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Abstract  

 

Objectives: Our objectives were to (1) quantify the frequency of wheezing episodes and asthma 

diagnosis in young children in a large pediatric primary care network and (2) assess the 

variability in practice-level asthma diagnosis, accounting for common asthma risk factors and 

comorbidities. We hypothesized that significant variability in practice-level asthma diagnosis 

rates would remain after adjusting for associated predictors. 

Methods: We generated a retrospective longitudinal birth cohort of children who visited one of 

31 pediatric primary care practices within the first 6 months of life from 1/2005-12/2016. 

Children were observed for up to 8 years or until the end of the observation window. We used 

multivariable discrete time survival models to evaluate predictors of asthma diagnosis by 3-

month age intervals. We compared unadjusted and adjusted proportions of children diagnosed 

with asthma by practice.  

Results: Of the 161,502 children in the cohort, 34,578 children (21%) received at least one 

asthma diagnosis. In multivariable modeling, male gender, minority race/ethnicity, gestational 

age <34 weeks, allergic rhinitis, food allergy, and prior wheezing episodes were associated with 

asthma diagnosis. After adjusting for variation in these predictors across practices, the 

cumulative incidence of asthma diagnosis by practice by age 6 years ranged from 11-47% 

(interquartile range (IQR): 24-29%).  

Conclusions: Across pediatric primary care practices, adjusted incidence of asthma diagnosis by 

age 6 years ranged widely, though variation gauged by the IQR was more modest. Potential 

sources of practice-level variation, such as differing diagnosis thresholds and labeling of 

different wheezing phenotypes as “asthma”, should be further investigated.   

 

                  



 

What’s New: After controlling for associated risk factors, we found wide practice-level 

variability in the proportion of young children diagnosed with asthma across a large pediatric 

primary care network, raising further questions about the use of this diagnostic label in young 

children.  

 

 

 

 

  

                  



 

Introduction  

Asthma is the most common chronic physical illness in childhood with prevalence rates around 

9% nationally.
1
 Diagnosing asthma in young children, however, is fraught with challenges. 

Asthma is a heterogeneous condition with a number of varying clinical phenotypes. There is no 

specific biomarker associated with the condition and no clear gold standard for diagnosis.
2,3

 The 

most common clinical presentation, recurrent wheezing, is non-specific
4
, and prior research 

suggests that up to 60% of young children who wheeze will no longer wheeze by age 6 years.
5
 

Further, there are no agreed upon criteria for number or type of wheezing episodes that justify an 

asthma diagnosis. This uncertainty leaves substantial room for clinician interpretation and the 

potential for marked practice variation.  

 

Variation in asthma diagnosis rates may reflect underlying differences in population-level risk 

(appropriate variation) or, alternatively, physicians employing differing clinical thresholds for 

diagnosis in patients with similar characteristics (inappropriate variation). An inappropriately 

low threshold for diagnosis would result in overdiagnosis and could lead to unnecessary 

treatment and misappropriation of clinical resources.
6
 An inappropriately high threshold would 

result in under-diagnosis, undertreatment, and potentially preventable morbidity. Although 

variation in asthma diagnosis has important implications for clinical care, quality reporting, and 

research, practice-level variation in asthma diagnosis in pediatric primary care has not been 

extensively studied. 

 

The National Asthma Education and Prevention Program’s Expert Panel Report, the primary 

consensus guidelines on the care of asthma in the US, highlights “key indicators” for considering 

                  



 

asthma diagnosis including wheezing and a history of cough or recurrent wheezing, shortness of 

breath, or difficulty breathing.
2
 Pediatric textbooks offer similar non-specific guidance, with one 

prominent text noting that “intermittent dry coughing and/or expiratory wheezing are the most 

common chronic symptoms of asthma” without offering explicit diagnostic criteria.
7
 More 

recently, experts have promoted a probability-based approach to diagnosis based on risk factors 

and the pattern of symptoms during and between viral respiratory illnesses.
8
 Risk factors include 

recurrent wheezing, childhood eczema, allergic rhinitis, parental asthma, and test results, such as 

eosinophilia and atopic sensitization.
9–12

 

 

 The extent to which this lack of a consensus on criteria for clinical diagnosis of asthma 

translates into variability in physicians’ diagnosis of asthma is unclear. Our specific objectives 

were to quantify the frequency of wheezing episodes and physician-diagnosed asthma in young 

children and to assess variability in diagnosed asthma between practices in a large pediatric 

primary care network, after adjusting for asthma risk factors and comorbities. 

 

Methods 

Study design  

This is a retrospective longitudinal cohort study of a large academic pediatric healthcare system 

of 31 pediatric primary care practices in the Northeast that have been on the same electronic 

medical record (EMR) since 2005. This study was approved by the system’s institutional review 

board. 

 

Study Population 

                  



 

All data from this study were obtained from the health system’s EMR. Children with an in-

person visit to one of the health system’s primary care practices in the first six months of life 

from 1/2005 through 12/2016 were eligible for inclusion. Children were observed up to age 8 

years (to allow observation into school age when viral-associated wheezing is less common) in 

sequential 18-month observation windows beginning at age 6 months (i.e. 6-23 months, 24-41 

months, etc.). Eighteen-month windows were chosen to account for visits that may occur just 

beyond the recommended 12-month periodicity schedule for well-child visits for children older 

than three. Children’s data were included up to the end of the last 18-month interval for which 

they had an outpatient visit; subsequent intervals were not included (right-censored). Children 

who had no further in-person visits following age 6 months, or who had already received an 

asthma diagnosis by age 6 months were excluded.   

 

Outcomes 

Our primary outcome was physician-diagnosed asthma. When physicians record diagnoses in the 

EMR, they are stored as SNOMED CT codes, a comprehensive clinical terminology. We 

selected all 97 unique SNOMED asthma diagnostic codes to generate a comprehensive list of 

asthma diagnoses (Supplemental Table 1). The recording of any single instance of any of these 

codes was considered to be diagnosed asthma. 

 

Covariates 

The primary exposure was the number of wheezing episodes, which we derived from the 

COAST cohort definition as an office visits with an associated wheezing diagnosis or a beta-

agonist medication prescriptions without a preceding or concurrent asthma diagnosis.
13

 There 

                  



 

were 6 SNOMED wheezing diagnostic codes, including bronchiolitis (Supplemental Table 1); 

encounters with a “croup” diagnosis were excluded. Wheezing episodes occurring within 2 

weeks of each other were considered one episode. We assessed additional asthma risk factors
12

 

that were reliably documented in discrete fields in the EMR: gender, race/ethnicity, gestational 

age at delivery, and prior or concomitant diagnoses of cough, eczema, allergic rhinitis, and food 

allergy (Supplemental Table 1). Prior or concomitant diagnoses were considered time-varying 

(could have been diagnosed at any clinic encounter), whereas other covariates did not vary over 

time.  

 

To assess variability in wheezing episodes and asthma diagnosis by practice, we included a 

variable for practice site, defined as the first practice that the child visited after birth. We 

consolidated two groups of three practices that shared clinical providers into two sites, reducing 

the number of practices from 31 to 27.   

 

Statistical analysis 

We first compared characteristics of children with diagnosed asthma to those who never received 

an asthma diagnosis. We then compared the percentage of children diagnosed with asthma by 

number of diagnosed wheezing episodes. We estimated the unadjusted frequency of wheezing 

and asthma diagnosis by practice and computed a Spearman’s rho coefficient to assess 

correlation in wheezing and asthma diagnosis across practices.   

 

We used mixed effects logistic regression models to estimate the effects of age (operationalized 

as 3-month intervals, explained below), gender, race/ethnicity, gestational age <34 weeks, and 

                  



 

clinical covariates present at the start of each age interval on odds of incident asthma diagnosis at 

a given age, accounting for random variation by practice site using random intercepts. Children 

were included in the analysis up until the end of their follow-up (the last 18-month interval in 

which they had an in-person, outpatient visit up to 8 years of age) or the first 3-month age 

interval in which they were diagnosed with asthma. We divided age into 3-month intervals (6-8 

months, 9-12 months, etc.) to account for potentially rapid change in the epidemiology of 

wheezing and asthma diagnosis in early childhood. These models were used to estimate practice-

specific probabilities of an incident asthma diagnosis in each 3-month age interval conditional on 

a given covariate profile (accounting for differences in these covariates – including age 

distributions – across clinics). These probabilities were then used to estimate the cumulative 

incidence of asthma diagnosis at a given age by aggregating probabilities across age-intervals to 

obtain the cumulative probability of an asthma diagnosis at or before that age interval. All 

covariates except for age were assumed to have non-time-varying effects. 

 

Adjusted practice-specific asthma incidence estimates were generated from these models using 

marginal standardization, to standardize practice-level estimates to a common distribution of 

patient characteristics. We then compared the adjusted and unadjusted cumulative incidences at 

age 6 years, an age by which children are generally able to perform spirometry. To estimate the 

magnitude of variability explained by practice-site, we calculated the intra-class correlation 

coefficient (ICC) using a formula specific to the mixed effects logistic regression model: 


2
/(

2
+

2
/3) where 

2
 is the estimated variance of the site-specific random effect and is the 

numerical constant.
14

  ICC is a statistic that describes how strongly units in the same group 

resemble each other.  

                  



 

 

Sensitivity Analyses 

Hypothesizing that children with only one asthma diagnosis may be unlikely to have an asthma 

phenotype, we ran a similar multivariable model but restricted the outcome definition to two or 

more asthma diagnoses.
15

 In this model, the time of asthma diagnosis was defined to be the time 

of the second diagnosis.  

 

Second, anticipating children may have been diagnosed with asthma during an ED visit or 

hospitalization, we reran models including ED and hospital visits, but restricting the cohort to 4 

practices whose patients are likely to be admitted to the health system’s ED and inpatient units, 

based on geographic location and referral patterns.
16

 We term this cohort the “proximity cohort.” 

We then repeated our initial multivariable model including all ED and inpatient visits, in addition 

to the primary care encounters for these 4 practices only.  

 

Results  

Cohort description  

We identified 161,502 children who met our inclusion and exclusion criteria. (Figure 1) Of 

children in the cohort, 34,578 (21%) received at least one encounter-level asthma diagnosis. 

Median follow-up time was 87 months (IQR 63-93) for children with at least one asthma 

diagnosis and 61 months (IQR 28-88) for those without asthma. On average, the practice visited 

in the first 6 months of life was the location of 90% of all clinic visits for children with an 

asthma diagnosis and 95% of all clinic visits for children without an asthma diagnosis. With 

respect to wheezing, 64,687 (40%) children in the cohort had at least one diagnosed wheezing 

                  



 

episode. Wheezing episodes occurred in 92% of children diagnosed with asthma and in 26% of 

children not diagnosed. (Table 1) 

 

Of the 34,578 children diagnosed with asthma, 21,236 (61%) had at least two prior wheezing 

episodes. In contrast, 13% of those who were not diagnosed with asthma had two or more 

wheezing episodes. (Table 2) Of the 37,860 children with at least 2 wheezing episodes, 21,236 

(56%) were eventually diagnosed with asthma. Figure 2 shows the unadjusted frequency of 

physician-diagnosed wheezing episodes and asthma by practice site. The unadjusted range in 

practice-level diagnosed wheezing episodes was 30%-61% and for diagnosed asthma was 10%-

47%. Spearman’s rho between these per-practice percentages of wheezing and asthma was 0.75. 

One practice – site 27, which was a combination of three suburban, non-teaching practices in a 

neighboring state – was a clear outlier with 47% of children ever having an asthma diagnosis. 

Compared to the overall cohort described in Table 1, children from these clinics were more 

likely to be Non-Hispanic White (78% vs 57%), have a prescription for albuterol (57% vs 37%) 

or a systemic steroid (38% vs 17%), and be diagnosed with wheezing (61% vs 40%), and less 

likely to be diagnosed with cough (13% vs 32%).  

 

Main multivariable model results   

In our main multivariable model, the covariate most strongly associated with asthma diagnosis 

was prior wheezing episode (OR 28.56, 95% CI 27.42-29.75). Among those with a prior 

wheezing episode, each additional wheezing episode was associated with an increase in odds of 

asthma diagnosis by a factor of 1.37 (95% CI 1.36-1.38), such that children with two prior 

wheezing episodes had a 53.60 (i.e., 28.56*1.37
2
) higher odds of asthma diagnosis than a 

                  



 

similarly aged child with no prior wheezing episodes. To confirm that this large OR was not an 

artifact of the selected model structure, we re-ran the model using categorical definitions for both 

prior wheezing and cough (0, 1, 2, 3, 4+), and demonstrated nearly identical results (results not 

shown). Age, Hispanic ethnicity, non-White race, male gender, and preterm birth, as well as 

prior or concomitant diagnosis of allergic rhinitis and food allergy were also associated with 

increased odds of asthma diagnosis. (Table 3)  

 

After adjusting for factors included in the main multivariable model, substantial variability in 

asthma diagnosis by clinic site remained. Figure 3 shows the cumulative incidence of asthma 

diagnosis by age 6 years before and after adjustment for the model covariates.  At the practice-

level, adjusted cumulative incidence of asthma diagnosis ranged from 11% to 47% (IQR 24-

29%). The proportion of variance in cumulative incidence of asthma diagnosis incidence 

attributable to the variation among sites (ICC) was 0.0412.   

  

Sensitivity analyses  

 Seventeen percent of the cohort had 2 asthma diagnoses and the odds of asthma diagnosis 

given a wheezing episode was higher than in the main analysis (OR 48.92, 95% CI 45.69–52.38). 

Each additional wheezing episode was also associated with a higher odds of asthma diagnosis 

(OR 1.47, 95% CI 1.46-1.48). Other associations were qualitatively similar. When restricting the 

sample to the “proximity cohort” of the 4 clinics and including ED and hospital utilization data, 

associations were similar to the main model. While the ICC for second asthma diagnosis model 

was similar to the main model (0.047), the ICC for the proximity cohort model was 0.0014, 

indicating that less variability was explained by practice site. (Table 3)   

                  



 

 

Discussion  

In this longitudinal study of children ages 6 months up to 8 years followed in primary care, 40% 

had at least one diagnosed wheezing episode and 21% received an asthma diagnosis. Cumulative 

incidence of asthma diagnosis varied substantially by practice, ranging from 11% to 47% by age 

6 years after accounting for demographic and clinical factors commonly associated with asthma.  

 

First, with regard to incidence of wheezing and asthma diagnosis, the percentage of children in 

our cohort with wheezing was similar to another often-cited longitudinal cohort
5
, while the rates 

of asthma diagnosis are slightly higher than National Health Information Survey (NHIS) reports. 

In 2017, 15% of parents in the Northeast US reported that their children have ever been 

diagnosed with asthma.
17

 We found that 21% of the children in our cohort had one asthma 

diagnosis and 17% had two or more diagnoses. While those diagnosed with asthma had longer 

followup duration (87 months vs 61 months) in our dataset, this would not have biased incidence 

estimates given our use of survival analysis. Further, these percentages are consistent with both 

door-to-door screening performed in neighborhoods where four of the current study’s practices 

are located
18

 and an earlier analysis performed using a smaller date range of the same health 

system’s data.
19

 

 

The main finding from this study is the degree of variability in cumulative asthma incidence 

across pediatric practices. It is important to note that after adjusting for patient characteristics 

and clinical factors, variability between practices decreased and cumulative incidence by age 6 

within the IQR was 25 to 29%. A post-hoc comparison of one outlier practice grouping with high 

                  



 

proportion of asthma diagnosis to the overall cohort revealed differences in observed 

characteristics, such as geographic location, patient characteristics, prescribing practices, and 

diagnostic patterns. While practices outside the IQR may also have differed on unobserved 

characteristics, the explanation of this variability most relevant to our initial hypothesis is that 

the differential rates of asthma diagnosis may reflect differential thresholds for asthma diagnosis 

at the practice or provider level. Though there are a number of potential alternative explanations 

to consider, this explanation is both plausible and supported by a wide breadth of existing 

literature on variation in diagnosis and treatment in health care.
20,21

  

 

While provider variation in the diagnosis of asthma in young children has not been extensively 

studied, one prior study examined the variability in symptom description and diagnostic labeling 

of asthma among 113 pediatricians who were presented with a series of 5 audiovisual cases of 

differing asthma presentations developed by the International Study of Asthma and Allergies in 

Childhood. The proportion of participants who identified asthma as one of the potential 

diagnoses ranged from 70% to 93% depending on the case and <50% of participants identified 

asthma as a potential diagnosis in all cases.
22 

 To better understand variability in diagnosis, 

further research should investigate additional factors that may contribute to asthma diagnosis 

thresholds, such as provider type (physician versus advanced practice provider), physician 

training
23

 (location of residency training, years from residency, etc.), or practice environment 

(small vs large, academic vs private, etc.).       

 

A second explanation is that this variability may be appropriate based on differential population-

level asthma risk factors that were not accounted for in our analysis. For example, 25% of the 

                  



 

cohort resided in Philadelphia, which has the highest rate of childhood poverty of the 10 largest 

U.S. cities, in addition to poor housing stock. Both poverty and poor housing stock are associated 

with higher asthma rates in the US and a sizeable literature supports the characterization of 

“inner-city asthma”, which refers to both a higher baseline asthma incidence and higher asthma 

morbidity in inner-city settings.
24–26

 In our sensitivity analysis of the cohort restricted to four 

inner-city practices, asthma diagnosis incidence remained similar to that for the full cohort. If 

asthma rates are truly higher in the inner-city, then this may indicate over diagnosis in non-inner-

city practices. Recent studies using NHIS data, however, have challenged the “inner-city 

asthma” concept, finding only slightly higher prevalence of asthma in inner-city areas that was 

largely explained by demographic factors of gender, age, race/ethnicity, and region.
27,28

 Further, 

differential genetic propensity
29

 and indoor and outdoor environmental exposures
30,31

 contribute 

to asthma risk, both in inner city settings and more generally. Subsequent studies should assess 

how differing population-level characteristics, such as geographic location, poverty rates, genetic 

propensity, and environmental exposures, influence asthma incidence and, similarly, clinicians’ 

propensity to diagnose asthma.    

 

Some degree of variability in asthma diagnosis may be appropriate given the heterogeneous 

nature of asthma and wheezing illnesses, particularly in young children. In the last decade or so, 

several experts have recommended moving away from the label asthma in young children, 

instead focusing on categories of recurrent wheezing.
32

 Recurrent wheezing, in conjunction with 

several other discrete risk factors, can be used to approximate likelihood of future asthma 

diagnosis using the Asthma Predictive Index (API) or similar predictive models.
9,33

 Specificity of 

asthma diagnosis may be enhanced by incorporating number of wheezing episodes and other 

                  



 

features of these predictive indicies, such as diagnosis of allergic rhinitis, family history of a first 

degree relative with asthma, and eosinophilia, into EHR-based clinical decision support. 

Additionally, children with persistent wheezing patterns during preschool and school age are 

likely to have persistent wheezing into adulthood
34

 and those with lower pulmonary function at 

age 7 have been shown to have higher diagnosis of Asthma-COPD Overlap Syndrome at older 

ages.
35

 

 

Similarly, a number of recent studies have characterized phenotypes of wheezing illnesses using 

unsupervised analytic approaches.   
36–40

 While no clear consensus has emerged on how 

wheezing phenotypes should be characterized or differentially treated
41,42

   , this approach may 

provide more useful clinical information on the nature of a patient’s illness (i.e. frequency and 

pattern of prior wheezing illnesses, associated conditions, etc.) than a simple label of asthma or 

likelihood of future asthma diagnosis. To further explore this hypothesis, future studies should 

investigate how wheezing phenotypes vary by practice location, as well as interactions with area-

level factors such as poverty and pollution.  

 

This study has several limitations. Because we were only able to characterize a number of 

discrete characteristics that are reliably recorded in the medical record, several characteristics 

that may be of use to establish a diagnosis of asthma – such as family history, breathing 

difficulties not characterized as wheezing or coughing, wheezing identified either during history 

taking or on physical exam, second hand smoke exposure, socioeconomic status, etc. – were not 

included in our analysis. These factors may contribute to unexplained variability in asthma 

diagnosis rates and should be included in future research on this subject.  

                  



 

 

Second, we captured only clinical events for which patients presented to the primary care clinic. 

Thus, if there is variability by clinic site as to what threshold families use to seek primary care 

(versus treatment at home, ED, or hospital), clinic-level percentage of asthma diagnosis may be 

differentially underestimated or overestimated. While we could not ascertain treatment at home, 

we were able to assess visits to the ED and hospital for four inner-city clinics whose patients 

reliably seek emergency and hospital care at our institution. The proportion of variability in 

asthma diagnosis explained by practice site (ICC) was substantially smaller in this sensitivity 

analysis, suggesting that including ED and hospital exacerbations may explain some of the 

practice-level variability. However, this analysis contained only four relatively homogeneous 

practices and a post-hoc analysis excluding ED and hospital visits for these 4 practices yielded a 

comparably low ICC of 0.003, suggesting that the small number of practices in the model led to 

the smaller ICC, not the inclusion of ED and hospital visits.  

 

Lastly, our analysis relied on physician diagnosis and there may be practice or provider-level 

variability in how these episodes are coded by providers. We attempted to account for this by 

including numerous SNOMED concept codes representing a comprehensive list of diagnoses for 

each condition, as well as including visits with prescribed beta agonists without wheezing 

diagnoses as wheezing episodes. If, however, there was coding of conditions not included in our 

SNOMED concept codes that was differential by practice site (e.g. all patients presenting with 

wheezing at one practice were coded as respiratory distress and not wheezing), this could distort 

our estimates.   

 

                  



 

In this real-world, longitudinal cohort of children followed in primary care from age 6 months up 

to as old as 8 years, we found four-fold variability in the proportion of children diagnosed with 

asthma by practice site that was not explained by the demographics and clinical characteristics of 

these children. Given the potential implications of this degree of variability in clinical care, 

quality improvement, and healthcare value and costs, more extensive investigation into its 

sources, such as differing provider thresholds for asthma diagnosis and area-level exposures that 

lead to differing prevalence of wheezing disorders labeled “asthma”, are warranted. 
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Figure 1. Consort diagram for cohort inclusion 

 
 

 

 

                  



 

Figure 2.  Observed proportion of children diagnosed with wheezing episodes and asthma across 

the 27 practice site locations (ordered by increasing proportion with asthma)  

 
 

 

  

                  



 

Figure 3. Variation in cumulative incidence of first athma diagnosis by primary care practice at 

age 6, comparing observed incidence to adjusted* incidence 

 
 

* Adjusted for age, number of prior wheezing episodes, gender, race, ethnicity, and preterm 

birth, as well as prior or concomitant diagnosis of allergic rhinitis and food allergy 

 

  

                  



 

Table 1. Patient characteristics for (1) Overall cohort, (2) children with no asthma diagnosis and 

(3) children with at least one asthma diagnosis  

  
Overall 

No Asthma 

Diagnosis 

Asthma  

Diagnosis 
Total Population  161,502 126,924 34,578 

Sex Female 78,882 (48%) 64,837 (51%) 14,045 (41%) 

Race/Eth combined, n (%) Non-Hispanic Asian 5,763 (4%) 4,863 (4%) 900 (3%) 

 Non-Hispanic Black 43,706 (30%) 31,378 (28%) 12,328 (38%) 

 Hispanic 10,533 (7%) 8,231 (7%) 2,302 (7%) 

 Missing 15,806 (10%) 13,295 (11%) 2,511 (7%) 

 Other 2,587 (2%) 2,105 (2%) 482 (2%) 

 Non-Hispanic White 83,107 (57%) 67,052 (59%) 16,055 (50%) 

Mean gestational age (GA),  
in months (sd)   

 38.6 (2.3) 38.7 (2.1) 38.1 (3.0) 

 Missing GA, n (%) 32,648 (20%) 24,584 (19%) 8,064 (23%) 

GA <34 weeks, n (%)  4,915 (4%) 3,026 (3%) 1,889 (7%) 

Medications*, n (%) Albuterol 60,182 (37%) 28,735 (23%) 31,447 (91%) 

 Inhaled Steroid 11,090 (7%) 1,555 (1%) 9,535 (28%) 

 Other asthma 

medication† 

3,931 (2%) 1,555 (1%) 2,376 (7%) 

 Systemic Steroid 27,635 (17%) 15,237 (12%) 12,398 (36%) 

Comorbidities*, n (%) Allergic Rhinitis 29,485 (18%) 21,889 (17%) 7,596 (22%) 

 Eczema 65,409 (41%) 50,337 (40%) 15,072 (44%) 

 Food Allergy 9,963 (6%) 7,294 (6%) 2,669 (8%) 

Wheezing episode* n (%)  64,687 (40%) 32,811 (26%) 31,876 (92%) 

Bronchiolitis diagnosis*, n 
(%) 

 13,665 (9%) 6,771 (5%) 6,894 (20%) 

Cough diagnosis*, n (%)  51,549 (32%) 37,633 (30%) 13,916 (40%) 

Proportion of visits at initial practice,  
median (IQR) 

0.94 (0.82 - 
1.00) 

0.95 (0.84 - 
1.00) 

0.90 (0.77 –  
0.98) 

 

*indicates number of events occurring over entire observation interval for “No Asthma Diagnosis” 
group and number of events before asthma diagnosis for "Asthma Diagnosis" group 

†includes montelukast, zafirlukast, theophylline, aminophylline, dyphylline, omalizumab, 

reslizumab, mepolizumab   

  

 

  

                  



 

Table 2. Comparison of wheezing episodes between children with and without diagnosed asthma 

 

 

No Asthma 

Diagnosis  

(n =126,924) 

Asthma 

Diagnosis 

(n=34,578) 

Mean number of wheezing episodes (SD)* 0.5 (1.2) 2.2 (1.6) 

Number of wheezing episodes (% of column) *  

  0 94,113 (74.2%) 2,702 (7.8%) 

1 16,187 (12.8%) 10,640 (30.8%) 

2 7,968 (6.3%) 9,484 (27.4%) 

3 4,281 (3.4%) 5,870 (17.0%) 

4+ 4,375 (3.5%) 5,882 (17.0%) 

Mean number of wheezing episodes/year (SD)* 0.1 (0.4) 1.1 (1.1) 

 

*indicates number of events occurring over entire observation interval for “No Asthma 

Diagnosis” group and number of events before asthma diagnosis for "Asthma Diagnosis" group; 

SD=standard deviation 

 

                  



 

 

Table 3. Adjusted odds ratios (OR) for asthma risk factors and asthma diagnosis from main model and 2 sensitivity analyses** 

  
 

Main Analysis Second Asthma Diagnosis Proximity cohort 

  

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value 

Race/ethnicity (ref non-Hispanic White) 

       

 

Non-Hispanic Asian 1.13 1.05-1.21 < 0.001 1.12 1.03-1.21 0.006 1.26 1.10-1.45 0.001 

 

Non-Hispanic Black 1.67 1.62-1.73 < 0.001 1.68 1.61-1.74 < 0.001 1.77 1.63-1.92 < 0.001 

 

Hispanic 1.2 1.15-1.26 < 0.001 1.3 1.23-1.37 < 0.001 1.26 1.11-1.42 < 0.001 

 

Missing 0.95 0.91-0.99 0.026 0.99 0.94-1.04 0.651 1.12 0.97-1.30 0.128 

 

Other 1.1 1.00-1.21 0.047 1.14 1.02-1.26 0.016 1.31 1.06-1.62 0.012 

Male gender  1.18 1.15-1.21 < 0.001 1.16 1.13-1.19 < 0.001 1.09 1.05-1.14 < 0.001 

Prematurity (<34 weeks) 1.21 1.15-1.27 < 0.001 1.17 1.11-1.24 < 0.001 1.09 1.00-1.18 0.04 

Food allergy 1.27 1.21-1.32 < 0.001 1.27 1.22-1.33 < 0.001 1.28 1.18-1.39 < 0.001 

Allergic rhinitis 2.01 1.96-2.08 < 0.001 2.05 1.99-2.12 < 0.001 1.83 1.72-1.95 < 0.001 

Eczema 1 0.97-1.02 0.747 1.05 1.02-1.08 < 0.001 1.2 1.15-1.25 < 0.001 

Any wheeze episode 28.56 27.42-29.75 < 0.001 48.92 45.69-52.38 < 0.001 30.99 28.49-33.72 < 0.001 

Additional wheeze episodes 1.37 1.36-1.38 < 0.001 1.47 1.46-1.48 < 0.001 1.54 1.51-1.56 < 0.001 

Any cough episodes 1.01 0.97-1.03 0.95 1.01 0.98-1.04 0.635 0.92 0.88-0.97 < 0.001 

Additional cough episodes 1.06 1.04-1.07 < 0.001 1.03 1.01-1.04 < 0.001 1 0.98-1.03 0.79 

           Proportion diagnosed with asthma 

 
21.41% 

  
17.14% 

  
27.72% 

 Variance from GLMM† 

 

0.1413 

  

0.1621 

  

0.0047 

 ICC‡ 

  

0.0412 

  

0.0470 

  

0.0014 

  

**All analyses adjusted for age. See Supplemental Table 2 in Appendix for ORs for 3-month age intervals.  

†Generalized linear mixed model  

‡Intraclass correlation coefficient  

 

 

 

                  



Appendix:

Supplementary Table 1. SNOMED Concept code groupings for asthma, wheezing, eczema,
allergic rhinitis, and food allergy

Group Concept
Asthma Concepts Acute asthma

Acute exacerbation of allergic asthma
Acute exacerbation of asthma
Acute exacerbation of asthma co-occurrent with allergic rhinitis
Acute exacerbation of chronic asthmatic bronchitis
Acute exacerbation of chronic obstructive airways disease with asthma
Acute exacerbation of intrinsic asthma
Acute exacerbation of mild persistent asthma
Acute exacerbation of moderate persistent asthma
Acute severe exacerbation of allergic asthma
Acute severe exacerbation of asthma
Acute severe exacerbation of asthma co-occurrent with allergic rhinitis
Acute severe exacerbation of intrinsic asthma
Acute severe exacerbation of mild persistent allergic asthma
Acute severe exacerbation of mild persistent allergic asthma co-occurrent
with allergic rhinitis
Acute severe exacerbation of mild persistent asthma
Acute severe exacerbation of moderate persistent allergic asthma
Acute severe exacerbation of moderate persistent asthma
Acute severe exacerbation of moderate persistent asthma co-occurrent
with allergic rhinitis
Acute severe exacerbation of severe persistent allergic asthma
Acute severe exacerbation of severe persistent asthma
Acute severe exacerbation of severe persistent asthma co-occurrent with
allergic rhinitis
Allergic asthma
Allergic asthma due to Dermatophagoides farinae
Allergic asthma due to Dermatophagoides pteronyssinus
Allergic-infective asthma
Aspirin-induced asthma
Aspirin-sensitive asthma with nasal polyps
Asthma
Asthma-chronic obstructive pulmonary disease overlap syndrome
Asthma in mother complicating childbirth
Asthmatic bronchitis
Asthma with irreversible airway obstruction



Asthma without status asthmaticus
Bakers' asthma
Brittle asthma
Byssinosis
Byssinosis grade 3
Cheese-makers' asthma
Chemical-induced asthma
Childhood asthma
Chronic asthmatic bronchitis
Chronic asthma with fixed airflow obstruction
Chronic obstructive asthma co-occurrent with acute exacerbation of
asthma
Colophony asthma
Cough variant asthma
Detergent asthma
Drug-induced asthma
Exacerbation of asthma
Exacerbation of intermittent asthma
Exacerbation of mild persistent asthma
Exacerbation of moderate persistent asthma
Exacerbation of severe persistent asthma
Exercise-induced asthma
Extrinsic asthma without status asthmaticus
Flax-dressers' disease
Hay fever with asthma
IgE-mediated allergic asthma
Intermittent asthma
Intermittent asthma co-occurrent with allergic rhinitis
Intermittent asthma uncontrolled
Intrinsic asthma
Intrinsic asthma without status asthmaticus
Isocyanate induced asthma
Late onset asthma
Meat-wrappers' asthma
Mild asthma
Mild intermittent asthma
Mild persistent allergic asthma
Mild persistent asthma
Mild persistent asthma co-occurrent with allergic rhinitis
Millers' asthma



Mixed asthma
Moderate asthma
Moderate persistent allergic asthma
Moderate persistent asthma
Moderate persistent asthma co-occurrent with allergic rhinitis
Non-IgE mediated allergic asthma
Occasional asthma
Occupational asthma
Platinum asthma
Printers' asthma
Seasonal asthma
Severe asthma
Severe persistent allergic asthma
Severe persistent asthma
Severe persistent asthma co-occurrent with allergic rhinitis
Steroid dependent asthma
Substance induced asthma
Sulfite-induced asthma
Tea-makers' asthma
Uncomplicated asthma
Uncomplicated mild persistent asthma
Uncomplicated moderate persistent asthma
Uncomplicated severe persistent asthma
Weavers' cough
Wood asthma

Wheeze Concepts
Wheezing Respiratory symptom

Tracheobronchial disorder
Wheezing

Bronchiolitis Acute bronchiolitis
Acute bronchitis
Bronchitis

Influenza Influenza with respiratory manifestation other than pneumonia
Cough Concepts Allergic cough

Barking cough
Brassy cough
C/O - cough
Chesty cough
Chronic cough
Cough



Cough after eating
Cough at rest
Cough on exercise
Cough with fever
Does cough
Does cough up sputum
Dry cough
Early morning cough
Effective cough
Episodic dry cough
Hacking cough
Increasing frequency of
Morning cough
Nocturnal cough
Nocturnal cough / wheez
Non-productive cough
Painful cough
Paroxysmal cough
Persistent cough
Postviral cough
Productive cough
Productive cough -clear
Productive cough -green
Productive cough-yellow
Reflux cough
Respiratory tract conge
Spasmodic cough
Unexplained cough

Allergic Rhinitis
Concepts Acute exacerbation of asthma co-occurrent with allergic rhinitis

Acute severe exacerbation of asthma co-occurrent with allergic rhinitis
Acute severe exacerbation of mild persistent allergic asthma co-occurrent
with allergic rhinitis
Acute severe exacerbation of moderate persistent asthma co-occurrent
with allergic rhinitis
Acute severe exacerbation of severe persistent asthma co-occurrent with
allergic rhinitis
Allergic rhinitis
Allergic rhinitis caused by feathers
Allergic rhinitis caused by insects
Allergic rhinitis caused by mold



Allergic rhinitis due to animal dander
Allergic rhinitis due to animal hair and dander
Allergic rhinitis due to animals
Allergic rhinitis due to Dermatophagoides farinae
Allergic rhinitis due to Dermatophagoides pteronyssinus
Allergic rhinitis due to food
Allergic rhinitis due to grass pollen
Allergic rhinitis due to house dust mite
Allergic rhinitis due to pollen
Allergic rhinitis due to tree pollen
Allergic rhinitis due to weed pollen
Hay fever with asthma
Intermittent asthma co-occurrent with allergic rhinitis
Mild persistent asthma controlled co-occurrent with allergic rhinitis
Mild persistent asthma co-occurrent with allergic rhinitis
Mild persistent asthma uncontrolled co-occurrent with allergic rhinitis
Moderate persistent asthma co-occurrent with allergic rhinitis
Moderate persistent asthma uncontrolled co-occurrent with allergic
rhinitis
Moderate persistent controlled asthma co-occurrent with allergic rhinitis
Perennial allergic rhinitis
Perennial allergic rhinitis with seasonal variation
Seasonal allergic rhinitis
Severe persistent asthma controlled co-occurrent with allergic rhinitis
Severe persistent asthma co-occurrent with allergic rhinitis
Severe persistent asthma uncontrolled co-occurrent with allergic rhinitis

Eczema Concepts Acantholytic vesicular dermatitis
Acute cheiropodopompholyx
Acute constitutional eczema
Acute constitutional hand eczema
Acute eczema
Acute eczematoid otitis externa
Acute hand eczema
Acute infantile eczema
Acute-on-chronic vesicular eczema of feet
Acute-on-chronic vesicular eczema of hands
Acute-on-chronic vesicular eczema of hands and feet
Acute-on-chronic vesicular eczema of hands and/or feet
Acute podopompholyx
Acute vesicular dermatitis



Acute vesicular eczema of hand
Acute vesicular eczema of hands and/or feet
Adult atopic dermatitis
Adult atopic dermatitis commencing in adult life
Adult atopic dermatitis persistent from childhood
Adult atopic dermatitis recurrent in adult life
Allergic inhalant dermatitis
Annular seborrheide
Apron pattern of vesicular eczema of hands
Asteatotic eczema
Atopic dermatitis
Atopic dermatitis aggravated by type 1 immune reaction
Atopic dermatitis due to animal dander
Atopic dermatitis of eyelid
Atopic dermatitis of face
Atopic dermatitis of hands
Atopic dermatitis of scalp
Atopic neurodermatitis
Atopy as co-factor in hand eczema
Ballooning vesicular dermatitis
Besnier's prurigo
Brachioradial pruritus
Brocq's neurodermatitis
Childhood atopic dermatitis
Chronic constitutional eczema
Chronic constitutional hand eczema
Chronic eczema
Chronic eczema of external auditory canal
Chronic hand eczema
Chronic infantile eczema
Chronic lichenified atopic dermatitis
Chronic podopompholyx
Chronic relapsing vesiculosquamous hand eczema
Chronic superficial scaly dermatitis
Chronic vesicular eczema of hands
Chronic vesicular eczema of hands and feet
Chronic vesicular eczema of hands and/or feet
Constitutional discoid hand eczema
Constitutional eczema
Constitutional eczema of feet



Constitutional eczema of hands
Constitutional eczema of hands and feet
Constitutional/endogenous eczema of hands and/or feet
Constitutional factors as co-factor in hand eczema
Constitutional fingertip eczema
Constitutional predisposition as co-factor in eczema
Contact hand eczema
Contact with irritant as co-factor in eczema
Contact with irritant as co-factor in hand eczema
Crusted eczema
Cumulative irritant contact dermatitis of hands
Cumulative irritant contact dermatitis of hands due to wet work
Dermatitis and eczema
Dermatitis due to sweating and friction
Desiccation eczema
Diffuse neurodermatitis of Brocq
Discoid atopic dermatitis
Discoid eczema of hand
Discoid eczema of hands and feet
Discoid pattern atopic hand dermatitis
Disseminated secondary eczema
Distinctive exudative discoid AND lichenoid chronic dermatosis of
Sulzberger and Garbe
Dry discoid eczema
Dry eczema
Eczema
Eczema craquele due to acute edema
Eczema herpeticum
Eczema of ear lobe
Eczema of external auditory canal
Eczema of face
Eczema of finger
Eczema of leg
Eczema of nipple
Eczema of wrist
Eczematid-like purpura of Doucas and Kapetanakis
Eczematized psoriasis
Eczematous cheilitis
Eczematous dermatitis of eyelid
Eczematous dermatitis of lower eyelid



Eczematous dermatitis of upper eyelid
Eczematous drug eruption
Eczema vaccinatum
Erythematosquamous dermatosis
Erythrodermic atopic dermatitis
Erythrodermic eczema
Exacerbation of eczema
Excoriated eczema
Exogenous eczema of hands and/or feet
Exogenous foot eczema
Exogenous hand eczema
Exposure to skin irritant as co-factor in eczema
Exudative discoid eczema
Exudative eczema
Facial eczema
Fingertip eczema
Flexural atopic dermatitis
Flexural eczema
Follicular atopic dermatitis
Foot eczema
Frictional lichenoid eruption
Friction eczema
Friction palmar eczema
Generalized atopic dermatitis
Generalized eczema
Generalized eczema due to systemically administered drug
Genitocrural intertrigo
Hand and/or foot eczema
Hand eczema
Hyperkeratotic eczema of hands and feet
Hyperkeratotic eczema of hands and/or feet
Hyperkeratotic eczema of palms
Hyperkeratotic eczema of soles
Hyperkeratotic fissured hand eczema
Impetiginized atopic dermatitis
Infantile atopic dermatitis
Infantile eczema
Infected discoid eczema
Infected eczema
Infectious eczematoid dermatitis



Infective dermatitis co-occurrent and due to human T-cell lymphotropic
virus 1 infection
Infective eczematoid dermatitis
Inverse pattern atopic dermatitis
Irritant contact hand eczema
Juvenile plantar dermatosis
Kaposi's varicelliform eruption due to vaccinia virus
Lichenification and lichen simplex chronicus
Lichenified eczema
Lichen nuchae
Lichen simplex chronicus
Lichen simplex of perianal skin
Lichen simplex of scrotum
Lichen simplex of vulva
Lip-licking eczema
Localized eczema due to systemically administered drug
Neurodermatitis
Neurodermatitis of external ear
Nonallergic eczema
Nummular eczema
Occupational allergic contact dermatitis
Occupational eczema
O/E - pompholyx
Papular eczema with elimination of papillary edema
Papuloerythroderma of Ofuji
Parakeratosis
Photoaggravated atopic dermatitis
Photosensitive atopic dermatitis
Pityriasiform seborrheide
Podopompholyx
Polymorphous light eruption, eczematous type
Post-traumatic eczema
Pruriginous atopic dermatitis
Prurigo pattern atopic dermatitis
Psoriasiform eczema
Psoriasiform napkin eruption
Psoriasis-eczema overlap condition
Pustular eczema
Scaling eczema
Seborrheic eczema-like eruption



Seborrhoeide
Secondary eczematous condition
Senile asteatotic eczema
Senile xeroderma
Site-specific eczema
Unclassifiable eczema
Varicose eczema
Varicose veins of leg in long saphenous vein distribution with eczema
Varicose veins of leg in short saphenous vein distribution with eczema
Varicose veins of the leg with eczema
Varicose veins of the leg with ulcer and eczema
Vesicular eczema
Vesicular eczema of hands and/or feet
Vesicular hand eczema
Vesiculosquamous hand eczema
Vulval eczema

Food Allergy
Concepts Allergy to almond

Allergy to almond oil
Allergy to apple juice
Allergy to banana
Allergy to barley
Allergy to bean
Allergy to beef
Allergy to carrot
Allergy to casein
Allergy to cashew nut
Allergy to celery
Allergy to cherry
Allergy to chicken meat
Allergy to cinnamon
Allergy to citrus fruit
Allergy to clam
Allergy to coconut oil
Allergy to corn
Allergy to dairy product
Allergy to dietary mushroom
Allergy to dietary mustard
Allergy to eggs
Allergy to fish



Allergy to fruit
Allergy to hazelnut
Allergy to legumes
Allergy to lobster
Allergy to lupine
Allergy to macadamia nut
Allergy to marine crustacean
Allergy to meat
Allergy to mollusk
Allergy to nut
Allergy to oats
Allergy to oyster
Allergy to peanuts
Allergy to pineapple
Allergy to pork
Allergy to potato
Allergy to red meat
Allergy to rye
Allergy to seafood
Allergy to seed
Allergy to shrimp
Allergy to soya
Allergy to strawberries
Allergy to tomato
Allergy to walnut
Allergy to watermelon
Allergy to wheat
Arachis oil allergy
Cheese allergy
Chocolate allergy
Cow's milk protein sensitivity
Egg protein allergy
Fish oils allergy
Food allergy
Gastrointestinal disorder due to food allergy
Gastrointestinal food allergy
Gelatin allergy
Glycine allergy
Guar gum allergy
Olive oil allergy



Omega 3-marine triglycerides allergy
Pollen-food allergy
Salmon calcitonin allergy
Shellfish allergy
Soy protein sensitivity
Tryptophan allergy



Supplementary Table 2: Age-level effect on asthma diagnosis (reference: Age 6-9 months):

Age
(months)

Odds
Ratio 95% CI P-value

9 0.96 0.90-1.02 0.178
12 1.08 1.02-1.15 0.010
15 1.03 0.97-1.10 0.306
18 0.91 0.85-0.97 0.002
21 0.75 0.71-0.80 < 0.001
24 0.82 0.77-0.88 < 0.001
27 0.66 0.62-0.70 < 0.001
30 0.59 0.55-0.63 < 0.001
33 0.52 0.48-0.56 < 0.001
36 0.67 0.62-0.71 < 0.001
39 0.53 0.49-0.57 < 0.001
42 0.46 0.43-0.50 < 0.001
45 0.43 0.39-0.46 < 0.001
48 0.54 0.50-0.58 < 0.001
51 0.43 0.39-0.46 < 0.001
54 0.34 0.31-0.37 < 0.001
57 0.31 0.28-0.34 < 0.001
60 0.38 0.35-0.42 < 0.001
63 0.30 0.27-0.33 < 0.001
66 0.24 0.22-0.27 < 0.001
69 0.22 0.20-0.24 < 0.001
72 0.27 0.25-0.30 < 0.001
75 0.19 0.17-0.22 < 0.001
78 0.18 0.16-0.20 < 0.001
81 0.15 0.14-0.17 < 0.001
84 0.20 0.18-0.22 < 0.001
87 0.18 0.16-0.21 < 0.001
90 0.21 0.18-0.23 < 0.001
93 0.27 0.23-0.31 < 0.001
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