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Abstract  
Objective 

The burden of wheezing illnesses in Australian infants has not been documented 

since the success of initiatives to reduce maternal cigarette smoking. We aimed to 

determine the incidence of wheeze and related health care utilisation during the first 

year of life, among a contemporary Australian birth cohort.   

 

Design  

A birth cohort of 1074 infants was assembled between 2010 and 2013. Parents 

completed questionnaires periodically. Several non-exclusive infant respiratory 

disease phenotypes were defined including any wheeze, wheeze with shortness of 

breath and recurrent wheeze. Skin prick testing was performed to determine atopic 

wheeze. Healthcare utilisation for respiratory disease was determined from 

questionnaires and hospital medical records. 

 

Results  

Retention to 1 year was 840/1074 (83%). The incidence of any wheeze was 51.8% 

(95% confidence interval (CI) 48.3%–55.2%), wheeze with shortness of breath 20.6% 

(95% CI 17.9–23.5), recurrent wheeze 19.4% (95% CI 16.8–22.2) and atopic wheeze 

6% (95% CI 4.6–7.8). Respiratory illness resulted in primary health care utilisation in 

82.2% (95% CI 79.3–84.8) of participants and hospital presentation in 8.8% (95% CI 

7.2–10.6). Maternal smoking during pregnancy was uncommon (15.7%) and was not 

associated with wheeze or health resource utilisation. Male sex, familial atopy and 
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asthma and smaller household size were associated with higher incidence of wheeze.  

  

Conclusions 

Incidence of wheezing illness among Australian infants remains high despite 

relatively low rates of maternal smoking during pregnancy. The majority of the 

healthcare burden is borne by primary healthcare services. Further research is 

required to inform novel prevention strategies. 
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What is already known 

• Wheezing illnesses are common during infancy, with high associated morbidity 

and health resource burden, and adverse implications for long term respiratory 

health 

• Maternal smoking during pregnancy is an established risk factor for wheezing 

illnesses in infancy  

• Australia has successfully reduced smoking rates among women of child 

bearing age and tobacco smoke exposure during infancy 
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What this paper adds 

• Despite low rates of maternal smoking during pregnancy, infant respiratory 

disease is highly prevalent, with more than 50% of infants wheezing in the first 

year 

• Associated health resource utilisation is high, with more than 80% attending a 

GP and 9% attending an emergency department 

• Genetic factors such as sex and family history and environmental factors such 

as household size remain important determinants of infant respiratory disease. 

Manuscript  

Introduction 
Early wheeze predisposes to childhood asthma(1) and persisting deficits in lung 

function(2), posing a significant health and economic burden.(3) Knowledge of 

wheeze incidence in Australia and New Zealand is primarily based on cohorts 

assembled in the 1990s.(4-8) The most recent Australian birth cohort, assembled 

between 2003 and 2004, found wheeze occurred in more than 30% of children in the 

first 2 years of life.(9) Lower respiratory infections (LRI), with or without wheeze, are 

also prevalent in the first year of life. A community-based Australian cohort 

assembled between 1989-1992 found LRI in 37% and wheezing LRI in 25% of 

participants in the first year of life.(5) In the time since these studies smoking rates 

have fallen, with the proportion of Australian women who smoked during pregnancy 

decreasing from 19% in 2001(10) to 13% in 2012.(11) Maternal smoking during 

pregnancy is a major risk factor for wheeze in the first year of life,(12, 13) however it 
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is not known whether the reduction in maternal smoking during pregnancy has been 

associated with a concordant reduction in infant wheeze.  

 

We aimed to determine the incidence and burden of wheezing illnesses during the 

first year of life, among a contemporary Australian birth cohort with low antenatal 

tobacco smoke exposure.  

Methods 

Study population and design 
The Barwon Infant Study (BIS) is a birth cohort study (n=1074) conducted in south-

eastern Australia.(14) (Supplementary 1) Ethics approval for this study was obtained 

from the Barwon Health Human Research Ethics committee HREC number 10/24. 

Mothers were recruited during pregnancy using an unselected sampling frame. The 

eligibility criteria were: residents of a defined geographical region in the Barwon area 

of Victoria; at most 32-weeks gestation at the time of enrolment; and planning to give 

birth at local hospitals. Birth record data and questionnaires administered during 

pregnancy were used to identify demographic information and exposure to predicted 

antenatal risk factors including male sex, family history of allergic disease, exposure 

to tobacco smoke, older siblings, household size, pet ownership, livestock exposure 

and other factors listed in Table 1. A short questionnaire was completed by those 

declining participation. Recruitment was completed in June 2013. Postnatal exposure 

of children to any breastfeeding and any tobacco smoke was determined from 

questionnaires completed by parents at 1, 3, 6, 9 and 12 months.  
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Measures of wheeze 
Parents completed a validated respiratory questionnaire(15) (Supplementary 2) at 1, 

3, 6, 9 and 12 months (Figure 1). Parents were asked to report any episodes of 

wheeze occurring since the previous completed review. On each occasion, wheeze 

was defined for parents as expiratory “breathing that makes a high-pitched whistling 

or squeaking sound from the chest, not the throat”. Among the infants with parent 

reported wheeze, we also conducted analyses restricted to the following non-

exclusive categories: wheeze with shortness of breath (SOB), recurrent wheeze and 

atopic wheeze. Wheeze with SOB was defined as any episode of parent reported 

wheeze with associated shortness of breath. Recurrent wheeze was defined as more 

than one separate episode of parent-reported wheeze in the first year of life. Atopic 

wheeze was defined as one or more episodes of parent-reported wheeze in the first 

year of life and allergic sensitisation at 12 months. Allergic sensitisation following SPT 

was defined as a wheal size of 2mm greater than the negative control to the allergen 

in the presence of a positive histamine control.(16) Allergens tested were cow’s milk, 

raw egg, peanut, cashew, sesame, house dust mite, cat, dog, rye grass and the 

fungus Alternaria tenuis. 

Measures of health resource utilisation 
For any respiratory illness, parents were asked whether a primary healthcare provider 

(general practitioner) or emergency doctor was seen and if a specific diagnosis made. 

Primary healthcare records were not examined to corroborate parent report, however 

available hospital medical records from the child’s first year of life were reviewed for 

documentation of doctor-detected wheeze, salbutamol use and diagnosis. LRI was 

defined as an illness associated with wheeze or rattly chest and/or evidence of 

respiratory distress.(17)  
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Statistical Analysis 
At 1, 3, 6, 9 and 12-month reviews, parents were asked about symptoms and health 

resource utilisation since the previous review but were not asked the dates of these 

events.  Based on interview dates, we generated time-to-event curves for wheeze, 

wheeze with SOB, primary health attendance and emergency presentation for a 

respiratory condition. Parent-reported data were censored at 420 days to include 

delayed but completed 12-month reviews. Data from hospital records were censored 

at 1 year. We adjusted for differences in exposures between the inception cohort and 

the non-enrolled mothers using the inverse probability weighting method.(18) This 

reweighting was used to reflect the distribution of known risk factors among those 

who formed the inception cohort versus those approached but who were not enrolled. 

The weights were the inverse of the predicted probability of participation obtained 

after fitting a logistic regression model that included the predicted risk factors 

(maternal age, socioeconomic status, household size, family history of asthma and 

family history of eczema). Weighted logarithmic binomial regression models were 

then fitted to estimate risk ratios (RR) for associations between antenatal exposures 

and outcomes. Male sex, family history of atopy, older siblings, maternal smoking 

during pregnancy, pet ownership during pregnancy, livestock ownership during 

pregnancy, passive tobacco smoke exposure during infancy and any breastfeeding in 

infancy were included as covariates in the model due to their predicted association 

with wheeze during the first year of life. Data were analysed using statistical software 

Stata/SE version 15.1 (Statacorp, TX, USA).   

Results 
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Characteristics of the cohort 
Cohort assembly and retention throughout the first year is shown in Figure 1. 

Baseline characteristics of the infants are detailed in Table 1. Males comprised 51.7% 

of the cohort. Maternal smoking rates were low, with 15.7% reporting smoking during 

pregnancy, while a further 12.6% of mothers were passively exposed to any 

environmental tobacco smoke during pregnancy. During the first year, only 5.2% of 

infants were exposed to tobacco smoke in the same room, although 15% of 

households had one or more smokers. Women who agreed to participate were more 

likely to have a family history of allergic disease compared with those declining to 

participate (Table 2). 

Wheeze phenotypes 
51.8% (95% confidence interval (CI) 48.3–55.2) of infants had at least one episode of 

parent-reported wheeze during the first year of life, 20.6% (95% CI 17.9–23.5) had 

wheeze with associated with shortness of breath, 19.4% (95% CI 16.8–22.2) had 

recurrent wheeze and 6% (95% CI 4.6–7.8) had atopic wheeze. 

Primary health care utilisation for a respiratory condition 
82.2% (95% CI 79.3–84.8) of infants utilised a primary healthcare provider for a 

respiratory condition, comprising 1,305 presentations in total. Parents recalled a 

diagnosis in 1289/1305 (98.8%) of cases. The most common recalled diagnoses 

were “cold”/“common cold” 276/1305 (21.1%), “viral infection” 255/1305 (19.5%) or 

“bronchiolitis” 127/1305 (9.7%).  

Hospital presentations for a respiratory condition 
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In the first year of life, 8.8% (95% CI 7.2–10.6) of children had at least one 

respiratory-related hospital presentation, with a total of 114 presentations identified 

for the cohort. Of these males accounted for 66/114 (57.8%). The most common 

diagnoses recorded were “bronchiolitis” 56/114 (49.1%), “croup” 20/114 (17.5%) and 

“viral infection” 13/114 (11.4%). 72/114 (63.2%) respiratory-related hospital 

presentations were recorded as LRI, of which 50/72 (69.4%) also had wheeze noted. 

Salbutamol prescription in the emergency department was documented in 9/114 

(0.8%) respiratory presentations and subsequent improvement in respiratory 

symptoms was noted in 2 of these infants.  

Sex 
Males had a higher incidence of wheeze with SOB (Weighted Risk Ratio (RR) 1.53; 

95% CI 1.07–2.17; P=0.018), atopic wheeze (RR 3.52; 95% CI 1.81–6.95; P<0.001) 

and primary healthcare utilisation (RR 1.11; 95% CI 1.03–1.23; P=0.010). There was 

minimal evidence of an association between male sex and increased likelihood of 

wheeze (RR 1.04; 95% CI 0.88–1.23; P=0.66), recurrent wheeze (RR 1.34; 95% CI 

0.94–1.92; P=0.10), or presentation to hospital for a respiratory condition (RR 1.15; 

95% CI 0.69–1.92; P=0.54) (Table 3). The association between male sex and 

respiratory health was more apparent from 6 months of age (Figure 2). 

 

Family history of allergic disease 
Infants with a family history of any allergic disease were more likely to present to 

hospital for a respiratory condition (RR 6.00; 95% CI 1.52–23.67; P=0.010). Infants 

with a first–degree relative with asthma were more likely to develop wheeze (RR 

1.34; 95% CI 1.14–1.56; P<0.001), wheeze with SOB (RR 2.10; 95% CI 1.50–2.94; 

P<0.001), recurrent wheeze (RR 1.79; 95% CI 1.24–2.59; P<0.001), utilise primary 
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healthcare for a respiratory condition (RR 1.09; 95% CI 1.02–1.18; P=0.010) and 

present to hospital for a respiratory condition (RR 3.60; 95% CI 2.05–6.30; P <0.001) 

(Table 3 and Figure 3). 

Household size and older siblings 
Increased household size was associated with reduced risk of recurrent wheeze (RR 

0.76; 95% CI 0.61–0.92; P = 0.011). We found weak evidence that infants with older 

siblings were more likely to develop wheeze (RR 1.17; 95% CI 0.99–1.39; P = 0.066). 

(Table 3).  

Pet ownership or livestock exposure 
No associations were found between maternal pet ownership or livestock exposure 

during pregnancy and wheeze phenotypes or health resource utilisation during the 

first year of life (Table 3). We identified that livestock ownership was associated with 

reduced atopic wheeze (RR 0.15; 95% CI 0.02–1.12; P = 0.065) with a strong 

magnitude of effect. The borderline significance partly reflects that this is an 

uncommon exposure. 

 

Smoking, demographic, pregnancy, birth-related factors 
and breastfeeding 
No association was identified between maternal smoking or passive smoke exposure 

during pregnancy (Table 3), parental country of birth, parental age, parental 

education, SEIFA, plurality, gestational age, birth by caesarean section, birth in a 

government hospital, birthweight or any breastfeeding in the first year of life and 
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wheeze phenotypes or health resource utilisation (data not shown). On sensitivity 

analysis, weighted for retention over the first year, there was no evidence of attrition 

bias. 

 

Discussion 
We found low rates of antenatal maternal smoking and infant tobacco smoke 

exposure in our cohort, however this reflects a rapid decline in smoking in Australia in 

recent years. At the time of participant recruitment, the 2012 Australian Institute of 

Health and Welfare (AIHW) report had found that 13% of women who gave birth 

smoked during pregnancy and since recruitment was completed there has been a 

further decline to 9.9% in 2015.(19)  Despite reduced tobacco smoke exposure, the 

incidence of parent-reported wheeze in the first year of life was greater than 50%, 

higher than observed in previous Australasian studies.(4-6) Thus despite the success 

of Australia’s anti-smoking legislation and public health campaigns (20, 21), there is a 

clear need to identify and address other modifiable risk factors for adverse respiratory 

health during early life.  

 

The majority of infants with respiratory illness were managed in a primary care 

setting, with 82.2% of infants attending a general practitioner. Only 9.6% of infants 

with respiratory illness presented to hospital, however a previous study at the main 

public hospital in the study region found that of all children presenting to hospital, 

those with respiratory illness were the most likely to be admitted.(22) The study 

population and location share many characteristics of other large regional centers in 

southern Australia(14), indicating that respiratory illnesses in infancy remain a 

significant resource burden and cost for all levels of Australian healthcare. 
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We replicated established associations between male sex(23), family history of 

asthma(24), smaller household size(25) and adverse respiratory health during 

infancy.(4-6) Increased sibling number was weakly associated with ‘any wheeze’, 

consistent with evidence that older siblings are an important source of viral 

exposures.(26) By contrast, household size was associated with reduced recurrent 

wheeze, and to some extent, reduced atopic wheeze, consistent with the well-

established association between larger household size and decreased allergic 

disease.(25, 27) We found no relationship between pet ownership and infant wheeze, 

where findings from previous studies have been conflicting.(28) We did however find 

that livestock ownership was associated with reduced atopic wheeze, although only a 

small proportion of participants owned livestock, limiting statistical power. These 

results indicate that both genetics and environmental factors associated with 

microbial exposure remain important determinants of infant respiratory disease. Our 

inability to replicate associations between either prematurity or low birth weight and 

subsequent infant wheeze is likely to be due to the small number of premature and/or 

small birth weight infants within the cohort.  

 

The strengths of this study include the use of an unselected antenatal sampling 

frame; use of a validated respiratory questionnaire to assess respiratory symptoms; 

comparison of parent-reported symptoms with the symptoms and signs recorded in 

hospital medical records and a high retention rate to 1 year. Data collected on non-

responding participants allowed us to account for potential participation bias at 

inception and attrition bias over the course of the study by the use of a validated 

inverse probability weighting method.(18) Frequent reviews reduce the potential for 

recall bias. Limitations include parental report of smoking and tobacco smoke 

exposure and the assessment of respiratory symptoms by parental report. The 
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relatively low prevalence of parent-reported tobacco smoke exposure during 

pregnancy in our cohort is in keeping with a contemporaneous nationwide estimate of 

13%.(19) Nonetheless, in each case there may be a social bias towards under-

reporting of cigarette smoking, which could potentially obscure an association with 

wheeze outcomes among offspring. We did not collect specific data on outdoor 

tobacco smoking, which has been reported to be as high as 26% in Australian 

households with dependent children.(29) However, this is unlikely to be the case in 

our cohort, as only 15% of households reported having one or more smokers.  

Reliable assessment of wheeze may be an important unmeasured confounder which 

may be over or under-reported depending on parental experience and familiarity with 

infant wheeze.(30) Consistent with this, there was discordance between parent 

versus doctor assessment of wheeze status among the subgroup presenting to 

hospital. The detailed description of wheeze provided to parents (Supplementary 2) 

and frequency of review are likely to have improved the accuracy of parent report. 

Conclusion 
In a contemporary Australian birth cohort, with low rates of maternal tobacco smoke 

exposure during pregnancy, early respiratory disease is common and continues to 

pose a major health burden. We have replicated associations between known risk 

factors and wheeze phenotypes, providing a level of construct validity to the 

measures conducted in this study. Although many illnesses are managed in the 

primary healthcare setting, hospital presentation with a respiratory illness was higher 

than reported in previous Australian studies. As exposure to smoking declines, further 

studies are needed to identify risk factors to explain the persistently high prevalence 

of early respiratory disease.  
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Tables  
Table 1. Baseline characteristics of infants in inception vs. cohort with complete 

respiratory outcomes 

Characteristic Inception cohort (n=1074) Cohort with complete 

respiratory outcomes at 1 

year (n=840) 

Sex of child: 

Male 

Female 

  

555 (51.7%) 

519 (48.3%) 

 

441 (52.5%) 

399 (47.5%) 

Twin pairs 10 (0.9%) 5 (1.1%) 

First degree family history of: 

Hay fever 

Eczema 

Asthma 

 

674 (62.8%) 

480 (44.7%) 

542 (50.5%) 

 

543 (64.6%) 

383 (45.6%) 

421 (50.1%) 

Maternal country of birth 

Australia 

Other 

Unknown 

  

961 (88%) 

110 (11.7%) 

3 (0.3%) 

 

755 (89.9%) 

85 (10.1%) 

0 (0%) 

Paternal country of birth 

Australia 

Other 

Unknown 

  

915 (85.2%) 

108 (10.1%) 

51 (4.8%) 

 

723 (86.1%) 

80 (9.5%) 

37 (4.4%) 

Maternal age, years (mean & SD) 31.3 (4.8) 31.8 (4.6) 

Paternal age, years (mean & SD)) 33.5 (5.9) 33.8 (5.5) 

Maternal education 

< year 10 of high school 

Year 10 of high school  

Year 12 of high school  

Trade, certificate, diploma 

Bachelor degree 

Postgraduate degree 

Unknown 

  

12 (1.1%) 

80 (7.5%) 

162 (15.1%) 

266 (24.8%) 

354 (33%) 

194 (18.1%) 

6 (.6%) 

 

6 (0.71%) 

40 (4.8%) 

119 (14.2%) 

208 (24.8%) 

302 (36.0%) 

162 (19.3%) 

3 (0.4%) 

SEIFA 

Low 

  

357 (33.2%) 

 

254 (30.2%) 
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Middle 

High 

Unknown 

353 (32.9%) 

351 (32.7%) 

13 (1.9%) 

281 (33.5%) 

295 (35.1%) 

10 (1.2%) 

Number of siblings at home 

0 

1 

2 

3 or more 

Unknown 

  

450(41.9%) 

382 (35.6%) 

184 (17.1%) 

55 (5.1%) 

3 (0.3%) 

 

353 (42.0%) 

298 (35.5%) 

144 (17.1%) 

45 (5.4%) 

0 (0.0%) 

Antenatal maternal cigarette smoking: 

Yes 

No 

Unknown 

 

  

169 (15.7%) 

892 (83.1%) 

13 (1.2%) 

 

105 (12.5%) 

726 (86.4%) 

9 (1.1%) 

Passive smoking by mother during preconception or 

pregnancy 

 

135 (12.6%) 88 (10.5%) 

Pet ownership during pregnancy 

Yes 

No 

unknown 

  

790 (73.6%) 

278 (25.9%) 

6 (0.6%) 

 

618 (73.6%) 

219 (26.1%) 

3 (0.4%) 

Livestock ownership during pregnancy 

Yes 

No 

Unknown 

  

73 (6.8%) 

985 (91.7%) 

16 (1.5%) 

 

60 (7.1%) 

773 (92.0%) 

7 (0.8%) 

Delivered in a government hospital 

Yes 

No 

  

780 (72.6%) 

294 (27.4%) 

 

592 (70.5%) 

248 (29.5%) 

Delivery via Caesarean section 333 (31%) 267 (31.8%) 

Gestational age at birth: 

32 to 36 completed weeks 

37 to 42 completed weeks 

> 42 completed weeks 

  

47 (4.4%) 

1,027 (95.6%) 

0 (0.0%) 

 

34 (4.0%) 

806 (95.9%) 

0 (0.0%) 

Birthweight in grams (mean & SD) 3528 (519) 3550 (516) 

Mother smoked during first year of life 

Yes 

 

71 (6.6%) 

 

60 (7.1%) 
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No 

Unknown 

826 (76.9%) 

177 (16.5%) 

750 (89.2%) 

30 (3.6%) 

Partner smoked during first year of life 

Yes 

No 

Unknown 

 

151 (14.1%) 

743 (69.2%) 

180 (16.8%) 

 

127 (15.1%) 

676 (80.5%) 

37 (4.4%) 

Number of current smokers in household at 12-months 

0 

1 

2 

3 

4 

5 

Unknown 

 

748 (69.6%) 

102 (9.5%) 

27 (2.5%) 

0 (0.0%) 

1 (0.1%) 

1 (0.1%) 

195 (18.2%) 

 

682 ((81.2%) 

91 (10.8%) 

25 (3.0%) 

0 (0.0%) 

1 (0.1%) 

1 (0.1%) 

40 (4.8%) 

Exposure to tobacco smoke in same room as child during the 

first year of life 

Yes 

No 

Unknown 

 

 

56 (5.2%) 

920 (85.6%) 

98 (9.1%) 

 

 

 

48 (5.7%) 

784 (93.3%) 

8 (1.0%) 

Any breast feeding during the first year of life 

Yes 

No 

Unknown 

 

1002 (93.3%) 

23 (2.1%) 

49 (4.6%) 

 

 

827 (98.5%) 

13 (1.5%) 

0 (0.0%) 
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Table 2. Family history of allergic disease in mothers of inception cohort vs. those 

who declined to participate 

Family history of a first-

degree relative with allergic 

disease 

Inception cohort  

(n=1064 pregnancies) 

Non-enrolled mothers 

(n=2869 pregnancies) 

Hay fever 674 (63.3%) Not recorded 

Eczema 480 (45.1%) 362/2094 (17.3%) 

Asthma 542 (50.9%) 506/1600 (21.6%) 

Food allergy 265 (24.9%)   Not recorded 
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Table 3. Risk ratios for wheeze phenotypes and health resource utilisation adjusted 

for male sex, family history of atopy, older siblings, maternal smoking during 

pregnancy, pet ownership during pregnancy, livestock ownership during pregnancy, 

passive tobacco smoke exposure during infancy and any breastfeeding in infancy.  
Characteristic Wheeze 

 

Wheeze with SOB Recurrent wheeze Atopic wheeze Primary healthcare 

utilisation 

Hospital presentation 

Male sex 

 

1.04 

(0.88–1.23) 

1.53* 

(1.07–2.17) 

1.34 

(0.94–1.92) 

3.52*** 

(1.81–6.95) 

1.11* 

(1.03–1.23) 

1.15 

(0.69–1.92) 

First degree family history 

of allergic disease 

 

1.08 

(0.86–1.36) 

1.62 

(0.94–2.80) 

1.31 

(0.75–2.28) 

1.46 

(0.52–4.07) 

1.07 

(0.97–1.18) 

6.00* 

(1.52–23.67) 

First degree family history 

of asthma 

 

1.34*** 

(1.14–1.56) 

2.10*** 

(1.50–2.94) 

1.79** 

(1.24–2.59) 

1.80 

(0.92–3.54) 

1.09** 

(1.02–1.18) 

3.60*** 

(2.05–6.30) 

Any older siblings 1.17 

(1.00–1.39) 

1.22 

(0.86–1.74) 

1.22 

(0.85–1.74) 

1.64 

(0.80–3.38) 

0.98 

(0.90–1.05) 

1.00 

(0.61–1.67) 

Household size (per 

person) 

1.01 

(0.89–1.15) 

0.98 

(0.75–1.27) 

0.76* 

(0.61–0.94) 

0.64 

(0.38–1.07) 

1.01 

(0.97–1.05) 

0.94 

(0.60–1.49) 

Pet ownership during 

pregnancy 

1.06 

(0.87–1.29) 

1.08 

(0.72–1.61) 

1.19 

(0.81–1.75) 

0.81 

(0.42–1.55) 

1.01 

(0.92–1.11) 

0.76 

(0.41–1.40) 

Livestock ownership 

during pregnancy 

0.93 

(0.67–1.30) 

1.08  

(0.54–2.17) 

0.70 

(0.37–1.35) 

0.15 

(0.02–1.12) 

1.07 

(0.95–1.21) 

1.15 

(0.30–4.49) 

Antenatal maternal 

cigarette smoking 

1.00  

(0.77–1.31) 

1.21 

(0.73–2.00) 

1.06 

(0.62–1.82) 

2.21 

(0.98–4.93) 

1.09 

(1.01–1.17) 

1.70 

(0.91–3.17) 

Passive smoking by 

mother during 

preconception or 

pregnancy 

0.95 

(0.65–1.40) 

0.90 

(0.41–1.97) 

0.49 

(0.19–1.24) 

2.11 

(0.88–5.08) 

 1.06  

(0.92–1.22) 

 0.39  

(0.06–2.59) 

Brackets contain 95% confidence interval 

*  P <0.05 

** P <0.01 

*** P <0.001 
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Figure legends 
Figure 1. BIS Retention and respiratory response data in the first year of life.  

 

 

Figure 2. Cumulative incidence of respiratory outcomes separated by sex 

Outcomes: Wheeze = Parent reported wheeze; Wheeze with SOB = Parent reported 

wheeze with shortness of breath; Respiratory HRU = Primary health resource 

utilisation for a respiratory condition; Respiratory ED presentations = Presentation to 

hospital for a respiratory condition. 

___________ = Female 

– - - - - - - - - -  = Male 

 

 

 

Figure 3. Cumulative incidence of respiratory outcomes separated by family history of 

first-degree relative with allergic disease. 

Outcomes: Wheeze = Parent reported wheeze; Wheeze with SOB = Parent reported 

wheeze with shortness of breath; Respiratory HRU = Primary health resource 
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utilisation for a respiratory condition; Respiratory ED presentations = Presentation to 

hospital for a respiratory condition. 

                       = No first-degree relatives with allergic disease 

- - - - - - - - - -  = First degree relative(s) with allergic disease 
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