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Abstract 

Question: Does cigarette smoking in pregnancy explain the increased risk of adverse perinatal 

outcomes that occur with maternal asthma or does it compound the effect?  

Methods: Using population based birth records, a retrospective analysis was conducted of all 

singleton pregnancies in South Australia over ten years (1999-2008; n=172305), examining 

maternal asthma, cigarette smoking and quantity of smoking to estimate odds ratios.  

Results: Compared to non-asthmatic women who did not smoke during pregnancy, both 

asthmatic women who smoked and those who did not smoke during pregnancy had a 

significantly increased risk of gestational diabetes, antepartum haemorrhage, 

polyhydramnios, premature rupture of membranes, emergency Caesarean section, small for 

gestational age and congenital abnormalities. These associations suggest that asthma 

independently of maternal smoking increases the risk of these adverse perinatal outcomes. 

Maternal smoking was itself associated with an increased risk of a number of poor neonatal 

outcomes, with a dose-response relationship observed. Notably, maternal asthma combined 

with cigarette smoking significantly increased the risk of preterm birth and urinary tract 

infections to a greater degree than with either exposure alone.  

Answer: Maternal asthma and cigarette smoking during pregnancy are both independently 

associated with adverse perinatal outcomes and, combined, compound the risk of preterm 

birth and urinary tract infections. 
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Asthma is one of the most common chronic health conditions, with prevalence rates varying 

between countries from 1% to 18% (1, 2). Australia has one of the highest rates of asthma 

internationally with 12% of the population affected (3), and particularly high rates in certain 

subgroups, including women of reproductive age (4, 5). Asthma during pregnancy is 

associated with an increased risk of adverse maternal and neonatal outcomes, including pre-

eclampsia, gestational diabetes, perinatal mortality, preterm birth, growth inhibition and 

congenital malformations (6-11). These outcomes are most frequently observed with severe 

asthma, while mild and well-controlled asthma are often associated with no increase in risk 

(12, 13). Some studies additionally report differential outcomes with asthma dependent on 

fetal sex: Murphy and colleagues have reported female but not male fetal growth inhibition 

when no inhaled corticosteroid treatment was used during pregnancy, and male but not 

female growth inhibition in the presence of an asthma exacerbation (14). Further, Clark et al 

observed an increased frequency of small for gestational age male but not female infants to 

women with asthma relative to non-asthmatic women (15). Others however, report an 

absence of sex differences or adverse pregnancy outcomes associated with asthma (16-18).  

Active cigarette smoking and exposure to second hand smoke in pregnancy is independently 

associated with increased perinatal morbidity and mortality (19-23). Inconsistent findings 

relating to the impact of asthma in pregnancy might then be due to an inability to discriminate 

the effects of asthma from those of cigarette use, with cigarette smoking rates higher in 

asthmatic than non-asthmatic populations (3, 24). Further, previous studies have not 

adequately investigated whether maternal smoking acts solely as a confounder in this 

relationship or whether it has an added effect in combination with asthma. In addition to this, 

the dose-response relationship between asthma and quantity of cigarettes smoked during 

pregnancy has been poorly described, despite evidence suggesting quantity of cigarettes is a 

strong determinant of pregnancy outcomes (25). Therefore, the aim of this study was to 
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answer the question, does cigarette smoking in pregnancy explain the increased risk of 

adverse perinatal outcomes that occur with maternal asthma or does it compound the effect?  

 

MATERIALS AND METHODS 

The South Australian Pregnancy Outcome (Statistics) Unit collects information for every live 

birth and every still birth over 20 weeks gestation or 400g birth weight on a Supplementary 

Birth Record form according to the South Australian Health Commission (Pregnancy 

Outcome Statistics) Regulations 1999. Prior to this information being coded into a database, 

the information is cross checked with obstetric health records for accuracy. The information 

in the perinatal statistics collection has been previously validated and has been shown to be 

very reliable when compared with hospital case records (26). We extracted information 

relating to all births from 1 January 1999 to 31 December 2008 (N=183 798). Multiple births 

were the only exclusion criterion, due to the increased independent risk of adverse outcomes 

in these pregnancies (N=5769). The study was approved by the human research ethics 

committees of the South Australian Department of Health and the University of Adelaide. 

Women with asthma were identified using data routinely collected by the midwives on 

maternal illness during pregnancy. The midwives recorded the presence of asthma if women 

were on medication to prevent or treat asthma or had symptoms of asthma during the current 

pregnancy. No data are recorded on asthma severity of type of asthma medications used 

during pregnancy. Women are routinely asked about active smoking of tobacco cigarettes at 

their first antenatal visit and the number of cigarettes smoked per day after 20 weeks 

gestation. These data were used to classify women as smokers or non-smokers and further 

classify them according to quantity of cigarettes smoked each day in the second half of 
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pregnancy (0, 1-10, 11-20, or ≥21). Women who reported quitting during pregnancy were 

classified as smokers. 

Maternal age was converted into a categorical variable (<20 years, 20-24, 25-29, 30-34, and 

>35 years).  Parity was classified as 0, 1, 2 or ≥3. Maternal race was classified as Caucasian, 

Aboriginal/Torres Strait Islander, Asian or Other. Socioeconomic status for each woman was 

determined using her residential postcode at the time of delivery. Women were then ranked 

into one of five quintiles according to their level of advantage, or relative disadvantage, based 

on data from the Socio-Economic Indexes for Areas (SEIFA), calculated from the Australian 

Bureau of Statistics’ five-yearly Census of Population and Housing.  These indices are widely 

used measures of relative socio-economic status (27). 

 

Maternal medical conditions present in the current pregnancy were recorded on the database 

from midwive’s coding forms. These included six conditions which were identified by 

checking a box to indicate their presence in pregnancy. These conditions included asthma, 

pre-existing diabetes and hypertension, epilepsy, anaemia, and urinary tract infection 

(confirmed by bacteriological culture of urine). Other conditions were recorded according to 

the International Classification of Diseases (ICD, Version 9). Obstetric complications 

included gestational diabetes, antepartum haemorrhage due to placental abruption, placenta 

praevia, or of unknown cause. Hypertensive diseases of pregnancy were recorded and 

included pregnancy induced hypertension and pre-eclampsia. Additionally, other obstetric 

complications identified by the midwives were coded in ICD 9, and this study reviewed 

reports of eclampsia (ICD 6426), polyhydramnios (ICD 6570), placenta praevia without 

bleeding (ICD 6411/6419) and chorioamnionitis (ICD 6584), which was defined as infection 

of the amniotic cavity as determined by clinical criteria by the attending physician. Premature 
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labour was regarded as spontaneous onset of labour before 37 weeks gestations, and 

premature rupture of membranes (PROM) was defined as spontaneous rupture for more than 

24 hours prior to labour onset. Method of birth included vaginal, assisted (forceps or 

ventouse), elective caesarean (planned prior to the spontaneous onset of labour) and 

emergency (undertaken for a complication either before or during labour) caesarean sections. 

The estimated length of gestation at delivery is recorded in the Perinatal Statistics Collection 

and is based on the last menstrual period and ultrasound examination. Prematurity was 

defined as birth before 37 weeks completed gestation, with very preterm birth defined as birth 

before 32 weeks. Birth weight was recorded in grams, and converted to a centile according to 

an algorithm for Australian births, incorporating gestational age, ethnicity, sex, parity and 

maternal height (www.gestation.net version 6.4).  Small for gestational age (SGA) was 

defined as less than the tenth centile, with intrauterine growth restriction (IUGR) defined as 

less than the third centile. Neonatal resuscitation included intubation or external heart 

massage at birth. Oxygen therapy for greater than 4 hours was recorded. Requirement for 

neonatal or paediatric intensive care with the length of stay in days was recorded. Stillbirth 

was defined as fetal death at or after 20 weeks gestation. Neonatal death was defined as death 

within 28 days of birth. A congenital abnormality was defined as any abnormality of prenatal 

origin, including structural, genetic, chromosomal and biochemical abnormalities, and was 

categorised according to these criteria or system affected.  

Pregnancy outcomes were compared among three different groups in comparison to a control 

(reference) group. The control group were non-asthmatic women who did not smoke 

cigarettes during pregnancy, and the three comparator groups were non-asthmatic women 

who smoked cigarettes during pregnancy, asthmatic women who did not smoke cigarettes 

during pregnancy and asthmatic women who smoked cigarettes during pregnancy. Outcomes 

were also analysed according to neonatal sex, given the pre-existing evidence for sex-specific 
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differences of asthma on perinatal outcomes (15, 28). Univariate and multivariate logistic 

regression modelling were used to identify factors associated with pregnancy and perinatal 

outcomes adjusting for potential confounding factors where appropriate, and are reported as 

odds ratios (OR) with 95% confidence intervals (CI). The presence of effect modification was 

examined by including an interaction term between asthma and smoking in each logistic 

regression model, with smoking during pregnancy entered as a dichotomous variable. The 

correlation matrix between variables in each regression analysis was used to assess 

collinearity. We included interaction terms between SES and asthma, and SES and smoking 

and found that these terms did not add significantly to the regression model, and were 

therefore not included in the final models. Further analysis was performed to assess whether a 

dose-response relationship was observed between the quantity of cigarettes smoked per day 

during pregnancy (0, 1-10, 11-20, or ≥21) and the risk of poor perinatal outcomes. To avoid 

amplification of any observed associations due to inclusion of women with previous births 

during the study period, we repeated each analysis using only primiparous women (as women 

were not individually identified and therefore subsequent pregnancies could not be linked). 

All analyses were conducted using SPSS, Version 17.0 (SPSS, Inc., Chicago, IL) with the 

significance level set at P< 0.05.  

 

RESULTS 

A total of 178 029 singleton births were recorded over the ten year period, with 5 724 of 

these with unknown smoking status during pregnancy. We therefore analysed the outcomes 

for 172 305 births. Asthma was reported in 6.7% (n=11 512) of all births, and one-quarter of 

these pregnancies were associated with maternal smoking compared to only 17% in the non-

asthmatic population (Table 1). Pregnant women who smoked were approximately 2.5 years 

younger than non-smokers in both the asthmatic and non-asthmatic groups. A higher rate of 
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teenage pregnancy (<20 years) and fewer pregnancies in women over 35 years were observed 

in asthmatic compared to non-asthmatic women in both the smoking and non-smoking 

groups. Over 90% of the cohort were Caucasian and were born in Australia. Regardless of 

asthmatic status, a greater proportion of women who smoked lived in areas characterised by a 

low socioeconomic index, were more likely to be born in Australia than overseas, and more 

frequently attended hospitals as public rather than private patients compared to non-smokers. 

The prevalence of smoking during pregnancy decreased over the ten years, but was 

consistently higher in the asthma compared to the non-asthmatic group in each year assessed 

(data not shown).  

 

The frequency of pre-existing medical conditions and pregnancy complications varied 

according to asthma and smoking status (Table 2). Maternal asthma and smoking during 

pregnancy were both independently associated with an altered risk of a range of adverse 

maternal outcomes, with these risks remaining after controlling for a number of potential 

confounding factors, including maternal age, parity, socioeconomic status, year of birth and 

pre-existing hypertension and diabetes (Table 3). Compared to non-asthmatic non-smokers, 

both asthmatic smokers and asthmatic non-smokers had a significantly increased risk for 

gestational diabetes, antepartum haemorrhage (unknown aetiology), emergency Caesarean 

sections, polyhydramnios and PROM (Table 3). This indicates that asthma, independent of 

maternal smoking contributes to these poor outcomes. Compared to non-asthmatic non-

smokers, smoking during pregnancy in both the asthmatic and non-asthmatic groups was 

associated with an increased risk of polyhydramnios and PROM, as well as antepartum 

haemorrhage (abruption, placenta praevia and of unknown aetiology), and a significant 

decrease in the risk for hypertensive disorders of pregnancy and elective caesareans. A dose 

dependent increase in the risks of these adverse outcomes was observed with an increasing 
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number of cigarettes smoked per day, in both the non-asthmatic and asthmatic groups 

(Supplementary Table 1). The combination of maternal asthma and cigarette smoking during 

pregnancy was associated with a statistically significant increased risk of urinary tract 

infections than with either exposure alone, providing evidence of a compounding effect. The 

restriction of the analysis to primiparous women confirmed the increased risk of poor 

maternal outcomes with either maternal smoking, asthma or both, with few exceptions 

(Supplementary Table 2). Notably the interaction effect on the risk for urinary tract infections 

with maternal smoking and asthma was not observed, however the increased risk of this 

complication was observed with each individual exposure. 

 

The associations between asthma, smoking and neonatal outcomes 

Poor neonatal clinical outcomes were more frequently observed in pregnancies associated 

with maternal asthma compared to those with no asthma, and in women who smoked 

compared to non-smokers (Table 4). Maternal asthma and smoking during pregnancy were 

both independently associated with an increased risk for a range of adverse neonatal 

outcomes (Table 5), with these risks remaining after controlling for a number of potential 

confounding factors, including maternal age, parity, socioeconomic status, year of birth and 

pre-existing hypertension and diabetes. In both the asthmatic non-smoker group and the 

asthmatic smoker group, an increased risk for SGA and congenital malformations was 

observed relative to non-asthmatic non-smokers. This indicates that asthma, independent of 

maternal smoking, contributes to these poor outcomes. Conversely, smoking and not maternal 

asthma contributed to the increased risk of very preterm birth, IUGR, neonatal intensive care 

admissions and oxygen therapy following birth, as indicated by the increased odds ratios 

observed in both non-asthmatic and asthmatic smokers, relative to non-asthmatic non-
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smokers (Table 4). For each of these outcomes a clear dose-response relationship was 

observed between number of cigarettes smoked per day and perinatal outcomes 

(Supplementary Table 1). Notably, the combination of maternal asthma and cigarette 

smoking was associated with a statistically significant increased risk of preterm birth than 

with either exposure alone, providing evidence that maternal asthma and smoking during 

pregnancy compound to increase the risk for preterm birth (Figure 1). This effect remained 

when the analysis was restricted to primiparous women (Supplementary Table 3).   

 

When the analysis was restricted to primiparous women, the risk of each of the poor neonatal 

outcomes associated with smoking in the entire cohort remained significant, with additional 

increased risks observed for neonatal resuscitation and still births (Supplementary Table 3). 

While most adverse neonatal outcomes were observed in both male and female births, an 

increased risk for SGA deliveries in pregnancies with asthma was observed in pregnancies 

with a male neonate (adjusted OR=1.11, CI 1.03-1.21), but not with a female,  after adjusting 

for potential confounding variables. No other sex-specific effects were observed. 

 

DISCUSSION 

This is the first epidemiological analysis to qualify the impact of maternal asthma alone and 

in combination with maternal cigarette use on maternal pregnancy and neonatal outcomes. 

This ten year retrospective cohort study assessing perinatal outcomes in the largest Australian 

population to date confirms that asthma in pregnancy is associated with increased poor 

outcomes for the mother and neonate. These poor outcomes included hypertensive disorders 

of pregnancy, gestational diabetes, antepartum haemorrhage (unknown aetiology), caesarean 

sections (total and emergency caesarean sections), premature labour, urinary tract infections, 
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polyhydramnios, PROM, preterm birth, SGA and congenital abnormalities. Further and 

importantly, many of these associations were independent of cigarette smoking during 

pregnancy, while the risk for other adverse outcomes (specifically urinary tract infections and 

preterm birth) were further increased in pregnant asthmatic women who smoked cigarettes 

during pregnancy. Similar to previous reports, we also observed asthma increased the risk for 

SGA following birth in male but not female neonates. Overall, these findings suggest that like 

cigarette smoking during pregnancy, asthma should be recognized and treated as a serious 

condition that complicates pregnancy for both the mother and her developing infant.  

 

Some debate exists regarding whether the adverse maternal and neonatal outcomes that are 

associated with asthma are due to the presence of this disease or to underlying common risk 

factors related to poor health, including cigarette smoking or low socioeconomic state (SES). 

In this study, asthma was more prevalent in areas with low compared to high SES, and higher 

rates of cigarette smoking and pre-existing poor health conditions were observed in the 

asthmatic compared to the non-asthmatic group. Following multivariate analyses adjusting 

for the potential impact these factors may have on pregnancy outcomes, asthma was still 

associated with a significantly increased risk of poor maternal and neonatal outcomes. These 

results clearly indicate that asthma, independent of maternal smoking during pregnancy, low 

SES or pre-existing conditions, adversely affects both maternal and neonatal pregnancy 

outcomes. This data has important clinical implications, suggesting that the appropriate 

antenatal management (and control) of asthma during pregnancy has the potential to reduce 

rates of adverse pregnancy outcomes. 

 



12 

Active cigarette smoking and exposure to second hand smoke during pregnancy have long 

been recognized as contributing to poor maternal and neonatal health outcomes (for review, 

see 29), as well as longer term adverse health outcomes for the offspring (30-33). Adverse 

perinatal outcomes previously identified include preterm birth, where a dose related impact 

has been observed (25). Preterm birth rates are also commonly increased in pregnancies 

complicated by asthma (6, 7, 34). The current results suggest that maternal smoking does not 

act solely as a confounder on preterm birth rates, but may also play an important role in 

modifying associations between maternal asthma and perinatal outcomes. That is, the 

combination of maternal smoking and asthma had a multiplicative effect on the risk of 

preterm birth. Furthermore, the current study demonstrated a dose-response relationship, with 

increasing number of cigarettes smoked per day in pregnancy increasing the risk of preterm 

birth in both asthmatic and non-asthmatic women. This may explain the inconsistencies 

between studies, with some but not all reporting an elevated risk of preterm birth with 

asthma. Smoking cessation prior to or during pregnancy is recognized as one of the few 

modifiable risk factors for preterm birth. From this data we suggest that smoking cessation is 

particularly important in pregnancies of asthmatic women to decrease the risk of preterm 

birth. It is evident that there is potential for significant improvements in clinical outcomes to 

occur with the active inclusion of quit smoking campaigns in antenatal management of these 

at risk pregnancies. 

 

In the current study, the reporting of smoking in pregnancy relied on self-report during an 

antenatal appointment. This commonly underestimates true smoking prevalence (for 

example, 35), and indeed the rates in the current study in the non-asthmatic women (17%) are 

lower than rates in the adult female Australian population during this time (20%) (36). 

Smoking rates in the asthmatic population were higher than in the non-asthmatic population – 
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a finding consistent with a number of other studies of asthma in pregnancy in different 

populations (6, 7, 24, 37). Some evidence suggests that smoking may induce asthma via 

increasing oxidative stress and exacerbating lung inflammation or reducing the efficacy of the 

bronchial mucosa barrier allowing greater allergen penetrance (38). Further, smoking 

reduction in asthmatic patients reduces airway inflammation, improves lung function and 

improves sensitivity to inhaled corticosteroids (39), supporting an association between 

smoking and asthma. As both exposures alone and in combination increase the incidence of 

poor outcomes, and smoking appears to exacerbate asthma, this evidence suggests that 

women with asthma should be strongly encouraged to quit smoking before or during 

pregnancy, and reduce exposure to second hand cigarette smoke to reduce the risk of a poor 

perinatal outcome.  

 

The current study reported an increased risk of hypertensive disorders of pregnancy with 

maternal asthma in pregnancy, however a decreased risk in women who smoked, both in the 

asthmatic and non-asthmatic groups. A reduction in hypertensive disorders is commonly 

observed with cigarette smoking in pregnancy: a meta-analysis of 48 studies identified a 

reduction of up to 50% in pre-eclampsia when mothers smoked cigarettes during pregnancy 

(40). The mechanism leading to this outcome is currently unknown, but may include cigarette 

smoking inducing changes to maternal and placental angiogenic factors, endothelial function 

and immune responses, all of which contribute to this disease pathology. In support of this, a 

recent study found an association between smoking in pregnancy and reduced levels of the 

angiogenic factor soluble FMS-like tyrosine kinase-1 (sFLT-1) in maternal circulation (41). 

Further research is required to elucidate the organs effecting and affected by this change, and 

to identify whether these same pathways are conversely affected with asthma. Continued 

research to identify other mechanisms leading to the altered risk of hypertensive disorders 
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with smoking and asthma in pregnancy may assist in improving our understanding of the 

clinical course of this disease. 

 

The national prevalence of asthma between 1999 and 2008 varied between 11% and 14% (3), 

indicating an under-reporting of asthma in this current cohort, where only 6.7% of 

pregnancies were associated with asthma. In the current study, the identification of asthma as 

a pregnancy complication was reliant upon it being recorded in the maternal antenatal or 

neonatal health records. This lower than expected prevalence of asthma potentially represents 

only those cases where an asthma-related event, such as an exacerbation, occurred during 

pregnancy. This figure would be consistent with previous prospective reports that identify 

exacerbations in approximately 50% of asthmatic women during pregnancy (14, 42, 43). 

Pregnant women who experience an asthma exacerbation requiring an emergency department 

visit, hospital admission and/or short course of oral corticosteroid therapy, appear to be most 

at risk of SGA compared to pregnancies where no exacerbation occurs (24, 44, 45). A 

limitation of the current study was the lack of data detailing disease severity or exacerbations 

which would have enabled discrimination of these factors. Nonetheless, in a previous 

retrospective cohort analysis conducted in an Australian population with comparable smoking 

rates, and where asthma was identified in 12% of pregnancies, demonstrated similar increases 

in perinatal complications with asthma, including SGA deliveries, urinary tract infections and 

hypertensive disorders (6). Together these data indicate that the adverse perinatal outcomes 

observed in the current cohort are not specific to the most severe cases (including asthma 

exacerbations) of asthma. 
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Despite evidence indicating that women carrying a female fetus experience a deterioration of 

asthma symptoms, as well as an increased requirement for medication and increased 

circulating monocytes in pregnancy (28, 46-49), most previous studies fail to consider the sex 

of the infant in their analyses. In the current study, a sex-specific association was 

demonstrated, with the risk for SGA increased in male but not female neonates in 

pregnancies of women with asthma. In the few studies that have assessed neonatal outcomes 

according to fetal sex, asthma increased the risk of male neonates delivering SGA (6, 15), 

preterm and stillborn (6). Similar outcomes for male neonates were also reported in a 

prospective study of asthma exacerbations during pregnancy (14). Reduced female fetal 

growth is reported in studies where asthma was not treated with inhaled corticosteroids 

during pregnancy (28, 50), due to changes in placental cortisol metabolism (51, 52); however 

this reduction does not reach the criteria for SGA or IUGR. These findings lend support to 

the suggestion that the women with asthma identified on the birth records in this study are 

those associated with an asthma exacerbation and/or severe asthma, which result in male but 

not female growth retardation in-utero.  

 

In the current study, pregnancy outcomes were assessed over a ten year period, therefore it is 

likely that the database contained more than one pregnancy for a portion of the women. In a 

prospective study of 34 consecutive pregnancies with asthma, Schatz and colleagues (53) 

observed a high concordance rate between the progression of asthma in the first and second 

pregnancy. The effect size observed in this study may therefore be exaggerated with the 

inclusion of more than one pregnancy for each woman, particularly given that women with 

asthma more frequently had parity equal or greater than three, compared to the reference 

group. We were unable to link individual women within our database due to privacy and 

ethical issues, therefore we assessed the risk of adverse maternal and neonatal events in 
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primiparous women alone and observed similar magnitudes in the odds ratios for most 

outcomes. We conclude that the observed increased risk of a poor maternal and neonatal 

outcome in pregnancies associated with maternal asthma is not amplified by the inclusion of 

subsequent pregnancies.  

 

Details of asthma medications were not recorded in the birth records and we were therefore 

unable to determine whether the adverse outcomes were related to poor asthma control, 

compliance with medications and/or the prescribed asthma medications themselves. In early 

pregnancy, the use of bronchodilators or high doses of inhaled corticosteroids (>1000ug/day) 

for asthma treatment have been linked with an increased risk of congenital malformations 

(54, 55), an outcome observed in the current study in pregnancies associated with asthma.  

Most medications however, appear safe to use during pregnancy, with no reports of increased 

risk of pregnancy complications reported with inhaled corticosteroid or beta-agonist use (13, 

56-60) and recent evidence demonstrating that inhaled corticosteroids do not cross the 

placenta to exert effects on the fetus (61). Indeed, national guidelines for the treatment of 

asthma during pregnancy recommend the continued use of the same pharmacological 

treatments during pregnancy that control asthma in the non-pregnant state (62, 63). The 

current study was limited by having no information regarding asthma exacerbations or 

medications used during pregnancy. Future large scale epidemiological studies that detail 

asthma severity and medication use, dose and compliancewould be beneficial in determining 

the impact of asthma on pregnancy outcome. For example, the increased risk of UTIs with 

both cigarette smoking and asthma may be due to the use of inhaled or oral steroids for 

asthma treatment, resulting in immunosuppression and therefore becoming more prone to 

infection. These future studies should also aim to incorporate other potential factors that may 

contribute to poor perinatal outcomes that were unavailable in the current dataset, including 
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timing of smoking cessation and use of nicotine replacement therapy, body mass index and 

number/frequency of antenatal care, to elucidate more completely the best way to manage 

women with asthma during pregnancy. Nonetheless, improved antenatal management of 

asthma and targeted programs to reduce smoking in these pregnancies could significantly 

improve maternal and neonatal perinatal outcomes in this at-risk population. 
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Figure 1: The adjusted odds ratios for preterm birth according to maternal asthma and 

cigarette smoking in pregnancy. The combination of maternal asthma and cigarette smoking 

during pregnancy was associated with a statistically significant (P<0.01) increased risk of 

preterm birth than with either exposure alone.  
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Table 1: Maternal demographics of the study cohort according to maternal asthma and 
cigarette smoking status during pregnancy a 

    

 
NON-ASTHMATIC 

N=161 140 (93.3) 
 

ASTHMATIC 
N=11 165 (6.7) 

 

 

NON-
SMOKERS 
N=133 271 

(72.7) 
 

SMOKERS 
N=27 869 (17.3) 

 

NON-
SMOKERS 

N=8 333 (74.6) 
 

SMOKERS 
N=2 832 (25.4) 

 

Maternal age, mean (SD) 
 

<20 (years), n (%) 
20-24 
25-29 
30-34 
35+  

30.4 (5.3) 
 

4 814 (3.6) 
17 421 (13.1) 
39 276 (29.5) 
45 964 (34.5) 
24 720 (18.5) 

27.8 (6.0) 
 

3 010 (10.8) 
7 178 (25.8) 
7 799 (28.0) 
6 234 (22.4) 
3 648 (13.0) 

29.4 (5.6) 
 

502 (6.0) 
1 523 (18.3) 
2 578 (31.0) 
2 426 (29.1) 
1 304 (15.6) 

26.7 (6.0) 
 

408 (14.4) 
815 (28.8) 
802 (28.3) 
522 (18.4) 
285 (10.1) 

Ethnicity 
 Caucasian 
 Aboriginal/TSI 
 Asian 
 Other 

 
119 610 (89.7) 

1813 (1.4) 
8 512 (6.4) 
3 336 (2.5) 

 
25 128 (90.2) 

2208 (7.9) 
222 (0.7) 
311 (1.1) 

 
7 892 (94.7) 

151 (1.8) 
178 (2.1) 
112 (1.3) 

 
2586 (91.3) 
200 (7.1) 
18 (0.6) 
28 (1.0) 

Born in Australia 109 297 (82.0) 25 710 (92.3) 7 541 (90.5) 2 657 (93.8) 
Socioeconomic index for 
areas 
 Quintile 1 (lowest) 
 Quintile 2 
 Quintile 3 
 Quintile 4 
 Quintile 5 
 Unknown 

 
 

28 533 (21.4) 
29 874 (22.4) 
25 447 (19.1) 
29 824 (22.4) 
19 501 (14.6) 

92 (0.1) 

 
 

11 293 (40.5) 
7 598 (27.3) 
4 395 (15.8) 
3 395 (12.2) 
1 168 (4.2) 
20 (<0.01) 

 
 

1 964 (23.6) 
1 978 (23.8) 
1 607 (19.3) 
1 787 (21.4) 
992 (11.9) 
5 (<0.01) 

 
 

1 284 (45.3) 
732 (25.8) 
440 (15.5) 
284 (10.0) 
92 (3.2) 

0 
Hospital classification 
 Private 
 Public 

 
84 371 (63.3) 
48 900 (36.7) 

 
25 672 (92.1) 
2 197 (7.9) 

 
5 497 (66.0) 
2 836 (34.0) 

 
2 697 (95.2) 

135 (4.8) 
Parity 
 Primiparous 
   1 
   2 
   ≥3 

57 193 (42.9) 
48 149 (36.1) 
19 154 (14.4) 
8 775 (6.6) 

9 576 (34.4) 
8 816 (31.6) 
5 134 (18.4) 
4 343 (15.6) 

4 043 (48.5) 
2 715 (32.6) 
1 058 (12.7) 

517 (6.2) 

1 036 (36.6) 
812 (28.7) 
491 (17.3) 
493 (17.4) 

Quantity cigarettes 
smoked/day in second half 
of pregnancy 
 1-10 ⁄ day 
 11-20 
 21+ ⁄ day 

  
 

17 697 (63.5) 
8 464 (30.4) 
1 706 (6.1) 

  
 

1 613 (57) 
944 (33.3) 
275 (9.7) 

a Data are presented as n (%) unless otherwise stated; TSI Torres Strait Islander 
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Table 2: Maternal clinical characteristics according to asthma and smoking status during 
pregnancy 

  NON-
ASTHMATIC 

N=166 517 

ASTHMATIC 
N=11 512 

TOTAL 
N=178 029 

Pre-existing hypertension Non-smoker 
Smoker 
TOTAL 

1 712 (1.3) 
310 (1.1) 

2 022 (1.2) 

166 (2.0) 
52 (1.8) 

218 (1.9) 

1 878 (1.3) 
362 (1.1) 

2 240 (1.3) 
Pre-existing diabetes Non-smoker 

Smoker 
TOTAL 

647 (0.5) 
178 (0.6) 
825 (0.5) 

60 (0.7) 
39 (1.4) 
99 (0.9) 

707 (0.5) 
217 (0.7) 
924 (0.5) 

Hypertensive disorders of 
pregnancy 

Non-smoker 
Smoker 
TOTAL 

10 363 (7.8) 
1 595 (5.7) 

11 958 (7.2) 

906 (10.9) 
212 (7.5) 

1 118 (9.7) 

11 269 (8.0) 
1 807 (5.9) 
13 076 (7.3) 

Gestational diabetes Non-smoker 
Smoker 
TOTAL 

5 393 (4.0) 
961 (3.4) 

6 354 (3.8) 

409 (4.9) 
135 (4.8) 
544 (4.7) 

5 802 (4.1) 
1 096 (3.6) 
6 868 (3.9) 

Antepartum haemorrhage 
 Abruption 
 
  
 Placenta praevia   
 
  
 Unknown cause 

 
Non-smoker 
Smoker 
TOTAL 
Non-smoker 
Smoker 
TOTAL 
Non-smoker 
Smoker 
TOTAL 

 
731 (0.5) 
282 (1.0) 

1 013 (0.69) 
746 (0.6) 
198 (0.7) 
944 (0.6) 

2 927 (2.2) 
887 (3.2) 

3 814 (2.2) 

 
56 (0.7) 
49 (1.7) 

105 (0.9) 
53 (0.6) 
22 (0.8) 
75 (0.7) 

238 (2.9) 
118 (4.2) 
356 (3.1) 

 
787 (0.6) 
331 (1.1) 

1 118 (0.6) 
799 (0.6) 
220 (0.7) 

1 019 (0.6) 
3 165 (2.2) 
1 005 (3.3) 
4 170 (2.3) 

Urinary tract infection Non-smoker 
Smoker 
TOTAL 

2 794 (2.1) 
1 103 (4.0) 
3 897 (2.3) 

294 (3.5) 
149 (5.3) 
443 (3.8) 

3 088 (2.2) 
1 252 (4.1) 
4 340 (2.4) 

Polyhydramnios Non-smoker 
Smoker 
TOTAL 

549 (0.4) 
172 (0.6) 
721 (0.4) 

51 (0.6) 
25 (0.9) 
76 (0.7) 

600 (0.4) 
197 (0.6) 
797 (0.4) 

Elective Caesarean  
  
 

Non-smoker 
Smoker 
TOTAL 

18 128 (15.6) 
2 971 (11.7) 

21 099 (12.7) 

1 213 (16.9) 
335 (12.9) 

1 548 (13.4) 

19 341 (13.7) 
3 306 (10.8) 

22 647 (12.7) 
Emergency Caesarean Non-smoker 

Smoker 
TOTAL 

21 662 (18.7) 
3 980 (15.7) 

25 642 (15.4) 

1 577 (21.9) 
479 (18.5) 

2 056 (17.9) 

23 239 (16.4) 
4 459 (14.5) 

27 698 (15.6) 
Premature labour Non-smoker 

Smoker 
TOTAL 

3 825 (2.9) 
1 398 (5.0) 
5 223 (3.1) 

249 (3.0) 
179 (6.3) 
428 (3.7) 

4 074 (2.9) 
1 577 (5.1) 
5 651 (3.2) 

PROM Non-smoker 
Smoker 
TOTAL 

2 372 (1.8) 
829 (3.0) 

3 201 (1.9) 

173 (2.1) 
102 (3.6) 
275 (2.4) 

2 545 (1.8) 
931 (3.0) 

3 476 (2.0) 
Isoimmunisation Non-smoker 

Smoker 
TOTAL 

364 (0.3) 
104 (0.4) 
468 (0.3) 

22 (0.3) 
8 (0.3) 

30 (0.3) 

386 (0.3) 
112 (0.4) 
498 (0.3) 

Last pregnancy stillbirth Non-smoker 
Smoker 
TOTAL 

480 (0.5) 
128 (0.6) 
608 (0.4) 

34 (0.6) 
18 (0.8) 
52 (0.5) 

514 (0.4) 
146 (0.5) 
660 (0.3) 

 



28 

Table 3: Odds ratios for maternal outcomes according to maternal asthma and cigarette smoking status during pregnancy, using non-asthmatic 
non-smokers as the reference population. Bolded figures indicate significant aOR p<0.05. 

 
Abbreviations: PROM premature rupture of membranes. 
1Odds ratios adjusted for maternal age, parity, ethnicity, SEIFA, year of birth, pre-existing hypertension and pre-existing diabetes. 

  

Non-Asthmatic 
Non-Smokers 

 
Non-Asthmatic Smokers 
  

Asthmatic Non-smokers 
  

Asthmatic Smokers 
  

 
P for 
Interaction 
OR, aOR     OR aOR (95% CI)1 OR aOR (95% CI)1 OR aOR (95% CI)1 

Maternal Outcomes         
Hypertensive disorders of 
pregnancy 

Reference 0.72 0.68 (0.64, 0.72) 1.45 1.31 (1.21, 1.41) 0.96 0.85 (0.73, 0.98) 0.33, 0.59 

Gestational diabetes Reference 0.85 0.91 (0.84, 0.98) 1.22 1.33 (1.20, 1.48) 1.19 1.32 (1.10, 1.58) 0.21, 0.41 
Antepartum haemorrhage         
 Abruption Reference 1.85 1.70 (1.47, 1.97) 1.23 1.20 (0.91, 1.57) 3.19 2.84 (2.11, 3.83) 0.10, 0.11 
 Placenta praevia  Reference 1.27 1.42 (1.20, 1.67) 1.14 1.26 (0.95, 1.67) 1.39 1.66 (1.08, 2.56) 0.88, 0.82 
 Unknown cause Reference 1.46 1.37 (1.27, 1.49) 1.31 1.30 (1.14, 1.49) 1.94 1.78 (1.47, 2.16) 0.93, 0.99 
Urinary tract infection Reference 1.92 1.46 (1.35, 1.57) 1.71 1.58 (1.40, 1.79) 2.59 1.86 (1.56, 2.21) 0.030, 0.045 
Polyhydramnios Reference 1.50 1.45 (1.21, 1.73) 1.49 1.50 (1.12, 2.00) 2.15 1.90 (1.26, 2.88) 0.89, 0.62 
Caesarean section (total) Reference 0.73 0.91 (0.87, 0.94) 1.22 1.16 (1.10, 1.24) 0.88 1.11 (1.00, 1.24) 0.92, 0.99 
Elective Caesarean Reference 0.72 0.80 (0.76, 0.84) 1.10 1.06 (0.98, 1.15) 0.80 0.86 (0.74, 0.99) 0.80, 0.99 
Emergency Caesarean Reference 0.81 1.03 (0.99, 1.07) 1.22 1.14 (1.07, 1.21) 0.99 1.23 (1.10, 1.37) 0.89, 0.46 
Premature labour Reference 1.78 1.67 (1.56, 1.79) 1.04 1.04 (0.91, 1.18) 2.28 2.10 (1.79, 2.46) 0.054, 0.07 
PROM Reference 1.69 1.78 (1.61, 1.97) 1.17 1.35 (1.12, 1.64) 2.06 2.27 (1.82, 2.84) 0.76, 0.76 
Last pregnancy stillbirth1 Reference 1.11 0.90 (0.73, 1.10) 1.20 1.26 (0.89, 1.79) 1.52 1.24 (0.77, 2.01) 0.66, 0.76 
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Table 4: Neonatal clinical characteristics according to maternal asthma and smoking status 

during pregnancy. Data represent n (%) unless otherwise indicated. 

  
NON-ASTHMATIC 

N=166 517 
ASTHMATIC 

N=11 512 
TOTAL 

N=178 029 

Gestational age, mean (SD) Non-smoker 
Smoker 
TOTAL 

39 (2) 
39 (2) 
39 (2) 

39 (2) 
38 (2) 
39 (2) 

39 (2) 
39 (2) 
39 (2) 

Very preterm birth (≤32 
weeks) 

Non-smoker 
Smoker 
TOTAL 

1 789 (1.3) 
678 (2.4) 

2 467 (1.5) 

112 (1.3) 
85 (3.0) 

197 (1.7) 

1901 (1.3) 
763 (2.5) 

2 664 (1.5) 
Preterm Birth (<37 weeks) Non-smoker 

Smoker 
TOTAL 

7 684 (5.8) 
2 627 (9.4) 

10 311 (6.2) 

544 (6.5) 
360 (12.7) 
904 (7.9) 

8 228 (5.8) 
2 987 (9.7) 
11 215 (6.3) 

Birth Weight, mean (SD)  Non-smoker 
Smoker 
TOTAL 

3436 (567) 
3179 (605) 
3382 (594) 

3437 (571) 
3135 (621) 
3350 (610) 

3436 (568) 
3175 (619) 
3306 (572) 

Birth weight centile, mean 
(SD) 

Non-smoker 
Smoker 
TOTAL 

51 (29.2) 
37.4 (28.6) 
48.5 (29.6) 

52.4 (29.6) 
37.5 (28.9) 
48.4 (30.2) 

51.4 (29.4) 
37.4 (28.6) 

47 (29) 
IUGR <3 centile  
 
  

Non-smoker 
Smoker 
TOTAL 

3 944 (3.0) 
2 312 (8.3) 
6 256 (3.8) 

231 (2.8) 
253 (8.9) 
484 (4.2) 

4 175 (2.9) 
2 565 (8.4) 
6740 (3.8) 

SGA  <10 centile Non-smoker 
Smoker 
TOTAL 

12 140 (9.1) 
5 833 (20.9) 

17 973 (10.8) 

788 (9.5) 
605 (21.4) 

1 393 (12.1) 

12 928 (9.1) 
6 438 (21.0) 
19366 (10.9) 

Neonatal Intensive Care 
Required 
  
Length of stay, median (SD) 

Non-smoker 
Smoker 
TOTAL 
Non-smoker 
Smoker 

2 468 (1.9) 
767 (2.8) 

3 235 (1.9) 
5 (18) 
6 (21) 

185 (2.2) 
 97 (3.4) 
282 (2.4) 

5 (17) 
8 (26) 

2 653 (1.9) 
864 (2.8) 

3 517 (2.0) 

Paediatric intensive Care 
Required 
  
Length of stay, median (SD) 

Non-smoker 
Smoker 
TOTAL 
Non-smoker 
Smoker 

285 (0.2) 
81 (0.3) 

366 (0.2) 
6 (27) 
7 (35) 

22 (0.3) 
8 (0.3) 

30 (0.3) 
8 (23) 

14 (27) 

307 (0.2) 
89 (0.3) 

396 (0.2) 

Prolonged hospital stay (>28 
days) 
 

Non-smoker 
Smoker 
TOTAL 

1 584 (1.2) 
727 (2.6) 

2 311 (1.4) 

112 (1.3) 
95 (3.4) 

207 (1.8) 

1 696 (1.2) 
822 (2.7) 

2 518 (1.4) 
Resuscitation required Non-smoker 

Smoker 
TOTAL 

11 227 (8.4) 
2 876 (10.3) 
14 103 (8.5) 

834 (10.0) 
344 (12.1) 

1 178 (10.3) 

12 064 (8.5) 
3 220 (10.5) 
15 284 (1.4) 

Oxygen therapy (>4 hours) Non-smoker 
Smoker 
TOTAL 

6 648 (5.0) 
1 733 (6.2) 
8 381 (5.0) 

484 (5.8) 
228 (8.1) 
712 (6.2) 

7 132 (5.0) 
1 961 (6.4) 
9 093 (5.1) 



30 

Still birth Non-smoker 
Smoker 
TOTAL 

724 (0.5) 
229 (0.8) 
953 (0.6) 

39 (0.5) 
22 (0.8) 
61 (0.5) 

763 (0.5) 
251 (0.8) 

1 014 (0.6) 
Neonatal death (<28 days) Non-smoker 

Smoker 
TOTAL 

285 (0.2) 
70 (0.3) 

355 (0.2) 

16 (0.2) 
8 (0.3) 

24 (0.2) 

301 (0.2) 
78 (0.3) 

379 (0.2) 
Congenital abnormalities Non-smoker 

Smoker 
TOTAL 

3 025 (2.3) 
674 (2.4) 

3 699 (2.2) 

232 (2.8) 
84 (3.0) 

316 (2.7) 

3 257 (2.3) 
758 (2.5) 

4 015 (2.3) 

Abbreviations: IUGR intrauterine growth restriction; SGA small for gestational age  
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Table 5: Odds ratios for neonatal outcomes, according to maternal asthma and cigarette smoking status during pregnancy, using non-asthmatic 
non-smokers as the reference population. Bolded figures indicate significant aOR p<0.05. 

 

Abbreviations: IUGR intrauterine growth restriction; SGA small for gestational age; 
Odds ratios adjusted for: 
1 maternal age, parity, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes;  
2 maternal age, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes; 
3 maternal age, parity, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes, method of delivery, hypertensive 
disorders of pregnancy; 
4 maternal age, parity, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes, hypertensive disorders of pregnancy.  
 

  
Non-Asthmatic 
Non-Smokers 

 

Non-Asthmatic Smokers 
 

Asthmatic Non-smokers 
 

Asthmatic Smokers 
 

 
p for 

interaction 
OR, aOR    OR aOR (95% CI) OR aOR (95% CI) OR aOR (95% CI) 

Very preterm birth <32weeks1 Reference 1.83 1.69 (1.51, 1.89) 1.00 1.02 (0.80, 1.29) 2.27 1.96 (1.52, 2.52) 0.16, 0.17 

Preterm Birth <37 weeks1 Reference 1.70 1.71 (1.62, 1.81) 1.14 1.15 (1.02, 1.29) 2.38 2.30 (2.03, 2.63) 0.007, 0.007 

IUGR (<3 centile)2 Reference 2.97 3.39 (3.17, 3.63) 0.94 1.01 (0.85, 1.21) 3.22 3.64 (3.12, 4.24) 0.13, 0.28 

SGA  (<10centile)2 Reference 2.64 2.94 (2.81, 3.07) 1.04 1.11 (1.01, 1.23) 2.71 2.95 (2.65, 3.28) 0.80, 0.31 
Neonatal Intensive Care 
Admission3 Reference 1.50 1.43 (1.31, 1.57) 1.20 1.07 (0.91, 1.26) 1.88 1.62 (1.31, 2.01) 0.76, 0.70 

Resuscitation required3 Reference 1.21 1.15 (1.03, 1.28) 1.01 0.99 (0.81, 1.20) 1.05 0.91 (0.66, 1.27) 0.41, 0.81 

Oxygen therapy (>4 hours)3 Reference 1.26 1.24 (1.17, 1.32) 1.17 1.05 (0.95, 1.17) 1.67 1.56 (1.35, 1.80) 0.18, 0.059 

Still birth1 Reference 1.52 1.49 (1.24, 1.80) 0.86 0.76 (0.49, 1.18) 1.43 1.13 (0.67, 1.90) 0.74, 0.77 

Neonatal death (<28 days)4 Reference 1.18 1.03 (0.78, 1.37) 0.90 0.91 (0.55, 1.52) 1.33 1.15 (0.57, 2.35) 0.62, 0.66 

Congenital abnormalities1 Reference 1.07 1.03 (0.94, 1.13) 1.23 1.21 (1.06, 1.39) 1.32 1.26 (1.01, 1.57) 0.99, 0.96 



Supplementary Table 1: Odds ratios and adjusted odds ratios for maternal and neonatal outcomes according to quantity of cigarettes smoked in 
pregnancy and maternal asthma status. All ratios are expressed using non-smokers within the same asthmatic strata as the reference group. 

  Non-asthmatic Asthmatic   

  OR aOR (95% CI) P for Trenda 
 OR, aOR OR aOR (95% CI) P for Trenda 

 OR, aOR 

P for Effect 
Modication 
 (OR, aOR) 

Maternal outcomes        
Hypertensive disorders of 
pregnancy 1              

1, 10 0.73 (0.68, 0.78) 0.68 (0.63, 0.72)   0.76 (0.63, 0.92) 0.72 (0.59, 0.88)    
11, 20 0.69 (0.62, 0.76) 0.68 (0.61, 0.75)   0.48 (0.36, 0.64) 0.47 (0.35, 0.64)    
21+ 0.79 (0.65, 0.97) 0.77 (0.63, 0.94) <0.001, <0.001 0.75 (0.49, 1.15) 0.73 (0.46, 1.14) <0.001, <0.001 0.25, 0.47 

Gestational diabetes1              
1, 10 0.79 (0.72, 0.86) 0.87 (0.80, 0.95)   0.81 (0.62, 1.06) 0.81 (0.61, 1.07)    

11, 20 0.95 (0.85, 1.07) 1.00 (0.89, 1.13)   1.20 (0.90, 1.60) 1.09 (0.80, 1.48)    
21+ 0.95 (0.75, 1.22) 0.93 (0.72, 1.20) 0.001, 0.14 1.12 (0.66, 1.90) 0.82 (0.47, 1.43) 0.59, 0.64 0.10, 0.24 

Placental Abruption1              
1, 10 1.55 (1.30, 1.85) 1.49 (1.24, 1.79)   1.66 (0.98, 2.84) 1.39 (0.80, 2.41)    

11, 20 2.43 (1.99, 2.97) 2.20 (1.78, 2.72)   3.53 (2.14, 5.80) 2.61 (1.54, 4.44)    
21+ 1.15 (1.38, 3.36) 1.85 (1.18, 1.92) <0.001, <0.001 5.00 (2.45, 10.22) 3.31(1.54, 7.09) <0.001, <0.001 0.06, 0.06  

Placenta praevia1              
1, 10 1.17 (0.96, 1.43) 1.37 (1.11, 1.67)   1.47 (0.83, 2.61) 1.65 (0.89, 3.03)    

11, 20 1.44 (0.12, 1.85) 1.56 (1.20, 2.02)   1.17 (0.53, 2.57) 1.24 (0.54, 2.83) 0.99, 0.97 0.32, 0.26 
21+ 1.47 (0.86, 2.50) 1.47 (0.86, 2.52) 0.001, 0.001 - -    

Antepartum haemorrhage 
(unknown cause) 1              



1, 10 1.42 (0.30, 1.56) 1.34 (1.22, 1.48)   1.54 (0.18, 2.03) 1.51 (1.14, 2.01)    
11, 20 1.56 (1.38, 1.77) 1.45 (1.28, 1.65)   1.39 (0.98, 1.98) 1.39 (0.96, 2.01)    
21+ 1.43 (1.08, 1.88) 1.30 (0.98, 1.72) <0.001, <0.001 1.42 (0.77, 2.63) 1.47 (0.78, 2.77) 0.005, 0.010 0.59, 0.59 

Polyhydramnios1              
1, 10 1.29 (1.04, 1.61) 1.29 (1.03, 1.61)   1.42 (0.79, 2.58) 1.58 (0.85, 2.95)    

11, 20 1.61 (1.22, 2.12) 1.43 (1.07, 1.91)   1.56 (0.77, 3.19) 1.61 (0.76, 3.41)    
21+ 3.16 (2.06, 4.85) 2.40 (1.54, 3.74) <0.001, <0.001 3.19 (2.89, 4.91) 0.92 (0.21, 4.00) 0.19, 0.29 0.43, 0.26 

Urinary tract infection1              
1, 10 1.91 (1.75, 2.08) 1.45 (1.33, 1.58)   1.24 (0.95, 1.62) 0.96 (0.73, 1.27)    

11, 20 1.90 (1.69, 2.14) 1.42 (1.26, 1.60)   1.86 (0.39, 2.47) 1.53 (1.13, 2.06)    
21+ 2.21 (1.75, 2.78) 1.60 (1.26, 2.03) <0.001, <0.001 2.03 (1.26, 3.28) 1.75 (1.06, 2.89) <0.001, 0.004 0.14, 0.31 

Caesarean Section1              
1, 10 0.75 (0.72, 0.78) 0.86 (0.83, 0.90)   0.68 (0.60, 0.77) 0.78 (0.68, 0.88)    

11, 20 0.68 (0.65, 0.72) 0.89 (0.84, 0.94)   0.81 (0.70, 0.94) 1.00 (0.86, 1.17)    
21+ 0.69 (0.62, 0.78) 0.94 (0.84, 1.06) <0.001, <0.001 0.65 (0.50, 0.86) 0.82 (0.61, 1.09) <0.001, 0.049 0.23, 0.10 

Elective1              
1, 10 0.71 (0.68, 0.75) 0.81 (0.76, 0.87)   0.68 (0.57, 0.800 0.79 (0.63, 0.97)    

11, 20 0.73 (0.68, 0.780 0.78 (0.72, 0.86)   0.78 (0.64, 0.95) 0.69 (0.53, 0.90)    
21+ 0.75 (0.64, 0.87) 0.76 (0.62, 0.92) <0.001, <0.001 0.89 (0.63, 1.25) 0.93 (0.59, 1.46) <0.001, 0.009 0.21, 0.55 

Emergency1              
1, 10 0.86 (0.82, 0.900 0.97 (0.93, 1.02)   0.79 (0.68, 0.91) 0.89 (0.76, 1.04)    

11, 20 0.74 (0.69, 0.79) 1.05 (0.98, 1.13)   0.91 (0.77, 1.090 1.30 (1.08, 1.570    
21+ 0.74 (0.64, 0.85) 1.16 (0.10, 1.34) <0.001, 0.17 0.58 (0.41, 0.83) 0.89 (0.61, 1.29) <0.001, 0.34 0.57, 0.20 

Premature labour1              
1, 10 1.66 (1.53, 1.79) 1.53 (1.41, 1.66)   1.83 (1.42, 2.35) 1.54 (1.89, 2.01)    

11, 20 2.02 (1.83, 2.23) 1.98 (1.79, 2.20)   2.60 (1.98, 3.42) 2.09 (1.56, 2.80)    
21+ 2.04 (1.66, 2.51) 2.00 (1.62, 2.48) <0.001, <0.001 2.96 (1.90, 4.63) 2.28 (1.41, 3.61) <0.001, 0.001 0.10, 0.09 



PROM1              
1, 10 1.59 (1.44, 1.750 1.54 (1.39, 1.710   1.45 (1.05, 2.00) 1.28 (0.91, 1.79)    

11, 20 1.84 (1.62, 2.09) 1.89 (1.66, 2.16)   2.14 (1.51, 3.03) 1.81 (1.25, 2.62)    
21+ 2.08 (1.61, 2.69) 2.10 (1.61, 2.73) <0.001, <0.001 2.34 (1.31, 4.17) 1.77 (0.97, 3.250 <0.001, 0.001 0.72, 0.70 

Last pregnancy stillbirth1              
1, 10 1.11 (0.88, 1.42) 1.00 (0.78, 1.28)   0.92 (0.41, 2.07) 0.77 (0.33, 1.81)    

11, 20 1.06 (0.77, 1.47) 0.81 (0.58, 1.130   1.99 (0.98, 4.05) 1.50 (0.70, 3.22)    
21+ 1.24 (0.66, 2.32) 0.76 (0.39, 1.48) 0.35, 0.21 0.64 (0.09, 4.70) 0.42 (0.06, 3.15) 0.32, 0.95 0.55, 0.59 

Neonatal outcomes              
Very preterm birth, ≤32 
weeks1              

1, 10 1.76 (1.58, 1.96) 1.52 (1.35, 1.70)   2.01 (1.41, 2.87) 1.85 (1.27, 2.69)    
11, 20 1.97 (1.71, 2.270 1.72 (1.48, 2.00)   2.66 (1.79, 3.94) 2.39 (1.57, 3.64)    
21+ 1.95 (1.44, 2.63) 1.54 (1.13, 2.11) <0.001, <0.001 2.48 (1.25, 4.95) 1.90 (0.92, 3.91) <0.001, <0.001 0.31, 0.28 

Preterm Birth, <37 weeks1              
1, 10 1.58 (1.49, 1.67) 1.48 (1.39, 1.57)   1.79 (1.50, 2.14) 1.57 (1.31, 1.90)    

11, 20 1.88 (1.74, 2.02) 1.78 (1.65, 1.93)   2.43 (1.99, 2.97) 2.05 (1.66, 2.54)    
21+ 2.11 (1.81, 2.45) 1.87 (1.60, 2.19) <0.001, <0.001 2.73 (1.95, 3.81) 2.06 (1.45, 2.93) <0.001, <0.001 0.029, 0.022 

IUGR <3 centile 2              
1, 10 2.72 (2.56, 2.90) 2.81 (2.62, 3.00)   2.84 (2.27, 3.57) 2.82 (2.23, 3.58)    

11, 20 3.26 (3.01, 3.54) 3.36 (3.09, 3.66)   3.79 (2.94, 4.87) 3.72 (2.86, 4.84)    
21+ 4.09 (3.50, 4.77) 4.03 (3.44, 4.72) <0.001, <0.001 5.97 (4.17, 8.56) 5.50 (3.79, 7.99) <0.001, <0.001 0.37, 0.65 

SGA , <10centile 2              
1, 10 2.42 (2.32, 2.52) 2.50 (2.40, 2.62)   2.23 (1.93, 2.58) 2.23 (1.92, 2.60)    

11, 20 2.93 (2.77, 3.090 3.01 (2.85, 3.19)   2.96 (2.51, 3.50) 2.94 (2.47, 3.49)    
21+ 3.66 (3.29, 4.08) 3.65 (3.27, 4.08) <0.001, <0.001 3.72 (2.83, 4.89) 3.48 (2.63, 4.60) <0.001, <0.001 0.23, 0.057 

Neonatal Intensive Care 3              



1, 10 1.44 (0.31, 1.600 1.41 (1.26, 1.57)   1.38 (1.00, 1.90) 1.35 (0.96, 1.92)    
11, 20 1.57 (1.38, 1.80) 1.48 (1.28, 1.71)   1.80 (1.25, 2.57) 1.75 (1.19, 2.59)    
21+ 1.73 (1.32, 2.28) 1.47 (1.10, 1.97) <0.001, <0.001 1.84 (0.99, 3.41) 1.68 (0.87, 3.22) <0.001, 0.002 0.79, 0.60 

Resuscitation required 3              
1, 10 1.23 (1.16, 1.29) 1.19 (1.12, 1.26)   1.10 (0.93, 1.31) 1.12 (0.92, 1.35)    

11, 20 1.28 (1.19, 1.38) 1.21 (1.12, 1.31)   1.46 (1.20, 1.78) 1.43 (1.14, 1.78)    
21+ 1.38 (1.19, 1.60) 1.26 (1.07, 1.48) <0.001, <0.001 1.35 (0.95, 1.94) 1.31 (0.88, 1.93) <0.001, 0.002 0.82, 0.73 

Oxygen therapy (>4 
hours)3              

1, 10 1.21 (1.13, 1.29) 1.20 (1.11, 1.29)   1.23 (1.00, 1.52) 1.30 (1.03, 1.64)    
11, 20 1.35 (1.24, 1.48) 1.34 (1.21, 1.47)   1.61 (1.26, 2.04) 1.60 (1.23, 2.09)    
21+ 1.38 (1.14, 1.67) 1.28 (1.05, 2.57) <0.001, <0.001 1.91 (1.29, 2.84) 1.83 (1.19, 2.82) <0.001, <0.001 0.11, 0.051 

Still birth1              
1, 10 1.52 (1.27, 1.82) 1.37 (1.14, 1.65)   1.46 (0.75, 2.86) 1.42 (0.70, 2.87)    

11, 20 1.53 (1.19, 1.95) 1.39 (1.07, 1.79)   1.82 (0.85, 3.90) 1.75 (0.78, 3.94)    
21+ 1.41 (0.81, 2.44) 1.21 (0.69, 2.12) <0.001, 0.001 2.35 (0.72, 7.64) 2.13 (0.62, 7.32) 0.035, 0.08 0.62, 0.63 

Neonatal death (<28 days)4              
1, 10 1.06 (0.76, 1.48) 0.92 (0.65, 1.30)   1.62 (0.59, 4.430 2.00 (0.70, 5.75)    

11, 20 1.33 (0.88, 2.02) 1.11 (0.72, 1.72)   1.11 (0.25, 4.83) 1.42 (0.31, 6.56)    
21+ 1.65 (0.73, 3.71 1.26 (0.55, 2.89) 0.10, 0.67 1.91 (0.25, 14.45) 2.22 (0.26, 18.82) 0.46, 0.29 0.85, 0.88 

Congenital abnormalities1              
1, 10 1.07 (0.96, 1.18) 1.03 (0.93, 1.14)   0.91 (0.65, 1.28) 0.90 (0.64, 1.28)    

11, 20 1.03 (0.89, 1.19) 0.99 (0.85, 1.15)   1.34 (0.94, 1.93) 1.32 (0.90, 1.93)    
21+ 1.30 (0.98, 1.73) 1.21 (0.91, 1.62) 0.10, 0.45 1.05 (0.51, 2.14) 0.99 (0.48, 2.07) 0.34, 0.45 0.74, 0.68 

 

 
Abbreviations: PROM premature rupture of membranes; IUGR intrauterine growth restriction; SGA small for gestational age 
a P value for trend tested for a linear relation, assuming equally spaced categories 



Odds ratios adjusted for:  1 maternal age, parity, ethnicity, SEIFA, year of birth, pre, existing hypertension, pre, existing diabetes;  2 maternal age, SEIFA, year 
of birth, pre, existing hypertension, pre, existing diabetes; 3 maternal age, parity, ethnicity, SEIFA, year of birth, pre, existing hypertension, pre, existing 
diabetes, method of delivery, hypertensive disorders of pregnancy; 4 maternal age, parity, ethnicity, SEIFA, year of birth, pre, existing hypertension, pre, 
existing diabetes , hypertensive disorders of pregnancy.  
 
 



Supplementary Table 2: Odds ratios for maternal outcomes in primparous women according to maternal asthma and cigarette smoking status 
during pregnancy, using non-asthmatic non-smokers as the reference population. Bolded figures indicate significant aOR p<0.05. 
 

 

1Odds ratios adjusted for maternal age, ethnicity, SEIFA, year of birth, pre-existing hypertension and pre-existing diabetes. 
Abbreviations: PROM premature rupture of membranes. 
 

  Non-Asthmatic 
Non-Smokers Non-Asthmatic Smokers Asthmatic Non-smokers Asthmatic Smokers p for 

Interaction 
OR, aOR   

 
OR aOR (95% CI)1 OR aOR (95% CI)1 OR aOR (95% CI)1 

Maternal Outcomes         
Hypertensive disorders of 
pregnancy Reference 0.75 0.69 (0.64-0.75) 1.31 1.27 (1.16-1.40) 1.02 0.92 (0.75-1.12) 0.70, 0.69 

Gestational diabetes Reference 0.82 0.94 (0.83-1.07) 1.17 1.22 (1.04-1.43) 1.12 1.40 (1.03-1.92) 0.37, 0.29 
Antepartum haemorrhage         
Abruption Reference 1.47 1.38 (1.08-1.77) 1.16 1.13 (0.77-1.67) 1.62 1.49 (0.79-2.81) 0.90, 0.90 
Placenta praevia Reference 0.79 0.95 (0.67-1.35) 0.88 0.93 (0.57-1.52) 1.42 1.90 (0.89-4.05) 0.14, 0.11 
Unknown cause Reference 1.23 1.17 (1.02-1.33) 1.28 1.26 (1.05-1.52) 1.58 1.48 (1.06-2.05) 0.98, 0.99 
Urinary tract infection Reference 1.82 1.38 (1.23-1.55) 1.65 1.55 (1.31-1.83) 2.62 1.85 (1.42-2.40) 0.41, 0.36 
Polyhydramnios Reference 1.22 1.24 (0.87-1.76) 1.52 1.50 (0.95-2.37) 2.26 2.28 (1.11-4.68) 0.66, 0.66 
Caesarean section (total) Reference 0.68 0.85 (0.80-0.89) 1.04 1.09 (1.01-1.17) 0.68 0.91 (0.79-1.06) 0.63, 0.93 
Elective Caesarean Reference 0.64 0.82 (0.74-0.91) 0.92 0.97 (0.85-1.11) 0.53 0.74 (0.54-1.01) 0.52, 0.67 
Emergency Caesarean Reference 0.75 0.87 (0.83-0.92) 1.07 1.11 (1.02-1.19) 0.79 0.97 (0.83-1.12) 0.79, 0.98 
Premature labour Reference 1.32 1.30 (1.17-1.45) 0.82 0.82 (0.68-1.00) 1.51 1.49 (1.13-1.96) 0.06, 0.06 
PROM Reference 1.23 1.27 (1.11-1.45) 0.98 0.99 (0.80-1.22) 1.11 1.16 (0.79-1.72) 0.75, 0.75 



Supplementary Table 3: Odds ratios for neonatal outcomes from primiparous women, according to maternal asthma and cigarette smoking 
status during pregnancy, using non-asthmatic non-smokers as the reference population. Bolded figures indicate significant aOR p<0.05. 

 
Abbreviations: IUGR intrauterine growth restriction; SGA small for gestational age; 
Odds ratios adjusted for: 
1 maternal age, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes;  
2 maternal age, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes; 
3 maternal age, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes, method of delivery, hypertensive disorders of 
pregnancy; 
4 maternal age, ethnicity, SEIFA, year of birth, pre-existing hypertension, pre-existing diabetes, hypertensive disorders of pregnancy.  

  Non-Asthmatic 
Non-Smokers Non-Asthmatic Smokers Asthmatic Non-smokers Asthmatic Smokers p for 

interaction 
OR, aOR    OR aOR (95% CI) OR aOR (95% CI) OR aOR (95% CI) 

Very preterm birth <32weeks1 Reference 1.41 1.33 (1.15-1.55) 0.83 0.81 (0.61-1.06) 1.70 1.56 (1.07-2.28) 0.12, 0.12 

Preterm Birth <37 weeks1 Reference 1.29 1.30 (1.18-1.40) 1.01 1.00 (0.88-1.13) 1.66 1.65 (1.35-2.02) 0.05, 0.04 
IUGR (<3 centile)2 Reference 2.34 2.44 (2.23-2.67) 0.84 0.87 (0.72-1.05) 2.57 2.69 (2.15-3.37) 0.08, 0.07 
SGA  (<10centile)2 Reference 2.22 2.30 (2.17-2.44) 1.03 1.08 (0.97-1.19) 2.41 2.52 (2.16-2.93) 0.56, 0.52 
Neonatal Intensive Care 
Admission3 Reference 1.36 1.42 (1.24-1.63) 1.09 1.02 (0.82-1.26) 1.35 1.33 (0.91-1.94) 0.68, 0.70 

Resuscitation required3 Reference 1.25 1.17 (1.09-1.25) 1.13 1.07 (0.97-1.19) 1.42 1.26 (1.06-1.52) 0.95, 0.96 
Oxygen therapy (>4 hours)3 Reference 1.09 1.13 (1.03-1.24) 1.04 0.98 (0.86-1.13) 1.37 1.38 (1.09-1.74) 0.17, 0.15 

Still birth1 Reference 1.31 1.28 (0.99-1.66) 0.76 0.76 (0.48-1.20) 1.89 1.84 (1.03-3.31) 0.10, 0.10 

Neonatal death (<28 days)4 Reference 0.92 0.96 (0.58-1.57) 1.14 1.18 (0.62-2.25) 1.79 1.87 (0.68-5.13) 0.40, 0.40 

Congenital abnormalities1 Reference 0.99 0.98 (0.85-1.13) 1.08 1.08 (0.89-1.32) 1.30 1.30 (0.92-1.84) 0.36, 0.33 
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