
Early growth characteristics and the risk of reduced lung
function and asthma: A meta-analysis of 25,000 children

Herman T. den Dekker, MD,a,b,c AgnesM.M. Sonnenschein-van der Voort, MSc, PhD,a,b,c Johan C. de Jongste, MD, PhD,a

Isabella Anessi-Maesano, MD, PhD,d,e S. Hasan Arshad, DM,f,g,h Henrique Barros, MD, PhD,i

Caroline S. Beardsmore, PhD,j Hans Bisgaard, MD, DMSci,k,l Sofia Correia Phar, MD, MSc,i

Leone Craig, PhD, MSc, BSc,m,n Graham Devereux, MD, PhD,n C. Kors van der Ent, MD, PhD,o

Ana Esplugues, PhD,p,q,r Maria P. Fantini, MD,s Claudia Flexeder, MSc,t Urs Frey, MD, PhD,u

Francesco Forastiere, MD, PhD,v Ulrike Gehring, PhD,w Davide Gori, MD,s Anne C. van der Gugten, MD, PhD,o

A. John Henderson, MD, PhD,x Barbara Heude, PhD,y,z Jes�us Ibarluzea, PhD,r,aa Hazel M. Inskip, MSc, PhD,bb

Thomas Keil, MD, MScPH,cc,dd Manolis Kogevinas, MD, PhD,r,ee,ff,gg Eskil Kreiner-Møller, MD,k,l Claudia E. Kuehni, MD,hh

Susanne Lau, MD, PhD,ii Erik M�elen, MD, PhD,jj Monique Mommers, PhD,kk Eva Morales, MD, PhD,r,ff,gg,ll

John Penders, PhD,kk Katy C. Pike, MD, PhD,g Daniela Porta, MSc,v Irwin K. Reiss, MD, PhD,mm Graham Roberts, DM,f,g,h

Anne Schmidt, MD,u,nn Erica S. Schultz, MD,jj Holger Schulz, MD,t Jordi Sunyer, MD, PhD,r,ff,gg,ll

Matias Torrent, MD, PhD,oo Maria Vassilaki, MD, MPH, PhD,pp Alet H. Wijga, PhD,qq Carlos Zabaleta, MD,rr

VincentW. V. Jaddoe,MD, PhD,b,c,ss and Liesbeth Duijts, MD, PhDa,b,mm Rotterdam, Utrecht, Maastricht,

and Bilthoven, The Netherlands, Paris and Villejuif, France, Newport, Southampton, Leicester, Aberdeen, and Bristol, United Kingdom, Porto,

Portugal, Copenhagen and Gentofte, Denmark, Valencia, Madrid, San Sebastian, Barcelona, and Balearic Islands, Spain, Bologna and Rome,

Italy, Neuherberg, Berlin, and Wurzburg, Germany, Basel, Bern, and Stockholm, Switzerland, and Athens and Crete, Greece

Background: Children born preterm or with a small size for
gestational age are at increased risk for childhood asthma.
Objective: We sought to assess the hypothesis that these
associations are explained by reduced airway patency.

Methods: We used individual participant data of 24,938
children from 24 birth cohorts to examine and meta-analyze the
associations of gestational age, size for gestational age, and
infant weight gain with childhood lung function and asthma
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(age range, 3.9-19.1 years). Second, we explored whether these
lung function outcomes mediated the associations of early
growth characteristics with childhood asthma.
Results: Children born with a younger gestational age had a
lower FEV1, FEV1/forced vital capacity (FVC) ratio, and forced
expiratory volume after exhaling 75% of vital capacity (FEF75),
whereas those born with a smaller size for gestational age at
birth had a lower FEV1 but higher FEV1/FVC ratio (P < .05).
Greater infant weight gain was associated with higher FEV1 but
lower FEV1/FVC ratio and FEF75 in childhood (P < .05). All
associations were present across the full range and independent
of other early-life growth characteristics. Preterm birth, low
birth weight, and greater infant weight gain were associated
with an increased risk of childhood asthma (pooled odds ratio,
1.34 [95% CI, 1.15-1.57], 1.32 [95% CI, 1.07-1.62], and 1.27
[95% CI, 1.21-1.34], respectively). Mediation analyses suggested
that FEV1, FEV1/FVC ratio, and FEF75 might explain 7% (95%
CI, 2% to 10%) to 45% (95% CI, 15% to 81%) of the
associations between early growth characteristics and asthma.
Conclusions: Younger gestational age, smaller size for
gestational age, and greater infant weight gain were across the
full ranges associated with childhood lung function. These
associations explain the risk of childhood asthma to a
substantial extent. (J Allergy Clin Immunol 2015;nnn:nnn-nnn.)

Key words: Preterm birth, low birth weight, infant growth, asthma,
lung function, children, meta-analysis

Children born extremely preterm or with a low birth weight
have high rates of neonatal respiratory diseases, such as infant
respiratory distress syndrome and bronchopulmonary dysplasia.1

An accumulating body of evidence suggests that these children
also have an increased risk of chronic obstructive respiratory
diseases in adulthood.2 Moreover, recent prospective studies in
children suggest that preterm birth and small size for gestational
age at birth increase the risk of childhood asthma.3 Recent results
of a meta-analysis of individual participant data of 147,000
children taking part in prospective birth cohort studies showed
consistent associations of younger gestational age at birth and
greater infant weight gain with childhood asthma.4 The
associations of lower birth weight with childhood asthma seemed
to be largely explained by gestational age at birth.4 The
mechanisms underlying the associations of early growth
characteristics with childhood asthma are not yet known.

Airway caliber is a key determinant of total airway resistance.
A reduced airway caliber could result in airway obstruction that
predisposes to asthma and chronic obstructive pulmonary
diseases.5-7 Therefore we hypothesized that the associations of
early growth characteristics with childhood asthma might be
explained by developmental adaptations of the lungs and airways,
leading to relatively small airways and hence a reduction in
expiratory flows reflected by lower lung function values.8 Thus
far, previous studies focused on the associations of birth weight
and infant weight gain with childhood lung function have
reported inconsistent results.9-16 These inconsistent results might
be due to the different ages at which spirometry was performed
and not taking other early growth characteristics or potential
confounders into account.

To test the hypothesis that the associations of early-life growth
characteristics with childhood asthma are explained by reduced
airway patency, we performed an individual participant data

meta-analysis of 24,938 children from 24 birth cohort studies. We
examined the strength, consistency, and independence of the
associations of gestational age at birth, birth weight, and infant
weight gain with lung function outcomes in childhood and
whether these lung function outcomes explain the previously
reported associations of early growth characteristics with the risk
of childhood asthma.

METHODS

Data sources
European population–based birth and mother-child cohorts participated if

they included children born between 1989 and 2011, had information

available on at least gestational age and weight at birth and lung function

measurements in childhood (until age 18 years), and were willing and able to

exchange original data.4 We identified 50 European cohorts selected from

existing collaborations on childhood health or asthma-related outcomes

(www.chicosproject.eu, www.birthcohortsenrieco.net, www.ga2len.org, and

www.birthcohorts.net; accessed until May 29, 2012). In total, 24 cohorts

comprising data on 24,938 children fulfilled the criteria (see supplemental in-

formation on Methods and Fig E1 in this article’s Online Repository at www.

jacionline.org).

Information about gestational age and weight at birth and weight in the first

year of life was obtained by means of measurements, medical registries, or

parental questionnaires (see Table E1 in this article’s Online Repository at

www.jacionline.org). We created gestational age–adjusted birth weight SD

scores (SDSs) based on European reference values.17 Infant weight gain in

the first year was defined as the difference betweenweight at age 1 year (range,

6-18 months) and weight at birth divided by the number of months between

these 2 measurements. SDSs for age-specific infant weight gain were

derived by using intracohort means and SDs.18 Cohort-specific growth

characteristics are provided in Table E2 in this article’s Online Repository

at www.jacionline.org.

All cohorts obtained lung function measurements by using spirometry, of

which 22 were according to the recent guidelines of the American Thoracic

Society (ATS)/European Respiratory Society (ERS)19-21 and 2were according

to earlier guidelines of the ATS22 or ERS and European Coal and Steel

Community23 (see Table E1). If cohorts had collected lung function data at

multiple time points (n 5 6 cohorts), we used the measurement closest to

the mean age of children (8.5 years) in the full meta-analysis. Variables for

analyses were forced vital capacity (FVC), FEV1, forced midexpiratory

flow (FEF25-75), and forced expiratory flow after exhaling 75% of vital

capacity (FEF75). We mainly focused on FEV1, FEV1/FVC ratio, and

FEF75, which reflect reduced airway patency in patients with obstructive

lung diseases, such as asthma or bronchopulmonary dysplasia, associated

with preterm birth or low birth weight.24,25 All lung function variables were

converted into sex-, height-, age-, and ethnicity (white vs nonwhite)–adjusted

z scores based on Global Lung Initiative (GLI) reference values.26 Asthma

(yes/no) was defined as ever having physician-diagnosed asthma and was

obtained by medical registries (2 cohorts) or parental questionnaires

adapted from the International Study on Asthma and Allergy in Childhood

(22 cohorts)27 at the age of spirometry (see Table E1). Cohort-specific

Abbreviations used

ATS: American Thoracic Society

ERS: European Respiratory Society

FEF25-75: Forced midexpiratory flow

FEF75: Forced expiratoryflowafter exhaling 75%of thevital capacity

FVC: Forced vital capacity

GLI: Global Lung Initiative

SDS: SD score
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