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Supplemental Table S1. Definitions of asthma indicators used for analyses 

Parental-reported  Medical diagnosis  Spirometry* 

Current asthma (in past 12 months): 

“Has your child suffered of the following 

condition (diagnosed by a physician) in the past 

12 months: asthma / bronchitis” 

Current asthma (in past 12 months): 

Consultation with asthma (in past 12 months), 

Asthma = ICPC code R96  

(R96; asthma, R96.01; hyperreactive airways, 

R96.02; allergic asthma) 

Decreased  

FEV0.5  

Asthma (ever):  

“Has your child ever had asthma?” 

Asthma (ever):  

Consultation with asthma  (ever):  

Asthma = ICPC code R96  

(R96; asthma, R96.01; hyperreactive airways, 

R96.02; allergic asthma) 

Decreased  

FEV1 

Current asthma medication: 

“Did your child use medication prescribed by a 

physician in the past 3 months?” All names of the 

used medicines were thereafter noted which was 

used to select respiratory inhalation medication. 

Current asthma medication was defined as the use 

of beta-mimetics and/or inhalation corticosteroids 

in the previous 3 months.  

Current asthma medication: 

Active prescription of asthma medication 

(past 12 months†): Asthma medication based 

on ATC R03B/R03A codes (beta-mimetics = 

ATC R03A and/or inhalation corticosteroids = 

ATC R03B). Current asthma medication was 

defined as a prescription of beta-mimetics 

and/or inhalation corticosteroids in the past 12 

months 

Decreased  

FVC  

Current wheeze (in the past 12 months): 

“Has your child ever had wheezing or whistling 

in the chest in the past 12 months?” 

Current wheeze (in the past 12 months): 

Consultation for wheeze (in the past 12 

months), wheeze = ICPC code R03 

(R03; Wheezing) 

Decreased 

FEV0.5/FVC 
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Wheeze (ever): 

“Has your child ever had wheezing or whistling 

in the chest at any time in the past?” 

Wheeze (ever): 

Consultation with wheeze (ever), wheeze = 

ICPC code R03 

(R03; Wheezing) 

Decreased 

FEV1/FVC  

*below the lower limits of normal (LLN or below the 5th percentile), obtained using the Dutch normative values which are 

corrected for age, length and gender [8] † Since most aerosols have an expiry date that can easily exceed 3 months, the wider 

time constraint of 12 months is used for medically prescribed asthma medication to compare to the usage of asthma medication 

in the last 3 months as reported by parents.  
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Supplemental Table S2. Lung function stratified by clinical asthma at age five. 

 

 

Lung function  

Never asthma 

(parent report) 

Asthma “Ever”  

(parent report) 
p-value 

FEV0.5 (< LLN*, N (%)) 35/693 (5.1%) 10/54 (18.5%) <0.001 

FEV1 (< LLN, N (%)) 43/708 (6.1%) 10/54 (18.5%) 0.001 

FVC (< LLN, N (%)) 45/708 (6.4%) 11/54 (20.4%) <0.001 

FEV0.5/FVC (< LLN, N (%)) 37/692 (5.3%) 7/54 (13.0%) 0.02 

FEV1/FVC (< LLN, N (%)) 40/707 (5.7%) 7/54 (13.0%) 0.03 

FEV0.5 percentage predicted mean (±SD) 101% (14.4%) 93% (15.3%) <0.001 

FEV1 percentage predicted mean (±SD) 100% (13.1%) 94% (13.5%) 0.001 

FVC percentage predicted mean (±SD) 102% (15.5%) 97% (14.3%) 0.03 

FEV0.5/FVC percentage predicted mean (±SD) 99.8% (11.4%) 96% (13.9%) 0.09 

FEV1/FVC percentage predicted mean (±SD) 98% (6.0%) 96 (8.3%) 0.09 

 

 

Lung function  

No current asthma 

(parent report) 

Current asthma  

(parent report) 
p-value 

FEV0.5 (< LLN*, N (%)) 40/704 (5.7%) 6/45 (13.3%) 0.04 

FEV1 (< LLN, N (%)) 48/710 (6.8%) 5/45 (11.1%) 0.27 

FVC (< LLN, N (%)) 52/710 (7.3%) 5/45 (11.1%) 0.35 

FEV0.5/FVC (< LLN, N (%)) 41/703 (5.8%) 3/45 (6.7%) 0.82 

FEV1/FVC (< LLN, N (%)) 41/709 (5.8%) 6/45 (13.3%) 0.04 

FEV0.5 percentage predicted mean (±SD) 101% (14.7%) 96% (13.2%) 0.01 

FEV1 percentage predicted mean (±SD) 100% (13.4%) 97% (12.2%) 0.11 

FVC percentage predicted mean (±SD) 101% (15.6%) 100% (13.7%) 0.40 

FEV0.5/FVC percentage predicted mean (±SD) 100% (11.7%) 97% (11.2%) 0.07 
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FEV1/FVC percentage predicted mean (±SD) 98% (6.1%) 97% (7.3%) 0.35 

* lower limits of normal (LLN or below the 5th percentile) 
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Supplement: Latent class cluster analysis; model building, selection process and probabilities 

Background 

While latent class cluster analysis can be used to define phenotypes or clusters, latent class 

analysis can also be used to measure agreement, and is increasingly done so in the field of 

diagnostic accuracy studies when there is no gold standard to estimate the sensitivity and 

specificity of index tests in relation to unmeasured, unknown “latent” disease status. In latent 

class cluster analysis it is assumed that the manifest (measured) variables are all individual 

classifiers for an underlying latent (unmeasured) disease status. The latent disease status is a 

categorical variable with a yet to be defined number of classes, that reflect those having or not 

having the disease, or particular subtypes of the disease. These classes are defined by the 

patterns observed in the data. Depending on the diversity of the data, a number of classes that 

best matches the underlying structure of the data is modelled. This model provides probability-

based classifications to each latent class which means that given a participants’ set of responses, 

there is a certain probability to be classified in a certain latent class. These class membership 

probabilities provide information on which variables are strongly or weakly characteristic of 

certain classes. Cases within the same latent class are homogeneous on certain criteria 

(measured variables), while cases in different latent classes are dissimilar from each other.  

Model selection methods 

All ten clinical indicators (five parental, five medically diagnosed; Table S1) as well as FEV0.5, 

FEV1 and FVC were included in the latent class model. Since the lung function ratios 

(FEV0.5/FVC and FEV1/FVC) were prone to overlap with their individual markers (FEV0.5, 

FEV1, FVC) this could disturb the model. For similar reasons we chose not to include 

composites of clinical indicators of asthma. To select the best fitting latent class cluster model 

we evaluated the range of latent class cluster models with increasing numbers of latent classes 
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using the Bayesian information criterion (BIC) and the Akaike information criterion 3 (AIC3) 

[22, 23]. Within the selected range of different class models we performed post-hoc correction 

for local dependencies for each class model. Local dependencies are correlations between 

indicators that could not be explained by the underlying classes and can therefore violate the 

main assumption of conditional independence, stating that variables are only correlated through 

their relation with the underlying latent class. By adding direct effects to the model for these 

local dependencies you can correct for this potential source of biased results. Local 

dependencies can be observed by checking the bivariate residuals and correcting for those that 

are increased. Lastly, after optimizing the different class models, the bootstrapped likelihood 

ratio test (BLRT) was used to define the optimal model by comparing two different class models 

with a significance level of p=0.05 [24]. 

Results 

Model fit statistics for models between one and five latent classes were compared 

[Supplemental Table S3]. The information criteria suggest a range between a three-class model 

(BIC) and a four-class model (AIC3). The p-values of the BLRT after correction for local 

dependencies were significant up to and including a four-class model. Therefore, the four-class 

model was chosen, which was also in line with the clinical interpretability of the classes. The 

individual class membership probabilities for the four classes per asthma indicator are shown 

in Supplemental Figure S3.  

Supplemental Table S3. Model fit statistics for latent classes 

 BIC AIC3 No. parameters P-value BLRT 

1-class 3988 3943 13 NA 

2-class 3462 3369 27 NA 

3-class 3356 3214 41 NA 

4-class 3360 3170 55 NA 
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5-class 3408 3170 69 NA 

After correction for local dependencies  

3-class corrected 3252 3097 45 NA 

4-class corrected 3294 3093 58 0.000 

NA = Not applicable, BIC = Bayesian information criterion, AIC3 = Akaike information criterion 3, BLRT = bootstrap 

likelihood ratio test 

 

Supplemental Figures 

Supplemental Figure S1 Agreement at age eight (positive agreement). 

Supplemental Figure S1 Positive agreement is shown unilaterally for the horizontal indicator compared to the vertical 

indicator. For example; a parental report of recent asthma medication is in 78% of the cases confirmed in the doctor’s 

registry. Lung function deficit is dichotomized based on the lower limits of normal (<5th percentile).  

Supplemental Figure S2. Agreement at age eight (Kappa). 

Supplemental Figure S2. Cohen’s kappa’s show bilateral agreement between the indicators. For example the agreement 

between recent asthma between parents and doctors is 0.53 indicating moderate agreement. Lung function deficit is 

dichotomized based on the lower limits of normal (<5th percentile).  

Supplemental Figure S3. Class membership probabilities per indicator at age five.  

Supplemental Figure S3. The bar chart indicates the individual probabilities of classification to a certain class per indicator 

included in the analysis. This figure is the basis of the tri-plot (Figure 4).  

 

 


