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ABSTRACT 

Background and aim: There is a paucity of evidence about whether exposure to antenatal 

smoking impacts on offspring’s lung function in early adulthood. This study aimed to examine 

whether 1) in utero exposure to maternal smoking is related to poorer respiratory functioning 

in early adulthood; 2) the impact of prenatal smoking is independent of postnatal maternal 

smoking; and 3) the link between prenatal smoking and young adult’s lung function is explained 

by the child’s birthweight, smoking or history of asthma. 

Methods: Data were from a 21-year follow-up of mothers and their children recruited into the 

Mater-University of Queensland Study of Pregnancy, a longitudinal pre-birth cohort. The study 

is based on 2409 young adults (1185 males and 1224 females) who had prospective data 

available on respiratory function at 21 years and maternal smoking during and after pregnancy. 

A Spirobank G spirometer system was used to measure forced vital capacity (FVC), forced 

expiratory volume in first second (FEV1)and forced expiratory flow between 25% and 75% of 

forced vital capacity (FEF25-75). 

Results: In utero exposure to maternal smoking was associated with a reduction in FEV1 and 

FEF25-75 in males (regression coefficient = -0.16, 95% confidence interval: -0.30, -0.02), after 

accounting for maternal smoking after pregnancy. At least part of the effect of in utero smoking 

on young adult’s lung function was explained by child birth weight and subsequent asthma. 

Conclusions: Adverse affect of antenatal smoking on development of airway growth may 

persist into early adulthood. Gender differences noted in this longitudinal cohort needs to be 

further explored. 

Key words: respiratory, pregnancy, smoking, young adult 
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It has long been established that maternal
 
smoking during pregnancy has adverse 

consequences for both mother and the child.[1, 2] Findings of studies which have examined the 

association between maternal smoking and offspring outcomes indicate that exposure to 

prenatal and/or postnatal smoking is linked to a reduced level of pulmonary function [3-6], an 

increased risk of asthma [7-9] and respiratory infection. [10] There is also evidence that 

exposure to prenatal smoking continues to impact on offspring’s respiratory function in later 

childhood.[11-18] Part of deficit in lung function seems to be related to asthma status in 

children.[19] However, there is less known about whether the impact of maternal smoking 

during pregnancy continues into the offspring’s early adulthood. 

The effects of pre- and postnatal tobacco smoke exposure can be difficult to distinguish 

since mothers who smoke during pregnancy invariably continue to do so thereafter .[4] Large 

prospective birth cohort studies are needed to examine the effect of prenatal and postnatal 

smoking independently. Moreover, some studies suggest that in utero exposure to smoking 

increases the risk of negative pregnancy outcomes, such as low birth weight and premature 

birth, [20] development of asthma in children [9] and child smoking in early adolescence.[21] 

Other research has found these factors associated with lung function in adulthood.[22-24]  

Therefore, it seems plausible that these child factors may mediate the association between 

maternal smoking and child respiratory function.  

Notwithstanding the strong evidence that in utero exposure to maternal tobacco smoking 

results in deficits of child lung function measured soon after birth, there is uncertainty about 

whether this effect persists to early adulthood or whether there may be a period of catch-up 

growth.  In addition to this, there is a need to examine potential mechanisms that may explain 

the association between prenatal smoking and young adult’s lung function. The present study 

aims to examine whether 1) in utero exposure to maternal smoking is related to lower 

respiratory functions in early adulthood; 2) the impact of prenatal smoking is independent of 

postnatal maternal smoking; and 3) the link between prenatal smoking and young adult’s lung 

function is explained by the child birthweight, smoking or history of asthma. As gender has 

been proposed to influence the impact of maternal smoking on child lung function,[5, 13] our 

analyses are conducted separately for males and females. 

METHODS 

Subjects  

Data for this paper are derived from the Mater-University of Queensland Study of 

Pregnancy (MUSP) and its outcomes. Details of this project have been previously reported.[25, 

26] Briefly, commencing in 1981, 8556 consecutive women in early pregnancy were invited to 

participate in the study. Some 8458 agreed to participate and 7223 gave birth to a live singleton 

baby at the study hospital. Mothers and children were subsequently followed up at 3-5 days, 6 

months, and 5, 14 and 21 years after the child’s birth. At the 21-year follow-up, 5185 young 

adults (of the cohort of singleton babies) whose mothers had previously (at the 14 year follow-

up) agreed to be contacted again were sent a questionnaire. Almost 3700 completed the 

questionnaire, of whom a sub-sample of 2612 young adults (average 21 years) were 

administered a physical assessment including lung function tests. Persons living outside 
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Brisbane or who were unable to make an appointment for a face to face interview completed a 

mailed questionnaire and did not do the physical assessment. Informed consent was 

appropriately obtained from all participants.  

Measurements 

Lung function tests 

Pulmonary function testing was performed at the 21-year follow-up using a Spirobank G 

spirometer system attached to a laptop computer. Qualified and trained interviewers familiar 

with the instrument were employed to perform spirometric tests, in accordance with American 

Thoracic Society (ATS) guidelines.[27] A minimum of three trials and maximum of five were 

attempted. If testing was unsatisfactory for any reason, the reason(s) were noted on the record 

sheets. For the purpose of this study forced vital capacity (FVC), forced expiratory volume in 

first second (FEV1), and forced expiratory flow, midexpiratory phase (FEF25-75) were considered 

as outcomes of interest. 

Maternal smoking 

At each follow-up of the MUSP the mothers were asked to indicate the number of cigarettes 

they smoked per day during the last week. Options for this question were structured as none, 

1-9, 10-19, 20-29, 30-49, and 50 or more cigarettes per day. Using the mothers’ responses at 

each phase, they were divided into two categories: non-smoker and smoker. For the purpose of 

this study self-reported maternal smoking is used at first clinic visit (average 18 weeks 

pregnancy), and when the child was 6 months, 5 and 14 years. Using information about 

maternal smoking at the first clinic visit and at child age 6 months, 5 and 14 years, we created a 

composite variable that included three categories: did not smoke during or after pregnancy, 

smoked at other times but not during pregnancy, and smoked during pregnancy regardless of 

other times. 

Other variables 

The age of the mothers was assessed at entry to the study (mothers were divided into three 

categories, below 20 years, 20 – 34 years and 35 years or older. The level of a mother’s 

education was assessed at entry to study (they were divided into three groups: incomplete high 

school, completed high school, and tertiary education). The child’s birth weight was measured 

in grams at the hospital (children were divided into three categories, below 2500 grams, 2500 – 

3999 grams and 4000 grams or more). The extent of smoking by children at 14 years was 

assessed via self-report. Based on their responses we divided participants into two categories: 

non-smokers and smokers. A self-reported history of asthma was recorded at the 21-year 

follow-up. The participants were also asked about taking asthma medication in the last two 

weeks or having ever been admitted to hospital because of an asthma attack. 

Statistics  

For this analysis, we included 2409 young adults who underwent spirometry at 21 years and 

for whom data were available about maternal smoking during and after pregnancy. The 

outcome variables were: FVC, FEV1 and FEF25-75. Exposure variables were maternal smoking 
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during pregnancy and at child age 6 months, 5 and 14 years. Child birth weight, child smoking at 

14 years and history of child asthma were associated with both maternal smoking during 

pregnancy and young adult’s respiratory function and, therefore, were considered as potential 

mediating factors between prenatal smoking and child’s lung function at 21 years. The analyses 

were conducted separately for males and females. 

We primarily used chi-square tests to examine the association between baseline 

characteristics of the participants and loss to follow-up at 21 years. Univariate and multivariate 

linear regression models were used to predict the three spirometry tests according to maternal 

smoking at first clinic visit, 6 months, 5 years and 14 years.  Subsequently, we used univariate 

linear regression to examine the association between child respiratory function and exposure 

to maternal smoking during and after pregnancy. The analyses involved both exact value and z-

score (adjusted internally for participant’s age and height within the cohort measured at the 

21-year follow-up) of the three spirometry tests. Children not exposed to maternal smoking 

during and after pregnancy were considered the referent group. We then used three separate 

multivariate regression models to adjust the association between maternal smoking and young 

adult’s lung function for the mediating variables (child’s birth weight, child smoking and history 

of asthma) existing in the dataset. The results reported are the estimate differences in lung 

function (in litre) for exposed children relative to unexposed children. The associations were 

considered statistically significant if p <.05. All analyses were conducted using STATA v.10 and 

SPSS v.15. 

RESULTS 

Descriptive findings 

2612 young adults (49.2% males and 50.8% females) underwent lung function tests at the 

21-year follow-up. Nonparticipation at the 21-year follow-up was significantly related to the 

child gender, mother’s socio-demographic background when the child was born, and smoking 

during pregnancy (see Table 1). Participants had mean age of 20.4 years (ranged between 18.2 

and 23.1 years). Mean (SD) of the lung function tests for males were FVC = 5.39 (.81) litres, FEV1 

= 4.55 (0.66) litres and FEF25-75 = 4.78 (1.13) litre per second. Spirometry tests for females were 

FVC = 3.84 (.58) litres, FEV1 = 3.34 (0.45) litres and FEF25-75 = 3.77 (.86) litres per second. The 

mean differences between males and females were statistically significant (P < .001). Of 

participants who were administered spirometry tests, 2409 had data available on maternal 

smoking during and after pregnancy. Some 38.5% of mothers reported smoking at their first 

clinic visit, 43.4% smoked at child age 6 months, 36.8% smoked at child age 5 years and 31.4% 

smoked at child age 14 years. Overall, 49.1% of mothers reported they did not smoke at all. 

Another 12.6% reported smoking after the birth but not in pregnancy, and 38.3% of mother 

smoked during pregnancy regardless of whether they smoked postnatally (only 18 women 

reported smoking during but not after pregnancy). 

Maternal smoking and young adult lung function  

Table 2 and 3 show findings of the association between maternal smoking at four phases of 

the study and measures of young adult’s lung function at 21 years, for males and females 

respectively. For males only, maternal smoking during the pregnancy or at 6 months and 14 
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years of the child’s age was associated with poorer respiratory function tests at 21 years. There 

was a statistically significant reduction in FEF25-75 and FEV1 of the children whose mother had 

smoked in pregnancy. In addition, mothers who smoked cigarettes at 6 months or 14 years of 

the child’s age were more likely to their children having impaired FEF25-75 at 21 years. However, 

multivariate regression analyses showed a significant association between only maternal 

smoking during pregnancy and young adults’ FEF25-75. Unlike males, maternal smoking during or 

after pregnancy was not associated with reduced respiratory function for females. 

Using the three-category composite variable, we examined the relationship between 

exposure to passive smoking (during and after pregnancy) and respiratory function at child age 

21 (Table 4). Male participants who have been exposed to maternal smoking during pregnancy 

had statistically significant reduction in FEF25-75 and FEV1 compared with those of non-smoking 

mothers or those who were exposed to maternal smoking after not during pregnancy. The 

respiratory function tests in children of mothers who smoked at 6 months, 5 years or 14 years 

(but not during pregnancy) were not statistically different from those of non-smoking mothers. 

For females, none of the measures of respiratory function at 21 years were related to maternal 

smoking during or after pregnancy. 

Impact of mediating factors 

Children whose mothers smoked cigarettes in pregnancy were more likely to have had low 

birthweight (< 2500 grams) relative to non-smoking mothers (5.9% vs. 3.2%) (p value <.001), to 

report tobacco smoking at 14 years and to report a history of asthma at 21 years compared 

with other children. These three variables were considered potential mediating factors for the 

impact of maternal smoking on child’s lung function. Table 5 shows the association between 

maternal smoking and respiratory function at 21 years (males only) controlled for the child’s 

birth weight, child smoking assessed at 14 years and history of asthma assessed at 21 years. The 

three variables were controlled in separate regression models. Adjustment for child birth 

weight led the association between maternal smoking during pregnancy and FEF25-75 to become 

statistically non-significant. Inclusion of child smoking at 14 years in the regression model did 

not materially change the association between maternal smoking during pregnancy and child’s 

respiratory function at 21 years. When the association was corrected for asthma, there was no 

longer a statistically significant association between maternal smoking during pregnancy and 

child’s FEF25-75 or FEV1 at 21 year. 

Sensitivity analysis 

  In our cohort there were only 18 women who quit smoking after pregnancy. Due to this 

very small number, we were not able to examine the impact of gestational smoking on lung 

function independent of smoking at other times. However, in a complementary analysis, we 

excluded those 18 people and repeated the analysis. The findings were not different from those 

presented in Table 4. In a study of 12743 children Taylor and Wadsworth [10] found that 

maternal smoking during pregnancy and continuous smoking during and after pregnancy had 

comparable impact on children’s lower respiratory tract in the first five years. In our cohort 

there were 75 women who smoked cigarettes before pregnancy but became non-smoker since 

pregnancy. Our additional analysis showed that maternal ex-smoking (before pregnancy but not 

other times) had no statistically significant impact on young adults’ lung function.  In addition, 
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at the 21-year follow-up, 251 participants reported previous admission to hospital because of 

asthma. Consistent with the data presented in Table 5 the association of maternal smoking 

during pregnancy and lung function when this group was excluded from the analysis was not 

statistically significant.  

DISCUSSION 

This is the first study to examine the effects of maternal smoking during pregnancy on 

offspring’s lung function in early adulthood. The results of this study show that in utero 

exposure to maternal smoking is associated with a modest reduction in small airway flow rates 

in males, though not females, after accounting for maternal smoking after pregnancy. Although 

postnatal smoking was also associated with lower small airway flows, the deficits were 

substantially reduced when adjusted for in utero exposure. Indeed exposure to maternal 

smoking between 6 months and 14 years, independent of prenatal smoking, did not predict 

lower lung function at 21 years. The finding of this study did not show evidence that FVC is 

adversely affected by either in utero or postnatal exposure to maternal smoking. This 

discordance between the FVC and the FEV1, FEF25-75 raises the possibility of catch-up growth 

occurring in terms of the vital capacity. As anticipated, the data also suggested that at least part 

of the effect of in utero smoking is explained by child’s birth weight and subsequent asthma. 

A considerable body of evidence supports the plausibility that in utero exposure can 

produce persistent deficits in childhood lung function.[5, 11, 13, 15, 17, 28, 29] Recent studies 

of lung function in neonates and infants of mothers who smoked during pregnancy have shown 

that in utero exposure is associated with reduced lung function in the perinatal period.[15, 28] 

The deficits observed at birth appear to persist into childhood and adolescence, especially in 

measures associated with small airway flow rates.[11, 13, 29] Relative to prenatal exposure to 

maternal smoking, there is no clear evidence that postnatal exposure to maternal smoking has 

an independent effect on the child’s lung function. Our data support the previous findings that 

exposure to prenatal smoking is associated with lower lung function in childhood and 

adolescence. However, it does not suggest that independent exposure to postnatal maternal 

smoking impacts lung function in early adulthood. 

Our findings are in agreement with previous research which has found a non-significant or 

weaker association for maternal smoking in girls.[5, 13] This effect appears to persist, though 

abate, into adulthood as shown by the respiratory function at 21 years for the male offspring. 

The present study indicates that the modest impact of smoking in pregnancy on adulthood lung 

function is limited to male offspring. The reasons for this gender difference are still not fully 

understood.  One possibility is that the growth of lungs might have independent pathways, 

which respond differently to effects of smoking. As an addition to the current literature, this 

study suggests that child birthweight mediates at least part of the association between prenatal 

smoking and lung function. Previous research indicated that in utero exposure to smoking has a 

stronger effect on lung function in children with asthma.[19] Our data did not find evidence of 

an effect of exposure to in utero smoking on lung function amongst individuals without a 

history of asthma.  

The present study relied on self-reports of maternal smoking in pregnancy and during child 

development, adolescent smoking and young adult history of asthma. There is a possibility that 
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mothers under-report their smoking in pregnancy. Such potential misclassification might have 

led to underestimation of the impact of maternal smoking on the child’s lung function. A 

possibility of under-report smoking by adolescents at 14 years may have led to non-significant 

effect of this potential mediating factor in the association of maternal smoking and young 

adults’ lung function. Additionally, self-reported history of asthma is subject to non-differential 

misclassification that could have biased the association towards the null value. A second 

limitation is that in the MUSP we did not measure paternal smoking during child development. 

While this may affect the child respiratory function due to postnatal exposure to smoking, a 

review of studies that compared the effects of maternal and paternal smoking reports the 

effect of maternal smoking to be greater than that of paternal smoking (often reported to be 

zero).[5] 

Another limitation is the sizeable reduction in the sample between the assessment of 

maternal smoking at first antennal visit and the 21-year follow-up. Of the 5950 subjects for 

whom we collected information related to maternal smoking between pregnancy and 14 year 

follow-up, only 40.5 percent underwent spirometry tests as young adults. Over 21 years follow-

up, mothers who smoked at any phases of the study their children were more likely to drop out 

of the study by the 21-year follow-up (p value <.01). Drop-out in the study may influence our 

results in two different ways. If the association between maternal smoking and young adult 

lung function in those lost to follow-up was higher than in the study group, our findings would 

underestimate the true association. There is a threat to the validity of our findings if the 

association we have observed is not evident or is in the opposite direction among those lost to 

follow-up. Given the likely causal pathways and the positive association reported by other 

authors, over-estimating the relationship is unlikely. 

The exposure to in utero smoking, regardless of maternal smoking postnatally, has a 

significant, though modest, effect on lung function in the offspring, specifically males.  This 

association is mediated by the child’s birthweight and history of asthma. The data presented in 

our study suggest clinical and public health implications. Reducing the burden of chronic 

respiratory diseases associated with tobacco smoke may also require the reduction of smoking 

among women during their childbearing years, and in particular during pregnancy. 
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Table 1: Loss to follow-up at 21 year according to mother and child characteristics 

   Remaining at the 21-year follow-up 

N (Row %) 

Chid gender N  self report physical assessment 

  Male 3757  1784 (47.5) 1293 (34.4) 

  Female 3465  1964 (56.7)* 1319 (38.1)** 

Mother’s age at pregnancy     

  < 20 years 1181  491 (41.6) 358 (30.3) 

  20 – 34 years 5722  3083 (53.9) 2128 (37.2) 

  35+ years 319  174 (54.6)* 126 (39.5)* 

Mother’s education at pregnancy     

  Incomplete high school 1305  742 (59.1) 514 (36.2) 

  Complete high school 4608  2390 (51.9) 1665 (36.1) 

  Tertiary education 1256  591 (45.3)* 416 (40.9)* 

Maternal smoking during pregnancy     

  No 4394  2442 (55.6) 1665 (37.9) 

  Yes 2757  1269 (46.0)* 922 (33.4)* 

Note: * p <.001; ** p <.01
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Table 2: Association between maternal smoking during and after pregnancy and child lung function at 21 years (males only) 

  Lung function tests 

  FVC (litre) FEV1 (litre) FEF25-75 (litre/second) 

Maternal smoking  Univariate Multivariate Univariate Multivariate Univariate Multivariate 

First clinic visit   -0.003 (.05) -0.155 (.09) -0.062 (.04) -0.153 (.08)
 **

 -0.188 (.07)
*
 -0.262 (.13)

 **
 

6 months   0.026 (.05) 0.157 (.10) -0.029 (.04) 0.063 (.08) -0.144 (.07)
**

 -0.071 (.13) 

5 years   0.011 (.05) 0.005 (.09) -0.009 (.04) 0.078 (.07) -0.042 (.07) 0.269 (.12) 

14 years  0.008 (.05) -0.022 (.08) -0.043 (.04) -0.054 (.06) -0.144 (.07)
**

 -0.125 (.11) 

Note: values are regression coefficient (standard error); FVC forced vital capacity; FEV1 forced expiratory volume in first second; 

FEF25-75 forced expiratory flow between 25% and 75%; significance level: 
*
 p value <.01; 

**
 p value <.05 
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Table 3: Association between maternal smoking during and after pregnancy and child lung function at 21 years (females only) 

  Lung function tests 

  FVC (litre) FEV1 (litre) FEF25-75 (litre/second) 

Maternal smoking  Univariate Multivariate Univariate Multivariate Univariate Multivariate 

First clinic visit   -0.013 (.03) -0.024 (.07) -0.023 (.03) -0.037 (.05) -0.066 (.05) -0.076 (.10) 

6 months   -0.002 (.03) 0.028 (.06) -0.007 (.03) 0.042 (.05) -0.057 (.05) 0.016 (.10) 

5 years   -0.023 (.04) -0.026 (.06) -0.022 (.03) -0.004 (.05) -0.029 (.05) 0.058 (.10) 

14 years  0.001 (.04) 0.022 (.06) -0.023 (.03) -0.021 (.05) -0.066 (.05) -0.077 (.09) 

Note: values are regression coefficient (standard error); FVC forced vital capacity; FEV1 forced expiratory volume in first second; 

FEF25-75 forced expiratory flow between 25% and 75%; significance level: 
*
 p value <.01; 

**
 p value <.05 
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Table 4: Association between exposure to maternal smoking during and after pregnancy and child lung function at 21 years by 

gender 

 Males 

(n = 1185) 

Females 

(n = 1224) 

Lung function tests Never 

smoked  

Smoked 

after 

Smoked 

during ± after 

Never 

smoked  

Smoked 

after 

Smoked 

during ± after 

FVC (litre) 

Z score   

Ref 

Ref 

0.06 (.08) 

-0.05 (.09) 

0.02 (.05) 

0.12 (.06) 

Ref 

Ref 

0.07 (.05) 

0.14 (.08) 

0.01 (.04) 

0.05 (.06) 

FEV1 (litre) 

Z score 

Ref 

Ref 

0.06 (.06) 

0.11 (.09) 

-0.04 (.04) 

-0.17 (.06)
*
 

Ref 

Ref 

0.06 (.04) 

-0.05 (.09) 

-0.01 (.03) 

-0.05 (.06) 

FEF25-75 (litre/second) 

Z score 

Ref 

Ref 

0.10 (.11) 

0.06 (.09) 

-0.16 (.07)
**

 

-0.10 (.06) 

Ref 

Ref 

0.01 (.08) 

0.009 (.08) 

-0.06 (.05) 

-0.03 (.06) 

Note: reference group is children whose mothers never smoked; values are regression coefficient (standard error); FVC forced vital 

capacity; FEV1 forced expiratory volume in first second; FEF25-75 forced expiratory flow between 25% and 75%; significance level: 
*
p 

<.01; 
**

p <.05 
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Table 5: Association between exposure to maternal smoking during and after pregnancy and 

child lung function at 21 years in males adjusted for mediating factors 

 

Maternal smoking during and after pregnancy 

 FVC 

(litre) 

FEV1 

(litre) 

FEF25-75 

(litre/second) 

Adjusted for birthweight  

   Never smoked  Ref Ref Ref 

   Smoked after pregnancy  0.04 (.08) 0.06 (.06) 0.11 (.10) 

   Smoked during ± after pregnancy  0.07 (.05) 0.001 (.04) -0.11 (.07) 

Adjusted for child smoking at 14 years  

   Never smoked  Ref Ref Ref 

   Smoked after pregnancy  0.07 (.08) 0.07 (.06) 0.12 (.11) 

   Smoked during ± after pregnancy  0.02 (.05) -0.04 (.04) -0.15 (.07)
*
 

Adjusted for history of asthma assessed at 21 years  

   Never smoked  Ref Ref Ref 

   Smoked after pregnancy  0.06 (.08) 0.07 (.06) 0.12 (.10) 

   Smoked during ± after pregnancy   0.03 (.05) -0.02 (.04) -0.11 (.07) 

Note: reference group is children whose mothers never smoked; values are regression 

coefficient (standard error); FVC forced vital capacity; FEV1 forced expiratory volume in first 

second; FEF25-75 forced expiratory flow between 25% and 75%; significance level: 
*
 p value <.05 
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