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Summary
Background—Prenatal maternal smoking and prematurity independently affect wheezing and
asthma in childhood.

Objective—We sought to evaluate the interactive effects of maternal smoking and prematurity
upon the development of early childhood wheezing.

Methods—We evaluated 1448 children with smoke exposure data from a prospective urban birth
cohort in Boston. Maternal antenatal and postnatal exposure was determined from standardized
questionnaires. Gestational age was assessed by the first day of the last menstrual period and early
prenatal ultrasound (preterm<37 weeks gestation). Wheezing episodes were determined from
medical record extraction of well and ill/unscheduled visits. The primary outcome was recurrent
wheezing, defined as ≥ 4 episodes of physician documented wheezing. Logistic regression models
and zero inflated negative binomial regression (for number of episodes of wheeze) assessed the
independent and joint association of prematurity and maternal antenatal smoking on recurrent
wheeze, controlling for relevant covariates.

Results—In the cohort, 90 (6%) children had recurrent wheezing, 147 (10%) were exposed to in
utero maternal smoke and 419 (29%) were premature. Prematurity (odds ratio [OR] 2.0; 95% CI,
1.3-3.1) was associated with an increased risk of recurrent wheezing, but in utero maternal
smoking was not (OR 1.1, 95% CI 0.5-2.4). Jointly, maternal smoke exposure and prematurity
caused an increased risk of recurrent wheezing (OR 3.8, 95% CI 1.8-8.0). There was an interaction
between prematurity and maternal smoking upon episodes of wheezing (p=0.049).

Conclusions—We demonstrated an interaction between maternal smoking during pregnancy
and prematurity on childhood wheezing in this urban, multiethnic birth cohort.
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Introduction
A growing body of literature has highlighted the importance of prenatal factors on the
subsequent development of recurrent wheezing and asthma. In particular, in utero tobacco
smoke exposure has been well established to promote respiratory morbidity. In utero
exposure to tobacco smoke remains a public health concern as 13.2% of mothers in the
United States were noted to smoke during pregnancy in 2006.1 Antenatal maternal smoking
has been associated with the subsequent development of wheezing and asthma in
childhood.2-7 Prematurity is also a well described risk factor in the development of
respiratory morbidity and asthma 8-11 and continues to account for 12.7% of all births in the
United States.1

Both in utero smoke exposure and prematurity are known to have effects on both airway
caliber and lung function.12-18 We are aware of only one study directly evaluating the
association between prematurity and antenatal maternal smoking on the development of
asthma. This study noted that the effect of maternal smoking on asthma was minimally
reduced when fetal growth and preterm delivery were accounted for, suggesting that only a
small fraction of the effect of smoking on asthma is through these variables.19 In utero
smoke exposure is associated with early immune dysregulation20,21 as well as changes in
lung branching morphogenesis.22 The pulmonary effects of preterm delivery may be more
related to effects on existing small airways15 as opposed to modulation of airway branching.
Given the different effects of these factors and the limited literature published on the topic,
evaluation of a possible synergistic effect of these prenatal factors deserves further attention.

The purpose of this study was to evaluate the independent and synergistic associations
between both antenatal maternal smoking and prematurity on the outcome of wheezing in
the Boston Birth Cohort, a large, urban, multiethnic cohort.

Methods
Patient Population

The Boston Birth Cohort (BBC) was initiated in 1998, and recruitment is ongoing at the
Boston University Medical Center (BUMC). The Boston Birth Cohort was originally
designed to study adverse birth outcomes, including preterm birth. It is a multiethnic cohort
(56% black, 11% white, 20% Hispanic) with subjects from a range of socioeconomic strata,
including primarily inner-city poor (50% with annual household income <30K) up to a
smaller proportion of middle-class subjects. The inclusion criteria of the parent study are as
follows: any woman admitted to the labor and delivery floor at BMC who delivered a
singleton live infant was eligible. The Children's Memorial Hospital Institutional Review
Board (IRB) and the BUMC IRB approved the parent study protocol. Under a separate
BUMC IRB consent, all infants enrolled in the BBC are eligible for the postnatal follow-up
study.

Data collection and measurements
Recruitment of the birth cohort—Mother-infant pairs were recruited 24 to 48 hours
following delivery. After obtaining signed written informed consent, we interviewed
subjects by using a standardized questionnaire. We reviewed maternal and infant medical
records using a standardized abstraction form to obtain clinical data, including
ultrasonagraphic findings, placental pathology reports, laboratory reports, pregnancy
complications, labor and delivery course and birth outcomes.
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Postnatal follow-up study—Subjects who sought primary care at the BUMC were
invited to participate in the postnatal follow-up study beginning in 2004. After written
informed consent was obtained from the biological mother, study visits were conducted at 6
to 12 months, 2 years, 4 years and 6 years in alignment with the child's pediatric primary
care visit schedule. Mothers were interviewed with a standardized postnatal health
questionnaire. We reviewed the study child's medical record using a standard medical record
abstraction form to obtain clinical data, including type and site of visits, clinical diagnosis
(including International Classification of Diseases, ninth revision, codes) and growth
parameters.

Since 2004, there were 3326 children newly enrolled into the BBC. Of those, 1569 identified
the BMC as their preferred site for future pediatric primary care, and thus, were eligible for
the follow-up study. 1190 were approached and 1116 agreed to participate in the Children's
Health Study (CHS). Approximately 784 children who were born prior to 2004 also were
approached and 678 agreed to participate, leading to the current CHS enrollment of 1794
subjects (enrollment of 91% of all those approached). Of those enrolled in the CHS,
complete data for smoking in utero, prematurity and the outcome of recurrent wheezing was
available for 1448 individuals as is shown in Figure 1.

Assessment of gestational age—Gestational age was assessed on the basis on the first
day of the last menstrual period, as recorded in the medical record, and early (< 20 weeks)
prenatal ultrasound. This approach has been used in large, hospital-based preterm studies
and in our ongoing funded preterm studies.23,24

Assessment of maternal smoking—Maternal smoking during pregnancy was assessed
based on answers to the maternal questionnaire at delivery. Mothers who answered yes to
smoking during 6 months before pregnancy or smoking during the first trimester and those
who answered yes to smoking during the second or third trimester in the maternal
questionnaire were classified as having ongoing in utero smoke exposure through the
pregnancy. In the follow-up CHS study, children whose mothers answered yes to smoking at
the time of follow-up at any visit were classified as having postnatal exposure from the
mother.

Assessment of fetal growth—Fetal growth was based on estimate of standardized birth
weight (SBWT). SBWT is defined as birth weight standardized by mean and variance in the
stratum of corresponding ethnic group, sex, and gestational week in the reference population
by using approximately 15,000 births at BMC during 1998-2003. Fetal growth restriction
(FGR) is defined as an SBWT of less than the 10th percentile of the SBWT in the reference
population at the same gestational week.

Outcome measures
The primary outcome was recurrent wheezing, defined as >3 episodes of physician-
documented wheezing. Given the mean age of 3 years in this cohort, we felt that classifying
individuals as having recurrent wheezing using a cutoff of greater than 3 episodes would
reflect a similar level of morbidity to other studies using asthma predictive indices in this
age range.25-28 We also examined the number of episodes of wheezing. Wheezing episodes
were determined from prospective ongoing data extraction from the patient's electronic
medical record. All instances of contact with the BMC healthcare system for each of the
subjects, including well and ill/unscheduled visits (office visits, urgent care, ED and
inpatient encounters) were evaluated. This data collection provided the most complete and
accurate assessment of wheezing episodes requiring medical attention of subjects receiving
their urgent and emergent medical care at BMC.
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Statistical analyses
A total of 1,448 children from the BBC completed at least one postnatal follow-up visit and
had key variables available. For comparison of baseline characteristics of the population, t-
test and χ2 test were used to characterize all continuous variables and all categorical
variables respectively. Annual household income between groups was compared by
ANOVA. We examined the associations of maternal in-utero smoking and prematurity with
recurrent wheezing by multivariate logistic regression analysis. This included initial
evaluation of these factors' independent effects on recurrent wheezing in a combined
multivariate model. We also evaluated for joint affect by categorization into controls
(nonsmoking mothers and term births), smoking mothers with term deliveries, non-smoking
mothers with preterm deliveries, and smoking mothers with preterm deliveries.

Aside from the key determinant variables, demographic variables, and measures of
socioeconomic status (SES) were retained in the model. Other potential confounding
variables were retained in the model based on significance (p<0.2 for association with the
outcome). Following univariate analyses, infant factors were limited to the child's current
age, sex, breastfeeding, exposure to tobacco smoke in-utero, exposure to tobacco smoke
post-natally, and preterm delivery (<37 weeks gestation). Other traditional infant risk factors
such as firstborn status, fetal growth variables and type of delivery (c-section) were not
confounders and were excluded. Maternal factors included maternal ethnicity (categorized
as black or other), SES as measured by annual household income (> 30 K, <30K, and
unknown), and maternal history of atopic diseases.

To decrease the potential for residual confounding which may be due to any differences in
duration of follow up between those with recurrent wheezing and those who did not meet
our criteria for recurrent wheezing, we carried out two subgroup analyses. First, we repeated
the analyses for recurrent wheezing limited to those children who were more than 2 years of
age (n=897) at time of last follow up. Second, we restricted the analysis in both groups to
only those children aged 2-5 years of age. Finally, we also performed a zero inflated
negative binomial regression on the number of episodes of wheeze as a count outcome. This
analysis was performed to evaluate if the relationship between maternal smoking and
prematurity is present when wheezing is not categorized at a set number of episodes which
is more likely to be achieved with longer duration of follow-up. Variables inflated in this
model included smoking, prematurity, gender, maternal atopy and age of the child at follow
up.

All analyses were performed using statistical software STATA for Windows 9.20 (STATA,
College Station, TX).

Results
Baseline characteristics of the cohort

This analysis included 1358 children without recurrent wheezing and 90 children with
recurrent wheezing from the BBC. Of these, 147 children were exposed to antenatal
maternal smoking and 419 were premature. The majority of the mothers were African
American (60%, n=874) and 50% of mothers in the cohort reported an annual household
income of < $30,000 per year (n=720). Baseline characteristics of the study population,
including demographic measures, SES measures and maternal factors, are shown in Table 1,
stratified by wheezing status. The mean age of the children at the last point of follow-up
were 3.1±2.4 years in the non-wheezing group and 4.7±2.3 years in the wheezing group.
Compared with children who had no recurrent wheezing, children with recurrent wheezing
were of an older mean age, were more likely to be male, and had higher frequencies of
gestational age < 37 weeks, maternal atopy and annual household income of < $30,000.
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Children with recurrent wheezing also had a higher frequency of having been born to
mothers who smoked during pregnancy (24.4% vs. 15.4% in children without recurrent
wheezing).

Finally, while there were statistical differences in terms of race, maternal age, gestational
age, and birth weight between those in the CHS cohort and those not followed due to the
sample size, these differences are minimal in magnitude (see supplemental table 1). For
example, the gestational age at delivery (mean±SD) was 37.6±3.6 weeks in CHS compared
to 38.1±3.1 weeks in those not followed. Similarly, birth weight (mean±SD) in CHS was
2888.9.2±821.8 grams compared to those not followed whose mean birth weight was
2981.4±755.3 grams.

Associations of maternal smoking during pregnancy and prematurity with recurrent
wheezing

We evaluated the independent associations of both maternal smoking during pregnancy and
prematurity on the primary outcome of recurrent wheezing as shown in Table 2 with a
multivariate logistic regression analysis. We found that prematurity was associated with
increased risk of recurrent wheezing (odds ratio [OR], 2.0 95% Confidence Interval [CI]
1.3-3.1) even after adjusting for the child's gender, age, maternal history of atopy, race and
income. By itself, maternal smoking during pregnancy did not have an effect on recurrent
wheezing (OR 1.1, 95% CI 0.5-2.4). There was no difference in the risk of recurrent wheeze
in mothers who smoked only in the six months prior to pregnancy (OR1.7, 95% CI 0.6-4.6)
from those mothers who smoked during pregnancy (OR 1.7, 95% CI 1.0-3.0) (supplemental
table 2).

Joint association of maternal smoking and prematurity with recurrent wheezing
We evaluated the joint association of maternal smoking during pregnancy and prematurity
on the primary outcome of recurrent wheezing as displayed in Table 3. We did not find a
statistically significant joint association or interaction between prematurity and smoking on
the outcome of recurrent wheeze. Prematurity alone increased the risk of recurrent wheezing
(OR 1.8; 95% CI 1.1-2.8). Exposure to maternal smoking in utero without prematurity did
not increase the risk of recurrent wheezing. The combination of both prematurity and a
history of maternal smoking during pregnancy increased the risk of wheezing above
prematurity alone (OR 3.8, 95% CI 1.8-8.0). Two secondary analyses were performed
restricting the age of subjects analyzed to either children >2 years or even more
conservatively to children between the ages of 2 and 5 years at age of last follow up. These
secondary analyses were carried out to account for variable length of follow-up in the study
sample. The same patterns of findings were seen in children older than 2 years of age as
were seen in the total sample (Table 3). In children between the age of 2 and 5 years, we
found the same patterns in this analysis (supplemental table 3) again with an increased risk
of wheezing in children with both prematurity and maternal smoke exposure (OR 4.3, 95%
CI 1.2-15.2, p value 0.024). In a separate model, evaluating an interaction term, we did not
find a significant interaction between maternal smoke exposure in utero and prematurity on
the outcome of recurrent wheezing. (p value = 0.41)

Association of maternal smoking and prematurity with number of episodes of wheezing
To more fully characterize the interaction between the variables of maternal smoking during
pregnancy and prematurity on childhood wheezing, further evaluation was undertaken
looking at the outcome of number of wheezing episodes. In full term children with maternal
smoke exposure, there was no effect on the number of episodes of wheezing. However, in
premature children with exposure to antenatal maternal smoking, there was an increase by
1.4 fold in the number of episodes of wheeze. Additionally, in a model mutually adjusted for
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prematurity and in utero smoke exposure, a clearly significant interaction was found
between the two factors on the number of episodes of wheezing (p value 0.029).

Discussion
In this prospective birth cohort study, we found that the combination of prematurity and
maternal smoking during pregnancy increases both recurrent wheezing and the number of
episodes of wheezing in early childhood. Prematurity alone was associated with an increased
likelihood of recurrent early childhood wheezing. We found a significant interaction
between prematurity and maternal smoking in utero on the outcome of number of episodes
of wheezing, but not on the outcome of recurrent wheezing (≥4 episodes of wheeze) which
has been suggested to be an important predictor of asthma in some studies.29

Our finding that prematurity was associated with an increased risk of recurrent wheezing is
in keeping with the literature. A number of studies including a meta-analysis of 19 papers 10

suggest that children born prematurely have an increased risk of asthma and wheezing when
compared to term babies.8,9,11 Prematurity also results in alterations in childhood lung
function noted both at 1 year of age 15 and later in childhood. 16,17 Premature infants with
wheezing have greater evidence of air trapping implicating abnormalities of the small
airways in particular which may contribute to wheezing.15-17,30

We did not find a statistically significant effect of antenatal maternal smoking on recurrent
wheezing, possibly due to sample size. This is not in keeping with previous literature. Past
studies have consistently shown that maternal smoking during pregnancy correlates with an
increased risk of wheezing and/or development of asthma.2-7 Further evidence for the in-
utero effect of smoke exposure comes from genetic studies which find that maternal genetic
polymorphisms in nicotine metabolism modify the effect of smoke exposure in utero on
subsequent development of asthma.31,32 It is likely that with a larger sample, we would have
found significant associations of in utero smoke exposure and childhood wheeze.

Despite the fact that the literature would suggest that prematurity and maternal smoking
appear to have similar influences on wheezing, few studies have evaluated a synergistic or
interactive effect of both variables on the development of recurrent wheezing. Jaakkola and
Gissler published data on over 60,000 children from the Finnish Medical Birth Registry.
They found a 25% higher risk of development of asthma by age 7 if mothers smoked < 10
cigarettes per day while pregnant and a 36% higher risk if mothers smoked >10 cigarettes
per day.19 Preterm delivery as well as low birthweight was also found to increase the risk of
asthma in this cohort. The authors noted that the effect of maternal smoking was minimally
reduced when fetal growth and preterm delivery were accounted for, suggesting that only a
small fraction of the effect of smoking on asthma is through these variables.19 In contrast,
we found a joint effect of maternal smoking during pregnancy and prematurity on recurrent
wheezing as well as an interaction of borderline significance between smoking and
prematurity on the number of episodes of early childhood wheezing. This suggests that
while the majority of the effect of smoking is not accounted for by promoting preterm labor,
these co-morbid factors may have combined effects on early life respiratory morbidity.

Both maternal smoking during pregnancy12-14,33 and prematurity appear to have significant
effects upon lung function. Even in pre-term children with no neonatal respiratory disease,
there are decreases in lung function noted at 1 year of age34, yet the extent to which lung
function remains diminished in later childhood is less clear. 18,35 However, these early life
defects in lung function may have relevance to respiratory morbidity in early life. Similarly,
both prematurity 36-38 and in utero smoke exposure6,39 are associated with increased
morbidity associated with viral respiratory illnesses. With both prematurity and in utero
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smoke exposure playing a role in lung development and early lung function as well as in
susceptibility to viral pathogens in early life, children exposed to both of these factors may
have an increased number of wheezing episodes at a young age and increased susceptibility
to recurrent wheezing.

The results of this study should be interpreted with several potential limitations in mind.
First, the data used to evaluate the variable of maternal smoking were derived from self-
reported questionnaire. There is no objective measure of maternal or child cotinine levels to
validate the maternal report and no measure or report of other household smoke exposure.
Yet, even cotinine levels do not provide measures of cumulative tobacco exposure or even
necessarily representative levels of exposure due to the fact that they are point estimates40. It
is also possible that the retrospective collection of smoking data by questionnaire may result
in some degree of recall bias. Second, our findings are limited by the duration of patient
follow-up. As such, we are not able to comment on the outcomes of asthma and do not have
lung function measures available for these children. The mean age of children at the time of
follow-up was 3.1 to 4.7 years respectively in non-wheezers and wheezers. This difference
in length of follow-up may have influenced the number of children able to meet our
recurrent wheezing definition of ≥4 episodes. However, we accounted for this by controlling
for the age of the child as the age of last follow-up and we also completed two sensitivity
analyses restricting age to account for this variable length of follow-up. We did not have a
large enough sample to stratify by pre-pregnancy smoking, antenatal maternal smoking,
postnatal maternal smoking, and the various combinations of timing of this exposure.
Finally, we carried out a zero-inflated negative binomial model to look at the outcome of
number of wheezing episodes when taking age into account as a covariate. These additional
analyses all provided similar results showing the same trend for increased episodes of
wheezing with maternal smoke exposure and prematurity.

There is the potential for some selection bias as only a proportion of the cohort who had
planned to receive care at BMC were eligible for the post-natal follow-up study. As noted,
there were statistical differences in terms of race, maternal age, gestational age, and birth
weight between those in the CHS cohort and those not followed. However, these differences
were minimal in magnitude. Finally, the Boston Birth Cohort is an urban, multiethnic cohort
with a high proportion of African American children and has a high incidence of prematurity
which limits the generalizability of our findings. The high proportion of African Americans
and lower proportion of Whites in our sample may account in some part for the lower
prevalence of in utero smoke exposure compared to the US population.41 Finally, given the
low numbers of whites, we were unable to stratify the sample to separately evaluate the
associations with childhood wheezing within each race.

In summary, we found that maternal smoking in utero and prematurity appear to have a joint
effect on recurrent wheezing and an interactive effect on the number of episodes of early
childhood wheezing. Further investigation in larger cohorts is justified to evaluate whether
the interaction on childhood wheezing persists in other patient populations. Similarly,
studies of early life lung function to evaluate the interaction of these risk factors on lung
growth and development would be important. If these data are confirmed, our findings have
significant implications to public health concerns as smoking is a modifiable behavior which
not only is associated with preterm birth42, but also appears to act in conjunction with
prematurity in this high risk cohort.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant Flowchart
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Table 1
Baseline demographics of the Boston birth cohort by wheezing status

Variable No Recurrent Wheezing (n=1358) Recurrent Wheezing (n=90) P value

Male Sex (%) 49.2 62.2 0.02

Age (y) (mean ± SD) 3.1±2.4 4.7±2.3 <0.001

Gestational Age (wk) (mean ± SD) 37.7±3.5 35.6±5.0 <0.001

Maternal Age (y), (mean ± SD) 28.5±6.6 28.0±6.3 0.2

Maternal Atopy (%) 31.5 43.3 0.02

Maternal smoking in pregnancy (%) 9.8 15.6 0.10

Maternal smoking at follow-up (%) 15.4 24.4 0.03

Cesarean section (%) 33.2 35.6 0.65

First born (%) 41.2 42.2 0.93

Breastfeeding (%) 6.3 4.4 0.48

Race (%)

 Black 59.3 76.7 <0.001

 Non-black 40.7 23.3

Annual Household Income (%)

 <$30,000 49.2 57.8 <0.001

 >$30,000 29.2 16.7

 Unknown 21.7 25.6

All continuous variables were characterized by t-test and all categorical variables were characterized by chi-square. Income was characterized by
ANOVA.
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Table 2
Association of maternal smoking and prematurity on recurrent wheezing*

Risk Factor Odds Ratio 95% Confidence Interval P value

Maternal Smoking in Pregnancy 1.1 0.5-2.4 0.82

Maternal Smoking at Follow-up 1.4 0.7-2.7 0.34

Prematurity 2.0 1.3-3.1 0.002

Gender 1.5 1.0-2.4 0.052

Maternal Atopy 1.4 0.9-2.2 0.15

Breastfeeding 0.9 0.3-2.6 0.87

Age 1.2 1.1-1.3 <0.001

Black Race 2.0 1.2-3.3 0.007

Income < $30,000 1.4 0.8-2.5 0.30

Income Unknown 1.4 0.7-2.8 0.31

*
Recurrent wheezing: episodes of wheezing > 3.

Pediatr Pulmonol. Author manuscript; available in PMC 2013 August 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Robison et al. Page 14

Ta
bl

e 
3

T
he

 j
oi

nt
 a

ss
oc

ia
ti

on
 o

f 
m

at
er

na
l s

m
ok

in
g 

an
d 

pr
em

at
ur

it
y 

w
it

h 
re

cu
rr

en
t 

w
he

ez
in

g*

N
M

at
er

na
l S

m
ok

in
g

P
re

m
at

ur
it

y
O

dd
s 

R
at

io
95

%
 C

on
fi

de
nc

e 
In

te
rv

al
P

 v
al

ue

A
ll 

C
hi

ld
re

n 
(n

=1
44

8)

 
C

on
tr

ol
94

1
N

o
N

o
-

-
-

 
Pr

em
at

ur
ity

 O
nl

y
36

0
N

o
Y

es
1.

8
1.

1-
2.

9
0.

01
8

 
M

at
er

na
l S

m
ok

in
g 

O
nl

y
88

Y
es

N
o

0.
7

0.
2-

2.
3

0.
57

 
M

at
er

na
l S

m
ok

in
g 

an
d 

Pr
em

at
ur

ity
59

Y
es

Y
es

4.
0

1.
9-

8.
6

<
0.

00
1

O
nl

y 
C

hi
ld

re
n 

> 
2 

yr
s 

(n
=8

51
)

 
C

on
tr

ol
55

5
N

o
N

o
-

-
-

 
Pr

em
at

ur
ity

 O
nl

y
21

5
N

o
Y

es
1.

7
1.

0-
2.

8
0.

06

 
M

at
er

na
l S

m
ok

in
g 

O
nl

y
49

Y
es

N
o

0.
8

0.
2-

2.
8

0.
75

 
M

at
er

na
l S

m
ok

in
g 

an
d 

Pr
em

at
ur

ity
32

Y
es

Y
es

5.
8

2.
5-

13
.8

<
0.

00
1

C
ov

ar
ia

te
s 

ad
ju

st
ed

 in
 th

e 
m

od
el

: i
nf

an
t f

ac
to

rs
: c

hi
ld

's
 a

ge
, s

ex
 a

nd
 e

xc
lu

si
ve

 b
re

as
tf

ee
di

ng
; m

at
er

na
l f

ac
to

rs
: m

at
er

na
l e

th
ni

ci
ty

, m
at

er
na

l a
to

py
 a

nd
 h

ou
se

ho
ld

 in
co

m
e.

 O
th

er
 c

ov
ar

ia
te

s 
in

cl
ud

e 
th

e
as

so
ci

at
io

ns
 o

f 
m

at
er

na
l s

m
ok

in
g 

an
d 

pr
em

at
ur

ity
 o

n 
re

cu
rr

en
t w

he
ez

in
g.

* R
ec

ur
re

nt
 w

he
ez

in
g:

 e
pi

so
de

s 
of

 w
he

ez
in

g 
>

3.

Pediatr Pulmonol. Author manuscript; available in PMC 2013 August 29.


