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ABSTRACT
Background  Preventing poor childhood asthma control 
is crucial for short-term and long-term respiratory health. 
This study evaluated associations between perinatal and 
early-life factors and early childhood asthma control.
Methods  This retrospective study used administrative 
health data from mothers and children born 2010–2012 
with a diagnosis of asthma before age 5 years, in Alberta, 
Canada. The outcome was asthma control within 2 years 
after diagnosis. Associations between perinatal and early-
life factors and risk of partly and uncontrolled asthma were 
evaluated by multinomial logistic regression.
Results  Of 7206 preschoolers with asthma, 52% had 
controlled, 37% partly controlled and 12% uncontrolled 
asthma 2 years after diagnosis. Compared with controlled 
asthma, prenatal antibiotics (adjusted risk ratio (aRR): 1.19; 
95% CI 1.06 to 1.33) and smoking (aRR: 1.18; 95% CI 
1.02 to 1.37), C-section delivery (aRR: 1.11; 95% CI 1.00 
to 1.25), summer birth (aRR: 1.16; 95% CI 1.00 to 1.34) 
and early-life hospitalisation for respiratory illness (aRR: 
2.24; 95% CI 1.81 to 2.76) increased the risk of partly 
controlled asthma. Gestational diabetes (aRR: 1.41; 95% CI 
1.06 to 1.87), C-section delivery (aRR: 1.18; 95% CI 1.00 
to 1.39), antibiotics (aRR: 1.32; 95% CI 1.08 to 1.61) and 
hospitalisation for early-life respiratory illness (aRR: 1.65; 
95% CI 1.19 to 2.27) were associated with uncontrolled 
asthma.
Conclusion  Maternal perinatal and early-life factors 
including antibiotics in pregnancy and childhood, 
gestational diabetes, prenatal smoking, C-section and 
summertime birth, and hospitalisations for respiratory 
illness are associated with partly or uncontrolled 
childhood asthma. These results underline the significance 
of perinatal health and the lasting effects of early-
life experiences on lung development and disease 
programming.

INTRODUCTION
Asthma is the most common chronic disease 
in childhood, affecting up to 13% of children 
in Canada.1 Preschool asthma accounts for 
the highest rate of emergency department 
(ED) visits and hospitalisations for asthma 

exacerbations among all age groups.2 By 
age 6, about 50%–60% of preschoolers with 
asthma become asymptomatic,3 yet many 
of these children already have impaired 
lung function that persists into adulthood,4 
which is suggestive of early lung remodelling. 
Previous studies have found that children 
with unfavourable asthma control in the first 
2 years after diagnosis are less likely to experi-
ence remission,5 and nearly twice as likely to 
have poor symptom control in adolescence.6 
This dose–response relationship suggests 
a dynamic, potentially modifiable, pattern. 
In turn, poor asthma control and persistent 
wheezing during childhood and adolescence 
have been linked to further reduced lung 
function and respiratory problems in adult-
hood.7 8 Identifying the determinants of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Asthma is the most common chronic condition 
in childhood in the developed world. The level of 
asthma control achieved shortly after the initial di-
agnosis at preschool age has been linked to future 
respiratory morbidity. While prenatal and early-life 
events have been linked to childhood asthma devel-
opment, little is known regarding their impact on the 
level of asthma control during this critical time in a 
child’s development.

WHAT THIS STUDY ADDS
	⇒ This study assessed the associations between a 
wide range of prenatal and early-life factors and the 
level of asthma control achieved at the preschool 
age in a population-level cohort.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study contributes to the growing knowledge on 
the significance of perinatal health and the lasting 
effects of early-life events on disease programming 
and lung development.
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asthma control at the preschool age may thus have long-
term benefits for respiratory health, either as predictors 
or modifiable factors.

The development of asthma is influenced by both 
genetic predisposition and environmental exposures, as 
well as the interaction between the two.9 The intrauterine 
environment during pregnancy and events in the first few 
years of life are crucial to healthy lung development over 
the life span. Unfavourable exposures both to the preg-
nant mother and young child have been linked to asthma 
development in childhood.10 11 While some evidence 
indicates that there are perinatal factors associated with 
more severe respiratory disease in children,12 13 most 
studies examining the link between the perinatal expo-
some, early life factors, and childhood lung health have 
focused on asthma development and prevalence rather 
than examining determinants of asthma control. Indeed, 
only recently has asthma control shortly after diagnosis 
been recognised as a potentially decisive aspect of disease 
evolution and a potentially modifiable factor that can be 
targeted for long-term societal impacts.

The objective of this study was to evaluate the associa-
tions between maternal, perinatal and early life factors 
and asthma control following diagnosis in preschoolers 
using retrospective population-based clinical and admin-
istrative health data.

METHODS
Study design and setting
A population-based, retrospective cohort study was 
conducted using provincial maternal, perinatal and 
early-life data in Alberta, Canada; a province with a large 
population (4.4 million),14 approximately 50 000 births 
per year in 2010–2012,15 and a universal single-payer 
healthcare system. The study received ethical approval 
from the University of Alberta Research Ethics Board 
(Pro00105333) and followed the STrengthening the 
Reporting of OBservational studies in Epidemiology 
guidelines.16 Informed consent from individuals was not 
required due to the retrospective and unidentifiable 
nature of the data.

Patient and public involvement
It was not feasible to involve patients or the public in the 
design, conduct or reporting of this study.

Study population, linkage and data sources
The study population were all children born in Alberta 
2010–2012 diagnosed with asthma before age 5 years, 
based on validated criteria17 of one hospital admission 
or two outpatient medical claims with International 
Classification for Disease (ICD)-9 or ICD-10 diagnostic 
codes indicative of asthma (ICD-9 493 or ICD-10 J45). 
This definition has a sensitivity of 81% and a specificity 
of 90%18 and has been extensively applied in paediatric 
asthma research. The date of diagnosis was determined 

as the date of the first hospitalisation for asthma or the 
second date of an outpatient medical claim for asthma.19 
The children were identified from the Alberta Perinatal 
Health Program, a provincial perinatal clinical registry 
that collects maternal and newborn data of all deliveries 
of 20 weeks or more of gestation occurring in a hospital 
or attended by a registered midwife at home in the prov-
ince. Maternal health data were collected 2 years prior to 
the index pregnancy and follow-up data on the children 
was collected until 2019. Records with missing linkages 
or children diagnosed with cystic fibrosis were excluded. 
Figure 1 shows the flow diagram of the cohort creation.

Individual deidentified maternal, perinatal, health 
services use and medication data for the children 
and their birthmothers were linked through a unique 
personal health number assigned to Alberta residents 
and recorded at all healthcare visits. The linked data were 
retrieved from various sources, including the Discharge 
Abstract Database (for hospitalisations and inpatient 
visits); the National Ambulatory Care Reporting System 
(for ED and other ambulatory care visits); the Alberta 
Physician Claims Assessment System (for medical 
services); the Pharmaceutical Information Network (for 
dispensed medications), and 2016 Canadian census data 
were used to calculate the Pampalon Material and Social 
Deprivation Index.

Study variables
The primary study outcome was asthma control at 
preschool age categorised as controlled, partly controlled 
and uncontrolled asthma based on asthma control trajec-
tories during the 2 years following the initial asthma 
diagnosis according to the validated Pharmacoepidemio-
logic Pediatric Asthma Control Index (PPACI).20 Briefly, 
the PPACI uses information on prescriptions filled for 
short-acting beta-agonists (SABA) and oral corticoster-
oids (OCS), ED visits and hospitalisations for asthma to 
define four categories of asthma control over a 6-month 
period: (1) well controlled: <4 SABA doses/week and no 
OCS, ED or hospital admissions; (2) partly controlled: 
≥ 4 ≤ 7 SABA doses/week and no OCS, ED or hospital 
admissions; (3) poorly controlled: ≥7 SABA doses/week 
or ≥1 OCS or ≥ED visit but no hospital admission; and (4) 
very poorly controlled: ≥1 hospital admission for asthma. 
Asthma control trajectories were categorised over the four 
6-month periods covering the 2 years immediately after 
the initial asthma diagnosis as (1) controlled throughout: 
the PPACI remained well controlled or partly controlled 
throughout; (2) improving control: PPACI poorly or very 
poorly controlled at 0–6 months and controlled or partly 
controlled at 18–24 months; (3) worsening control: PPACI 
controlled or partly controlled at 0–6 months and poorly 
controlled or very poorly controlled at 18–24 months; 
(4) out-of-control throughout: PPACI either poorly 
controlled or very poorly controlled throughout; or (5) 
fluctuating control: all other combinations of PPACI.5 6 
Children with an asthma control trajectory characterised 
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as controlled throughout the 2 years following the initial 
diagnosis were considered as ‘controlled’. Children 
with asthma control trajectories characterised as either 
improving control or fluctuating control were consid-
ered ‘partly controlled’. Finally, children with asthma 
control trajectories in the worsening control or out-of-
control categories were considered having asthma that 
was ‘uncontrolled’.

Data were collected on maternal factors including 
maternal age at delivery (categorised as<20 years, 20–35 
years and >35 years), history of asthma (defined as at 
least one asthma diagnosis and one dispensed prescrip-
tion for an asthma medication in the 2 years before or 
during the index pregnancy21), maternal atopy (defined 
as a medical encounter for either atopic dermatitis, urti-
caria and/or allergic rhinitis within the 2 years prior to or 
during the index pregnancy (online supplemental table 
S1), hypertensive disorders of pregnancy (including 
chronic hypertension, gestational hypertension and 
preeclampsia/eclampsia), gestational diabetes (yes/
no), smoking during pregnancy (yes/no), antibiotic use 
in pregnancy (assessed based on prescriptions (online 
supplemental table S2)), and mode of delivery (vaginal 
vs Caesarean-section (C-section)).

The perinatal and early-life factors studied were low 
birth weight at term (<2500 g), gestational age at birth 
(preterm: <37 weeks of gestation), birth weight percen-
tile relative to gestational age (small for gestational age 
(SGA): 10th percentile, appropriate for gestational age: 
10th–90th percentile, and large for gestational age (LGA) 
90th percentile),22 season of birth (December–February: 
winter; March–May: spring; June–August: summer; and 

September–November: fall), neonatal jaundice requiring 
phototherapy, bronchopulmonary dysplasia (including 
bronchopulmonary dysplasia (ICD-10 P27.1) and 
chronic lung disease originating in the perinatal period 
(P27.8, P27.9) among preterm babies),23 hospitalisation 
for respiratory illness (bronchiolitis, pneumonia or respi-
ratory syncytial virus (online supplemental table S1)) in 
the first year of life, and antibiotic use from 30 days after 
birth until asthma diagnosis (online supplemental table 
S2).

The following child and maternal factors were consid-
ered as potential confounders in the study: the child’s 
sex, age at asthma diagnosis, season of diagnosis, use of 
controller medications before diagnosis, child’s atopy 
status (healthcare encounter for allergic rhinitis, urti-
caria, and/or atopic dermatitis anytime before asthma 
diagnosis (online supplemental table S1)), and maternal 
material deprivation (based on variables such as educa-
tion, employment status and income levels) and social 
deprivation (based on variables such as household 
composition and marital status) at the time of delivery 
expressed in quintiles (Q1: least deprived, Q5: most 
deprived and grouped as Q1-3 and Q4-5).24

Statistical analysis
Baseline maternal, perinatal and early-life data were 
summarised using proportions and means for categor-
ical and continuous variables, respectively. Multinomial 
logistic regression was applied to assess the relative risk 
of partly controlled and uncontrolled asthma, with 
controlled asthma as the reference group. Variables 

Figure 1  Flow chart of cohort creation.
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from the univariable analysis with a p value<0.25 were 
offered in the multivariable analysis along with child sex 
and maternal socioeconomic deprivation at the time of 
delivery as covariates, as determined by directed acyclic 
graphs (online supplemental figure 1).25 Unadjusted risk 
ratios and 95% CI were calculated for the dependent vari-
able, and adjusted risk ratio (aRR) were reported after 
adjusting for covariates and other variables included in 
the model. The number and percentage of missing data 
were reported for each variable, and no imputation was 
performed. All statistical analyses were performed using 
Stata SE software V.17.0 (StataCorp LLC).

RESULTS
Cohort creation and asthma control
The study cohort was derived from 16 091 children who 
had a recorded healthcare encounter for asthma within 
their first 5 years of life and their 16 068 birthmothers. 
After excluding children with cystic fibrosis and those 
with missing linked data, the final cohort consisted of 
7206 children who had 1 or more hospitalisations for 
asthma, or 2 or more medical claims for asthma between 
15 days and 2 years apart19 (figure 1). Of these, 51.7% had 
controlled asthma, 36.5% had partly controlled asthma 
and 11.8% had uncontrolled asthma in the 2 years after 
the initial diagnosis (table 1).

Cohort characteristics
Table 1 shows the maternal, perinatal and early-life char-
acteristics of the cohort. Of the 7206 child–mother dyads, 
8.6% and 17.2% of the mothers reported a history of 
asthma and atopic disease, respectively. The majority of 
mothers (76.6%) were aged between 20 and 35 years at 
delivery. Hypertensive disorders of pregnancy occurred 
in 6.2% of pregnancies and gestational diabetes in 6.5%. 
Antibiotic use during pregnancy was reported for 31.4% 
of mothers, and 17.0% reported smoking at any point 
during pregnancy. 51.3% and 50.4% of mothers were 
in the lowest material and social deprivation quintiles, 
respectively, at the time of delivery.

The cohort consisted mainly of singleton pregnancies 
(96.4%) and resulting vaginal birth (68.2%). There was 
a higher proportion of children with asthma who were 
male (64.4) compared with female (35.6%). Nearly 10% 
(9.9%) of children had low birth weight (<2500 g) and 
12.9% of children were born preterm. There was roughly 
equal representation of children born in each of the four 
seasons (25% each).

Approximately 6.3% of the children in the cohort devel-
oped neonatal jaundice requiring phototherapy, 0.7% 
were diagnosed with bronchopulmonary dysplasia, and 
6.7% were hospitalised for respiratory illness within the 
first year of life. The majority (79.4%) of the children in 
the cohort had received at least one prescription for anti-
biotics before the asthma diagnosis, and 58.9% received 
antibiotics within 2 weeks of a healthcare encounter for a 
respiratory condition. Atopic disease other than asthma 

was prevalent in 53.3% of the children. The mean age at 
asthma diagnosis was 2.6 years (95% CI 2.6 to 2.6) with 
summer being the most common seasons of diagnosis 
(27.1%) and spring the least common (22.2%).

Associations between maternal, perinatal and early-life exposures 
and asthma control trajectories
Figure  2 displays the relative risk of uncontrolled or 
partly controlled asthma compared with controlled 
asthma in relation to maternal, perinatal and child risk 
factors. A lower likelihood of having partly controlled 
asthma 2 years after diagnosis was seen among children 
with mothers with atopic disease (aRR: 0.85; 95% CI 
0.0.74 to 0.97); however, maternal antibiotics use (aRR: 
1.19; 95% CI 1.06 to 1.33) and maternal smoking (aRR: 
1.18; 95% CI 1.02 to 1.37) during pregnancy were associ-
ated with an increased risk of partly controlled asthma in 
the child. Furthermore, being born via Caesarean section 
(aRR: 1.11; 95% CI 1.00 to 1.25), during the summer 
(aRR: 1.16; 95% CI 1.00 to 1.34), and having a history 
of early life hospitalisation for respiratory illness (aRR: 
2.23; 95% CI 1.77 to 8.71) also increased the risk of partly 
controlled asthma.

Having uncontrolled asthma 2 years following diag-
nosis was associated with gestational diabetes (aRR: 1.41; 
95% CI 1.06 to 1.87), being born via caesarean section 
(aRR: 1.18; 95% CI 1.00 to 1.39), receiving antibiotics 
prior to asthma diagnosis (aRR: 132; 95% CI 1.08 to 
1.61), and being hospitalised for respiratory illness in 
early life (aRR: 1.65; 95% CI 1.19 to 2.27). However, 
maternal asthma, maternal age at delivery, low birth 
weight and bronchopulmonary dysplasia were not associ-
ated with either partly controlled or uncontrolled asthma 
within the 2 years after diagnosis. Detailed results from 
both crude and adjusted multinominal logistic regres-
sion analyses can be found in online supplemental tables 
S3,S4.

DISCUSSION
This study examined the association between perinatal 
and early-life factors and asthma control in newly diag-
nosed preschool children with asthma. Our findings 
suggest that perinatal factors such as antibiotic use, 
gestational diabetes, smoking in pregnancy, C-section 
birth and summer birth, as well as hospitalisations for 
respiratory illness in early life increase the risk of partly 
or uncontrolled asthma in preschoolers. These results 
underline the significance of maternal perinatal health 
and the lasting effects of early-life experiences on lung 
development and disease programming.

To our knowledge, this is the first study looking at a 
paediatric cohort with asthma where C-section delivery 
was linked to poor asthma control. The causes of child-
hood asthma are complex, but several links have been 
established between perinatal events and asthma devel-
opment. C-section birth increases the susceptibility to 
early childhood asthma26 which is suggested to be due 
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Table 1  Cohort characteristics

Section Variable Category N %

Maternal perinatal Livebirths 7206 100

Maternal asthma Yes 617 8.6

No 6589 91.4

Missing 0 0

Maternal atopy Yes 1305 18.1

No 5901 91.9

Missing 0 0

Maternal age at delivery <20 years 264 3.7

20–35 years 5521 76.6

>35 years 1406 19.5

Missing 15 0.2

Mode of delivery Vaginal 4916 68.2

C-section 2290 31.8

Missing 0 0

Hypertensive disorders of pregnancy Yes 446 6.2

No 6760 93.8

Missing 0 0

Gestational diabetes Yes 471 6.5

No 6699 93.0

Missing 36 0.5

Antibiotic use during pregnancy Yes 2259 31.4

No 4947 68.7

Missing 0 0

Smoking during pregnancy Yes 1223 17.0

No 5953 82.6

Missing 30 0.4

Socioeconomic deprivation—material Q1-3 3696 51.3

Q4-5 3221 44.7

Missing 289 4.0

Socioeconomic deprivation—social Q1-3 3633 50.4

Q4-5 3284 45.6

Missing 289 4.0

Child perinatal Singletons 6947 96.4

Multiple births 259 3.6

Sex Male 4639 64.4

Female 2566 35.6

Missing 1 0.0

Birth weight Low (<2500 g) 714 9.9

Adequate (>2500 g) 6486 90.0

Missing 6 0.1

Gestational age at birth Term (≥37 weeks) 6276 87.1

Pre-term (<37 weeks) 929 12.9

Missing 1 0.0

Birth weight percentiles SGA 768 10.7

AGA 5767 80.0

Continued
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to an underdeveloped gut microbiota composition in the 
infant.27 28 Antibiotic use during pregnancy29 and early 
childhood30 are also known to disrupt the composition of 
the gut microbiota in children. We found that antibiotic 
use in early childhood appears to have a larger impact 
on asthma disease programming than fetal exposure: 
in our cohort of children with asthma, maternal antibi-
otic use during pregnancy was associated with a slight 

increase in the risk of partly controlled asthma (aRR: 
1.11); however, we saw a higher likelihood of uncon-
trolled asthma in children who had antibiotics dispensed 
between 30 days of life and prior to their asthma diag-
nosis (aRR: 1.32). A large proportion of the antibiotics 
dispensations in children were associated with a health-
care encounter for respiratory disease but the associa-
tions between antibiotic use both during pregnancy and 

Section Variable Category N %

LGA 670 9.3

Missing 1 0.0

Season at birth Spring (Mar–Apr) 1775 24.6

Summer (Jun–Aug) 1817 25.2

Fall (Sep–Nov) 1820 25.3

Winter (Dec–Feb) 1794 24.9

Missing 0 0

Early life Neonatal jaundice requiring 
phototherapy

Yes 451 6.3

No 6755 93.7

Missing 0 0

Bronchopulmonary dysplasia Yes 84 1.2

No 7122 98.8

Missing 0 0

Hospitalisation for lower respiratory 
illness

Yes 481 6.7

No 6725 93.3

Missing 0 0

Antibiotics use prior to asthma 
diagnosis

Yes 5723 79.4

Antibiotics during respiratory illness* 4242 59.9

No 1483 20.6

Missing 0 0

Child atopy Yes 3834 53.2

No 3372 46.8

Missing 0 0

Age at diagnosis, years Mean (95% CI) 2.6 (2.6, 2.6)

Missing 0 0

Season at diagnosis Spring (Mar–Apr) 1602 22.2

Summer (Jun–Aug) 1956 27.1

Fall (Sep–Nov) 1812 25.2

Winter (Dec–Feb) 1836 25.5

Missing 0 0

Asthma control Categories Controlled 3728 51.7

Partly controlled 2629 36.5

Uncontrolled 849 11.8

Missing 0 0

*Antibiotics dispensed within 2 weeks of a healthcare encounters associated with respiratory morbidity.

Table 1  Continued
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in childhood remained significant following adjustment 
for respiratory illness resulting in hospitalisation in early 
life. Furthermore, breastfeeding in early life can atten-
uate the risks of asthma and allergic disease associated 
with the suboptimal microbial colonisation in response 
to both antibiotics31 and C-section delivery,32 33 but data 
on breastfeeding status in the infants were not available 
in this study.

Another condition which has also been linked to 
asthma development in the child is gestational diabetes.34 
35 The results from the current study show a consider-
able increase in the risk of uncontrolled asthma in the 
offspring when the mother had gestational diabetes 
(aRR: 1.41), suggesting that hyperglycaemia in preg-
nancy may be also a determinant of asthma disease 
programming in the child. As clinical details on disease 
severity or disease management of women with gesta-
tional diabetes were not available, this study could not 
further explore separate subanalyses based on level of 
hyperglycaemia or treatment options. Mothers with 
gestational diabetes, especially those with more severe 
hyperglycaemia or elevated fasting glucose,36 are more 
likely to give birth to LGA infants, but we did not find a 
relationship between birth weight percentiles and asthma 
control in preschoolers. The impact of hyperglycaemic 
severity and/or treatment options on asthma control in 
early childhood warrants further investigation.

This study found that being born in summer was linked 
to a small increased risk of partly controlled asthma. This 
is possibly due to heighten susceptibility to seasonal virus 
infections as the natural nadir of maternal antibodies 
occurring 3–6 months after birth coincide with the start 
of viral season for children born in summer. Addition-
ally, environmental factors such wildfires smoke that have 
become increasingly more common during the summer 
months.37 The association between birth season and 
asthma control has been studied before, with poor control 
being linked to winter births, an association that could 
be partly mediated by respiratory infections.38 However, 
we found that being born in winter was not associated 
with asthma control after adjusting for severe respiratory 
illness in the first year of life and other factors. Maternal 
smoking during pregnancy was only slightly associated 
with partly controlled asthma in this study, and no rela-
tionship was found with uncontrolled asthma. Further 
research is needed to examine the impact of indoor and 
outdoor environmental effects on respiratory health in 
early childhood, including postnatal smoking.

We acknowledge the following strengths and limita-
tions. This large population-based cohort study derived 
from administrative health provided significant power. 
While asthma control could be conceptually considered 
an ordinal outcome, in the current study the propor-
tional odds assumption was not met and multinominal 

Figure 2  Relative risk of partly controlled (n=2629) and uncontrolled asthma (n=849) compared with controlled asthma 
(n=3728) assessed within the first 2 years of the initial diagnosis according to maternal and perinatal risk factors. The relative 
risk associated with each exposure and outcome is adjusted for all other exposures included in the figure, and covariates 
(child sex: male vs female, and maternal material socioeconomic status: low vs high). P value for model<0.0001, LR chi2: 
118.89.
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regression was chosen as the more appropriate methods of 
analysis. We included all children with asthma according 
to a validated case-finding algorithm anytime before age 
5.18 Of note, respiratory symptoms such as wheezing 
often occur in young children in the absence of a later 
asthma diagnosis and the case-finding algorithm has not 
been validated in children younger than 1 year of age. 
The use of administrative health data provided access 
to multiple perinatal and early-life exposures, avoiding 
sampling and recall biases and overcoming small sample 
size issues. However, some important variables were not 
available in the datasets, including maternal body compo-
sition during pregnancy,39 childhood weight,40 and 
breastfeeding,13 all of which have been linked to asthma 
development. Moreover, although this study focused on 
the perinatal period and early years, other factors such 
as maternal medical history, childcare attendance, pet 
ownership, physical activity, lifestyle choices and environ-
mental exposures may have confounded the results.

CONCLUSION
Maternal perinatal and early-life factors including anti-
biotic use in pregnancy and childhood, gestational 
diabetes, smoking in pregnancy, being born via C-sec-
tion and in summer, and hospitalisations for respira-
tory illness are linked to an elevated risk of poor asthma 
control in preschool-aged children. These findings 
suggest that poor asthma control in childhood may in 
part be connected to alterations in the infant develop-
ment brought on by perinatal events and exposures and/
or influenced by environmental interactions during the 
early years. The study contributes to the growing knowl-
edge of the risks associated with perinatal and early-life 
factors that may be prevented or further explored to 
improve respiratory health in the long term.
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SUPPLEMENTARY MATERIAL 

 

Supplementary Table S1: ICD codes 

Condition ICD-9 ICD-10 

Asthma 493 J45 

Asthma-like conditions   

Atopic dermatitis 691, 692, 693 L20-30 

Allergic rhinitis 477 J30 

Urticaria 708 L50 

Cystic fibrosis 277 E84 

Lower respiratory illness 

(combination of conditions below) 

  

    Bronchiolitis 466.1*, 516.34 J21*, J84.115 

    Pneumonia 480-486*, 770* J10-18*, P23*,  

    Respiratory interstitial virus 079.6 J12.1, J20.5, J21.0, B97.4 

 

Supplementary Table S2: ATC codes antibiotics 

ATC code  Description  

A02BD* Combinations for eradication of Helicobacter pylori 

A07A* Intestinal anti-infective (antibiotics, sulfonamides, imidazole derivatives, 

other intestinal anti-infective) 

A07F* Antidiarrheal microorganism 

G01AA* Antibiotics as gynecological anti-infective and antiseptics, exclude 

combinations with corticosteroids 

G01BA* Antibiotics and corticosteroids as gynecological anti-infective and 

antiseptics in combinations with corticosteroids 

J01* Antibacterial for systemic use 

J04* Antimycobacterial for systemic use 

L01D* Cytotoxic antibiotics and related substances as antineoplastic agents 

R02AB* Antibiotics as throat preparations 
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Supplementary Table S3. Unadjusted multinominal analysis on the impact of maternal, perinatal, and 

early life factors on asthma control categories at preschool age.  

 

Controlled 

(ref) n=3728 

Partly 

controlled 

(n=2629) Uncontrolled (n=849) 

LR 

chi2 

p-

value 

Pseudo 

r2 

 Relative risk  

Relative risk 

(95% Cl)  Relative risk (95% Cl)     

Maternal asthma 1 0.86 (0.71, 1.03) 1.18 (0.92, 1.51) 6.14 0.047 0.0004 

Maternal atopy 1 0.86 (0.75, 0.98) 0.98 (0.81, 1.18) 5.37 0.068 0.0004 

Maternal antibiotics 

during pregnancy 1 1.08 (1.03, 1.13) 1.06 (0.99, 1.13) 12.77 0.002 0.0009 

Hypertensive disorders in 

pregnancy 1 1.09 (0.89, 1.35) 1.20 (0.89, 1.61) 1.64 0.440 0.0001 

Gestational diabetes 1 1.00 (0.81, 1.23) 1.38 (1.04, 1.81) 5.38 0.068 0.0004 

Smoking during pregnancy 1 1.30 (1.14, 1.48) 1.07 (0.88, 1.31) 15.32 0.001 0.0011 

SES - material  1 1.16 (1.05, 1.28) 0.99 (0.85, 1.15) 8.82 0.012 0.0007 

SES - social 1 1.07 (0.96, 1.18) 0.98 (0.83, 1.14) 1.97 0.373 0.0001 

Mode of delivery, C-

section vs vaginal 1 1.11 (1.00, 1.23)  1.21 (1.03, 1.42) 7.14 0.028 0.0005 

Maternal age at delivery    8.32 0.081 0.0006 

   <20 years  1.35 (1.04, 1.77) 1.26 (0.85, 1.88)    

   20-35 years (ref) 1      

   >35 years  0.94 (0.82, 1.06) 1.09 (0.90, 1.31)    

Child sex, male vs female 1 1.10 (0.99, 1.22) 1.22 (1.04, 1.43) 7.77 0.021 0.0006 

Birthweight, <2500g 1 1.15 (0.97, 1.36) 0.98 (0.76, 1.27) 3.09 0.213 0.0005 

Birthweight percentile 

category       

   SGA  0.92 (0.78, 1.08) 0.89 (0.69, 1.14) 2.8 0.591 0.0002 

   AGA (ref) 1      

   LGA  1.00 (0.84, 1.19) 1.14 (0.89, 1.46)    

Season birth       
   Spring (Mar – Apr) (ref) 1   9.28 0.159 0.0007 

   Summer (Jun – Aug) 
 1.14 (0.99, 1.32) 1.18 (0.92, 1.46)    

   Fall (Sep – Nov) 
 1.04 (0.90, 1.20) 1.16 (0.94, 1.43)    

   Winter (Dec – Feb) 
 1.19 (1.03, 1.37) 1.21 (0.97, 1.49)    

NICU admission 1 1.17 (1.02, 1.36) 1.15 (0.93 (1.42) 2.27 0.072 0.0004 

Jaundice 1 1.11 (0.90, 1.36) 1.16 (0.86, 1.57) 1.52 0.467 0.0001 

Bronchopulmonary 

dysplasia 1 1.60 (0.99, 2.59) 2.22 (1.21, 4.06)  7.47 0.024 0.0005 

Hospitalization for 

respiratory illness 1 2.38 (1.95, 2.92) 1.73 (1.28, 2.35) 73.1 <0.001 0.0053 
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Antibiotics – child 1 1.06 (0.94, 1.20) 1.29 (1.06, 1.57) 6.94 0.031 0.0005 

Controller medications 

before diagnosis 1 0.98 (0.88, 1.08) 1.60 (1.35, 1.89) 36.03 <0.001 0.0026 

Age at diagnosis (<2.5 

years) 1 1.41 (1.27, 1.56) 1.00 (0.86, 1.16) 49.08 <0.001 0.0035 

Child atopy 1 0.95 (0.86, 1.05) 1.13 (0.97, 1.32) 5.21 0.074 0.0004 

SES: socioeconomic status. The variables are analysed as yes vs no, unless otherwise specified.  
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Supplementary Table S4. Adjusted multinominal analysis on the impact of maternal, perinatal, and early 

life factors on asthma control trajectories at preschool age. 

  
Controlled (ref) 

n=3728 

Partly controlled 

(n=2629) 
Uncontrolled (n=849) 

  Relative risk  Relative risk (95% Cl)  Relative risk (95% Cl)  

Maternal asthma: yes vs no 1 0.85 (0.71, 1.04) 1.17 (0.91, 1.52) 

Maternal atopy: yes vs no 1 0.85 (0.74, 0.97) 0.99 (0.81, 1.20) 

Maternal antibiotics in pregnancy: yes 

vs no 
1 1.19 (1.06, 1.33) 1.10 (0.93, 1.30) 

Gestational diabetes: yes vs no 1 1.02 (0.82, 1.26) 1.41 (1.06, 1.87) 

Smoking in pregnancy: yes vs no 1 1.18 (1.02, 1.37) 1.07 (0.86, 1.32) 

Maternal age at delivery        

    <20 years   1.14 (0.86, 1.51) 1.20 (0.79,1.81) 

    20-35 years (reference) 1     

    >35 years   0.99 (0.86, 1.13) 1.02 (0.84, 1.24) 

Mode of delivery: C-section vs vaginal 1 1.11 (1.00, 1.25) 1.18 (1.00, 1.39) 

Birthweight: under vs over 2500 grams   1.04 (0.87, 1.24) 0.85 (0.63, 1.13) 

Season of birth       

    Spring (reference) 1     

    Summer   1.16 (1.00, 1.34) 1.16 (0.93, 1.45) 

    Fall   1.02 (0.88, 1.18) 1.12 (0.90, 1.40) 

    Winter   1.14 (0.99, 1.33) 1.22 (0.98, 1.51) 

Bronchopulmonary dysplasia: yes vs 

no 
  1.30 (0.77, 2.20) 1.91 (0.92, 3.94) 

Child antibiotics before asthma dx: yes 

vs no 
  1.09 (0.96, 1.24) 1.32 (1.08, 1.61) 

Hospitalization for respiratory illness: 

yes vs no 
1 2.24 (1.81, 2.76) 1.65 (1.19, 2.27) 

The relative risk associated with each exposure and for partly controlled asthma and uncontrolled 

asthma compared to controlled asthma, adjusted for all other exposures included in model (p<0.1 in 

univariate analysis), and covariates (child sex: male vs female, socioeconomic status [material]: low vs 

high). P-value for model <0.0001, LR chi2: 141.13, pseudo r2: 0.0107.   
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Supplementary figure 1. Directed acyclic graph of relationships between maternal, perinatal, and early-life factors, covariates, and childhood 

asthma control.  
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