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abstract
OBJECTIVES: Exposure to passive smoke is a common and avoidable
risk factor for wheeze and asthma in children. Substantial growth in
the prospective cohort study evidence base provides an opportunity
to generate new and more detailed estimates of the magnitude of
the effect. A systematic review and meta-analysis was conducted to
provide estimates of the prospective effect of smoking by parents or
household members on the risk of wheeze and asthma at different
stages of childhood.
METHODS: We systematically searched Medline, Embase, and conference abstracts to identify cohort studies of the incidence of asthma or
wheeze in relation to exposure to prenatal or postnatal maternal, paternal, or household smoking in subjects aged up to 18 years old.
Pooled odds ratios (ORs) with 95% conﬁdence intervals (CIs) were estimated by using random effects model.
RESULTS: We identiﬁed 79 prospective studies. Exposure to pre- or
postnatal passive smoke exposure was associated with a 30% to
70% increased risk of incident wheezing (strongest effect from postnatal maternal smoking on wheeze in children aged #2 years, OR =
1.70, 95% CI = 1.24–2.35, 4 studies) and a 21% to 85% increase in
incident asthma (strongest effect from prenatal maternal smoking on
asthma in children aged #2 years, OR = 1.85, 95% CI = 1.35–2.53, 5
studies).
CONCLUSIONS: Building upon previous ﬁndings, exposure to passive
smoking increases the incidence of wheeze and asthma in children
and young people by at least 20%. Preventing parental smoking is crucially important to the prevention of asthma. Pediatrics 2012;129:735–
744
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It has been recognized for some years
that asthma and wheezing are more
common in children passively exposed
to cigarette smoke, though much of the
available evidence to date has been
derived from cross-sectional rather
than cohort studies. In a meta-analysis
published in 1998 by Strachan and
Cook,1 which informed the US Surgeon
General’s report of 2006,2 the authors
examined the effect of passive smoking
on asthma and wheeze in children and
found that if either parent smoked the
risk of prevalent asthma in childhood
was increased by around 40%, whereas
postnatal maternal smoking increased
the incidence of asthma or wheezing
illness before the age of 6 by ∼30%, and
during school-age years by 13%. However, these estimates were each based
on data from 4 cohort studies each. A
more recent systematic review (2007) of
exposure to household smoking revealed 33% increased risk of incident
asthma in childhood; this estimate was
based on data from only 8 studies.3
In recent years, several more prospective studies of this association have
been reported, permitting a new metaanalysis to provide more reliable estimates and more detailed estimates of
the effects of exposure to prenatal
maternal and to postnatal maternal,
paternal, or other household members
smoking on the incidence of wheeze and
asthma in childhood. We have, therefore, updated the original Strachan and
Cook systematic review to provide
summary estimates of the effects of
passive smoking and to further expand
these analyses by examining the effects in prenatal maternal and postnatal
maternal, or paternal or household
smoking from prospective studies of the
risk of wheezing and asthma in childhood in various age groups. This work
was initiated as part of a larger review on the effects of passive smoking
in children for the Royal College of
Physicians.4
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METHODS
Systematic Review Methods
We used search strategies employed in
the 1997 systematic review1 to identify
all prospective epidemiologic studies
assessing the association between
passive smoke exposure and the incidence of wheeze or asthma in childhood published between 1997 and
February 2011. This included searching
the Medline, Embase, Cumulative Index
to Nursing and Allied Health Literature,
and AMED electronic databases, published reviews, reference lists from
identiﬁed publications, and abstracts
from major conference proceedings
(European Respiratory Society and
American Thoracic Society, 2006–
2009).
Search Strategy
We search for articles in all languages,
but in common with the previous search
strategy, we included only articles
published in English.1 Search terms
were selected under guidance from the
Centre for Reviews and Dissemination4
and the Airways Group Specialist5
search terms for wheeze and asthma.
All references to passive smoking were
selected by the MeSH heading Tobacco
smoke pollution and/or text word
combinations (passive, second hand,
involuntary, parent, maternal, mother,
paternal, father, or household) and
(smoke, tobacco, cigarettes, or cotinine) in the title, keywords, or abstract.
In addition, articles were then restricted to children or adolescents (aged 0–
18 years). The results from searches
were combined with studies identiﬁed
in the previous review.1
Inclusion Criteria
We included all prospective epidemiologic studies assessing the association
between passive smoke exposure and
incidence of asthma or wheeze in
children or young people up to the age
of 18 years in which participants were

free of disease (asthma or wheeze) at
the start of the study and passive smoke
exposure was documented at a time
point before the incidence of disease
was determined.
Data Extraction
Four authors (Drs Burke and McKeever,
Mr Hashim, and Ms Pine-Abata) independently reviewed the titles, abstracts,
and then full text excluding irrelevant
articles after each stage. Disagreements were resolved by discussion.
Articles were then data extracted independently by 2 authors (Ms Burke and
Dr McKeever; Mr Hashim and Dr Chen;
or Ms Pine-Abata and Dr McKeever)
from all included text. Information on
study design, methods, deﬁnitions of
asthma and wheeze, passive smoke
exposure (source and timing of exposure), location of study, age of study
population (both when passive smoke
exposure was attained and when outcome was collected) and results (adjusted estimates where possible) were
obtained by using a previously piloted
data extraction form. Included articles
were also independently scored by 2
authors for methodological quality by
using the Newcastle-Ottawa Quality Assessment Scale (NOS).5 This scale
awards points for representativeness
of the cohort, ascertainment of exposure/
outcome, adjustment for confounders
in the analyses and follow-up (length
and completeness), and has a maximum score of 9 points. Data were then
entered into a standardized database
and cross-checked. To ensure that no
cohort was included more than once in
the same meta-analysis, each article
was given a study identiﬁcation number relating to the birth cohort used. If
2 different full texts presented similar
outcomes and exposure at the similar
age in the same cohort, then the criteria
for choosing which 1 to use in the analyses included the more robust deﬁnition
of asthma/wheeze (for example, persistent wheeze was used over wheeze ever),
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the younger age of outcome, and multivariate results were chosen over
univariate results. If a dose-response
relation was reported, then the highest level of smoking was used.
Analysis: Exposure Comparisons
For each study, for a given outcome, we
sought to obtain an odds ratio (OR) and
its 95% conﬁdence interval (CI) for any
of the 4 exposures: prenatal maternal
smoking, maternal smoking, paternal
smoking, and household smoke exposure (or equivalently either parent
smokes). Because the phenotype of
asthma is potentially different according to age of diagnosis, we also divided
the outcomes up into the following age
groups: incidence of asthma/wheeze
in children aged 0 to 2 years, incidence of asthma/wheeze in children
aged 3 to 4 years, and incidence of
asthma/wheeze in children aged over 5
years.
Meta-analyses were performed to calculate weighted effect measures and
95% CIs across studies by using random
effects models using the DerSimonian
and Laird method to calculate weights.
Heterogeneity was expected from the
analyses due to differences in study
populations and exposures. The amount
of heterogeneity between the studies
was assessed by using I2 and if substantial levels of heterogeneity were
detected (I2 . 50%),6 subgroup analyses were conducted to investigate potential reasons based on methodological
quality score (using forest plots .6 vs
#6) and examining differences in size
of effect and heterogeneity between
studies. Studies presenting data from
using hazards ratios (HRs) were analyzed separately. Publication bias was
examined visually by using funnel
plots, where there were more than 10
studies available. The presentation of
the meta-analyses adhered to the
Meta-analysis of Observational Studies in Epidemiology guidelines.7 All

analyses were performed by using
Stata version 10.

RESULTS
From an initial 5074 articles identiﬁed
from the literature searches, 583 abstracts were reviewed and 180 full texts
initially examined (Fig 1). We excluded
those which did not report data on the
relation between smoking and respiratory diseases, were published in nonEnglish language, were review articles,
were not prospective cohort studies, or
ascertained smoking status at the
same time as disease outcome. A further potential 28 articles were identiﬁed after reference list review and 9
identiﬁed as potentially eligible articles from the previous meta-analyses.1
After excluding studies that presented
similar outcomes from the same cohorts,
there were 70 articles (representing 71
studies) eligible for inclusion in the
systematic review and meta-analyses
(Fig 1, Supplemental Tables 3 [included studies] and 4[excluded studies]8-16). Thirty-two of the 71 studies
assessed asthma as an outcome (46%),
31 assessed wheeze (44%), and 8 assessed both asthma and wheeze (11%).
Thirty-seven studies assessed exposure
to prenatal maternal smoking (52%), 26
assessed postnatal maternal smoking
(37%), 7 assessed postnatal paternal
smoking (10%), and 28 assessed
household smoking (39%). Twenty-three
studies presented the incidence of respiratory disease in children aged #2
years, 18 in children aged 3 to 4 years,
and 32 studies in children aged 5 to 18
years. Only 1 analysis had more than 10
studies, and there was no evidence of
publication bias when examining the
funnel plot for prenatal maternal passive smoke and wheeze in children aged
#2 years (funnel plot not presented).
The NOS scores for the 71 included
studies ranged from 5 to 7 with a median
of 6. Thirty-one of the 71 studies (44%)
were scored as being of moderate or

high level (.6) methodological quality.
The main reasons for lower NOS scores
were lack of an objective measure of
smoking since the vast majority relied
upon self-reported smoking (only 1
study provided objective data in the
form of cotinine levels17), lack of adjustment for confounding factors, and
lack of study sample representativeness due to restrictions to children
whose parents had an allergic disease.
Meta-analysis Findings
Wheeze as the Outcome
All except for 2 of the pooled analyses
revealed that exposure to passive smoking was associated with a signiﬁcant increased risk of onset of wheeze in the
child (Table 1, Supplemental Figs 3–12).
Prenatal Maternal Smoking
Exposure to prenatal maternal smoking
was associated with 40% increase in
risk of wheeze in children aged #2
years (OR = 1.41, 95% CI = 1.20–1.67,
I2 = 82.5%, 14 studies). The high levels
of heterogeneity between the studies
was not attributable to quality (higher
quality: OR = 1.35, 95% CI = 1.13–1.61,
I2 = 85.3%, 9 studies; poorer quality:
OR = 1.66, 95% CI = 0.93–2.96, I2 = 87.7%,
5 studies). A similar magnitude of effect was observed for the relation between prenatal maternal smoking and
incidence of wheeze between ages 3
and 4 (OR = 1.28, 95% CI = 1.14–1.44, I2 =
65.5%, 8 studies). High levels of heterogeneity in this analysis was partly
due to the study quality (higher quality
studies: OR = 1.44, 95% CI = 0.92–2.25,
I2 = 59.5%, 3 studies; poorer quality
studies: OR = 1.35, 95% CI = 1.13–1.62,
I2 = 72.6%, 5 studies). Prenatal passive
smoke exposure was associated with
a 52% increased risk of wheeze in
children aged 5 to 18 years (OR = 1.52,
95% CI = 1.23–1.87, I2 = 21.1%, 5 studies). We could not include 1 article in
the meta-analyses because it provided
no data other than P values; however, it
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FIGURE 1
Flowchart for identifying studies.

TABLE 1 Passive Smoke Exposure and Incidence of Wheeze
Smoking Exposure

Age the Outcome Was Collected

No. of Studies

Pooled OR

95% CIs

I2, %

Prenatal maternal
Maternal
Paternal
Household
Prenatal maternal
Maternal
Paternal
Household
Prenatal maternal
Maternal
Paternal
Household

#2
#2
#2
#2
3–4
3–4
3–4
3–4
5–18
5–18
5–18
5–18

14
4
0
10
8
4
0
4
5
3
2
5

1.41
1.70

1.19–1.67
1.24–2.35

87.9
0.0

17;30;38–48
17;38;46;49

1.35
1.28
1.65

1.10–1.64
1.14–1.44
1.20–2.28

64.5
65.6
48.5

39;40;42;43;46;50–53
17;28;38;42;54–57
17;38;54;58

1.06
1.52
1.18
1.39
1.32

0.88–1.27
1.23–1.87
0.99–1.40
1.05–1.85
1.12–1.56

54.5
21.1
1.40
0.0
1.7

42;55;56;59
29;57;58;60;61
62–64
60;63
57;63;65–67

revealed that maternal smoking in
pregnancy was associated signiﬁcant
increased risk of wheeze in the last 12
months in boys age 11 (P = .003) but no
signiﬁcant association in girls.18
Maternal Smoking
Exposure to postnatal maternal smoking was associated with the strongest
effects on the incidence of wheeze,
effects on incidence of wheeze in children aged #2 years (OR = 1.70, 95%
CI = 1.24–2.35, I2 = 0%, 4 studies), on incidence of wheeze in children aged 3
to 4 years (OR = 1.65, 95% CI = 1.20–2.68,
738

I2 = 48.5%, 4 studies), and on the incidence of wheeze in children aged 5 to
18 years (OR = 1.18, 95% CI = 0.99–1.40,
I2 = 1.4%, 3 studies).
Paternal Smoking
Data on exposure to paternal smoking
were more limited; the only available
estimate was for incidence of wheeze in
children aged 5 to 18 years (OR = 1.38,
95% CI = 1.05–1.85, I2 = 0%, 2 studies).
Household Smoking
Household passive smoke exposure
also increased the risk of wheeze in

Ref. Nos.

children aged #2 years (OR = 1.35, 95%
CI = 1.10–1.64, I2 = 64.5%, 9 studies).
There was a high level of heterogeneity
between the studies, and subgroup
analyses by quality score was able to
account for some of the heterogeneity
(higher quality: OR = 1.27, 95% CI =
1.06–1.52, I2 = 51.7%, 6 studies; poorer
quality: OR = 1.60, 95% CI = 0.77–3.33,
I2 = 76.4%, 3 studies). Exposure to
household passive smoke was not signiﬁcantly associated with incidence of
wheeze in children aged 3 to 4 years
(OR = 1.06, 95% CI = 0.88–1.27, I2 =
54.5%, 4 studies). The moderate levels
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of heterogeneity were partly attributable to high levels of heterogeneity and
in this case were attributable to study
quality (higher quality: OR = 1.20, 95%
CI = 1.02–1.41, I2 = 0%, 3 studies; poorer
quality: OR = 0.95, 95% CI = 0.87–1.02, 1
study). Exposure to household smoking
also increased the risk of incidence of
wheeze in children aged 5 to 18 years
(OR = 1.32, 95% CI = 1.12–1.55, I2 = 0%, 5
studies).
In addition, we were unable to include 1
article in the meta-analyses because
the exposure was measured as per
hour exposed to passive smoke, and this
study revealed that increased exposure
to passive smoking was associated with
an increased risk of persistent wheeze
in children aged 2 years (OR per hour
per week exposed = 1.14, 95% CI = 1.02–
1.27).19 There was also 1 study that used
an objective measure of passive smoke
exposure and revealed that children
with detectable cord blood levels were
not at signiﬁcantly increased risk of
wheeze at age 1 or 3 years or of wheeze
at age 3 years in relation to blood cotinine levels at age 1.17
Asthma as the Outcome
The effects of passive smoke exposure
on the incidence of asthma tended to be
weaker than those on wheeze, with
exposures resulting in ∼20% increased
risk of asthma and most of which were
statistically signiﬁcant (Table 2, Supplemental Figs 13–21).

Prenatal Maternal Smoking
The strongest signiﬁcant effect was for
prenatal maternal smoking and incidence of asthma in children aged #2
years (OR = 1.85, 95% CI = 1.35–2.53,
I2 = 41.9%, 5 studies). The effect of prenatal maternal smoking became progressively weaker in relation to asthma
incidence with increasing age but
remained signiﬁcantly associated with
asthma onset between the ages of 5
and 18 years (OR = 1.23, 95% CI = 1.12–
1.36, I2 = 50%, 11 studies). In addition,
the authors of 1 study examined the
effect of prenatal smoking and incidence of asthma by using HRs, and
therefore data could not be included in
the meta-analyses, but the study revealed that prenatal maternal smoking
was associated with a signiﬁcant increased risk of incidence of asthma
(HR = 1.5, 95% CI = 1.1–2.1).20
Maternal Smoking
Exposure to postnatal maternal passive
smoking was not signiﬁcantly associated with incidence of asthma in children aged #2 years or 3 to 4 years but
demonstrated a borderline signiﬁcant
association with incidence of asthma in
children aged 5 to 18 years (OR = 1.20,
95% CI = 0.98–1.46, P = .08, I2 = 65.3%,
8 studies). Subgroup analysis by quality
score accounted for only a little of
the heterogeneity, which appeared to
be located in the higher quality
studies (higher quality: OR = 1.06,

95% CI = 0.67–1.68, I2 = 76.5%, 4
studies; poorer quality: OR = 1.25,
95% CI = 1.00–1.57, I2 = 55.5%, 4 studies). However, studies that presented
the data by using HRs revealed that
exposure to maternal smoking was
associated with a 21% increased risk
of incidence of asthma (HR = 1.21, 95%
CI = 1.01–1.45, I2 = 74.7%, 5 studies; Fig 2).
Again, a high amount of heterogeneity
was revealed that existed in the lower
quality studies (poorer quality: HR =
1.17, 95% CI = 0.99–1.37, I2 = 72.9%, 4
studies; higher quality: HR = 3.17, 95%
CI = 1.42–7.04, 1 study). The age of
diagnosis of incidence of asthma in
these 4 studies ranged considerably
from birth age 5,21 birth until age 11,22
or age 10 or older.23–25
Paternal Smoking
There were more limited data on the
effect of exposure to paternal smoking
with no studies with data for children
aged #2 years and only 1 study for
children aged 3 to 4 years that revealed
a signiﬁcant effect (OR = 1.34, 95% CI =
1.23–1.46). Paternal exposure was not
associated with incidence of asthma in
children aged 5 to 18 years (OR = 0.98,
95% CI = 0.71–1.36, I2 = 0%, 4 studies).
In 1 study, the authors reported HRs
and found that having a father as a
current smoker resulted in a signiﬁcant increased risk of incidence of
asthma from birth up to age 11 (HR =
1.34, 95% CI = 1.24–1.46).22

TABLE 2 Passive Smoke Exposure and Incidence of Asthma
Smoking Exposure

Age the Outcome Was Collected

No. of Studies

Pooled OR

95% CIs

I2, %

Prenatal maternal
Maternal
Paternal
Household
Prenatal maternal
Maternal
Paternal
Household
Prenatal maternal
Maternal
Paternal
Household

#2
#2
#2
#2
3–4
3–4
3–4
3–4
5–18
5–18
5–18
5–18

5
2
0
3
1
4
1
5
8
8
3
6

1.85
2.47

1.35–2.53
0.65–9.39

41.9
3.7

1.14
1.30
1.05
1.34
1.21
1.23
1.20
0.98
1.30

0.94–1.38
0.88–1.92
0.88–1.25
1.23–1.46
1.00–1.47
1.12–1.36
0.98–1.44
0.71–1.36
1.04–1.62

1.7
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100
72.7
50.0
65.3
0.0
37.7

Ref. No(s).
31;43;46;56;68
46;69
43;46;56
70
70–73
72
55;74–77
32–34;36;48;68;78–82
34;35;62;78;81;83–85
35;84;85
36;66;67;81;86;87
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FIGURE 2
Exposure to postnatal maternal smoking and incidence of asthma.

Household Smoking
Household passive smoke exposure
was not signiﬁcantly associated with
incidence of asthma in children aged
#2 years (OR = 1.14, 95% CI = 0.94–
1.38, I2 = 0.1%, 3 studies) but was associated with incidence of asthma in
children aged 3 to 4 years (OR = 1.21,
95% CI = 1.00–1.47, I2 = 72.7%, 5 studies) and aged 5 to 18 years (OR = 1.30,
95% CI = 1.04–1.62, I2 = 37.7%, 5 studies). The relation between household
passive smoke exposure and incident
asthma in children aged 3 to 4 years
revealed a high level of heterogeneity
that could be entirely explained by
subgroup analyses based on quality
score (higher quality: OR = 1.18, 95%
CI = 0.92–1.53, I2 = 0%, 2 studies; poorer
quality: OR = 1.21, 95% CI = 0.92–1.59,
I2 = 85.8%, 3 studies). Two further studies26,27 presented data by using HRs,
and a pooled analysis of these revealed
household exposure to passive smoke
was not signiﬁcantly related to an increased risk of incidence of asthma
(HR = 1.33, 95% CI = 0.72–2.44, I2 =
74.2%, 2 studies; Supplemental Fig 22).
740

Finally, 1 study that could not be combined due to its classiﬁcation of exposure revealed no signiﬁcant association
for doctor diagnosed asthma or reactive
airways disease in relation per house
exposed to passive smoke (OR per hour
exposed = 1.04, 95% CI = 0.94–1.15).19
There was insufﬁcient data to combine
the results from studies of dose-response
associations; 3 studies for wheeze revealed a signiﬁcant dose-response effect,28–30 and 3 studies for asthma31–34
revealed a signiﬁcant dose-response effect; the signiﬁcance could not be determined for 1 study, although the results
did demonstrate increasing ORs.32 However, 2 of the above studies also demonstrate a nonsigniﬁcant trend.28,34

DISCUSSION
This updated systematic review and
meta-analysis, which has drawn data
from over 70 studies and is thus by far
the largest review of the topic reported
to date, revealed that exposure to
passive smoking, in particularly prenatal or postnatal maternal smoking, is

associated with signiﬁcantly increased
risks of onset of wheeze and asthma in
children. The much greater evidence
base available now than at the times of
previous systematic reviews of this
area has permitted us to estimate effects of exposure to smoking both preand postnatally by the mother and by
the father or any household member, on
asthma or wheeze during 3 different
age ranges in childhood. Our estimates
update those published in the previous
deﬁnitive review of these associations,1,3
which was conducted over 10 years ago
and included both cross-sectional and
cohort studies and are based exclusively
on prospective studies in which smoking
status was documented before the development of disease, thereby minimizing reporting bias and recall biases.
Our ﬁndings indicate that the effects of
passive smoking on the incidence of
wheeze and asthma are substantially
higher than previously estimated, particularly for the effect of maternal
postnatal smoking exposure. Previous
results revealed that maternal postnatal smoking exposure increased the
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risk of asthma or wheezing illness in the
ﬁrst 5 to 7 years after birth by 31% (4
studies), and the effect was smaller
when examining the incidence during
schools (13% increased risk [4 studies]).1 The most comparable data from
our study revealed that maternal
smoking was associated with a 52%
increased risk of wheeze and 20% increased risk of asthma at age 5 to 18
years. The other available recent systematic review revealed that maternal
passive smoke exposure was associated with a 24% increased risk of incidence of asthma, and household
passive smoke exposure was associated
with a nonsigniﬁcant 13% increased risk
of incidence of asthma in children aged
0 to 18 years.3 Both of these estimates
are at the lower ends of our estimates,
as we found that passive smoke exposure was associated with a 20% to 85%
increased risk of incidence of asthma.
Our estimates for the effect of passive
smoke on wheeze demonstrate stronger
effects ranging from 28% to 70% increased risk of incidence of wheeze. This
more recent meta-analyses3 had more
restrictive inclusion criteria, including
postnatal exposure to smoking, asthma,
and studies that allowed for the confounding effect of atopy/allergic studies.
Only allowing studies that restrict the
study population or controlled for atopy
may be the reason their estimates are
lower than the estimates that we attained. This current meta-analyses, 38 of
71 studies allowed for atopy/allergic
disease in the analyses.
Our study was able to draw data from
nearly 9 times more articles than the
previous work and is thus more likely to
reﬂect the true estimates of the effect
of passive smoking on wheeze and
asthma. We chose to separate the time of

diagnoses into 3 different age categories
(#2 years, 3 to 4 years, and 5 to 18 years)
to examine whether the effect of passive
smoke was only an effect on disease diagnosed early in life or whether these
effects were still present when the onset
of wheeze or asthma presented later in
childhood. In addition, this is the ﬁrst time
estimates for the effect of prenatal
smoking on respiratory have been determined. We found estimates tended to
be higher at a younger age of diagnosis,
though we still found that exposure to
household passive smoke still signiﬁcantly increased the risk of new diagnosis
of asthma after the age of 5 years.
One limitation to our systematic review
is that in many of the studies we identiﬁed, the effect of smoking on asthma
or wheeze was not the primary objective. It is therefore possible that we have
missed other studies in which relevant
data were collected but not evident
in the title or abstract. Restriction of
analysis to articles published in English
is another potential limitation, though in
practice this excluded only 8 studies. We
also recognize that exposure to prenatal
and postnatal smoking and smoking by
the mother, father, or other household
member are correlated and their effects
are therefore difﬁcult to disentangle.
There was substantial heterogeneity in
some of our analyses, which was not
always attributable to study quality.
Reasons for high levels of heterogeneity
include wide range of cohort sizes, with
some large cohorts providing some very
tight range of effect size, some studies
not allowing for confounding effect, also
differences in the deﬁned study population such as parents having allergic
disease to be included into the study
versus a random sample of population. Twelve of the cohort studies were

selected on the basis of parents with allergic disease and of these 2 of them had
ORs and 95% CIs that were outside the
pooled estimate35,36; however, 1 was an
overestimate of the effect size and 1 was
an underestimate, therefore no systematic bias was revealed within these study
populations. In addition, each of these 2
studies also only contributed 3% of the
overall weight to the meta-analyses and
therefore overall conclusions remain
the same when the studies were excluded from the meta-analyses. Another
factor that must be considered is the
child’s own smoking status, and there
were only 7 studies in which the incidence of disease was after age 12 and of
these only 1 of them controlled for the
child’s smoking behavior. Finally, we
must recognize the difﬁculty in diagnosing asthma in young children, and
therefore we chose to present the results for both wheeze and asthma;
however, we must recognize that early
wheeze in children will be a combination of early transient wheezers and
children with early signs of asthma.
Exposure to passive smoking is an important risk factor for the incidence of
wheeze and asthma throughout childhood. In the United Kingdom over 7000
or 8% of new cases of wheeze in children under the age of 2 and over 15 000
or 14% of new cases of asthma in children over the age of 3 are due to passive
smoke exposure,4 and internationally it
is estimated that 651 000 disability adjusted life-years are results of exposure
to passive smoking and asthma.37 These
new cases of disease pose a signiﬁcant
public health burden that is potentially
avoidable. Therefore, it is important to
limit children’s exposure to passive smoke
both during gestation and throughout the
child’s life.

REFERENCES
1. Strachan DP, Cook DG. Health effects of
passive smoking. 6. Parental smoking and

childhood asthma: longitudinal and casecontrol studies. Thorax. 1998;53(3):204–212

2. US Department of Health and Human Services. The Health Consequences of Involuntary

PEDIATRICS Volume 129, Number 4, April 2012
Downloaded from www.aappublications.org/news by guest on July 17, 2018

741

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

742

Exposure to Tobacco Smoke: A Report of
the Surgeon General. Atlanta, GA: Centers
for Disease Control and Prevention, National
Centre for Chronic Disease Prevention and
Health Promotion, Ofﬁce on Smoking and
Health, 2006; 2011
Vork KL, Broadwin RL, Blaisdell RJ. Developing asthma in childhood from exposure to
secondhand tobacco smoke: insights from a
meta-regression. Environ Health Perspect.
2007;115(10):1394–1400
Royal College of Physicians. Passive Smoking
in Children: A Report by the Tobacco Advisory Group. Aberystwyth, Wales: Cambrian
Printers Ltd; 2010
Newcastle-Ottawa scale (NOS) for assessing the quality of non randomised studies
in meta-analysis. Available at: www.ohri.ca/
programs/clinical_epidemiology/oxford.
htm. Accessed March 2, 2009
Higgins JP, Thompson SG, Deeks JJ, Altman
DG. Measuring inconsistency in meta-analyses.
BMJ. 2003;327(7414):557–560
Stroup DF, Berlin JA, Morton SC, et al; Metaanalysis of Observational Studies in Epidemiology (MOOSE) Group. Meta-analysis of
observational studies in epidemiology:
a proposal for reporting. JAMA. 2000;283
(15):2008–2012
Calam R, Gregg L, Simpson A, Simpson B,
Woodcock A, Custovic A. Behavior problems
antecede the development of wheeze in
childhood: a birth cohort study. Am J
Respir Crit Care Med. 2005;171(4):323–327
Kurukulaaratchy RJ, Waterhouse L, Matthews
SM, Arshad SH. Are inﬂuences during pregnancy associated with wheezing phenotypes
during the ﬁrst decade of life? Acta Paediatr.
2005;94(5):553–558
Lux AL, Henderson AJ, Pocock SJ; ALSPAC
Study Team. Wheeze associated with prenatal tobacco smoke exposure: a prospective, longitudinal study. Arch Dis Child.
2000;83(4):307–312
Sadeghnejad A, Karmaus W, Arshad SH,
Kurukulaaratchy R, Huebner M, Ewart S.
IL13 gene polymorphisms modify the effect of exposure to tobacco smoke on
persistent wheeze and asthma in childhood, a longitudinal study. Respir Res.
2008;9:2
Wickman M, Melén E, Berglind N, et al.
Strategies for preventing wheezing and
asthma in small children. Allergy. 2003;58
(8):742–747
Jaakkola JJ, Gissler M. Are girls more
susceptible to the effects of prenatal exposure to tobacco smoke on asthma? Epidemiology. 2007;18(5):573–576
Kull I, Wickman M, Lilja G, Nordvall SL,
Pershagen G. Breast feeding and allergic

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

diseases in infants-a prospective birth cohort
study. Arch Dis Child. 2002;87(6):478–481
Park JH, Gold DR, Spiegelman DL, Burge HA,
Milton DK. House dust endotoxin and
wheeze in the ﬁrst year of life. Am J Respir
Crit Care Med. 2001;163(2):322–328
Kurukulaaratchy RJ, Matthews S, Arshad
SH. Relationship between childhood atopy
and wheeze: what mediates wheezing in
atopic phenotypes? Ann Allergy Asthma
Immunol. 2006;97(1):84–91
Murray CS, Woodcock A, Smillie FI, Cain G,
Kissen P, Custovic A; NACMAAS Study Group.
Tobacco smoke exposure, wheeze, and atopy. Pediatr Pulmonol. 2004;37(6):492–498
Menezes AMB, Hallal PC, Muiño A, Chatkin
M, Araújo CLP, Barros FC. Risk factors for
wheezing in early adolescence: a prospective birth cohort study in Brazil. Ann
Allergy Asthma Immunol. 2007;98(5):427–
431
Taveras EM, Camargo CA, Jr, Rifas-Shiman
SL, et al. Association of birth weight with
asthma-related outcomes at age 2 years.
Pediatr Pulmonol. 2006;41(7):643–648
Mannino DM, Mott J, Ferdinands JM, et al.
Boys with high body masses have an increased risk of developing asthma: ﬁndings
from the National Longitudinal Survey of
Youth (NLSY). Int J Obes (Lond). 2006;30(1):
6–13
Guedes HT, Souza LS. Exposure to maternal
smoking in the ﬁrst year of life interferes
in breast-feeding protective effect against
the onset of respiratory allergy from birth
to 5 yr. Pediatr Allergy Immunol. 2009;20(1):
30–34
McKeever TM, Lewis SA, Smith C, et al.
Siblings, multiple births, and the incidence
of allergic disease: a birth cohort study
using the West Midlands general practice
research database. Thorax. 2001;56(10):
758–762
Gold DR, Damokosh AI, Dockery DW, Berkey
CS. Body-mass index as a predictor of incident asthma in a prospective cohort of
children. Pediatr Pulmonol. 2003;36(6):514–
521
McConnell R, Berhane K, Gilliland F, et al.
Indoor risk factors for asthma in a prospective study of adolescents. Epidemiology. 2002;13(3):288–295
Lombardi E, Morgan WJ, Wright AL, Stein RT,
Holberg CJ, Martinez FD. Cold air challenge
at age 6 and subsequent incidence of
asthma. A longitudinal study. Am J Respir
Crit Care Med. 1997;156(6):1863–1869
Gilliland FD, Berhane K, Islam T, et al. Obesity and the risk of newly diagnosed
asthma in school-age children. Am J Epidemiol. 2003;158(5):406–415

27. Litonjua AA, Carey VJ, Burge HA, Weiss ST,
Gold DR. Exposure to cockroach allergen in
the home is associated with incident doctordiagnosed asthma and recurrent wheezing.
J Allergy Clin Immunol. 2001;107(1):41–47
28. Lewis S, Richards D, Bynner J, Butler N,
Britton J. Prospective study of risk factors
for early and persistent wheezing in
childhood. Eur Respir J. 1995;8(3):349–356
29. Lewis SA, Britton JR. Consistent effects of
high socioeconomic status and low birth
order, and the modifying effect of maternal
smoking on the risk of allergic disease
during childhood. Respir Med. 1998;92(10):
1237–1244
30. Linneberg A, Simonsen JB, Petersen J,
Stensballe LG, Benn CS. Differential effects
of risk factors on infant wheeze and atopic
dermatitis emphasize a different etiology.
J Allergy Clin Immunol. 2006;117(1):184–
189
31. Yuan W, Fonager K, Olsen J, Sørensen HT.
Prenatal factors and use of anti-asthma
medications in early childhood: a populationbased Danish birth cohort study. Eur J
Epidemiol. 2003;18(8):763–768
32. Jaakkola JJ, Gissler M. Maternal smoking
in pregnancy, fetal development, and childhood asthma. Am J Public Health. 2004;94(1):
136–140
33. Mamun AA, Lawlor DA, Alati R, O’Callaghan
MJ, Williams GM, Najman JM. Increasing
body mass index from age 5 to 14 years
predicts asthma among adolescents: evidence from a birth cohort study. Int J Obes
(Lond). 2007;31(4):578–583
34. Alati R, Al Mamun A, O’Callaghan M, Najman
JM, Williams GM. In utero and postnatal
maternal smoking and asthma in adolescence. Epidemiology. 2006;17(2):138–144
35. Chan-Yeung M, Hegele RG, Dimich-Ward H,
et al. Early environmental determinants of
asthma risk in a high-risk birth cohort.
Pediatr Allergy Immunol. 2008;19(6):482–
489
36. Kang EM, Lundsberg LS, Illuzzi JL, Bracken
MB. Prenatal exposure to acetaminophen
and asthma in children. Obstet Gynecol.
2009;114(6):1295–1306
37. Oberg M, Jaakkola MS, Woodward A,
Peruga A, Prüss-Ustün A. Worldwide burden
of disease from exposure to second-hand
smoke: a retrospective analysis of data
from 192 countries. Lancet. 2011;377(9760):
139–146
38. Tariq SM, Matthews SM, Hakim EA, Stevens
M, Arshad SH, Hide DW. The prevalence of
and risk factors for atopy in early childhood: a whole population birth cohort
study. J Allergy Clin Immunol. 1998;101(5):
587–593

BURKE et al

Downloaded from www.aappublications.org/news by guest on July 17, 2018

REVIEW ARTICLE

39. Håberg SE, Stigum H, Nystad W, Nafstad P.
Effects of pre- and postnatal exposure to
parental smoking on early childhood respiratory health. Am J Epidemiol. 2007;166
(6):679–686
40. Hagendorens MM, Bridts CH, Lauwers K,
et al. Perinatal risk factors for sensitization, atopic dermatitis and wheezing during
the ﬁrst year of life (PIPO study). Clin Exp
Allergy. 2005;35(6):733–740
41. Henderson AJ, Sherriff A, Northstone K,
Kukla L, Hruba D. Pre- and postnatal parental smoking and wheeze in infancy:
cross cultural differences. Avon Study of
Parents and Children (ALSPAC) Study Team,
European Longitudinal Study of Pregnancy
and Childhood (ELSPAC) Co-ordinating
Centre. Eur Respir J. 2001;18(2):323–329
42. Jedrychowski W, Perera FP, Maugeri U,
et al. Length at birth and effect of prenatal
and postnatal factors on early wheezing
phenotypes. Kraków epidemiologic cohort
study. Int J Occup Med Environ Health. 2008;
21(2):111–119
43. Lannerö E, Wickman M, Pershagen G, Nordvall
L. Maternal smoking during pregnancy increases the risk of recurrent wheezing during the ﬁrst years of life (BAMSE). Respir Res.
2006;7:3
44. Young S, Arnott J, O’Keeffe PT, Le Souef PN,
Landau LI. The association between early
life lung function and wheezing during the
ﬁrst 2 yrs of life. Eur Respir J. 2000;15(1):
151–157
45. Stein RT, Holberg CJ, Sherrill D, et al. Inﬂuence of parental smoking on respiratory
symptoms during the ﬁrst decade of life:
the Tucson Children’s Respiratory Study. Am
J Epidemiol. 1999;149(11):1030–1037
46. Tanaka K, Miyake Y, Sasaki S, Ohya Y, Hirota
Y; Osaka Maternal and Child Health Study
Group. Maternal smoking and environmental
tobacco smoke exposure and the risk of
allergic diseases in Japanese infants: the
Osaka Maternal and Child Health Study.
J Asthma. 2008;45(9):833–838
47. Gold DR, Burge HA, Carey V, Milton DK,
Platts-Mills T, Weiss ST. Predictors of repeated wheeze in the ﬁrst year of life: the
relative roles of cockroach, birth weight,
acute lower respiratory illness, and maternal smoking. Am J Respir Crit Care Med.
1999;160(1):227–236
48. Triche EW, Lundsberg LS, Wickner PG,
Belanger K, Leaderer BP, Bracken MB. Association of maternal anemia with increased wheeze and asthma in children.
Ann Allergy Asthma Immunol. 2011;106(2):
131–139, e1
49. Wright AL, Holberg CJ, Taussig LM, Martinez
FD. Factors inﬂuencing the relation of

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

infant feeding to asthma and recurrent
wheeze in childhood. Thorax. 2001;56(3):
192–197
Mallol J, Andrade R, Auger F, Rodríguez J,
Alvarado R, Figueroa L. Wheezing during the
ﬁrst year of life in infants from low-income
population: a descriptive study. Allergol
Immunopathol (Madr). 2005;33(5):257–263
Sangsupawanich P, Chongsuvivatwong V,
Mo-Suwan L, Choprapawon C. Relationship
between atopic dermatitis and wheeze in
the ﬁrst year of life: analysis of a prospective cohort of Thai children. J Investig
Allergol Clin Immunol. 2007;17(5):292–296
Yang KD, Ou CY, Chang JC, et al. Infant frequent wheezing correlated to Clara cell
protein 10 (CC10) polymorphism and concentration, but not allergy sensitization, in
a perinatal cohort study. J Allergy Clin
Immunol. 2007;120(4):842–848
Schroer KT, Biagini Myers JM, Ryan PH,
et al Associations between multiple environmental exposures and glutathione Stransferase P1 on persistent wheezing in
a birth cohort. J Pediatr. 2009;154(3):401–408
Sherriff A, Peters TJ, Henderson J, Strachan
D; ALSPAC Study Team. Avon Longitudinal
Study of Parents and Children. Risk factor
associations with wheezing patterns in
children followed longitudinally from birth
to 3(1/2) years. Int J Epidemiol. 2001;30(6):
1473–1484
Johansson A, Ludvigsson J, Hermansson G.
Adverse health effects related to tobacco
smoke exposure in a cohort of three-year
olds. Acta Paediatr. 2008;97(3):354–357
Magnusson LL, Olesen AB, Wennborg H,
Olsen J. Wheezing, asthma, hayfever, and
atopic eczema in childhood following exposure to tobacco smoke in fetal life. Clin
Exp Allergy. 2005;35(12):1550–1556
Midodzi WK, Rowe BH, Majaesic CM, Saunders
LD, Senthilselvan A. Predictors for wheezing phenotypes in the ﬁrst decade of life.
Respirology. 2008;13(4):537–545
Martinez FD, Wright AL, Taussig LM, Holberg
CJ, Halonen M, Morgan WJ; The Group
Health Medical Associates. Asthma and
wheezing in the ﬁrst six years of life. N Engl
J Med. 1995;332(3):133–138
Lemanske RF, Jr, Jackson DJ, Gangnon RE,
et al. Rhinovirus illnesses during infancy
predict subsequent childhood wheezing.
[see comment] J Allergy Clin Immunol.
2005;116(3):571–577
Nicolaou NC, Simpson A, Lowe LA, Murray
CS, Woodcock A, Custovic A. Day-care attendance, position in sibship, and early
childhood wheezing: a population-based
birth cohort study. J Allergy Clin Immunol. 2008;122(3):500–506, e5

61. Keil T, Lau S, Roll S, et al. Maternal smoking
increases risk of allergic sensitization and
wheezing only in children with allergic
predisposition: longitudinal analysis from
birth to 10 years. Allergy. 2009;64(3):445–
451
62. Rönmark E, Perzanowski M, Platts-Mills T,
Lundbäck B. Incidence rates and risk factors for asthma among school children:
a 2-year follow-up report from the obstructive lung disease in Northern Sweden
(OLIN) studies. Respir Med. 2002;96(12):
1006–1013
63. de Bilderling G, Chauhan AJ, Jeffs JAR, et al.
Gas cooking and smoking habits and the
risk of childhood and adolescent wheeze.
Am J Epidemiol. 2005;162(6):513–522
64. Neuspiel DR, Rush D, Butler NR, Golding J,
Bijur PE, Kurzon M. Parental smoking and
post-infancy wheezing in children: a prospective cohort study. Am J Public Health.
1989;79(2):168–171
65. Kurukulaaratchy RJ, Matthews S, Arshad
SH. Does environment mediate earlier
onset of the persistent childhood asthma
phenotype? Pediatrics. 2004;113(2):345–
350
66. Oddy WH, Holt PG, Sly PD, et al. Association
between breast feeding and asthma in 6
year old children: ﬁndings of a prospective
birth cohort study. BMJ. 1999;319(7213):
815–819
67. Genuneit J, Weinmayr G, Radon K, et al.
Smoking and the incidence of asthma
during adolescence: results of a large cohort study in Germany. Thorax. 2006;61(7):
572–578
68. Karmaus W, Dobai AL, Ogbuanu I, Arshard
SH, Matthews S, Ewart S. Long-term effects
of breastfeeding, maternal smoking during
pregnancy, and recurrent lower respiratory
tract infections on asthma in children.
J Asthma. 2008;45(8):688–695
69. Noakes P, Taylor A, Hale J, et al. The effects
of maternal smoking on early mucosal
immunity and sensitization at 12 months of
age. Pediatr Allergy Immunol. 2007;18(2):
118–127
70. Tariq SM, Hakim EA, Matthews SM, Arshad
SH. Inﬂuence of smoking on asthmatic
symptoms and allergen sensitisation in
early childhood. Postgrad Med J. 2000;76
(901):694–699
71. Miller JE. Predictors of asthma in young
children: does reporting source affect our
conclusions? Am J Epidemiol. 2001;154(3):
245–250
72. Fergusson DM, Horwood LJ. Parental
smoking and respiratory illness during
early childhood: a six-year longitudinal
study. Pediatr Pulmonol. 1985;1(2):99–106

PEDIATRICS Volume 129, Number 4, April 2012
Downloaded from www.aappublications.org/news by guest on July 17, 2018

743

73. Mrazek DA, Klinnert M, Mrazek PJ, et al.
Prediction of early-onset asthma in genetically at-risk children. Pediatr Pulmonol.
1999;27(2):85–94
74. Bergmann RL, Edenharter G, Bergmann KE,
Lau S, Wahn U. Socioeconomic status is
a risk factor for allergy in parents but not
in their children. Clin Exp Allergy. 2000;30
(12):1740–1745
75. Milner JD, Stein DM, McCarter R, Moon RY.
Early infant multivitamin supplementation
is associated with increased risk for food
allergy and asthma. Pediatrics. 2004;114(1):
27–32
76. Horwood LJ, Fergusson DM, Shannon FT.
Social and familial factors in the development of early childhood asthma. Pediatrics. 1985;75(5):859–868
77. Jaakkola JJ, Nafstad P, Magnus P. Environmental tobacco smoke, parental atopy, and
childhood asthma. Environ Health Perspect.
2001;109(6):579–582
78. Bacopoulou F, Veltsista A, Vassi I, et al. Can
we be optimistic about asthma in childhood?

79.

80.

81.

82.

A Greek cohort study. J Asthma. 2009;46(2):
171–174
Darlow BA, Horwood LJ, Mogridge N. Very
low birthweight and asthma by age seven
years in a national cohort. Pediatr Pulmonol. 2000;30(4):291–296
Strachan DP, Butland BK, Anderson HR. Incidence and prognosis of asthma and
wheezing illness from early childhood to
age 33 in a national British cohort. BMJ.
1996;312(7040):1195–1199
Ponsonby AL, Couper D, Dwyer T, Carmichael A, Kemp A, Cochrane J. The relation
between infant indoor environment and
subsequent asthma. Epidemiology. 2000;11
(2):128–135
Henderson AJ, Newson RB, Rose-Zerilli M,
Ring SM, Holloway JW, Shaheen SO. Maternal Nrf2 and gluthathione-S-transferase
polymorphisms do not modify associations of prenatal tobacco smoke exposure
with asthma and lung function in schoolaged children. Thorax. 2010;65(10):897–
902

83. Klinnert MD, Nelson HS, Price MR, Adinoff
AD, Leung DY, Mrazek DA. Onset and persistence of childhood asthma: predictors
from infancy. Pediatrics. 2001;108(4). Available at: www.pediatrics.org/cgi/content/full/
108/4/e69
84. Martinez FD, Wright AL, Holberg CJ, Morgan
WJ, Taussig LM. Maternal age as a risk
factor for wheezing lower respiratory illnesses in the ﬁrst year of life. Am J Epidemiol. 1992;136(10):1258–1268
85. Sherman CB, Tosteson TD, Tager IB, Speizer
FE, Weiss ST. Early childhood predictors
of asthma. Am J Epidemiol. 1990;132(1):
83–95
86. Arshad SH, Kurukulaaratchy RJ, Fenn M,
Matthews S. Early life risk factors for current wheeze, asthma, and bronchial hyperresponsiveness at 10 years of age.
Chest. 2005;127(2):502–508
87. Zejda JE, Kowalska M. Risk factors for
asthma in school children—results of a
seven-year follow-up. Cent Eur J Public
Health. 2003;11(3):149–154

WISH UPON A TWINKLING PLANET? Everyone knows there are billions and billions
of stars. On a clear night, one can see evidence of their existence scattered across
the night sky. What is a little less clear is how many planets exist. Until recently,
most scientists thought planets relatively uncommon. As reported in The New
York Times (Science: January 11, 2012), however, several new studies have shown
that there may actually be more planets than stars. Scientists used a few different ways to detect the presence of planets around stars outside our solar
system. NASA scientists used a space-based telescope to detect planets. This
telescope can detect planets as small as Earth and planets quite close to their
sun. Others examine the brightness of stars as seen by several land-based
telescopes to infer the presence of planets. This method is good for detecting
larger planets usually a bit farther from their sun. The surprising ﬁnd is that
many stars in the Milky Way have planets. Evidently, most do and very conservative estimates suggest that on average stars in the Milky Way have at least 1.6
planets. According to the article, the existence of more than 700 exoplanets,
planets outside our solar system, has already been conﬁrmed. Thousands are
waiting independent conﬁrmation. Planets have even been detected around stars
thought very unlikely to have a planet. For example, planets have been found
around solar systems with two stars. Somehow, the planets are not destroyed by
the competing gravitational ﬁelds. Given that the Milky Way has more than 100
billion stars, the likelihood of ﬁnding a planet with similar characteristics as
Earth seems much more likely. If so, scientists may have to brush up on their
Greek mythology, as there will be plenty of naming opportunities.
Noted by WVR, MD
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