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Take Home Message:  

In this multicenter population-based cohort study, the worse the asthma control trajectory 

shortly following diagnosis in preschoolers, the lower the likelihood of remission. 
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ABSTRACT 

Introduction: Early disease morbidity has been associated with asthma persistence in wheezing 

preschoolers; however, whether asthma control trajectories shortly after diagnosis could 

influence remission is unknown. We examined the association between asthma control 

trajectories two years post-diagnosis in preschoolers and subsequent disease remission.  

Methods: We conducted a multicenter population-based retrospective cohort study consisting 

of 48,687 children with asthma diagnosed before 5 years old and born between 1990-2013 in 4 

Canadian provinces who had prolonged disease activity post-diagnosis. Prolonged disease 

activity was defined as ≥1 medical visit or medication for asthma every 6-month period for ≥4 

of the 6 periods post-diagnosis. Follow-up began at 3 years post-diagnosis (at cohort entry). 

Remission was defined as two consecutive years without drug claims or medical visits for 

asthma or asthma-like conditions following cohort entry. Asthma control trajectories, 

ascertained over four 6-month periods following diagnosis using a validated index, were 

classified as: controlled throughout, improving control, worsening control, out-of-control 

throughout, and fluctuating control. Adjusted Cox models estimated associations between 

asthma control trajectories and time-to-remission. A random-effects meta-analysis summarized 

province-specific Hazard Ratios (HRs). 

Results: The pooled remission rate was 8.91 (95%CI 8.80,9.02)/100 person-years. Compared to 

children controlled throughout, poorer asthma control was associated with incrementally lower 

HRs (95%CI) of remission in 4 other trajectories: improving control, 0.89 (0.82,0.96); fluctuating 

control, 0.78 (0.71,0.85); worsening control, 0.68 (0.62,0.75); out-of-control throughout, 0.52 

(0.45,0.59).  



 

Conclusions: Asthma control trajectories two years following a diagnosis in preschool were 

associated with remission, highlighting the clinical relevance of documenting control 

trajectories in early life. 
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INTRODUCTION 

The burden of asthma is important among preschoolers, who display a two to three-fold higher 

rate of emergency department (ED) visits compared to other age groups [1, 2]. Although 50-

60% of preschoolers outgrow asthma-like symptoms by school-age [3], preschoolers with 

recurrent wheeze may exhibit permanent deficits in lung function by 6 years [4]. The multiple 

hit hypothesis suggests that preschool asthma has its origins in defective barrier function of the 

airway epithelium combined with an impaired innate response to viral respiratory infections, 

leading to allergic sensitization and asthma-like exacerbations [5]. Recurrent exacerbations with 

insufficient repair time may further increase susceptibility to respiratory viruses, air pollution, 

and allergens, worsening control and lung injury. In fact, recurrent exacerbations have been 

associated with lung function decline, possibly via airway remodeling; the latter could lead to 

irreversible lung damage and a permanent shift toward a more severe disease trajectory or 

persistent phenotype (i.e. phenotype programming) [6-8]. Better characterization of the 

relationship between the frequency (and severity) of early events and disease evolution in 

preschoolers may help support or dispute this hypothesis. Moreover, it could suggest orienting 

the management goal towards prevention versus treatment of exacerbations, which currently 

raises considerable uncertainty in experts, physicians and parents, particularly in exacerbation-

prone preschoolers with little interim symptoms [9-11]. In other words, could better asthma 

control during the preschool period lead to any long-term benefits? 

Multiple birth or early-life cohort studies have explored predictors of disease persistence to 

identify ‘high-risk’ children, who could be targeted for preventive management; these 

predictors were summarized in a 2017 systematic review [12]. In addition to child (sex, atopy, 



 

age) and parental (socioeconomic status, asthma, allergy) characteristics, several disease-

related features (episode frequency and severity) were associated with asthma persistence 

beyond 6 years of age [12]. Whereas child and parental characteristics suggest susceptibility 

due to genetic and/or environment factors, the disease-related features are closely linked to 

asthma control; however, given the time-varying nature of asthma control, no study has 

evaluated whether the trajectory of asthma control shortly after diagnosis could be associated 

with long-term disease evolution. 

We, therefore, aimed to assess if asthma control trajectories shortly after diagnosis in 

preschool were associated with subsequent disease remission (primary outcome) and 

recurrence (secondary outcome). Assuming that the two-year period following an asthma 

diagnosis in preschoolers could represent a critical window for phenotype programming [13], 

we hypothesized that asthma control trajectories measured during this period would be 

associated with remission and recurrence. 

METHODS 

Design  

We assembled four retrospective population-based birth cohorts of all Canadian children born 

between April 1997-December 2014 (British Columbia), February 1990-December 2015 

(Saskatchewan), and January 1997-November 2014 (Manitoba). In Quebec, the birth cohort was 

derived from a population-based sample of pregnant women with asthma matched 1:4 with 

randomly selected non-asthmatic pregnant women who gave birth between January 1990-

March 2010, with follow-up until December 2013 [14]. Only these provinces provided access to 

both health administrative and drug claims data from birth, which were study requirements. Of 



 

note, the distribution of ethnicity, socioeconomic status indicators, air pollution, and 

prevalence of pediatric asthma slightly differed between provinces (Table S1). The permission 

to create linkage with de-identified data from governmental administrative databases was 

granted by each province’s health regulatory agency. The Research Ethics Boards of the Centre 

Hospitalier Universitaire Sainte-Justine and each collaborating center approved the study. 

Further methodological details can be found in the supplement. 

Cohorts and Data Sources 

Healthcare administrative databases included information on sociodemographic variables of 

the mother and child (perinatal data available in British Columbia only after April 2000) [15]; 

hospitalizations derived from validated hospital discharge summaries; physician visits for 

services reimbursed on a fee-for-service basis in all provinces as well as for services provided by 

salaried physicians with ‘shadow billing’ in Saskatchewan and Manitoba; and pharmaceutical 

(drug claims) services. Services billed in the ED were only available for British Columbia and 

Quebec. Hospitalizations and physician visits, delivered through the Canadian publicly funded 

healthcare system, are free-of-charge to all residents; prescribed drugs were free-of-charge for 

children with parents receiving social assistance and, since 1997, for Quebec children with 

parents covered by public drug insurance.  

Study Population  

Children were included if they: (1) had a physician-confirmed asthma diagnosis (Online 

Supplement); (2) were younger than 5 years of age at diagnosis; and (3) had prolonged disease 

activity. A physician-confirmed asthma diagnosis was defined as one hospitalization or two 

physician outpatient visits for asthma (codes 493 from the International Classification of 



 

Disease, 9th [ICD-9] Revision and J45 from the ICD 10th Revision) at least 15 days but no more 

than 730 days apart - a Canadian database definition validated in children by To et al [16]. 

Children were considered to have prolonged disease activity if they had  1 clinical markers of 

asthma activity, i.e. a medical visit (in the ED, inpatient, or outpatient settings) or dispensed 

short-acting 𝛽2-agonists (SABA), controller therapies, or oral corticosteroids (OCS) for asthma, 

every 6-month period, for at least 4 of the 6 (consecutive or non-consecutive) periods following 

diagnosis (Online Supplement). We implemented this criterion to specifically exclude children 

with infrequent wheezing episodes, whose symptoms typically resolve within 2 to 3 years 

following an initial wheezing event [17]. Patients were excluded if there was no/incomplete 

access to their healthcare services or drug data in the 12 months before and 36 months 

following diagnosis, or if they had cystic fibrosis.  

To assess the prolonged disease activity criterion (prolonged disease activity assessment 

window), cohort entry (CE1) began at 3 years post-diagnosis for the remission outcome, 

whereas asthma control was measured in the 2 consecutive years post-diagnosis (exposure 

assessment window). Cohort entry for recurrence (CE2) began at the date of asthma remission. 

Outcomes were evaluated from cohort entry until the end of follow-up (outcome assessment 

windows), i.e. the outcome date, date of death, emigration, or last day of drug insurance 

coverage and/or data availability, whichever occurred first (Figure 1A).   

Outcomes 

The primary endpoint was asthma remission, defined as the absence of a hospitalization or 

physician visit for asthma or asthma-like symptoms (ICD-9: 493, 466, 490 or ICD10: J45, J20, J21, 

J40) and no dispensed asthma medication for two consecutive years of follow-up accrued after 



 

cohort entry (CE1). Recurrence, the secondary endpoint, was defined only in children who first 

experienced a remission, provided they fulfilled the asthma diagnosis definition again within a 

two year period after CE2 (Figure 1A) [18]. 

Exposure: Asthma control trajectories 

Asthma control was ascertained using the validated 4-level Pharmacoepidemiologic Pediatric 

Asthma Control Index (PPACI) over four consecutive 6-month periods post-diagnosis (exposure 

assessment window, Figure 1A) [19]. Briefly, this index was developed for use in population 

studies and validated against physician assessment in children aged 0-17 years; it categorizes 

asthma control over 6 months in one of four levels: controlled, partly controlled, poorly 

controlled, and very poorly controlled, based on the average doses/week of SABA computed 

with a validated algorithm [19, 20], OCS, ED visits, and hospitalizations for asthma (Figure 

1B−left panel). OCS use was considered only if served within 14 days of a physician visit or 

hospitalization for asthma to exclude OCS dispensations for indications other than asthma. 

Because of the substantial global variation regarding how and when physicians diagnose 

asthma in preschoolers [21, 22], the PPACI also includes OCS, ED, and hospitalization events 

related to asthma-like episodes, namely wheezing, bronchitis, bronchiolitis, and bronchospasm 

(ICD-9: 466, 490; ICD10: J20, J21, J40), provided they occurred after asthma diagnosis. We then 

grouped controlled with partly controlled and the poorly controlled with very poorly controlled 

categories in each 6-month period of the exposure assessment window and summarized 

asthma control trajectories (Figure 1B-right panel) as: controlled throughout, improving control, 

worsening control, out-of-control throughout, and fluctuating control. Trajectories not defined 



 

as controlled throughout the exposure assessment period were considered to be suboptimal 

(Online Supplement).  

 

Confounders and Covariates 

Data were available on important baseline covariates (at diagnosis) related to: the child (age at 

diagnosis, sex, atopy), mother (social assistance [or, if unavailable, lowest neighborhood 

income quintile] at diagnosis), disease (diagnosis based on a hospitalization or two physician 

visits for asthma, season and year of diagnosis) [16], and controller therapy dispensed at or in 

the year before diagnosis. Atopy was defined as having at least one of the following conditions 

from the asthma diagnosis date until cohort entry for remission: eczema, atopic, contact, food 

and other related dermatitis, urticaria, and allergic rhinitis. For recurrence, the child’s age of 

remission was also considered as a covariate. Perinatal covariates, including prematurity (<37 

weeks of gestation), low birth weight (<2500 grams), and the mother’s age at birth, were also of 

interest but this data was only consistently available in Quebec and Manitoba.   

Statistical Analysis  

Within each province, Cox regression models were used to estimate associations between 

asthma control trajectories and time-to-remission/recurrence, with children controlled 

throughout the 2 years post-diagnosis as the reference control category. Each model was 

adjusted for covariates, generating the ratio of the remission (or recurrence) hazard for each 

suboptimal control trajectory relative to the reference category. The proportional hazards 

assumption was assessed for all Cox models by visually inspecting the scaled Schoenfeld 

residuals plots of covariates with different time transformations (log, linear, and squared). For 



 

covariates violating the assumption, interaction terms with the appropriate time 

transformation were included in the models. We summarized province-specific hazard ratio 

(HR) estimates and 95% confidence intervals for each control trajectory using a random effects 

meta-analysis, to allow for between-province variation [23], and displayed province-specific as 

well as summarized estimates in forest plots. 

A priori sensitivity analyses were performed, where we: (1) assessed if the control achieved in 

the period closest to cohort entry, the 4th 6-month period, was clinically relevant for remission; 

(2) adjusted for available perinatal variables in Quebec and Manitoba to assess their potential 

influence on remission estimates; (3) computed E-values, defined as the minimum strength of 

association that an unmeasured confounder would need to have with both the exposure and 

outcome to nullify the estimated HRs (Online Supplement) [24]. A posteriori sensitivity analyses 

included computing 3-year, 5-year, and overall absolute risks and risk differences for remission 

using Austin’s risk approximation method for Cox models [25] and stratified all estimated HRs 

by sex and atopy status. SAS version 9.4 was used for data management and province-specific 

analyses, while R version 3.4.3 was used for meta-analyses.  

RESULTS 

Of the 2,247,223 newborns across all provinces, 95,105 (4.2%) preschoolers with asthma were 

potentially eligible for inclusion; of these, only 48,687 (51.2%) had prolonged disease activity 

(Figure 2). Most children were male (65.4%), diagnosed based on two physician visits for 

asthma (83.9%), and younger than 3 years (69.2%) at diagnosis, with  half (50.1%) atopic by 

cohort entry (Table 1). Compared to included children, those excluded from not meeting the 

prolonged disease activity criterion were more often non-atopic and less likely to have an 



 

asthma diagnosis based on a hospitalization or dispensed a controller therapy at diagnosis; 

after diagnosis, they were less often dispensed controller therapy with fewer clinical markers of 

asthma activity (Tables S2 and S3). The average median (Q1,Q3) follow-up time in the remission 

cohorts was 1,476 (891, 2458) days. 

Although many children (37.5% to 49.0%) were controlled in each period of the exposure 

assessment window (Figure S1-A), fewer than one third (31.0%) were controlled throughout the 

two years (Figure S1-B), with some between-province variation (Figure S2). Saskatchewan had 

the highest proportion of children controlled throughout (45.0%), while Quebec had the highest 

proportion (19.9%) of those out-of-control throughout the 2 years post-diagnosis. 

A total of 22,668 children experienced remission across 254,534 person-years at risk, with the 

peak age of remission occurring between 8-9 years (Table 1). The pooled remission rate was 

8.91 (95% CI 8.80, 9.02) per 100 person-years and was similar across provinces. Asthma control 

trajectories were consistent predictors of remission across provinces (Table 2). Compared to 

children who were controlled throughout, all suboptimal control trajectories were associated 

with an increasingly lower likelihood of remission, with a pooled adjusted HR for remission 

falling to 0.52 (95% CI 0.45, 0.59) in those out-of-control throughout (Figure 3A). This translated 

to overall absolute risks of remission varying from 0.53 (95%CI 0.47, 0.59) for those controlled 

throughout to 0.34 (95%CI 0.27, 0.42) for those out-of-control throughout, with similar patterns 

at 3- and 5-years of follow-up (Table S4). When using the last 6-month period of the exposure 

assessment window in a sensitivity analysis, a similar trend was observed (Figure S3), which 

may have been due, in part, to some overlap between asthma control categories in the last 6 

months and asthma control trajectories (Table S5). Conclusions remained unchanged after 



 

adjustment for perinatal variables (Table S6). The E-value sensitivity analysis suggested that the 

estimated average HRs and confidence intervals of remission for worsening control and out-of-

control trajectories can only be moved toward a null value if moderate-to-strong unmeasured 

confounding (RR 1.94 to 2.52 for average estimates; RR 1.74 to 2.24 for confidence limits), 

conditional on measured covariates, exists (Table S7). In contrast, weak-to-moderate 

unmeasured confounding (RR 1.39 to 1.66 for average HRs; RR 1.20 to 1.48 for confidence 

limits) could have nullified the associations for improving and fluctuating control trajectories on 

remission, conditional on measured covariates. 

Older age at diagnosis, atopy, and an asthma diagnosis based on a hospitalization or occurring 

in seasons other than winter were consistently associated with a lower likelihood of remission 

in all provinces; yet, in most cases, the magnitude of association was smaller than the 

worsening and out-of-control trajectories (Table S8). 

Of the 22,668 children achieving remission, 3,547 suffered a recurrence (15.6%) over 149,330 

person-years at risk, with an average median (Q1,Q3) follow-up time of 1,810 days (1026, 

2868). The pooled recurrence rate was 2.38 (95% CI 2.30, 2.45) per 100 person-years at risk. 

Suboptimal control trajectories were also associated with a higher likelihood of recurrence (HR 

1.17; 95%CI 1.11, 1.24) compared to children controlled throughout (Figure 3B).   

When stratified by sex or atopy, estimated HRs for remission did not appear to significantly 

differ between trajectories, although there were some differences for recurrence (Tables S9-

S12). Among children experiencing remission, girls tended to have higher recurrence rates than 

boys, particularly in Quebec, and children who were not atopic early in life were generally more 

likely to experience a recurrence than atopic children. 



 

 

 

DISCUSSION 

In this large multicenter population-based birth cohort study, asthma control trajectories in the 

two years following an asthma diagnosis in preschoolers with prolonged disease activity were 

associated with remission; worse asthma control trajectories were associated with 

incrementally lower likelihoods of remission. The direction and magnitude of associations were 

consistently observed across provinces. In children experiencing remission, an association 

between asthma control trajectories and recurrence was also observed.  

We reported overall remission proportions ranging from 34% to 53%, which aligns with those 

reported in previous birth cohorts of preschoolers with asthma or persistent wheeze, varying 

from 59% at 6 years of age [3], 48.6% at 12 years [18], to 22% by 10 to 14 years of age [26]. 

Although not directly comparable because of various follow-up durations (2-6 years), data 

sources (symptoms, healthcare resource utilization, drug claims) and age at which remission 

was assessed, the lower proportions observed in previous studies documenting remission in 

adolescence (compared to early school-age) suggests that some children with early remission 

may experience subsequent recurrence, as observed in our study and others [18, 27-29].  

Despite heterogeneity, the consistency in the direction and strength of associations across 

provinces and, importantly, the increasingly lower likelihood of remission with poorer asthma 

control trajectory, suggests the clinical predictive value of asthma control indicators based on 

health care resource utilization following a preschool diagnosis. To our knowledge, no other 

studies have investigated the association between asthma control trajectories following a 



 

preschool diagnosis and remission. However, many birth cohort studies have shown that the 

frequency and severity of preschool wheezing/asthma-like events by a given age were 

important predictors of wheeze and/or asthma persistence at school-age, reporting findings 

consistent with our study [3, 12, 30, 31]. In particular, a large Canadian birth cohort study 

including preschoolers diagnosed with asthma who were followed until 11 years of age showed 

that children hospitalized or with 4 or more physician visits for asthma in the year following 

diagnosis, had a 2.5-fold higher risk of persistent asthma, compared to their counterparts [32].  

Our study was not designed to investigate how asthma control trajectories exert their effects 

on remission, such as via controller therapy use or changes in environmental factors, due to a 

lack of relevant clinical information. In a recent trial, two years of daily ICS in preschoolers were 

insufficient to prevent recurrence of symptoms, which were comparable to the control group in 

the year following drug cessation [33]. Thus, mediating factors linking control trajectories to 

disease evolution remain to be explored.  

As for other potential predictors of remission, atopy was consistently associated with 

persistence [29, 34];  in line with the literature [18], older age at diagnosis, male sex, and 

season other than winter at diagnosis were associated with a lower likelihood of remission in 

most provinces. Of interest, most covariates had a lower magnitude of association on remission 

than the three worst asthma control trajectories.  

The strengths of our study include the generalizability of findings to a large, diverse, 

population-based sample of children with onset of asthma symptoms during preschool and the 

use of reliable health care services and prescription data.  



 

We acknowledge the following study limitations. First, the Quebec cohort included only 

patients covered by the public drug insurance plan, resulting in an over-representation of lower 

socioeconomic status families and shorter follow-up due to drug insurance interruption. 

Nevertheless, Quebec findings were consistent with other provinces. Second, because diagnosis 

of asthma was based on recorded ICD-9/10 codes in health administrative data without access 

to triggers and symptoms, one cannot exclude the possibility that some children diagnosed as 

asthma would have been diagnosed as viral-associated wheeze in other countries. The asthma 

definition used in this database study has been validated in children aged 0 to 17 years with a 

specificity of 72% [16], which could result in up to 28% of children potentially misclassified as 

having well-controlled asthma, when they could have had mild infrequent wheezing. We thus 

purposely restricted eligibility to children with prolonged disease activity to minimize the 

proportion of  ‘infrequent or transient wheezers.’ With this restriction, a further 52% of 

preschoolers initially fulfilling the asthma definition were excluded, which is similar to the 59% 

of preschoolers reported to be never/infrequent wheezers in the ALSPAC birth cohort [35]. 

Third, the validated database index used to assess control did not include symptoms and 

exercise limitation, and the absence of ED data for visits not billed as fee-for-service in 

Saskatchewan and Manitoba may have underrepresented severity and overestimated control, 

possibly leading to an overestimation of remissions and underestimation of recurrences. 

However, in a previous sensitivity analysis conducted in Quebec, the impact of removing ED 

visits from the control trajectory definitions resulted in only slight overestimations of control. 

Fourth, while we adjusted for variables available in administrative databases, other potentially 

important confounders such as parental history of asthma, environmental factors (e.g. smoke 



 

and air pollution), behavioral variables linked to nonadherence, eosinophil counts, and ethnicity 

were unmeasured [36-44]. Nevertheless, our sensitivity analysis suggests that only moderate-

to-strong unmeasured confounding could have nullified the estimated associations between 

worsening and/or out-of-control trajectories and remission. We cannot rule out the possibility 

that the presence of weak-to-moderate unmeasured confounding (e.g. from unmeasured 

tobacco smoke) may have led to the associations found between the fluctuating/improving 

control trajectories and remission. Fifth, in the absence of important clinical variables, our study 

did not evaluate underlying mediating pathways that could explain the associations between 

early-life control trajectories and remission. Sixth, we recognize that remission defined as 2 

years of disease inactivity may not equate cure; approximately 16% still experienced 

recurrence. Last, while all children were required to have an asthma diagnosis before 5 years of 

age, those diagnosed at 4 or 5 years were no longer preschoolers at the beginning of follow-up 

given the 3-year lag between diagnosis and cohort entry. 

In conclusion, the asthma control trajectory in the 2 years following diagnosis in preschool 

appears as an important predictor of both remission and recurrence; the worse the control, the 

lower the likelihood of remission. Long-term randomized controlled trials are needed to assess 

if our findings have any causative implications for remission; nevertheless, documenting asthma 

control trajectories shortly after diagnosis could be used for risk stratification or to inform 

machine learning models to further improve remission risk prediction in preschoolers with 

newly diagnosed asthma. Further research on mediating factors underlying asthma control 

trajectories following a preschool-aged diagnosis is warranted to determine potential 

interventions and identify children at risk of recurrent exacerbations. Meanwhile, it seems 



 

reasonable to aim for achieving rapid and sustained optimal control, targeting the prevention of 

exacerbations, through evidence-based management and close follow-up of preschoolers with 

asthma. 
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FIGURE LEGENDS 

Figure 1. Timeline for Measurements of Exposures and Outcomes. Panel A. In children with an 

asthma diagnosis before 5 years of age and prolonged disease activity (i.e. 4 consecutive or 

nonconsecutive 6-month periods with at least 1 clinical marker of asthma activity during the 

prolonged disease activity assessment window), asthma control was assessed with the Pediatric 

Pharmacoepidemiology Asthma Control Index (PPACI) at 4 consecutive 6-month periods over 

24 months following the date of diagnosis (i.e. the exposure assessment window). For the 

primary (remission) and secondary (recurrence) outcomes, children entered the cohort 3 years 

following diagnosis (Cohort entry [CE]1) and at the date of asthma remission (CE2), respectively; 

they were followed until the occurrence of the outcome (i.e. the outcome assessment window), 

date of lost-to-follow-up, or end of data coverage and/or availability in the provincial 

databases, whichever occurred first. A 12-month look-back period prior to diagnosis (or since 

birth for those diagnosed prior to 1 year of age) served to accurately assess the PPACI after 

diagnosis if a short-acting 𝛽2-agonist (SABA) had been dispensed prior to diagnosis.  

Panel B. Based on the validated PPACI, asthma control was classified over each 6-month period 

as: controlled (<4 SABA doses/week and no oral corticosteroids, no emergency department visit 

and no hospitalization for asthma; partly controlled (≥4  but <7 SABA doses/week and no oral 

corticosteroids, no emergency department and no hospitalization), poorly controlled ((≥7 

SABA/week or ≥1 oral corticosteroid course or ≥1 emergency department visit) and no 

hospitalization) and very poorly controlled (≥1 hospitalization). We summarized asthma control 

trajectories over the two years following diagnosis as: controlled throughout (‘controlled’ or 

‘partially controlled’ during each of the four 6-month periods), improving control (‘poorly 



 

controlled’ or ‘very poorly controlled’ in the first 6 months and ‘controlled’ or ‘partially 

controlled’ in the last 6 months), worsening control (‘controlled’ or ‘partially controlled’ in the 

first 6 months and ‘poorly controlled’ or ‘very poorly controlled’ in the last 6 months), out-of-

control throughout (‘poorly controlled’ or ‘very poorly controlled’ throughout) and fluctuating 

control (any other combination). 

Figure  2.  Flow Diagram of Patient Selection by Province. This figure depicts the selection of 

patients in each province cohort, namely British Columbia (BC), Saskatchewan (SK), Manitoba 

(MB), and Quebec (Qc).  Whereas the proportions of exclusions due to not meeting the 

diagnostic criteria of asthma or because of other diagnoses were similar across provinces, a 

larger proportion of children were excluded due to no/inconsistent access to health care 

services or drug data in Quebec (10.6%) than in other provinces; this was likely due to children 

whose parents no longer had access to the governmental drug coverage because of a private 

drug insurance or the end of social assistance. Approximately half of children with asthma were 

removed after applying the prolonged disease activity criterion. 

Figure 3.  Forest Plots of Remission and Recurrence by Asthma Control Trajectories. The 

funnel plots depict the adjusted likelihood of remission in Panel A, and recurrence in Panel B, 

for each asthma control trajectory compared to children who were controlled throughout the 2 

years following diagnosis in British Columbia, Saskatchewan, Manitoba, and Quebec. Province-

specific hazard ratios (HR) are represented by a square with a 95% confidence interval 

(horizontal line). A diamond represents the summary estimate for each asthma control 

trajectory derived from the meta-analysis using random effects with HR values displayed on the 

right. The weight of each province, estimated by the inverse of the variance, is depicted in the 



 

far right column. The vertical line represents the line of identity (HR=1). Values on the left of 

the identity line indicate a reduced likelihood of remission or recurrence; those falling on the 

right indicate a higher likelihood of remission or recurrence.



 

TABLES 

Table 1. Patient Characteristics included in the Remission Cohort 

  
  

BC 
N=17,846 

SK 
N=15,525 

MB 
N=8,347 

QC 
N=6,969 

All 
N=48,687 

Child Demographics − (%) 
Male 67.5 64.0 65.6 62.6 65.4 
Age at diagnosis   

0 year 16.4 16.7 16.5 21.8 17.3 

1 year 29.0 27.8 30.5 30.8 29.1 

2 years 23.1 22.5 23.8 21.6 22.8 

3 years 18.5 17.9 16.8 14.8 17.5 

4 years 13.0 15.0 12.4 11.0 13.2 

Atopy† at cohort entry for remission 50.3 57.0 46.2 38.9 50.1 

Gestational age  

≤37 weeks 9.6 8.1 18.8 23.3 12.7 

Missing data
††

 32.1 47.2 0.2 0.0 26.9 

Birth weight      

<2500 grams 6.3 3.8 8.0 11.4 6.5 

Missing data
††

 32.0 47.2 0.0 0.2 26.9 

Maternal Characteristics − (%) 

Maternal age at birth      

≤20 years 2.2 4.8 12.8 10.5 6.0 

>20 and ≤35 years 51.7 43.2 77.6 78.6 57.3 

>35 years 14.1 4.7 9.6 10.9 9.9 

Missing data
††

 32.0 47.2 0.0 0.0 26.8 

Social assistance at diagnosis‡ 2.1 15.1 20.4 59.9 17.6 

Diagnosis & Early Management− (%) 

Diagnostic criteria  

≥1 hospitalization 18.2 12.4 12.7 22.9 16.1 

≥2 physician visits 81.8 87.6 87.3 77.1 83.9 

Season of diagnosis ∫      

Winter 25.4 21.9 23.2 29.9 24.6 

    Spring 27.1 27.8 26.1 27.3 27.2 

    Summer 18.9 23.2 21.1 16.0 20.2 

    Fall  28.6 27.2 29.6 26.9 28.1 

Year of diagnosis ¶       

>2005 44.3 26.8 42.0 20.5 34.9 

≤ 2005 55.7 73.2 58.0 79.5 65.1 

Controller therapy dispensed at 
diagnosis§ 

     

No controller 22.7 31.3 32.0 23.3 27.1 

ICS with/without other controllers 72.7 63.6 62.6 74.4 68.3 



 

Other non-ICS controllers  4.6 5.1 
 

5.5 2.4 4.6 

Dispensed controller therapy post-
diagnosis  
    0 to 6 months 
  >6 to 12 months 
  >12 to 18 months 
  >18 to 24 months 
  >24 to 30 months 
  >30 to 36 months 
 
Follow-Up Characteristics 
Number of Remitters -% 
 
Age at Remission-% 
 5 
6-7 
8-9 
10-11 

    12+ 
    Did not remit 
 
Age at Cohort Exit-%  
 5 
6-10 
11-15 
>15 

 
 
77.7 
65.5 
64.1 
63.4 
60.1 
58.6 
 
 
42.0 
 
 
0.5 
9.0 
13.2 
10.4 
8.9 
58.0 
 
 
8.4 
57.2 
26.7 
7.7 

 
 
74.9 
66.0 
63.3 
61.9 
57.2 
54.6 
 
 
55.7 
 
 
0.6 
8.8 
13.2 
11.9 
21.2 
44.3 
 
 
2.7 
21.0 
21.1 
55.3 

 
 
66.9 
60.2 
59.6 
58.0 
55.5 
52.9 
 
 
44.8 
 
 
2.6 
13.9 
13.0 
7.7 
7.5 
55.2 
 
 
8.9 
58.9 
27.3 
4.9 

 
 
76.4 
69.0 
67.1 
67.2 
62.1 
61.0 
 
 
40.0 
 
 
2.6 
11.5 
12.4 
6.7 
6.8 
60.0 
 
 
14.1 
60.3 
20.1 
5.5 

 
 
74.8 
65.3 
63.5 
62.5 
58.7 
56.7 
 
 
46.6 
 
 
1.2 
10.1 
13.1 
9.9 
12.3 
53.4 
 
 
7.5 
46.4 
24.1 
22.1 

 
Follow-up in days – Median (Q1,Q3) 
 

 
1494 
(918,2398) 

 
1927 
(1117,3322) 

 
1307 
(797,2033) 

 
1176 
(730,2080) 

 
1476 
(891,2458) 

 
British Columbia (BC); Quebec (QC); Manitoba (MB); Saskatchewan (SK); Inhaled Corticosteroids (ICS).  
† Atopy includes the presence of at least: eczema, atopic, contact, food and other related dermatitis, urticaria, or 
allergic rhinitis (ICD-9: 691, 692, 708, 477 and ICD10-CA: L20, L23, L50, J30) from diagnosis until cohort entry for 
the remission outcome. 
†† Perinatal data in the British Columbia Perinatal Services database was only collected after April 1

st
, 2000; all 

included children born prior to that date had missing values. 
‡ Mother receiving social assistance in the year prior to diagnosis (if not available, lowest income quintile based on 
neighborhood income) 
∫ Winter (December to February); Spring (March to May); Summer (June to August); Fall (September to November) 
¶ Where 2005 corresponds to the publication of the first Canadian Pediatric Asthma Consensus Guidelines. 
§  Controller therapy started in the year  prior to, or within ten days following, the diagnosis of asthma. ICS, inhaled 
corticosteroids, include: beclomethasone, budesonide, ciclesonide, flunisonide, fluticasone, mometasone, and 
triamcinolone. Other non-ICS controllers include: aminophylline, cromoglycate, ketotifen, leukotriene receptor 
antagonists (montelukast, zafirlukast), nedocromil, theophylline. 

 

 



 

Table 2. Meta-analyses of Asthma Control Trajectories as determinant of Remission and Recurrence 

  Remission Recurrence 
No. of 
Events 

No. of person-
years 

Rate per 100 
person-years 

Adjusted HR 
(95% CI)* 

No. of 
Events 

No. of person-
years 

Rate per 100 
person-years 

Adjusted HR 
(95% CI)* 

Asthma control trajectories  
2 years post diagnosis† 

 

Controlled throughout 8 287 80 747 10.26 1.00 (ref) 1 305 57 448 2.27 1.00 (ref) 

Improving control 6 284 65 770 9.55 0.89 (0.82, 0.96) 1 009 41 002 2.46 1.18 (1.07, 1.30) 

Fluctuating control 4 281 50 496 8.48 0.78 (0.71, 0.85) 657 27 294 2.41 1.16 (1.01, 1.33) 

Worsening control 2 292 31 618 7.25 0.68 (0.62, 0.75) 355 14 509 2.45 1.12 (0.99, 1.26) 

Out-of-control throughout 1 524 25 903 5.88 0.52 (0.45, 0.59) 221 9 077 2.43 1.21 (1.04, 1.41) 

 
*Adjusted for age at diagnosis, sex, atopy, social assistance status, asthma diagnostic criteria, early controller therapy, year and season of 
diagnosis. In addition, the recurrence outcome model also adjusted for age of remission. 
†Asthma control trajectory, measured by the Pediatric Pharmacoepidemiologic Asthma Control Index (PPACI) in 4 6-month periods was 
summarized as: controlled  throughout (‘controlled’ or ‘partially controlled’ during each of the four 6-month periods), improving control (‘poorly 
controlled’ or ‘very poorly controlled’ in the first 6 months and ‘controlled’ or ‘partially controlled’ in the last 6 months), worsening control 
(‘controlled’ or ‘partially controlled’ in the first 6 months and ‘poorly controlled’ or ‘very poorly controlled’ last 6 month), out of control 
throughout (‘poorly controlled’ or ‘very poorly controlled’ throughout) and fluctuating control (any other combination).  
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ADDITIONAL METHODS 
 
 
Authorizations 
 
We obtained permission to access and create linkage with de-identified data from 

governmental administrative databases from each province’s health regulatory agency, namely 

the British Columbia Ministry of Health and Perinatal Services of the Provincial Health Services 

Authority, the Saskatchewan Ministry of Health, the Manitoba Ministry of Health, Seniors and 

Healthy Living, and both the Commission d’accès à l’information and the Régie de l’assurance-

maladie du Québec in Quebec. The Research Ethics Boards of the Centre Hospitalier 

Universitaire Sainte-Justine, the Hôpital Sacré-Coeur of the  Centre intégré universitaire de 

santé et de services sociaux du Nord-de-l’île-de-Montréal,  the Ministry of Health of 

Saskatchewan, the University of Manitoba, and the University of British Columbia approved the 

study.  

Cohorts and Data Sources 

Pharmaceutical services were available for all children for the entire study period with the 

exception of those with Registered Indian status in Saskatchewan, whose data were available 

only from 2007 onwards, and of First Nations population living on reserves and Inuit, covered 

by Canadian federal agencies. In addition, Quebec pharmaceutical data were available from 

1990-1996 only for families receiving social assistance, and from 1997 onwards, for those 

covered by the Quebec drug plan, representing about 40% of the population. As for medical 

data, whereas hospitalization data were obtained for all province residents, physician visits 

were obtained only when reimbursed on a fee-for-service basis. While 96% of Quebec 

physicians were reimbursed on a fee-for-service basis, a notable proportion of emergency 



 

  

physicians in Manitoba, Saskatchewan, and British Columbia were reimbursed by salary; 

although they were required to submit claims for services provided, a process called ‘shadow 

billing’, the implementation of shadow billing was inconsistent. Consequently, emergency 

department medical visits were not consistently available throughout the provinces of 

Manitoba and Saskatchewan. A sensitivity analysis with and without emergency department 

visits conducted in Quebec, revealed only mild misclassification (with a slight over-estimation of 

control) with the application of the PPACI without emergency department visits; this is because 

of other indicators of the ‘poor control’ category, namely the average use of short-acting 𝛽2-

agonists ≥7 times/week and/or of oral corticosteroids for asthma, were strongly associated with 

emergency department visits.  

Study Population: Definitions of Asthma and the Prolonged Disease Activity  

As this was a multicenter population-based cohort study using health administrative and drug 

claims data, we defined asthma using a validated database definition in children aged 0-17 

years previously published by To and colleagues (see To et al., 2006 in the reference list). 

However, given that the specificity of this database definition is 72% for children of all ages, 

28% or more of preschoolers may have been differentially misclassified as having well-

controlled asthma throughout the exposure assessment period, when, in fact, they could have 

had another mild condition like infrequent wheezing; as including these children would have 

artificially increased the likelihood of remission in the reference group, i.e. those considered to 

be well-controlled throughout the 2 years following diagnosis, this would have biased our 

findings away from the null. We, therefore, aimed to reduce differential exposure 

misclassification by implementing a stricter eligibility criterion, where we only included 



 

  

preschoolers fulfilling the database definition of asthma but also demonstrated prolonged 

disease activity to improve specificity. We defined prolonged disease activity as having at least 

1 medical visit (in the ED, inpatient or outpatient setting) or medication for asthma (any asthma 

controller therapy including ICS, leukotriene receptor antagonists, aminophylline, 

cromoglycate, ketotifen, nedocromil, and theophylline, oral corticosteroid, or short-acting beta-

2 agonist) for at least 4 6-month periods, which did not need to be consecutive, within the 3 

years post-diagnosis (prolonged disease activity assessment window) for the remission 

outcome. We suspect that this criterion effectively removed infrequent/transient wheezers 

who would not be at-risk for subsequent remission or recurrence, correcting for any potential 

differential exposure misclassification. 

Canadian Diagnostic Criteria for Asthma in Preschoolers 

Since the cohorts’ inception in 1990 and 1997, the Canadian diagnostic criteria for asthma in 

preschoolers have not evolved markedly. In absence of readily accessible validated lung 

function tests for this young age group, the diagnosis has remained mainly clinical, based on 

paroxysmal or persistent symptoms (dyspnea, chest tightness, wheeze and cough) with variable 

airflow obstruction and airway hyperresponsiveness to a variety of stimuli. In the first Canadian 

consensus statement published in 1996, the factors that were believed to be particularly useful 

in establishing a diagnosis in young patients included: wheezing with attacks of dyspnea 

occurring after 1 year of age or more than 3 episodes in a given year (especially if not related to 

a viral illness); severe episodes of dyspnea and wheezing; prolonged cough most notably 

occurring with physical activity or disturbing sleep; evidence of atopic diathesis in the child or 

his/her direct family; symptomatic or objective evidence of improvement  with asthma therapy, 



 

  

and parental  smoking. The likelihood of a diagnosis of asthma increases with the number of 

these factors present. The same criteria were withheld in the 1999, 2003, 2010 and 2012 

Canadian guidelines (Boulet et al., 1999; Becker et al., 2005; Lougheed et al., 2010; Lougheed et 

al. 2012)  

Ascertainment of Medication Use 

Asthma controller therapy was defined as having at least 1 dispensation of an inhaled 

corticosteroid, long-acting beta-2 agonist, leukotriene receptor antagonist, sodium 

cromoglycate, oral ketotifen, theophylline, aminophylline, ipratropium, or nedocromil. As part 

of the PPACI, the average number of short-acting beta-2 agonist (SABA) doses per week were 

computed based on a previously published algorithm. Briefly, weekly SABA doses were 

calculated based on the timing between refills of two consecutive SABA prescriptions, assuming 

that the doses of each previous canister were consumed prior to the refill. A pharmacist 

established a list of SABAs and dose equivalencies between different SABA medications and 

preparations. Based on this, the number of SABA equivalent doses filled per week were then 

computed  and averaged out over each 6-month period included in the PPACI (see Blais et al., 

2006 in the reference list).  

Ascertainment of Asthma Control Trajectories  

In each 6-month period of the exposure assessment window, children were considered to be 

controlled and partly controlled if they had no exacerbations requiring OCS, ED visits, or 

hospital admissions for asthma as well as an average of <4 and 4 -<7 SABA doses/week, 

respectively. Alternatively, children were considered to be poorly controlled if they had an 

average of  7 SABA doses/week with at least 1 OCS or ED visit for asthma; those considered as 



 

  

very poorly controlled had at least 1 hospitalization for asthma. We then grouped controlled 

with partly controlled and the poorly controlled with very poorly controlled categories in each 6-

month period of the exposure assessment window and summarized asthma control trajectories 

as: controlled throughout (partly or well-controlled in each of the 4 6-month periods), improving 

control (poorly or very poorly controlled in the 1st period improving to partly/well-controlled in 

the 4th period), worsening control (partly or well-controlled in the 1st period worsening to poorly 

or very poorly controlled in the 4th period), out-of-control throughout (poorly or very poorly 

controlled for all 4 6-month periods), and fluctuating control (any other combination). 

Trajectories not defined as controlled throughout the exposure assessment period were 

considered to be suboptimal.  

Calculation of the E-Value 

The E-value is defined as the minimum strength of association (risk ratio, RR) that an 

unmeasured confounder would need to have with the exposure and outcome to nullify the 

estimated effects of interest. The E-value is typically computed using the below formula (see 

VanderWeele, 2017 in reference list): 

For RR >1 (1):  

E-value = RR + sqrt{RR x (RR − 1)} 

If lower confidence limit (LL) ≤ 1, then E-value = 1 

If LL >1, then E-value = LL + sqrt{LL x (LL − 1)} 

For RR <1 (2): 

Let RR* = 1/RR 

E-value = RR* + sqrt{RR* x (RR* − 1)} 



 

  

If upper confidence limit (UL)  ≥ 1, then E-value = 1 

If UL < 1, then let UL* = 1/UL and E-value = UL* + sqrt{UL* x (UL* − 1)} 

However, in the event that the effect measure of interest is the HR, and the outcome is 

common (>15% at the end of follow-up), the above RR must be approximated using the below 

formula: 

RR ≈ (1 −            )/(1 −              ) (3) 

Because remission and recurrence were considered common outcomes (>15% of children had 

either outcome by the end of follow-up), we approximated the RR using (3) and used this 

approximated RR in the computation of the E-Values for both remission and recurrence (Table 

S4). 
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Table S1. General Characteristics of Included Canadian Provinces 

Population Characteristic 
Province  

British Columbia Saskatchewan Manitoba Quebec 
Census Data from 2015/2016* 

Province Size in 2016 (N) 4,648,055 1,098,352 1,278,365 8,164,361 
Ethnic Origins for the population - Total Population 
Estimate** (%) 

      Aboriginal  6.64 16.57 18.15 4.51 

  North American 4.83 21.54 19.96 60.89 

  European  62.65 70.90 66.59 38.14 

  Caribbean  0.55 0.36 0.87 2.53 

  Latin, Central, and South American origins 1.53 0.63 1.86 2.10 

  African  1.32 1.51 2.33 4.80 

  Asian 28.78 9.26 14.40 7.07 

  Oceania  0.90 0.13 0.12 0.04 
Socioeconomic Status - Total Household Income in 
2015, (%) 

    <$5,000 2.31 1.60 1.89 1.34 

$5,000-$9,999 1.44 1.06 1.67 1.59 

$10,000-$14,999 2.96 1.77 2.34 3.39 

$15,000-$19,999 4.12 4.17 3.73 5.12 

$20,000-$24,999 4.18 4.36 4.37 5.09 

$25,000-$29,999 3.88 3.44 3.89 4.36 

$30,000-$34,999 4.15 4.09 4.31 5.24 

$35,000-$39,999 4.17 4.02 4.45 5.22 

$40,000-$44,999 4.08 4.01 4.42 5.09 

$45,000-$49,999 4.03 3.82 4.34 4.83 

$50,000-$59,999 7.62 7.30 8.23 8.88 

$60,000-$69,999 7.06 6.87 7.75 7.75 

$70,000-$79,999 6.50 6.38 7.01 6.85 

$80,000-$89,999 5.92 5.97 6.45 5.91 

$90,000-$99,999 5.28 5.38 5.56 4.99 

$100,000 + 32.30 35.76 29.57 24.35 
Socioeconomic Status- Low Income status by age 
group in 2015, (%) 

    0 to 17 years 18.37 22.69 22.19 19.75 

  0 to 5 years 5.81 7.82 7.31 6.72 

18 to 64 years 64.24 62.22 62.69 63.40 

65 years + 17.40 15.09 15.12 16.86 
Socioeconomic Status-Highest certificate, diploma, 
or degree aged 25 to 64 years,(%) 

    No certificate, diploma, or degree 15.54 12.22 14.41 13.28 

High school diploma or equivalency certificate 29.42 29.68 27.85 18.50 

Apprenticeship or trades certificate or diploma 8.76 11.82 8.22 19.82 

College, CEGEP, or other non-university certificate  18.11 20.32 21.07 19.04 

University certificate or diploma below bachelor level 3.57 3.42 3.24 3.82 



 

  

University certificate, diploma, or degree at bachelor 
level or above 24.60 22.53 25.22 25.53 

Air Quality Indicators every 2 years from 2002 to 2014*** 

 
 Average fine particulate matter,       

2002 6.60 5.80 5.80 9.80 

2004 6.10 4.50 4.50 7.90 

2006 5.50 4.80 4.80 7.00 

2008 5.00 4.50 4.50 8.20 

2010 5.70 7.80 7.80 8.40 

2012 5.30 7.20 7.20 8.30 

2014 6.90 7.30 7.30 7.80 

Average ozone (parts per billion) 
    2002 25.70 31.80 31.80 33.60 

2004 25.90 32.40 32.40 32.00 

2006 28.40 33.60 33.60 31.00 

2008 26.70 33.10 33.10 31.50 

2010 27.50 32.80 32.80 33.10 

2012 29.00 33.40 33.40 33.70 

2014 27.90 33.10 33.10 33.20 

Average Nitrogen Dioxide (parts per billion) 
    2002 14.30 1 10.60 14.90 

2004 13.60 9.20 9.20 14.30 

2006 13.20 9.00 9.00 12.00 

2008 11.80 9.70 9.70 12.20 

2010 10.80 8.60 8.60 10.60 

2012 10.50 7.40 7.40 9.20 

2014 10.50 7.80 7.80 8.60 

Canadian Health Survey Questionnaire, (%)**** 

Prevalence of Asthma in 2015  
   Aged 12+ years 8.30 7.60 8.40 7.90 

 
12-17 years 11.80 10.00 13.40 0.50 

 
18-34 years 8.80 7.50 7.80 2.23 

 
35-49 years 8.00 6.90 9.90 1.47 

 
50-64 years 8.80 7.40 7.10 1.91 

 
65 years+ 6.30 7.50 6.80 1.80 

 
*Obtained from 2015/2016 Canadian census data (www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Index-
eng.cfm) 
**More than one ethnicity can be reported per household 
***Obtained from government air quality indicator report. This document reported combined data from the Prairies 
(Saskatchewan/Manitoba) and northern Ontario, which is why these provinces report the same results. 
(https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/air-quality/air-quality-en.pdf)  
****Obtained from Statistics Canada. Table 13-10-0096-08 Asthma, by age group 
 
 

Table S2. Clinical markers of asthma activity in included children 
 

https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/air-quality/air-quality-en.pdf
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BC 
N=17,846 

SK 
N=15,525 

MB 
N=8,347 

QC 
N=6,969 

All 
N=48,687 

Clinical markers of asthma activity – % 
0 to 6 months post-diagnosis* 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS** claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>6 to ≤12 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>12 to ≤18 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>18 to ≤24 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>24 to 30 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>30 to 36 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 

 
 

77.7 
72.5 
12.7 
72.6 
94.8 

 
65.5 
59.2 
10.2 
61.2 
86.3 

 
64.1 
58.0 
8.3 

56.6 
83.9 

 
63.4 
57.7 
7.2 

54.1 
83.0 

 
60.1 
57.7 
7.2 

54.1 
79.0 

 
60.1 
54.8 
6.6 

50.2 
77.3 

 
 

74.9 
61.5 
9.7 

100.0 
100.0 

 
66.0 
47.6 
3.0 

69.3 
89.3 

 
63.3 
45.4 
2.4 

64.7 
85.7 

 
61.9 
45.8 
2.0 

61.0 
84.7 

 
57.2 
42.6 
1.7 

56.2 
79.0 

 
54.6 
40.7 
1.8 

47.9 
75.0 

 
 

66.9 
65.5 
23.6 
99.6 
99.8 

 
60.2 
56.6 
10.4 
65.6 
86.2 

 
59.6 
56.1 
8.6 

61.0 
84.1 

 
58.0 
56.2 
7.4 

57.0 
82.2 

 
55.5 
52.8 
6.3 

53.2 
78.3 

 
52.9 
50.4 
5.7 

49.7 
74.3 

 
 

76.4 
80.6 
13.1 
72.7 
97.0 

 
69.0 
71.4 
8.1 

52.1 
87.3 

 
67.1 
68.4 
7.1 

46.3 
84.1 

 
67.2 
68.9 
5.7 

42.6 
83.8 

 
62.1 
64.7 
4.7 

37.8 
78.6 

 
61.0 
63.1 
4.5 

34.3 
76.0 

 
 

76.4 
69.0 
13.7 
86.0 
97.6 

 
65.3 
56.8 
7.6 

63.5 
87.4 

 
63.5 
55.1 
6.3 

58.5 
84.5 

 
62.5 
55.1 
5.4 

55.2 
83.5 

 
58.7 
52.0 
4.7 

50.9 
78.8 

 
56.7 
50.6 
4.2 

46.2 
75.9 

      

British Columbia (BC); Quebec (QC); Manitoba (MB); Saskatchewan (SK); Oral Corticosteroids (OCS).  
*Excludes the asthma diagnosis date 
** Short-course of OCS refers to a claim of oral corticosteroids dispensed within 14 days of an emergency 
department visit or hospitalisation for asthma 

 

 



 

  

Table S3. Characteristics of excluded children without prolonged disease activity  
  
  

BC 
N=16,714 

SK 
N=13,772 

MB 
N=10,000 

QC 
N=5,932 

All 
N=46,418 

Child Demographics – %      

Male 63.5 60.3 61.1 58.9 61.4 

Age at diagnosis       

0 year 16.2 18.8 16.4 15.3 16.9 

1 year 28.4 28.7 31.1 30.5 29.3 

2 years 22.1 22.1 23.7 24.5 22.8 

3 years 18.0 16.6 16.0 17.1 17.0 

4 years 15.2 13.8 12.9 12.6 14.0 

Atopy† 41.9 34.2 35.2 30.0 36.7 

Gestational age      

≤37 weeks 8.6 8.3 16.7 19.8 11.7 

Missing data 30.4 45.1 0.1 0 24.4 

Birth weight      

<2500 grams 5.2 3.7 6.7 9.4 5.6 

Missing data 30.3 45.1 0 0.5 24.4 

Maternal Characteristics – %      

Maternal age      

≤20 years 2.9 7.4 16.8 12.6 8.5 

>20 and ≤35 years 54.3 43.7 75.5 77.9 58.7 

>35 years 12.5 3.8 7.7 9.5 8.5 

Missing data 30.3 45.1 0 0 24.3 

Receiving social assistance ‡ 2.0 16.6 0.2 56.8 12.9 

Diagnosis & Early Management – %      

Diagnostic criteria      

≥1 hospitalization 10.1 10.4 10.7 20.6 11.7 

≥2 physician visits 89.9 89.6 89.3 79.4 88.3 

Season at diagnosis ∫      

Winter 28.9 25.2 25.9 32.1 27.5 

Spring 26.0 28.3 26.3 24.7 26.6 

Summer 17.5 21.1 19.8 15.2 18.8 

Fall  27.6 25.4 28.1 28.0 27.1 

Year of diagnosis ¶       

>2005 50.9 41.6 41.5 20.9 42.3 

≤ 2005 49.1 58.4 58.5 79.1 57.7 

Controller therapy at diagnosis§      
No controller 36.2 37.2 45.3 34.3 38.2 

ICS with/without other controllers 59.8 54.5 50.0 64.1 56.7 

Other non-ICS controllers  4.0 8.3 4.7 1.6 5.1 

Clinical markers of asthma activity – % 
0 to 6 months post-diagnosis* 

 1 controller therapy claim 

 
 

46.6 

 
 

49.7 

 
 

40.2 

 
 

50.9 

 
 

46.7 



 

  

 1 short-acting beta-2 agonists claim 
 1 short-course of OCS** claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>6 to ≤12 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>12 to ≤18 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>18 to ≤24 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>24 to 30 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 
>30 to 36 months post-diagnosis 

 1 controller therapy claim 
 1 short-acting beta-2 agonists claim 
 1 short-course of OCS claim 
 1 medical visit for asthma 

     1 asthma activity criterion 

45.5 
3.9 

42.1 
68.4 

 
18.4 
18.8 
1.5 

19.3 
31.4 

 
14.3 
15.7 
0.9 

11.8 
24.5 

 
11.7 
13.3 
0.9 

11.4 
21.3 

 
11.2 
12.8 
0.9 

10.6 
19.9 

 
11.2 
12.8 
0.9 

10.6 
18.9 

43.3 
5.1 
100 
100 

 
17.1 
14.2 
0.4 

24.5 
33.7 

 
10.8 
10.9 
0.2 

16.8 
23.3 

 
6.9 
7.9 
0.1 

12.4 
16.9 

 
5.6 
6.9 
0.1 
9.9 

13.9 
 

5.8 
6.7 
0.1 
9.6 

13.3 

46.6 
12.7 
98.1 
98.3 

 
14.3 
17.6 
1.7 

24.9 
29.1 

 
9.5 

13.3 
1.2 

18.0 
20.6 

 
7.5 

10.7 
0.7 

14.2 
15.8 

 
5.6 
8.8 
0.6 

12.1 
12.8 

 
5.7 
8.5 
0.5 

11.6 
12.3 

57.5 
5.2 

51.2 
80.6 

 
21.7 
24.0 
1.4 

15.9 
33.6 

 
16.5 
18.4 
0.9 

10.1 
25.1 

 
13.9 
15.2 
0.6 
8.6 

20.2 
 

12.2 
13.6 
0.6 
6.9 

17.4 
 

10.7 
11.3 
0.4 
6.1 

14.8 

46.6 
6.3 

72.5 
85.8 

 
17.6 
17.8 
1.2 

21.6 
31.9 

 
12.5 
14.1 
0.8 

15.1 
23.4 

 
10.0 
11.7 
0.6 

10.5 
18.7 

 
8.6 

10.5 
0.56 
10.5 
16.3 

 
8.3 
9.9 
0.5 
9.9 

15.3 

British Columbia (BC); Quebec (QC); Manitoba (MB); Saskatchewan (SK); Oral Corticosteroids (OCS).  
† Atopy included eczema, atopic, contact, food and other related dermatitis, urticaria, and allergic rhinitis (ICD-9:  
691, 692, 708, 477 and ICD10-CA: L20, L23, L50, J30) from the date of diagnosis until cohort entry for the remission 
outcome 
‡ Mother receiving social assistance in the year prior to or at diagnosis (if not available, lowest income quintile 
based on neighborhood income) 
∫ Winter (December to February); Spring (March to May); Summer (June to August); Fall (September to November) 
¶ Where 2005 corresponds to the publication of the first Canadian Pediatric Asthma Consensus Guidelines 
§  Controller therapy started in the year  prior to, or within ten days following, the diagnosis of asthma. ICS, inhaled 
corticosteroids, include: beclomethasone, budesonide, ciclesonide, flunisolide, fluticasone, mometasone, 
triamcinolone. Other non-ICS controllers include: aminophylline, cromoglycate, ketotifen, leukotriene receptor 
antagonists (montelukast, zafirlukast), nedocromil, theophylline 
*Excludes the asthma diagnosis date 
** Short-course of OCS refers to a claim of oral corticosteroids dispensed within 14 days of an emergency 
department visit or hospitalisation for asthma 
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Figure S1. Distribution of asthma control in the 4 provinces  
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Figure S1. The top panel (A) depicts the overall distribution of asthma control in using the 4-

level Pediatric Pharmacoepidemiology Asthma Control Index (PPACI), in each of the four 6-

month periods following diagnosis where: controlled (<4 short-acting  𝛽2-agonist doses/week 

with no oral corticosteroids, no emergency department visit and no hospitalization) is 

represented in green; partially controlled (≥4 short-acting 𝛽2-agonist doses/week<7 and no oral 

corticosteroids, no emergency department and no hospitalization) in yellow; poorly controlled 

((≥7 short-acting 𝛽2-agonist doses/week or ≥1 oral corticosteroid or ≥1 emergency department) 

and no hospitalization) in orange; and very poorly controlled (≥1 hospitalization) in red. The 

bottom panel (B) depicts the distribution of the asthma control trajectory over the two years 

following diagnosis as: controlled throughout (‘controlled’ or ‘partially controlled’ during each 

of the four 6-month periods) in green; improving control (‘poorly controlled’ or ‘very poorly 

controlled’ in the first 6 months and ‘controlled’ or ‘partially controlled’ in the last 6 months) in 

light green; worsening control (‘controlled’ or ‘partially controlled’ in the first 6 months and 

‘poorly controlled’ or ‘very poorly controlled’ last 6 month) in orange; out-of-control throughout 

(‘poorly controlled’ or ‘very poorly controlled’ throughout) in red; and fluctuating control (any 

other combination) in yellow.  
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Figure S2. Distribution of asthma control trajectories in each of the 4 provinces 

 

Figure S2. The distribution of the asthma control trajectories over the two years following 

diagnosis is depicted as: controlled throughout in dark green, improving control in light green, 

worsening control in orange, out-of-control throughout in red, and fluctuating control in yellow. 

The left upper panel represents British Columbia, right upper panel, Saskatchewan, the left 

lower panel, Manitoba, and the right lower panel, Quebec. Saskatchewan and Quebec 



 

  

contributed the highest percentages of children in the controlled and out-of-controlled 

throughout trajectories, respectively. We suspect these differences may be related to the 

representativeness of the cohorts (e.g. access to drug claims only available for children of lower 

socioeconomic status before 1998 in Quebec versus population-based in other provinces; 

exclusion of a large proportion of first nation children as per the drug reimbursement plan in 

Saskatchewan), health care delivery, air pollution, or ethnicity between the provinces. 

Saskatchewan is a small province with most children seen by very few pediatric asthma 

specialists, which may improve early outcomes due to better continuity of care. In Quebec, all 

included preschoolers were enrolled in the public drug insurance plan, which suggests a higher 

proportion of lower socioeconomic status families, and thus preschoolers with poorer control, 

than other provinces. Moreover, the proportion of remissions and the age of remission were 

generally higher in Saskatchewan than other provinces, likely due to their longer follow-up as 

more than half of children were over 15 years of age at cohort exit compared to 8% in British 

Columbia and 5% in both Quebec and Saskatchewan.  



 

  

Table S4. Meta-analyzed 3-Year, 5-Year, and Overall Absolute Risks and Risk Differences for Remission 
 

*Adjusted for age at diagnosis, sex, atopy, social assistance status, asthma diagnostic criteria, early controller therapy, year and season of 
diagnosis.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Asthma Control 
Trajectory 

Meta-Analyzed Absolute Risks (95% CI)* Meta-Analyzed Risk Differences (95%CI)* 

3-year 5-year Overall 3-year 5-year Overall 

Controlled  0.17 (0.08, 0.26) 0.35 (0.26, 0.44) 0.53 (0.47, 0.59) reference reference reference 

Improving 0.16 (0.08, 0.24) 0.29 (0.24, 0.35) 0.50 (0.44, 0.55) -0.01 (-0.02, 0.00) -0.03 (-0.06, -0.02) -0.02 (-0.04, -0.01) 

Fluctuating 0.15 (0.08, 0.23) 0.28 (0.24, 0.32) 0.45 (0.39, 0.52) -0.01 (-0.02, 0.00) -0.05 (-0.08, -0.02) -0.05 (-0.08, -0.02) 

Worsening 0.14 (0.06, 0.21) 0.25 (0.21, 0.28) 0.42 (0.35, 0.49) -0.02 (-0.03, -0.01) -0.07 (-0.13, -0.02) -0.07 (-0.11, -0.03) 

Out-of-Control 0.11 (0.05, 0.17) 0.20 (0.17, 0.24) 0.34 (0.27, 0.42) -0.03 (-0.06, -0.01) -0.10 (-0.17, -0.04) -0.14 (-0.23, -0.07) 



 

  

 

Figure S3. Sensitivity analysis: Meta-analysis forest plot results for likelihood of remission using asthma control at the last 
exposure period (>18 to 24 months)  
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The funnel plot depicts the adjusted likelihood of remission for each suboptimal asthma control 

trajectory compared to children who were controlled during the last period (>18 to 24 months) 

following diagnosis, in British Columbia, Saskatchewan, Manitoba and Quebec. Province-

specific hazard ratios (HR) are represented by a square with a 95% confidence interval 

(horizontal line). A diamond represents the summary estimate for each asthma control 

trajectory derived from the random effects meta-analysis, with values displayed on the right. 

The weight of each province, estimated by the inverse of the variance, is depicted in the far-

right column. The vertical line represents the line of identity (HR = 1). Values on the left of the 

line of identity indicate a reduced likelihood of remission, those falling on the right would have 

indicated a higher likelihood of remission. 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Table S5. Overlap between asthma control status in the last 6 months of exposure 
assessment window and asthma control trajectories 

 

Asthma Control Trajectories Province 

Control Status >18-24 months 

Well 
Controlled 

Partly 
Controlled  

Poorly 
Controlled 

Very Poorly 
Controlled 

Controlled throughout 

BC - % 74.70 25.30 0.00 0.00 

SK -% 84.69 15.31 0.00 0.00 

MB - % 73.49 26.51 0.00 0.00 

QC -% 70.04 29.96 0.00 0.00 

Overall - % 78.78 21.22 0.00 0.00 

Out-of-Control 

BC - % 0.00 0.00 93.47 6.53 

SK -% 0.00 0.00 93.21 6.79 

MB - % 0.00 0.00 93.30 6.70 

QC -% 0.00 0.00 98.49 1.51 

Overall - % 0.00 0.00 94.82 5.18 

Worsening Control 

BC - % 0.00 0.00 92.85 7.15 

SK -% 0.00 0.00 87.63 12.37 

MB - % 0.00 0.00 94.69 5.31 

QC -% 0.00 0.00 99.44 0.56 

Overall - % 0.00 0.00 92.87 7.13 

Improving Control 

BC - % 64.68 35.32 0.00 0.00 

SK -% 75.61 24.39 0.00 0.00 

MB - % 61.39 38.61 0.00 0.00 

QC -% 54.16 45.84 0.00 0.00 

Overall - % 65.73 34.27 0.00 0.00 

Fluctuating Control 

BC - % 33.31 20.07 43.42 3.20 

SK -% 45.82 17.13 32.36 4.69 

MB - % 36.73 21.72 39.72 1.83 

QC -% 23.14 15.65 59.97 1.24 

Overall - % 35.59 18.92 42.47 3.03 



 

  

Table S6. Sensitivity analysis for remission including perinatal data in Quebec and Manitoba 

  
  

  
Quebec  

Adjusted HR* (95% CI) 
N=2,658 

Manitoba  
Adjusted HR* (95% CI) 

N=3,739  
   

Asthma control trajectories over 2 
years†   

Controlled throughout 

 

Reference Reference 

Improving control 

 
0.83 (0.75, 0.93) 1.00 (0.92, 1.09) 

Fluctuating control 

 
0.68 (0.60, 0.76) 0.84 (0.76, 0.92) 

Worsening control 

 
0.68 (0.59, 0.78) 0.76 (0.67, 0.85) 

Out of control throughout 

 
0.49 (0.43, 0.56) 0.50 (0.44, 0.58) 

Asthma control in the last period (>18 

- 24 months)  

    Controlled 
    Partly Controlled 
    Not well controlled 
    Very poorly controlled 
 

 

 
Reference 

0.98 (0.89, 1.09) 
0.74 (0.67, 0.82) 
0.34 (0.76, 0.93) 

 
Reference 

0.88 (0.81, 0.96) 
0.71 (0.65, 0.77) 
0.68 (0.52,0.88) 

* Adjusting for sex, age at diagnosis, atopy, prematurity, low birth weight, maternal age, social assistance status, asthma 
diagnostic criteria, early controller therapy, year and season at diagnosis. 
† Asthma control trajectory, measured by the Pediatric Pharmacoepidemiologic Asthma Control Index (PPACI) in 4 6-month 
periods was summarized as: controlled  throughout (‘controlled’ or ‘partially controlled’ during each of the four 6-month 
periods), improving control (‘poorly controlled’ or ‘very poorly controlled’ in the first 6 months and ‘controlled’ or ‘partially 
controlled’ in the last 6 months), worsening control (‘controlled’ or ‘partially controlled’ in the first 6 months and ‘poorly 
controlled’ or ‘very poorly controlled’ last 6 month), out of control throughout (‘poorly controlled’ or ‘very poorly 
controlled’ throughout) and fluctuating control (any other combination). 

Also adjusting for the Pediatric Pharmacoepidemiologic Asthma Control Index (PPACI) in periods 1 (0 to 6 months), 2 (>6 

to 12 months), and 3 (>12 to 18 months).
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

  

Table S7. E-value unmeasured confounding sensitivity analysis for remission and recurrence 

 
Approximated RR corrected for the commonality of the remission and recurrence outcomes; Upper 
Confidence Interval (UCI) reported for RR<1; Lower Confidence Interval (LCI) reported for RR>1; RREU 
represents the strength of association between the exposure E and the unmeasured confounder U; RRUY 
represents the strength of association between the unmeasured confounder U and the outcome Y. 
 
 
 
 
 
 
 

Outcome 
Asthma Control 

Trajectories 
Summary HR 

(95% CI) 
Approximated 
Summary RR 

E-value (UCI 
or LCI) 

Interpretation 

Remission 

Improving 0.89 (0.82,0.96) 0.92 (0.87, 0.97) 1.39 (1.20) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.39 & RRUY=1.39) 

Fluctuating 0.78 (0.71,0.85) 0.84 (0.79,0.89) 1.66 (1.48) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.66 & RRUY=1.66) 

Worsening 0.68 (0.62, 0.75) 0.77 (0.72, 0.82) 1.94 (1.74) 

Average estimate can be explained 
away with moderate to strong 

unmeasured confounding 
(RREU=1.94 & RRUY=1.94) 

Out-of-control 0.52 (0.45, 0.59) 0.64 (0.58, 0.69) 2.52 (2.24) 

Average estimate can be explained 
away with moderate to strong  

unmeasured confounding 
(RREU=2.52 & RRUY=2.52)  

Recurrence 

Improving 1.18 (1.07, 1.30) 1.12 (1.05, 1.20) 1.49 (1.27) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.49 & RRUY=1.49) 

Fluctuating 1.16 (1.01,1.33) 1.11 (1.01, 1.22) 1.45 (1.09) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.45 & RRUY=1.45) 

Worsening 1.12 (0.99,1.26) 1.08 (0.99, 1.17) 1.38 (1.00) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.38 & RRUY=1.38) 

Out-of-control 1.21 (1.04,1.41) 1.14 (1.03, 1.27) 1.54 (1.20) 

Average estimate can be explained 
away with weak to moderate 

unmeasured confounding 
(RREU=1.54 & RRUY=1.54)  



 

  

Table S8. Remission Hazard Ratios for all predictors in the final model across British Columbia, 
Manitoba, Saskatchewan and Quebec 

 
† Asthma control trajectory in the 2 years following an asthma diagnosis, measured by the Pediatric Pharmacoepidemiologic 
Asthma Control Index (PPACI) in 4 6-month periods was summarized as: controlled  throughout (‘controlled’ or ‘partially 
controlled’ during each of the four 6-month periods), improving control (‘poorly controlled’ or ‘very poorly controlled’ in the 
first 6 months and ‘controlled’ or ‘partially controlled’ in the last 6 months), worsening control (‘controlled’ or ‘partially 
controlled’ in the first 6 months and ‘poorly controlled’ or ‘very poorly controlled’ last 6 month), out of control throughout 

Variables 
British Columbia 

Rate of Remission 
Adjusted HR (95% CI) 

Manitoba 
Rate of Remission 

Adjusted HR (95% CI) 

Saskatchewan 
Rate of Remission 

Adjusted HR (95% CI) 

Quebec 
Rate of Remission 

Adjusted HR (95% CI) 

Asthma Control Trajectories† 
  Controlled throughout 
  Improving control 
  Fluctuating control 
  Worsening control 
  Out-of-control throughout 

 
1.00 

0.85 (0.80-0.90) 
0.76 (0.72-0.82) 
0.61 (0.56-0.66) 
0.47 (0.42-0.51) 

 
1.00 

1.01 (0.93-1.10) 
0.84 (0.77-0.92) 
0.76 (0.68-0.86) 
0.50 (0.44-0.58) 

 
1.00 

0.87 (0.83-0.92) 
0.82 (0.77-0.87) 
0.71 (0.65-0.77) 
0.63 (0.56-0.71) 

 
1.00 

0.83 (0.74-0.92) 
0.68 (0.60-0.76) 
0.68 (0.59-0.77) 
0.49 (0.43-0.55) 

Child Demographics 
Sex* 
  Female 
  Male 
Age at asthma diagnosis (y)* 
  0  
  1  
  2  
  3  
  4 
Atopy‡ 
  No 
  Yes  

 
 

1.00 
0.92 (0.87-0.96) 

 
1.00 

0.87 (0.82-0.93) 
0.79 (0.74-0.85) 
0.83 (0.77-0.90) 
0.88 (0.80-0.96) 

 
1.00 

0.82 (0.78-0.86) 

 
 

1.00 
0.97 (0.90-1.03) 

 
1.00 

0.86 (0.79-0.94) 
0.69 (0.62-0.76) 
0.65 (0.58-0.73) 
0.69 (0.61-0.79) 

 
1.00 

0.86 (0.80-0.92) 

 
 

1.00 
0.90 (0.86-0.94) 

 
1.00 

0.87 (0.82-0.93) 
0.78 (0.73-0.84) 
0.73 (0.68-0.78) 
0.78 (0.72-0.84) 

 
1.00 

0.88 (0.84-0.92) 

 
 

1.00 
0.94 (0.87-1.02) 

 
1.00 

0.94 (0.85-1.04) 
0.94 (0.84-1.05) 
0.88 (0.77-1.00) 
0.79 (0.68-0.91) 

 
1.00 

0.82 (0.76-0.88) 

Maternal Characteristics 
 Social assistance status∫ 
   No social assistance 
   Receiving social assistance 

 
 

1.00 
1.13 (0.91-1.40) 

 
 

1.00 
1.12 (1.03-1.21) 

 
 

1.00 
1.08 (1.01-1.15) 

 
 

1.00 
1.08 (0.99-1.18) 

Disease and Early 
Management 
Asthma diagnostic criteria 
    2 medical claims 
    1 hospitalization 
Season at diagnosis§* 
  Winter  
  Spring 
  Summer 
  Fall 
Controller therapy at 
diagnosis¶* 
  No controllers 
  ICS-based therapy 
  Other non-ICS controllers 
Year of Asthma Diagnosis 
  For every year since 1997 

 
 
 

1.00 
0.87 (0.82-0.92) 

 
1.00 

0.96 (0.90-1.02) 
0.89 (0.83-0.95) 
0.93 (0.87-0.99) 

 
 

1.00 
1.00 (0.94-1.05) 
0.98 (0.87-1.10) 

 
1.01 (1.00-1.02) 

 
 
 

1.00 
0.91 (0.83-1.01) 

 
1.00 

0.97 (0.89-1.06) 
0.97 (0.89-1.07) 
0.85 (0.78-0.93) 

 
 

1.00 
0.98 (0.92-1.05) 
0.85 (0.71-1.01) 

 
0.88 (0.87-0.89) 

 
 
 

1.00 
0.90 (0.84-0.97) 

 
1.00 

0.96 (0.90-1.02) 
0.91 (0.86-0.97) 
0.91 (0.85-0.97) 

 
 

1.00 
0.96 (0.90-1.02) 
0.92 (0.83-1.02) 

 
1.00 (1.00-1.01) 

 
 
 

1.00 
0.90 (0.82-0.98) 

 
1.00 

0.91 (0.82-1.00) 
1.01 (0.91-1.13) 
0.91 (0.82-1.00) 

 
 

1.00 
1.00 (0.91-1.09) 
0.91 (0.70-1.19) 

 
1.01 (1.00-1.02) 



 

  

(‘poorly controlled’ or ‘very poorly controlled’ throughout) and fluctuating control (any other combination).  
*Variables with coefficients that demonstrated variation with follow-up time in some provinces but not all; however, we report 
the average HR at the median survival time for simplicity. In the final model, age at asthma diagnosis varied with time in 
Manitoba and Saskatchewan, while season and controller therapy at diagnosis varied with time in Quebec. 
‡ Atopy includes: eczema, atopic, contact, food and other related dermatitis, urticaria, and allergic rhinitis (ICD-9: 691, 692, 
708, 477 and ICD10-CA: L20, L23, L50, J30), occurring by cohort entry. 
∫ Mother receiving social assistance (if not available, lowest income quintile based on neighborhood income). 

§ Winter (December to February); Spring (March to May); Summer (June to August); Fall (September to November). 

¶ Controller therapy started in the year prior to, or within ten days following, the diagnosis of asthma. ICS, inhaled 
corticosteroids including: beclomethasone, budesonide, ciclesonide, flunisolide, fluticasone, mometasone, and triamcinolone. 
Other non-ICS controllers include: aminophylline, cromoglycate, ketotifen, leukotriene receptor antagonists (montelukast, 
zafirlukast), nedocromil, theophylline.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

Table S9. Sensitivity analysis: Stratification of Remission HRs by sex 
Asthma Control 
Trajectory 

Boys: Hazard Ratio (95% CI) Girls: Hazard Ratio (95% CI) 

BC 
(N=12037) 

MB 
(N=5474) 

SK 
(N=9936) 

QC 
(N=4361) 

Summary 
(N=31808) 

BC 
(N=5809) 

MB 
(N=2873) 

SK 
(N=5589) 

QC 
(N=2608) 

Summary 
(N=16879) 

Controlled  reference reference reference reference reference reference reference reference reference reference 

Improving 0.84 (0.78,0.91) 0.94 (0.85,1.04) 0.89 (0.83,0.95) 0.84 (0.74,0.96) 0.88 (0.84,0.92) 0.86 (0.78,0.95) 1.14 (0.99,1.31) 0.85 (0.78,0.93) 0.83 (0.70,0.99) 0.91 (0.79,1.05) 

Fluctuating 0.76 (0.70,0.82) 0.82 (0.73,0.92) 0.82 (0.76,0.89) 0.69 (0.59,0.80) 0.78 (0.73,0.83) 0.78 (0.69,0.87) 0.87 (0.75,1.02) 0.80 (0.72,0.89) 0.65 (0.54,0.79) 0.78 (0.73,0.84) 

Worsening 0.63 (0.57,0.69) 0.69 (0.60,0.80) 0.74 (0.67,0.82) 0.66 (0.55,0.78) 0.68 (0.62,0.74) 0.58 (0.51,0.67) 0.93 (0.77,1.13) 0.65 (0.57,0.75) 0.71 (0.57,0.89) 0.70 (0.57,0.85) 

Out-of-Control 0.46 (0.40,0.51) 0.45 (0.38,0.54) 0.67 (0.58,0.78) 0.49 (0.41,0.57) 0.51 (0.43,0.61) 0.49 (0.41,0.58) 0.61 (0.48,0.76) 0.55 (0.44,0.68) 0.49 (0.40,0.60) 0.53 (0.48,0.58) 

British Columbia (BC); Manitoba (MB); Saskatchewan (SK); Quebec (QC) 

Table S10. Sensitivity analysis: Stratification of Recurrence HRs by sex 
Asthma Control 
Trajectory 

Boys: Hazard Ratio (95% CI) Girls: Hazard Ratio (95% CI) 

BC 
(N=4997) 

MB 
(N=2408) 

SK 
(N=5483) 

QC 
(N=1715) 

Summary 
(N=14603) 

BC 
(N=2491) 

MB 
(N=1335) 

SK 
(N=3165) 

QC 
(N=1074) 

Summary 
(N=8065) 

Controlled  reference reference reference reference reference reference reference reference reference reference 

Improving 1.05 (0.79,1.38) 0.98 (0.75,1.28) 1.27 (1.09,1.48) 1.28 (0.82,2.00) 1.16 (1.01,1.33) 1.31 (1.06,1.62) 0.93 (0.63,1.38) 1.13 (0.93,1.37) 1.72 (1.02,2.92) 1.20 (1.04,1.38) 

Fluctuating 1.12 (0.83,1.50) 0.92 (0.68,1.24) 1.32 (1.10,1.58) 1.03 (0.62,1.70) 1.13 (0.94,1.35) 1.11 (0.88,1.41) 0.97 (0.63,1.49) 1.24 (1.00,1.54) 1.78 (1.01,3.14) 1.19 (1.02,1.37) 

Worsening 1.10 (0.76,1.59) 1.08 (0.78,1.49) 1.26 (1.00,1.58) 0.90 (0.49,1.64) 1.15 (0.98,1.35) 1.21 (0.92,1.60) 0.90 (0.53,1.52) 0.93 (0.68,1.28) 1.41 (0.72,2.76) 1.08 (0.89,1.30) 

Out-of-Control 1.26 (0.83,1.90) 0.87 (0.56,1.36) 1.20 (0.87,1.66) 1.05 (0.61,1.82) 1.11 (0.91,1.36) 1.20 (0.85,1.71) 1.55 (0.88,2.74) 1.39 (0.90,2.14) 1.74 (0.92,3.26) 1.37 (1.09,1.72) 

British Columbia (BC); Manitoba (MB); Saskatchewan (SK); Quebec (QC) 

Table S11. Sensitivity analysis: Stratification of Remission HRs by atopy 
Asthma Control 
Trajectory 

No Atopy: Hazard Ratio (95% CI) Atopy: Hazard Ratio (95% CI) 

BC 
(N=8868) 

MB 
(N=4492) 

SK 
(N=8845) 

QC 
(N=4260) 

Summary 
(N=26465) 

BC 
(N=8978) 

MB 
(N=3855) 

SK 
(N=6680) 

QC 
(N=2709) 

Summary 
(N=22222) 

Controlled  reference reference reference reference reference reference reference reference reference reference 

Improving 0.87 (0.81,0.94) 0.99 (0.88,1.11) 0.85 (0.77,0.94) 0.85 (0.74,0.98) 0.89 (0.83,0.95) 0.83 (0.76,0.90) 1.03 (0.91,1.16) 0.90 (0.77,1.05) 0.78 (0.65,0.93) 0.88 (0.79,0.99) 

Fluctuating 0.83 (0.77,0.90) 0.84 (0.74,0.96) 0.79 (0.71,0.88) 0.75 (0.65,0.87) 0.81 (0.77,0.86) 0.70 (0.64,0.77) 0.84 (0.74,0.96) 0.85 (0.71,1.02) 0.55 (0.45,0.67) 0.73 (0.60,0.88) 

Worsening 0.61 (0.55,0.68) 0.79 (0.69,0.91) 0.73 (0.58,0.92) 0.70 (0.59,0.83) 0.70 (0.62,0.79) 0.66 (0.59,0.73) 0.74 (0.62,0.88) 0.69 (0.52,0.92) 0.64 (0.52,0.79) 0.66 (0.59,0.73) 

Out-of-Control 0.50 (0.44,0.57) 0.53 (0.44,0.64) 0.63 (0.46,0.87) 0.53 (0.45,0.63) 0.52 (0.48,0.57) 0.44 (0.39, 0.50) 0.47 (0.38,0.58) 0.64 (0.47,0.87) 0.42 (0.34, 0.52) 0.46 (0.41,0.53) 

British Columbia (BC); Manitoba (MB); Saskatchewan (SK); Quebec (QC) 

 



 

  

Table S12. Sensitivity analysis: Stratification of Recurrence HRs by atopy 
Asthma Control 
Trajectory 

No Atopy: Hazard Ratio (95% CI) Atopy: Hazard Ratio (95% CI) 

BC 
(N=3889) 

MB 
(N=2084) 

SK 
(N=4881) 

QC 
(N=1745) 

Summary 
(N=12599) 

BC 
(N=3599) 

MB 
(N=1659) 

SK 
(N=3767) 

QC 
(N=1044) 

Summary 
(N=10069) 

Controlled  reference reference reference reference reference reference reference reference reference reference 

Improving 1.25 (0.97,1.61) 0.97 (0.70,1.34) 1.36 (1.16,1.60) 1.47 (1.05,2.05) 1.28 (1.13,1.46) 1.18 (0.93,1.49) 0.93 (0.68,1.28) 1.03 (0.86,1.24) 0.96 (0.57,1.62) 1.05 (0.92,1.19) 

Fluctuating 1.35 (1.04,1.75) 1.09 (0.77,1.54) 1.52 (1.27,1.82) 1.31 (0.90,1.90) 1.38 (1.20,1.58) 0.95 (0.73,1.23) 0.84 (0.59,1.20) 1.05 (0.85,1.30) 1.23 (0.70, 2.16) 0.99 (0.86,1.15) 

Worsening 1.36 (0.99,1.87) 0.85 (0.55,1.31) 1.20 (0.94,1.54) 1.11 (0.71,1.73) 1.17 (0.99,1.38) 1.01 (0.73,1.39) 1.15 (0.80,1.66) 1.07 (0.82,1.39) 0.87 (0.45,1.69) 1.05 (0.89,1.25) 

Out-of-Control 1.15 (0.77,1.71) 0.94 (0.54,1.64) 1.16 (0.80,1.69) 1.30 (0.87,1.96) 1.16 (0.94,1.43) 1.29 (0.90,1.84) 1.22 (0.78,1.91) 1.30 (0.90,1.88) 1.04 (0.55,1.98) 1.25 (1.01,1.54) 

British Columbia (BC); Manitoba (MB); Saskatchewan (SK); Quebec (QC) 

 
 
 
 
 
 
 
 
 




