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Definition of asthma at 7 years 

Information on asthma at seven years was collected through the International Study of Asthma 

and Allergies in Childhood (ISAAC) questionnaire completed by parents. As previously agreed 

in the MeDALL (Mechanisms of the Development of Allergy) project, we defined current 

asthma based on a positive answer to at least two of the following questions: 1) ‘Has your child 

ever been diagnosed by a doctor as having asthma?’; 2) ‘Has your child taken any medicines for 

asthma (including inhalers, nebulizers, tablets or liquid medicines) or breathing difficulties 

(chest tightness, shortness of breath) in the last 12 months?’; 3) Has your child had wheezing or 

whistling in the chest at any time in the last 12 months?’[1].  

 

Reference:  

1  Hohmann C, Keller T, Gehring U, et al. Sex-specific incidence of asthma, rhinitis and 

respiratory multimorbidity before and after puberty onset: individual participant meta-

analysis of five birth cohorts collaborating in MeDALL. BMJ Open Resp Res 

2019;6:460. doi:10.1136/bmjresp-2019-000460 

 

Methods: Sensitivity analyses 

To assess the robustness of our results we performed several sensitivity analyses. We excluded 

children with current asthma at seven years, children from mothers who smoked during 

pregnancy, children with extreme lung function values (below percentile one and above 

percentile 99) and children born prematurely in separate analyses to assess whether the observed 

associations were influenced by these subsamples. We also restricted models to children with at 

least two acceptable manoeuvres reproducible within 150 mL to account for potential 

misclassification in lung function.   
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Figure S1. Flowchart of the study sample 

Abbreviations: BMI, body mass index; FEV1: forced expiratory volume in 1 second; FEF25-75: 

forced expiratory flow at 25-75% of the pulmonary volume; FVC: forced vital capacity 
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Figure S2. Directed acyclic graph of hypothesised associations between study variables  

Variables with black squares represent the minimal adjustment set of covariables required to study the association of BMI trajectories from birth to four years with lung 

function at seven years. Abbreviations: BMI, body mass index; LRTI, lower respiratory tract infections   
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Table S1. Distribution of weight and length/height at birth and at one and four years according to BMI trajectories 

 

n Higher birth size - 

accelerated BMI gain 

n = 137 (10.9%) 

Higher birth size -

slower BMI gain 

n= 145 (11.6%) 

Lower birth size - 

accelerated BMI gain 

n = 332 (26.4%) 

Average birth size -

slower BMI gain 

n = 483 (38.4%) 

Lower birth size -

slower BMI gain 

n = 160 (12.7%) 

Overall 

n = 1,257 

(100%) 

Weight  

      Birth weight (kg) 1,254 3.5 (0.5) 3.4 (0.4) 3.1 (0.4) 3.2 (0.4) 3.0 (0.5) 3.3 (0.5) 

Weight at 1 year (kg) 1,143 11.5 (1.1) 10.3 (0.9) 11.0 (1.1) 9.7 (0.9) 9.1 (0.9) 10.1 (1.2) 

Weight at 4 year (kg) 1,200 20.7 (2.9) 18.2 (2.1) 20.2 (3.1) 17.6 (2.1) 16.1 (1.9) 18.2 (2.7) 

 

 

      Height  

      Birth length (cm) 1,224 49.8 (2.0) 49.9 (1.9) 49.1 (2.4) 49.6 (2.1) 49.0 (2.6) 49.6 (2.2) 

Height at 1 year (cm) 1,143 77.7 (3.0) 76.7 (2.9) 77.2 (3.3) 76.4 (2.9) 76.3 (3.0) 76.7 (3.0) 

Height at 4 year (cm) 1,200 106.7 (4.4) 105.2 (4.3) 107.2 (4.7) 105.5 (4) 104.6 (4.4) 105.6 (4.3) 

Values are means and standard deviations. Abbreviations: BMI: body mass index 
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Table S2. Characteristics of included and non-included participants  

 

Participants  

(n=1,257) 

n (%), mean (SD) or 

median (P25-P75) 

Non-participants 

(n=1,013) 

n (%), mean (SD) or 

median (P25-P75) 

p-value* 

Maternal characteristics    

Age at delivery (years) 30.9 (0.1) 29.7 (0.2) <0.001 

Pre-pregnancy BMI (kg/m
2
) 22.6 (20.8 to 25.2) 22.5 (20.7 to 25.1) 0.559 

History of allergy-related disease †  335 (26.7%) 246 (25.2%) 0.417 

Smoking during pregnancy    

Never smoker 573 (46.2%) 361 (41.5%) 0.061 

Smoking before pregnancy 458 (37.0%) 334 (38.5%)  

Smoking during pregnancy 208 (16.8%) 173 (20.0%)  

Educational level    

Primary or less 263 (21.2%) 312 (33.4%) <0.001 

Secondary 515 (41.4%) 376 (40.3%)  

University 465 (37.4%) 245 (26.3%)  

Child characteristics     

Sex: girls 622 (49.5%) 415 (47.2%) 0.302 

Birth weight (grams) 3,258 (458) 3,256 (521) 0.764 

Low birth weight (<2,500 g) 65 (5.2%) 45 (5.2%) 0.994 

Gestational age (weeks) 39.9 (38.9 to 40.7) 39.9 (38.9 to 40.6) 0.959 

Preterm birth (<37 weeks gestation) 48 (3.8%) 40 (4.6%) 0.390 

Duration of any breastfeeding (weeks) 25.9 (10.7 to 43.4) 21.8 (5.7 to 39) 0.001 

Low respiratory tract infections during the 

first year  

438 (35.4%) 240 (34.3%) 0.637 

Abbreviations: BMI: body mass index 

†Defined as reporting at least one of the following: allergic asthma, atopic dermatitis, eczema or allergic 

rhinitis 

*p-value for chi-squared, t-test or U-Mann Witney tests  
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Table S3. Adjusted associations of early childhood BMI trajectories with lung function at seven years 

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 1,195 
  

1,195 
  

1,195 
  

1,193 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 3.3 (1.0 to 5.6) 0.005 
 

1.5 (-0.9 to 3.8) 0.215 
 

-1.5 (-2.9 to -0.1) 0.031 
 

-2.8 (-7.4 to 1.7) 0.222 

Higher birth size - Slower BMI gain  0.6 (-1.1 to 2.3) 0.480 
 

1.1 (-0.6 to 2.8) 0.214 
 

0.4 (-0.6 to 1.5) 0.407 
 

1.7 (-1.7 to 5.1) 0.325 

Lower birth size - Accelerated BMI gain 2.8 (0.5 to 5.0) 0.016 
 

1.2 (-1.1 to 3.5) 0.315 
 

-1.3 (-2.7 to 0.1) 0.064 
 

-1.9 (-6.4 to 2.6) 0.417 

Lower birth size - Slower BMI gain -3.1 (-5.2 to -0.9) 0.006 
 

-1.9 (-4.1 to 0.3) 0.098 
 

1.1 (-0.2 to 2.4) 0.096 
 

0.4 (-3.9 to 4.7) 0.858 

All models were adjusted for maternal age at delivery, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year 

Abbreviations: BMI: body mass index; FEF25-75: forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 
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All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year  

Abbreviations: BMI: body mass index; FEF25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 

* p-value for the Wald test, which tests the overall significance of the interaction for all trajectory groups    

Table S4. Adjusted associations of early childhood BMI trajectories with lung function at seven years - Stratified by sex   

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

Girls  
           

n 590 
  

590 
  

590 
  

588 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 5.6 (2.2 to 8.9) 0.001 
 

4.5 (1.2 to 7.7) 0.007 
 

-0.9 (-2.8 to 1.0) 0.370 
 

0.3 (-5.9 to 6.5) 0.928 

Higher birth size - Slower BMI gain  1.9 (-0.5 to 4.3) 0.120 
 

1.6 (-0.8 to 4) 0.186 
 

-0.2 (-1.6 to 1.2) 0.806 
 

0.8 (-3.7 to 5.3) 0.732 

Lower birth size - Accelerated BMI gain 4.5 (1.2 to 7.8) 0.007 
 

3.2 (0 to 6.5) 0.051 
 

-1.0 (-2.9 to 0.9) 0.316 
 

0.5 (-5.7 to 6.7) 0.883 

Lower birth size - Slower BMI gain -3.3 (-6.6 to -0.1) 0.045 
 

-2.1 (-5.4 to 1.1) 0.193 
 

1.4 (-0.4 to 3.3) 0.134 
 

-0.9 (-7.1 to 5.2) 0.768 

Boys             

n 605 
  

605 
  

605 
  

605  

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 1.3 (-1.8 to 4.4) 0.420 
 

-1.4 (-4.7 to 1.9) 0.395 
 

-2.3 (-4.4 to -0.3) 0.025 
 

-6.3 (-13 to 0.3) 0.062 

Higher birth size - Slower BMI gain  -0.3 (-2.7 to 2.1) 0.803 
 

0.8 (-1.7 to 3.2) 0.543 
 

1.0 (-0.5 to 2.6) 0.190 
 

2.4 (-2.6 to 7.4) 0.340 

Lower birth size - Accelerated BMI gain 1.3 (-1.7 to 4.4) 0.388 
 

-0.6 (-3.8 to 2.6) 0.727 
 

-1.5 (-3.5 to 0.5) 0.146 
 

-3.9 (-10.4 to 2.6) 0.239 

Lower birth size - Slower BMI gain -3.2 (-6.1 to -0.3) 0.030 
 

-2.3 (-5.3 to 0.8) 0.148 
 

0.7 (-1.2 to 2.6) 0.471 
 

-0.2 (-6.3 to 6.0) 0.957 

            
p-value for sex interaction* 

 
0.216 

  
0.075 

  
0.385 

  
0.410 
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All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year 

Abbreviations: BMI: body mass index; FEF25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 

  

Table S5. Adjusted associations of early childhood BMI trajectories with lung function at seven years - Excluding children with current asthma at seven years   

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 1,087 
  

1,087 
  

1,087 
  

1,085 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 3.6 (1.2 to 5.9) 0.003 
 

1.8 (-0.6 to 4.2) 0.149 
 

-1.5 (-3.0 to -0.1) 0.038 
 

-3.0 (-7.7 to 1.7) 0.214 

Higher birth size - Slower BMI gain  0.9 (-0.9 to 2.6) 0.323 
 

1.1 (-0.6 to 2.9) 0.209 
 

0.2 (-0.8 to 1.3) 0.662 
 

1.3 (-2.2 to 4.8) 0.466 

Lower birth size - Accelerated BMI gain 3.1 (0.8 to 5.4) 0.009 
 

1.5 (-0.9 to 3.9) 0.215 
 

-1.3 (-2.7 to 0.1) 0.069 
 

-1.8 (-6.5 to 2.9) 0.453 

Lower birth size - Slower BMI gain -2.7 (-4.9 to -0.4) 0.020 
 

-1.9 (-4.2 to 0.4) 0.108 
 

0.7 (-0.7 to 2.1) 0.307 
 

-0.4 (-5.0 to 4.1) 0.846 
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Table S6. Adjusted associations of early childhood BMI trajectories with lung function at seven years – Excluding children from mothers who smoked during 

pregnancy 

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 995 
  

995 
  

995 
  

993 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 2.7 (0.2 to 5.3) 0.036 
 

1.0 (-1.6 to 3.6) 0.448 
 

-1.5 (-3.0 to 0.1) 0.064 
 

-3.0 (-8.1 to 2.1) 0.247 

Higher birth size - Slower BMI gain  0.6 (-1.2 to 2.5) 0.511 
 

0.9 (-1.0 to 2.8) 0.352 
 

0.2 (-0.9 to 1.4) 0.683 
 

0.8 (-2.9 to 4.5) 0.664 

Lower birth size - Accelerated BMI gain 2.4 (-0.1 to 5.0) 0.064 
 

1.6 (-1.0 to 4.2) 0.228 
 

-0.7 (-2.2 to 0.9) 0.402 
 

-0.4 (-5.4 to 4.7) 0.886 

Lower birth size - Slower BMI gain -2.8 (-5.1 to -0.4) 0.020 
 

-1.4 (-3.8 to 0.9) 0.236 
 

1.2 (-0.2 to 2.6) 0.086 
 

1.2 (-3.4 to 5.8) 0.615 

All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year 

Abbreviations: BMI: body mass index; FEF25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 

 

  



11 

 

Table S7. Adjusted associations of early childhood BMI trajectories with lung function at seven years – Excluding children with extreme lung function values (<p1 

& >p99) 
 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 1,172 
  

1,171 
  

1,174 
  

1,172 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 2.7 (0.6 to 4.8) 0.013 
 

1.3 (-0.9 to 3.4) 0.247 
 

-0.8 (-2.1 to 0.5) 0.230 
 

-0.9 (-5.3 to 3.4) 0.672 

Higher birth size - Slower BMI gain  0.2 (-1.4 to 1.7) 0.825 
 

0.8 (-0.7 to 2.4) 0.293 
 

0.6 (-0.4 to 1.5) 0.218 
 

1.0 (-2.2 to 4.2) 0.534 

Lower birth size - Accelerated BMI gain 2.7 (0.6 to 4.8) 0.011 
 

1.6 (-0.5 to 3.7) 0.136 
 

-0.9 (-2.2 to 0.4) 0.157 
 

-0.3 (-4.6 to 4.0) 0.889 

Lower birth size - Slower BMI gain -2.8 (-4.8 to -0.8) 0.007 
 

-1.6 (-3.6 to 0.4) 0.107 
 

1.3 (0.1 to 2.6) 0.033 
 

1.0 (-3.1 to 5.1) 0.637 

All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year 

Abbreviations: BMI: body mass index; FEF 25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence intervals 
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Table S8. Adjusted associations of early childhood BMI trajectories with lung function at seven years – Excluding preterm children  

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 1,151 
  

1,151 
  

1,151 
  

1,149 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 2.8 (0.5 to 5.1) 0.015 
 

1.1 (-1.2 to 3.5) 0.335 
 

-1.4 (-2.8 to 0.0) 0.046 
 

-2.8 (-7.4 to 1.7) 0.222 

Higher birth size - Slower BMI gain  0.6 (-1.1 to 2.3) 0.495 
 

1.2 (-0.5 to 2.9) 0.181 
 

0.5 (-0.5 to 1.6) 0.315 
 

2.1 (-1.3 to 5.4) 0.235 

Lower birth size - Accelerated BMI gain 2.8 (0.5 to 5.1) 0.017 
 

1.4 (-1.0 to 3.7) 0.257 
 

-1.2 (-2.6 to 0.2) 0.103 
 

-1.4 (-6.0 to 3.2) 0.546 

Lower birth size - Slower BMI gain -3.0 (-5.2 to -0.8) 0.008 
 

-1.6 (-3.9 to 0.6) 0.161 
 

1.3 (-0.1 to 2.6) 0.064 
 

1.2 (-3.2 to 5.7) 0.581 

All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year  

Abbreviations: BMI: body mass index; FEF25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 

  



13 

 

 

Table S9. Adjusted associations of early childhood BMI trajectories with lung function at seven years – Restricting models to children with at least two acceptable 

manoeuvres reproducible within 150 mL  

 Percent predicted  

FVC (%) 

 Percent predicted  

FEV1 (%) 

 Percent predicted  

FEV1/FVC (%) 

 Percent predicted  

FEF25-75 (%) 

BMI trajectories Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value  Coef (95% CI) p-value 

n 939 
  

939 
  

939 
  

939 
 

Average birth size - Slower BMI gain Reference 
  

Reference 
  

Reference 
  

Reference 
 

Higher birth size - Accelerated BMI gain 4.9 (2.4 to 7.4) <0.001 
 

2.7 (0.2 to 5.2) 0.033 
 

-1.9 (-3.4 to -0.4) 0.014 
 

-2.4 (-7.4 to 2.6) 0.354 

Higher birth size - Slower BMI gain  0.0 (-1.8 to 1.8) 0.994 
 

0.2 (-1.6 to 2.0) 0.809 
 

0.2 (-0.9 to 1.3) 0.711 
 

0.7 (-2.9 to 4.2) 0.701 

Lower birth size - Accelerated BMI gain 2.4 (0.0 to 4.8) 0.046 
 

0.9 (-1.5 to 3.3) 0.453 
 

-1.4 (-2.8 to 0.1) 0.062 
 

-2.6 (-7.4 to 2.2) 0.280 

Lower birth size - Slower BMI gain -2.6 (-4.9 to -0.3) 0.025 
 

-1.7 (-3.9 to 0.6) 0.154 
 

0.9 (-0.5 to 2.2) 0.210 
 

0.0 (-4.6 to 4.6) 0.997 

All models were adjusted for maternal age at pregnancy, pre-pregnancy BMI, history of allergy-related disease, educational level, smoking during pregnancy, and child’s 

gestational age, duration of any breastfeeding and lower respiratory tract infections during the first year  

Abbreviations: BMI: body mass index; FEF 25-75, forced expiratory flow 25-75%; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; Coef: regression 

coefficient: 95% CI; 95% confidence interval 

 

 

 


