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SUPPLEMENTARY METHODS 

Trajectory analysis 

Developmental trajectories (i.e., distinct subgroups within the total sample that follow similar 

disease patterns over time) of eczema across ages 1-or-2, 4, 10, 18, and 26 years were identified 

separately for males and females by applying semiparametric mixture models using PROC TRAJ 

macro in SAS 9.4 (SAS Institute, Cary, North Carolina, USA).1,2 This trajectory analysis is one 

type of latent class analyses methods, noted as latent class growth analyses or group-based 

trajectory analyses.3 The regular latent class analysis PROC LCA is not suitable for longitudinal 

data, since the “responses” (eczema status) are potentially dependent across different ages. The 

aim of the trajectory analysis is to identify distinct latent subgroups that best resemble the 

developmental patterns embedded in the data, and hence model selection was performed 

according to established criteria.4 To decide on the optimum number of groups, we fitted a one 

group model (basic model) and increased the group size to six while setting the parameter 

estimates to a second order (quadratic) equation.5 The model with the smallest absolute Bayesian 

Information Criterion (BIC) value that also minimizes overlap in the confidence intervals around 

estimated group membership probabilities of adjacent trajectories while summarizing the 

distinctive features of the data in the most parsimonious fashion was selected.2,5 As a 

confirmatory step, change in the BIC value between two consecutive models was used as a 

measure of weight of evidence against the null model (i.e., the model with less groups): ΔBIC = 

BIC(complex model, i.e., a model with one more group than the null model) – BIC(null model).1 Interpretation of 2*(ΔBIC) 

values in terms of evidence against the null model is as follows: <2, not worth mentioning; 2 to 

6, positive; >6 to 10, strong; >10, very strong.1 Moreover, we ensured that the average of group-

membership probabilities for individuals assigned to each group/trajectory exceeded the 
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recommended minimum threshold of 0.7.5 After selecting the best fitting model, individuals 

were assigned to one of the trajectories/groups based on their highest estimated group-

membership probabilities. 

 

We assume that missing data occurred at random in our study since we did not identify any 

factors explaining missingness at the different time points (follow-ups). Hence, such a missing 

pattern is compatible with the PROC TRAJ macro, which is able to handle data that is missing at 

random.5 Moreover, to ensure that missingness does not affect the determination of the 

trajectories, we have focused our analysis on participants who had three or more valid eczema 

status information (i.e., ≥3 of the 5 follow-ups) across the follow-ups; hence, 1,381 (94.8%) 

participants satisfied our inclusion criteria. A total of 775 participants had complete eczema 

information across all the follow-ups. 
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SUPPLEMENTARY DISCUSSION 

Description of prior studies investigating eczema trajectories 

Analyzing data from two birth cohort studies, namely the British ‘Avon Longitudinal Study of 

Parents and Children’ (ALSPAC; follow-up to 16 years) and the Dutch ‘Prevention and 

Incidence of Asthma and Mite Allergy’ (PIAMA; follow-up to 11 years) study, compared to one 

unaffected latent class, Paternoster et al. identified five latent classes of eczema development,6 

with the most prevalent latent class was the early-onset-early-resolving eczema (ALSPAC: 

12.9%; PIAMA: 15.4%; see Table S4 in this article’s Online Repository). FLG LOF variants and 

parental history of allergy were associated with increased risk for being in the persistent latent 

classes.6 Moreover, following children from birth to six years, similar patterns of eczema 

development were identified in the ‘Protection Against Allergy Study in Rural Environments’ 

(PASTURE) using latent class analyses.7 The study identified four classes (see Table S4 in this 

article’s Online Repository), with the early transient class being the most common (9.2%). 

Parental allergies status was associated with increased risk for being in the early transient and 

early persistent classes.7 Analyzing data from the multiethnic Generation R prospective cohort 

study, Hu et al. identified five eczema phenotypes between 6 months and 10 years of age (see 

Table S4 in this article’s Online Repository), with the most common latent classes being early 

transient (8%) and late transient (8%).8 In their study, parental history of allergy was associated 

with increased risk for being in the early transient and persistent eczema phenotypes. Moreover, 

carrying FLG LOF variants was associated with higher risk for the early transient and late 

transient eczema phenotypes, and demonstrated a trend for association with the persistent 

eczema phenotype.8 A study based on the ALSPAC data have incorporated eczema severity 

phenotypes while investigating eczema development up to age 14 years, have identified the 
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following subtypes: unaffected/rare (66%), severe-frequent (4%), moderate-frequent (7%), 

moderate-declining (11%), and mild-intermittent (12%), with FLG LOF variants and parental 

history of eczema being major risk factors.9 
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Table S1. Bayesian Information Criterion (BIC) and 2(ΔBIC) of different number of groups (trajectories) of eczema 
development from infancy to 26 years of stratified by sex. 

 Males  Females 

Number of Groups BIC Null model 2(ΔBIC)§  BIC Null model 2(ΔBIC)§ 

1 -1291.55    -1379.66   

2 -1084.08 1 414.94  -1219.66 1 320 

3 -1032.08 2 104  -1204.48 2 30.36 

4 -1023.92† 3 16.32  -1201.66 3 5.64 

5 1035.27 4 -22.7  -1151.15‡ 4 101.02 

6 1035.88 5 -1.22  -1151.28 5 0.26 
† Among male subjects, the 4-group (trajectory) model is favored, since it has the lowest absolute BIC value. 
Moreover, the change in BIC (2[ΔBIC]) between the 4-group and 5-group models did not provide evidence against 
the 4-group model. 
‡ Among female subjects, the 5-group (trajectory) model is favored, since it has the lowest absolute BIC value. 
Moreover, the change in BIC (2[ΔBIC]) between the 5-group and 6-group models did not provide evidence against 
the 5-group model. 
§ Interpretation of 2(ΔBIC) values in terms of evidence against the null model: <2, not worth mentioning; 2 to 6, 
positive; >6 to 10, strong; >10, very strong. 
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Table S2. Associations between risk factors and trajectories of eczema among male subjects 
 Trajectories of eczema among males 
 Unaffected/transient Mid-onset late-resolving Late-onset Early-onset persistent 
FLG genotype     
Wild-type (n = 491), % (n) 78.4 (385) 8.1 (40) 4.7 (23) 8.8 (43) 
Loss-of-function (n = 63), % (n) 57.1 (36) 12.7 (8) 12.7 (8) 17.5 (11) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.84 (0.84-4.03) 1.97 (0.79-4.94) 2.45 (1.34-4.46)* 

Maternal eczema     
No (n = 538), % (n) 77.3 (416) 8.0 (43) 4.1 (22) 10.6 (57) 
Yes (n = 68), % (n) 76.5 (52) 8.8 (6) 8.8 (6) 5.9 (4) 
Adjusted RR§ (95% CI) 1.00 (Reference) 0.94 (0.36-2.46) 1.52 (0.55-4.18) 0.54 (0.18-1.64) 
Paternal eczema     
No (n = 563), % (n) 78.7 (443) 7.6 (43) 4.4 (25) 9.3 (52) 
Yes (n = 43), % (n) 58.1 (25) 14.0 (6) 7.0 (3) 20.9 (9) 
Adjusted RR§ (95% CI) 1.00 (Reference) 2.21 (0.94-5.17) 2.67 (0.86-8.24) 2.66 (1.39-5.08)* 

Birthweight     
Low/normal† (n = 587), % (n) 77.2 (453) 8.3 (49) 5.3 (31) 9.2 (54) 
High‡ (n = 98), % (n) 80.6 (79) 4.1 (4) 4.1 (4) 11.2 (11) 
Adjusted RR§ (95% CI) 1.00 (Reference) 0.20 (0.03-1.41) 1.59 (0.59-4.31) 1.42 (0.74-2.72) 
Birth order     
First (n = 248), % (n) 74.6 (185) 10.1 (25) 4.4 (11) 10.9 (27) 
Second (n = 207), % (n) 80.7 (167) 7.2 (15) 2.4 (5) 9.7 (20) 
Third or more (n = 150), % (n) 76.7 (115) 6.0 (9) 8.0 (12) 9.3 (14) 
Adjusted RR§ (95% CI) [2nd vs. 1st] 1.00 (Reference) 0.51 (0.23-1.12) 0.52 (0.17-1.63) 0.83 (0.45-1.55) 
Adjusted RR§ (95% CI) [≥3rd vs. 1st] 1.00 (Reference) 0.68 (0.33-1.42) 1.66 (0.71-3.89) 1.22 (0.65-2.28) 
Household cat at birth     
No (n = 459), % (n) 78.4 (360) 7.8 (36) 4.4 (20) 9.4 (43) 
Yes (n = 232), % (n) 76.7 (178) 6.9 (16) 6.9 (16) 9.5 (22) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.04 (0.55-1.95) 2.79 (1.24-6.27)* 1.29 (0.75-2.21) 
Household dog at birth     
No (n = 488), % (n) 78.5 (383) 7.8 (38) 4.3 (21) 9.4 (46) 
Yes (n = 203), % (n) 76.3 (155) 6.9 (14) 7.4 (15) 9.4 (19) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.01 (0.53-1.95) 1.46 (0.66-3.23) 1.32 (0.76-2.31) 
Breastfeeding duration     
Weeks (n = 635), Median (IQR) 8.0 (2.0-26.0) 16.0 (2.0-32.0) 9.5 (0.0-26.0) 12.0 (4.0-24.0) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.01 (0.99-1.03) 1.00 (0.97-1.03) 1.00 (0.99-1.02) 

RR: risk ratio; CI: confidence interval; IQR: interquartile range; †Low/normal birthweight: <4000 grams; ‡High birthweight: ≥4000 grams; §Adjusted for all 
variables shown in the table. *P-value <0.05. 
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Table S3. Associations between risk factors and trajectories of eczema among female subjects 
 Trajectories of eczema among females 

 Unaffected/transient 
Early-onset early-
resolving 

Mid-onset late-
resolving Late-onset Early-onset persistent  

FLG genotype      
Wild-type (n = 522), % (n) 73.0 (381) 8.2 (43) 4.4 (23) 9.0 (47) 5.4 (28) 
Loss-of-function (n = 53), % (n) 69.8 (37) 5.6 (3) 7.6 (4) 7.6 (4) 9.4 (5) 
Adjusted RR§ (95% CI) 1.00 (Reference) 0.89 (0.25-2.75) 1.47 (0.54-3.96) 0.99 (0.40-2.50) 1.58 (0.67-3.75) 
Maternal eczema      
No (n = 509), % (n) 74.6 (380) 8.3 (42) 3.9 (20) 8.3 (42) 4.9 (25) 
Yes (n = 76), % (n) 54.0 (41) 11.8 (9) 7.9 (6) 13.2 (10) 13.2 (10) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.39 (0.63-3.07) 1.98 (0.76-5.14) 1.58 (0.74-3.39) 2.84 (1.42-5.70)* 

Paternal eczema      
No (n = 551), % (n) 72.9 (402) 8.4 (46) 4.4 (24) 8.9 (49) 5.4 (30) 
Yes (n = 34), % (n) 55.9 (19) 14.7 (5) 5.9 (2) 8.8 (3) 14.7 (5) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.46 (0.52-4.09) 1.25 (0.34-4.58) 1.22 (0.47-3.21) 1.94 (0.66-5.76) 
Birthweight      
Low/normal† (n = 605), % (n) 74.9 (453) 7.1 (43) 4.3 (26) 9.1 (55) 4.6 (28) 
High‡ (n = 70), % (n) 58.6 (41) 12.9 (9) 5.7 (4) 11.4 (8) 11.4 (8) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.90 (0.89-4.05) 1.85 (0.76-4.41) 0.99 (0.33-2.99) 2.25 (1.08-4.69)* 

Birth order      
First (n = 252), % (n) 74.6 (188) 8.3 (21) 4.4 (11) 7.9 (20) 4.8 (12) 
Second (n = 203), % (n) 69.5 (141) 8.4 (17) 3.4 (7) 9.8 (20) 8.9 (18) 
Third or more (n = 129), % (n) 70.5 (91) 10.1 (13) 6.2 (8) 9.3 (12) 3.9 (5) 
Adjusted RR§ (95% CI) [2nd vs. 1st] 1.00 (Reference) 1.12 (0.58-2.18) 1.01 (0.39-2.63) 1.82 (0.93-3.57) 1.69 (0.81-3.55) 
Adjusted RR§ (95% CI) [≥3rd vs. 1st] 1.00 (Reference) 1.26 (0.59-2.69) 1.22 (0.43-3.49) 1.34 (0.61-2.94) 0.77 (0.26-2.27) 
Household cat at birth      
No (n = 467), % (n) 71.3 (333) 9.2 (43) 4.5 (21) 10.1 (47) 4.9 (23) 
Yes (n = 216), % (n) 76.4 (165) 4.6 (10) 4.2 (9) 8.3 (18) 6.5 (14) 
Adjusted RR§ (95% CI) 1.00 (Reference) 0.58 (0.28-1.19) 1.07 (0.45-2.57) 0.75 (0.39-1.46) 0.86 (0.41-1.81) 
Household dog at birth      
No (n = 490), % (n) 72.9 (357) 9.2 (45) 4.3 (21) 8.4 (41) 5.3 (26) 
Yes (n = 193), % (n) 73.1 (141) 4.2 (8) 4.7 (9) 12.4 (24) 5.7 (11) 
Adjusted RR§ (95% CI) 1.00 (Reference) 0.67 (0.32-1.41) 1.49 (0.66-3.38) 1.67 (0.92-3.03) 1.08 (0.52-2.24) 
Breastfeeding duration      
Weeks (n = 633), Median (IQR) 8.0 (1.0-26.0) 12.0 (2.0-36.0) 21.0 (3.0-36.0) 6.0 (0.5-21.0) 6.0 (2.0-22.0) 
Adjusted RR§ (95% CI) 1.00 (Reference) 1.01 (0.99-1.03) 1.02 (0.99-1.04) 1.00 (0.98-1.01) 0.99 (0.97-1.02) 

RR: risk ratio; CI: confidence interval; IQR: interquartile range; †Low/normal birthweight: <4000 grams; ‡High birthweight: ≥4000 grams; §Adjusted for all 
variables shown in the table. *P-value <0.05. 
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Table S4. Developmental trajectories (latent classes) of eczema identified in prior cohort studies and the current report 
     Current analysis 

Classifications of eczema 
trajectories/latent classes§ 

Paternoster et al.* [28] 
ALSPAC (n = 9894; 
0–16 years). 

Paternoster et al.* [28] 
PIAMA (n = 3652;   
0–11 years) 

Roduit et al.† [27] 
PASTURE (n = 
1038; 0–6 years) 

Hu et al.‡ [29] 
Generation R (n = 5297; 
6 months – 10 years) 

IOWBC females 
(n = 685; 1-or-2 
to 26 years) 

IOWBC males 
(n = 696; 1-or-2 
to 26 years) 

Unaffected/transient 58.0% 62.9% 79.5% 76% 73.0% 77.7% 

Early-onset persistent 7.3% 4.9% 6.5% 2% 5.4% 9.3% 

Early-onset late-resolving 7.0% 3.8% NA NA NA NA 

Early-onset early-resolving 12.9%  15.4% 9.2% 8% 7.7% NA 

Mid-onset resolving 7.0%  6.5% NA 6% 4.4% 7.8% 

Late onset 7.9% 6.5% 4.8% 8% 9.5% 5.2% 
NA: Not applicable: IOWBC: Isle of Wight Birth Cohort. 
§ Slight difference across studies in labelling/naming the trajectories exists. 
* Paternoster et al. [28] analyzed data from the British ‘Avon Longitudinal Study of Parents and Children’ (ALSPAC; follow-up: 0 to 16 years) and the Dutch 
‘Prevention and Incidence of Asthma and Mite Allergy’ (PIAMA; follow-up: 0 to 11 years) study. 
† Roduit et al. [27] analyzed data from the ‘Protection Against Allergy Study in Rural Environments’ (PASTURE; follow-up: 0 to 6 years). 
‡ Hu et al. [29] analyzed data from the multiethnic Generation R prospective cohort study (follow-up: 6 months to 10 years). 
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Figure S1. Prevalence estimates of eczema in the total study sample and according to sex across 
the study follow-ups. 
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