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Abstract

Background: Accumulating evidence implicates early life factors in the aetiology of non-communicable diseases, including
asthma/wheezing disorders. We undertook a systematic review investigating risks of asthma/wheezing disorders in children
born preterm, including the increasing numbers who, as a result of advances in neonatal care, now survive very preterm
birth.

Methods and Findings: Two reviewers independently searched seven online databases for contemporaneous (1 January
1995-23 September 2013) epidemiological studies investigating the association between preterm birth and asthma/
wheezing disorders. Additional studies were identified through reference and citation searches, and contacting
international experts. Quality appraisal was undertaken using the Effective Public Health Practice Project instrument. We
pooled unadjusted and adjusted effect estimates using random-effects meta-analysis, investigated “dose-response”
associations, and undertook subgroup, sensitivity, and meta-regression analyses to assess the robustness of associations.
We identified 42 eligible studies from six continents. Twelve were excluded for population overlap, leaving 30 unique
studies involving 1,543,639 children. Preterm birth was associated with an increased risk of wheezing disorders in
unadjusted (13.7% versus 8.3%; odds ratio [OR] 1.71, 95% Cl 1.57-1.87; 26 studies including 1,500,916 children) and adjusted
analyses (OR 1.46, 95% Cl 1.29-1.65; 17 studies including 874,710 children). The risk was particularly high among children
born very preterm (<32 wk gestation; unadjusted: OR 3.00, 95% Cl 2.61-3.44; adjusted: OR 2.81, 95% Cl 2.55-3.12). Findings
were most pronounced for studies with low risk of bias and were consistent across sensitivity analyses. The estimated
population-attributable risk of preterm birth for childhood wheezing disorders was =3.1%. Key limitations related to the
paucity of data from low- and middle-income countries, and risk of residual confounding.

Conclusions: There is compelling evidence that preterm birth—particularly very preterm birth—increases the risk of
asthma. Given the projected global increases in children surviving preterm births, research now needs to focus on
understanding underlying mechanisms, and then to translate these insights into the development of preventive
interventions.
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Introduction

The impact of early life exposures on subsequent health and
disease is increasingly recognised [1]. Preterm birth is a common
early life event, the adverse consequences of which can affect the
entire life course. Worldwide, over 11% of babies are born
preterm, a number that continues to rise in most regions [2].
Prevention of preterm birth is currently limited by a knowledge
gap regarding the mechanisms of normal and pathological labour
onset [3]. Given the increasing burden of preterm birth and the
restricted scope for prevention, a focus on appreciating and
containing its consequences is warranted.

Respiratory distress syndrome is the most obvious direct
manifestation of immaturity in preterm newborns. The combina-
tion of structural lung immaturity and pulmonary surfactant
deficiency results in regional atelectasis and a varying degree of
respiratory compromise [4]. Ventilatory support and additional
oxygen supplementation are common necessities, and many very
preterm babies go on to develop chronic lung disease (broncho-
pulmonary dysplasia [BPD]) [5]. The majority of preterm babies
are, however, born close to term, when respiratory compromise is
a less common event. Whereas late preterm babies have long been
regarded a normal variation of term babies, it is increasingly
recognised that they are at risk of a range of adverse outcomes,
including respiratory disease [6].

Accumulating evidence now implicates preterm birth in the
development of respiratory disease in later life. Small airway
obstruction is evident through decreased forced expiratory volume
in 1s (FEVI]) in children and adults born preterm [7], and a
hypothesized link with chronic obstructive pulmonary disease in
adulthood was recently confirmed [8]. Along this line of evidence,
a meta-analysis published in 2006 identified preterm birth as a risk
factor for asthma in a mixed paediatric and adult population [9].
Asthma is the most common chronic disease affecting children,
and its link with preterm birth is of significant public health
relevance given the increasing incidence of both entities [2,10]. Of
note, the majority of cohorts aggregated in this meta-analysis were
born before the 1990s [9]. Important changes in neonatal clinical
management have been introduced since, including increased use
of antenatal steroids and postnatal surfactant, and a shift towards
less aggressive respiratory management [4]. These changes have
selectively impacted the survival of extremely preterm infants, and
shifted the occurrence of acute respiratory problems towards lower
gestational age groups [4]. Associated changes in long-term
pulmonary outcomes may have occurred, and there is therefore
a need for a comprehensive, rigorous assessment of the contem-
poraneous evidence base.

We aimed to investigate the association between preterm birth and
childhood wheezing disorders through a systematic review and meta-
analysis of studies with populations born from the 1990s onwards. We
focused on wheezing disorders in general rather than just asthma,
given the difficulty in differentiating between the two, particularly
among young children [11]. Unlike previous work [9], we also
considered the potential impact of confounding factors and explored
the association by degree of prematurity. Based on aggregated
association measures, we have furthermore estimated population-
attributable risks (PARs) to quantify associated disease burden.

Methods
Search Strategy

This review was performed following the methods detailed in a
systematic review protocol registered with PROSPERO
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(CRD42013004965; Text S1). Online databases were searched
independently by two authors using the following search terms:
PubMed and Embase: (preterm OR prematur®*) AND (asthma OR
wheez*); Google Scholar: asthma, wheeze, wheezing, preterm,
premature, child, children, childhood; World Health Organization
Global Health Library, World Health Organization Library
Information System, SciELO, and Trip [12]: ((preterm OR
premature OR preterms OR prematurity) AND (asthma OR
wheeze OR wheezing)). The searches covered the period from 1
January 1995 to 23 September 2013. No language restrictions
were applied. Additional studies were identified by screening
reference lists of articles of interest and tracing citations of articles
through ISI Web of Knowledge. We asked an international panel
of experts in the field (Text S2) to report any additional published,
unpublished, or in progress studies that might have been missed.

Study Selection

Epidemiological studies were eligible for inclusion if they
reported an association between preterm birth (<37 wk versus
=37 wk gestation [term]) and asthma or wheezing in children
(aged 0.5 to 18vy). Studies reporting on populations that
included children born before 1995 were eligible for inclusion
only when at least 50% of the cohort was born from 1995
onwards and none of the children was born before 1990, so as to
primarily include studies conducted in the period following the
important changes in neonatal practice outlined earlier. When
studies with overlapping data were identified, the most
informative study was selected for inclusion in this report; the
determination of which study was considered most informative
was based on consensus, study size being an important
determinant. Final study selection was based on a consensus
decision between reviewers, with arbitration by a third reviewer
in case of disagreement.

Data Extraction

Data were independently extracted from eligible studies by two
reviewers (J. V. B. and M. J. L.); disagreements were resolved
through discussion, with arbitration by a third reviewer if
necessary (A. S.. The following study characteristics were
extracted: authors, full reference, study design, location, sample
size, inclusion and exclusion criteria, age range and birth year of
study participants, method of ascertainment of exposure and
outcomes, and outcome measure.

Post-term (>42 wk gestation) births were excluded from the
analyses, if possible. If studies reported follow-up at different time
points, the most recent was selected. Similarly to previous work [13],
we used only one outcome measure from each study in the analyses;
for studies with multiple outcome measures, the following hierarchy
was used to select the outcome measure used in the analyses, from
most preferred to least preferred: asthma, persistent wheezing,
recurrent wheezing, severe wheezing, and wheezing. Furthermore,
we used the following hierarchy to select the highest ascertainment
level if the outcome was measured multiple ways: clinician
diagnosis, documented medication use as a wheezing disorder
proxy, routinely collected health-care data, parent- or patient-
reported clinician diagnosis, parent- or patient-reported medication
use, and parent- or patient-reported symptoms. “Ever” wheezing or
asthma was favoured over recent and current wheezing or asthma.

Absolute patient counts were extracted to compose 2x2 tables
according to preterm birth and wheezing disorder status, and these
were used to calculate univariate odds ratios (ORs); in instances
where relevant crude data were missing, we approached authors to
request these. If needed, count data were calculated from provided
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Articles identified by search

PubMed (n=474) WHO GHL regional
EMBASE (n=331) databases (n=40)
Google Scholar (n=584) WHOLIS (n=1)

Trip database (n=1,129) SciELO (n=24)

Excluded based on title and abstract
Redundant (n=1,405)
Irrelevant (n=1,082)

[ Potentially eligible (n=96) ]

\

Excluded based on article content
No original data (n=5)
Birth year outside predefined range (n=17)
Absent or inappropriate gestational age
contrast (n=13)
No term control group (n=12)
No preterm group (n=5)
No individuals without asthma (n=1)
\_ Inappropriate outcome definition (n=3) )

—

y
[ Included in review (n=42) ]

Hand-search / expert consultation (n=2)

~
Excluded from quantitative synthesis
for overlapping study population (n=12)
y,
. o . )
Included in quantitative synthesis (n=30)
Unadjusted data available (n=26)
Adjusted data available (n=17) )

Figure 1. Flowchart outlining study selection. WHO GHL, World
Health Organization Global Health Library; WHOLIS, World Health
Organization Library Information System.
doi:10.1371/journal.pmed.1001596.g001

percentages, and these were then rounded off to the nearest
integer. Adjusted association measures were extracted from the
most adjusted model presented.

Study Quality

Study quality was assessed independently by two investigators
using the Effective Public Health Practice Project quality
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assessment tool for quantitative studies [14]. Sex, maternal
smoking during pregnancy, and maternal atopy or asthma, or
a family history of atopy or asthma, were deemed the
most important confounders. Any disagreement was resolved
by consensus and arbitration by a third reviewer, where
necessary.

Statistical Analyses

Univariate association measures were pooled using Mantel-
Haenszel analysis. Random-effects models were applied because
of anticipated heterogeneity given between-country variation in
clinical practice and differences in inclusion and exclusion
criteria, outcome specification, and ascertainment level of
exposure and outcome. Adjusted association measures were
pooled via random-effects generic inverse variance analysis.
Standard errors for study point estimates were calculated from
the respective 95% confidence intervals as described in the
Cochrane Handbook [15].

For studies reporting adjusted association measures according to
multiple gestational age strata, the least preterm stratum was
selected to obtain the most conservative estimate. In a separate
analysis, a linear association between gestational age at birth and
wheezing disorder risk was investigated, pooling individual studies
by random-effects generic inverse variance analysis. For this
purpose, adjusted association measures for multiple gestational age
strata were aggregated within studies using a fixed-effects log-
linear dose-response regression model [16]. The Q-statistic and I-
test were used to assess heterogeneity among studies. Small-study
effects were assessed using funnel plots and Harbord’s modified
regression test for unadjusted data and Egger’s regression test for
adjusted association measures.

Subgroup Analyses

Subgroup analyses were performed according to age group
(<5 yversus =5 y) and degree of prematurity (<32 wk versus 32—
36 wk). When studies reported the association between preterm
birth and wheezing disorders for both subgroups (i.e., follow-up at
<5y and at =5y, and/or reported for <32 wk and 32-36 wk
gestation), the corresponding association measures were included
in both sides of the comparison.

Sensitivity Analyses

Sensitivity analyses were performed according to risk of bias
(low, moderate, or high), study size (2<<10,000 versus 2=10,000),
and outcome definition (asthma versus wheezing) and ascertain-
ment (clinician diagnosis and/or medication use versus parent-
reported outcomes).

Meta-Regression Analysis

Meta-regression analysis was performed to assess the inde-
pendent effects of study size, mean age, wheezing type
(wheezing versus asthma), diagnosis ascertainment, and publi-
cation year on the association between preterm birth and
wheezing disorders.

Population-Attributable Risk

PAR was calculated using the following formula:

Pex (RR.—1)

PAR= "2 )
1+ Pex (RR—1)

(1)

where P, is the exposure prevalence and RR. is the relative risk
due to exposure [17]. RR, was calculated as follows:
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based on written records

2012

problems

emergency unit with
cough and/or
dyspnoea and
tachypnoea

2013 [59]

Please see Table S2 for detailed assessment.

PHigh probability of asthma defined as =4 out of the following five items: (1) =1 of the following: cough, wheeze, or difficulty breathing; (2) =1 of the following: recurrent cough, wheeze, and/or difficulty breathing; atopic history
in child; history of asthma in first-degree relative; (3) =3 of the following: fast breathing, chest indrawing, prolonged expiration, or rhonchi; (4) good response to bronchodilators; (5) chest X-ray normal or showing hyperinflation.

CC, case control; CS, cross-sectional; GA, gestational age; NDI, neurodevelopmental impairment.

doi:10.1371/journal.pmed.1001596.t002
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OR

RRe= (T-PEER)+ (PEER x OR) @

where PEER is the patient expected event rate. As estimations of
PAR based on unadjusted association measures can be biased by
confounding of the exposure—outcome relationship, we addition-
ally calculated PAR wusing aggregated adjusted association
measures via the following formula:

(RR.—1)

PAR =
pd x RR.

3)
where pd is the proportion of cases exposed [17].
Analyses were performed using Stata 12 (StataCorp).

Role of the Funding Source

The funders had no role in study design, collection, analysis,
interpretation of the data, writing of the report, or decision to
submit the work for publication.

Results

Forty-two eligible studies were identified [18-59]. Study selection
is summarised in Figure 1. Five studies from Sweden
[18,20,36,47,55] and two from northern California, US, had
significant population overlap [28,56]. Furthermore, several eligible
studies described the same cohort: the Epicure cohort, UK and
Ireland (n = 4) [29,34,41,49]; the Boston Birth Cohort, Boston, US
(n=3) [39,40,44]; a birth cohort from southern New England, US
(n=2) [27,37]; and cross-sectional surveys from Liverpool, UK
(n=2) [38,53]. The most relevant study was selected from each set
of overlapping studies. Characteristics of the 12 studies that were
excluded, as well as reasons for exclusion, are given in Table SI.
Meta-analysis was performed on the remaining 30 unique studies
(Tables 1 and 2), which reported on a total of 1,543,639 individuals
[19,21-27,29-33,35,36,42-46,48,50-54,56-59].

Study Quality

Four studies were deemed to have low risk of bias, 12 had
moderate risk of bias, and 14 had high risk of bias (Table S2).
Studies with high risk of bias were generally smaller (median size
756; range 90-7,925) than those with moderate risk (median size
10,246; range 560-397,852) and low risk (median size 6,992;
range 1,448-708,907).

Meta-Analysis of Unadjusted Data

Crude data were provided by authors of five studies
[26,33,46,53,54], and were calculated for seven additional studies
[19,30-32,42,44,59]. Crude data could not be retrieved for four
studies, and these were included in the adjusted meta-analysis only
[21,24,25,45]. Pooling of the 26 studies (1,500,916 individuals) for
which unadjusted data were available showed a significant
association between preterm birth and wheezing disorders (OR
1.71, 95% CI 1.57-1.87, p<<0.001; Figure 2). Out of 93,616
children born preterm, 12,858 (13.7%) were diagnosed with a
wheezing disorder, compared to 116,732 out of 1,407,300 children
born at term (8.3%).

Meta-Analysis of Adjusted Data

Seventeen studies provided adjusted association measures that
could be pooled in a meta-analysis (874,710 individuals). Although
the variables for which individual studies adjusted varied (Table S3),
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Events, Events, %
study year OR (95% CI) preterm term Weight
Yuan[51] 2003 —— 1.82 (1.24,2.68) 30/467 305/8391 3.42
Gorman[32] 2005 —_—— 1.78 (1.36, 2.34) 127/358 192/815 5.27
Gessner[30] 2007 :—0— 2.02 (1.71,2.39) 178/2345 883/22634 172
Yang[50] 2007 > T 0.91 (0.27,3.03) 3/49 51/764 0.49
Fawke[29] 2010 —}—O— 2.12 (1.18,3.78) 42/182 20/161 1.84
Getahun[31] 2010 * 1.51 (1.46, 1.55) 5591/28805 50883/369047  10.69
Koshy[53] 2010 -—ﬁ—:— 1.42 (0.92, 2.19) 33/136 140/760 2.92
Rautava[43] 2010 | - > 4.89 (2.34, 10.25) 110/582 8/176 1.22
Visser[46] 2010 -—0-:— 1.58 (0.93,2.69) 19/100 130/1005 2.12
Algert[52] 2011 - 1.65 (1.51, 1.80) 578/12228 6667/228244 9.77
Alvarez[19] 2011 : +—> 6.99 (0.87, 55.79) 12/79 1/40 0.17
Civelek[26] 2011 % i 0.70 (0.28, 1.71) 5/173 248/6046 0.85
Goyal[33] 2011 —_—— : 1.15 (0.86, 1.53) 54/582 602/7343 4.85
Herrera[58] 2011 —;—0— 2.77 (1.39, 5.55) 12/77 40/641 1.36
Boyle[22] 2012 — 1.61(1.39, 1.86) 273/1165 2042/12777 8.35
Brehm[23] 2012 -—'IO_ 1.79 (0.93, 3.44) 27/42 260/518 1.51
Robison[44] 2012 —1-—0-— 2.07 (1.34, 3.18) 40/419 50/1029 2.93
Sonnenschein[54] 2012 —_— 1.82(1.39,2.39) 131/225 2123/4900 5.26
Collier[27] 2013 _:0— 2.02 (1.20, 3.39) 21/83 193/1345 222
Escobar{56] 2013 - : 1.46 (1.37,1.55) 1637/5601  14804/67001 10.29
Fauroux[57] 2013 k < 4.13(1.72,9.87) 22/201 7/242 0.90
Joshi[35] 2013 : * > 3.79 (1.17, 12.28) 24/62 4/28 0.52
Kallén[36] 2013 <> 1.87 (1.81,1.94) 3761/38431 36762/670476 10.64
Miyake[42] 2013 —o—{— 1.07 (0.53,2.16) 9/94 172/1910 1.32
Nantanda[59] 2013 : < 3.46(1.23,9.72) 7/15 121/599 0.66
Vrijlandt[48] 2013 1.79(1.13,2.82) 112/1115 24/408 2.70
Overall o 1.71(1.57, 1.87) 12858/93616 116732/1407300 100.00

|
1
| | | | | |

Za
N}
5}
-

2

5 10

lower WD risk in PTB higher WD risk in PTB

Figure 2. Meta-analysis of unadjusted association between preterm birth and childhood wheezing disorders. Heterogeneity: I*=82%

(95% Cl 75%-87%). PTB, preterm birth; WD, wheezing disorders.
doi:10.1371/journal.pmed.1001596.9002

the majority included the important confounders: sex, maternal
smoking, and parental atopy or asthma. The final summary OR for
the association between preterm birth and wheezing disorders was
slightly attenuated as compared to the unadjusted analysis (OR
1.46, 95% CI 1.29-1.65, p<<0.001; Figure 3).

In order to investigate a possible “dose-response” relationship
between gestational age at birth and wheezing disorder risk, we
aggregated corresponding adjusted association measures from 17
studies (1,105,828 individuals; Figure 4). The pooled estimate of the
linear association between gestational age and wheezing disorder

Table 3. Meta-regression analysis according to study characteristics.

Factor Unadjusted Association Measure Adjusted Association Measure
Beta (95% ClI) p-Value Beta (95% ClI) p-Value
Study size (per 1,000 individuals) —0.000 (—0.001 to 0.001) 0.70 0.000 (—0.001 to 0.001) 0.93
Median population age (years) 0.033 (—0.062 to 0.069) 0.92 0.051 (—0.039 to 0.141) 0.24
Asthma (reference = wheezing) 0.102 (—0.250 to 0.453) 0.55 0.035 (—0.348 to 0.417) 0.85
Doctor diagnosis (reference = parental report) 0.009 (—0.333 to 0.352) 0.96 —0.010 (—=0.377 to 0.357) 0.95
Year of publication 0.008 (—0.057 to 0.072) 0.80 —0.017 (—0.093 to 0.058) 0.62
Overall 0.99 0.78
Residual 1 70% 53%

doi:10.1371/journal.pmed.1001596.t003

PLOS Medicine | www.plosmedicine.org

January 2014 | Volume 11 | Issue 1 | 1001596



maternal  FH
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%

study year sex smoking asthma OR (95% CI) Weight

I
Yuan[51] 2003 x  x X —:—o— 2.03(1.30,3.17) 452
Taveras[45] 2006 x X 2 : 1.12(0.55, 2.28) 2.37
Gessner[30](LRI;32-36wk) 2007 x X —:—0— 1.60 (1.24, 2.07) 7.53
Gessner[30](no LRI;32-36wk) 2007 x X —O—E— 1.00 (0.59, 1.68) 3.73
Yang[50] 2007 x X —o——: 0.74(0.38, 1.43) 264
Castro-Rodriguez[24] 2010 x X X ——O—E— 1.17 (0.80, 1.71) 5.46
Koshy[53] 2010 x : <+ 1.90 (0.94, 3.85) 2.39
Visser[46] 2010 x X X * : 1.21(0.51,2.90) 1.70
Goyal[33] 2011 x ——o—i— 126 (0.92,1.73) 6.43
Herrera[58] 2011 X : —_— 3.40(1.74, 6.65) 2.60
Boyle[22](34-36wk) 2012 x  x i 150 (1.22, 1.84) 8.55
Bérard[21] 2012 x X - i 1.20 (1.11, 1.30) 10.63
Cheraghi[25] 2012 x x —) 1.92(1.23,2.99) 458
Robison[44] 2012 x X X —:—0— 2.00(1.30,3.09) 4.67
Sonnenschein[54] 2012 x X X —:0— 1.55(1.30, 1.84) 9.11
Escobar[56](34-36wk) 2013 x X —0—: 1.30(1.14, 1.48) 9.89
Kallén[36](35-36wk) 2013 x  x : - 1.70 (162, 1.78) 10.94
Miyake[42] 2013 x X X * i 0.97 (0.47,2.02) 2.27
Overall 0 1.46 (1.29, 1.65) 100.00

I

i

T T T T T T
A .2 5 1 2, 5 10

lower WD risk in PTB

higher WD risk in PTB

Figure 3. Meta-analysis of adjusted association between preterm birth and childhood wheezing disorders. Subgroups taken from
individual studies noted in parentheses. Heterogeneity: I>=80% (95% Cl 68%-86%). Individual study adjustment for the primary confounders is
depicted. Additional confounders adjusted for are outlined in Table S3. FH, family history; LRI, lower respiratory infection; PTB, preterm birth; WD,

wheezing disorders.
doi:10.1371/journal.pmed.1001596.g003

risk thus obtained (OR 0.94, 95% CI 0.92-0.96, p<<0.001) indicated
a 6% (95% CI 4%—8%) decrease in wheezing disorder risk for every
week increase in gestation length up to 40 wk.

Subgroup Analyses

The strength of the association between preterm birth and
wheezing disorders was similar between children aged <5 y and
older children in both unadjusted and adjusted analyses (Figures
S1, 82, S3). The risk was considerably higher among children born
very preterm (unadjusted: OR 3.00, 95% CI 2.61-3.44, p<<0.001;
adjusted: OR 2.81, 95% CI 2.52-3.12, p<<0.001; Figure 5) when
compared to moderately preterm children (unadjusted: OR 1.49,
95% CI 1.34-1.66, p<<0.001; adjusted: OR 1.37, 95% CI 1.17-
1.62, p<<0.001; Figure 6).

Sensitivity Analyses

In adjusted analyses, the association between preterm birth and
wheezing disorders was most pronounced in the higher quality
studies, whereas studies with a high risk of bias had the highest point
estimate in the unadjusted analysis (Figures S4, S5, S6). Aggregate
ORs did not differ much between subgroups according to study size
(Figures S7, S8, S9), diagnosis ascertainment (Figures S10, S11,
S12), or wheezing type (Figures S13, S14, S15).

PLOS Medicine | www.plosmedicine.org

Meta-Regression Analysis

To further investigate the independent effects of study size,
population age, diagnosis ascertainment, wheezing type, and
publication year, meta-regression analysis was performed. None of
these factors had an independent effect on the strength of
association between preterm birth and wheezing disorders
(Table 3). The models’ residual 7 values suggested that additional
unmeasured factors contributed to between-study heterogeneity.

Small-Study Effects

Funnel plot asymmetry was minimal for both unadjusted and
adjusted association measures (Figure 7). Accordingly, Harbord’s
test (p=0.55; unadjusted association measures) and Egger’s test
(p=0.43; adjusted association measures) revealed no important
small-study effects potentially indicative of publication bias.

Population-Attributable Risk

Based on unadjusted association measures, the PAR for
childhood wheezing disorders associated with preterm birth was
estimated at 4.0% overall, comprising 1.6% (95% CI 1.3%-1.9%)
for very preterm birth and 2.4% (95% CI 1.7%-3.1%) for
moderately preterm birth. PAR based on adjusted association
measures was 3.1%: 1.2% (95% CI 1.1%—1.3%) for very preterm

January 2014 | Volume 11 | Issue 1 | 1001596
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maternal FH %

study year sex smoking asthma OR (95% Cl) Weight

1
Yuan[51] 2003 x  x x _— 0.92 (0.87,0.97) 5.72
Taveras[45] 2006 x X : © 0.98 (0.83, 1.14) 1.45
Yang[50] 2007 x X ; + 1.04 (0.96, 1.12) 3.97
Castro-Rodriguez[24] 2010 x  x X 1:—0—— 0.98 (0.94, 1.03) 6.41
Koshy[53] 2010 x ;: 0.93 (0.85, 1.01) 3.69
Visser[46] 2010 x X X E - 0.98 (0.88, 1.09) 2.58
Algert[52] 2011 X X - 0.95(0.93,0.96) 8.61
Goyal[33] 2011 x —0—:— 0.93 (0.88,0.98) 5.68
Herrera[58] 2011 X + i 0.87 (0.80,0.94) 3.92
Boyle[22] 2012 x  x — 0.92 (0.90,0.94) 8.15
Bérard[21] 2012 x X i—.— 0.96 (0.95,0.98) 8.61
Cheraghi[25] 2012 x X —0—;— 0.93 (0.88,0.98) 5.77
Robison[44] 2012 x X X —O-E— 0.93 (0.89, 0.97) 6.48
Sonnenschein[54] 2012 x X X —_— 0.94 (0.92, 0.97) 7.90
Escobar([56] 2013 x X —*:— 0.94 (0.92, 0.96) 8.50
Kallén[36] 2013 x  x - - 0.90 (0.89, 0.90) 9.02
Miyake[42] 2013 x  x X : © 1.00 (0.92, 1.09) 3.54
Overall 0 0.94 (0.92, 0.96) 100.00

1

i

T ' T

longer gestation lowers WD risk

1 1.25

longer gestation increases WD risk

Figure 4. Meta-analysis of adjusted dose-response association between gestational age (per week increase) and childhood
wheezing disorders. Heterogeneity: > =90% (95% Cl 85%-92%). Individual study adjustment for the primary confounders is depicted. Additional
confounders adjusted for are outlined in Table S3. FH, family history; WD, wheezing disorders.

doi:10.1371/journal.pmed.1001596.9004

birth and an additional 1.9% (95% CI 1.0%—2.7%) for moderately
preterm birth.

Discussion

In this meta-analysis of observational studies, using data from
over 1.5 million children from across six continents, preterm birth
was found to be associated with a 1.71 (95% CI 1.57-1.87) times
increased risk of childhood wheezing disorders. The association
was slightly attenuated by adjustment for potential confounding
within individual studies (OR 1.46, 95% CI 1.29-1.65). Additional
analyses strongly support a dose-response relationship between
length of gestation and wheezing disorders (OR 0.94, 95% CI
0.92-0.96, per week increase), with children born very preterm
having three times the risk of that of children born at term (OR
3.00, 95% CI 2.61-3.44). Consistency across sensitivity analyses
further supports the robustness of the findings. Moderate preterm
birth accounted for the majority of the explained variation in
childhood wheezing disorders by preterm birth. Together, these
findings are in line with the increasing recognition of the impact
that early life influences have on subsequent health and disease,
including pulmonary outcomes [1,8]. Furthermore, they highlight
the pressing need for prioritisation of research into prevention of

PLOS Medicine | www.plosmedicine.org
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preterm birth and the aetiology of its adverse consequences for
subsequent respiratory health.

As with any systematic review we cannot exclude the possibility
that potentially relevant studies were missed by our search
strategy, although it included the primary online databases for
medical research and the most rational search terms relevant to
the research question. Identification of additional studies was
performed through screening of reference lists and citations, and
contacting an international panel of experts. Absence of important
small-study effects suggests that bias resulting from selective study
inclusion is likely to be minor.

I values suggested that considerable heterogeneity was present
among the studies included in the meta-analysis, although these
values may be inflated by the inclusion of some very large studies
[60]. Heterogeneity was handled by applying random-effects
models [15]. Low P values in subgroup analyses according to age
group suggest that between-study population age differences may
contribute. Variation furthermore exists among doctors and
parents, and between doctors and parents regarding the definition
and perception of wheeze, as well as asthma. We therefore
performed sensitivity analyses separating wheezing from asthma,
and physician diagnoses from parental reports. The results suggest
that, although perceptions may differ, this did not affect the

January 2014 | Volume 11 | Issue 1 | 1001596
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Events, Events, %
study year OR (95% Cl) <32wks term Weight
T
I
Gessner[30](<32wk) 2007 —f—.-— 3.40(2.45,4.73) 42/346 883/22634 10.23
1
Fawke[29] 2010 —0—6— 2.12(1.18,3.78) 42/182 20/161 4.55
|
Getahun[31](23-28wk) 2010 - 3.45(3.11,3.82) 565/1589 50883/369047 21.87
i
Rautava[43] 2010 —:—0— 4.89 (2.34, 10.25) 110/582 8/176 3.03
|
Algert[52](<31wk) 2011 —— 3.14 (2.61,3.78) 126/1459  6667/228244  17.21
1
|
Alvarez[19](<=32wk) 2011 - } 9.75 (1.13, 83.77) 7/35 1/40 0.40
1
|
Boyle[22](<32wk) 2012 —_— 2.73(1.97,3.78) 56/164 2042/12777 10.36
1
Fauroux[57] 2013 —:0— 4.13 (1.72,9.87) 22/201 7/242 2.25
1
Joshi[35] 2013 : + 3.79 (1.17, 12.28) 24/62 4/28 1.29
1
Kallén[36](23-30wk) 2013 - 2.70 (2.52,2.89) 972/7181 36762/670476 23.49
|
Vrijlandt[48](24-31wk) 2013 —0—: 1.66 (0.98,2.81) 39/415 24/408 5.32
Overall @ 3.00 (2.61, 3.44) 2005/12216 97301/1304233 100.00
I
1
1
1
1
I I I I I I I T
.05 i 2 5 1 2 5 10 20
lower WD risk in PTB higher WD risk in PTB
B %
study year OR (95% Cl) Weight
[
i
Gessner[30](LRI;<32wk) 2007 —0—;— 2.20 (1.48, 3.26) 7.23
1
i
I
Gessner[30](no LRI;<32wk) 2007 : 2.30 (0.99, 5.34) 1.58
I
i
|
Boyle[22](<32wk) 2012 —_— 2.90 (1.86, 4.51) 5.75
I
1
Kallén[36](28-30wk) 2013 = 2.87 (2.56, 3.22) 85.44
I
Overall <> 2.81(2.52,3.12) 100.00
I
I
I
1
1
I
i
1
I I T T T I
Sl 2 .5 1 2 5 10
lower WD risk in PTB higher WD risk in PTB

Figure 5. Meta-analysis of association between very preterm birth and childhood wheezing disorders. (A) unadjusted effect estimates;
(B) adjusted effect estimates. Subgroups taken from individual studies noted in parentheses. Heterogeneity: /* (unadjusted) = 62% (95% Cl 9%-79%);
? (adjusted) =0% (95% Cl 0%-68%). Confounders adjusted for in individual studies are outlined in Figure 3 and Table S3. LRI, lower respiratory
infection; PTB, preterm birth; WD, wheezing disorders.

doi:10.1371/journal.pmed.1001596.9005
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Events, Events, %

study year OR (95% Cl) 32-36wks  term Weight
1
1

Gessner[30](32-36wk) 2007 :—0— 1.80 (1.49,2.17) 136/1999  883/22634 11.29
|

Getahun[31](34-36wk) 2010 > ; 1.31 (1.26, 1.36) 3784/21877 50883/369047 16.70
|

Algert[52](34-36wk) 2011 —— 1.46 (1.32, 1.60) 452/10769 6667/228244 14.96
1

Alvarez[19](33-36wk) 2011 L > 5.00 (0.56, 44.78) 5/44 1/40 0.24
I
1

Goyal[33] 2011 ——0—:— 1.15(0.86, 1.53) 54/582 602/7343 7.59
|

Boyle[22](32-36wk) 2012 — 1.46 (1.24,1.70) 21711001  2042/12777 12.50
|

Escobar[56](32-36wk) 2013 - 1.46 (1.37, 1.55) 1637/5601 14804/67001 16.16

Kallén[36](33-36wk) 2013 - 1.69 (1.62, 1.76) 2789/31250 36762/670476  16.63
I
1

Vrijlandt[48](32-35wk) 2013 ——— 1.86 (1.15,3.01) 73/700 24/408 3.93

Overall @ 1.49 (1.34, 1.66) 9147/73823 112668/1377970 100.00
]
1
|
1
1
1

I T | I T T
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study year OR (95% Cl) Weight
i
1

Taveras[45] 2006 : 1.12 (0.55, 2.28) 4.11
I
I

Gessner[30](LRI;32-36wk) 2007 ——— 1.60 (1.24, 2.07) 12.62
I
I

Gessner[30](no LRI;32-36wk) 2007 —‘h—I— 1.00 (0.59, 1.68) 6.41
I
1

Goyal[33] 2011 T 1.26 (0.92, 1.73) 10.86
I
1

Boyle[22](34-36wk) 2012 —=— 1.50 (1.22, 1.84) 14.24
1
1

Bérard[21] 2012 -0-: 1.20 (1.11, 1.30) 17.48
1
1

Escobar[56](34-36wk) 2013 — 1.30 (1.14, 1.48) 16.33
1
1

Kallén[36](35-36wk) 2013 : - 1.70 (1.62, 1.78) 17.95
|

Overall <> 1.37 (1.17, 1.62) 100.00
1
1
1
1
1
1

T T I T T T
A 2 5 1 2 5 10
lower WD risk in PTB higher WD risk in PTB

Figure 6. Meta-analysis of association between moderately preterm birth and childhood wheezing disorders. (A) unadjusted effect
estimates; (B) adjusted effect estimates. Subgroups taken from individual studies noted in parentheses. Heterogeneity: /> (unadjusted) = 92% (95% ClI
87%-94%); I? (adjusted) =89% (95% Cl 82%-93%). Confounders adjusted for in individual studies are outlined in Figure 3 and Table S3. LRI, lower
respiratory infection; PTB, preterm birth; WD, wheezing disorders.

doi:10.1371/journal.pmed.1001596.9006
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Figure 7. Funnel plots for studies reporting unadjusted and adjusted association measures. (A) unadjusted association measures; (B)

adjusted association measures.
doi:10.1371/journal.pmed.1001596.g007

estimation of the association between preterm birth and childhood
wheezing disorders. Indeed, residual heterogeneity remained after
adjustment for these and other factors via meta-regression analysis.
Although study quality may be another responsible factor, the
observation that aggregated association measures were most
pronounced in studies with low risk of bias supports the validity
of the conclusions.

Several factors potentially confound the association between
preterm birth and wheezing disorders [9]. We therefore performed
separate analyses aggregating adjusted association measures. This
attenuated the association between preterm birth and wheezing
disorders to some degree, as expected. The vast majority of studies
adjusted for important potential confounders, although their
number and nature varied between studies. A varying degree of
residual confounding thus remains, which should be taken into
account when interpreting the findings. From studies reporting
association measures according to multiple gestational age strata
we included the least preterm stratum. The aggregated point
estimate is therefore likely to underestimate the actual association.

Different methods for gestational age estimation exist. Although
most studies failed to report their approach, first trimester
ultrasound is increasingly used in higher income countries.
Alternative estimation is usually based on the last menstrual
period, which is known to overestimate the numbers of preterm
and post-term births [61]. Again, this is expected to result in
underestimation of the association between preterm birth and
wheezing disorders [62].

In a previous meta-analysis, preterm birth was associated with a
1.37 (95% CI 1.30-1.43) times increased risk of asthma [9]. To
better reflect current neonatal practice, we included only cohorts
born from the 1990s onwards, resulting in a much larger sample
size and negligible overlap with the report by Jaakkola and
colleagues [9]. The substantially greater numbers of events in
our review enabled us—for the first time—to investigate aggre-
gated adjusted association estimates to account for potential
confounding, explore the association with degree of prematurity
(i.e., a dose-dependent relationship), and estimate the associated
disease burden (i.e., PAR). These additional steps are crucial to
interpreting these data, as the evidence is of necessity derived from
observational studies, which are inherently at risk of bias. We can
only speculate as to the underlying reasons for the association
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being more pronounced in our report, even after adjustment for
confounding. The former review mainly included children born in
the 1960s-1980s [9]. These older cohorts are likely to be less
preterm on average, which may explain their somewhat lower risk
of developing asthma. Analysis by study characteristics in both
meta-analyses suggests that the study characteristics are unlikely to
explain the difference. The apparent increase over time in
wheezing disorder risk associated with preterm birth indicates
that changes in neonatal practice have generally failed to improve
obstructive pulmonary outcomes in children born preterm.

The current findings do not support prior suggestions that the
association between preterm birth and wheezing disorders
becomes less prominent with increasing age [9]. Instead, the
strength of the association was similar across age groups,
suggesting that the pulmonary consequences of preterm birth
tend to persist throughout the life course. This observation is
supported by evidence from longitudinal studies showing temporal
tracking of small airway disease among individuals born preterm
[54,56,63], and by recent confirmation of a link between preterm
birth and chronic obstructive pulmonary disease [8]. The contribu-
tion of atopy to this association is unclear and requires further study.

The processes underlying preterm birth are poorly understood
[64]. The incidence as well as the underlying causes of preterm
birth are known to vary both geographically and temporally, at
least partially driven by meteorological, socioeconomic, ethnic,
and (epi)genetic variation [2,64-66]. Environmental exposures,
such as pollution and tobacco smoke, and individual behavioural
differences (i.e., hygiene, smoking during pregnancy) furthermore
contribute [64,65]. Many such factors have also been linked to the
development of wheezing disorders [40,44,67]. Through interfer-
ence with the foetus’s natural environment during critical windows
of development, the processes underlying preterm birth challenge
the developmental plasticity of the lungs and airways [1,4,43].
Common antecedents of preterm birth such as inflammation,
maternal smoking, metabolic derangement, hypoxia, and growth
restriction have well-recognised adverse effects on lung maturation
and structure, T cell polarisation and development, and airway
reactivity [4,31,67-69]. Such alterations can differentially affect
susceptibility of the lungs to injurious exposures that commonly
follow preterm birth, including sepsis, respiratory infections,
mechanical ventilation, and hyperoxia [11,70-72]. For any of
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these factors, the likelihood of being exposed increases with
decreasing gestational age at birth. Immediate adverse effects are
seen in very preterm infants developing BPD, which is an
independent risk factor for reactive airway disease [5,29,35,49,67].
Preterm birth furthermore augments the association of several of
these risk factors, such as antenatal inflammation and smoke
exposure, with childhood wheezing [31,44]. Such mechanisms
may all contribute to the observed dose-response relationship
between gestational age and adverse respiratory outcomes, includ-
ing wheezing disorders [4,31]. Genetic influences and gene—
environment interactions are furthermore likely to play a role,
and the link between preterm birth and asthma has been suggested
to at least partially reflect a common genetic background [9,73].

The magnitude of the problem having been established, there is
now a pressing need to address several knowledge gaps. Epidemi-
ological studies should concentrate on temporal tracking of
respiratory status into adulthood following preterm birth, with
particular focus on different wheezing phenotypes, and estimating
the relative impact of distinct early life factors on these patterns.
Recent accomplishments in combining European birth cohorts can
help provide the required numbers [74]. There is, furthermore, a
need for additional studies from low- and middle-income countries.
More high-quality research is required to identify the underlying
mechanisms and accordingly develop appropriate preventive and
therapeutic measures. Innovative approaches may combine these
aspects, as recently highlighted by a randomised controlled trial of
repeated administration of a monoclonal respiratory syncytial virus
antibody in moderately preterm infants [75]. The intervention
induced an important decrease in wheezing in the first year,
establishing the causal link between respiratory syncytial virus and
wheezing, as well as offering a possible solution [75]. Immune
modulation is beginning to fulfil its promise in neonatal medicine,
and preterm babies may well prove particularly favourable targets
for the immunomodulatory therapies that are likely to shape the
future of asthma management [69,76,77]. The potential for
stratified medicine to benefit children born preterm needs to be
more generally explored through appropriately designed trials and
pre-specified subgroup analyses in future trials.

This work provides compelling evidence that preterm birth is an
important early life risk factor for wheezing disorders in childhood.
Given the increasing incidence of both entities and their
potentially lifelong consequences, there is an urgent need to
identify the underlying mechanisms and explore the potential for
preventive and therapeutic approaches.

Supporting Information

Checklist S1 PRISMA checklist.
DOC)

Figure S1 Meta-analysis of unadjusted association
between preterm birth and childhood wheezing disor-
ders according to age group. Since estimates from Boyle [22]
and Vrijlandt [48] are included on both sides of the comparison,
overall association measures are not displayed. Subgroups taken
from individual studies noted in parentheses. Heterogeneity: I
(<5 y)=56% (95% CI 0%-76%); I* (=5 y)=48% (95% CI 0%
72%). PTB, preterm birth; WD, wheezing disorders.

(TIF)

Figure S2 Meta-analysis of adjusted association be-
tween preterm birth and childhood wheezing disorders
according to age group. Since estimates from Boyle [22] are
included on both sides of the comparison, overall association
measures are not displayed. Subgroups taken from individual
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studies noted in parentheses. Confounders adjusted for in individual
studies are outlined in Figure 3 and Table S3. Heterogeneity: I
(<5 y)=381% (95% CI 0%-77%); P* (=5 y)=41% (95% CI 0%—
69%). PTB, preterm birth; WD, wheezing disorders.

(TIF)

Figure S3 Meta-analysis of adjusted dose-response
association between gestational age (per week increase)
and childhood wheezing disorders according to age
group. Since estimates from Boyle [22] are included on both
sides of the comparison, overall association measures are not
displayed. Subgroups taken from individual studies noted in
parentheses. Confounders adjusted for in individual studies are
outlined in Figure 4 and Table S3. Heterogeneity: /* (<5 y)=0%
(95% CI 0%—68%); P (=5y)=37% (95% CI 0%—69%). WD,
wheezing disorders.

(TIF)

Figure S4 Meta-analysis of unadjusted association
between preterm birth and childhood wheezing disor-
ders according to risk of bias. Heterogeneity:  (high risk of
bias) = 60% (95% CI 10%-77%); I* (moderate risk of bias) = 63%
(95% CI 0%-80%); I* (low risk of bias)=0% (95% CI 0% 68%).
PTB, preterm birth; WD, wheezing disorders.

(TIF)

Figure S5 Meta-analysis of adjusted association be-
tween preterm birth and childhood wheezing disorders
according to risk of bias. Subgroups taken from individual
studies noted in parentheses. Confounders adjusted for in
individual studies are outlined in Figure 3 and Table S3.
Heterogencity: P (high risk of bias)=56% (95% CI 0%-82%);
P (moderate risk of bias) =46% (95% CI 0%-73%); I? (low risk of

bias)=0% (95% CI 0%-68%). PTB, preterm birth; WD,
wheezing disorders.

(TIF)

Figure S6 Meta-analysis of adjusted dose-response

association between gestational age (per week increase)
and childhood wheezing disorders according to risk of
bias. Confounders adjusted for in individual studies are outlined
in Figure 4 and Table S3. Heterogeneity: I (high risk of
bias) = 39% (95% CI 0%-76%); I* (moderate risk of bias) = 63%
(95% CI 0%-81%); I (low risk of bias)=8% (95% CI 2%-90%).
WD, wheezing disorders.

(TTF)

Figure S7 Meta-analysis of unadjusted association
between preterm birth and childhood wheezing disor-
ders according to study size. Heterogeneity: P
(n<<10,000)=47% (95% CI 0%-67%); F (»=10,000)=95%
(95% CI 93%-97%). PTB, preterm birth; WD, wheezing
disorders.

(TIF)

Figure S8 Meta-analysis of adjusted association be-
tween preterm birth and childhood wheezing disorders
according to study size. Subgroups taken from individual
studies noted in parentheses. Confounders adjusted for in
individual studies are outlined in Figure 3 and Table S3.
Heterogencity: 2 (n<10,000)=42% (95% CI 0%-68%); P
(n=10,000)=94% (95% CI 89%-96%). PTB, preterm birth;
WD, wheezing disorders.

(TIF)

Figure S9 Meta-analysis of adjusted dose-response
association between gestational age (per week increase)
and childhood wheezing disorders according to study
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size. Confounders adjusted for in individual studies are outlined
in Figure 4 and Table S3. Heterogeneity: I (2<<10,000) = 39%
(95% CI 0%68%); P (n=10,000)=97% (95% CI 95%98%).
WD, wheezing disorders.

(TIF)

Figure S10 Meta-analysis of unadjusted association
between preterm birth and childhood wheezing disor-
ders according to diagnosis ascertainment. Heterogeneity:
P (parent reported)=19% (95% CI 0%-355%); I* (doctor
diagnosed)=93% (95% CI 89%-95%). PTB, preterm birth;
WD, wheezing disorders.

(TIF)

Figure S11 Meta-analysis of adjusted association be-
tween preterm birth and childhood wheezing disorders
according to diagnosis ascertainment. Subgroups taken
from individual studies noted in parentheses. Confounders
adjusted for in individual studies are outlined in Figure 3 and
Table S3. Heterogeneity: £ (parent reported) = 43% (95% CI 0%-—
71%); P (doctor diagnosed)=90% (95% CI 82% 93%). PTB,
preterm birth; WD, wheezing disorders.

(TTF)

Figure S12 Meta-analysis of adjusted dose-response
association between gestational age (per week increase)
and childhood wheezing disorders according to diagno-
sis ascertainment. Confounders adjusted for in individual
studies are outlined in Figure 4 and Table S3. Heterogeneity: /*
(parent reported)=54% (95% CI 0%-76%); I* (doctor diag-
nosed) =95% (95% CI 92%-96%). WD, wheezing disorders.
(TIF)

Figure S13 Meta-analysis of unadjusted association
between preterm birth and childhood wheezing disor-
ders according to wheezing type. Heterogeneity: I° (wheez-
ing)=52% (95% CI 0%-76%); I* (asthma) = 86% (95% CI 79%~—
90%). PTB, preterm birth; WD, wheezing disorders.

(TTF)

Figure S14 Meta-analysis of adjusted association be-
tween preterm birth and childhood wheezing disorders
according to wheezing type. Subgroups taken from individual
studies noted in parentheses. Confounders adjusted for in
individual studies are outlined in Figure 3 and Table S3.
Heterogeneity: P (wheezing)=41% (95% CI 0%-74%); I
(asthma)=86% (95% CI 76%-90%). PTB, preterm birth; WD,
wheezing disorders.

(TIF)

Figure S15 Meta-analysis of adjusted dose-response
association between gestational age (per week increase)
and childhood wheezing disorders according to wheez-
ing type. Confounders adjusted for in individual studies are
outlined in Figure 4 and Table S3. Heterogeneity: F (wheez-
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Editors’ Summary

Background. Most pregnancies last around 40 weeks, but
worldwide, more than 11% of babies are born before 37
weeks of gestation (the period during which a baby develops
in its mother's womb). Preterm birth is a major cause of
infant death—more than 1 million babies die annually from
preterm birth complications—and the number of preterm
births is increasing globally. Multiple pregnancies, infections,
and chronic (long-term) maternal conditions such as diabe-
tes can all cause premature birth, but the cause of many
preterm births is unknown. The most obvious immediate
complication that is associated with preterm birth is
respiratory distress syndrome. This breathing problem, which
is more common in early preterm babies than in near-term
babies, occurs because the lungs of premature babies are
structurally immature and lack pulmonary surfactant, a
unique mixture of lipids and proteins that coats the inner
lining of the lungs and helps to prevent the collapse of the
small air sacs in the lungs that absorb oxygen from the air.
Consequently, preterm babies often need help with their
breathing and oxygen supplementation.

Why Was This Study Done? Improvements in the
management of prematurity mean that more preterm babies
survive today than in the past. However, accumulating
evidence suggests that early life events are involved in the
subsequent development of non-communicable diseases
(non-infectious chronic diseases). Given the increasing
burden of preterm birth, a better understanding of the
long-term effects of preterm birth is essential. Here, the
researchers investigate the risks of asthma and wheezing
disorders in children who are born preterm by undertaking a
systematic review (a study that uses predefined criteria to
identify all the research on a given topic) and a meta-analysis
(a statistical method for combining the results of several
studies). Asthma is a chronic condition that is caused by
inflammation of the airways. In people with asthma, the
airways can react very strongly to allergens such as animal
fur and to irritants such as cigarette smoke. Exercise, cold air,
and infections can also trigger asthma attacks, which can
sometimes be fatal. The symptoms of asthma include
wheezing (a high-pitched whistling sound during breathing),
coughing, chest tightness, and shortness of breath. Asthma
cannot be cured, but drugs can relieve its symptoms and
prevent acute asthma attacks.

What Did the Researchers Do and Find? The researchers
identified 30 studies undertaken between 1995 and the
present (a time span chosen to allow for recent changes in
the management of prematurity) that investigated the
association between preterm birth and asthma/wheezing
disorders in more than 1.5 million children. Across the
studies, 13.7% of preterm babies developed asthma/wheez-
ing disorders during childhood, compared to only 8.3% of
babies born at term. Thus, the risk of preterm babies
developing asthma or a wheezing disorder during childhood

PLOS Medicine | www.plosmedicine.org

18

Preterm Birth and Childhood Wheezing

was 1.71 times higher than the risk of term babies
developing these conditions (an unadjusted odds ratio
[OR] of 1.71). In analyses that allowed for confounding
factors—other factors that affect the risk of developing
asthma/wheezing disorders such as maternal smoking—the
risk of preterm babies developing asthma or a wheezing
disorder during childhood was 1.46 times higher than that of
babies born at term (an adjusted OR of 1.46). Notably,
compared to children born at term, children born very early
(before 32 weeks of gestation) had about three times the risk
of developing asthma/wheezing disorders in unadjusted and
adjusted analyses. Finally, the population-attributable risk of
preterm birth for childhood wheezing disorders was more
than 3.1%. That is, if no preterm births had occurred, there
would have been more than a 3.1% reduction in childhood
wheezing disorders.

What Do These Findings Mean? These findings strongly
suggest that preterm birth increases the risk of asthma and
wheezing disorders during childhood and that the risk of
asthma/wheezing disorders increases as the degree of
prematurity increases. The accuracy of these findings may
be affected, however, by residual confounding. That is,
preterm children may share other, unknown characteristics
that increase their risk of developing asthma/wheezing
disorders. Moreover, the generalizability of these findings is
limited by the lack of data from low- and middle-income
countries. However, given the projected global increases in
children surviving preterm births, these findings highlight
the need to undertake research into the mechanisms
underlying the association between preterm birth and
asthma/wheezing disorders and the need to develop
appropriate preventative and therapeutic measures.

Additional Information. Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001596.

e The March of Dimes, a nonprofit organization for
pregnancy and baby health, provides information on
preterm birth (in English and Spanish)

o Nemours, another nonprofit organization for child health,
also provides information (in English and Spanish) on
premature babies and on asthma (including personal
stories)

e The UK National Health Service Choices website provides
information about premature labor and birth and a real
story about having a preterm baby; it provides information
about asthma in children (including real stories)

e The MedlinePlus Encyclopedia has pages on preterm birth,
asthma, asthma in children, and wheezing (in English and
Spanish); MedlinePlus provides links to further information
on premature birth, asthma, and asthma in children (in
English and Spanish)
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http://www.marchofdimes.com/professionals/14332_1157.asp
http://kidshealth.org/parent/growth/growing/preemies.html
http://kidshealth.org/parent/centers/asthma_center.html
http://www.nhs.uk/conditions/pregnancy-and-baby/pages/premature-early-labour.aspx#close
http://www.nhs.uk/conditions/pregnancy-and-baby/pages/premature-baby-mum.aspx
http://www.nhs.uk/conditions/pregnancy-and-baby/pages/premature-baby-mum.aspx
http://www.nhs.uk/conditions/asthma-in-children/pages/introduction.aspx
http://www.nlm.nih.gov/medlineplus/ency/patientinstructions/000486.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000141.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000990.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003070.htm
http://www.nlm.nih.gov/medlineplus/prematurebabies.html
http://www.nlm.nih.gov/medlineplus/asthma.html
http://www.nlm.nih.gov/medlineplus/asthmainchildren.html
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Events, Events,

a

study year OR {95% CI) preterm term Weight
=5 years
Yuan[51] 2003 —_— 1.82 (1.24, 2.68) 30/467 305/B391 7.56
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Miyake[42] 2013 — 1.07 {(0.53, 2.16) 9/94 172/1910 3.00
Nantanda[59] 2013 * 3.46(1.23, 9.72) 715 121/588 1.51
Vrijlandt{48]){4yr) 2013 —_—— 1.74 (1.36, 2.21) 424/1539 103/573 12.65
Subtatal 0 1.70(1.49,1.94) 1323/7124 7178/61966 100.00
==5 years
Fawke[29] 2010 2.12(1.18, 3.78) 421182 201161 6.58
Koshy[53] 2010 —— 1.42(0.92, 2.19) 33/136 140,760 9.99
Rautaval43] 2010 + > 4.89(2.34, 10.25) 110/582  B/176 4.47
Alvarez[19] 201 +—>> 6.99(0.87, 55.79) 12/79 1440 0.66
Civelek[26] 2011 * 0.70(0.28, 1.71) 5173 24816046 319
Boyle[22] 2012 —— 1.61(1.38, 1.86) 27311165 204212777 2343
Brehm[23] 22 B am— 1.79(0.93, 3.44) 27142 260/518 5.48
Collier[27] 2013 —_— 2.02{1.20,3.39) 21/83 193/1345 7.82
Escobar[56] 2013 1.46 (1.37, 1.55) 1637/5601 14B04/67001 27.14
Jashi[35] 203 * > 3.79(1.17, 12.28) 24/62 4/28 1.96
Wrijlandt{48] 2013 —_— 1.79(1.13, 2.82) 11211115 24/408 9.3z
Subtatal O 1.71(1.44, 2.03) 2286/9220 17744/89260 100.00

| | I | | |
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lower WD risk in PTE

higher WD risk in PTB
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<5 years

Yuan[51]

Taveras[45]
Gessner[30](LRI;32-36wk)
Gessner[30](no LRI;32-36wk)
Yang[50]
Castro-Rodriguez[24]
Visser[46]

Goyal[23]
Boyle[22](3yr;34-38wk)
Bérard[21]
Sonnenschein[54]
Miyake[42]

Subtotal

>=5 years

Koshy[53]
Boyle[22](34-36wk)
Cheraghi[25]
Escabar[56]{34-36wk)
Subtotal

year

2003
20086
2007
2007
2007
2010
2010
2011
2012
2012
2012
2013

2010
2012
2012
2013

OR (95% Cl)

2,03 (1.30, 3.17)
112 {0.55, 2.28)
1.60(1.24, 2.07)
1.00 {0.59, 1.68)
0.74 (0.38, 1.43)
1,17 (0.80, 1.71)
1.21(0.51, 2.80)
1.26(0.92, 1.73)
1.30/(1.06, 1.59)
1.20 {1.11, 1.30)
1.55 {1.30, 1.84)
0.97 (0.47, 2.02)
1.31(1.17, 1.47)

1.90 (0.94, 3.85)
150 (1.22, 1.84)
1.92 (1.23, 2.99)
1.30 (1.14, 1.48)
145 (1.24, 1.69)

%
Weight

520
2.33
1142
4.04
2.64
B8.79
1.59
8.74
14.53
23.95
16.57
22
100.00

4.54
3377
10.68
51.01
100.00

lower WD risk in PTB

I I |
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higher WD risk in PTE
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<5 years
Yuan[51]
Taveras[45]
Yang[30)]
Castro-Rodriguez[24]
Visger[48]
Goyal[33]
Boyle[22]{3yr)
Bérard[21]
Sonnenschein[54]
Miyake[42]

Subtatal

==5 years
Kashy[53]
Boyle[22]
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Escabar[56]

Subtotal

year

2003

2006

2007

2010

2010

2011

2012

2z

2012

2013

2010

2012

2012

2013

3

OR (85% Iy

0.02 (0.87, 0.67)
0.96 (0.83, 1.14)
1.04 (0.96, 1.12)
0.98 (0.94, 1.03)
0.98 (0.88, 1.09)
0.93 (0.58, 0.95)
0.94 (0.92, 0.96)
.96 (0.95, 0.98)
0.04 (0.92, 0.67)
1.00 (0,92, 1.08}

0.96 (0.94, 0.97)

0.93 (0.85, 1.01)
0.92 (0.90, 0.04)
0.93 (0.88, 0.98)
0.94 (0.92, 0.95)

0.03 (0.92, 0.95)

)

Weight

7.67
1.07
3.99
9.88
217
7.56
20.49
2572
18.10
3.35

100.00

2.59
33.60
6.63
57.18

100.00

longer gestation lowers WD risk

longer gestation increases WD risk
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Events, Events, %

study year OR (95% CI) preterm term Weight
Low risk of bias :
Yuan[51] 2003 —_— . 1.82 {1.24, 2.68) 30/467 305/8391 342
Robison[44] 2012 —_— 2.07 {1.34, 3.18) 40/419 50/1029 2.93
Sonnensche|n[54]2012 — 1.82 {1.38, 2.39) 131/225 2123/4900 5.26
Kallen[36] - 1.87 {1.81, 1.94) 3761/38431 36762/670476 10.64
Subtatal Y 1.87 (1.81, 1.94) 3062/39542 30240/684796 22.25
|
Moderate risk of bias |
Gessner[30] 2007 in o 2.02(1.71, 2.39) 178/2345  883/22634 7.72
Yang[50] 2007 0.91(0.27, 3.03) 3/49 51764 0.49
Getahun[31] 2010 . 1.51 {1.46, 1.55) 5501/285805 50883/369047 10.69
Wisser[46] 2010 -— 1.58 (0.93, 2.69) 19100 13011005 212
Algert{52] 2011 - 1.85 {1.51, 1.80) 578/12228 6667/228244 977
Civelek[28] 2011 + d 0.70 {0.28, 1.71) 5173 248/6046 0.85
Boyle[22] 2012 - 1.61 {1.38, 1.86) 2731165 204212777 8.35
Brehm[23] 2012 ——IO— 1.79(0.93, 3.44) 27/42 260/518 1.51
Escobar{56] 2013 - 1.46 {137, 1.55) 1637/5601 14804/67001  10.29
Subtotal ! 1.58 {1.47, 1.70) 8311/50508 7596B8/70B036 51.80
High risk of bias ]
Garman[32] 2005 — 1.78 (1.36, 2.34) 127/358 192/815 5.27
Fawke[29] 2010 —_— 212 {1.18, 3.78) 42/182 20/161 1.84
Koshy[53] 2010 _—— 1.42 (0.92, 2.19) 33/136 140/760 292
Rautaval43] 2010 ! * > 4.89(2.34, 10.251110/582 8176 1.22
Alvarez[19] 2011 : +—> £.99 (0.87, 55.79)12/79 1/40 0.17
Goyal[33] 2011 —_ 1.15 {0.86, 1.53) B4/582 B02/7343 4.85
Herrera[58] 2011 —_— 2.77 {1.39, 5.55) 12/77 40/641 1.36
Collier{27] 203 _ 2.02 (1.20, 3.39) 21/83 193/1345 222
Fauraux[57] 2013 ’ * 4.13 (1.72, 9.87) 22/201 Ti242 0.90
Joshi[35] 2013 k + > 379 (1.17, 12.28)24/62 4428 0.52
Miyake[42] 2013 + T 1.07 {0.53, 2.16) 9/04 172/1910 1.32
Mantanda(59] 2013 + * 3.46(1.23,9.72) 715 121/599 0.66
Vrijlandt[48] 2013 T 1.79(1.13, 2.82) 112/1115  24/408 2.70
Subtatal -1"-_.':‘_3- 2.02 {1.57, 2.60) 5B5/3566  1524/14468 26.95
Overall < 1.71 {1.57, 1.87) 12858/93616 116732/1407300100.00
I
T I I I T I
A 2 B 1 2 5 10

lower WD risk in PTB higher WD risk in PTB



%
study year OR {95% CI) Weight

Law risk of bias

Yuan[51] 2003 ——i— 2.03(1.30,3.17) 4.52
Robison[44] 2012 . 2.00(1.30, 3.09) 4.67
Sonnenschein[54] 2012 — 1.55 (1.30, 1.84) 9.11
Kall&n[36](35-36wk) 2013 - 1.70 (162, 1.78) 10.84
Subtotal (4] 1.70 (1.62,1.77) 29.24

Meoderate risk of bias

Gessner[30](LRI;32-36wk) 2007 —_— 160 (1.24,207) 753
Gessner[30](no LRI;32-36wk) 2007 —_— 1.00(0.59, 1.68) 3.73
Yang[50] 2007 _— 0.74 (0.38,1.43) 2.64
Castro-Rodriguez[24] 2010 ——— 1.17 (0.80,1.71) 5.46
Visser[46] 2010 — 1.21(0.51,2.90) 1.70
Boyle[22](34-36wk) 2012 —_— 1.50 (1.22, 1.84) 8.55
Bérard[21] 2012 - | 1.20 (1.11,1.30) 10.63
Cheraghi[25] 2012 —_— 1.92(1.23,2.99) 4.58
Escobar[56](34-36wk) 2013 — 1.30 (1.14,1.48) 9.89
Subtotal < 1.32 (117, 1.47) 54.71
1
High risk of bias E
Taveras[45] 2006 e 1.12(0.55,2.28) 237
Koshy[53] 2010 — 1.90 (0.4, 3.85) 2.39
Goyal[33] 2011 - 1.26(0.92,1.73) 6.43
Herrera[58] 2011 | — 3.40 (1.74,6.65) 2.60
Miyake[42] 2013 -— 0.97 (0.47,2.02) 2.27
Subtotal T 1.52 (1.02, 2.28) 16.08
I
Overall d> 1.46 (1.29, 1.65) 100.00
l
L
T T T T T T
A 2 5 1 2 5 10

lower WD risk in FTB higher WD risk in PTB



study

Low risk of bias
Yuan[51]
Rohison[44]
Sonnenschein[54]
Kallen[36]
Subtotal

Moderate risk of bias
Yang[50]
Castro-Rodriguez[24]
Visser[46]

Algert[52]

Boyle[22]

Bérard[21]
Cheraghi[25]
Escobar{56)

Subtotal

High risk of bias
Taveras[45]
Koshy[53]
Goyal[33]
Herrera[58]
Miyake[42]
Subtotal

COverall

yaar

2003
2012
2012
2013

2007
2010
2010
2011
2012
2012
2012
2013

2006
2010
2011
2011
2013

L 3

k 4

OR (85% CI)

0.92 {0.87, 0.97)
0.93 {0.89, 0.97)
0.94 {0.92, 0.97)
0.90 {0.89, 0.90)
0.02 {0.89, 0.95)

1.04 {0.96, 1.12)
0.98 {0.94, 1.03)
0.98 {0.88, 1.00)
0.95 {0.93, 0.96)
0.92 {090, 0.04)
0.96 {0.95, 0.98)
0.93 {0.88, 0.98)
0.94 {0.92, 0.96)
0.95 {0.93, 0.97)

0.98 {0.83, 1.14)
0.93 {0.85, 1.01)
0.93 {0.88, 0.08)
0.87 {0.80, 0.94)
1.00 (0.92, 1.09)
0.93 {0.89, 0.98)

0.84 (0.92, 0.96)

Waeight

572
6.48
7.90
9.02
2913

397
6.41
2.58
8.61
8.15
8.61
577
8.50
62 .61

145
3.69
5.68
3.92
3.54
18.27

100.00

longer gestation lowers WD risk

longer gestation increases WD risk
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Events, Events, %

study year OR (85% Cl) pretenm term Weight
10,000 [
Yuan[51] 2003 —_— 1.82 (1.24, 2.68)  30/467 305/8391 3.42
Gorman[3z2] 2005 —_— 1.78 (1.36, 2.34)  127/358 192/815 527
Yang[50] 2007 * - 0.91(0.27, 3.03) 3149 517764 0.49
Fawke[29] 2010 —:—-o— 212 (1.18,3.78) 421182 20/161 1.84
Kaoshy(53] 2010 -—— 142 (0.92,2.19) 331136 140760 282
Rautaval43] 2010 : 4 2 4,80 (2.34, 10.25) 110/582 8176 1.22
Visser{46] 2010 —_— 1.58 (0.93, 2.69) 191100 130/1005 212
Alvarez]19] 2011 : +—3> 5.99 (0.57, 55.79) 1279 1440 017
Givelek[26] 2011 & ! 0.70 (0.28, .71} 5173 248/8045 0.85
Goyal[33] 2011 —— : 1.15 (0.86, 1.53) 54/582 602/7343 485
Herrera[56] 2011 —_— 2.77 (1.39, 5.55) 1277 400541 1.36
Brehm{23] 2012 —+ 1.78 (0.93, 3.44)  27/42 260/518 1.51
Robison[44] 2012 —_——— 2.07 (1.34,3.18) 400419 50/1029 2.93
Sonnenschein[54] 2012 —— 1.82 (1.39, 2.39)  131/225 212314900 5.26
Collier27] 2013 —_—————— 2.02(1.20,3.39) 21/83 193/1345 222
Fauroux[57] 2013 : + 4.13(1.72,9.87) 22201 71242 0.80
Joshi[35] 2013 ! + 2 3.79(1.17, 12.28) 24/62 4i28 0.52
Miyake[42] 2013 ® : 1.07 (0.53, 2.16) 8/94 17211810 132
Nantanda[59] 2013 - $+ 3.46(1.23,8.72) 7115 121/589 0.65
Vrijlandt[48] 2013 —_— 1.79(1.13,2.82) 11201115 24/408 2.70
Subtotal d} 1.83 (155, 2.16) B840/5041  4891/37121 4254
I
>=10,000 :
Gessner[30] 2007 —— 2.02(1.71,2.39) 178/2345  863/22634 7.72
Gelahun[31] 2010 % 1.51(1.46, 1.55) 5591/28805 50883/360047  10.69
Algert[52] 2011 -+ 185 (1.51, 1.80) 578/12228  B667/228244 977
Bayle[22] 2012 —— 161138, 1.86) 273/1185 204212777 8.35
Escobar(56] 2013 -+ | 1.46 (1.37, 1.55) 1637/5601  14804/67001 10.28
Kallan[36] 2013 + 1.87 (1.81, 1.94) 3761/38431 36TE2/ET0476  10.64
Subtatal Q 1.66 (148, 1.85) 12018/B8575 1120411370179 57.46
|
Overall Q 1.71 (157, 1.87) 12858/83616 116732/1407300 100.00
I
] | I [ I I
1 2 5 1 2 5 10

Iower WD risk in PTE higher WD risk in PFTB



study

=10,000

Yuan[51]

Taveras[45]
Gessnar[30){LRI;32-36wk)
Yang[50]
Castro-Rodrigusz[24]
Koshy[53)

Visser[46]

Gayal[33]

Herrera[58]
Cheraghi[25]
Raobison[44]
Sonnenschein[54]
Mivake[42]

Subtotal

==10,000

Gessner[30]{na LRI;32-36wk)
Boyle[22](34-36wk)
Bérard[21]
Escobar]56](34-36wk)
Kallen[36](35-36wk)

Subtatal

Ovwerall

year

2003
2006
2007
2007
2010
2010
2010
2011
2011
2012
2012
2012
2013

2007
2012
2012
2013
2013

+

<
o

1
- |
1
—
|
i

OR {95% CI)

2.03 (1.30, 3.17)
1.12 (0.55, 2.28)
1.60 (1.24, 2.07)
0.74 (0.38, 1.43)
1.17 (0.80, 1.71)
1.90 (0.94, 3.85)
1.21 (0.51, 2.90)
1.26 (0.92, 1.73)
3.40 (1.74, 6.65)
1.92 (1.23, 2.99)
2.00 (1.30, 3.09)
1.56 (1.30, 1.84)
0.97 (0.47, 2.02)
1.53 (1.30, 1.78)

1.00 (0.5, 1.68)
1.50 (1.2, 1.84)
1.20 (1.11, 1.30)
1.30 (1.14, 1.48)
1.70 (1.62, 1.78)
1.37 (1.12, 1.67)

1.46(1.29, 1.65)

“."‘0
Weight

4.52
2.37
7.53
2.64
5.46
2.39
1.70
6.43
2.60
4.58
4.67
9.1
2.27
56.27

373
8.55
10.63
9.89
10.94
43.73

100.00

lower WD risk in PTB

| ]
2 5

higher WD risk in PTB

10



study

<10,000

Yuan[s1]
Taveras[45]
Yang[50]
Castro-Radriguez[24]
Koshy[53]
Visser[46]
Goyal[33]
Herrera[58]
Cheraghi[25]
Robison[44)
Sonnenschein(54)
Miyake[42]
Subtotal

==10,000
Algert[52]
Boyle[22]
Bérard[21]
Escobar{56]
Kallen[36]
Subtotal

Overall

year

2003
2006
2007
2010
2010
2010
2011
2011
2012
2012
2012
2013

2011
2012
2012
2013
2013

5

L 3

|

L

4

w ol

X

0

OR {95% CI}

0.92 (0.87,0.97)
0.98 (0.83, 1.14)
1.04 (0.96,1.12)
0.98 (0.94, 1.03)
0.93 (0.85, 1.01)
0.98 (0.88, 1.09)
0.93 (0.88, 0.98)
0.87 (0.80, 0.94)
0.93 (0.88, 0.98)
0.93 (0.89, 0.97)
0.94 (0.92, 0.97)
1.00 (0.2, 1.09)
0.94 (0.92, 0.97)

0.85 (0.3, 0.96)
0.2 (0.90, 0.94)
0.96 (0.95, 0.98)
0.4 (0.92, 0.96)
0.80 (0.89, 0.90)
0.93 (0.90, 0.96)

0.94 (0.92, 0.96)

%
Weight

572
1.45
397
6.41
3.69
258
5.68
3.92
577
6.48
7.90
3.54
57.10

8.61
8.15
8.61
8.50
9.02
4290

100.00

longer gestation lowers WD risk

longer gestation increases WD risk

|
1.25



Events, Events, %
study year OR {95% Cl}) preterm tarm Weight
Farental reported !

Gorman([32] 2005 —— 1.78 {1.36, 2.34) 127/358 192/815 5.27
Yang[50] 2007 * ; 0.91(0.27, 3.03) 3/49 51/764 0.49
Fawke[29] 2010 —_— 212{1.18, 3.78) 42182 20/161 1.84
Koshy[53] 2010 T 1.42(0.92,2.19) 33136 1401760 292
Visser[46] 2010 -— 1.58 (0.93, 2.69) 19100 13011005 212
Alvarez[19)] 2011 : > .09 (0.87, 55.79)12/79 140 017
Civalek[28] 2011 * 1 0.70(0.28, 1.71) 5173 248/6046 0.85
Herrera[58] 2011 B 2.77(1.39, 5.55) 12177 407641 1.38
Boyle[22] 2012 —— 1.61{1.39, 1.86) 2731165 2042112777 8.35
Erehm(23] 2012 ——— 1.79(0.93, 3.44) 27/42 260/518 1.51
Sonnenschein[5412012 — 1.82 {1.39, 2.39) 131/225 212314900 5.26
Callier27] 2013 —:—0— 2.02(1.20, 3.39) 21/83 193/1345 2.22
Fauroux[57] 2013 r -+ 4.13{1.72, 9.87) 22/201 7i242 0.90
Joshi[35] 2013 : b 2 3.79(1.17, 12.28)24/62 428 0.52
Miyake[42] 2013 — 1.07 {0.53, 2.16) 9/94 17211910 1.32
Wrijlandt[4 8] 2013 —_—— 1.79(1.13, 2.82) 1121115 24/408 2.70
Subtotal 0 1.73(1.52, 1.98) 872/4141 5647732360 r:Y
|
Dactar diagnosed :
Yuan[51] 2003 —— 1.82 (1.24, 2.68) 30/467 305/8391 342
Gessner[30] 2007 —— 2.02(1.71,2.39) 178/2345  583/22634 7.72
Getahun([31] 2010 * 1.51{1.46, 1.55) 5591/28805 50883/368047 10,69
Rautaval43] 2010 L + 3 4.59(2.34, 10.25)110/582 8/176 1.22
Alger52] 2011 - 1.65{1.51, 1.80)} 578/12228 6667/228244 9.77
Goyal[33] 2011 —— 1.15(0.88, 1.53) 54/582 602/7343 4.85
Rabison[44] 2012 —_— 207 (1.34, 3.18) 40/419 50/1029 293
Escabar{56] 2013 - 1.46 (1.37, 1.55) 1637/5601 14804/67001 10.29
Kallén[36] 2013 * 1.87 (1.81, 1.94) 3761/38431 36762/670476 10.64
MNantanda[59] 2013 T + 3.46(1.23,9.72) 715 121/599 0.66
Subtatal Q 1.70 (1.52, 1.90) 11986/80475 111085/137484062.19
|
COvarall ¢ 1.71{1.57, 1.87) 12858/93616 116732/1407300100,00
:
I I I I I I
= 2 5 1 2 5 10

lower WD risk in FTB

higher WD risk in PTE



%

study year OR (895% CI) Weight
I
Parental reported :
Taveras[45] 2006 —— 112 (0.55,2.28) 237
Yang[50] 2007 —_—— 0.74 (0.38, 1.43) 2.64
Castro-Rodriguez[24] 2010 : 1.17 (0.80, 1.71) 546
Koshy[53] 2010 e 1.90 (0.94, 3.85) 2.39
Visser[46] 2010 - 1.21(0.51,2.90) 1.70
Herrera[58] 2011 f—— 3.40 (1.74, 6.65) 2.60
Boyle[22](34-36wk) 2012 - 150 (1.22,1.84) 855
Cheraghi[25] 2012 ——— 1.92(1.23,2.99) 458
Sonnenschein[54] 2012 —— 1.55(1.30, 1.84) 9.1
Miyake[42] 2013 : 097(0.47,202) 227
Subtotal <> 1.46 (1.22, 1.75) 41.66
I
Doctor diagnosed :
Yuan[51] 2003 —_— 2.03(1.30,3.17) 4.52
Gessner[30](LRI;32-36wk) 2007 — 1.60 (1.24, 2.07) 7.53
Gessner[30](no LRI:32-36wk) 2007 —_— 1.00 (0.59, 1.68) 3.73
Goyal[33] 2011 — 1.26 (0.92, 1.73) 6.43
Bérard[21] 2012 : 1.20(1.11,1.30) 1063
Robison[44] 2012 ——— 2.00(1.30,3.09) 4.67
Escobar[56]{34-36wk) 2013 -.T 1.30 (1.14, 1.48) 9.89
Kallgn[36](35-36wk) 2013 |- 1.70 (1.62, 1.78) 10.94
Subtotal dl> 1.46 (1.23,1.73) 58.34
I
Overall <S> 1.46 (1.29,1.65) 100.00
|
1
| | T T | T
A 2 5 2 5 10

lower WD risk in PTB

higher WD risk in PTB



study

Parental reported
Taveras[45]
Yang[50]
Castro-Rodriguez[24]
Koshy[53]
Visser[45]
Herrera[58]
Baoyle[22]
Cheraghi[25]
Sonnenschein[54]
Miyake[42]
Subtotal

Doctor diagnosed
Yuan[51]
Algert[52]
Goyal[33]
Bérard[21]
Robison[44]
Escobar[56]
Kallén[38]
Subtotal

COwverall

year

2006
2007
2010
2010
2010
2011
2012
2012
2012
2013

2003
2011
2011
2012
2012
2013
2013

L

L J

t

OR (85% CI)

0.98 (0.83, 1.14)
1.04 (0.96, 1.12)
0.98 (0.94, 1.03)
0.93 (0.85, 1.01)
0.98 (0.88, 1.09)
0.87 (0.80, 0.94)
0.92 (0.90, 0.94)
0.93 (0.88, 0.98)
0.94 (0.92, 0.97)
1.00 (0.92, 1.09)
0.95 (0.92, 0.97)

0.92 (0.87, 0.97)
0.95 (0.93, 0.96)
0.93 (0.88, 0.98)
0.96 (0.95, 0.98)
0.93 (0.89, 0.97)
0.94 (0.92, 0.96)
0.90 (0.89, 0.50)
0.93 (0.91, 0.96)

0.94 (0.92, 0.96)

%
Weight

1.45
3.97
641
3.69
2.58
3.92
8.15
577
7.90
3.54
47.37

5.72
8.61
5.68
8.61
6.48
8.50
9.02
52.63

100.00

longer gestation lowers WD risk

1 1.25

longer gestation increases WD risk



Events, Events, %
study year OR {95% Cl}) preterm tarm Weight
Wheezing :

Yang[S0] 2007 > T 0.91(0.27, 3.03) 3/49 51/764 0.48
Wisser[48] 2010 --—OJI—‘ 1.58(0.93, 2.69) 19/100 1301005 212
Alvarez[19] 2011 f > £.09(0.87, 55.79)12/74 140 017
Civelek[26] 2011 + | 0.70(0.28, 1.71) 51173 248/6046 0.85
Boyle[22] 2012 —— 1.61(1.39, 1.86) 273/1165 204212777 8.35
Rabison[44] 2012 e — 2.07(1.34,3.18) 40/419 501029 203
Sonnenschein[542012 —— 1.82 (1.39, 2.39) 131/225 21234900 5.26
Escabar[56] 2013 - : 1.46 (1.37, 1.55) 1637/5601 14804/67001  10.29
Fauraux[57] 2013 I *> 4,13 {1.72, 9.87) 227201 7i2a2 0.80
Subtotal <? 1.63 (1.40, 1.90) 2142/B012  19456/93804 31.37
|
Asthma !
Yuan[51] 2003 —_—— 1.82 {1.24, 2.68) 30/467 305/8381 342
Gorman([32] 2005 —_—— 1.78{1.36, 2.34) 127/358 192/815 5.27
Gessner[30] 2007 1—0— 2,02 {1.71, 2.39) 178/2345 883/22634 7.72
Fawke[29] 2010 —_— 212{1.18, 3.78) 42182 204161 1.84
Getahun[31] 2010 * 1.51 (1.48, 1.55) 5591/28805 50883/369047 10.68
Koshy[53] 2010 + I 1.42(0.92, 2.19) 33136 140i760 2.92
Rautava[43] 2010 | + 3> 4.30(2.34, 10.25)110/582 8176 1.22
Algert[52] 2011 - 1.65 (1.51, 1.80) 578/12228 B667/228244  0.77
Goyal[33] 2011 —_—— 1.15 (0.88, 1.53) 54/582 602/7343 485
Herrera[58] 2011 —f—o— 2.77 {1.39, 5.55) 1277 40/641 1.36
Erehm(23] 2012 —-— 1.79{0.93, 3.44) 27/42 260/518 1.51
Callier[27] 2013 —,—0— 2.02(1.20, 3.39) 21/83 183/1345 2.22
Joshi[35] 2013 T + > 3.79(1.17, 12.2B)24/62 4/28 0.52
Kallen[3g] 2013 * 1.87 (1.81, 1.94) 3761/38431 36762/670476 10.64
Miyake[42] 2013 i 1.07 (0.53, 2.16) 9/94 17211910 1.32
MNantanda[59] 2013 : * 3.46(1.23,8.72) 715 1217599 0.66
Wrijlandt[48] 2013 1.79(1.13, 2.82) 11211115 24408 2.70
Subtatal q) 1.76 (1.57, 1.96) 10716/85604 97276/13134596 68.63
|
Ovarall Q 1.71{1.57, 1.87) 12858/93616 116732/1407300100,00
:
I I I I I I
= .2 5 1 2 5 10

lower WD risk in FTB

higher WD risk in PTE



study

Wheezing

Yang[50]
Castro-Rodriguez[24]
Vissar[46]
Eoyle[22](34-36wk)
Rahison[44]
Sennenschein[54]
Escobar]56](34-38wk)
Subtatal

Asthma

Yuan[51]

Taveras[45]
Gessner[30])(LRI;32-36wk)
Gessner[30])(ino LRI1;32-36wk)
Koshy[53]

Goyal[33]

Herrera[58]

Bérard[21]

Cheraghi[25]
Kallén[36](35-36wk)
Miyake[42]

Subtotal

Overall

year

2007
2010
2010
2012
2012
2012
2013

2003
2006
2007
2007
2010
2011
2011
2012
2012
2013
2013

OR (95% CI)

0.74 (0.38, 1.43)
117 (0.80,1.71)
1.21 (0.51, 2.90)
1.50 (1.22, 1.84)
2,00 (1.30, 3.09)
1.55 (1.30, 1.84)
1.30 (1.14, 1.48)
1.40 (1,22, 1.60

2.03(1.30, 3.17)
1.12 (0.55, 2.28)
1,60 (1.24, 2.07)
1.00 (0.59, 1.68)
1.90 (0.94, 3.85)
1.26 (0.92,1.73)
3.40 (1.74, 6.65)
1.20 (1.11, 1.30
1.92 (1.23, 2.00
1.70 (1,62, 1.78)
0.97 (047, 2.02)
152 (1.26, 1.82)

1.46 (1.29, 1.65)

Y
Waeight

2.64
5.46
1.70
8.56
4.67
a1
9.89
42.01

4.52
237
7.63
373
2,39
6.43
2.60
10.63
4,58
10.94
227
57.99

100,00

lower WD risk in FTB

I |
2 5

higher WD risk in PTB

10



study

Wheezing

Yang[50]
Castro-Rodriguez(24]
Visser[46]

Boyle[22]
Robison[44]
Sonnenschein[54]
Escobar[56]

Subtotal

Asthma
Yuan[51]
Taveras[45]
Koshy[53]
Algert[52]
Goyal[33]
Herrera[58]
Bérard[21]
Cheraghi[25]
Kallén[36]
Miyake[42]
Subtatal

Cwverall

year

2007
2010
2010
2012
2012
2012
2013

2003
2006
2010
2011
2011
2011
2012
2012
2013
2013

OR (95% ClI)

1.04 (0.96, 1.12
0.98 (0.94, 1.03
0.98 (0.88, 1.09
0.92 (0.90, 0.94
0.93 (0.89, 0.97
0.94 (0.92, 0.97
0.94 (0.92, 0.96
0.95 (0.93, 0.96

0.92 (0.87, 0.97)
0.98 (0.83, 1.14)
0.93 (0.85, 1.01)
0.95 (0.93, 0.96)
0.93 (0.88, 0.98)
0.87 (0.80, 0.94)
0.96 (0.95, 0.93)
0.93 (0.88, 0.98)
0.90 (0.89, 0.90)
1.00 (0.92, 1.09)
0.93 (0.90, 0.96)

0.94 (0.92, 0.96)

%
Waight

3.97
6.41
2.58
8.15
6.48
7.90
8.50
43.99

5.72
1.45
3.69
8.61
5.68
3.82
8.61
5.77
9.02
3.54
56.01

100.00

longer gestation lowers WD risk

longer gestation increases WD risk

|
1.25



Author, Study Sample Inclusion Exclusion Birth | Country Age at | Exposure Outcome Outcome Unadjusted | Adjusted association
yr [ref] design size criteria criteria year | (region) follow | ascertainment | definition ascertainment association
up
OR 95% | OR 95%CI
Cl
Alm 2008 | Pro- 4,921 Random No 2003 | Sweden 1lyr Unclear Inhaled Parental 2.1 1.5- 1.6 1.0-2.6
[18] spective selection of | response (Western corticosteroids questionnaire 3.0
cohort children Sweden)
bornin
region in
2003
Reasons for exclusion as opposed to Kallén 2013 [36]: smaller sample size, shorter follow-up, parental report
Aspberg Retro- 1,325,195 | Singleton Unable to 1990 | Sweden 2-15 Swedish Birth Asthma drug Swedish 154 | 1.49 | 1.52 1.47-1.57
2010 [20] | spective link - yr Register prescription* Prescribed Drugs -
cohort 2003 July-Dec 2005 Register 1.59
Reasons for exclusion as opposed to Kallén 2013 [36]: shorter follow-up, many subjects born before 1995, less detailed gestational age data
Escobar Retro- 71,102 Born at In-hospital 1996 | US 3yr KPMCP Recurrent ICD-9 code 493.xx | 1.48 | 1.32 | 1.23(34-36w) | 1.07-1.41
2010 [28] | spective selected death, GA - (Northern hospital wheeze in or 786.07, or - 1.40(32-33w) | 1.07-1.82
cohort KPMCP <32 wk, 2002 | California) records 3% yr* asthma drug 1.67
hospital + incomplete prescription in
KFHP use data KPMCP hospital
or records
membershi
p 155 yrs
Reason for exclusion as opposed to Escobar 2013 [56]: shorter follow-up, smaller sample size
Hennesy Case 367 GA <25 wk; | Lostto 1995 | UK, Ireland 5-7 yr | Hospital Ever asthma Parental 1.74 | 1.07 | N/R N/R
2008 [34] | control matched follow-up records diagnosis questionnaire -
term 2.82
classmate
controls
| Reasons for exclusion as opposed to Fawke 20104 [29]: shorter follow-up
Kang Pro- 1,500 Singletons Non-English | 1997 | US (New 6yr(+ | Unclear Asthma + Parental reported | 1.92 | 1.16 | N/R N/R
2009 [37] | spective from speaking - England) 3 mo) wheeze in prior | physician -
cohort cohort mothers, 2000 year diagnosis 3.17
enriched infant (asthma) or
with death, no symptom
asthmatic consent, no (wheezing)
mothers medical
record data
Reason for exclusion as opposed to Collier 2013 [27]: no crude figures given
Koshy Cross- 857 Children Non- 1995 | UK 5-11 Parental Asthma Parental reported | 1.55 | 1.00 | N/R N/R
2013 [53] | sectional attending response - (Merseyside | yr guestionnaire physician -
primary 2001 | ) diagnosis 241




school in
Merseyside

Reason for exclusion as

opposed to Koshy 2010 [3852]: smaller sample size

Kumar Pro- 1,096 Singletons No consent, | 1998 | US (Boston) | 0-5-6 Boston Recurrent (> 2 Physician- 2.15 | 1.50 | N/R N/R
2008 [39] | spective bornin incomplete - yr Medical Center | episodes) documented -
cohort Boston data 20?? hospital wheezing wheezing in 1.85
Medical records (LMP + Boston Medical
Center 1% trimester Center medical
ultrasound) records
Reason for exclusion as opposed to Robison 2012 [44]: smaller sample size
Kumar Pro- 1,034 Singletons No consent, | 1998 | US (Boston) 0-5-6 Boston Recurrent (>3 Physician- 2.62 | 1.57 | 2.36 1.39-3.99
2012 [40] | spective bornin incomplete - yr Medical Center | episodes) documented -
cohort Boston data 20?? hospital wheezing wheezing in 4.39
Medical records (LMP + Boston Medical
Center 1% trimester Center medical
ultrasound) records
Reason for exclusion as opposed to Robison 2012 [44]: smaller sample size
Lum 2011 | Case 101 GA <25 wk; | Lostto 1995 | UK, Ireland 11yr Hospital Current Parental 2.32 | 0.84 | N/R N/R
[41] control matched follow-up records symptoms / questionnaire -
term doctor 6.42
classmate diagnosis of
controls asthma +
medication in
last year
| Reasons for exclusion as opposed to Fawke 20102 [29]: smaller sample size
Ortquist Cross 10,778 Twins No consent, | 1992 | Sweden 9-12 Swedish Birth Parental Parental 1.58 | 1.42 | 1.29(35-36w) | 1.06-1.56
2009 [55] | sectional unable to - yr Register reported doctor | questionnaire - 1.70 (32-34w) | 1.36-2.14
link, missing | 1998 diagnosis 1.76 | 2.37 (<32w) 1.78-3.17
data
Reasons for exclusion as opposed to Kallén 2013 [36]: smaller sample size, selected population
Vogt 2011 | Retro- 254,579 Bornto 2 Major 1997 | Sweden 6-9yr | Swedish Birth Inhaled Anatomical N/R N/R 1.24 (35-36w) | 1.19-1.30
[47] spective | (6-9yr Swedish anomalies, - Register corticosteroid Therapeutic 1.35(33-34w) | 1.25-1.46
cohort only) parents, birth weight | 2000 use in 2006 Chemical Code 1.57 (29-32w) | 1.43-1.72
living in for RO3AK or RO3BA 2.02 (23-28w) | 1.73-2.37
Sweden on | gestation Swedish
31 Dec >3SD or Prescribed Drug
2005 <-6SD Register
Reasons for exclusion as opposed to Kallén 2013 [36]: smaller sample size, no crude data provided
Welsh Case 76 GA <25 wk; | Lostto 1995 | UK, Ireland 11yr Hospital Current asthma Parental 2.46 | 0.81 | N/R N/R
2009 [49] | control matched follow-up records questionnaire -
term 7.46

classmate




controls

Reasons for exclusion as opposed to Fawke 20101 [29]: smaller sample size

Table S1. Characteristics of studies excluded because of population overlap. *detailed-definition-available-upen—requestSelected inhaled or systemic adrenergics,
anticholinergics, xantines, antiallergics, leukotriene receptor antagonists, and/or steroids; ** as compared to preterms without bronchopulmonary dysplasia; KPMCP: Kaiser

Permanente Medical Care Program; KFHP: Kaiser Foundation Health Plan; US: United States; GA: gestational age; UK: United Kingdom; N/R: not reported; LMP: last
menstrual period; SD: standard deviation




Global

Selection bias Study design Confounders Blinding Data collection Withdrawals + dropouts rating Risk of bias

Author, yr [ref] Q1 | Q2 | Rating | Design | Rating | Q1 | Q2 | Rating | Q1 | Q2 | Rating | Q1 | Q2 | Rating | Q1 Q2 Rating

Algert 2012 [52] 1 4 1 5 2 3 4 3 2 2 1 1 1 1 1 1 1 2 moderate
Alvarez 2011 [19] 3 1 3 5 2 1 3 3 2 3 3 4 1 1 3 high
Bérard 2012 [21] 3 4 3 5 2 1 2 2 2 2 1 1 1 1 4 1 1 2 moderate
Boyle 2012 [22] 1 1 1 5 2 1 2 2 3 3 2 3 3 3 1 2 2 2 moderate
Brehm 2012 [23] 1 1 1 4 2 3 1 1 3 3 2 3 3 3 4 1 1 2 moderate
Castro-Rodriguez 2010 [24] 1 2 2 5 2 3 1 1 3 3 2 1 3 2 1 1 1 2 moderate
Cheraghi 2012 [25] 2 2 2 7 3 3 2 2 3 3 2 1 3 2 4 1 1 2 moderate
Civelek 2011 [26] 1 1 1 7 3 3 1 1 3 3 2 1 3 2 4 1 1 2 moderate
Collier 2012 [27] 3 2 3 5 2 3 4 3 3 3 2 3 3 3 1 2 2 3 high
Escobar 2013 [56] 3 4 3 5 2 1 2 2 2 2 1 1 1 1 1 1 1 2 moderate
Fauroux 2013 [57] 3 1 3 4 2 1 3 3 3 3 2 3 3 3 1 1 1 3 high
Fawke 2011 [29] 3 2 3 7 3 1 4 3 3 3 2 1 3 2 1 1 1 3 high
Gessner 2007 [30] 3 4 3 5 2 3 2 2 2 2 1 1 1 1 1 2 2 2 moderate
Getahun 2010 [31] 2 4 2 5 2 3 4 3 2 2 1 1 1 1 1 1 1 2 moderate
Gorman 2005 [32] 3 2 3 7 3 1 2 2 3 3 2 3 3 3 4 1 1 3 high
Goyal 2011 [33] 3 4 3 5 2 1 3 3 2 2 1 1 1 1 1 1 1 3 high
Herrera 2011 [58] 4 1 3 7 3 3 3 3 3 3 2 1 3 2 4 1 1 3 high
Joshi 2013 [35] 3 5 3 7 3 1 3 3 3 3 2 1 3 2 4 1 1 3 high
Kallén 2013 [36] 1 4 1 5 2 1 2 2 2 2 1 1 1 1 4 1 1 1 low
Koshy 2010 [538] 3 3 3 7 3 3 3 3 3 3 2 1 3 2 4 1 1 3 high
Miyake 2013 [42] 2 3 3 7 3 3 1 1 3 3 2 1 3 2 4 1 1 3 high
Nantanda 2013 [59] 3 2 3 7 3 3 3 3 3 3 2 3 3 3 4 1 1 3 high
Rautava 2010 [43] 3 4 3 5 2 3 3 3 2 2 1 1 1 1 4 1 1 3 high
Robison 2012 [44] 2 1 2 5 2 3 1 1 3 3 2 1 1 1 1 1 1 1 low
Sonnenschein-van der Voort 2012 [54] | 2 2 2 5 2 3 1 1 3 3 2 1 3 2 1 1 1 1 low
Taveras 2006 [45] 3 2 3 5 2 3 2 2 3 3 2 3 3 3 1 2 2 3 high




Visser 2010 [46] 1 1 1 7 3 3 1 1 2 3 2 1 3 2 4 1 1 2 moderate
Vrijlandt 2013 [48] 3 2 3 5 2 1 3 3 3 3 2 1 3 2 1 2 2 3 high
Yang 2007 [50] 2 5 2 5 2 3 2 2 3 3 2 3 3 3 1 2 2 2 moderate
Yuan 2003 [51] 1 4 1 5 2 3 1 1 2 2 1 1 1 1 1 1 1 1 low

Table S2. Assessment of study quality. Scoring according to the Effective Public Health Practice Project quality assessment tool for quantitative studies. For study design ‘7’
indicates cross-sectional design in all cases. N/A = not applicable.
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Author, yr [ref]

Algert 2011

[52]

Boyle 2010 [22]
Bérard 2012

[21]

Castro-

Rodriguez 2010

[24]

Cheraghi 2012

[25]

Escobar 2013

[56]

Gessner 2007

[30]

Goyal 2011 [33]
Herrera 2011

(58]

Kallén 2013

[36]

Koshy 2010
| [538]

Miyake 2013

[42]

Robison 2012

[44]

Sonnenschein-
van der Voort

2012 [54]

Taveras 2006

[45]




Visser 2010 b

(46] X X X X X X X X X X X X
Yang 2007 [50] X X X X

Yuan 2003 [51] X X X X X X

Table S3. Covariates in multivariate models of individual studies associating preterm birth with wheezing disorders.? month of conception, maternal urinary tract
infection, pre-labour rupture of membranes, prostaglandin induction, neonatal jaundice, neonatal sepsis; ®threatened miscarriage, infections, asphyxia, birth trauma,
premature rupture of membranes, umbilical cord knots, placenta problems; ©CC10 G+38A polymorphisms, cord blood IgE.
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Review title and timescale

1

Review title

Give the working title of the review. This must be in English. Ideally it should state succinctly the interventions or
exposures being reviewed and the associated health or social problem being addressed in the review.

Preterm birth as a risk factor for childhood wheezing disorders: a systematic review and meta-analysis

Original language title
For reviews in languages other than English, this field should be used to enter the title in the language of the review.
This will be displayed together with the English language title.

Anticipated or actual start date

Give the date when the systematic review commenced, or is expected to commence.
01/04/2013

Anticipated completion date
Give the date by which the review is expected to be completed.
01/08/2013

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have progressed beyond the
point of completing data extraction at the time of initial registration are not eligible for inclusion in PROSPERO. This
field should be updated when any amendments are made to a published record.

The review has not yet started

No

Review stage Started  Completed
Preliminary searches No Yes
Piloting of the study selection process No Yes
Formal screening of search results against eligibility criteria No Yes
Data extraction Yes No
Risk of bias (quality) assessment Yes No
Data analysis Yes No

Provide any other relevant information about the stage of the review here.
Funding obtained. Currently in data-extraction process.

Review team details

6

10

Named contact
The named contact acts as the guarantor for the accuracy of the information presented in the register record.
Jasper Been

Named contact email
Enter the electronic mail address of the named contact.
jasperbeen@gmail.com

Named contact address
Enter the full postal address for the named contact.
Teviot Place doorway 3 Edinburgh EH8 9AG United Kingdom

Named contact phone number

Enter the telephone number for the named contact, including international dialing code.
00441316509232

Organisational affiliation of the review
Full title of the organisational affiliations for this review, and website address if available. This field may be completed
as 'None' if the review is not affiliated to any organisation.
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11

12

13

14

School for Public Health and Primary Care (CAPHRI), Maastricht University

Website address:
www.caphri.nl

Review team members and their organisational affiliations
Give the title, first name and last name of all members of the team working directly on the review. Give the
organisational affiliations of each member of the review team.

Title First name Last name Affiliation

Dr Jasper Been School for Public Health and Primary Care
(CAPHRI), Maastricht University, Maastricht,
Netherlands

Miss Marlies Lugtenberg School for Public Health and Primary Care
(CAPHRI), Maastricht University, Maastricht,
Netherlands

Miss Eline Smets School for Public Health and Primary Care
(CAPHRI), Maastricht University, Maastricht,
Netherlands

Professor Constant van Schayck School for Public Health and Primary Care
(CAPHRI), Maastricht University, Maastricht,
Netherlands

Professor Boris Kramer Department of Paediatrics, Maastricht
University Medical Centre, Maastricht,
Netherlands

Dr Monique Mommers School for Public Health and Primary Care
(CAPHRI), Maastricht University, Maastricht,
Netherlands

Professor Aziz Sheikh Centre for Population Health Sciences, The
University of Edinburgh, Edinburgh, United
Kingdom

Funding sources/sponsors

Give details of the individuals, organizations, groups or other legal entities who take responsibility for initiating,
managing, sponsoring and/or financing the review. Any unique identification numbers assigned to the review by the
individuals or bodies listed should be included.

JB is supported by a Maastricht University Kootstra Talent Fellowship JB is supported by the International Pediatric
Research Foundation Young Investigators Exchange Programme

Conflicts of interest

List any conditions that could lead to actual or perceived undue influence on judgements concerning the main topic
investigated in the review.

Are there any actual or potential conflicts of interest?

None known

Collaborators
Give the name, affiliation and role of any individuals or organisations who are working on the review but who are not
listed as review team members.

Title First name Last name Organisation details

Review methods

15

16

Review question(s)
State the question(s) to be addressed / review objectives. Please complete a separate box for each question.
Is preterm birth associated with the development of wheezing disorders during childhood?

Searches
Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full search
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18

19

20

22

23

24

25

strategy is not required, but may be supplied as a link or attachment.

Two reviewers will independently search PubMed, EMBASE, TRIP database, and Google Scholar for eligible studies.
We will identify additional studies by screening reference lists and citations of articles of interest via ISI Web of
Knowledge. We will also approach an international panel of experts to identify ongoing and unpublished studies, as
well as studies that might have been missed by our search strategy.

URL to search strategy
If you have one, give the link to your search strategy here. Alternatively you can e-mail this to PROSPERO and we
will store and link to it.

Condition or domain being studied

Give a short description of the disease, condition or healthcare domain being studied. This could include health and
wellbeing outcomes.

Wheezing disorders during childhood, defined as a diagnosis or reported symptoms of wheezing or asthma.

Participants/population

Give summary criteria for the participants or populations being studied by the review. The preferred format includes
details of both inclusion and exclusion criteria.

Children aged 0.5-18 years. Only studies where at least 50% of the cohort is born from 1995 onwards, and none of
the children is born before 1990, are eligible. The rationale for this is that important practice changes in neonatal
medicine have contributed to improved outcomes among (very) preterm infants in the last two decades. To obtain an
estimate that is relevant to current neonatal practice, we have set this pragmatic time constraint.

Intervention(s), exposure(s)

Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed

The exposure under study is preterm birth, defined as being born at a gestational age less than 37 completed weeks.
Studies comparing the outcome between one or more subgroups at the more extreme end of gestation (e.g. =37
weeks). Studies using broader gestational age definitions to define term births (e.g. >= 36 weeks) will not be
considered. Post-term births (>42 weeks) will be excluded when possible.

Types of study to be included initially

Give details of the study designs to be included in the review. If there are no restrictions on the types of study design
eligible for inclusion, this should be stated.

We will consider the following observational designs for inclusion: cohort, case-control, and cross-sectional studies.
We do not expect to identify experimental or quasi-experimental studies relevant to the research question. However if
they are identified we will consider their inclusion if relevant. Two reviewers will independently assess study eligibility.
The final decision to include will be based on consensus and arbitration by a third author if necessary. When studies
have significantly overlapping populations, one study will be selected for final inclusion, study size being taken into
account as a major determinant.

Context
Give summary details of the setting and other relevant characteristics which help define the inclusion or exclusion
criteria.

Primary outcome(s)

Give the most important outcomes.

The primary outcome is any wheezing disorder. We will use the following hierarchy to select the outcome from studies
reporting multiple outcomes: asthma; persistent wheezing; recurrent wheezing; severe wheezing; and wheezing. We
will use the following hierarchy to select the outcome with the highest level of ascertainment: clinician diagnosis;
documented medication use as a wheezing disorders proxy; routinely collected health care data; parental or patient-
reported physician diagnosis; parental or patient-reported medication use; and parental or patient-reported
symptoms. ‘Ever’ wheezing/asthma will be favoured over recent and current wheezing disorders, respectively.

Give information on timing and effect measures, as appropriate.
Secondary outcomes

List any additional outcomes that will be addressed. If there are no secondary outcomes enter None.
None.

Give information on timing and effect measures, as appropriate.
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27

28

29

Data extraction, (selection and coding)

Give the procedure for selecting studies for the review and extracting data, including the number of researchers
involved and how discrepancies will be resolved. List the data to be extracted.

Two reviewers will independently extract the following data from selected studies:authors; full reference; study design;
study location; sample size; inclusion- and exclusion criteria; age range and birth year of study participants; method of
ascertainment of exposure and outcomes; outcome measure; unadjusted and adjusted association measures.
Unadjusted association measures will preferably be calculated using crude data via production of 2x2 tables. If
available, adjusted association estimates of a linear relationship between gestational age and wheezing disorder risk
will be extracted to assess a possible “dose-response relationship” between degree of prematurity and risk of
wheezing disorders.

Risk of bias (quality) assessment

State whether and how risk of bias will be assessed, how the quality of individual studies will be assessed, and
whether and how this will influence the planned synthesis.

Two reviewers will independently assess risk of bias for each included study using the Effective Public Health
Practice Project quality assessment tool for quantitative studies. For this purpose the following covariates are
considered to be the main confounders of the association between preterm birth and wheezing disorders: gender;
maternal smoking during pregnancy; maternal atopy or asthma, or a family history of atopy or asthma. Each study will
be assigned to one of the following categories: low risk of bias, moderate risk of bias, and high risk of bias. Again,
final judgment of risk of bias will be based on consensus with arbitration by a third author if necessary.

Strategy for data synthesis

Give the planned general approach to be used, for example whether the data to be used will be aggregate or at the
level of individual participants, and whether a quantitative or narrative (descriptive) synthesis is planned. Where
appropriate a brief outline of analytic approach should be given.

Unadjusted association measures will be pooled via Mantel-Haenszel analysis. We anticipate important heterogeneity
among the studies and will perform all analyses using a random effects model. Adjusted effect estimates will be
pooled using generic inverse variance. Standard errors for the individual study point estimates will be calculated from
the respective confidence intervals as described in the Cochrane Handbook (chapter 7). When studies report
adjusted association measures for several gestational age strata, the least preterm stratum will be selected for the
comparison so as to arrive at the most conservative estimate. Adjusted effect estimates of a dose-response
relationship between gestational age and wheezing disorders will be calculated for individual studies that reported
multiple gestational age strata using a fixed-effects log-linear dose-response regression model. Individual study
summary estimates will then be pooled using generic inverse variance. Between-study heterogeneity will be assessed
using Q-statistic and the I-squared test. We will perform meta-regression analysis using the following study
characteristics to assess their contribution to overall study heterogeneity: study size, population age, diagnosis
ascertainment, wheezing type, and publication year. Small study effects will be assessed using funnel plots, and
tested using Harbord’s test for unadjusted association measures, and Egger’s test for adjusted association measures.
If possible, population attributable risks will be calculated using the data as described by Rockhill et al (Am J Public
Health 1998). All analyses will be performed using Stata 12 software.
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Supporting Text S2

Expert panel approached

Professor Eugenio Baraldi, University of Padua, Italy

Professor Andrew Bush, Imperial College London, UK

Professor Adnan Custovic, University of Manchester, UK

Dr. Liesbeth Duijts, Erasmus University Rotterdam, Netherlands
Professor Bengt Kallén, University of Lund, Sweden

Professor Jouni Jaakkola, University of Oulu, Finland

Professor Maritta Jaakkola, University of Oulu, Finland
Professor Sailesh Kotecha, University of Cardiff, UK

Dr. Rajesh Kumar, Children’s Memorial Hospital Chicago, USA
Professor Erika von Mutius, Munich University, Germany
Professor Janet Stocks, University College London, UK
Professor David Strachan, St George’s University of London, UK
Professor Xiaobin Wang, Northwestern University, USA
Professor Scott Weiss, Harvard University Boston, USA
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