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Definitions of allergic diseases 

Any sensitization: Skin prick tests (SPT) to house dust mite allergens (Dermatophagoides 

pteronyssinus, Dermatophagoides farinae, and Blomia tropicalis) and food allergens (egg, 

peanut and cow’s milk) were performed at 18 months, 3, 5 and 8 years. At 5 years, shrimp and 

crab allergens as well as Blatella germanica and Periplanata americana (cockroach 

aeroallergens common in the tropical climate) were added to the panel. Histamine (positive 

control) and normal saline solution (negative control) were included in the panel. The allergens 

were all obtained from Greer Laboratories (Lenoir, NC, USA), except for B. tropicalis, which 

was developed in-house1, 2. A positive SPT was indicated by the presence of an average wheal 

size of at least 3 mm to any of the tested allergens. 

Itchy rash: From months 3 to 15, this was defined as an affirmative response to two questions. 

For months 3 and 6, the first question was defined as an affirmative response to “Has your child 

at any time had an itchy rash that is coming and going, other than nappy rash?”. At month 12 

the question asked was “Has your child at any time had an itchy rash that is coming and going, 

other than nappy rash in the last 6 months?” while at month 15 the question asked was “Has 

your child at any time had an itchy rash that is coming and going, other than nappy rash in the 

last 3 months?”. Responses from the above questions were combined with responses obtained 

from a second question on the location of itchy rash at each timepoint. The second question 

asked was “Has this itchy rash at any time affected any of the following places: folds of the 

elbows, behind the knees, in front of the ankles, on the cheeks, or around the neck, ears, or 

eyes?”.  

For month 18, itchy rash was defined as an affirmative response to “Has your child had an itchy 

rash that is coming and going, which affected any of the following places: folds of the elbows, 

behind the knees, in front of the ankles, on the cheeks, or around the neck, ears, or eyes in the 
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last 3 months”. From month 24 onwards, definition was based on an affirmative response to 

“Has your child had an itchy rash that is coming and going, which affected any of the following 

places: folds of the elbows, behind the knees, in front of the ankles, on the cheeks, or around 

the neck, ears, or eyes since the (previous time point)/last visit?”  

Use of topical steroids: This was defined as an affirmative response to the question “Have you 

ever used topical steroids on your child’s skin?” for months 3 and 6. At month 12, definition 

was based on “Have you used topical steroids or other topical medicines on your child’s skin 

in the last 6 months”. At months 15 and 18, definition was based on “Have you used topical 

steroids or other topical medicines on your child’s skin in the last 3 months”. From month 24 

onwards, this was defined as an affirmative response to “Have you used topical steroids or 

other topical medicines on your child’s skin since the (previous time point)/last visit.” 

Wheezing: Defined by affirmative responses to both questions: “Has your child had wheezing 

since the previous visit?” and “Has your child ever been prescribed with a nebulizer/inhaler?” 

at each time-point. 

Current wheezing: Defined by wheezing (according to the above definition) at the year 7 and 

year 8 time-points. Data from two time-points were combined to increase sample size for 

analysis. 

Current wheezing + sensitization: Defined by current wheezing (according to above definition) 

including sensitization to any of the following aeroallergens: Dermatophagoides pteronyssinus, 

Dermatophagoides farinae, Blomia tropicalis, Blatella germanica or Periplanata Americana. 

Allergic rhinitis: An affirmative response for the question “In the past 12 months, has your 

child had a problem with sneezing, or a runny, or blocked nose when he/she DID NOT have a 

cold or the flu?” at any time-point. 
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Current allergic rhinitis:  Defined by allergic rhinitis (according to the above definition) at 

year 8. 

Current allergic rhinitis + sensitization:  Defined by allergic rhinitis (according to the above 

definition) at year 8 including sensitization to any of the following: Dermatophagoides 

pteronyssinus, Dermatophagoides farinae, Blomia tropicalis, Blatella germanica or Periplanata 

Americana. 

Persistent allergic rhinitis: This was defined by rhinitis symptoms which lasted for at least 

4 weeks in single or multiple episodes (each lasting at least 2 weeks) anytime within the first 

18 months of life 3 as well as an affirmative response to the question “In the past 12 months, 

has your child had a problem with sneezing, or a runny, or blocked nose when he/she DID NOT 

have a cold or the flu?” at any of the year 6 to 8 time points. 

Persistent allergic rhinitis + sensitization: Defined by persistent allergic rhinitis (according to 

the above definition) including sensitization to any of the following: Dermatophagoides 

pteronyssinus, Dermatophagoides farinae, Blomia tropicalis, Blatella germanica or Periplanata 

Americana. 

Food sensitization: A positive SPT of ≥ 3 mm to the specified food (egg, peanut, cow’s milk, 

shrimp or crab).  

Definition of exposure variables 

Breastfeeding: Infants were categorized as low, medium or high breastfeeding level. As most 

infants in our study had some exposure to breastfeeding, infants were defined as having low 

breastfeeding if they were weaned from breast milk and exclusively formula-fed before the age 

of 3 months. Infants who were breastfed beyond 3 months but who did not meet the criteria for 

high breastfeeding were defined as having intermediate breastfeeding.  
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Expectation maximization (EM) method 

Expectation maximization (EM) is an iterative algorithm which involves a series of 

alternating expectation (E) steps and maximization (M) steps. The E-step computes the latent 

variables of each individual participant, assigns them a posterior probability to each trajectory 

and calculates the log-likelihood of the whole model. Meanwhile, the M-step uses the just-

computed E-step results to come up with new estimates and updates the prior probability to be 

used for the following E-step, maximizing the subsequent E-steps result until the eventual 

results converge 4. For each of the AD trajectories models, the series of alternating E-steps and 

M-steps are performed 100 times each to maximize the accuracy of the trajectory identified. 

At the end of the EM process, each participant would be classified into different clusters based 

on their computed individual latent variables which represent their individual AD trajectory.  

10-fold cross validation is an expanded cross validation technique used to assess the 

prediction accuracy of a statistical analysis in cases where there is inadequate data to construct 

statistical models5. In a normal cross validation technique, the data would be split into two 

separate data sets: a “training” set and a “validation” set. Trajectory analysis is performed on 

the “training” set to produce the trajectory model, which is then applied onto the “validation” 

set to calculate the log-likelihood which can be used as a variable for model assessment. The 

higher the log-likelihood of a model is, the better fit that model is to the data. Where separate 

training and validation datasets are not available, 10-fold cross validation is an acceptable 

alternative method which was used in this study, whereby the data was randomly partitioned 

into 10 mutually exclusive datasets. The trajectory analysis process was performed 10 times in 

which each of the partitioned datasets were in turn designated the “validation” set while the 

remaining 9 datasets were combined into the corresponding “training” set. The final results 

were evaluated by the average log-likelihood of the ten results. This method allows for a more 

reliable and unbiased evaluation of the data as compared to the normal cross validation where 
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only one test set is used 6.  EM was our choice of clustering method as the M-step analyses the 

current E-step result and helps to improve the next E-step estimates. As such, through several 

iterations of E-step and M-step, the model is further refined and more accurate. 

The best fit number of trajectories identified was determined through the evaluation of 

the 10-fold cross validation log-likelihood7. The number of trajectories began at 1. The EM 

process was then performed alongside 10-fold cross validation to calculate the average log-

likelihood of the 10 resulting EM models. If the average log-likelihood increased compared to 

the average result of the previous number of trajectories, the number of trajectories would then 

be increased by 1 and the analysis process was continued. If the average log-likelihood 

decreased or only marginally increased, the analysis process would be stopped and the current 

model was determined to be the most parsimonious model. We also calculated the Bayesian 

information criterion (BIC) as well as Akaike information criterion (AIC) for our results. BIC 

value of our 4-clusters and 5-clusters solution were 15.88 and 18.9 respectively, while AIC 

values were 11.64 and 13.59 for 4-cluster and 5-cluster respectively. Models with smaller BIC 

and AIC values are deemed to be a better fit. As such, the most parsimonious solution with a 

low BIC and AIC value was chosen, and we performed analysis on the complete data using a 

4-cluster approach. 

The EM analysis method takes into account all missing data. The EM algorithm uses 

probability of cluster membership, and each participant is not assigned to 1 cluster, but partially 

to different clusters (proportionally to distribution) during the analysis (E-step). Therefore, for 

the participants with missing data the probability of being assigned membership to a particular 

cluster would be calculated based on the data that exist while the missing values would be 

apportioned an equal probability for each cluster.  No imputation was therefore required.  
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Trajectories in participants with complete data only (n=448) were similar to those in 

the main cohort with the exception of the trajectory corresponding to late onset persistent AD 

(Figure S1). However, when carrying out cluster analysis on varying numbers of missing values 

(subjects with complete data on 11 or less timepoints, out of a maximum of 12 time-points), 

the trajectories were all consistent with the main analysis (Figure S2), indicating that missing 

data did not significantly impact reproducibility and robustness of the cluster analysis. Our 

results are also easily reproducible with Weka using the seed system, by inputting the same 

seed number. 
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Supporting information figure legends 

Figure S1 AD trajectories among those with complete data at all twelve timepoints 

(n=448).  

Figure legend: Apart from the late onset persistent trajectory, all other trajectories were 

consistent with the trajectories of the main analyses. This is possibly due to the smaller sample 

size (n=448), which renders the model less stable and resulted in loss of power to perform 

downstream analyses. 

Figure S2 AD trajectories in those with A) missing data at 1 timepoint, B) missing data at 

4 timepoints, C) missing data at 7 timepoints and D) missing data at 11 timepoints. 

Figure legend: Trajectories of participants with varying numbers of missing values (those with 

complete data on 11 or less timepoints, out of a maximum of 12 time-points), were all 

consistent with the main analysis. 

Figure S3 AD trajectories based on the definition of doctor diagnosis of AD in full cohort  

Figure legend: As a measure of comparison, analyses based on the definition of doctor 

diagnosis of AD in the full cohort was also performed (n=1237). Similarly, three AD 

trajectories were obtained. 

Figure S4 AD trajectories based on the definition of itchy rash and use of topical steroids 

in full cohort. 

Figure legend: Due to the small numbers in some of the exposure variables, analysis based on 

definition of itchy rash and use of topical steroids was carried out on the full cohort (n=1237). 

Similar to the main analysis, the machine learning method identified three AD trajectories.  
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Risk factors identified in sensitivity analyses 

Table S1 Multinomial logistic regression of comorbidities with AD trajectories using the definition of doctor’s diagnosis of AD a 

 
Early onset transient Early onset persistent Late onset persistent  
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 

18 months (n=550) 

HDM sensitization  2.48 (1.13-5.42) 0.023 3.71 (0.85-16.14) 0.081 1.98 (0.72-5.41) 0.184 

Food sensitization  2.51 (0.73-8.62) 0.143 14.96 (2.71-82.75) 0.002 2.46 (0.45-13.52) 0.299 

AR 1.26 (0.52-3.06) 0.614 1.51 (0.23-10.06) 0.669 1.45 (0.49-4.24) 0.503 

Wheezing   0.8 (0.2-3.27) 0.76 NA NA 2.8 (0.75-10.55) 0.128 

36 months (n=527) 

HDM sensitization  2.78 (1.48-5.21) 0.001 1.84 (0.51-6.65) 0.352 3.08 (1.48-6.41) 0.003 

Food sensitization  NA NA NA NA NA NA 

AR 1.86 (0.9-3.83) 0.093 0.58 (0.1-3.51) 0.556 3.18 (1.42-7.14) 0.005 

Wheezing   3.46 (1.56-7.66) 0.002 2.53 (0.54-11.81) 0.237 2.55 (0.95-6.86) 0.065 

5 years (n=485) 

HDM sensitization  2.45 (1.27-4.73) 0.008 2.38 (0.51-11.12) 0.269 4.29 (1.85-9.99) 0.001 

Food sensitization  1.09 (0.26-4.62) 0.905 30.4 (4.42-209.29) 0.001 1.79 (0.44-7.17) 0.414 

AR 1.17 (0.37-3.67) 0.786 0.24 (0.02-3.34) 0.29 1.73 (0.5-5.96) 0.383 

Wheezing   2.14 (0.85-5.36) 0.105 2.04 (0.32-12.92) 0.451 0.39 (0.08-1.9) 0.244 

8 yearsb 

Current AR (n=464) 0.99 (0.48-2.02) 0.971 0.49 (0.09-2.58) 0.401 4.57 (1.89-11.03) 0.001 

Current wheezing 

(n=464) 

3.53 (1.31-9.5) 0.012 29.38 (4.17-207.16) 0.001 1.91 (0.49-7.4) 0.35 

Any sensitization 

(n=464) 

1.9 (0.99-3.65) 0.053 4.34 (0.8-23.56) 0.089 2.52 (0.94-6.73) 0.065 

Any HDM sensitization 

(n=464)  

1.93 (1-3.71) 0.049 4.45 (0.82-24.26) 0.084 2.53 (0.95-6.75) 0.064 

Any food sensitization 

(n=465)  

2.12 (0.82-5.53) 0.123 6.73 (1.17-38.71) 0.033 2.37 (0.71-7.91) 0.16 
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Current AR + 

sensitization (n=481) 

0.81 (0.35-1.85) 0.614 1.01 (0.24-4.35) 0.989 5.5 (2.27-13.33) <0.001 

Current wheezing + 

sensitization  (n=223) 

9.65 (2.06-45.27) 0.004 704.84 (2.18- 228184.76) 0.026 7.86 (0.89-69.19) 0.063 

Persistent AR (n=367) 1.51 (0.6-3.82) 0.383 0.91 (0.05-16.27) 0.946 8.47 (2.59-27.69) <0.001 

Persistent AR + 

sensitization (n=379) 

1.41 (0.45-4.41) 0.55 1.56 (0.09-25.72) 0.757 8.78 (2.52-30.65) 0.001 

a All analyses were adjusted for prenatal and environmental factors shown in Figure 3 of manuscript, including pet ownership, household smoking, 

childcare attendance and infant’s use of antibiotics during the first year. All comparisons were made with the non-AD group as the reference group.   

b For this model, multinomial logistic regressions were carried out stepwise adding each non-overlapping variable to the model separately. This 

was repeated until all the variables were included in a model. As a result, the numbers included in each analysis vary as shown in the table. 

AR: Allergic Rhinitis; HDM: House dust mite; NA: Not applicable 

Any sensitization:  positive skin prick test result to any of the house dust mite allergens (Dermatophagoides pteronyssinus, Dermatophagoides 

farinae, Blomia tropicalis), food allergens (egg, peanut, cow’s milk, shrimp, crab) or aeroallergens (Blatella germanica and Periplanata 

Americana).  
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Table S2 Multinomial logistic regression of comorbidities and AD trajectories based on AD definition of itchy rash and use of topical steroids 

 
Early onset transient Early onset persistent Late onset persistent  
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value 

18 months (n=550) 

HDM sensitization  6.94 (1.48-32.43) 0.014 7.75 (2.18-27.52) 0.002 1.86 (0.88-3.92) 0.101 

Food sensitization  11.15 (1.29-96.78) 0.029 20.12 (3.34-121.17) 0.001 2.88 (0.87-9.49) 0.083 

AR 1.66 (0.16-17.42) 0.671 1.8 (0.44-7.3) 0.411 0.77 (0.32-1.86) 0.566 

Wheezing   0 (0-.c) 0.994 3.78 (0.47-30.57) 0.213 1.65 (0.54-5.08) 0.382 

36 months (n=527) 

HDM sensitization  3.34 (0.72-15.44) 0.123 2.41 (0.7-8.28) 0.161 2.27 (1.27-4.05) 0.006 

Food sensitization  33.95 (2.07-556.68) 0.014 28.53 (2.22-367.25) 0.01 NA NA 

AR 3.71 (0.77-17.9) 0.102 1.24 (0.34-4.52) 0.75 1.44 (0.72-2.87) 0.303 

Wheezing   7.09 (1.18-42.39) 0.032 0.91 (0.16-5.11) 0.914 2.09 (1-4.39) 0.051 

5 years (n=485) 

HDM sensitization  2.97 (0.5-17.68) 0.231 2.33 (0.64-8.49) 0.2 2.11 (1.2-3.71) 0.009 

Food sensitization  1.23 (0.08-17.83) 0.88 8.73 (1.75-43.68) 0.008 2.2 (0.71-6.8) 0.169 

AR 2.43 (0.21-28.27) 0.477 2.14 (0.48-9.58) 0.322 1.17 (0.43-3.17) 0.759 

Wheezing   15.56 (1.91-126.52) 0.01 1.77 (0.38-8.19) 0.467 0.71 (0.27-1.9) 0.493 

8 years 

Current AR (n=464) 1.85 (0.33-10.3) 0.483 2.48 (0.8-7.7) 0.116 1.42 (0.75-2.67) 0.281 

Current wheezing  (n=464) 5.42 (0.65-45.39) 0.119 10.45 (2.42-45.14) 0.002 2.46 (0.92-6.57) 0.074 

Any sensitization (n=464) 1.5 (0.24-9.27) 0.664 1.23 (0.35-4.31) 0.743 1.72 (0.97-3.05) 0.062 

Any HDM sensitization (n=464) 1.5 (0.24-9.29) 0.662 1.25 (0.36-4.39) 0.725 1.74 (0.98-3.08) 0.058 

Any food sensitization (n=465) 10.84 (1.73-67.83) 0.011 1.99 (0.37-10.77) 0.424 1.14 (0.43-2.98) 0.794 

Current AR + sensitization (n=481) 1.54 (0.24-9.92) 0.647 2.88 (0.94-8.86) 0.064 1.65 (0.83-3.27) 0.151 

Current wheezing + sensitization 

(n=223) 

NA NA 10.01 (0.13-792.47) 0.302 3.85 (0.76-19.43) 0.102 

Persistent AR  (n=367) 4.92 (0.56-43.53) 0.152 0.87 (0.13-5.76) 0.888 1.99 (0.85-4.66) 0.112 

Persistent AR + sensitization (n=379) 5.77 (0.7-47.33) 0.103 1.11 (0.11-11.24) 0.929 3.09 (1.15-8.24) 0.025 
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a All analyses were adjusted for prenatal and environmental factors shown in Figure 3 of manuscript, including pet ownership, household smoking, 

childcare attendance and infant’s use of antibiotics during the first year. All comparisons were made with the non-AD group as the reference group.   

b For this model, multinomial logistic regressions were carried out stepwise adding each non-overlapping variable to the model separately. This was repeated 

until all the variables were included in a model. As a result, the numbers included in each analysis vary as shown in the table. 

AR: Allergic Rhinitis; HDM: House dust mite; NA: Not applicable 

Any sensitization:  positive skin prick test result to any of the house dust mite allergens (Dermatophagoides pteronyssinus, Dermatophagoides farinae, Blomia 

tropicalis), food allergens (egg, peanut, cow’s milk, shrimp, crab) or aeroallergens (Blatella germanica and Periplanata Americana).  
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