mothers smoked during the first and second 

trimester only, and smoked throughout pregnancy were less than those of neonates whose mothers 

never smoked and smoked during the first trimester only. The Z-score for body length of neonate 

whose mother smoked throughout pregnancy was less than those of neonates whose mothers never 

smoked and smoked during the first trimester only (Table 3). 

 Given that smoking during the third trimester seems to reduce weight and body length of 

neonates, the next step was to examine the influence of amount smoked during the third trimester 
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on full-term and preterm neonates. We re-categorised mothers into one of five groups, according to 

their smoking habits during the third trimester mentioned above. Heavier smokers during the third 

trimester gave birth to lighter neonates in a somewhat dose dependent manner with full-term births. 

With preterm births, difference of Z scores for weight among categories was not statistically 

significant. Heavy smoking, classified as more than six cigarettes a day, during the third trimester 

reduced the body length of both full-term and preterm neonates (Fig. 1). A decrease in Z-score for 

body length with neonates whose mothers smoked over 11 cigarettes a day during third trimester 

was not statistically significant. 
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Discussion 

 Our analysis demonstrated that maternal smoking during the third trimester reduced body 

length of both full-term and preterm neonates and birthweight of full-term neonate, in a somewhat 

dose-dependent manner. Because no difference in weight and body length of neonate among 

maternal demographic characteristics, such as age, education and occupation, was demonstrated in 

our analysis, smoking habits during the third trimester were suggested to be primary factor to 

reduce weight and body length of neonates. It might be due to a small sample size that a reduction 

in birthweight with preterm neonates associated with maternal smoking during the third trimester 

and that in body length with neonates whose mothers smoked over 11 cigarettes a day during the 

third trimester were not illustrated statistically. A study with lager sample size is needed to 

demonstrate the reduction in birthweight associated with maternal smoking with preterm neonate 

statistically. 

 A reduction in weight associated with maternal smoking during the third trimester was 

illustrated in previous studies2-5. Furthermore, our analysis also demonstrated reduction in body 

length of both full-term and preterm neonates. Taken together with results of the previous studies, it 

was suggested that the effect of cigarette smoking on intrauterine growth retardation, that is, 

reduction in body length as well as birthweight, occurred during the third trimester of pregnancy.  
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Because maternal smoking during pregnancy is a primary factor accounting for over one-third of all 

intrauterine growth retardation cases in developed countries1, an educational approach for pregnant 

women to stop smoking before the third trimester might reduce intrauterine growth retardation and 

related morbidity considerably. 

Maternal smoking during pregnancy is a primary factor accounting for nearly 15% of all 

preterm birth1. In our analysis, no difference in the risk of preterm birth among maternal 

demographic characteristics was demonstrated, but maternal smoking during pregnancy, even in 

any trimesters, increased the risk. Smoking cessation during pregnancy would not prevent preterm 

birth and low weight and short body length subsequent to short gestational period, even if it might 

be at early stage in pregnancy. Prevention to start smoking or smoking cessation prior to pregnancy 

is the best way to reduce the adverse consequence of preterm birth associated with exposure to 

maternal smoking. 

Preterm birth and low birthweight predispose infant to respiratory illness, 

neuro-developmental disorders and later suboptimal health8,9. Furthermore, low weight and short 

body length of neonate hypothesised to be relevant to cardiovascular disease and non-insulin 

dependent diabetes in adult life10. In Japan, however, prevalence of young female smokers is 

increasing remarkably, although those in developed countries are decreasing11,12. In our analysis, 
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mothers in their twenties and those with low educational background showed the highest smoking 

prevalence. To reduce morbidity and mortality related to intrauterine growth retardation and 

preterm birth, and to offer long-term benefits to offspring, an effective approach to girls and young 

women to prevent smoking should be strengthened. 

 We must recognise some potential limitation of our study. First, because smoking history 

was obtained only from the mother of each infant, we cannot rule out some underreporting of 

smoking habits5. We did not perform measurements of cotinine13, a biological marker of smoking, 

because we were only interested in long-term exposure to tobacco smoke. Because, this area was 

presumed to be a highly prevalent area of smoking among young women, smoking habits in 

pregnant women was relatively common14. Therefor, few mothers in our study would have a 

feeling of psychological resistance toward inquiry about smoking habits during pregnancy. 

Secondly, the number of the mothers incorporated in the analysis was relatively small, especially 

the numbers of some groups categorised according to smoking habits. Because of not enough data, 

analysis among subgroups was not adjusted for maternal demographic characteristics. In regards to 

full-term neonates, the effect of maternal smoking during pregnancy on fetal growth has been 

well-documented in the world2-5 and also in Japan12,15. Until now, studies on preterm neonates have 

been published rarely. In spite of not enough data, our study suggests there is delayed fetal growth 
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of preterm neonates, same as that of the full-term neonates due to maternal smoking. We hope that 

further studies confirming our conclusion would be performed with statistically sufficient data. In 

spite of these limitations, we believe that our data give further support for health care providers to 

counsel girls and young women not to start smoking for their offspring as well as for their own 

health. 
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Figure legend 

Figure 1. Z scores for weight and body length of neonate according to their smoking habits during 

the third trimester. 

Closed circle in each box denotes the median. Limits of the box denote the 

25th and 75th percentiles, and the bars denote the 95% CI.  (n) on top of each box and 

bar denotes the number of the neonates. 

One-way analysis of variance followed by two-tailed Bonferroni/Dunn’s technique was 

used to compare with non-smoking mothers (*: P<0.05, **: P<0.01), mothers who smoked during 

the first trimester and/or second trimester only (††      : P<0.01) and mothers who smoked during the 

third trimester: 1-5 cigarettes a day (‡ : P<0.05). 
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Table 1. Percentages of smoker during pregnancy, percentages of preterm birth, Z scores for weight and length of neonate among mothers according to their demographic 

characteristics. 
 No. of 

mothers
%smoker  %preterms Z score for weight (g) Z score for length (cm)

  First 
trimester

Second 
trimester

Third 
trimester

  (95%CI) mean (95%CI) mean (95%CI) 

Age (years  old)              

 20-29 421 50.1 21.9 24.0 6.9 (4.7 to  9.7) 0.05 (-0.04 to 0.13) -0.39 (-0.50 to -0.28)

 30-39 729 34.7 13.7 14.5 5.2 (3.7 to  7.1) 0.05 (-0.01 to 0.12) -0.33 (-0.41 to -0.25)

 40- 36 30.6 16.7 19.4 8.3 (1.8 to 22.5) -0.03 (-0.30 to 0.23) -0.26 (-0.55 to -0.04)

Education           

 Junior high school 106 69.8 34.9 37.7 6.6 (2.7 to 13.1) 0.03 (-0.13 to 0.20) -0.47 (-0.69 to -0.24)

 Senior high school 702 40.2 17.2 18.2 5.4 (3.9 to  7.4) 0.07 ( 0.01 to 0.14) -0.34 (-0.42 to -0.25)

 Vocational school 190 45.8 12.1 15.8 7.4 (4.1 to 12.1) -0.06 (-0.18 to 0.07) -0.48 (-0.64 to -0.33)

 Junior college 131 16.0 7.6 6.9 5.3 (2.2 to 10.7) 0.14 (-0.01 to 0.29) -0.22 (-0.37 to -0.07)

 College/university and higher 40 10.0 5.0 5.0 7.5 (1.6 to 20.4) -0.01 (-0.26 to 0.24) -0.10 (-0.44 to 0.24)
Occupation           

 Self-employed 250 29.2 13.6 14.0 5.6 (3.1 to  9.2) -0.03 (-0.14 to 0.07) -0.45 (-0.58 to -0.32)

 Employed (full-time) 86 52.3 18.6 19.8 7.0 (2.6 to 14.6) -0.04 (-0.23 to 0.14) -0.45 (-0.64 to -0.26)

 Employed (part-time) 103 62.1 30.1 34.0 6.8 (2.8 to 13.5) 0.15 (-0.03 to 0.33) -0.29 (-0.52 to -0.07)

 Housewife 704 39.2 15.3 16.6 5.7 (4.1 to  7.7) 0.08 ( 0.02 to 0.15) -0.31 (-0.39 to -0.22)

Total number may differ for each demographic characteristic because of missing values. 
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Table 2. Risk of preterm birth according to maternal smoking by trimester. 

 
Smoking by trimester No. of mothers No. of 

preterm births 
Odd ratio ( 95%CI ) P Mean no. of 

cigarettes/day 
  
  Non-smoker 
 

 
716 

 
28 

 
1.0 

 
referent group 

  
0 

 
  Smoked first trimester only 
 

 
250 

 
20 

 
2.1 

 
(1.2 to 3.9) 

 
0.0167 

 
11.5 

 
  Smoked first and second trimesters only 
 

 
 14 

 
 0 

 
0.0 

 
(    -    ) 

 
- 

 
12.1 

  Smoked first and third trimesters,  
         second and third trimesters or 
         third trimester only 

 
 31 

 
 5 

 
4.7 

 
(1.7 to 13.2) 

 
0.0052 

 
 7.9 

 
  Smoked throughout 
 

 
183 

 
15 

 
2.2 

 
(1.1 to 4.2) 

 
0.0257 

 
10.2 

 

Estimates for mothers who smoked during the first trimester only and those who smoked during the first and second trimesters only were based on the number of 

cigarettes/day smoked during the first trimester. 

Estimates for mothers who smoked during the first and third trimesters, the second and third trimesters or the third trimester only, and those who smoked throughout 

pregnancy were based on the number of cigarettes/day smoked during the third trimester. 

P in the table show comparison of prevalence in preterm births among smoking mothers with it among non-smoking mothers, using chi--square test. 
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Table 3. Z scores for weight and body length of neonate according to maternal smoking by trimester. 

 
Smoking by trimester No. of mothers Z score for weight Z score for body length 

  mean ( 95%CI ) P1 P2 mean ( 95%CI ) P1 P2 

 
  Non-smoker 
 

 
716 

 
 0.11 

 
(0.05 to 0.18)

   
-0.30 

 
(-0.38 to -0.21)

  

 
  Smoked first trimester only 
 

 
250 

 
 0.07 

 
(-0.04 to 0.19)

 
 0.5280 

  
-0.33 

 
(-0.45 to -0.20)

 
 0.6890

 

 
  Smoked first and second trimesters only
 

 
 14 

 
-0.44 

 
(-1.02 to 0.15)

 
 0.0260 

 
 0.0435

 
-0.20 

 
(-0.80 to 0.33)

 
 0.8346

 
 0.7499

  Smoked first and third trimesters, 
          second and third trimesters 
          or third trimester only 

 
 31 

 
-0.08 

 
(-0.39 to 0.23)

 
 0.2527 

 
 0.3906

 
-0.31 

 
(-0.68 to 0.07)

 
 09576

 
 0.9191

 
  Smoked throughout 
 

 
183 

 
-0.19 

 
(-0.33 to -0.06)

 
<0.0001 

 
 0.0034

 
-0.63 

 
(-0.78 to -0.47)

 
 0.0003

 
 0.0056

 

One-way analysis of variance followed by two-tailed Bonferroni/Dunn’s technique was used to compare with non-smoking mothers (P1) and mothers who smoked during 

the first trimester only (P2). 

  



 

 

Non-smoker

Smoked during first and/or
second trimesters only

Smoked during third trimester:
1-5 cigarettes/day

Smoked during third trimester:
6-10 cigarettes/day

Smoked during third trimester:
over 11 cigarettes/day

-2.0

-1.5

-1.0

-0.5

0.0

0.5

-1.0

-0.5

0.0

0.5

1.0

9.67 

1.2

 
* 

-2.73 

**†† 
 **†† 

 
1.24 

 
 
**††‡ 

 -11.17 

*

Preterm Term 
Gestational period 

(28) 

(20) 

(6) 

(12)

(2) 

(688) (244)  (61) 

(83)  (50) 

 
(15)  (10) 

(4) 

(4) 

(1) 

(418)  (159)  (38)

(55)  (32) 
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