[bookmark: _GoBack]Supporting Information
Trajectories of asthma and allergy symptoms from childhood to adulthood

Felix Forster a,f, Markus Johannes Ege b,f, Jessica Gerlich a,f, Tobias Weinmann a,f, Sylvia Kreißl c, Gudrun Weinmayr d, Jon Genuneit d,e, Dennis Nowak a,f, Erika von Mutius b,f, Christian Vogelberg c, Katja Radon a,f

a Institute and Clinic for Occupational, Social and Environmental Medicine, University Hospital, LMU Munich, Germany
b Dr. v. Hauner Children’s Hospital, University Hospital, LMU Munich, Germany
c Paediatric Department, University Hospital Carl Gustav Carus Dresden, TU Dresden, Dresden, Germany
d Institute of Epidemiology and Medical Biometry, University of Ulm, Ulm, Germany
e Pediatric Epidemiology, Department of Pediatrics, Medical Faculty, Leipzig University, Leipzig, Germany
f Comprehensive Pneumology Center (CPC) Munich, member, German Center for Lung Research (DZL), Munich, Germany

Detailed description of application of Latent Class Analysis (LCA)
Model selection
[bookmark: _CTVP001ad598d1002564bbdb9e97c1f1d4ce54f]LCA was conducted for 2 to 10 classes using Full Information Maximum Likelihood (FIML) methods to handle missing values. (1) This means that we used the non-imputed data set in this step. Model identification was checked by comparing the likelihood of models with 100 random starting values. Models with 7 or more classes were ruled out because they were not identified (Table E2). Models with 2 to 4 latent classes were ruled out because they did not offer as much information as the 5- and 6-class solutions. 
[bookmark: _CTVP001280f9183478f40f6bbce8e687736ee49]Multiple-group LCA (2) with males and females as separate groups were additionally considered. Models allowing for qualitative differences of latent classes between men and women were not identified and thus had to be discarded. Multiple-group models that restricted latent classes to be similar across males and females and only allowed for differences in latent class prevalences were identified but only the 5- and 6-class solutions were considered for the same reasons as before. 
The 5- and 6-class solutions and their corresponding multiple-group versions, therefore, remained as candidates for the final model. Model selection was based on interpretability, parsimony and the Bayesian information criterion (BIC). Since only one latent class prevalence varied considerably between men and women, multiple-group models were ruled out because of parsimony. The BIC was lowest for the 5-class solution (Table E2). However, the 6-class solution offered an additional interpretable latent class that would have been lost when strictly following the statistical criterion. Therefore, the 6-class solution without considering men and women as separate groups was selected.

Calculating the final LCA model
[bookmark: _CTVP0018cd1f08a5b7c4328a401f57d2fd581d2]The selected model was recalculated in 20 imputed datasets. This resulted in 20 estimates for all parameters of the LCA model, one from each imputed dataset. These estimates were pooled based on Rubin’s rules. (3)  For item-response probabilities, estimates from the maximum likelihood solution of the previous step were used as starting values. Figure 2C and Table E3 report the pooled estimates.

Latent class assignments
For additional analyses, participant had to be assigned to latent classes. If, however, every participant is only assigned to a single latent class, uncertainty of classification is not taken into account. Considering uncertainty was important because entropy was between 0.753-0.788 in the 20 imputed datasets.
An individual vector of posterior probabilities of latent class membership for each participant is an output of the LCA model, e.g.: Participant 1 has a probability of 20% for being in latent class 1, 65% for being in latent class 2, 5% for being in latent class 3, 8% for being in latent class 4, 1% for being in latent class 5, and 1% for being in latent class 6. For an individual participant, these numbers always sum up to 1. 
Twenty random values were drawn from this individual distribution of posterior probability of latent class membership. Random drawing was done in each of the 20 imputed datasets because the individual posterior probabilities differed, similarly to the parameter estimates. Based on these random draws, categorical variables that indicated membership in one of the latent classes for each participant were created. One categorical variable was created for every random draw.


Table E1: Definition of traits and environmental determinants
	Variable
	Measured at
	Categories/unit
	Description

	Socio-demographics

	Study centre
	bl
	Munich, Dresden
	

	Sex
	bl
	male vs. female
	

	Parental SES 
	bl
	high vs. low
	high SES: 12 or more years of school by either father or mother

	SES
	fu1
	
	high SES: 12 or more years of school

	Parental medical history

	Parental asthma
	bl
	yes vs. no
	yes: at least one parent

	Parental hay fever
	bl
	
	

	Parental atopic dermatitis
	bl
	
	

	Medical history

	SPT (seasonal allergens) 
	bl
	positive (for at least one allergen) vs. negative (for all allergens)

	[bookmark: _CTVP0015319ac92fbd743faba1d5762fb37e229]Allergens: mixed grass pollen, mixed tree pollen (4)

	SPT (perennial allergens) 
	bl
	
	[bookmark: _CTVP001e123d9003bfb45ffa643cc39a9f474dd]Allergens: Dermatophagoides pteronyssinus, D. farinae, cat, Alternaria tenuis (4)

	IgE (inhalant allergens)
	bl
	>0.35 U/ml vs. <0.35 U/ml
	[bookmark: _CTVP001e93977393baa4c62a89e2a80098cebf7]serum levels of IgE directed against local grass pollen, birch pollen, mugwort pollen, Dermatophagoides pteronyssinus, cat dander, dog dander, Cladosporium herbarum (4)

	IgE (food allergens)
	bl
	>0.35 U/ml vs. <0.35 U/ml
	[bookmark: _CTVP0015c009c59ab5a4c99b9aa6a0bcfa5c9a5]serum levels of IgE directed against egg white, milk proteins, cod fish, wheat flour, peanut, soja bean (4)

	BHR 
	fu2
	yes vs. no
	[bookmark: _CTVP0011edb26b02e694aad948bd366907bc0c8]see (5) 

	Lung function 
	fu2
	no unit
	[bookmark: _CTVP001fbc5d9a8da1f463cb64b26ce878ed362]FEV1/FVC (5)

	FeNO
	fu2
	ppb
	[bookmark: _CTVP001d269fa3bcb884f63a3fc770d0082c8d0]arithmetic mean of all ln-transformed measurements with valid flow (between 45 and 55 ml/s) (5)

	Life style factors

	ETS
	bl (1st year of life, 1st year of school were also measured at bl)
	yes vs. no
	

	Current smoking
	fu1, fu2
	yes vs. no
	

	BMI
	bl, fu1, fu2
	kg/m2
	

	Indoor exposures

	Mould
	bl (1st year of life, 1st year of school were also measured at bl), fu1, fu2
	yes vs. no
	Mould at home measured by questionnaire (for fu1 to fu3: at the time of the survey or since last study phase)

	Dog ownership
	bl (1st year of life, 1st year of school were also measured at bl), fu1, fu2
	yes vs. no
	Dog in own home

	Cat ownership
	bl (1st year of life, 1st year of school were also measured at bl), fu1, fu2
	yes vs. no
	Cat in own home

	Occupational exposures

	Allergic occupational exposures
	complete job history up to fu2
	[bookmark: _CTVP001fabf5fd56980467c8bf7c1fc39f40b26]presence of at least one agent from Job-Exposure-Matrix (6) at some point in time vs. no agent present at any time
	Agents: animals, fish/shellfish, flour, foods, plant-related dusts, house dust mites, storage mites, plant mites, enzymes, latex, 
textiles, moulds, drugs, aliphatic amines, isocyanates, acrylates, epoxy resins, persulfates/henna, wood, metal, metal working fluids

	Irritative occupational exposures
	
	
	Agents: textiles, moulds, endotoxin, high-level chemical disinfectant, aliphatic amines, isocyanates, acrylates, epoxy resins, persulfates/henna, wood, metal, metal working fluids, herbicides, insecticides, fungicides, indoor cleaning, bleach, organic solvents, exhaust fumes


bl: baseline; fu: follow-up; SES: social-economic status; SPT: skin prick test; IgE: immunoglobulin E; BHR: bronchial hyperresponsiveness; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; FeNO: exhaled nitric oxide; ETS: environmental tobacco smoke; BMI: body mass index; baseline questionnaire was answered by participants’ parents

Table E2: LCA model criteria for 2 to 10 classes; 100 random starting values; statistical criteria for maximum likelihood solution
	# class
	df
	G2
	logL
	AIC
	BIC
	ML starting values†

	2
	4070
	1948.8
	-9014.3
	1998.8
	2141.9
	100/100

	3
	4057
	1562.9
	-8821.4
	1638.9
	1856.5
	98/100

	4
	4044
	1326.5
	-8703.1
	1428.5
	1720.5
	89/100

	5
	4031
	1184.7
	-8632.2
	1312.7
	1679.1
	100/100

	6
	4018
	1113.8
	-8596.8
	1267.8
	1708.7
	68/100

	7
	4005
	1074.4
	-8577.1
	1254.4
	1769.7
	9/100

	8
	3992
	1039.2
	-8559.5
	1245.2
	1835.0
	1/100

	9
	3979
	1004.0
	-8541.9
	1236.0
	1900.2
	2/100

	10
	3966
	974.6
	-8527.2
	1232.6
	1971.3
	1/100


† Number of random starting values that led to maximum likelihood (identification); df: degrees of freedom; G2: likelihood-ratio statistic; logL: log likelihood; AIC: Akaike information criterion; BIC: Bayesian information criterion








Table E3: Latent class model regarding symptoms of asthma and allergies with 6 latent classes (pooled estimates of 20 imputed datasets), N=2267
	Variable
	Class1
	Class2
	Class3
	Class4
	Class5
	Class6

	Prevalence
	0.563
	0.085
	0.185
	0.085
	0.054
	0.027

	
	0.515
	-
	0.611
	0.057
	-
	0.114
	0.147
	-
	0.223
	0.047
	-
	0.122
	0.022
	-
	0.087
	0.013
	-
	0.042

	Wheeze (bl)
	0.035
	0.041
	0.076
	0.228
	0.364
	0.245

	
	0.022
	-
	0.048
	-0.006
	-
	0.087
	0.035
	-
	0.117
	0.112
	-
	0.344
	0.214
	-
	0.513
	0.098
	-
	0.392

	Rhinoconjunctivitis (bl)
	0.034
	0.046
	0.332
	0.141
	0.562
	0.571

	
	0.021
	-
	0.048
	-0.010
	-
	0.101
	0.264
	-
	0.401
	0.024
	-
	0.258
	0.378
	-
	0.747
	0.385
	-
	0.757

	Eczema (bl)
	0.052
	0.445
	0.098
	0.099
	0.252
	0.903

	
	0.035
	-
	0.070
	0.330
	-
	0.560
	0.054
	-
	0.142
	0.013
	-
	0.184
	0.108
	-
	0.395
	0.723
	-
	1.083

	Wheeze (fu1)
	0.042
	0.106
	0.117
	0.583
	0.656
	0.357

	
	0.023
	-
	0.061
	0.029
	-
	0.183
	0.059
	-
	0.176
	0.391
	-
	0.775
	0.467
	-
	0.844
	0.173
	-
	0.541

	Rhinoconjunctivitis (fu1)
	0.046
	0.047
	0.656
	0.179
	0.794
	0.692

	
	0.025
	-
	0.067
	-0.032
	-
	0.127
	0.562
	-
	0.750
	-0.004
	-
	0.361
	0.582
	-
	1.007
	0.506
	-
	0.877

	Eczema (fu1)
	0.008
	0.595
	0.057
	0.072
	0.113
	0.831

	
	-0.007
	-
	0.023
	0.445
	-
	0.746
	0.022
	-
	0.092
	-0.003
	-
	0.146
	0.013
	-
	0.213
	0.624
	-
	1.037

	Wheeze (fu2)
	0.048
	0.117
	0.137
	0.700
	0.809
	0.375

	
	0.024
	-
	0.072
	0.035
	-
	0.199
	0.060
	-
	0.214
	0.503
	-
	0.896
	0.634
	-
	0.983
	0.186
	-
	0.564

	Rhinoconjunctivitis (fu2)
	0.066
	0.114
	0.711
	0.181
	0.755
	0.682

	
	0.040
	-
	0.092
	0.040
	-
	0.189
	0.617
	-
	0.805
	0.008
	-
	0.355
	0.562
	-
	0.947
	0.503
	-
	0.862

	Eczema (fu2)
	0.016
	0.507
	0.062
	0.085
	0.129
	0.760

	
	0.000
	-
	0.032
	0.371
	-
	0.643
	0.025
	-
	0.098
	0.015
	-
	0.156
	0.032
	-
	0.226
	0.518
	-
	1.001

	Wheeze (fu3)
	0.079
	0.111
	0.156
	0.571
	0.770
	0.315

	
	0.051
	-
	0.106
	0.013
	-
	0.209
	0.084
	-
	0.227
	0.384
	-
	0.758
	0.560
	-
	0.979
	0.123
	-
	0.507

	Rhinoconjunctivitis (fu3)
	0.105
	0.153
	0.595
	0.154
	0.732
	0.611

	
	0.076
	-
	0.134
	0.066
	-
	0.240
	0.500
	-
	0.690
	-0.002
	-
	0.309
	0.468
	-
	0.997
	0.416
	-
	0.805

	Eczema (fu3)
	0.041
	0.382
	0.099
	0.078
	0.202
	0.560

	
	0.022
	-
	0.061
	0.258
	-
	0.506
	0.044
	-
	0.154
	-0.007
	-
	0.162
	0.053
	-
	0.351
	0.365
	-
	0.756


First line contains latent class prevalences with 95%-confidence intervals. Remaining numbers are item-response probabilities with 95%-confidence intervals, which describe the probability of reporting the corresponding symptom when being a member of the corresponding latent class. (bold: estimates > 0.5; bl: baseline; fu: follow-up)

[image: ]
Figure E1: Comparison of the 5-class solution to the 6-class solution. Part A shows a comparison of 4 of the 5 trajectories from the 5-class solution (in colour) to the corresponding trajectories from the 6-class solution (in grey). All of them are very similar. In the top row both graphs even directly overlap. The titles give information on the corresponding latent class from the 6-class solution. Part B shows the same for the remaining trajectory from the 5-class solution, but symptom by symptom to avoid too much overlap. Wheeze and eczema are quite similar in both corresponding trajectories from the 6-class solution (“Late-onset Wheeze” & “Rhinoconjunctivitis + Wheeze”) but probabilities of rhinoconjunctivitis strongly differ.

Table E4: Association of latent class membership with environmental determinants by latent class compared to reference class “No symptoms”, every variable displayed here was analysed in a logistic regression model adjusted for sex, SES, parental SES, and study centre
	Environmental determinants
	LC 2: Eczema only
	LC 3: Rhinoconjunctivitis only
	LC 4: Late-onset Wheeze
	LC 5: Rhinoconjunctivitis + Wheeze
	LC 6: Eczema + Rhinoconjunctivitis + Wheeze

	
	OR (95%-CI)
	OR (95%-CI)
	OR (95%-CI)
	OR (95%-CI)
	OR (95%-CI)

	Smoking (only CH)
	1.24 (0.77-2.00)
	1.18 (0.84-1.64)
	0.76 (0.38-1.53)
	0.93 (0.45-1.94)
	0.66 (0.27-1.65)

	Smoking (only A/yAH)
	1.43 (0.95-2.14)
	1.24 (0.91-1.69)
	2.37 (1.52-3.71)
	1.95 (1.14-3.34)
	1.01 (0.50-2.07)

	Smoking (CH & A/yAH)
	1.23 (0.78-1.95)
	0.96 (0.68-1.36)
	2.85 (1.79-4.53)
	1.99 (1.13-3.52)
	1.14 (0.55-2.33)

	
	
	
	
	
	

	Mould (only CH)
	1.43 (0.81-2.52)
	1.04 (0.67-1.62)
	1.37 (0.73-2.56)
	1.12 (0.50-2.52)
	1.28 (0.44-3.72)

	Mould (only A/yAH)
	1.31 (0.87-1.97)
	0.93 (0.70-1.23)
	1.40 (0.93-2.09)
	1.46 (0.87-2.45)
	1.04 (0.50-2.17)

	Mould (CH & A/yAH)
	1.19 (0.74-1.90)
	1.08 (0.78-1.50)
	1.52 (0.95-2.45)
	1.22 (0.65-2.30)
	1.79 (0.89-3.61)

	
	
	
	
	
	

	Dog ownership (only CH)
	0.88 (0.44-1.77)
	1.05 (0.68-1.63)
	0.95 (0.53-1.70)
	1.04 (0.49-2.19)
	1.58 (0.69-3.64)

	Dog ownership (only A/yAH)
	1.12 (0.67-1.87)
	0.90 (0.60-1.36)
	1.39 (0.86-2.25)
	1.57 (0.88-2.78)
	0.64 (0.21-1.95)

	Dog ownership (CH & A/yAH)
	1.03 (0.55-1.92)
	0.83 (0.52-1.33)
	1.08 (0.60-1.94)
	1.23 (0.59-2.58)
	1.03 (0.36-2.94)

	
	
	
	
	
	

	Cat ownership (only CH)
	1.05 (0.62-1.79)
	1.11 (0.73-1.67)
	1.21 (0.73-2.00)
	1.20 (0.64-2.25)
	1.00 (0.40-2.52)

	Cat ownership (only A/yAH)
	0.77 (0.47-1.25)
	0.95 (0.66-1.36)
	1.09 (0.68-1.75)
	0.74 (0.37-1.48)
	0.72 (0.32-1.63)

	Cat ownership (CH & A/yAH)
	0.77 (0.46-1.28)
	0.85 (0.60-1.22)
	0.91 (0.56-1.49)
	0.86 (0.45-1.64)
	0.43 (0.15-1.22)

	
	
	
	
	
	

	Obesity (only CH)
	0.86 (0.21-3.49)
	0.79 (0.25-2.43)
	†
	1.27 (0.33-4.87)
	†

	Obesity (only A/yAH)
	1.23 (0.51-2.96)
	0.93 (0.47-1.83)
	1.45 (0.70-3.00)
	1.35 (0.51-3.60)
	1.62 (0.43-6.05)

	Obesity (CH & A/yAH)
	†
	†
	†
	†
	†

	
	
	
	
	
	

	Allergic occupational exposures
	1.03 (0.71-1.48)
	0.89 (0.68-1.16)
	1.10 (0.77-1.57)
	1.46 (0.93-2.31)
	0.89 (0.48-1.65)

	
	
	
	
	
	

	Irritative occupational exposures
	1.06 (0.77-1.47)
	0.86 (0.68-1.08)
	1.24 (0.89-1.73)
	1.41 (0.94-2.13)
	1.48 (0.85-2.55)


† no estimation due to small sample size; LC: latent class; OR: odds ratio; CI: confidence interval; CH: childhood; A/yAH: adolescence/young adulthood

Table E5: Range of mean of posterior probability of participants who report wheeze before or at the age of 4 (n=351) for the M=20 imputed datasets
	Latent class
	Range

	No symptoms
	41.1%-47.1%

	Eczema only
	6.9%-9.2%

	Rhinoconjunctivitis only
	15.4%-20.3%

	Late-onset Wheeze
	10.8%-18.8%

	Rhinoconjunctivitis + Wheeze
	8.2%-13.5%

	Eczema + Rhinoconjunctivitis + Wheeze
	4.0%-6.8%




[image: ]
Figure E2: Probability of asthma and allergy symptoms over time by latent class; only participants that filled in all 4 questionnaires. The figure shows latent classes (LC) which correspond to symptom trajectories. Each subplot shows symptom probabilities for one derived latent class with 95%-confidence intervals (CI) over time for symptoms of wheeze, rhinoconjunctivitis, and eczema, indicated by colour and symbol shape. Lines link point estimates of the same symptom. Latent class prevalences with 95%-confidence intervals are shown below latent class names.

[image: ]Figure E3: Probability of asthma and allergy symptoms over time by latent class without baseline. The figure shows latent classes (LC) which correspond to symptom trajectories. Each subplot shows symptom probabilities for one derived latent class with 95%-confidence intervals (CI) over time for symptoms of wheeze, rhinoconjunctivitis, and eczema, indicated by colour and symbol shape. Lines link point estimates of the same symptom. Latent class prevalences with 95%-confidence intervals are shown below latent class names.

[image: ]Figure E4: Probability of asthma and allergy symptoms over time by latent class without follow-ups 2 and 3. The figure shows latent classes (LC) which correspond to symptom trajectories. Each subplot shows symptom probabilities for one derived latent class with 95%-confidence intervals (CI) over time for symptoms of wheeze, rhinoconjunctivitis, and eczema, indicated by colour and symbol shape. Lines link point estimates of the same symptom. Latent class prevalences with 95%-confidence intervals are shown below latent class names.
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LC 1: No symptoms LC 2: Eczema only LC 3: Rhinoconjunctivitis
only

66.7%, 95%-Cl: 53.7%-79.6% 6.5%, 95%-Cl: 0.3%-12.7% 5.7%, 95%-Cl: 0.0%-12.0%

LC 4: Late-onset Wheeze LC 5: Rhinoconjunctivitis LC 6: Eczema +
+ Wheeze Rhinoconjunctivitis + Wheeze

13.0%, 95%-Cl: 2.5%-23.4% 4.6%, 95%-Cl: 1.4%-7.7% 3.6%, 95%-Cl: 0.7%-6.4%

911 1618 1924 2934 911 16-18 1924 2934 911 16-18 1924 20-34
Age (years)

=®= Wheeze == Rhinoconjunctivitis =ll= Eczema




