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Abstract 

Background 

Previous studies on asthma phenotypes were often conducted in selected clinical populations and 

overlooked changes over the life course. 

Objective: In a population-based cohort, we identified asthma phenotypes based on utilization of health 

services for allergic diseases in three life periods and documented transitions between phenotypes 

across life periods. 
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Methods: In a cohort of 78,211 individuals born in 1974 in the province of Québec (Canada), we 

documented medical visits and hospitalizations for asthma and other allergic diseases until 1994. 

Phenotypes based on clusters of health services utilization in childhood (8-12 years), adolescence (13-17 

years), and young adulthood (18-20 years) were identified using Ward's method among 9,989 (12.8%) 

subjects who had at least one health encounter for asthma during follow-up. Population level 

probabilities of transitioning between phenotypes were estimated in the full study population. 

Results: In the subset with asthma, six phenotypes were identified during both childhood and young 

adulthood, and seven during adolescence. The most common phenotype was "no asthma or allergic 

diseases": 58% in childhood, 42% in adolescence, and 54% in adulthood. Second most common was the 

"mild asthma/no allergic diseases" phenotype, representing respectively 36%, 31%, and 21% in these 

three periods. In the study population, 87% of the subjects remained in the "no asthma" phenotype over 

the follow-up. The vast majority of subjects in the asthma phenotypes transitioned over time. 

Conclusion: Our study uniquely contributes to a better understanding, at the population level, of the 

manifestations and transitions in asthma phenotypes over the life course. 

 

 

INTRODUCTION 

Approximately 235 million people suffer from asthma worldwide, and over 250,000 die 

from it yearly.
1
 Disease onset is usually in childhood, but can also occur in adolescence or 

adulthood, whereby evolution over time varies greatly among affected individuals.
2–4

 Although a 

number of determinants of childhood asthma have been identified (e.g. genetic predisposition to 

atopic diseases, viral infections, eosinophilic inflammation, exposure to environmental 

allergens), most are still poorly defined.
5
 The difficulty in identifying specific risk factors could 

be related to the complexity of symptoms which are probably the result of different etiologies.
6 

In recent years, several sub-entities of asthma, called phenotypes, have been characterized to 

better understand etiology and natural history of the disease. Phenotype characteristics of asthma 

include exacerbations, eosinophilia, and also asthma related to obesity, exercise or infection.
7
 

Studies aimed at describing asthma phenotypes in children were mainly based on cohort or 

cross-sectional designs, and most used questionnaires and objective measures. Only less than 
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half of the studies reviewed by Pinart et al. have considered the presence of other allergic 

diseases when identifying asthma phenotypes in children.
8 

Studies including both children and 

adolescents did not separately investigate these two subgroups.
9,10 

Transitions in asthma 

phenotypes over time were only addressed in two studies among children 
4,11 

and one among 

adults.
2
 So far, no study has focused on transitions in phenotypes from childhood to young 

adulthood. 

Previous studies on asthma phenotypes were clinically oriented, informed with detailed 

clinical and physiological data, but restricted to selected subgroups of persons with asthma or 

considered at higher risk. As such, asthma phenotypes have not been well studied in samples 

representative of the general population. Here we propose an approach that is complementary to 

previous work on asthma phenotypes. It is relevant in an epidemiological perspective, since it 

provides population level, as opposed to clinic-based, evidence on the distribution and dynamics 

of asthma phenotypes over time.  

 In a large population-based cohort study, we aimed to: 1) identify asthma phenotypes during 

three periods of life (childhood, adolescence, young adulthood) based on the use of health 

services for asthma and other allergic diseases and 2) describe the probabilities of transitioning 

between phenotypes over the follow-up, from age 8 to 20.  

 

METHODS 

Study design  

The Quebec Birth Cohort on Immunity and Health (QBCIH) is a retrospective cohort 

(n=81,496) established by linking a birth registry with administrative health databases. It 
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includes 90.5% of individuals born in the province of Quebec in 1974 at or after 32 weeks of 

gestation. Subjects were followed for their utilization of health services until 1994, at age 20. 

The cohort has been described in detail elsewhere.
12,13

 Pertinent data were extracted from the 

birth registry and the Quebec Health Insurance (“Régie d’assurance maladie du Québec”, 

RAMQ) billing databases of medical visits and hospitalizations. The latter data sources were 

available in an electronic format since 1983 and 1987, respectively. Since we aimed to compare 

phenotypes across periods and their transition probabilities over time, analyses were restricted to 

subjects with complete follow-up (n=78,211, 96% of the QBCIH). As seen in Figure 1, we 

excluded 328 subjects due to death and 2,957 due to loss to follow-up in provincial health 

coverage (Figure 1).  

 The subset of individuals (n=9,989) who had at least one asthma-related medical visit or 

hospitalization between 1983 and 1994 (12.8% of the QBCIH) was used to identify asthma 

phenotypes based on health services utilization (first objective), whereas the probabilities of 

transitioning between asthma phenotypes over time (second objective) were estimated in the 

study population (n=78,211). 

Description of variables  

The birth registry was used to obtain perinatal information (e.g., birth weight, gestational 

age at birth) and individual-level demographic characteristics (sex and parental age). Area of 

residence was defined for each subject using the postal code corresponding to the address of 

residence in 1991, available in the Healthcare Registration File. The second character of the 

postal code indicates the type of area based on the classification of postal delivery: rural or 

urban.
14 

Income was estimated based on the median family income in the 1991 Canadian census 

using the subjects’ 3-digit residential postal code in that year.   
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 All variables on the utilization of health services related to asthma and allergic diseases were 

defined for three periods of life: childhood (8-12 years), adolescence (13-17 years) and young 

adulthood (18-20 years). For each period, four variables were created for asthma. First, the 

number of medical visits for asthma (International Classification of Diseases codes ICD-9: 493) 

describes the number of times a patient had a physician visit for asthma. Second, the number of 

days of hospitalization for asthma compiles the duration of hospitalization with a primary 

diagnosis of asthma. The dates of diagnosis and of birth were used to determine the subject’s age 

at each health encounter. Third, we created one binary variable, indicating if the subject had 

health services for asthma during the period. Fourth, we created another binary variable 

indicating whether the subject was using health services for asthma for the first time during the 

period. For allergic diseases, medical visits and hospitalizations were considered together under 

the denomination of “health services”. One variable indicating the total number of health 

services during the period was created for each of the following conditions: rhinitis (ICD-9: 

477), eczema (ICD-9: 691, 692), urticaria (ICD-9: 708), and “other allergies” (ICD-9: 995, 

V07.1, V15.0) which encompassed desensitization to allergens, unspecified allergies, and 

personal history of allergies (including to food), but excluded allergic reactions to medicinal 

substances.  

 

Ethics 

 The constitution of the cohort, access to data, and study were approved by the “Commission 

d’accès à l’information” of Quebec (CAI, Access to Information Commission) and the ethics 

committees of the National Institute of Scientific Research (INRS), the Institute of Statistics of 

Quebec (ISQ) and the Quebec Heath Research Fund (FRQS).   
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Statistical analyses 

 Eight variables were considered for the identification of asthma phenotypes, among the 

subset with asthma (n=9,989): 1) an indicator of health services utilization for asthma during the 

period (Y/N), 2) an indicator of first health care encounter for asthma during the period (Y/N), 3) 

the number of asthma-related medical visits, 4) the days of asthma-related hospitalization, and 

5) the number of health services for rhinitis, 6) for eczema, 7) for urticaria, and 8) for other 

allergies. All variables were treated as quantitative, and were standardized to ensure that they had 

the same weight in the analysis. Pearson correlations between variables were examined.  

Ward’s method, a hierarchical approach, was used to identify asthma phenotypes based on 

clusters of health services utilization for allergic diseases. At each generation of clusters, Ward’s 

method measures the distance between the subjects to combine them.  Plots of fit statistics such 

as the pseudo-F, cubic cluster criterion (CCC), and pseudo-t
2
 were used to determine the number 

of groups. Each of these statistics measures different aspects of the classification and we used all 

of them to ensure a certain robustness to the number of clusters selected. The pseudo-F and the 

pseudo-t
2
 measure the distance between clusters whereas the CCC helps to determine if the 

classification deviates from that which would be obtained by a uniform distribution of the scatter 

point of the individuals. Maximal values for CCC and pseudo-F were selected. For the pseudo-t
2
, 

the value after the maximum was considered as the optimal number of clusters.
15

 As a sensitivity 

analysis, analyses were repeated using K-means, a partitioning method based on between-group 

similarity.
16

 We considered the same criteria as for Ward’s method to identify the number of 

groups. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

9 
 

 
 

In order to describe the probabilities of transitioning between phenotypes over the follow-

up, we calculated, in the study population (n=78,211), the transition probabilities between 

phenotypes from childhood to adolescence, and to young adulthood. To simplify this analysis, 

we combined some of the phenotypes identified by Ward’s method so that the same phenotypes 

were present across all periods. Thus for each period, subjects were regrouped into the four 

following classes: 1) no asthma; 2) mild asthma, no allergic diseases; 3) mild asthma and allergic 

diseases; 4) moderate or severe asthma. The first phenotype combined people who had no health 

services for asthma during the entire follow-up and people from the asthma subgroup who were 

classified by Ward’s method in the no asthma or allergic diseases for that specific period. The 

second phenotype corresponded to mild asthma, no allergic diseases. The third phenotype was a 

combination of all phenotypes with mild asthma and some allergic disease. The last phenotype 

covered individuals with moderate or severe asthma, regardless of allergic diseases. All analyses 

were conducted using Statistical Analysis System (SAS) Enterprise Guide version 4.2 (SAS 

Institute Inc., Cary, North Carolina, USA). The procedures PROC CLUSTER and PROC 

FASTCLUS were used respectively for Ward’s and K-means methods. 

RESULTS 

Characteristics of included and excluded subjects, in the study population and the subset 

with asthma, are presented in Table 1. In the study population, included subjects were generally 

similar to excluded ones according to all characteristics except for median family income and 

health services for allergic diseases. Among excluded subjects, as compared to included ones, 

median family income was higher and the proportion of subjects with health services for allergic 

diseases was lower. The latter is congruent with subjects being excluded due to incomplete 

follow-up, leading to an inability to capture all health services during the study period. Fifty-one 
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percent of subjects in the study population were male and 67% had a normal weight. Similar 

observations were made when comparing included and excluded subjects in the subset with 

asthma. Forty-six percent of the subjects with asthma were male and 68% had a normal birth 

weight.  

For the subset with asthma, health services utilization for asthma and other allergic diseases 

in the three life periods is presented in Table 2. The proportion of subjects who had at least one 

medical visit or hospitalization for asthma was highest in adolescence compared to childhood 

and young adulthood. In childhood, 4,016 (40%) had at least one asthma-related medical visit or 

hospitalization. During adolescence, 5,449 individuals (55%) used health services for asthma, 

and 3,742 (38%) had their first asthma-related health service. During young adulthood, 4,445 

(45%) subjects consulted for asthma, and 2,231 (22%) had their first health service for asthma. 

The proportion hospitalized for asthma was 0.3% in childhood, 3% in adolescence and 1% in 

young adulthood. Among those having been hospitalized for asthma, the average duration was 

4.7 days in childhood, 5.4 days in adolescence and 3.8 days in young adulthood. The number of 

medical services and hospitalizations for rhinitis, eczema, urticaria, and other allergies was, on 

average, equivalent to one service or fewer in each period. 

 

Phenotype identification 

In the subset with asthma between 1983 and 2014, we identified six phenotypes for the 

childhood period (Figure 2), seven during adolescence (Figure 3), and six in young adulthood 

(Figure 4). As shown in Figure 2, asthma phenotypes identified in childhood were: 1) No asthma, 

no allergic diseases: This is the largest group with 5,748 subjects (58%), whereby most did not 
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use health services for asthma or allergic diseases from ages 8-12; 2) Mild asthma, without 

allergic diseases: Almost all of the 3,589 subjects (36% of subset with asthma) had asthma-

related medical visits or hospitalizations receiving, on average, four health services for asthma; 

3) Mild asthma with urticaria: Among these 318 subjects (3% of subset with asthma), there was 

an average of one health service for urticaria and two medical visits for asthma, without 

hospitalization; 4) Mild asthma, rhinitis, and severe other allergies: These 176 persons (2% of 

subset with asthma) received 39 health services on average for other allergies. They also 

presented for asthma- and rhinitis-related medical visits (four services on average for each); 5) 

Severe asthma with rhinitis and other allergies: Only 107 persons (1% of subset with asthma) 

have used several health services for asthma, comprising on average 58 medical visits and one 

day of hospitalization. They have also received an average of two health services for rhinitis and 

other allergies; 6) Mild asthma with severe rhinitis and other allergies: These 51 subjects had an 

average of six medical visits for asthma, 82 services for rhinitis, and three health services for 

other allergies.  

Phenotypes in adolescence (Figure 3) and young adulthood (Figure 4) presented some 

similarities and differences with those found in childhood. Specifically, we found three 

phenotypes that were similar for all three periods: 1) No asthma, no allergic diseases; 2) Mild 

asthma without allergic diseases; 3) Mild asthma with urticaria. The proportion of subjects in 

the no asthma, no allergic diseases phenotype was smaller in adolescence (42% in adolescence 

versus 58% in childhood and 54% in young adulthood). Some differences were observed 

between the three periods. Twenty-one percent of adolescents were in the mild asthma, rhinitis, 

other allergies and eczema phenotype, a phenotype not identified in childhood. Only 0.3% of the 

subjects with asthma were classified in the severe asthma and rhinitis phenotype at adolescence, 
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as opposed to 1% in childhood. For the young adulthood period, we identified two phenotypes 

that were not present in the previous periods: mild asthma with severe rhinitis and severe other 

allergies (1.4% of the subjects with asthma) and severe asthma without allergic diseases (0.7% 

of the subjects with asthma). 

When applying K-means method, similar phenotypes were found [eFigures 1 (childhood), 2 

(adolescence), 3 (young adulthood)] and the proportion of subjects in each phenotype was very 

similar, except for the adolescence period. In this period, we found nine phenotypes with K-

means, compared with seven when applying Ward’s method. With the latter, we found that 21% 

of subjects were grouped in mild asthma, rhinitis, other allergies and eczema, whereas K-

means method classified some of these subjects in the mild asthma (late onset) without allergic 

diseases and others in smaller separate phenotypes.  

Phenotype transitions   

The probabilities of transitioning between asthma phenotypes from childhood to young 

adulthood in the study population are presented in Figure 5. In childhood, 95% of subjects were 

classified as asthma-free, most of whom remained in this phenotype over life. Indeed, 87% of the 

study population (n=68,238) was classified in the no asthma phenotype during the entire follow-

up. Overall, in phenotypes other than no asthma, the majority of subjects changed phenotype 

over time. Among subjects who were in the mild asthma without allergic diseases, mild asthma 

with allergic diseases, and moderate/severe asthma phenotypes in childhood, the probabilities of 

transitioning to another phenotype at adolescence were 1.0, 0.6, and 0.9 respectively. Among 

those who were in these phenotypes at adolescence, the probabilities of transitioning to another 

phenotype in young adulthood were respectively 0.7, 0.9, and >0.9 (>26 out of 30 subjects, exact 

probability cannot be stated to preserve confidentiality). Nonetheless, some subjects remained in 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

13 
 

 
 

the same phenotype over time, notably: 1) 245 subjects (0.3% of the study population) who were 

in the mild asthma with allergic diseases and 10 subjects (0.01% of the study population) in the 

moderate/severe asthma phenotypes in childhood remained in these phenotypes at adolescence; 

2) 780 subjects (1% of the study population) in the mild asthma without  allergic diseases, 182 

subjects (0.2% of the study population) in the mild asthma with allergic diseases, and less than 5 

subjects (0.0% of the study population) in the moderate/severe asthma phenotypes during 

adolescence remained in these respective phenotypes in young adulthood.  

Subjects with moderate or severe asthma during childhood had a 79% probability of having 

mild asthma with allergic diseases during adolescence; and similarly most of those who had 

moderate or severe asthma during adolescence (73%) had mild asthma, with allergic diseases in 

young adulthood. 

As a sensitivity analysis, we calculated the transition probabilities to the phenotypes 

identified with K-means. Some transition probabilities between phenotypes differed from those 

based on Ward’s method (eFigure 4). For instance, subjects with moderate/severe asthma in 

childhood had a higher probability of staying in the same phenotype over life: 36% with K-

means versus 9% with Ward’s method in adolescence, whereas for young adulthood these values 

were 29% versus less than 20% respectively. 

 

DISCUSSION  

Our first objective was to identify asthma phenotypes based on the utilization of health 

services for asthma and allergic diseases during three periods of life. Six phenotypes were 

identified in childhood and adulthood, and seven in adolescence. In the subset with asthma, the 
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asthma and allergic disease-free and mild asthma without allergic diseases phenotypes were the 

most common, representing more than 70% of those with asthma in every period. These results 

are in line with those from other investigators who identified two main asthma phenotypes using 

clinical characteristics: 1) people without asthma and no allergic diseases, 2) people with asthma 

and no allergic diseases.
2,3,10,17 

In each period of life, we found a phenotype of asthma with 

urticaria. Few studies have focused on urticaria in childhood.
8,18,19

 Ours seems to be the first to 

identify this phenotype in adolescence and young adulthood.  

Our second objective was to describe the population-based probabilities of transitioning 

between phenotypes over the follow-up. To our knowledge, only three studies have addressed 

transitions in asthma phenotypes over time. Soto-Ramirez et al. used latent transition analysis to 

identify transitions in asthma phenotypes based on physician diagnosed asthma and wheeze in a 

birth cohort (n=1,456) followed at 4 time points from age 1 to 18 years.
4
 Garden et al. examined 

transitions in asthma and asthma-related traits among 370 children, following them from years 

1.5 to 11.5 of age.
11 

Boudier et al. used latent transition analysis to identify transitions in asthma 

phenotypes among 3,320 adults who reported having asthma at baseline or during a ten-year 

follow-up.
2
 

In our population-based study, we observed that subjects without asthma in childhood (8-12 

years) had more than a 90% probability of staying in this phenotype until age 20. Among 

children without asthma or wheeze at 1-2 years, Soto-Ramirez et al. reported that approximately 

60% remained free of asthma and wheeze at 18 years.
4
 In children at risk of asthma, Garden et 

al. observed only a 35% probability for those in the nonatopic, few symptoms at 1.5 years to 

remain in this phenotype until 11.5 years.
13

Adults in the nonallergic, few symptoms, no treatment 

phenotype at baseline had a 78% probability of expressing the same phenotype after 10 years, 
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according to Boudier et al.
2
 These probabilities differ greatly, but this is somewhat expected 

given the differences in phenotype definitions, populations, and follow-up. Our results are 

complementary to those already published, and may provide a more accurate picture of 

population level transitions in asthma phenotypes than those observed in children 
11 

or adults 
2
 at 

risk of asthma. 

In our study, the majority of subjects who were classified in a phenotype other than no 

asthma changed phenotype over time. Garden et al. found that children between ages 1.5 and 3 

years mostly transited from one phenotype to another. They also concluded that most of the 

children in the nonatopic, asthma and rhinitis symptoms in early childhood transited to the 

nonatopic, few symptoms phenotype.
2
 Soto-Ramirez et al. observed that the severity of asthma 

increased until age 10 then decreased thereafter.
4
 Similarly, we found that subjects with 

moderate/severe asthma in childhood most often had mild asthma during adolescence and young 

adulthood. The transition probabilities obtained in our study showed some stability over time. 

Indeed, we observed similar patterns across the two transition periods (from childhood to 

adolescence and from adolescence to young adulthood). As suggested by Boudier and al., 

allergies may play a role in the evolution of asthma.
2
  

Many studies that identify asthma phenotypes have focused on clinical characteristics, 

physiological measurements, and environmental allergies.
9,20–22 

Such clinical and physiological 

data are likely the best information to consider when studying asthma phenotypes, but it is only 

feasible to collect them in small populations considering their cost. Indeed, it would not be 

feasible to use these data at the population level, except if comprehensive national electronic 

health records were available, which is not the case in Canada and in most countries. Despite the 

lack of relevant clinical and physiological characteristics (e.g., family history of asthma), our 
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approach was innovative in that it enabled us to generate a true population-based description of 

asthma phenotypes. It allowed us to characterize asthma phenotypes for an entire birth cohort, 

from childhood until young adulthood, by capitalizing on administrative health data gathered in a 

public health system covering the vast majority of the population (96% in 2011-2012).
23,24  

The choice of clustering method and of the variables considered in the identification of 

phenotypes may have influenced the observed results. We have chosen Ward’s method, a 

clustering approach, because we wanted to define empirical phenotypes based on the data 

without using a priori definitions. We also conducted the analyses with K-means, and presented 

the results as supplemental material. Some results differed between the two methods. For 

example, subjects with moderate/severe asthma in childhood had a higher probability of 

remaining in the same phenotype over time with K-means than Ward’s method. These 

differences may partly be due to our analyses not having considered uncertainty when estimating 

the probabilities. Consequently, if we were able to calculate the confidence intervals of the 

transition probabilities of the phenotypes, it is possible that they may be very wide or overlap, 

which would suggest no statistical difference between the values.   

One of the main strengths of this study is the use of data from a large population-based birth 

cohort with a long follow-up. This birth cohort included most people born in the province of 

Quebec in 1974 at or after 32 weeks of gestation (90%).
12

 These results represent the use of 

health services for asthma and allergic diseases for this entire birth cohort, and can thus be 

complementary, from a public health perspective, to phenotypes derived from highly selected 

clinical populations. This clearly enhances the external validity of such a phenotypic approach to 

characterizing asthma. Since we used a highly representative birth cohort in a country with 

universal health care, these results are generalizable to other industrialized countries with a 
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similar coverage. The large sample size compared to the number of variables used in the 

determination of phenotypes represents another strength.
25 

Some limitations should be considered when interpreting these findings. The phenotypes 

were based on administrative health data generated from the public health system, thus they can 

be subject to some measurement errors. Further, these data did not allow identifying persons who 

never consulted for their wheezing or asthma. However, for Quebec patients 11-44 years-old, 

when comparing an asthma definition of one or more medical services for asthma over a one 

year period with medical records, sensitivity was 0.97 (95% CI: 0.94-1.00) and specificity 0.85 

(95% CI: 0.78-0.94).
26

 

Administrative health data did not allow us to differentiate wheezing due to infectious 

bronchitis or respiratory infections from asthma. Thereby, some of the transitions observed could 

be explained by transient wheezing. Also, some variables were not as detailed as we would have 

liked. For instance, we could not distinguish urticaria subtypes or separate food allergies from 

other allergies, aspects that should be investigated further. Data on medical services and 

hospitalizations were not available before 1983 and 1987 respectively, and information on 

medications was not available. Consequently, asthma-related health care encounters before age 8 

could not be considered in our study, which may have resulted in underestimating the proportion 

of subjects with asthma during childhood and may have led to some data skewing. This lack of 

coverage impacts our ability to conclude about the entire history of health care utilization, but in 

no way invalidates our conclusions or interpretations from age 8 to 20 years. 

Our study is among the few ones which characterized asthma phenotypes and described 

their dynamics over time at the population level. Based on administrative health data, these 

results are generalizable to the population and can therefore greatly contribute to a better 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

18 
 

 
 

understanding of the manifestations and transitions in this disease over time, which is relevant 

for public health practitioners, health researchers, as well as clinicians. Moreover, the 

identification of factors associated with the worsening of asthma can help clinicians achieve 

better prevention of disease progression. Indeed, our findings can be a guide for building 

prediction models in order to improve clinical management of asthma. 
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Figure 1 The initial population consisted of 91,675 individuals born in Quebec in 1974 according to Statistics Quebec. Among the 

81,496 eligible persons, 3,285 died or were lost to follow-up. 

 

Figure 2 The “No asthma, no allergic diseases” subgroup had an average of <1 health service for these conditions during the period. 

 

Figure 3 The “No asthma, no allergic diseases” subgroup had an average of <1 health service for these conditions during the period. 

 

Figure 4 The “No asthma, no allergic diseases” subgroup had an average of <1 health service for these conditions during the period. 

 

Figure 5 The content of the boxes refers to observed phenotypes and proportions of the analytical sample in each phenotype. The 

number on top of each arrow is the probability of transitioning.  

 

Table 1 Characteristics of Included and Excluded Subjects in the Study Population and the Subset with Asthma, the Quebec Birth 

Cohort on Immunity and Health (n=81,496), 1974-1994 

Characteristics Study population  Subset with asthma 
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Included 

n=78,211
a
 

n (%) 

Excluded 

n=3,285
a
 

n (%) 

 Included 

n=9,989
a
 

n (%) 

Excluded 

n=339
a
 

n (%) 

Sex      

 Male 39,976 (51.1) 1,711 (52.1)  4,595 (46.0) 161 (47.5) 

 Female 38,230 (48.9) 1,574 (47.9)  5,392 (54.0) 178 (52.5) 

Birth Weight       

 Very low (<1,500 g) 11,964 (15.3) 486 (14.8)  1,641 (16.4) 56 (16.5) 

 Low (1,500-2,499 g) 6,523 (8.3) 256 (7.8)  812 (8.1) 27 (8.0) 

 Normal (2,500-4,200 g) 52,619 (67.3) 2,195 (66.8)  6,707 (67.2) 217 (64.0) 

 High (≥4,200g) 7,088 (9.1) 348 (10.6)  827 (8.3) 39 (11.5) 

Maternal age at childbirth (years)      

 14-24 28,229 (36.7) 1,290 (40.1)  3,794 (38.8) 117 (35.9) 

 25-34 43,850 (56.9)  1,790 (55.7)  5,462 (55.8) 201 (61.7) 

   35  4,933 (6.4) 135 (4.2)  532 (5.4) 8 (2.4) 

Paternal age at childbirth (years)      

 14-24 13,233 (17.6) 665 (21.4)  1,792 (18.9) 66 (21.1) 

 25-34 50,748 (67.6) 2,052 (65.2)  6,423 (67.6) 215 (68.7) 

   35 11,147 (14.8) 384 (12.4)  1,287 (13.5) 32 (10.2) 

Area of residence
b
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 Rural 22,692 (29.7) 529 (24.0)  2,264 (23.1) 55 (20.2) 

 Urban 53,842 (70.4) 1,680 (76.1)  7,544 (76.9) 218 (79.9) 

Median family income ($/year)
c
      

 < 35,333 19,620 (25.8) 429 (20.6)  2,135 (21.9) 44 (17.4) 

 35,334-40,667 18,464 (24.3) 460 (22.0)  2,245 (23.1) 47 (18.6) 

 40,668-47,289 19,048 (25.1) 451 (21.6)  2,653 (27.3) 63 (24.9) 

   47,290  18,894 (24.9) 747 (35.8)  2,693 (27.7) 99 (39.1) 

≥1 health service
d
 for rhinitis 9,827 (12. 6) 248 (7.6)  2,792 (28.0) 79 (23.3) 

≥1 health service
d
 for eczema 20,552 (26,3) 534 (16.3)  3,360 (33.6) 103 (30.4) 

≥1 health service
d
 for urticaria 4,943 (6.3) 113 (3.4)  987 (9.9) 24 (7.1) 

≥1 health service
d
 for other allergies 9,296 (11.9) 219 (6.7)  2,405 (24.1) 69 (20.4) 

a 
Due to missing values, the number of subjects for every variable does not necessarily equate to the total number of subjects. 

b
 Determined using the second character of subjects’ residential postal codes (0: rural, ≠0: urban). 

c  
From the 1991 Canadian census using the first three characters of subjects’ residential postal codes. 

d 
Either medical visits or hospitalizations. 

 

 

 

 

Table 2 Use of Health Services for Asthma and Other Allergic Diseases by Life Period among the Subset with Asthma, the Quebec 

Birth Cohort on Immunity and Health (n=9,989), 1974-1994 
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Variables Life Period 

Childhood 

8-12 years  

Adolescence 

13-17 years  

Young adulthood 

18-20 years  

Asthma, n (%)
a
 4,016 (40.2) 5,449 (54.6) 4,445 (44.5) 

 ≥1 medical visit for asthma, n (%) 4,015 (40.2) 5,441 (54.5) 4,443 (44.5) 

 ≥1 hospitalizations for asthma, n (%) 29 (0.3) 307 (3.1)  107 (1.1) 

First health service for asthma, n (%)
b
 4,016 (40.2) 3,742 (37.5) 2,231 (22.3) 

     

Number of health services, mean (SD) 

 Medical visits for asthma 2.19 (8.09) 2.71 (7.57) 1.68 (4.25) 

  Medical visits for asthma (among those with ≥1 visit) 5.44 (12.05) 4.97 (9.69) 3.79 (5.72) 

 Days of hospitalizations for asthma 0.01 (0.35) 0.17 (1.39) 0.04 (0.54) 

  Days of hospitalizations for asthma (among those with ≥1 

day) 

4.69 (4.45) 5.38 (5.87) 3.78 (3.61) 

 Health services
c
 for rhinitis 0.94 (6.93) 0.91 (6.17) 0.31 (2.84) 

 Health services
c
 for eczema 0.17 (0.56)  0.31 (1.18) 0.23 (1.51) 

 Health services
c
 for urticaria 0.04 (0.31)  0.07 (0.37) 0.04 (0.26) 

 Health services
c
 for other allergies

d 
 1.06 (6.57) 1.08 (7.21) 0.44 (3.58) 

SD: standard deviation 
a
 At least one medical visit or one hospitalization for asthma in the period. 

b
 Subjects can have health services for asthma and allergic diseases in any or in all of the periods. However, by definition, they will 

have their first health service for asthma only once. Thus, the numbers for the first health service for asthma sum up to 9,989 over the 

three periods, whereas the totals for the other lines are not expected to sum to the total number of subjects. 
c 
Either medical visits or hospitalizations. 

d 
Other allergies include desensitization to allergens and unspecified allergies, but exclude allergic reactions to a medicinal substance. 
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Figure 1 Establishment of the analytical samples from the Quebec Birth Cohort on Immunity and Health, Quebec, Canada, 1974-1994 
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Figure 2 Asthma Phenotypes Identified by Ward’s Method According to the Utilization of Health Services in Childhood (8-12 years) 

in the Subset with Asthma, the Quebec Birth Cohort on Immunity and Health (n=9,989), 1974-1994 
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Figure 3 Asthma Phenotypes Identified by Ward’s Method According to the Utilization of Health Services in Adolescence (13-17 

years) in the Subset with Asthma, the Quebec Birth Cohort on Immunity and Health (n=9,989), 1974-1994 
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Figure 4 Asthma Phenotypes Identified by Ward’s Method According to the Utilization of Health Services in Young Adulthood (18-

20 years) in the Subset with Asthma, the Quebec Birth Cohort on Immunity and Health (n=9,989), 1974-1994 
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Figure 5 Transition probabilities between asthma phenotypes from childhood to young 

adulthood, identified from Ward’s method, the Quebec Birth Cohort on Immunity and 

Health, (n=78,211), Quebec, Canada, 1974-1994 
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