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Abstract 70 

Background 71 

The impact of early rapid body mass index (BMI) increase on asthma risk and subsequent 72 

lung function remains contentious, with limited prospective studies during a critical window 73 

for lung growth.  74 

Objective: 75 

We investigated the associations between BMI trajectories in the first 2 years of life, and 76 

adolescent asthma and lung function. 77 

Methods 78 

Anthropometric data was collected up to 18 times in the first 24 months on 620 infants from 79 

the Melbourne Atopy Cohort Study. BMI trajectories were developed using group-based 80 

trajectory modelling. Associations between these trajectories and spirometry, fractional 81 

exhaled nitric oxide, and current asthma status at 12 and/or 18 years of age were modelled 82 

using multiple linear and logistic regression.  83 

Results 84 

Five BMI trajectories were identified. Compared to the “average trajectory”, children 85 

belonging to the “early low and catch up” and “persistently high” BMI trajectories were at 86 

higher risk of asthma at 18 years (OR=2·2; 95%CI 1·0, 4·8 and 2·4; 1·1, 5·3 respectively). 87 

These trajectories were also associated with lower FEV1 by FVC, and higher FeNO levels at 88 

18 years. In addition, children belonging to the “persistently low” trajectory had lower FEV1 89 

(β=-183·9 ml; 95%CI -340·9, -26·9) and FVC (β=-207·8 ml; -393·6, -22·0) at 18 years.  90 

Conclusion 91 

In this cohort, “early low & catch up” and “persistently high” trajectories were associated 92 

with asthma and obstructive lung function pattern in adolescence. Having a persistently low 93 

BMI at an early age was associated with a restrictive pattern. Thus, maintenance of normal 94 

growth patterns may lead to improved adolescent respiratory health. 95 

Word Count: 250 96 
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Key Messages 104 

• Five infant BMI trajectories were identified: average, below average, persistently low, 105 

early low and catch up, and persistently high.    106 

• Children with high BMI trajectories during the first two years of life are at risk of 107 

asthma and obstructive spirometric pattern during adolescence. 108 

•  Children with low BMI trajectory during the first two year of life are at risk of 109 

restrictive spirometric pattern during adolescence 110 

 111 

Capsule Summary 112 

Children in high BMI trajectories in the first two years of life may be at risk of asthma and 113 

obstructive lung function deficits while those in the low BMI trajectory may be at risk of 114 

restrictive lung function deficits.  115 

Key Words 116 

Infant body mass Index, early rapid growth, Body mass index trajectories, early growth 117 

pattern, group-based trajectory modelling, infant growth trajectories, growth developmental 118 

trajectories, asthma, and lung function 119 

Abbreviations 120 

BMI: Body mass index  121 

MACS: Melbourne Atopy Cohort Study  122 

ATS: American Thoracic Society 123 

ERS: European Respiratory Society 124 

Pre-BD: Pre-bronchodilator 125 

Post-BD: Post bronchodilator 126 

FeNO: Fractional Exhaled nitric oxide 127 

FEV1: Forced expiratory volume in one second  128 

FVC: Forced vital capacity  129 

FEF25-75: Mid expiratory flow  130 

FEV/FVC: Ratio of Forced expiratory volume in one second and forced vital capacity 131 

GLI: Global Lung Function Initiative 132 

DAG: Directed acyclic causal diagrams 133 

ANU3_2: Australian occupational socioeconomic index 134 

BIC: Bayesian information criterion 135 

TEM: Total effect mediated 136 
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Introduction  139 

Childhood asthma and poor lung function lead to disability in children and contribute 140 

substantially to subsequent chronic respiratory morbidity and mortality in adults.1 The 141 

prevalence of asthma among children has increased dramatically over the last few decades,2 142 

which parallels adoption of a modern “Western” lifestyle.3,4 Therefore, obesity, a major 143 

characteristic of a modern lifestyle, has been identified as a potential modifiable risk factor 144 

for asthma and poor lung function.  145 

While early life adiposity has been recognised as a risk factor for asthma,5 there are 146 

discrepancies in the recent findings about this association. Some studies reported an increased 147 

risk of asthma in children with early life obesity,5,6 but other studies were unable to replicate 148 

these findings.7-9 One of the major reasons for these inconsistent findings may be that studies 149 

that have investigated the link between obesity and asthma are either cross-sectional, or even 150 

if longitudinal, only investigated the impact of obesity by measuring body mass index (BMI) 151 

at one time point. To determine whether there may be a temporal and causal relationship 152 

between obesity and asthma and lung function, it is necessary to incorporate both the age of 153 

onset and the persistence of obesity as potential risk factors by developing BMI trajectories.  154 

More importantly, early life BMI trajectories could provide a better understanding of these 155 

links, given that early life is a critical time for lung growth and development. 10,11 156 

Although previous studies have considered childhood obesity as a risk factor for the 157 

development of asthma and poor lung function,12 only a few looked at the impact of early 158 

growth on subsequent respiratory health.5,13  Previous studies proposed an association 159 

between higher childhood BMI trajectories and development of poor respiratory health in 160 

adult life.5,14 However, these studies did not consider the early life growth, especially during 161 

infancy, which could confound this association. These two studies developed BMI 162 

trajectories from 1-7+ years, with 2 and 3 BMI data time points in the first year of life. No 163 

study to date has investigated the impact of infant BMI trajectories developed using more 164 

than 3 data time points on adolescent asthma and lung function, especially using spirometry 165 

with inhaled bronchodilator, to fill this critical knowledge gap. 166 

Given the above knowledge gaps, we aimed to investigate the association of early life BMI 167 

trajectories (1-24 months) and the development of asthma and lung function during childhood 168 

and late adolescence (at 12 and 18 years of age).  169 

  170 

 171 

 172 
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Methods 173 

Study Population and Design 174 

We utilised data from the Melbourne Atopy Cohort study (MACS), that started as a 175 

randomised controlled trial to evaluate the impact of three different infant formulas (cow’s 176 

milk, partially hydrolysed whey or standard soy formula) on the incidence of allergic 177 

diseases. 15  178 

Data collection 179 

A total of 620 infants with a family history of allergic diseases were enrolled by recruiting 180 

pregnant women and their families from 1990 to 1994 from Melbourne, Australia. Eligible 181 

infants had at least one first degree family member with a history of any of the allergic 182 

diseases (eczema, asthma, allergic rhinitis, or food allergy). Initial approval for the study was 183 

given by the Mercy Maternity Hospital Ethics Committee and subsequently by the Royal 184 

Children Hospital. Detailed description of the MACS data collection has been published.15 185 

Briefly, at baseline, information on sociodemographic characteristics, environment and 186 

respiratory health of family members was collected.    187 

Subsequently, interviewer administered questionnaires collected information on the health of 188 

the children including body weight and length/height at 18 time points from birth to 24 189 

months, then at 12 and 18 years. Parents reported asthma status at 12 years, while participants 190 

self-reported asthma at 18 years. Spirometry was performed following standardised 191 

techniques at 12 years (without inhaled bronchodilator [pre-BD]) and 18 years (pre- and post-192 

BD) (see details of lung function in supplement). Levels of fractional exhaled nitric oxide 193 

(FeNO) were measured at 18 years.  194 

Body Mass Index 195 

Body mass index (weight in kilograms divided by height in metres squared) was calculated 196 

and converted to z-scores. Data for weight and height was collected at 1-15, 18, 21 and 24 197 

months during early follow-up visits). Age and sex standardized BMI z-scores (British 198 

growth chart) were generated using the “zanthro” function in Stata version 14. 16 These z 199 

scores were used to develop BMI trajectories using age to define the time variable in 200 

trajectory analysis.  201 

Outcomes  202 

Outcomes for this analysis were: 1) current asthma (defined as the number of episodes [one 203 

or more] and/or use of asthma medications in the last 12 months), 2) lung function (FEV1, 204 

FVC and FEV1/FVC) at both 12- and 18-years,  3) lung function growth from 12 to 18 years 205 
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(change in FEV1 and FVC), 4) FeNO at 18 years, and 5) bronchodilator responsiveness  at 18 206 

years (see details in supplement)   207 

Covariates 208 

Potential confounders between early life growth trajectories and asthma and lung function 209 

outcomes were determined by constructing directed acyclic graphs (DAGs)17 (supplementary 210 

Figures S I and S II).  The resultant minimum set of confounders and details of assessment of 211 

confounding variables is available in the supplement.   212 

Statistical Analysis 213 

The analysis included all children with anthropometric data for at least 5-18 time points in the 214 

first two years of life. We developed trajectories of BMI z-scores measured at up to 18 time 215 

points during this period using group-based trajectory modelling, a type of finite mixture 216 

modelling using maximum likelihood to identify groups of individuals whose measurements 217 

followed a similar pattern over time.18 We fitted models with increasing numbers of 218 

trajectories. Initially, for a specified number of trajectories, different models with different 219 

polynomial functions were first compared sequentially to select the model with the highest 220 

order polynomial for which all parameters defining the polynomial were significantly 221 

different from zero. The most appropriate model with n distinct trajectories was then 222 

compared with the most appropriate model with n+1 distinct trajectories.19 Bayesian 223 

information criteria (BICs) were used to assess model fit. We selected the final model based 224 

on BIC fit along with shape and interpretation of the trajectories. 225 

Associations between BMI trajectories and asthma (at 12 and 18 years) and bronchodilator 226 

responsiveness (at 18 years) were assessed using logistic regression models. Associations 227 

between BMI trajectories and lung function and FeNO were assessed using linear regression 228 

models. The “average trajectory” was used as a reference group for all analyses, as the 229 

distribution of this trajectory was around average BMI of the population (Z-score=0). All 230 

models (asthma and lung function) were adjusted for the minimum set of potential 231 

confounders; sex, breast feeding, mother’s age, parental history of smoking, parental 232 

education and socioeconomic status, family history of asthma, respiratory tract infection in 233 

the child’s first 2 years of life, age of introduction of first solid food, and number of siblings.  234 

There was no evidence for an interaction between BMI trajectories and infant formula 235 

allocation (trial intervention) in relation to asthma and lung function outcomes (all p values 236 

for interaction > 0.45). Hence, we adjusted the models for trial arms.  We tested whether BMI 237 

at 18 years mediated the associations between BMI trajectories in early life and asthma and 238 

lung function outcomes by assessing total effect mediated (TEM) using the “medeff” package 239 
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in Stata. We were unable to consider the potential for BMI at 12 years as a mediator because 240 

of insufficient data. All analyses were performed using Stata version 14 (Stata Corp, College 241 

Station, TX, USA) with a group-based trajectory modelling plug-in.20     242 

 243 

Results 244 

BMI Trajectories and their Characteristics 245 

The numbers of participants with information on asthma status and spirometry at 12 and 18 246 

years are described in Figure I. Five BMI trajectories were identified (Figure II). The 247 

‘average’ trajectory included 154 children (25·3%), the ‘below average’ trajectory 182 248 

(28·8%), the ‘persistently low’ trajectory 84 (13·5%), the ‘early low and catch up’ trajectory 249 

109 (17·9%) and, the ‘persistently high’ trajectory 90 children (14·6%).  250 

Distribution of most baseline variables (sex, parental age, parental education, parental history 251 

of smoking, parental history of asthma and age at solid introduction) of participants were 252 

similar across all five trajectories (Table I). However, duration of exclusive breast feeding 253 

was significantly shorter in participants who belonged to the ‘early low and catch up 254 

trajectory’ and the ‘persistently high trajectory’, compared to those who belonged to the 255 

average trajectory. Compared to participants in the ‘average’ trajectory, those in the 256 

‘persistently low’ trajectory also had a significantly lower BMI at 18 years (supplementary 257 

Table S I & S II). Participants in other early life trajectories were not clearly different from 258 

those in the average trajectory in terms of BMI at either 12 years or 18 years. 259 

BMI trajectories, Asthma and FeNO 260 

At 12 years of age, 23.7% (85/359) of participants had current asthma, and at 18 years it was 261 

23.5% (97/417). There was no evidence for any associations between early life BMI 262 

trajectories and asthma at 12 years of age (Table II).  At 18 years, belonging to both the ‘early 263 

low and catch up’ (OR=2·23; 95%CI 1·03, 4·82) and the ‘persistently high’ (OR=2·42; 264 

95%CI 1·11, 5·38) trajectories was associated with an increased risk of asthma. Consistent 265 

with this association, belonging to the ‘early low and catch up’ trajectory was associated with 266 

increased FeNO levels at 18 years (β=16·7ppb, 95%CI 0·31, 33·0), and there was also some 267 

modest evidence for association for belonging to the ‘persistently high’ trajectory 268 

(β=13·42ppb, 95%CI -3·33, 30·18) (see Table III). We did not see an interaction with sex at 269 

12 years (p-value; 0.511) or 18 years (p-value: 0.434) in case of BMI trajectories and asthma.   270 

Similarly, no interaction was found with current BMI at 12 years (P-value; 0.829) and current 271 

BMI at 18 years (p-value;0.989) 272 

 273 
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 274 

BMI Trajectories and Pre-BD Lung function  275 

There was no evidence that early life BMI trajectories were associated with pre-BD lung 276 

function (FEV1, FVC, FEV1 by FVC and FEF25-75) at 12 years of age.  However at 18 years, 277 

pre-BD FEV1 by FVC was lower in those belonging to  the ‘below average’ (β=-2·0; 95%CI 278 

-4·0, -0·01), the ‘early low and catch up’ (β=-2·4%; 95%CI -4·8, -0·1) and the ‘persistently 279 

high’ (β=-2·5%; 95%CI -4·9, -0·1) trajectories when compared to the “average” trajectory 280 

(see Figure III. Similar findings were present for pre-BD FEF25-75. Details are in 281 

supplementary Tables S III. There was no evidence for an association between the trajectories 282 

and bronchodilator responsiveness as a categorical variable or a continuous variable 283 

(Supplementary Table S IV).  284 

BMI Trajectories and Post-BD Lung function 285 

There was evidence that belonging to the ‘persistently low’ trajectory was associated with a 286 

lower post-BD FEV1 (β=-183·9ml; 95%CI -340·9, -26·9) and FVC (β=-207·8ml; 95%CI -287 

393·6, -22·0). Belonging to both the ‘below average’ (β=-126·3ml; 95%CI -250·4, -2·2) and 288 

‘early low and catch up’ (β=-191·6ml; 95%CI -339·6, -43·8) trajectories were associated 289 

with a lower post-BD FEV1. In addition, belonging to the ‘below average’ (β=-1·5%; 95%CI-290 

3·1, -0·2), ‘early low and catch up’ (β=-2·1%; 95%CI -4·1, -0·2), and ‘persistently high’ (β=-291 

3·1%; 95%CI -5·1, -1·2) trajectories were associated with a lower post-BD FEV1 by FVC, 292 

consistent with an obstructive pattern.  Belonging to these three trajectories were also related 293 

to a lower post-BD FEF25-75 (β=-436·2ml/s 95%CI -713·6, -158·8, β=-612·5ml/s; 95%CI -294 

943·0, -281·9 and β=-440·9ml/s; 95%CI -777·5, -104·2, respectively) (Figure III). We found 295 

similar and consistent results to adjusted raw values using z-scores of lung function indices 296 

for the analysis (Supplementary Table S V). 297 

BMI Trajectories and Lung Function change from 12 years to 18 years 298 

The BMI trajectories were not significantly different with respect to lung function growth 299 

from 12 to 18 years.  (supplementary Figure SIII). 300 

Mediation by BMI at 18 Years 301 

We found that low BMI at 18 years partially mediated the association between the belonging 302 

to “persistently low” BMI trajectory in infancy and low lung function outcomes; by 17% 303 

(95%CI= 9, 77%) for post-BD FEV1 and 28% (95%CI= 16, 110%) for post-BD FVC 304 

(supplementary Table S VI). There is no evidence that the associations between belonging to 305 

the other early life BMI trajectories and asthma were mediated by BMI at 18 years. 306 

 307 
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Discussion 308 

This study is the first to investigate the association between BMI trajectories developed using 309 

18 time point BMI data in the first two years of life and subsequent asthma, pre- and post-BD 310 

lung function in adolescents. We identified five BMI trajectories. Belonging to both ‘early 311 

low and catch up’ and ‘persistently high’ BMI trajectories were associated with current 312 

asthma and lower pre-BD and post-BD FEV1 by FVC (i.e. obstructive physiology) and higher 313 

FeNO levels, at the age of 18 years. A novel finding was the link between belonging to the 314 

‘persistently low’ BMI trajectory and low post-BD FEV1 and FVC with a normal FEV1 by 315 

FVC at the age of 18 years, i.e. a more restrictive spirometric pattern. Associations between 316 

BMI trajectories and asthma and lung function at 12 years of age were in similar directions as 317 

the 18-year, however there was not enough evidence to support these findings.  318 

While studies have previously reported associations between BMI trajectories through 319 

childhood/adolescence and asthma, 5,10,11,14 none of them had investigated only growth in the 320 

first two years of life, a time of rapid and dynamic physiological lung changes and 321 

development.21 Rzehak et al identified three BMI trajectories from 0 to 6 years of age using  322 

data at 7 time points: normal, early rapid growth and persistently rapid growth, and found that 323 

belonging to the early rapid growth trajectory was related to a higher risk of asthma at 6 324 

years.5 Wadden et al reported three BMI trajectories from 0-10 years using data at 5 time 325 

points: stable, decreasing and increasing. They found that the increasing BMI trajectory was 326 

associated with asthma at age 10 years in girls.11 Ziyab et al. identified four BMI trajectories, 327 

using data from four time points from age 1 to 18 years: normal, early transient overweight, 328 

delayed overweight and early persistent obesity. 10 The early persistent obesity group was 329 

associated with increased risk of asthma and lower pre-BD FEV1/FVC at the age of 18 years. 330 

Another study in children aged 6-11 years, using data at 6 time points, reported four BMI 331 

trajectories: normal growth, rapid growth, persistently overweight and obese and later 332 

decline.14 The persistently overweight trajectory was associated with an increased risk of 333 

asthma, while the rapid growth trajectory and persistently overweight trajectories were both 334 

associated with a lower pre-BD FEV1 by FVC at the age of 12 years.14   335 

None of these previous trajectory studies could be directly compared with our study, given 336 

neither the age span of their BMI trajectories nor reference group (the lowest trajectory was 337 

used as the reference point in all previous studies) were like our study. Nevertheless, the 338 

findings have some consistency. Overall, these studies showed an association of early 339 

childhood rapid BMI increase or persistently high BMI trajectories with asthma and 340 

obstructive lung function during adolescence. Similarly, we found associations of the 341 
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“persistently high” and “early low and catch-up” trajectories with asthma and poor lung 342 

function at 18 years. 343 

The richness of anthropometric data collected in early infancy in our study allowed us to 344 

identify five BMI trajectories. In contrast, the highest number of BMI trajectories identified 345 

in previous studies were four through childhood5,10,11,14  346 

None of the previous studies identified either the persistently low BMI trajectory or 347 

investigated the association between BMI trajectories and post-BD lung function. Therefore, 348 

our finding of a link between the persistently low BMI trajectory and a restrictive spirometric 349 

pattern is novel.  The association between the persistently low BMI trajectory and restrictive 350 

spirometric pattern was only partially mediated by low BMI at age 18 years, suggesting that 351 

the impact of low BMI in early life may potentially be due to under-development of the lung 352 

parenchyma. 353 

One of the suggested underlying mechanisms for the association of high adult BMI with 354 

subsequent asthma and obstructive lung function is adiposity-related systemic inflammation 355 

and reduction in lung volumes.22 We propose that the same mechanism could contribute to 356 

poor development of lungs during the first two years of life. Early infancy is a critical period 357 

for the development of respiratory system. Adipose tissues release pro-inflammatory 358 

cytokines leading to macrophage proliferation in lung tissues with subsequent airway 359 

inflammation.22,23 Such inflammation in early life may influence asthma and long-term lung 360 

function.  Other mechanisms may include shared genetic factors, epigenetic effects through 361 

prenatal diet; changes in gut microbial flora and maternal smoking during pregnancy.24,25 362 

These mechanisms might affect the development of the infant immune system and somatic 363 

growth. Given high infant BMI is associated with the development of obesity in later life,26 364 

the impact of later life obesity may be a one of the reasons for the associations observed.  365 

Using transverse airway sections from post-mortem lungs, Elliot et al found the accumulation 366 

of adipose tissue within the airways itself, in obese participants with asthma, was associated 367 

with a greater wall thickness and inflammation in an adult population. 27 This possible 368 

mechanism of adipose tissue in the airways provides additional biological plausibility for 369 

increased asthma in high BMI trajectories and may also be relevant to adverse obesity-related 370 

lung function changes during early life. Other possible mechanisms that could affect the 371 

airways include the impact of high BMI on hormonal imbalance (lower progesterone 372 

production leading to decreased β2-receptor function), oxidative stress (associated with 373 

increased 8-isoprostane) and release of adipokines (high levels of interleukin-6, tumour 374 

necrosis factor-ɑ and leptin).7   375 
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A possible mechanism of association between persistently lower BMI trajectory and a 376 

restrictive spirometric pattern in our study could be reduced skeletal muscle mass in 377 

underweight individuals. Loss of abdominal wall, diaphragmatic and intercostal muscle mass 378 

could affect respiratory muscle strength and force.28 Another possible reason could be smaller 379 

lung size because of poor or under nutrition. We found a low BMI at 18 years for participants 380 

with the persistently low trajectory compared to those with the average trajectory, while 18-381 

year BMI was not different for all the other trajectory groups (Table SI). This indicated that 382 

those who belong to a persistently low BMI trajectory during first 2 years of life can have 383 

lower BMI during adolescence. The mediation analysis suggested lower BMI in late 384 

adolescence mediated around a quarter of the association between early life persistently low 385 

BMI trajectory and adolescent lung function. Other possible mechanisms would be impaired 386 

immunity, other morbidities and physical inactivity related to being underweight.29 387 

This study has a number of important strengths, but also some limitations. The high 388 

frequency of BMI (mean =17.5) assessments allowed us to accurately identify BMI patterns 389 

using group-based trajectory modelling. Long-term follow-up and repeated lung function 390 

assessments were also major strengths. One of the limitations of our study is that small study 391 

sample and further loss to follow-ups at 12 and 18 years. However, neither exposure or 392 

outcome were related to the loss to follow-up in our study. Therefore, we expect that loss to 393 

follow-up may have a minimum influence on the results.  Furthermore, we were unable to 394 

adjust the full analysis for some potential confounding factors due to missing data e.g. 395 

gestational age and birth weight. Another limitation of our study is that we did not measure 396 

body composition to investigate the impact of adiposity, however BMI z-scores in children 397 

have been found to be closely related to overall adiposity.30  A recent study showed both 398 

higher fat mass and BMI trajectories were associated with lung function deficits suggesting 399 

that BMI can be used as a surrogate of fat mass.31 Similarly, the lung volumes were not 400 

measured and therefore we cannot establish the link between trajectories and true lung 401 

restriction.  Another limitation in this study was that the lung function was not measured 402 

earlier than 12 years. Additionally, lung function was measured using different spirometry 403 

equipment at 12 and 18 years. This would not affect the age-specific analysis while this could 404 

have affected the results for lung function growth. Such misclassification is likely to be non-405 

differential and may have contributed to the null results in the analysis of the lung function 406 

growth.  We were unable to investigate the lung function growth using post-BD lung function 407 

as post-BD was not performed at 12 years. Furthermore, in our mediation analysis, the 408 

mediator of the association, BMI at 18 years, was measured at the same time as the outcome. 409 

Jo
urn

al 
Pre-

pro
of



13 

 

13 

 

This is a limitation of this analysis, however, BMI at 18 years is likely to be a proxy the past 410 

BMI.   Finally, results should be generalised with caution as we studied a high-risk cohort for 411 

asthma and allergies. Studies conducted in high risk group can only be applicable to high risk 412 

cohorts. These high-risk groups could have high risk of development of the outcome.  413 

In conclusion, the findings are novel given that this is the first study to investigate BMI 414 

trajectories in the first two years of life and their association with both pre- and post-BD lung 415 

function. Our findings suggest that infants who belonged to a high BMI or an early low and 416 

catch-up BMI trajectory from birth to 2 years had an increased risk of asthma and an 417 

obstructive spirometric pattern at age 18 years. In contrast, infants who belonged to the 418 

persistently low BMI trajectory had an increased risk of a restrictive spirometric pattern at 419 

age 18 years, which may be related to global reduction in lung growth or maybe a lower 420 

respiratory muscle mass and so power of inspiration/expiration. We found that a shorter 421 

duration of exclusive breast feeding, and early introduction of solid food were both associated 422 

with high BMI trajectories (Table S II). Our findings highlight that a stable average BMI in 423 

early infancy is very important for adolescent respiratory health. Early healthy feeding 424 

practices to maintain normal growth patterns in early life may lead to improved respiratory 425 

health outcomes later in life. Finally, some of the estimates in our study are imprecise due to 426 

small sample size, therefore we do recommend replication of our study findings.   427 
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Tables 536 

Table I: Early life characteristics of the BMI traj ectory groups  537 

Baseline Characteristics  Average 
Trajectory 
(N=154) 

Below 
average 
Trajectory  
(N=182) 

Persistently low 
Trajectory 
(N=84) 

Early Low and 
catch up Trajectory  
(N=109) 

Persistently high 
Trajectory  
(N=90) 

Gender N (%) 
Male 

 
76 (49·40) 

 
89 (48·90) 

 
40 (47·62) 

 
64 (58·72) 

 
46 (51·69) 

Mother’s Age (Years) 
Mean (SD) 

 
31·3 (4·28) 

 
31·0 (4·50) 

 
32·1 (4·39) 

 
31·1 (4·23) 

 
31·0 (4·32) 

Father’s Age (Years) 
Mean (SD) 

 
33·4 (5·27) 

 
33·5 (5·14) 

 
33·6 (5·64) 

 
33·1 (5·47) 

 
32·8 (4·88) 

Mother’s Education - N (%) 
Bachelor’s degree (>14 years) 

 
100 (64·94) 

 
104 (57·14) 

 
56 (66·67) 

 
59 (54·13) 

 
45 (50·00) 

Father’s Education - N (%) 
Bachelor’s degree (>14 years) 

 
95 (61·69) 

 
112 (61·88) 

 
53 (63·10) 

 
66 (61·11) 

 
52 (58·43) 

Mother’s Smoking - N (%) 
Ever 

 
32 (20·78) 

 
45 (24·73) 

 
21 (25·00) 

 
34 (31·19) 

 
27 (30·00) 

Father’s Smoking - N (%) 
Ever  

 
50 (32·47) 

 
59 (32·78) 

 
32 (38·10) 

 
34 (31·48) 

 
30 (34·09) 

Mother’s Asthma - N (%) 
Asthma 

 
64 (41·56) 

 
75 (41·44) 

 
29 (34·52) 

 
55 (50·46) 

 
44 (48·89) 

Father’s Asthma - N (%) 
Asthma 

 
46 (29·87) 

 
39 (21·67) 

 
20 (23·81) 

 
19 (17·59) 

 
34 (38·64) 

Age at Introduction of Solid Food (Weeks) 
Mean (SD) 

 
19·6 (4·10) 

 
20·4 (4·37) 

 
19·4 (3·85) 

 
19·2 (4·91) 

 
18·5 (4·54) 

Exclusive Breast Feeding (Weeks)  
Mean (SD) 

 
14·5 (8·46) 

 
13·6 (9·47) 

 
12.0 (8·84) 

 
9·4 (8·90) 

 
10·2 (8·63) 

Total Duration of Breast Feeding (Months) 
Median (IQR) 

 
11·51 (8·28) 

 
10·58 (10·13) 

 
10·13 (9·32) 

 
7·36 (10·82) 

 
6·44 (8·28) 

 538 
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Table II: Adjusted associations between BMI trajectories and asthma at 12 and 18 years of age.   539 

*Adjusted for Sex Mother’s age, Father’s income and occupation, Mother’s asthma, education and smoking, Breast feeding, Bronchitis, Upper 540 

respiratory tract infection, RCT-Treatment arm, Number of siblings, and Age at solid start.  541 

The overall 4df test comparing among the 5 trajectories was significant at 18 years with p=0.017 542 

Table III: Adjusted fractions of exhaled nitric oxide (parts per billion) at 18 years of age for different BMI trajectories.  543 

 544 

 545 

 546 

 547 

 548 

*Adjusted for Sex Mother’s age, Father’s income and occupation, Mother’s asthma, education and smoking, Breast feeding, Bronchitis, Upper 549 

respiratory tract infection, RCT-Treatment arm, Number of siblings, and Age at solid start.  550 

The overall 4df test comparing among the 5 trajectories was significant at 18 years with p=0.015 551 

 552 

 553 

 
 

 Asthma at 12 Years   Asthma at 18 Years 

 % (n) Unadjusted  
OR (95%CI) 
(N=359) 

Adjusted ⃰  
OR (95%CI) 
(N=355) 

% (n) Unadjusted   
OR (95%CI) 
(N=413) 

Adjusted ⃰ 
OR (95%CI) 
(N=406) 

Average (Reference)  
Below average  
Persistently low  
Early Low and catch up 
Persistently high  

20.7 (17/82) 
24.1 (26/108) 
18.8 (9/48) 
30.8 (20/65) 
23.2 (13/56) 

- 
1·21 (0·61, 2·42) 
0·88 (0·35, 2·17) 
1·69 (0·80, 3·59) 
1·16 (0·51, 2·62) 

- 
1·36 (0·66, 2·83) 
1·16 (0·45, 2·98) 
2·01 (0·90, 4·44) 
1·31 (0·54, 3·12) 

19.4 (20/103) 
26.6 (33/124) 
8.9 (5/56) 
29.9 (20/67) 
30.2 (19/63) 

- 
1·50 (0·80, 2·83) 
0·41 (0·14, 1·15) 
1·76 (0·86, 3·61) 
1·79 (0·86, 3·71) 

- 
1·81 (0·92, 3·56) 
0·52 (0·18, 1·54) 
2·23(1·03, 4·82) 
2·42(1·11, 5·28) 

BMI Trajectories FeNO (ppb)   
Coefficient* (95%CI) N=362 

Average (Reference) 
Below Average  
Persistently Low 
Early Low & Catchup  
Persistently High 

- 
-1·28 (-15·25, 12·68) 
1·24 (-16·34, 18·82) 
16·7 (0·31, 33·0) 
13·4 (-3·33, 30·2) 
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Table. IV:  Summary results of lung function indicators at 12 and 18 years of age for different BMI trajectories.  554 

The overall 4df test comparing among the 5 trajectories was significant for Pre-BD lung function at 18 years with p=0.049 and  Post-BD lung 555 

function at 18 years with p=0.0198. 556 

 557 

 558 

 559 

 560 

Lung Function Indicators   BMI Trajectories At 12 Years  
 

At 18 Years Pre-BD  At 18 Years Post-BD  
 

FEV1 (mL) Average (Reference) 
Below Average  
Persistently Low 
Early Low & Catchup  
Persistently High 

- 
 

- 
 
 

- 
↓ 
↓ 
↓ 

FVC (mL) Average (Reference) 
Below Average 
 Persistently Low 
Early Low & Catchup  
Persistently High 

- 
 

- 
 
 

- 
 
↓ 
 

FEV1/FVC  

 
Average (Reference) 
Below Average  
Persistently Low 
Early Low & Catchup  
Persistently High 

- 
 

- 
↓ 
 
↓ 
↓ 

- 
↓ 
 
↓ 
↓ 

FEF25-75 (mL/s)  Average (Reference) 
Below Average  
Persistently Low 
Early Low & Catchup 
 Persistently High 

- 
 
 

- 
 
 
↓ 
 

- 
↓ 
 
↓ 
↓ 
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Figures 561 

 562 

Figure I: Details of the present study data collection and sample sizes at each follow-up 563 

stage. 564 

Figure II: Body Mass Index Z- Score Trajectory Classes Across Ages from 1 to 24 565 

Months.   566 

Figure III : Association ⃰ of BMI Trajectories from 0-2 years of age with lung function at 567 

12 and 18 years of age.   568 

*  Adjusted for Mother’s age, Father’s Income and Occupation, Mother’s asthma, education and smoking, breast 569 

feeding, bronchitis, upper respiratory tract infection, number of siblings, RCT-Treatment arm, age at solids 570 

started, current height, age and sex. 571 

. 572 
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Figure 1: Details of the present study data collection and sample sizes at each follow-up stage. 
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Figure 1: Details of the present study data collection and sample sizes at each follow-up 

stage. 
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