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Introduction

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Adverse effects of parental smoking on the respi-
ratory health of children have been a clinical and pub-
lic health concern for decades. As early as 1974, two
articles published in the journal Lancet alerted readers
to a possible link between parental smoking and the
risk of a lower respiratory illness (LRI) among infants
(Colley et al. 1974; Harlap and Davies 1974). Although
adverse effects on children from exposure to second-
hand tobacco smoke had already been suggested
(Cameron et al. 1969; Norman-Taylor and Dickinson
1972), the association with early episodes of acute
chest illnesses was of immediate and continuing inter-
est because of the suspected long-term consequences
for lung growth, chronic respiratory morbidity in
childhood, and adult chronic obstructive lung disease
(Samet et al. 1983).

Subsequently, many epidemiologic studies have
associated parental smoking with respiratory diseases
and other adverse health effects throughout childhood.
The exposures covered include maternal smoking
during pregnancy and afterward, paternal smoking,
parental smoking generally, and smoking by others. In
1986, the evidence was sulfficient for the U.S. Surgeon
General to conclude that the children of parents who
smoked had an increased frequency of acute respira-
tory illnesses and related hospital admissions during
infancy (U.S. Department of Health and Human Ser-
vices [USDHHS] 1986). The 1986 Surgeon General’s
report also noted that in older children, there was an
increased frequency of cough and phlegm and some
evidence of an association with middle ear disease.
The report also commented on an association between
slowed lung growth in children and parental smoking.
Several authoritative reviews by various agencies fol-
lowed the 1986 report (U.S. Environmental Protection
Agency [EPA] 1992; National Cancer Institute [NCI]
1999). Some researchers have systematically reviewed

the literature and, where appropriate, carried out
meta-analyses (DiFranza and Lew 1996; Uhari et al.
1996; Li et al. 1999); the most comprehensive system-
atic review was commissioned by the Department of
Health in England (Scientific Committee on Tobacco
and Health 1998). Updated versions of these reviews
were then published as a series of articles in the jour-
nal Thorax (Cook and Strachan 1997, 1998, 1999; Stra-
chan and Cook 1997, 1998a,b,c; Cook et al. 1998). These
papers later served as a foundation for the 1999 World
Health Organization (WHO) consultation report on
environmental tobacco smoke and child health (WHO
1999). This chapter of the Surgeon General’s report
presents a major update of those reviews based on
literature searches carried out through March 2001.
The methodology for these reviews is described later
in this chapter (see “Methods Used to Review the
Evidence”). Selected key references published subse-
quent to these reviews are included in an appendix
of significant additions to the literature at the end of
this report.

The section that follows focuses on the biologic
basis for respiratory health effects; Chapter 2 (Toxi-
cology of Secondhand Smoke) of this report provides
further background. Separate sections review the
evidence for different adverse effects of secondhand
smoke exposure of children: LRIs in infancy and early
childhood, middle ear disease and adenotonsillec-
tomy, frequency of respiratory symptoms and prev-
alent asthma in school-age children, and cohort and
case-control studies of the onset of asthma in child-
hood. There is also a review of the evidence for the
effects of parental smoking on several physiologic
measures, lung function, bronchial reactivity, and
atopic sensitization. Each section concludes with a
summary and an interpretation of the evidence.
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Mechanisms of Health Effects from Secondhand Tobacco Smoke

This section reviews the biologic impact of
secondhand smoke on the respiratory system of the
child. Subsequent sections summarize the evidence
for adverse health effects on infants and children and
describe postulated mechanisms for these effects.
Chapter 2 of this report provides additional general
data on these mechanisms.

Introduction

Pregnant women who smoke expose the fetus
to tobacco smoke components during a critical win-
dow of lung development, with consequences that
may be persistent. In infancy and early childhood,
the contributions of prenatal versus postnatal expo-
sures to secondhand smoke are difficult to separate
because women who smoke during pregnancy almost
invariably continue to smoke after their children are
born. For children, exposure to secondhand smoke
may lead to respiratory illnesses as a result of adverse
effects on the immune system and on lung growth
and development.

Lung Development and Growth

Active smoking by the mother during pregnancy
has causal adverse effects on pregnancy outcomes that
are well documented (USDHHS 2001, 2004). Exposure
of pregnant women to secondhand tobacco smoke has
also been associated with prematurity (Hanke et al.
1999), reduced birth weight (Mainous and Hueston
1994; Misra and Nguyen 1999), and small for gesta-
tional age outcomes in some studies (Dejin-Karlsson
et al. 1998). However, the developmental effects on
the respiratory system from maternal smoking dur-
ing pregnancy extend beyond those that might be
expected based on prematurity alone—the airways
are particularly affected. Studies have demonstrated
that lower measured airflows associated with second-
hand smoke exposure are not completely explained
by the reduction in somatic growth caused by mater-
nal smoking (Young et al. 2000b). Researchers suspect
that fetal growth limitations are mediated in part by
the vasoconstrictive effects of nicotine, which may
limit uterine blood flow and induce fetal hypoxia
(Philipp et al. 1984). Fetal hypoxia, in turn, may lead
to slowed fetal growth and may have direct effects on

262 Chapter 6

the lung, possibly affecting lung mechanics by sup-
pressing the fetal respiratory rate. Studies have dem-
onstrated a decrease in fetal movement for at least
one hour after maternal smoking, which is consistent
with fetal hypoxia (Thaler et al. 1980). Smoking dur-
ing pregnancy may also negatively affect the control
of respiration in the fetus (Lewis and Bosque 1995).

Researchers have proposed several mechanisms
that explain the effects of maternal smoking during
pregnancy on infant lung function. Animal and human
studies suggest that morphologic and metabolic alter-
ations result from in utero exposure to tobacco smoke
components that cross the placental barrier (Bassi et
al. 1984; Philipp et al. 1984; Collins et al. 1985; Chen
et al. 1987). One study with monkeys that involved
infusion of nicotine into the mother during pregnancy
showed lung hypoplasia and changes in the devel-
oping alveoli (Sekhon et al. 1999). The investigators
postulated that the effect was mediated by the nico-
tine cholinergic receptors, which showed an increased
expansion and binding with nicotine administration.
Further research with this model indicated altered
collagen in the developing lung (Sekhon et al. 2002).
Studies with this and similar models have shown a
variety of effects from nicotine on the neonatal lung
(Pierce and Nguyen 2002). The programming of fetal
growth genes in utero may have a lifelong effect on
lung development and disease susceptibility, areas of
ongoing research in other diseases. There is now sub-
stantial research in progress on early life events and
future disease risk that follows the general hypothesis
proposed by Barker and colleagues (1996).

Exposure to secondhand smoke may also lead
to structural changes in the developing lung. In a rat
model, Collins and colleagues (1985) found that intra-
uterine exposure of the pregnant rat to secondhand
smoke was associated with pulmonary hypoplasia
in the baby rats with decreased lung volumes; in this
rat model, exposure reduced the number of sacules
but increased their size. Brown and colleagues (1995)
assessed respiratory mechanics in 53 healthy infants,
and interpreted the pattern of findings to suggest that
prenatal tobacco smoke exposure from smoking by
the mother may lead to a reduction in airway size and
changes in lung properties.

Lung maturation in utero is regulated by the
endocrine environment, and the timing of secondhand
smoke exposures with regard to lung development



may have a lifelong impact on respiratory function.
Secondhand smoke components may increase in utero
stress responses that then speed lung maturation at
the expense of lung growth. Several studies have
demonstrated an effect on the fetal endocrine milieu
secondary to secondhand smoke exposure (Divers
et al. 1981; Catlin et al. 1990; Lieberman et al. 1992).
Studies have also associated maternal smoking with
more advanced lung maturity measured by lectin/
sphingomyelin (L/S) ratios that were out of proportion
to fetal size in human infants (Mainous and Hueston
1994). Cotinine levels measured in the amniotic fluid
were positively correlated with L/S ratios. Studies
also noted an increase in free, conjugated, and total
cortisol levels, suggesting a potentially direct or indi-
rect role for hormonal effects of secondhand smoke
on the fetus (Lieberman et al. 1992). Other researchers
have demonstrated higher levels of catecholamines in
amniotic fluid in pregnant smokers compared with
pregnant nonsmokers, further supporting an endo-
crine mechanism for the effect of secondhand smoke
(Divers et al. 1981).

Multiple studies suggest that the effect of
secondhand smoke on the development of the respi-
ratory system begins with in utero exposure (Tager
et al. 1995; Stick et al. 1996; Lodrup Carlsen et al.
1997). Stick and colleagues (1996) reported a dose-
dependent effect of in utero cigarette smoke exposure
in decreasing tidal flow patterns that were measured
during the first three days of life (i.e., before any
postnatal exposure). This effect was independent of
the effect of smoking on birth weight. Hoo and col-
leagues (1998) evaluated respiratory function in pre-
term infants of mothers who did and did not smoke
during pregnancy, with the goal of investigating
whether the effect of prenatal tobacco smoke expo-
sure is limited to an influence during the last weeks
of gestation. The researchers observed that respira-
tory function was impaired in infants born preterm
(an average of seven weeks early), suggesting that the
adverse effect of prenatal tobacco smoke exposure is
not limited to the last weeks of in utero development.
The ratio of time to peak tidal expiratory flow to expi-
ratory time (T,,.:T;) was lower in infants exposed to
secondhand smoke in utero compared with unexposed
infants (mean 0.369 standard deviation [SD] 0.109 ver-
sus mean 0.426 SD 0.135, p <0.02). Because Torep T 18
associated with airway caliber, these data imply that
cigarette smoke exposure in utero may affect airway
development. Lower maximal forced expiratory flow
at functional residual capacity (Vmax,) (Hanrahan
et al. 1992) and diminished expiratory flows (Brown
et al. 1995) in infants exposed in utero to secondhand
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smoke provide further support for the contention
that infants of mothers who smoke during pregnancy
have smaller airways. Increased airway wall thickness
and increased smooth muscle, which can both lead to
a decreased airway diameter, were found in infants
exposed to tobacco smoke in utero who had died of
sudden infant death syndrome (SIDS) (Elliot et al.
1999). In animal models of secondhand smoke expo-
sure, fetuses of rats exposed to mainstream smoke
(from active smoking) or to secondhand (sidestream)
smoke had reduced lung volume, decreased elastic
tissue within the parenchyma, increased density of
interstitial tissue, and inadequate development of
elastin and collagen (Collins et al. 1985; Vidic 1991).
These animal and human data provide clear evidence
for an adverse effect of in utero exposure to tobacco
smoke on the developing lung. Studies also document
structural changes in animal models and in exposed
children who have died from SIDS. The physiologic
findings suggest altered lung mechanics and reduced
airflow consistent with changes in structure.

Immunologic Effects and Inflammation

The development of lung immunophenotype
(i.e., the pattern of immunologic response in the lung)
is considered to have a key role in determining the
risk for asthma, particularly in regard to the T-helper 1
(Th1) pathway (which mediates cellularimmunity) and
the Th2 pathway (which mediates allergic responses).
Secondhand smoke exposure may promote immuno-
logic development along Th2 pathways, thus contrib-
uting to the intermediate phenotypes associated with
asthma and with a predilection to chronic respiratory
disease. Gene-environment interactions that begin in
utero and persist during critical periods of develop-
ment after birth represent the least understood, but
potentially the most important, mechanistic route for
a lasting influence of secondhand smoke. Although
a meta-analysis of epidemiologic evidence suggests
that parental smoking before birth (or early childhood
secondhand smoke exposure) does not increase the
risk for allergic sensitization, other lines of mechanis-
tic investigation do show a variety of influences from
secondhand smoke on immune and inflammatory
responses (Strachan and Cook 1998b).

Secondhand smoke effects on T cells may influ-
ence gene regulation, inflammatory cell function,
cytokine production, and immunoglobulin E (IgE)
synthesis. These effects are particularly important
to consider in regard to immune system ontogeny
and for the subsequent development of allergies in
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childhood. Researchers have demonstrated that main-
stream and sidestream smoke condensates selectively
suppress the interferon gamma induction of several
macrophage functions, including phagocytosis of
Ig-opsonized sheep red blood cells, class II major
histocompatibility complex expression, and nitric
oxide synthesis, which are all representative of effects
on immunity (Braun et al. 1998; Edwards et al. 1999).
Alterations in antigen presentation may occur not
only in the respiratory tract but also in the rest of
the body where absorbed toxicants are distributed.
Macrophages are potent effector cells for immune
responsiveness; suppression of their ability to respond
to environmental challenges could have lifelong con-
sequences on immune function.

Immune responses may also be increased as a
result of secondhand smoke exposure. Animal stud-
ies demonstrate increases in IgE, eosinophils, and
Th2 cytokines (especially interleukin [IL]-4 and IL-10)
with exposure to secondhand smoke. These increases
may augment the potential for allergic sensitiza-
tion and the development of an atopy phenotype. In
mice sensitized to the ovalbumin (OVA) antigen and
exposed to secondhand smoke for six hours per day,
five days per week, for six weeks, researchers mea-
sured increases in total IgE, OV A-specific immuno-
globulin G1, and eosinophils in the blood (Seymour
et al. 1997). These measures indicate an increase in the
allergic response to inhaled antigens. On the basis of
the results from this mouse model, the investigators
concluded that allergen sensitization with the increase
in Th2 responses may contribute to the development
of allergies in individuals exposed to secondhand
smoke (Seymour et al. 1997). Other studies have dem-
onstrated an increase in IL-5, granulocyte-macrophage
colony-stimulating factor, and IL-2 in bronchoalveo-
lar lavage fluid in mice exposed to OVA along with
secondhand smoke. In these mouse models, interferon
gamma levels decreased. Because mice exposed to
OVA alone did not experience these cytokine changes,
secondhand smoke appears able to induce a sensitiza-
tion phenotype to a usually neutral antigen (Rumold
etal. 2001). Although the animal data are stronger than
the human epidemiologic data, studies in humans are
supportive of an effect of tobacco smoke exposure on
allergic phenotypes.

Allergies are caused by multiple interacting
factors in people with underlying susceptibility.
Secondhand smoke exposure both in utero and after
birth may promote the development of an allergic
phenotype. Antigens presented during the neonatal
period in mice skew the immune development and
response along a Th2 pathway (i.e., toward an allergic
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phenotype) (Forsthuber et al. 1996). Human fetuses,
under the influence of the maternal system mediated
through the placenta, may develop a Th2 preference
as a response to an antigen (Michie 1998). Magnus-
son (1986) studied newborn children of nonallergic
parents and found evidence suggesting that tobacco
smoke exposure in utero may promote an allergic
phenotype. A threefold increase in risk for an elevated
IgE level was observed in children whose mothers
smoked compared with the IgE levels in children born
to nonsmoking mothers. Total cord blood IgE concen-
trations were substantially higher in infants of mothers
who smoked (60.8 international units [IU]) compared
with infants of nonsmoking mothers (9.8 IU).

Atopy may be characterized by either a positive
IgE-mediated skin test or elevated specific IgE serum
levels. Atopy represents a risk factor for asthma, and
an increase in bronchial responsiveness has been
associated with higher serum IgE levels. Human stud-
ies provide mixed evidence as to whether secondhand
smoke exposures are associated with an increase in
IgE-mediated responses (Weiss et al. 1985; Martinez
et al. 1988; Ownby and McCullough 1988; Stankus et
al. 1988). Weiss and colleagues (1985) demonstrated
that maternal smoking was associated with atopy
in children aged five through nine years who were
evaluated by skin tests to four common allergens.
Ronchetti and colleagues (1990) demonstrated an effect
of exposure on IgE levels and on eosinophil counts.
Eosinophil counts were at least three times higher in
boys exposed to secondhand smoke compared with
unexposed boys. There was a dose-response relation-
ship between the number of cigarettes to which each
boy had been exposed and the level of eosinophilia
(Ronchetti et al. 1990).

Researchers showed decades ago that main-
stream cigarette smoke causes airway inflammation
(Niewoehner et al. 1974) and an increase in airway
permeability to small and large molecules in young
smokers (Simani et al. 1974; Jones et al. 1980). Given
the qualitative similarities between mainstream smoke
and secondhand smoke, these effects may be relevant
to involuntary smoking (USDHHS 1986).

There are many specific components of second-
hand smoke that may adversely affect a child’s lung.
For example, a bacterial endotoxin known as lipopoly-
saccharide (LPS) can be detected in both mainstream
and sidestream tobacco smoke. Studies have detected
biologically active LPS in mainstream and sidestream
smoke from regular and light experimental refer-
ence cigarettes used in the studies (mainstream: 120 +
64 nanograms [ng] per regular cigarette, 45.3 £ 16 ng
per light cigarette; sidestream: 18 + 1.5 ng per regular



cigarette, 75 + 49 ng per light cigarette). The investiga-
tors suggested that chronic LPS exposure from ciga-
rette smoke may contribute to the inflammatory effects
of secondhand smoke (Hasday et al. 1999). Other
studies show that LPS exposure may alter responses
to allergen challenge (Tuli¢ et al. 2000).

Researchers need to consider this hypothesized
role of endotoxin because of the known pathologic
effects of endotoxins on susceptible individuals. As
a component of the cell wall of gram-negative bac-
teria, endotoxins are ubiquitous in the environment
and may be found in high concentrations in house-
hold dust (Michel et al. 1996) and in ambient air pol-
lution (Bonner et al. 1998). Macrophage activation
may result from exposure to low concentrations of an
endotoxin, leading to a cascade of inflammatory cyto-
kines (such as IL-1, IL-6, and IL-8) and arachidonic
acid metabolites, which are important in the forma-
tion of prostaglandin molecules (Bayne et al. 1986;
Michie et al. 1988; Ingalls et al. 1999). Studies have
documented increased levels of neutrophils in bron-
choalveolar lavage fluid after a challenge with dust
that contained endotoxins (Hunt et al. 1994). Revers-
ible airflow obstruction has been associated with the
inhalation of endotoxins in the air. In a cohort study
of infants in Boston, Park and colleagues (2001) used
a univariate model and found a significant association
of wheeze in the first year of life with elevated dust
endotoxin levels (relative risk [RR] = 1.29 [95 percent
confidence interval (CI), 1.03-1.62]). In a multivariate
model, elevated endotoxin levels in dust were associ-
ated with an increased risk for repeated wheeze ill-
ness in the first year of life (RR = 1.56 [95 percent CI,
1.03-2.38]) (Park et al. 2001). Exposure to endotoxins
from secondhand smoke in utero, during infancy, and
in childhood may increase airway inflammation and
may interact synergistically with additional second-
hand smoke exposures.

Smoking contributes generally to the particu-
late load in indoor air, and research documents that
inhaling particles in the respirable size range contrib-
utes to pulmonary inflammation (National Research
Council 2004). One consequence of particle-induced
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inflammation may be an intermediate phenotype with
cough and wheeze in early childhood. Investigators
used a guinea pig model of secondhand smoke expo-
sure to study sensory nerve pathways for cough and
airway narrowing in an effort to explain the devel-
opment of cough and wheeze symptoms in children
of smokers. When guinea pigs were exposed to side-
stream smoke for six hours per day, five days per
week, from one through six weeks of age, they dem-
onstrated an increase in excitability of pulmonary C
fibers (Mutoh et al. 1999) and rapidly adapting recep-
tors (Bonham et al. 1996), which are believed to be
primarily responsible for eliciting the reflex responses
in defending the lungs against inhaled irritants and
toxins (Lee and Widdicombe 2001). These studies
have led to the conclusion that cough and wheeze
may be produced by neural pathway stimulation
and irritation.

Summary

Childhood respiratory disease covers a spectrum
of diseases and underlying pathogenetic mechanisms
that include infection, prenatal alterations in lung
structure, inflammation, and allergic responses. There
is a potential for secondhand smoke to contribute over
the long term to the development of respiratory dis-
ease through altered organ maturation and immune
function. Mechanisms underlying the adverse health
effects of secondhand smoke vary across the phases
of lung growth and development, extending from the
in utero period to the completion of lung growth in
late adolescence. The long-term effects of secondhand
smoke is a field of ongoing research. These effects may
vary among individuals because of individual genetic
susceptibilities and gene-environment interactions.
The discussions that follow summarize the available
observational evidence concerning health effects of
secondhand tobacco smoke on children, which are
presumed to reflect the mechanisms reviewed above.
The discussions also interpret the evidence in the con-
text of this mechanistic understanding.
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Methods Used to Review the Evidence

The search strategies and statistical methods for
pooling that were used for this report were identical
to those applied to the earlier reviews of this topic car-
ried out by Strachan and Cook (1997). The authors con-
ducted an electronic search of the EMBASE Excepta
Medica and Medline databases using Medical Subject
Headings (MeSH) to select published papers, letters,
and review articles relating to secondhand tobacco
smoke exposure in children. The EMBASE strategy
was based on text word searches of titles, keywords,
and related abstracts; non-English language arti-
cles were not included. The search was carried out
through 2001.

Information relating to the odds ratio (OR) for
the outcome of interest among children with and
without smokers in the family was extracted from
each study. Data regarding children exposed and
unexposed to maternal smoking prenatally or post-
natally were extracted separately. This review also
specifically addresses the effects on children of smok-
ing by other household members (usually the father)
when the mother was not a smoker. Not every study
provided information on all of these indices. The most
common measures were smoking by either parent
versus neither parent, and the effects of smoking by
the mother versus only by the father or by neither par-
ent. Few studies distinguished in any detail between
prenatal and postnatal maternal smoking, but those
that did were included in the discussion. The ORs for
the effects of smoking by both parents compared with
neither parent were also extracted from cross-sectional
surveys of school-age children.

Because most studies have used self-reported
parental smoking behaviors as the principal exposure
indicator, and because the major sources of exposure
in western countries are overwhelmingly maternal
followed by paternal smoking (Cook et al. 1994), the
terms parental, maternal, and paternal smoking are
used throughout this chapter to refer to major sources
of secondhand tobacco smoke exposure for children.
The OR was chosen as a measure of association because
it can be derived from all types of studies—case-
control, cross-sectional, and cohort. In general, ORs
and their 95 percent CIs were calculated from data
in published tabulations using the actual numbers
of participants, or numbers estimated from percent-
ages of published column or row totals. This approach
allowed for flexibility in combining categories of
household tobacco smoke exposure for comparability
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across studies. If the number of participants was not
provided, the published OR and its 95 percent CI were
used. For some studies, it was necessary to derive an
approximate standard error (for the log OR) based
on the marginal values of the relevant multiplication
table (2 x 2). In situations where ORs were given sepa-
rately for different genders, a pooled OR and 95 per-
cent CI were calculated by taking a weighted average
(on the log scale) using weights inversely proportional
to the variances. The papers that quoted an incidence
rate ratio rather than an OR are identified in the
summary tabulations.

The literature review also identified informa-
tion on the extent to which the effects of parental
smoking were altered by adjustment for potential
confounding variables, and whether there was evi-
dence of an exposure-response relationship with,
for example, the amount smoked by either parent.
Where the presented data could be standardized for
age, gender, or occasionally for another confounder,
the Mantel-Haenszel method was used to provide an
adjusted value. Because there may be multiple pub-
lished reports for a single study, only one paper from
each study (usually the most recently published) was
included in the quantitative meta-analyses. In some
studies, however, information from other papers con-
tributed to the assessment of potential confounding or
a dose-response relationship.

Updated meta-analyses of the health effects
from parental smoking were conducted specifically
for this chapter. All pooled estimates were calculated
using both fixed and random effects models (Egger et
al. 2001). All updated analyses were carried out using
Stata. For some outcomes, studies were grouped
according to the timing of the secondhand smoke
exposure (e.g., maternal smoking during pregnancy,
parental smoking from infancy to four years of age,
and parental smoking at five or more years of age).

The meta-analysis of the cross-sectional evi-
dence relating parental smoking to spirometric indi-
ces in children updates the 1998 meta-analysis (Cook
et al. 1998). Both the earlier and the more recent meta-
analyses used the same effect measure: the average dif-
ference in the spirometric index between exposed and
unexposed children, expressed as a percentage of the
level in the unexposed group. The updated synthesis
considered four different spirometric indices: forced
vital capacity (FVC), forced expiratory volume in one



second (FEV,), mid-expiratory flow rate (MEFR), and
flow rates at end expiration. Pooled estimates of the
percentage differences were calculated using both
fixed and random effects models (Egger et al. 2001).
To determine whether the exposure classification
influenced the relationship between parental smoking
and lung function, studies were pooled within the fol-
lowing exposure groups: both parents did versus did
not smoke, mother did versus did not smoke, either
parent versus neither parent smoked, the highest
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versus the lowest cotinine category, and high levels
of household secondhand smoke versus none. To test
for effects on the relationship between parental smok-
ing and lung function from adjustment for variables
other than age, gender, and body size, studies were
pooled separately depending on adjustment for other
variables. Lastly, this meta-analysis also assessed
whether adjusting for socioeconomic measures, such
as parental education and social class, affected the
pooled results.

Lower Respiratory Illnesses in Infancy and Early Childhood

This section summarizes the evidence relat-
ing specifically to acute LRIs in the first two or three
years of life and updates the previous review by Stra-
chan and Cook (1997). Separate discussions review
studies of asthma incidence, prognosis, and severity
as well as studies (mostly cross-sectional) of school-
age children.

In developed countries, the specific microbial
etiology and determinants of some common lower
respiratory tract illnesses in infancy remain a subject
of uncertainty and research (Silverman 1993; Wilson
1994; Monto 2002; Klig and Chen 2003). Although
many LRIs result from viral infections, there is an
indication of a prenatally determined susceptibility
related to lung function abnormalities that is already
detectable at birth (Dezateux and Stocks 1997). As
reviewed in the introduction to this chapter, lasting
effects of in utero exposure to tobacco smoke from
maternal smoking may increase airway resistance
and the likelihood of a more severe LRI with infection.
This review covers the full spectrum of LRIs, includ-
ing categories considered to reflect infection and the
category of wheeze, which may be a consequence of
infection but may also indicate an asthma phenotype.

There is also an emerging consensus that there
are several phenotypes of childhood wheeze, each
with a different pattern of incidence, prognosis, and
risk factors (Wilson 1994; Christie and Helms 1995).
However, there is much less certainty about how these
different “asthma phenotypes” should be character-
ized for either research or clinical purposes. Findings
from the Tucson (Arizona) birth cohort study suggest
physiologic and immunologic differences between the
phenotypic syndromes of early childhood wheeze, the

onset of asthma symptoms later in childhood, and per-
sistent disease (Martinez et al. 1995; Stein et al. 1997).
These findings have yet to be replicated in a compre-
hensive way in other large population samples, and
few large cohort studies are in progress that provide
the needed longitudinal data. The classification of
phenotype in the epidemiologic studies is relevant to
secondhand smoke if the association of secondhand
smoke with risk varies across the phenotypes.

Relevant Studies

In the 1997 review, 75 publications were con-
sidered in detail as possibly relevant to illnesses
in infancy and early childhood. Of those studies,
50 were included in the review, and 38 of those
50 were included in quantitative meta-analyses:
21 cohort studies, 10 case-control studies, 2 controlled
trials, and 5 cross-sectional surveys of school-age
children (Strachan and Cook 1997). The latter were
included because they related parental smoking to
a retrospective history of chest illness before two
years of age, information that was obtained using
the American Thoracic Society’s children’s question-
naire (Ferris 1978). No additional references were
identified by citations in the above papers or in
previous overviews.

Of 26 papers published since 1997, 17 contain
quantitative information relevant to this review
without duplicating the content of the other papers
(Margolis et al. 1997; Nafstad et al. 1997; Baker et
al. 1998; Gergen et al. 1998; Chen and Millar 1999;
Dezateux et al. 1999; Gold et al. 1999; Karaman et al.
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1999; Mrazek et al. 1999; Nuesslein et al. 1999; Rusconi
et al. 1999; Yau et al. 1999; Diez et al. 2000; Giirkan et
al. 2000b; Hjern et al. 2000; Lux et al. 2000; Young et al.
2000a). Most of these papers are community studies
of wheeze illnesses: seven cohort studies, two case-
control studies, and four surveys that ask about
past illnesses. Only a few studies included data on
the effects of smoking by only the father. The two
most substantial papers analyze data from the Third
National Health and Nutrition Examination Survey
(NHANES 1III) (Gergen et al. 1998) and from a large
Swedish study of hospital admissions that focused
mostly on pneumonia (Hjern et al. 2000). A comple-
ment to the Swedish study examined asthma admis-
sions, but only from two years of age and older, and
was therefore not included in the quantitative synthe-
sis (Hjern et al. 1999). That study does provide evi-
dence relevant to effect modification by age.

Publications listed in another systematic review
(Li et al. 1999) were also considered, but those stud-
ies were already included in other reviews for
either LRI or asthma. Three studies from this new
search were excluded: one Danish study of hospi-
talizations for any reason that described findings of
respiratory problems, but presented no data related
to secondhand smoke (Wisborg et al. 1999); a case-
control study from The Gambia that considered admis-
sions for acute LRI and implied that neither maternal
nor paternal smoking was significantly associated
with the outcome at p <0.05, but presented no data
(Weber et al. 1999); and a cohort study of acute respi-
ratory infections in children younger than five years
of age that reported increased risks of 2.5 for pneu-
monia and 2.3 for other “severe disease” in children
of smoking parents, but included no standard errors
(Deb 1998).

Evidence Review

Community Studies of Lower Respiratory Illnesses

Combining studies from the 1997 review with
subsequent publications, 34 community studies were
related to parental smoking and LRIs in a community
or ambulatory clinic setting (Table 6.1). There were
20 prospective cohort studies, 1 panel (short-term
cohort) study, 1 cohort study carried out through
record linkage, 2 controlled trials, 4 case-control
studies, and 6 prevalence surveys of schoolchildren
that asked parents about past illnesses. Seven stud-
ies combined all lower respiratory diagnoses (Gard-
ner et al. 1984; Ferris et al. 1985; Pedreira et al. 1985;
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Wright et al. 1991; Forastiere et al. 1992; Marbury et
al. 1996; Richards et al. 1996), six contributed infor-
mation on bronchitis and pneumonia (Leeder et
al. 1976; Fergusson and Horwood 1985; Chen et al.
1988a; Hakansson and Carlsson 1992; Gergen et al.
1998; Nuesslein et al. 1999), and two focused on ill-
nesses diagnosed as bronchiolitis (McConnochie and
Roghmann 1986b; Hayes et al. 1989). Twenty-three
studies focused specifically on illnesses associated
with wheeze (Fergusson and Horwood 1985; Bis-
gaard et al. 1987; Chen et al. 1988a; Burr et al. 1989;
Lucas et al. 1990; Halken et al. 1991; Arshad et al. 1993;
Tager et al. 1993; Martinez et al. 1995; Elder et al. 1996;
Margolis et al. 1997; Nafstad et al. 1997; Baker et
al. 1998; Gergen et al. 1998; Chen and Millar 1999;
Dezateaux et al. 1999; Gold et al. 1999; Karaman et al.
1999; Mrazek et al. 1999; Rusconi et al. 1999; Yau et al.
1999; Diez etal. 2000; Lux et al. 2000; Young et al. 2000a).
The studies by Baker and colleagues (1998) and Lux and
colleagues (2000) both reported on the Avon Longitu-
dinal Study of Pregnancy and Childhood (ALSPAC),
and three publications contributed independent data
on both bronchitis/pneumonia and wheeze illnesses
(Fergusson and Horwood 1985; Chen et al. 1988a;
Gergen et al. 1998).

Table 6.2 and Figures 6.1-6.3 summarize the
results of these studies. All except one study (Nuesslein
et al. 1999) found an elevated risk of LRI associated
with parental smoking, including by the father only,
among the studies where that exposure variable was
included. The one study not finding an increased OR
associated with maternal smoking reported a sig-
nificant association with cotinine levels measured in
meconium (Nuesslein et al. 1999). Table 6.3 presents
the results of meta-analyses that pooled the results
from studies of early wheeze separately from those
of an unspecified LRI, bronchitis, bronchiolitis, or
pneumonia. Although the effect of smoking by either
parent was similar for both wheeze and LRI, maternal
smoking appeared to have a somewhat greater effect
than paternal smoking in studies that specifically
ascertained wheeze illnesses (Table 6.3).

Studies of Hospitalizations for Lower
Respiratory Illnesses

The literature search identified 14 studies on
hospitalizations for lower respiratory complaints in
early life (Harlap and Davies 1974; Sims et al. 1978;
Mok and Simpson 1982; Ekwo et al. 1983; Hall et
al. 1984; Taylor and Wadsworth 1987; Anderson et
al. 1988; Stern et al. 1989b; Reese et al. 1992; Jin and
Rossignol 1993; Victora et al. 1994; Rylander et al. 1995;
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Table 6.1 Design, sample size, and recruitment criteria for studies of illness associated with parental
smoking included in meta-analyses
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Community studies of lower respiratory illnesses (LRIs)

Leeder et al. Cohort 2,074 Acute bronchitis Population-based BR/PN
1976 Aged <1 year (BR)/pneumonia birth cohort

United Kingdom (PN) (reported)
Gardner et al. Panel 131 LRI (reported) Virologic surveillance ~ LRI
1984 Aged <1 year panel

United States

(Texas)
Fergusson and Cohort 1,144 BR/PN consultation Population-based BR/PN
Horwood 1985  Aged <2 years birth cohort

New Zealand
Ferris et al. 1985  Survey 8,528 Physician-diagnosed  Population survey LRI

Aged <2 years respiratory illness (children aged

United States before 2 years of age  6-9 years)

(Six cities)
Pedreira et al. Cohort 1,144 LRI consultation Pediatric practice LRI
1985 Aged <1 year

United States

(District of Columbia)
McConnochie Case-control 212 First physician- Pediatric outpatient BL/wheeze
and Roghmann  Aged <2 years diagnosed acute lists (no wheeze)
1986b United States bronchiolitis (BL)/

(New York) wheeze
Chen et al. Cohort 2,227 Physician-diagnosed  Population-based BR/PN
1988a Aged <18 months BR/PN birth cohort

China
Hayes et al. Case-control 80 Respiratory Well-child clinics BL
1989 Aged <1 year syncytial virus

Samoa (RSV); epidemic LRI
Wright et al. Cohort 797 Physician-diagnosed = Health maintenance LRI
1991 Aged <1 year LRI organization (HMO)-

United States based cohort

(Arizona)
Forastiere et al. Survey 2,797 BR/BL/PN before Population survey LRI
1992 Aged <2 years 2 years of age (children aged

Italy 7-11 years)
Hakansson and ~ Cohort 192 Antibiotics for Population-based BR/PN
Carlsson 1992 Aged <12 months BR/PN birth cohort

Sweden
Marbury et al. Cohort 1,424 LRI consultation HMO-based cohort LRI
1996 Aged <2 years

United States

(Minnesota)
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Table 6.1 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Community studies of LRIs

Richards et al. Survey 726 Physician-diagnosed ~ Survey of 2 schools LRI
1996 Aged <2 years respiratory illness (children aged

South Africa before 2 years of age ~ 14-18 years)
Gergen et al. Survey 7,680 Parental report/ Representative sample ~ Chronic BR
1998 Aged 2-36 months recall of physician- from NHANES IIT*

United States diagnosed asthma

(ever)

Nuesslein et al. Cohort 65 Parental report/ Population-based LRI
1999 Aged <6 months recall of cold with birth cohort

Germany cough

Community studies of wheeze illnesses

Fergusson and Cohort 1,144 Wheeze/chest cold Population-based Wheeze
Horwood 1985  Aged <2 years birth cohort

New Zealand
Bisgaard et al. Cohort 5,953 >1 episode of Population-based Wheeze
1987 Aged <1 year wheeze birth cohort

Denmark
Chen et al. Cohort 2,227 Physician-diagnosed ~ Population-based Wheeze
1988a Aged <18 months asthma birth cohort

China
Burr et al. 1989 Trial 480 Wheeze by 1 year of  Infants from families Wheeze

Aged <1 year age (reported) with allergies

United Kingdom
Lucas etal. 1990  Trial 777 >3 episodes of Infants <37 weeks of Wheeze

Aged <18 months wheeze or asthma gestation

United Kingdom
Halken et al. Cohort 276 >2 episodes of Random sample of Wheeze
1991 Aged <18 months wheeze births

Denmark
Arshad et al. Cohort 1,172 >3 episodes of Population-based Wheeze
1993 Aged <2 years wheeze birth cohort

United Kingdom
Tager etal. 1993  Cohort 97 Wheeze or LRI Special lung function Wheeze

Aged <12 months admission study

United States

(Massachusetts)
Martinez et al. Cohort 762 LRI with wheeze HMO-based birth Wheeze
1995 Aged <3 years cohort

United States

(Arizona)
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Table 6.1 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Community studies of wheeze illnesses
Elder etal. 1996  Cohort 525  Bronchodilator Infants <33 weeks of Wheeze
Aged <1 year therapy gestation
Australia
Margolis et al. Cohort 325  Parental report/ Population-based Wheeze
1997 Aged <12 months recall of cough or birth cohort (no
United States wheeze high-risk infants)
Nafstad et al. Cohort 3,038 Bronchial Births in 2 clinics Bronchial
1997 Aged <24 months obstruction (no high-risk infants) obstruction
Norway confirmed by
physician diagnosis
Baker et al. Cohort 8561  Parental report/ ALSPAC' birth cohort ~ Wheeze
1998; Lux etal.  Aged <30 months recall of wheeze by
2000 United Kingdom 6 months of age
Gergen et al. Survey 7,680 Parental report/ Representative sample ~ Asthma
1998 Aged 2-36 months recall of physician from NHANES III
United States diagnosis (ever) of
asthma
Parental report/ Wheeze
recall of <3 episodes
in 12 months
Chen and Survey 5,888 Parental report/ Representative Asthma
Millar 1999 Aged <36 months recall of physician sample of Canadian
Canada diagnosis of asthma  population
(ever)
Dezateux et al. Cohort 101 >1 episode of Population-based Wheeze
1999 Aged <12 months physician-diagnosed  birth cohort
United Kingdom wheeze
Gold etal. 1999  Cohort 499  Parental report/ Birth cohort of parents ~ Wheeze
Aged <12 months recall of >1 episode with asthma and
United States of wheeze allergies
(Massachusetts)
Karaman et al. Case-control 68 Parental report/ A general practice Wheeze
1999 Aged 6-24 months recall of >1 episode (children with no
Turkey of wheeze allergies)
Mrazek et al. Cohort 150  Recurrent asthmain  Birth cohort of Wheeze
1999 Aged <36 months medical records mothers with asthma
United States
(Colorado)
Rusconi et al. Survey 16,333 Parental report/ Population survey LRI with
1999 Aged <24 months recall of wheeze at (children aged wheeze
Italy 6-7 years of age 6-7 years)
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Table 6.1 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Community studies of wheeze illnesses
Yau et al. 1999 Cohort 71 Parental report/ Healthy full-term Wheeze
Aged <24 months recall of LRI with infants
Taiwan wheeze
Diez et al. 2000 Nested case-control 310 Parental report/ Premature infants or Wheeze
Aged <12 months recall of wheeze others at high risk
Germany
Young et al. Cohort 160 Parental report/ Population-based Wheeze
2000a Aged <24 months recall and/or birth cohort
Australia physician diagnosis
of wheeze
Community studies of upper and lower respiratory illnesses (U/LRIs)
Ogston et al. Cohort 1,542 U/LRIs recorded by Population-based U/LRIs
1987 Aged <12 months a health visitor to the  birth cohort
United Kingdom home
Woodward et Case-control 489 High U/LRIs Population survey U/LRIs
al. 1990 Aged 1-3 years “score” based on (children with low
Australia values assigned scores)
to responses to
questionnaires
Hospitalizations for LRIs
Harlap and Cohort 10,672  BR/PN admission Population-based BR/PN
Davies 1974 Aged <1 year birth cohort (inpatients)
Israel
Sims et al. 1978 Case-control 70 RSV-positive BL Schoolmates at 8 years ~ BL
Infants admission of age (inpatients)
United Kingdom
Mok and Case-control 400 LRI admission Classmates at 7 years BR/PN
Simpson 1982 Aged <1 year of age (inpatients)
United Kingdom
Ekwo et al. 1983  Survey 1,139 LRI admission Population survey LRI
Aged <2 years before 2 years of age  (children aged (inpatients)
United States 6-12 years)
(Towa)
Hall et al. 1984 Case-control 87 RSV and LRI Acute nonrespiratory BL
Aged <2 years admission admission (inpatients)
United States
(New York)
Taylor and Cohort 12,727 LRI admission Population-based LRI
Wadsworth Aged <5 years birth cohort (inpatients)
1987 United Kingdom
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Table 6.1 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Hospitalizations for LRIs

Anderson et al. Case-control 301 PN/BL admission Outpatient clinics PN/BL

1988 Aged <2 years (inpatients)
United States
(Georgia)

Stern et al. Survey 4,099 LRI admission Population survey LRI

1989b Aged <2 years before 2 years of age  (children aged (inpatients)
Canada 7-12 years)

Reese et al. 1992  Case-control 96  BL admission Nonrespiratory BL
Aged 5-15 months admission (inpatients)
Australia

Jin and Cohort 1,007 BR/PN admission Population-based BR/PN

Rossignol 1993 Aged <18 months birth cohort (inpatients)
China

Victora et al. Case-control 1,020 PN (x-ray) Neighbors PN

1994 Aged <2 years (inpatients)
Brazil

Rylander et al. Case-control 308  Wheeze and Population sample Wheeze

1995 Aged 4-18 months breathlessness (same area) (inpatients)
Sweden

Girkan et al. Case-control 58  Symptoms plus RSV Infants without RSV

2000b Aged 2-18 months antigen respiratory distress (outpatients)
Turkey seen in the emergency

room

Hjern et al. 2000 Record linkage 350,648  ICD-95 480487 at All children in PN
Aged 0-24 months patient-  discharge 3 metropolitan areas (inpatients)
Sweden years? (1990-1994)

Hospitalizations for URIs or LRIs

Rantakallio Cohort 3,644 URIor LRI Birth cohort drawn URI or LRI

1978 Aged <5 years admission from smoking and (inpatients)
Finland nonsmoking mothers

Ogston et al. Cohort 1,542  URIor LRI Population-based URI or LRI

1985 Aged <12 months admission birth cohort (inpatients)
United Kingdom

Chen 1994 Cohort 3,285  Any respiratory 2 population birth URI or LRI
Aged <18 months admission cohorts (inpatients)
China

*NHANES III = Third National Health and Nutrition Examination Survey.
*ALSPAC = Avon Longitudinal Study of Pregnancy and Childhood.

*Patient-years only were reported in this study.
SICD-9 = International Classification of Diseases, 9th Revision (USDHHS 1989).
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Table 6.2 Unadjusted relative risks (odds ratios) of illness associated with parental smoking

Dose- Odds ratio for smoking (95% confidence interval)
Cases/ response
Study controls relationship Outcome Either parent Mother Father/other* Both parents

Community studies of lower respiratory illnesses (LRIs)

Leeder et al. 239/1,835 Yes; number Acute 1.96 NR* NR 2.79
1976 of smokers bronchitis (1.38-2.80) (1.87-4.15)
(BR)/
pneumonia
(PN)
Gardneretal. 31/% NR LRI 1.25 NR NR NR
1984 (0.81-1.93)
Fergusson 204 /940 Yes; BR/PN 1.56 1.83 1.04 1.83
and Cigarettes/ (1.15-2.12) (1.35-2.49)  (0.65-1.65) (1.22-2.74)
Horwood day by the
1985 mother
Ferris et al. 820/7,708 Yes; LRI 1.85 1.69 1.51 1.36
1985 Cigarettes/ (1.56-2.20) (1.47-1.96) (1.22-1.86) (1.11-1.66)
day by the
mother
Pedreiraetal. 221/* NR LRI 1.27 NR NR NR
1985 (0.97-1.66)
McConnochie  53/159 NR Acute 3.21 2.33 NR NR
and bronchiolitis  (1.42-7.25) (1.194.57)
Roghmann (BL)
1986b
Chen et al. 925/1,302  Yes; BR/PN 1.25 None 1.25 NR
1988a cigarettes/ (1.03-1.52) smoked (1.03-1.52)
day in the
home
Hayes et al. 20/60 NR BL 3.86 NR NR NR
1989 (0.81-18.4)
Wright et al. 256/541 Yes; LRI NR 1.528 NR NR
1991 cigarettes/ (1.07-2.15)
day by the
mother
Forastiere et 473/2,324 NR LRI 1.32 1.21 1.25 1.34
al. 1992 (1.05-1.65) (0.99-1.48) (0.97-1.62) (1.02-1.75)
Hakansson 20/172 NR BR/PN 3.25 NR NR NR
and Carlsson (1.27-8.34)
1992
Marbury et 1,107 /* NR LRI NR 1.508 NR NR
al. 1996 (1.20-1.80)
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Table 6.2  Continued
Dose- Odds ratio for smoking (95% confidence interval)
Cases/ response
Study controls relationship Outcome Either parent Mother Father/other*  Both parents
Community studies of LRIs

Richards et 100/626 NR LRI 1.75 2.18 NR NR
al. 1996 (1.07-2.87) (1.25-3.78)
Gergen et al. 155/4,264 Yes; Chronic 1.97 2.44% NR NR
1998 cigarettes/ bronchitis (1.42-2.61) (1.74-3.40)

day in the

home
Nuesslein et 49/16 NR LRI 1.081 0.8741 NR NR
al. 1999 (0.17-6.81) (0.17-4.53)

Community studies of wheeze illnesses

Fergusson 733/411 No; Wheeze 1.32 1.43 1.09 1.50
and cigarettes/ (1.04-1.69) (1.10-1.86)  (0.77-1.53) (1.05-2.12)
Horwood day by the
1985 mother
Bisgaard et 120/5,833 No; Wheeze NR 2.85 NR NR
al. 1987 cigarettes/ (1.93-4.19)

day by the

mother
Chen et al. 78/2,149 NR Wheeze 1.27 None 1.27 NR
1988a (0.71-2.28) smoked (0.71-2.28)
Burr et al. 166/314 NR Wheeze 2.04 2.25 1.38 NR
1989 (1.39-3.01) (1.52-3.33)  (0.81-2.37)
Lucas et al. 175/602 NR Wheeze 1.70 NR NR NR
1990 (1.19-2.42)
Halkenetal.  59/217 NR Wheeze 1.88 NR NR NR
1991 (0.97-3.63)
Arshad et al. 127/1,045 NR Wheeze NR 2.24 NR NR
1993 (1.51-3.32)
Tager et al. 59/38 NR Wheeze NR 3.16 NR NR
1993 (1.24-8.04)
Martinez et 247/515 NR Wheeze NR 2.07 NR NR
al. 1995 (1.34-3.19)
Elder et al. 76/449 Yes; Wheeze NR 1.98 NR NR
1996 cigarettes/ (1.21-3.23)

day by the

mother
Margolis et & NR Wheeze 1.62* NR NR NR

al. 1997

Respiratory Effects in Children from Exposure to Secondhand Smoke

275



Surgeon General’s Report

Table 6.2 Continued

Dose- Odds ratio for smoking (95% confidence interval)
Cases/ response
Study controls relationship Outcome Either parent Mother Father/other* Both parents

Community studies of wheeze illnesses

Nafstad etal. 271/2,777 Yes; Bronchial 1.61 1.61 1.51 1.51
1997 cigarettes/ obstruction (1.3-2.1) (1.0-2.6) (1.1-2.2) (1.0-2.2)

day by both

parents
Baker et al. 1,565/ Yes; number Wheeze 1.32 1.55% NR NR
1998; Lux et 6,885 of hours/ (1.19-1.47) (1.36-1.77)
al. 2000 day of

secondhand

smoke

exposure
Gergen et al. 197/4,222  Yes; Asthma 1.33 1.75% NR NR
1998 cigarettes/ (0.99-1.77) (1.29-2.39)

day in the

home

432/3,981  Yes; Wheeze 1.88 2.15% NR NR

cigarettes/ (1.54-2.29) (1.74-2.67)

day in the

home
Chen and 326/5,214 NR Asthma NR 1.56 NR NR
Millar 1999 (1.24-1.96)
Dezateux et 28/73 NR Wheeze 4.08 5.10 NR NR
al. 1999 (1.12-14.9) (1.97-13.3)
Gold et al. 96/403 NR Wheeze NR 2.2954 p >0.05 NR
1999 (1.44-3.63)
Karaman et 38/30 NR Wheeze 5.6 4.24 NR NR
al. 1999 (1.9-15.9) (1.2-14.6)
Mrazek et al. 14/136 NR Wheeze NR 1.5 NR NR
1999 (0.29-7.16)
Rusconietal. 1,892/ NR Wheeze NR 1.554 NR NR
1999 14,441 (1.37-1.74)
Yau et al. 8/23 NR Wheeze 1.04 NR NR NR
1999 (0.35-3.05)
Diez et al. 64/246 NR Wheeze 2.0 NR NR NR
2000 (1.1-3.5)
Young et al. 81/79 NR Wheeze NR 2.74 NR NR
2000a (1.3-5.2)
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Table 6.2 Continued
Dose- Odds ratio for smoking (95% confidence interval)
Cases/ response
Study controls relationship Outcome Either parent Mother Father/other* Both parents
Community studies of upper and lower respiratory illnesses (U/LRIs)
Ogston et al. 486/1,056 No;number U/LRIs 1.68 1.52 1.50 1.74
1987 of smokers (1.33-2.11) (1.22-1.89)  (1.12-2.01) (1.33-2.27)
Woodward et 200/200 NR U/LRIs NR 2.438 NR NR
al. 1990 (1.63-3.61)
Hospitalizations for LRIs
Harlap and 1,049/ Yes; BR/PN NR 1.43 NR NR
Davies 1974 9,623 cigarettes/ (1.18-1.75)
day by the
mother
Sims et al. 35/35 NR BL NR 2.65 NR NR
1978 (0.99-7.11)
Mok and 200/200 NR BR/PN NR 1.26 NR NR
Simpson 1982 (0.83-1.92)
Ekwo et al. 53/1,086 Inverse to LRI 2.09 1.32 2.30 1.59
1983 the number (1.12-3.89) (0.74-2.32) (1.13-4.70) (0.74-3.44)
of smokers
Hall et al. 29/58 NR BL 4.78 NR NR NR
1984 (1.76-13.0)
Taylor and 434/ Yes; LRI 1.46 1.63 1.05 1.69
Wadsworth 12,293 Cigarettes/ (1.19-1.79) (1.34-1.97) (0.78-1.41) (1.33-2.14)
1987 day by the
mother
Anderson et 102/199 NR BL 1.998 NR NR NR
al. 1988 (p <0.05)*
Stern et al. NR NR LRI NR 1.858 NR NR
1989b (1.53-2.23)
Reese et al. 39/57 Yes; urinary ~ BL 2.15 2.66 1.27 3.29
1992 cotinine (0.76-6.10) (1.15-6.15)  (0.38-4.22) (1.77-6.14)
Jin and 164 /843 Yes; BR/PN 1.78 None 1.78 NR
Rossignol cigarettes/ (1.18-2.68) smoked (1.18-2.68)
1993 day in the
home
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Table 6.2 Continued
Dose- Odds ratio for smoking (95% confidence interval)
Cases/ response
Study controls relationship Outcome Either parent Mother Father/other*  Both parents
Hospitalizations for LRIs
Victora et al. 510/510 No; PN 0.94 1.02 0.89 0.94
1994 cigarettes/ (0.72-1.22) (0.79-1.30)  (0.64-1.24) (0.69-1.29)
day in the
home
Rylander et 112/196 Yes; urinary ~ Wheeze 2.17 2.04 1.77 2.23
al. 1995 cotinine (1.38-3.59) (1.26-3.28)  (0.85-3.66) (1.23-4.05)
Giirkanetal.  28/30 NR Respiratory 2.0 3.6 1.1 2.3
2000b synctial (0.6-6.8) (0.7-18.3)  (0.2-4.8) (0.5-10.1)
virus
Hjern et al. & NR LRI NR 1.34 NR NR
2000 (1.2-1.4)
Hospitalizations for URIs or LRIs
Rantakallio 490/3,154 NR URI or LRI NR 1.89 NR NR
1978 (1.55-2.30)
Ogstonetal.  41/1,501  Yes;number URI or LRI 1.94 2.68 0.87 2.76
1985 of smokers (0.94-3.99) (1.41-5.10)  (0.29-2.56) (1.28-5.96)
Chen 1994 239/3,046 No; URI or LRI 1.49 None 1.49 NR
cigarettes/ (1.05-2.10) smoked (1.05-2.10)
day in the
home

*In households where the mother did not smoke (compared with smoking by neither parent).
*NR = Data were not reported.

*Results were published as person-time incidence rates; rate ratios, rather than odds ratios, are shown.
$0dds ratio or relative risk was cited in the paper without tabulated numerical data. (Elsewhere, odds ratios were calculated
from tabulated numbers or percentages.)
“Maternal smoking during pregnancy. (Elsewhere, maternal postnatal smoking was used.)

1Adjusted rates only were available (see Table 6.4 for factors adjusted for).

**Based on children exposed to <10 cigarettes/day vs. none, as so few were exposed more heavily. Confidence limits for the
meta-analysis were assumed to be based on confidence limits for the adjusted analysis (1.20-2.18).
195% confidence interval was estimated at 1.0-3.96 for purposes of the meta-analysis.
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Figure 6.1  Odds ratios for the effect of smoking by either parent on lower respiratory illnesses during

infancy
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Figure 6.2  Odds ratios for the effect of maternal smoking on lower respiratory illnesses during infancy
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Figure 6.3  Odds ratios for the effect of paternal smoking on lower respiratory illnesses during infancy
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Table 6.3 Pooled odds ratios (ORs), 95% confidence intervals (CIs), and heterogeneity tests from
meta-analyses of lower respiratory illnesses associated with parental smoking
Findings
Either parent
Study description smoked Mother smoked  Father smoked
All studies Number of studies 38 41 18

Excluded studies with upper
respiratory illnesses

Community studies of lower
respiratory illnesses (LRIs),
bronchitis, and/or pneumonia

Community studies of wheeze
illnesses

Studies based on surveys that
relied on recall over many years

All studies excluding those that
were based on recall over many
years

Hospitalizations for LRIs,
bronchitis, bronchiolitis, or
pneumonia

Heterogeneity x?

ORs (95% Cls) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity x*

ORs (95% ClIs) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity x?

ORs (95% Cls) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity x?

ORs (95% ClIs) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity >

ORs (95% Cls) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity x>

ORs (95% ClIs) (fixed)
ORs (95% ClIs) (random)

Number of studies
Heterogeneity x?

ORs (95% Cls) (fixed)
ORs (95% ClIs) (random)

73.1 (p <0.001)

1.51 (1.44-1.59)
1.59 (1.47-1.73)

35
71.8 (p <0.001)

1.50 (1.43-1.58)
1.59 (1.46-1.74)

13
24.7 (p = 0.016)

1.55 (1.42-1.69)
1.60 (1.38-1.84)

13
23.7 (p = 0.022)

1.48 (1.38-1.59)
1.57 (1.39-1.79)

4
6.0 (p = 0.109)

1.66 (1.46-1.89)
1.65 (1.33-2.06)

34
64.1 (p <0.001)

1.49 (1.41-1.57)
1.58 (1.45-1.73)

9
225 (p = 0.004)

1.46 (1.27-1.66)
1.73 (1.31-2.28)

110.5 (p <0.001)

1.56 (1.51-1.62)
1.72 (1.59-1.86)

37
99.0 (p <0.001)

1.54 (1.48-1.61)
1.70 (1.56-1.84)

9
18.2 (p = 0.020)

1.61 (1.47-1.75)
1.66 (1.42-1.94)

17
29.9 (p = 0.018)

1.71 (1.60-1.83)
1.85 (1.66-2.06)

6
12.08 (p = 0.034)

1.58 (1.47-1.71)
1.58 (1.38-1.81)

35
98.3 (p <0.001)

1.56 (1.49-1.63)
1.77 (1.62-1.94)

11
28.4 (p = 0.002)

1.39 (1.31-1.47)
1.49 (1.29-1.73)

19.3 (p = 0.311)

1.31 (1.20-1.42)
1.31 (1.19-1.43)

15
17.2 (p = 0.247)

1.28 (1.17-1.40)
1.28 (1.15-1.42)

4
3.03 (p =0.387)

1.31 (1.16-1.48)
4
1.72 (p = 0.633)
1.29 (1.05-1.59)
3
3.02 (p =0.221)

1.43 (1.22-1.68)

*

15
14.4 (p = 0.419)

1.26 (1.14-1.39)
1.26 (1.14-1.39)

7
11.8 (p = 0.067)

1.20 (1.0-1.44)
1.31 (0.98-1.76)

*The number of studies was too small for reliable random effects modeling; there was no significant heterogeneity of effects.
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Giirkan et al. 2000b; Hjern et al. 2000). Four did not
distinguish between different forms of chest illnesses
(Ekwo et al. 1983; Taylor and Wadsworth 1987; Stern
et al. 1989b; Hjern et al. 2000), four examined bron-
chitis and/or pneumonia (Harlap and Davies 1974;
Mok and Simpson 1982; Jin and Rossignol 1993;
Victora et al. 1994), and six focused on hospital admis-
sions for wheeze illnesses (Rylander et al. 1995) or for
bronchiolitis with (Sims et al. 1978; Hall et al. 1984;
Giirkan et al. 2000b) or without (Anderson et al. 1988;
Reese et al. 1992) confirmation of respiratory syncytial
virus (RSV) infection.

One cohort study included in the meta-analysis
presented detailed findings only for hospital admis-
sions of children from birth to five years of age, and
not just for early life (Taylor and Wadsworth 1987).
Data presented by age at admission suggest a simi-
lar strength of association between maternal smoking
and admissions across this age span for bronchitis or
pneumonia. The results for all ages were therefore
included in the meta-analyses.

Only one of these studies, which was carried
out in Brazil, did not find an elevated risk associated
with parental smoking (Table 6.2 and Figures 6.1-6.3 )
(Victora et al. 1994). Table 6.3 summarizes the results
of the meta-analyses; the pooled ORs are similar in
magnitude to those derived from community studies.

One case-control study from South Africa
(Kossove 1982) and one from the United Kingdom
(Spencer et al. 1996) were excluded from the quan-
titative overview because they present only general
results for a smoky atmosphere in the home and
not specifically for secondhand smoke. In the South
African study, the principal source of exposure was
wood smoke. In the British study, infants admitted
with suspected bronchiolitis were almost three times
more likely to have a smoky atmosphere recorded
by health visitors after visiting the home when the
infant was one month of age (OR =2.93 [95 percent CI,
1.95-4.41]).

Studies of Upper and Lower Respiratory
Illnesses Combined

Five studies related parental smoking to all
respiratory illnesses without distinguishing upper
from lower respiratory tract diagnoses (Table 6.1)
(Rantakallio 1978; Ogston et al. 1985, 1987; Woodward
et al. 1990; Chen 1994). Two of these studies were
based in the community (Ogston et al. 1987, Wood-
ward et al. 1990), three related to hospitalizations for
respiratory illnesses (Rantakallio 1978; Ogston et al.
1985; Chen 1994), and one (Chen 1994) synthesized
the results of three earlier papers (Chen et al. 1986,
1988b; Chen 1989).
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The findings of these studies are summarized
in Table 6.2. Their inclusion in the overall meta-
analysis changes the estimates of the effects only
slightly (Table 6.3).

Effects of Retrospective Recall

For the six studies based on surveys of school-
age children that relied on parental recall of LRIs
during early childhood (Ekwo et al. 1983; Ferris et al.
1985; Stern et al. 1989b; Forastiere et al. 1992; Richards
et al. 1996; Rusconi et al. 1999), separate meta-analyses
were carried out and overall estimates that excluded
these studies were calculated (Table 6.3). A separate
analysis was carried out because this outcome mea-
sure is subject to a greater degree of misclassification
than that of a prospective recording of illnesses. There
was no clear pattern of differences for the findings of
this group of studies compared with the other groups.
Excluding the six studies from the overall meta-
analysis had only a small effect on the pooled ORs.

Independence of Potential Confounding

About half of the cohort studies, but only a
quarter of the case-control or cross-sectional studies,
included estimates of the effects of parental smoking
both with and without adjustment for potential con-
founding variables. Although different potential con-
founding variables were controlled for in each study,
the effects of parental smoking changed little or only
modestly after adjustment for the potential confound-
ers measured in these studies (Table 6.4).

Exposure-Response Relationships

Of the 22 studies that present evidence of an
exposure-response relationship within smoking fami-
lies, 17 found a statistically significant relationship
either with the number of smokers or with the amount
smoked in the household, or specifically with the
amount of maternal smoking (Table 6.2). However,
a formal dose-response meta-analysis could not be
carried out because of the nature of the data. In con-
trast, the risk when both parents smoked compared
with smoking by either parent only was not sub-
stantially greater. Thirteen studies compared smok-
ing by both parents with smoking by neither parent
(Leeder et al. 1976; Ekwo et al. 1983; Fergusson and
Horwood 1985; Ferris et al. 1985; Ogston et al. 1985,
1987; Taylor and Wadsworth 1987; Forastiereetal. 1992;
Reeseetal. 1992; Victoraetal. 1994; Rylander et al. 1995;
Nafstad et al. 1997; Giirkan et al. 2000b). The pooled
OR is 1.67 (95 percent CI, 1.42-1.96).
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1999

Table 6.4 Effects of adjusting for potential confounders of illness associated with parental smoking
Odds ratio
Study Exposure Factors adjusted for* Outcome Unadjusted  Adjusted
Community studies of lower respiratory illnesses (LRIs)
Leeder et al. 1976 Both parents vs. Family history of chest Acute bronchitis 2.95 2.78
none symptoms, gender, siblings, (BR)/pneumonia
sibling illnesses (PN)
Gardner etal. 1984 NR* None LRI NR NR
Fergusson and NR ¥ BR/PN NR NR
Horwood 1985
Ferris et al. 1985 NR None LRI NR NR
Pedreira et al. 1985 NR None LRI NR NR
McConnochie and  Mother smoked (Age), socioeconomic Acute bronchiolitis  2.33 2.68
Roghmann 1986b status (SES), breastfeeding, (BL)
siblings, crowding, family
history of asthma
Chen et al. 1988a Mother did not Gender, birth weight, day BR/PN 1.33 1.31
smoke, but others  care, education, cooking fuel
smoked
=10 cigarettes/day
Hayes et al. 1989 NR (Age) BL NR NR
Wright et al. 1991 Mother smoked Family history of chest LRI 1.82 1.74
>10 cigarettes/ illness, season of birth, day
day care, crowding
Forastiere et al. Either parent Age, gender, area, SES, LRI 1.32 1.3
1992 smoked siblings, domestic crowding,
heating
Hakansson and NR None BR/PN NR NR
Carlsson 1992
Marbury et al. Mother smoked Family history of asthma, LRI § 1.5
1996 breastfeeding, birth order,
day care, housing
Richards et al. NR None LRI NR NR
1996
Gergenetal. 1998  Mother smoked Age, gender, ethnicity, birth ~ Chronic bronchitis ~ 2.44 2.2
prenatally weight, day care, family (CBR)
history of allergy
220 cigarettes/ Age, gender, ethnicity, birth ~ CBR 3.0 2.5
day in the home weight, day care, family
vs. none history of allergy
Nuesslein et al. NR None NR NR NR

284 Chapter 6



The Health Consequences of Involuntary Exposure to Tobacco Smoke

Table 6.4 Continued

Odds ratio

Study Exposure Factors adjusted for* Outcome Unadjusted  Adjusted

Community studies of wheeze illnesses

Fergusson and
Horwood 1985

Bisgaard et al.
1987

Chen et al. 1988a

Burr et al. 1989
Lucas et al. 1990
Halken et al. 1991

Arshad et al. 1993

Tager et al. 1993
Martinez et al.
1995

Elder et al. 1996

Margolis et al.
1997

Nafstad et al. 1997

Baker et al. 1998

NR

Mother smoked
=20 cigarettes/
day

Family members
who smoked

220 cigarettes/day

NR
NR
Any smoking

Mother smoked

NR

Mother smoked

Mother smoked

<10 cigarettes/
day in child’s
presence

Secondhand
smoke in the
home

Mother smoked
prenatally at
8 months

3+

Gender, SES

None

None
None
Gender, SES

Gender, low birth weight,
family history of allergy,
season of birth?

None

Gender, ethnicity, past
allergy, family history of
asthma

Duration of breastfeeding

Age, season, SES, crowding,
family history of respiratory

disease, day care

Gender, family history
of atopy, duration of
breastfeeding, day care,
having siblings

(Age), housing tenure,
mother’s education,
persons per room, parity,
breastfeeding

Wheeze

Wheeze

Wheeze

Wheeze
Wheeze
Wheeze

Wheeze

Wheeze

Wheeze

Wheeze

Wheeze

Wheeze

Wheeze

NR

2.85

NR

NR
NR
1.88

224

NR

2.07

1.98

1.6

1.52

NR

NR

2.7

NR

NR
NR
24

2.2

NR

2.25

1.77

1.5

1.6

1.38
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Table 6.4 Continued
Odds ratio
Study Exposure Factors adjusted for* Outcome Unadjusted Adjusted
Community studies of wheeze illnesses
Gergen et al. 1998 Mother smoked Age, gender, ethnicity, birth ~ Asthma 1.75 1.7
prenatally weight, day care, family
history of allergy
Mother smoked Age, gender, ethnicity, birth ~ Wheeze 2.15 2.1
prenatally weight, day care, family
history of allergy
>20 cigarettes/ Age, gender, ethnicity, birth ~ Asthma 1.63 2.0
day in the home  weight, day care, family
vs. none history of allergy
>20 cigarettes/ Age, gender, ethnicity, birth ~ Wheeze 2.26 2.7
day in the home weight, day care, family
VS. none history of allergy
Chen and Millar Mother was a Age, gender, mother’s Asthma 1.56 1.3
1999 current smoker age and education, family
type, income, birth weight,
gestational age
Dezateux et al. NR None Wheeze NR NR
1999
Gold et al. 1999 Mother smoked LRI, low birth weight, Wheeze 2.29 1.61
prenatally maternal asthma, dog
exposure, cockroach
allergen, ethnicity, income
Karaman et al. NR None NR NR NR
1999
Mrazek et al. 1999  NR None NR NR NR
Rusconi et al. 1999  Mother smoked (Age), gender, area, father’s  Transient wheeze 1.48 1.33
prenatally education, respondent
to questionnaire, family
history of asthma, birth
weight, maternal age,
breastfeeding, number of
siblings, day care, child’s
eczema or rhinitis
Mother smoked (Age), gender, area, father’s  Persistent wheeze 1.71 1.77
prenatally education, respondent
to questionnaire, family
history of asthma, birth
weight, maternal age,
breastfeeding, number of
siblings, day care, child’s
eczema or rhinitis
Yau et al. 1999 NR None NR NR NR
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Table 6.4 Continued

Study

Exposure Factors adjusted for* Outcome

Odds ratio

Unadjusted  Adjusted

Community studies of wheeze illnesses

Diez et al. 2000 NR None NR NR NR
Lux et al. 20001 Mother smoked (Age), housing tenure, Wheeze 1.55 NR
prenatally mother’s education,
persons per room, parity,
breastfeeding
Young et al. 2000a  Mother smoked NR Wheeze 2.7 NR
prenatally
Community studies of upper and lower respiratory illnesses (U/LRIs)
Ogston et al. 1987  Both parents vs. Mother’s age, heating fuel U/LRIs 1.74 1.54
none
Woodward et al. Mother smoked Gender, siblings, family U/LRIs 2.43 2.06
1990 history of respiratory
disease, day care, SES,
stress, breastfeeding
Hospitalizations for LRIs
Harlap and Davies Mother smoked Birth weight, SES BR/PN NR NR
1974
Sims et al. 1978 NR (Age, gender, SES) BL NR NR
Mok and Simpson ~ NR (Age, height, school) BR/PN NR NR
1982
Ekwo et al. 1983 NR Gas cooking LRI NR NR
Hall et al. 1984 NR (Age, gender, race, season, BL NR NR
form of health insurance)
Taylor and NR None LRI NR NR
Wadsworth 1987
Anderson et al. NR (Age, gender) PN/BL NR NR
1988
Stern et al. 1989b NR None LRI NR NR
Reese et al. 1992 NR None BL NR NR
Jin and Rossignol Others smoked Gender, breastfeeding, birth  BR/PN 2.0 24
1993 =20 cigarettes/ weight, education, maternal
day age, cooking fuel
Victora et al. 1994 NR (Age) PN NR NR
Rylander et al. Both parents (Age), family history Wheeze 2.23 2.0
1995 smoked of asthma, duration of
breastfeeding
Giirkan et al. NR None NR NR NR

2000b
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Table 6.4 Continued
Odds ratio
Study Exposure Factors adjusted for* Outcome Unadjusted Adjusted
Hospitalizations for LRIs
Hjern et al. 2000 Mother smoked Age, gender, maternal LRI 1.42 1.3
prenatally education, living in

apartment, single parent,

country of birth, number of

siblings

Hospitalizations for URIs or LRIs

Rantakallio 1978 NR None URI or LRI NR NR
Ogstonetal. 1985  NR None URI or LRI NR NR
Chen 1994 Any smoking Low birth weight URI or LRI 1.49 1.48

*Matching variables are in parentheses.
*NR = Data were not reported.

*An analysis of incidence to 1 year of age (Fergusson et al. 1980) shows that smoking effects are independent of breastfeeding

and housing.
$No unadjusted relative risk was reported.

tAdditional adjustments for family history of asthma, pets, and SES (in Arshad and Hide 1992); matched for incidence to

1 year of age.

ISame study as Baker et al. 1998 but with different definitions of exposure.

Biomarkers of Exposure

Cotinine was measured as an objective marker
of tobacco smoke exposure in four studies that used
urine (Reese et al. 1992; Rylander et al. 1995), serum
(Giirkan et al. 2000b), or meconium (Nuesslein et al.
1999). In all four studies, cotinine levels were sig-
nificantly higher in the case group. These results are
consistent with another small case-control study of
emergency room visits for wheeze illnesses (Duff et
al. 1993), which measured urinary cotinine but did not
report details of parental smoking patterns.

Specific Respiratory Diagnoses

Some studies assessed the effects of parental
smoking on specifically diagnosed illnesses. One
study addressed tracheitis and bronchitis (Pedreira
et al. 1985), another examined wheeze and pneumo-
nia but not bronchitis or bronchiolitis (Marbury et
al. 1996), and the NHANES III study found stronger
effects for chronic bronchitis, asthma, and wheeze
than for pneumonia (Gergen et al. 1998). One cohort
study explicitly distinguished between LRIs with and
without wheeze (Wright et al. 1991). The proportion
of cases exposed to maternal smoking (defined as
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>20 cigarettes per day) was 14 percent in each sub-
group. This finding is not entirely consistent with the
pooled ORs obtained from community studies that
suggest a stronger effect from maternal smoking spe-
cifically in studies of wheeze than in studies that in-
cluded a broader range of chest illnesses (Table 6.3).

Seven case-control studies that focused specifi-
cally on bronchiolitis or illnesses associated with evi-
dence of RSV infection yielded a somewhat stronger
effect compared with studies of other outcomes (Sims
et al. 1978; Hall et al. 1984; McConnochie and Rogh-
mann 1986b; Anderson et al. 1988; Hayes et al. 1989;
Spencer et al. 1996; Giirkan et al. 2000b). This finding,
however, may reflect a positive publication bias (see
“Publication Bias and Meta-Analyses” later in this
chapter).

Parental Smoking at Different Ages

The early report by Colley and colleagues (1974)
suggested that the effects of parental smoking on bron-
chitis and pneumonia incidence were most marked
in the first year of life (OR = 1.96 [95 percent CI,
1.30-2.99]), and declined thereafter with the increasing
age of the child to an inverse relationship in the fifth
year. Results from the Dunedin (New Zealand) cohort



showed a similar pattern, with a slightly greater effect
in the first year than in the second year (Fergusson et
al. 1981) and little evidence of an association with con-
sultation for bronchitis or pneumonia after two years
of age (Fergusson and Horwood 1985). One study
reported a decline in the risk ratio for pneumonia
admissions and maternal smoking during pregnancy
from between 1.2 to 1.3 up to three years of age and
to 1.0 at three to four years of age, but a formal test
of statistical significance was not carried out for the
trend (Hjern et al. 2000).

A study in Shanghai documented that the effects
of smoking by persons other than the mother on hos-
pitalizations for respiratory diseases were stronger
for admissions before 6 months of age than for admis-
sions at 7 through 18 months of age (Chen et al. 1988a).
However, a significantly increased risk persisted after
six months of age for children exposed to more than
10 cigarettes per day in the home (incidence ratio =1.83
[95 percent CI, 1.03-3.24]). In the 1970 British cohort,
the effects of maternal smoking on hospitaliza-
tions for wheeze illnesses, bronchitis, or pneumonia
were similar at all ages up to five years (Taylor and
Wadsworth 1987).

The ALSPAC is a cohort study that examined
and measured both maternal smoking during preg-
nancy and secondhand smoke exposure during the
first six months of life. The study measured the num-
ber of hours the infant was exposed as a predictor of
wheeze between 6 and 18 months of age and from
18 through 30 months of age (Lux et al. 2000). There
was no evidence of any reduction in the ORs across
age strata. In the Isle of Wight cohort study (Arshad
et al. 1993), ORs of asthmatic wheeze with maternal
smoking declined from 2.5 (95 percent CI, 1.7-3.7) at
one year of age to 2.2 (95 percent CI, 1.5-3.4) at two
years of age and to 1.2 (95 percent CI, 0.3-2.7) at four
years of age (Tariq et al. 2000).

In a Swedish study based on record linkage
(Table 6.1), the authors reported a clear decrease
with increasing age of the child in the OR for hospi-
tal admissions for asthma associated with maternal
smoking during pregnancy (Hjern et al. 1999). The OR
was 1.6 (95 percent CI, 1.4-1.8) at two years of age,
but was lower and not significantly different from
1 at three to six years of age. In the NHANES III study
(Gergen et al. 1998), patterns of effect by age varied
with the outcome. The OR for chronic bronchitis in
children under two years of age (2.2 [95 percent CI,
1.6-3.0]) was higher than the OR for children three to
five years of age (1.0 [95 percent CI, 0.6-1.8]). ORs for
the younger age group were also higher for wheeze
(2.1 [95 percent CI, 1.5-2.9] versus 1.3 [95 percent CI,

The Health Consequences of Involuntary Exposure to Tobacco Smoke

0.8-2.0], respectively), but not for diagnosed asthma
(1.7 [95 percent CI, 1.1-2.6] versus 1.7 [95 percent CI,
1.1-2.8], respectively).

Susceptible Subgroups

Infants born prematurely are one group poten-
tially at an increased risk from parental smoking
because of the still immature lungs at birth and, for
some, the development of bronchopulmonary dyspla-
sia after birth. The effects of parental smoking on early
respiratory illnesses were reported in two controlled
trials (Burr et al. 1989; Lucas et al. 1990), three cohort
studies (Elder et al. 1996; Gold et al. 1999; Mrazek et
al. 1999), and one nested case-control study (Diez et al.
2000) that recruited infants at high risk based on pre-
maturity (Lucas et al. 1990; Elder et al. 1996), a paren-
tal history of allergy (Burr et al. 1989; Gold et al. 1999;
Mrazek et al. 1999), or both (Diez et al. 2000). The ORs
obtained from these studies are within the general
range of the data (Table 6.2) and have therefore been
included in the meta-analyses.

Only one study permits a direct comparison
between high- and low-risk infants (Chen 1994). In
two Chinese cohorts, an adverse effect of household
smoking on hospitalizations for a respiratory disease
was evident among both low birth weight (<2.5 kilo-
grams) (OR = 6.87 [95 percent CI, 0.89-53.0]) and nor-
mal birth weight (OR = 1.36 [95 percent CI, 0.96-1.93])
infants. There was an indication of a significant effect
modification by birth weight (test for interaction:
p = 0.06).

Smoking by Other Household Members

The effects of smoking by other household mem-
bers when the mother did not smoke are summarized
in Tables 6.2 and 6.3. These findings are derived from
three studies in China (Chen et al. 1988a; Jin and
Rossignol 1993; Chen 1994) that included nonsmok-
ing mothers, and 14 studies from westernized coun-
tries with data only for paternal smoking. The results
are quantitatively consistent and only two of the
OR estimates are less than unity. The pooled OR
obtained in the meta-analysis is 1.31 (95 percent CI,
1.19-1.43). In the Chinese studies, this effect is inde-
pendent of birth weight and a range of other potential
confounding factors (Jin and Rossignol 1993; Chen
1994). Another study from Malaysia, which was not
included in the meta-analysis because the age range
of the participants was one to five years, also found an
increased risk when the fathers smoked and the moth-
ers did not report smoking (OR = 1.20 [95 percent CI,
0.86-1.67]) (Quah et al. 2000). A large national survey
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from Australia with an age range from birth to four
years reported a significant risk of asthma associated
with maternal smoking (adjusted OR =1.52 [95 percent
CI, 1.19-1.94]); there was evidence of a dose-response
relationship, but no effect from paternal smoking
(OR = 0.77 [95 percent CI, 0.60-0.98]) when adjusted
for maternal smoking (Lister and Jorm 1998).

Prenatal Versus Postnatal Exposure

Few studies have evaluated the effects of pre-
natal and postnatal maternal smoking in the same
sample. In western countries, too few mothers Change
their smoking habits in the perinatal period to offer
the statistical power to reliably separate prenatal
from postnatal effects. For example, in a large study
based on a national British cohort, half of the children
were born to mothers who had smoked during preg-
nancy (Taylor and Wadsworth 1987). Only 8 percent
of those mothers subsequently quit, and 6 percent of
the prenatal nonsmokers smoked after the child was
born. The rate of having a hospitalization for LRI dif-
fered between these two groups, but not significantly
(5.9 percent for those whose mothers smoked only
during pregnancy versus 3.1 percent for those whose
mothers smoked only after the child’s birth; OR = 1.94
[95 percent CI, 0.96-3.94]). Postnatal smoking by
mothers who did not smoke during pregnancy com-
pared with lifetime nonsmoking mothers increased
the risk, but not significantly (OR = 1.36 [95 percent CI,
0.73-2.54]). The magnitude of the effect is consistent
with the pooled effect in this study and in other studies
when only the father smoked (Table 6.3). More recent
evidence for the independent effects of prenatal and
postnatal maternal smoking comes from the ALSPAC
cohort study (Lux et al. 2000). The effects of mater-
nal smoking during pregnancy were compared with
those of secondhand smoke exposure by assessing
the number of hours the mother smoked in the child’s
presence and by including both prenatal and post-
natal smoking in the same logistic regression model.
For wheeze illnesses occurring between 18 and
30 months of age, independent effects were found for
each smoking pattern: ORs of 1.19 (95 percent CI, 1.02-
1.39) for prenatal maternal smoking and 1.17 (95 per-
cent CI, 1.03-1.32) for postnatal secondhand smoke
exposure. These effects were adjusted for the other
exposure as well as for multiple other potential con-
founding variables.

The reported ORs in the NHANES III survey for
diagnosed asthma, chronic bronchitis, wheeze, and
pneumonia were similar for prenatal and postnatal
maternal smoking (Gergen et al. 1998). The authors
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noted the difficulty of distinguishing between the
two time periods and did not assess the independent
effects of smoking by fathers only.

One controlled intervention study (the control
arm is included in the meta-analysis) (Margolis et
al. 1997) monitored the incidence of acute LRI after
an intervention that was designed to reduce post-
natal tobacco smoke exposure (Greenberg et al. 1994).
Among 581 infants followed to six months of age,
there was no difference in the incidence of episodes
of cough, wheeze, or rattling in the chest between the
intervention group (1.6 episodes per year of observa-
tion) and the control group (1.5 episodes per year of
observation). However, the effectiveness of the inter-
vention in reducing tobacco smoke exposure was
uncertain because the mean cotinine levels did not
differ between the study groups despite a reduction
in reported tobacco smoke exposure of infants in the
intervention group.

Publication Bias and Meta-Analyses

Publication bias might occur if studies were
more likely to be published that were “positive” (i.e.,
with statistically significant increases in risk), or that
tended to show greater effect estimates of second-
hand smoke (“Use of Meta-Analysis” in Chapter 1).
Figure 6.1 suggests evidence of such a bias because
there are few small studies with wide confidence
limits below the pooled estimate of effect, an inter-
pretation confirmed formally by Begg’'s test (Begg
and Mazumdar 1994) for a nonparametric correlation
between effect estimates and their standard errors
(p = 0.030 after continuity correction). Egger’s test
(Egger et al. 1997) provides even stronger evidence for
a publication bias (p = 0.002). Maternal smoking data
also showed evidence of a publication bias (Begg’s
test, p = 0.221; Egger’s test, p <0.001). For smoking
by fathers only, there was no evidence of hetero-
geneity in the ORs and no evidence of a publication
bias (Begg’s test, p = 0.880; Egger’s test, p = 0.890), per-
haps reflecting the fact that publication was unlikely
to hinge on the presentation or significance of the data
for paternal smoking.

One approach that mitigates the consequences
of any publication bias is to restrict analyses to the
largest studies; for this sensitivity analysis, all studies
with more than 800 cases were selected. For maternal
smoking, there were six studies with a pooled random
effects estimate of 1.49 (95 percent CI, 1.36-1.64). For
smoking by either parent, such an analysis was not
possible. Of only three large studies that provided
estimates, one Chinese study included only fathers



who smoked (Chen et al. 1988a), and the findings of
the other two studies were too divergent in their esti-
mated ORs of 1.85 (Ferris et al. 1985) and 1.32 (Lux et
al. 2000).

Three studies (Fergusson and Horwood 1985;
Chen et al. 1988a; Gergen et al. 1998) appear in more
than one row in Table 6.2 and were thus included
as separate and independent studies in the meta-
analysis. However, a sensitivity analysis confirmed
that restricting the inclusion of each study to its
most frequent outcome had little effect on the pooled
estimates.

Evidence Synthesis

The finding of an association between parental
smoking and LRI is consistent across diverse study
populations and study designs, methods of case ascer-
tainment, and diagnostic groupings (Table 6.2). The
association cannot be attributed to confounding or
publication bias. Only two studies found an inverse
association. One small study that reported an inverse
association for maternal smoking had wide confidence
limits and a positive association with cotinine levels in
meconium (Nuesslein et al. 1999). A study from Brazil
found an inverse association with pneumonia (Victora
et al. 1994). Studies in developing countries generally
have tended not to find an increased risk associated
with exposure of infants and children to parental
smoking. This pattern may reflect the different nature
of LRIs in developing countries where bacteria are
key pathogens and there is a powerful effect from
biomass fuel combustion (Smith et al. 2000; Black and
Michaelsen 2002), and where levels of secondhand
smoke exposure are possibly lower because of hous-
ing characteristics and smoking patterns.

Some variation among studies in the magnitude
of OR estimates would be anticipated as patterns of
smoking differed among countries and over time, and
the methods of the studies were not consistent in all
respects. This variation is reflected in statistically sig-
nificant heterogeneity in some of the pooled analyses
(Table 6.3). For this reason, the summary ORs derived
under the fixed effects assumption should be inter-
preted with caution. The random effects method may
be more appropriate in these circumstances because
its wider confidence limits reflect the heterogeneity
between studies. This method is, however, more sus-
ceptible to the effects of any publication bias because
the random effects method gives greater weight to
smaller studies. Thus, considering the largest studies
only, the fixed effects estimate for maternal smoking
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was 1.56 and the random effects estimate was 1.72.
Regardless, the pooled estimates were statistically sig-
nificant and it is highly unlikely that the association
emerged by chance.

The papers that have been cited were selected
using keywords relevant to passive/involuntary
smoking and children in the title or abstract. When
cross-checked against previous reviews of involun-
tary smoking in children, major omissions were not
identified (USDHHS 1986; USEPA 1992; DiFranza
and Lew 1996; Li et al. 1999), whereas the system-
atic search identified relevant references not cited
elsewhere. There is a possibility that the selection
was biased toward studies reporting a positive asso-
ciation; it is more likely that statistically significant
findings would be mentioned in the abstract in com-
parison with nonsignificant or null findings. Three of
the higher ORs were derived from small case-control
studies in which involuntary smoking was not the
focus of the original research (Hall et al. 1984; McCon-
nochie and Roghmann 1986b; Hayes et al. 1989), and
for these three studies publication bias may have been
operative. The slightly higher pooled ORs obtained
by the random effects compared with the fixed effects
method (Table 6.3) reflect the greater weight assigned
by the random effects approach to these small stud-
ies with a relatively large OR. However, inclusion of
the large Chinese studies (Chen et al. 1988a; Jin and
Rossignol 1993; Chen 1994) in the meta-analysis of the
effects of smoking by either parent would have had
a conservative effect (i.e., a smaller pooled estimate),
because few mothers smoked in these communities.

The biologic basis for the association of paternal
smoking with LRI is possibly complex, and may reflect
mechanisms of injury that are in play before and after
birth. These mechanisms operate to make respiratory
infections more severe or to possibly increase the like-
lihood of infection. Although viral infection is a well-
characterized etiologic factor (Graham 1990), there is
evidence that the severity of the illness may be deter-
mined in part by lung function abnormalities detect-
able from birth that result from maternal smoking
during pregnancy (Dezateux and Stocks 1997). Many
early childhood episodes of wheeze, including bron-
chiolitis, probably form part of this spectrum of viral
illnesses, although other episodes may be the first
evidence of more persistent childhood asthma with
associated atopic manifestations (Silverman 1993;
Martinez et al. 1995). The evidence does not indicate
that parental smoking increases the rate of infection
with respiratory pathogens. Respiratory viruses are
isolated with equal frequency among infants in smok-
ing and nonsmoking households (Gardner et al. 1984).
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The effect of parental smoking on the incidence of
wheeze and nonwheeze illnesses appears similar, sug-
gesting a general increase in susceptibility to clinical
illness upon exposure to respiratory infections rather
than to influences on mechanisms more specifically
related to asthma.

The pooled results from families with nonsmok-
ing mothers suggest that the effects of parental smok-
ing are at least partly attributable to postnatal (i.e.,
environmental) exposure to tobacco smoke in the
home. The somewhat stronger effects of smoking by
the mother compared with other household members
may be related to the role of the mother as the princi-
pal caregiver, which would explain a higher degree
of postnatal exposure of the child from the mother’s
smoking. However, there is also evidence pointing to
altered intrauterine lung development as a specific
adverse effect of maternal smoking during pregnancy
(Tager et al. 1993).

The effect of parental smoking is largely inde-
pendent of potential confounding variables in studies
that have measured and incorporated such variables
into the analyses, suggesting that residual confound-
ing by other factors is unlikely. It thus appears that
smoking by the parents, rather than characteristics of
the family related to smoking, adversely affect chil-
dren and cause LRIs. The evidence supports the con-
clusion found in other recent reviews that there is a
causal relationship between parental smoking and
acute LRIs (USDHHS 1986; USEPA 1992; DiFranza
and Lew 1996; WHO 1997; Li et al. 1999; California
EPA 2005). The findings are consistent, properly tem-
poral in the exposure-outcome relationship, and bio-
logically plausible. The evidence is strongest for the

first two years of life. The studies that were reviewed
also suggest a clear reduction in the estimated effect
after two to three years of age, particularly for pneu-
monia and bronchitis. The failure to find statisti-
cally significant associations in some studies of older
children should not be interpreted, however, as indic-
ative of no effect of secondhand smoke exposure at
older ages.

Conclusions

1. The evidence is sufficient to infer a causal
relationship between secondhand smoke exposure
from parental smoking and lower respiratory
illnesses in infants and children.

2. The increased risk for lower respiratory illnesses
is greatest from smoking by the mother.

Implications

Respiratory infections remain a leading cause of
childhood morbidity in the United States and other
developed countries and are a leading cause of child-
hood deaths worldwide. The effect of parental smok-
ing, particularly maternal smoking, is of a substantial
magnitude. Reducing smoking by parents, beginning
with maternal smoking during pregnancy, should
reduce the occurrence of LRI. Health care practition-
ers providing care for pregnant women, infants, and
children should urge smoking cessation; parents who
are unable to quit should be encouraged not to smoke
in the home.

Middle Ear Disease and Adenotonsillectomy

A possible link between parental smoking and
the risk of otitis media (OM) with effusion (OME) in
children was first suggested in 1983 (Kraemer et al.
1983). A number of subsequent epidemiologic stud-
ies have investigated the association of secondhand
tobacco smoke exposure with diseases of the ear,
nose, and throat (ENT), and the evidence has been
summarized in narrative reviews (USEPA 1992;
Gulya 1994; Blakley and Blakley 1995; NCI 1999) and
quantitative meta-analyses (DiFranza and Lew 1996;
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Uhari et al. 1996). Strachan and Cook (1998a) system-
atically reviewed the evidence relating parental smok-
ing to acute otitis media (AOM), recurrent otitis media
(ROM), OME (glue ear), and ENT surgery in children.
This section updates that 1998 review following the
methods described earlier. Full journal publications
cited in an overview by Thornton and Lee (1999) were
also considered, but abstracts and conference proceed-
ings were not included.



Relevant Studies

In combination with the 45 reports included
in the previous review, there are now 61 relating to
59 studies of possible associations between parental
smoking and AOM, ROM, middle ear disease, and
adenotonsillectomy in children: 19 cross-sectional
surveys, 20 prospective cohort studies, 17 case-control
studies, 2 uncontrolled case-series, and 1 controlled
trial of surgical intervention for middle ear effusion.

Studies were grouped according to the outcome
measure and whether they were included in the meta-
analysis, as shown in Tables 6.5 and 6.6. Some stud-
ies contributed data to more than one outcome or age
group. In total, there were 17 studies of AOM (5 were
included in the meta-analysis); 28 studies of ROM
with 1 study (Stahlberg et al. 1986) that also included
adenotonsillectomy (13 in the meta-analysis); 7 studies
of ear infections or hearing loss in schoolchildren (all
were unsuitable for the meta-analysis); and 6 studies of
adenoidectomy, tonsillectomy, or sore throat (4 were
included in the meta-analysis). Studies of middle ear
effusion were subdivided into 2 studies of incidence
(not suitable for the meta-analysis), 8 prevalence stud-
ies (reported in 9 papers) based on population surveys
(6 were included in the meta-analysis), and 11 clinic-
based studies of referral for glue ear surgery (all were
included) and postoperative natural history (1 trial
was reported in 2 papers).

Evidence Review

Acute Otitis Media

Episodes of acute middle ear infection are com-
mon in young children, and a variety of methods
have been used to establish the diagnosis and identify
the incidence of the condition. For this reason, and
because few studies present quantitative information
in relation to parental smoking, a quantitative meta-
analysis was not included in the previous review
(Strachan and Cook 1998a). However, a conclusion
was reached that the limited available evidence was
consistent with a weak adverse effect of parental
smoking on the incidence of AOM in children, with
ORs ranging from 1.0 to 1.5.

More recent publications address AOM. Some
specifically excluded recurrent episodes (Gryczyriska
et al. 1999; Lubianca Neto et al. 1999), but others
offered no clear distinction between infrequent and
frequent ear infections (Lister and Jorm 1998; Stathis
et al. 1999; Tariq and Memon 1999; Rylander and
Mégevand 2000). As in the previous review (Strachan
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and Cook 1998a), several publications offered insuf-
ficient quantitative data for a meta-analysis (Jackson
and Mourino 1999; Rylander and Mégevand 2000). In
one study of Swiss children attending preschool med-
ical examinations, the OR for ear infection (not clearly
defined as single or recurrent) was 1.04 (95 percent
CI, 0.54-1.98) for exposures of 1 to 19 cigarettes daily
at home, and 1.18 (95 percent CI, 0.58-2.39) for expo-
sures of 20 or more cigarettes per day, with an appar-
ent reference group of unexposed children (Rylander
and Mégevand 2000). The other report only stated that
parental smoking was not a significant risk factor for
AOM (p = 0.52) (Jackson and Mourino 1999).

Several papers compared the effects of parental
smoking on AOM and recurrent or subacute OM in
the same population sample. Although the effect was
stronger for AOM among Inuit children in Greenland,
for example, the effect did not reach statistical signifi-
cance (Table 6.6) (Homee et al. 1999). In an Austra-
lian birth cohort, the risks associated with maternal
smoking did not differ significantly across the out-
comes considered: AOM, subacute OM, and a history
of ear surgery (predominantly grommet insertion)
(Table 6.6) (Stathis et al. 1999). In another Australian
national health survey, OM (not further specified)
was associated with maternal smoking (OR = 1.31
[95 percent CI, 0.95-1.80]), but the OR for health ser-
vices utilization was weaker (OR = 1.04 [95 percent CI,
0.71-1.53]) (Lister and Jorm 1998).

Stathis and colleagues (1999) examined the inde-
pendent effects of exposure to prenatal and postnatal
maternal cigarette smoking on the three outcomes in
their study at different ages. However, results were
not presented for the various specific combinations
of exposure, thus limiting the interpretation. In gen-
eral, maternal smoking at the first prenatal visit had a
greater effect compared with exposure at older ages.
Smoking during the third trimester and at five years
of age had few independent effects. These results
need to be interpreted cautiously as there is likely to
be co-linearity between early prenatal and postnatal
smoking patterns.

The pooled OR for the three studies that docu-
ment the effects of smoking by either parent provides
less convincing evidence (OR = 0.99 [95 percent CI,
0.70-1.40]) (see “Respiratory Symptoms and Prevalent
Asthma in School-Age Children” later in this chapter;
see also Table 6.14).

Recurrent Otitis Media

The epidemiologic evidence is more abundant
for ROM, which is usually defined as greater than a
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Table 6.5 Design, sample size, and recruitment criteria of studies of illness associated with parental
smoking excluded from meta-analyses
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Acute otitis media (AOM) in preschool children
Vinther et al. 1979  Cohort 494 AOM episodes Random sample of ~AOM
Aged 3 years children
Denmark
Pukander 1982 Case-control 200 AOM in the past Health center AOM
Aged 0—4 years year controls
Finland
van Cauwenberge  Survey 2,065 AOM, “Healthy” AQOM, otitis
1984 Aged 2-6 years tympanogram kindergarten pupils media with
Belgium effusion (glue
ear) (OME)
Vinther et al. 1984  Cohort 681 History of AOM Random sample of ~AOM, OME
Aged 3-4 years birth cohort
Denmark
Fleming et al. 1987  Survey 609 AOM in the past Random sample of ~AOM
Aged 04 years 2 weeks households
United States
(Georgia)
Sipila et al. 1988 Cohort 1,294 AOM episodes Random sample of ~AOM
Aged 0-3 years urban area
Finland
Harsten etal. 1990  Cohort 414 AOM, OME, upper  Population-based Acute RTI
Aged 0-3 years respiratory tract birth cohort
Sweden illness (URTI),
lower respiratory
tract illness (LRTT)
Alho et al. 1996 Cohort 825 AOM episodes Population-based AOM
Aged 0-2 years birth cohort
Finland
Salazar etal. 1997  Cohort 414 >1 physician- Health AOM
Aged <6 months diagnosed AOM maintenance
United States by 6 months of age  organization
(Minnesota) (HMO)-based birth
cohort
Jackson and Survey 200 Physician- General pediatric AOM
Mourino 1999 Aged <1 year diagnosed AOM clinic
United States
(Virginia)
Tariq and Memon Case-series 75 AOM presented 1,724 outpatient AOM
1999 Aged <2 years to the outpatient visits
Pakistan department
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Table 6.5 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
AOM in older children

Tariqg and Memon  Case-series 38 AOM presented 5,401 outpatient AOM
1999 Aged 2-14 years to the outpatient visits

Pakistan department
Rylander and Survey 304 Reported ear Routine preschool AOM, recurrent
Megevand 2000 Aged 4-5 years infection screening otitis media

Switzerland (ROM)

ROM

Daly et al. 1999 Cohort 596 >1 physician- HMO-based birth AOM

Aged <6 months diagnosed AOM cohort

United States by 6 months of age

(Minnesota)

Middle ear effusion (MEE) incidence

Paradise et al. Cohort 2,253 Tympanometry Primary care-based =~ OME
1997 Aged 0-2 years and otoscopy birth cohort

United States

(Pennsylvania)
Engel et al. 1999 Cohorts 250 Tympanometry Healthy and high- OME

Aged 0-2 years and otoscopy risk birth cohort

Holland

Ear infections in schoolchildren

Goren and Survey 1,449 Ear infection (ever) 2nd and Infection
Goldsmith 1986 Age data were not 5th graders

provided

Israel
Porro et al. 1992 Survey 2,304 Otitis (ever) Random sample of “Otitis”

Aged 6-14 years schoolchildren

Italy
Goren and Survey 6,302 Ear infection (ever) 2nd and Infection
Hellmann 1995 Age data were not 5th graders

provided

Israel
Chayarphametal. Survey 2,384 History and 3 primary schools AOM or OME
1996 Aged 6-10 years examination

Thailand

MEE prevalence

Reed and Lutz Survey 45 Flat tympanogram  Outpatients (half OME
1988 Age data were not with AOM)

provided

United States

(Utah)
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Table 6.5 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
MEE prevalence

Zielhuis et al. Cohort 1,439 Flat tympanogram  Population-based OME
1988* Aged 3 years birth cohort

Holland
Takasaka 1990 Case-control 201 Tympanometry Population OME

Aged 4-5 years plus examination screening survey

Japan

MEE natural history

Maw and Bawden  Trial 66 No effusion Untreated ears with ~ Resolution
1993 Aged 2-11 years OME

United Kingdom
Maw and Bawden  Trial 133 No effusion Trial participants Resolution
1994 Aged 3-9 years with OME

United Kingdom

Hearing loss

Lyons 1992 Survey 87 Distraction test Routine postnatal Impairment

Aged 10 months screening

Ireland
Bennett and Cohort 10,880 Parental report Population-based Hearing loss
Haggard 1998 Aged 5 years birth cohort

United Kingdom
Stathisetal. 1999  Cohort 5,627  Physician Population-based Hearing loss

Aged 5 years consultation birth cohort

Australia

Sore throat, tonsils, and adenoids

Gryczynska et al. Survey 60 Histology of General population ~ Adenoidectomy
1999 Aged 3-14 years excised tissue sample

Poland
Rylander and Survey 304 >1 sore throat/year =~ Routine preschool Sore throat
Megevand 2000 Aged 4-5 years screening

Switzerland

*Zielhuis et al. 1988 and 1989 analyze the same study, but the 1989 paper provides more details (OME prevalence).
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Table 6.6 Design, sample size, and recruitment criteria of studies of illness associated with parental
smoking included in meta-analyses
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Acute otitis media (AOM)
Lister and Jorm Survey 4,281 Definition unclear Population sample AOM
1998 Aged <5 years with no AOM
Australia
Daly et al. 1999 Cohort 596 Physician- Health maintenance =~ AOM
Aged <6 months diagnosed AOM organization-based
United States by 6 months of age  birth cohort
(Minnesota)
Homge et al. Survey 740 Only 1 reported Population sample AOM
1999 Aged 3-8 years AOM with no AOM
Greenland
Lubianca Neto et  Survey 192 >4 physician- Same hospital AOM
al. 1999 Aged <3 years diagnosed outpatient
Brazil AOM/year, no department as cases
otitis media with
effusion (glue ear)
(OME)
Stathis et al. 1999  Cohort 5,627 AOM lasting Population-based AOM
Aged 5 years <1 month birth cohort
Australia
Recurrent otitis media (ROM)
Pukander et al. Case-control 395 >3 physician- Same health center ROM
1985 Aged 2-3 years diagnosed AOM as cases
Finland (outpatient clinic)
Stahlberg et al. Survey 321 >3 recorded <3 AOM (population =~ ROM
1986* Aged <4 years physician- sample)
Finland diagnosed AOM
Tainio et al. 1988  Cohort 108 >5 physician- No physician- ROM
Aged <2 years diagnosed AOM diagnosed AOM,
Finland by 2 years of age same physician
Teele et al. 1989  Cohort 877 >3 physician- Clinic-based birth ROM
Aged <1 year diagnosed AOM cohort
United States by 1 year of age
(Massachusetts)
Cohort 698 >3 physician- Clinic-based birth ROM
Aged <3 years diagnosed AOM cohort
United States by 3 years of age
(Massachusetts)
Cohort 498 >3 physician- Clinic-based birth ROM
Aged <7 years diagnosed AOM cohort
United States by 7 years of age
(Massachusetts)
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Table 6.6 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
ROM
Daigler et al. Case-control 246 >2 physician- Private clinic health ~ ROM
1991 Aged about 4 years diagnosed AOM check
United States in 8 months
(New York)
Alho et al. 1993 Cohort 2,512 >3 physician- Population-based ROM
Aged <2 years diagnosed AOM birth cohort
Finland by 2 years of age
Stenstrom et al. Case-control 170 >4 physician- Ophthalmology ROM
1993 Aged <5 years diagnosed AOM clinic
Canada in 12 months
Colletetal. 1995  Cohort 918 >4 recalled AOM Population-based ROM
Aged <4 years birth cohort
Canada
Ey et al. 1995 Cohort 1,013 >3 physician- Population-based ROM
Aged <1 year diagnosed AOM birth cohort
United States in 6 months
(Arizona)
Stenstrom and Case-control 484 >4 reported AOM General pediatric ROM
Ingvarsson 1997  Aged 3-7 years clinic
Sweden
Adair-Bischoff Case-control 625 >3 reported AOM Population survey ROM
and Sauve 1998 Aged 4-5 years or OME (nested case-control)
Canada
Homge et al. Survey 740 >4 reported AOM Population sample ROM
1999 Aged 3-8 years with no AOM
Greenland
Stathis et al. 1999  Cohort 5,627 Subacute OM Population-based ROM
Aged 5 years (duration of birth cohort
Australia 1-3 months)
Middle ear effusion (MEE) prevalence
Iversen et al. Cohort 337 Flat tympanogram  Day care center OME
1985 Aged 3-6 years (6 tests)
Denmark
Zielhuis et al. Cohort 435 Flat tympanogram  Population sample OME
1989 Aged 24 years (9 tests)
Holland
Strachan 1990 Survey 864 Flat tympanogram  Population sample OME
Aged 7 years (1 test)
United Kingdom
Etzel et al. 1992 Cohort 132 Otoscopy plus Day care center OME
Aged <3 years symptoms
United States
(North Carolina)
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Table 6.6 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
MEE prevalence
Saim et al. 1997 Survey 1,097 Flat tympanogram Population sample OME
Aged 5-6 years and no reflex (1 test)
Malaysia
Apostolopoulos  Survey 4,838 Flat or C2 Population sample OME
etal. 1998 Aged 6-12 years tympanogram and (1 test)
Greece no reflex
MEE referral for surgery
Kraemer et al. Case-control 152 Operation for OME  General surgical OME
1983 Age data were not clinic (outpatients)
provided
United States
(Washington state)
Black 1985 Case-control 442 Operation for OME  Clinic and OME
Aged 4-9 years community conrols (outpatients)
United Kingdom
Hinton and Case-control 70 Ear, nose, and Orthoptic clinic OME
Buckley 1988 Aged about 6 years throat outpatient (outpatients)
United Kingdom referrals
Hinton 1989 Case-control 151 Grommet insertion  Orthoptic clinic OME
Aged 1-12 years (outpatients)
United Kingdom
Barr and Case-control 230 Grommet insertion ~ Orthopedic and eye OME
Coatesworth Aged 1-11 years clinics (outpatients)
1991 United Kingdom
Green and Case-control 328 Otalgia and Various pediatric OME
Cooper 1991 Aged 1-8 years deafness clinics (outpatients)
Germany
Rowe-Jones and Case-control 163 Bilateral OME Orthopedic and OME
Brockbank 1992  Aged 2-12 years >3 months surgical clinics (outpatients)
United Kingdom
Rasmussen 1993 Cohort 1,022 Grommet insertion ~ Population-based OME
Aged <7 years birth cohort (outpatients)
Sweden
Kitchens 1995 Case-control 350 Grommet insertion ~ General pediatric OME
Aged <3 years clinic (outpatients)
United States
(Alabama)
licali et al. 1999  Case-control 332 Grommet insertion ~ Otorhinolaryngology ~OME
Aged 3-7 years clinic (outpatients)
Turkey
Stathis etal. 1999  Cohort 5,627 Ear surgery Population-based OME
Aged 5 years (93% grommets) birth cohort (outpatients)
Australia
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Table 6.6 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Tonsillectomy and/or adenoidectomy
Said et al. 1978 Survey 3,920 Recall of surgery General population  Adenoidectomy/
Aged 10-20 years sample tonsillectomy
France
Stahlberg et al. Case-controls 425 Adenoidectomy General population ~ Adenoidectomy
1986* Aged <4 years and ROM sample
Finland
Willatt 1986 Survey 154 Tonsillectomy Children of hospital ~ Tonsillectomy
Aged 2-15 years visitors
United Kingdom
Hinton et al. Case-control 120 Tonsillectomy Orthoptic clinic Tonsillectomy
1993 Aged about 6 years
United Kingdom

*Stahlberg et al. 1986 appears twice but with mutually exclusive comparisons.
*Teele et al. 1989 appears with three potentially overlapping comparisons but with sample attrition.

specified number of episodes of physician-diagnosed
AOM in a defined interval (Table 6.6) (Pukander et al.
1985; Stdhlberg et al. 1986; Tainio et al. 1988; Teele et
al. 1989; Daigler et al. 1991; Alho et al. 1993; Stenstrom
et al. 1993; Collet et al. 1995; Ey et al. 1995; Stenstrom
and Ingvarsson 1997; Adair-Bischoff and Sauve 1998;
Homuge et al. 1999; and Stathis et al. 1999). Studies that
tested for the presence of a dose-response relationship
generally found significant relationships (Table 6.7).
Several studies adjusted for multiple potential con-
founding factors and found similar ORs before and
after adjustment (Table 6.8). These results suggest that
uncontrolled confounding is unlikely to be a major
issue in the interpretation of the crude ORs.

One birth cohort study documented the relation-
ship of parental smoking to ROM at one, three, and
seven years of age (Teele et al. 1989). The size of the
cohort differed for each age because of sample attri-
tion, but the case group increased because of an accu-
mulation of children with at least three episodes of
OM. For purposes of the meta-analysis, results from
the three-year follow-up were used because this age
corresponds most closely to the populations in other
similar studies.

Four additional studies were included in the
updated meta-analysis (Stenstrom and Ingvarsson
1997; Adair-Bischoff and Sauve 1998; Homee et al.
1999; Stathis et al. 1999). In the previous review, not
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enough papers provided results for smoking by each
parent separately to derive summary measures for
maternal and paternal smoking. All four additional
studies contribute to a pooled estimate for maternal
smoking and three contribute estimates for paternal
smoking. The findings suggest that the effects are
stronger for maternal smoking.

Figure 6.4 summarizes the results comparing
children from smoking and nonsmoking parents.
There was some evidence for heterogeneity among
the nine ORs for smoking by either parent (x2 = 16.3,
degrees of freedom [df] =8, p = 0.038). Some variation
is to be expected given the different age ranges and
case definitions in the studies. Under the fixed effects
assumption, the pooled OR for ROM if either par-
ent smoked is 1.32 (95 percent CI, 1.14-1.52). Using
the random effects model, the pooled estimate is
1.37 (95 percent CI, 1.10-1.70). Under the fixed effects
assumption, the pooled OR for ROM is 1.37 (95 per-
cent CI, 1.19-1.59) for an association with maternal
smoking and 0.90 (95 percent CI, 0.70-1.15) for an
association with paternal smoking.

Middle Ear Effusion: Population Surveys
and Birth Cohorts

The 1997 review identified four cross-sectional
or longitudinal studies of general population samples
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Table 6.7 Unadjusted relative risks for updated meta-analysis of illness associated with parental smoking

Odds ratio for smoking
(95% confidence interval)

Cases/
Study controls Dose-response effect Outcome Either parent Mother Father
Acute otitis media (AOM)
Lister and Jorm  232/4,049 NR* AOM NR 1.31 NR
1998 (0.95-1.80)
Daly etal. 1999  221/346 NR AOM 0.98 NR NR
(0.60-1.59)
Homge et al. 102/193 NS* (p =0.51) AOM 1.64 NR NR
1999 (0.85-3.19)
Lubianca Neto 71/121 NR AOM 0.82 NR NR
et al. 1999 (0.67-1.02)
Stathis et al. 722/4,591 Slight (p = 0.054) AOM NR 1.23 NR
1999 (1.04-1.44)¢
Recurrent otitis media (ROM)
Pukander etal.  188/207 NR ROM 1.96 NR NR
1985 (1.28-3.0)
Stahlberg et al. 100/221 NR ROM 1.54 NR NR
1986 (0.93-2.56)
Tainio et al. 28/80 NR ROM 2.40 NR NR
1988 (0.91-6.33)
Teele et al. 1989  129/748 NR ROM before 1.42 NR NR
1 year of age (0.96-2.11)
303/395 NR ROM before 1.04 NR NR
3 years of age (0.76-1.43)
368/130 NR ROM before 1.18 NR NR
7 years of age (0.77-1.80)
Daigler et al. 125/246 NR ROM NR 0.90 0.83
1991 (0.54-1.50) (0.50-1.39)
Alhoetal. 1993  960/1,552 NR ROM 1.0 NR NR
(0.68-1.48)
Stenstrom etal.  85/85 Yes; total cigarettes/day ROM 2.548 NR NR
1993 (1.23-5.41)
Colletetal . 1995 164/754 Yes; total cigarettes/day ROM 1.69 NR NR
(1.19-2.43)
Ey et al. 1995 169/844 Yes; mother smoked ROM NR 1.33 NR
>20 cigarettes/day (0.90-1.95)
Stenstrém and 179/305 NS (p = 0.71); mother ROM NR 1.30 0.73
Ingvarsson 1997 smoked >20 cigarettes/ (0.89-1.88) (0.48-1.10)

day
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Table 6.7 Continued
Odds ratio for smoking
(95% confidence interval)
Cases/
Study controls Dose-response effect Outcome Either parent Mother Father
ROM
Adair-Bischoff 227/398 NS; mother smoked ROM 1.11 1.37 1.11
and Sauve 1998 >10 cigarettes/day (0.78-1.57) (0.93-2.0) (0.77-1.63)
Homge et al. 117/193 NS (p = 0.64) ROM 0.96 NR NR
1999 (0.55-1.69)
Stathis et al. 360/4,852 NS (p =0.56) ROM NR 1.53* NR
1999 (1.24-1.91)
Middle ear effusion prevalence (MEE)
Iversen et al. 183/154 NR OME 1.55 NR NR
1985 (0.98-2.46)
Zielhuis et al. 128/307 No; total cigarettes/day OME 1.11 NR NR
1989 (0.59-2.09)
Strachan 1990 82/782 Yes; number of OME 1.41 NR NR
smokers?® (0.87-2.28)
Etzeletal. 1992 Total =132 NR OME 1.381 NR NR
(1.21-1.56)
Saim et al. 1997  151/946 NR OME 0.87 NR NR
(0.61-1.24)
Apostolopoulos  308/4,530 NS (p =0.85) OME 1.60 NR NR
et al. 1998 (1.23-2.08)
OME referral for surgery
Kraemer et al. 76/76 Yes; number of OME 1.45 NR NR
1983 smokers (outpatients) (0.72-2.94)
Black 1985 150/292 Yes; cigarettes times OME NR NR NR
years (outpatients)
Hinton and 26/44 No; total cigarettes/day OME 1.10 NR NR
Buckley 1988 (outpatients) (0.37-3.23)
Hinton 1989 115/36 NR OME 2.04 NR NR
(outpatients) (0.89-4.71)
Barr and 115/115 No; total cigarettes/day OME 0.728 1.238 NR
Coatesworth (outpatients) (0.41-1.27) (0.70-2.15)
1991
Green and 164/164 No; total cigarettes/day OME NR 1.92 1.37
Cooper 1991 (outpatients) (1.20-3.06) (0.87-2.17)
Rowe-Jones and 100/63 NR OME 1.21 NR NR
Brockbank 1992 (outpatients) (0.61-2.39)
Rasmussen 1993  176/846 NR OME 0.87 NR NR
(outpatients) (0.49-1.55)

302 Chapter 6



The Health Consequences of Involuntary Exposure to Tobacco Smoke

Table 6.7 Continued
Odds ratio for smoking
(95% confidence interval)
Cases/
Study controls Dose-response effect Outcome Either parent Mother Father
OME referral for surgery
Kitchens 1995 175/175 No; number of smokers OME 1.65 1.28 1.54
(outpatients) (1.05-2.59)** (0.65-2.54)**  (0.89-2.66)**
Ilicali et al. 1999 166/166 NS (p =0.61) OME NR 3.93 1.57
(outpatients) (2.42-6.41) (1.01-2.45)
Stathis et al. 290/4,971 NS (p =0.13) OME NR 1.71 NR
1999 (outpatients) (1.35-2.17)*
Tonsillectomy and/or adenoidectomy

Said et al. 1978 1,490/2,430  Yes; cigarettes smoked  Adenoidectomy/ 2.07 1.68 1.89

by each parent tonsillectomy (1.80-2.38) (1.44-1.95) (1.64-2.17)
Stahlberg etal.  114/321 NR Adenoidectomy  2.06 NR NR
1986 (1.30-3.26)
Willatt 1986 93/61 NR Tonsillectomy 2.06 NR NR

(1.06-4.0)

Hinton et al. 60/60 Yes; estimated Tonsillectomy 2.10 2.29 1.26
1993 secondhand smoke (1.01-4.35) (1.02-5.13) (0.55-2.90)

exposure

*NR = Data were not reported.
NS = Not significant.

*Maternal smoking during pregnancy at first prenatal visit. For maternal smoking when their children were 5 years of age,
odds ratios were 1.14 (0.97-1.34) for AOM, 1.38 (1.11-1.72) for ROM, and 1.47 (1.16-1.87) for middle ear surgery (OME

outpatients). OME = Otitis media with effusion (glue ear).
SMatched analysis.

“Dose-response effect was assessed by salivary cotinine levels that appear in a separate paper (Strachan et al. 1989).

IIncidence density ratio.
**95% confidence interval was derived from the p value.

that objectively measured the presence of OME by
tympanometry (Iversen et al. 1985; Zielhuis et al. 1989;
Strachan 1990) or otoscopy (Etzel et al. 1992). Regard-
less of the diagnostic method, all studies found an
increase in the prevalence of OME in children exposed
to parental smoking (Table 6.7). Two additional cross-
sectional studies, one from Malaysia (Saim et al.
1997) and the other from Greece (Apostolopoulos et
al. 1998), were included in this meta-analysis (Figure
6.4, middle). The former study showed no association
of OME with household smoking but the latter study
found a significant relationship, with an OR of 1.60
(95 percent CI, 1.23-2.08) for smoking by either parent
but no dose-response trend in relation to the number
of cigarettes smoked daily by the parents (p = 0.85).

The pooled (random effects) OR for smoking by either
parent is 1.33 (95 percent CI, 1.12-1.58).

Two more recent studies followed children pro-
spectively from birth with examinations by tympa-
nometry and otoscopy at intervals of three months
throughout the first two years of life (Paradise et al.
1997; Engel et al. 1999). These studies are not readily
integrated into the earlier meta-analysis, but they do
show that OME in infancy is extremely common. For
instance, among 2,253 children in Pittsburgh, 48 per-
cent had at least one episode of effusion by 6 months
of age, 79 percent by 12 months of age, and 91 per-
cent by 24 months of age (Paradise et al. 1997). In the
Netherlands, parental smoking was not a risk factor
for early OME (OR = 1.09 [95 percent CI, 0.84-1.41]),
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Table 6.8 Effects of adjusting for potential confounders in each study of illness associated with parental

smoking
Odds ratio for smoking
Factors adjusted for or
Study Outcome Exposure Unadjusted  Adjusted addressed in the text
Acute otitis media (AOM)
Lister and Jorm AOM Mother NR* 1.31 Gender, lived in the capital,
1998 income, occupation, no
English at home, maternal
education, family size,
paternal smoking
Daly etal. 1999 AOM Both parents 1.5 1.3 Family history of OM, birth
season, day care, infections,
infant feeding, number of
siblings
Homge et al. AOM Either parent NR NR NR
1999
Lubianca Neto AOM Either parent 0.82 0.80 Gender, age, race,
et al. 1999 socioeconomic status (SES),
infant feeding
Stathis et al. AOM Mother smoked 2.3 2.6 Gender, age, maternal age,
1999 10-19 cigarettes/ SES, infant feeding, day care,
day vs. 0° number of siblings
Recurrent otitis media (ROM)
Pukander et al. ROM NR NR NR None
1985
Stahlberg et al. ROM NR NR NR None
1986
Tainio et al. 1988 ROM NR NR NR SES was similar in cases and
controls
Teele et al. 1989 ROM before NR NR NR None
1 year of age
ROM before NR NR NR None
3 years of age
ROM before NR NR NR None
5 years of age
Daigler et al. ROM NR NR NR None
1991
Alho et al. 1993 ROM Either parent 1.0 0.99 Gender, siblings, day care,
breastfeeding
Stenstrom et al. ROM Either parent 2.54 2.68 Age, gender, family history
1993 of OM, atopy, SES, day care,
breastfeeding
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Table 6.8 Continued
Odds ratio for smoking
Factors adjusted for or
Study Outcome Exposure Unadjusted  Adjusted addressed in the text
ROM
Colletetal. 1995 ROM Both parents 2.08 1.80 Gender, family history of OM,
day care, SES
Ey et al. 1995 ROM Mother smoked 2.10 1.78 Gender, siblings, day care,
>20 cigarettes/day breastfeeding, family history
of hay fever
Stenstréom and ROM Both parents NR NR Age was similar in cases and
Ingvarsson 1997 controls
Adair-Bischoff ROM 2 or more 1.85 1.88 Day care, infant feeding, SES,
and Sauve 1998 household prenatal and postnatal health
smokers vs. 1 or 0 service utilization
Homge et al. ROM Both parents NR NR NR
1999
Stathis et al. ROM Mother smoked 24 2.6 Gender, age, maternal age,
1999 10-19 cigarettes/ SES, infant feeding, day care,
day vs. 0 number of siblings
Middle ear effusion prevalence (MEE)
Iversen et al. OME¥ Either parent 1.55 1.60 Age
1985
Zielhuis et al. OME NR NR NR None
1989
Strachan 1990 OME Both parents 1.89 1.80 SES, crowding, cooking fuel,
dampness
Etzel et al. 1992 OME NR NR NR Gender, race, infection, atopy,
breastfeeding, heating
Saimetal. 1997 OME Either parent NR NR NR
Apostolopoulos ~ OME Either parent NR NR Gender, age, SES, area,
et al. 1998 medical history
MEE referral for surgery
Kraemer et al. OME Both parents 2.81 2.80 Age, gender
1983 (outpatients)
Black 1985 OME NR NR NR None
(outpatients)
Hinton and OME NR NR NR None
Buckley 1988 (outpatients)
Hinton 1989 OME NR NR NR None
(outpatients)
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Table 6.8 Continued
Odds ratio for smoking
Factors adjusted for or
Study Outcome Exposure Unadjusted  Adjusted addressed in the text
MEE referral for surgery

Barr and OME NR NR NR Age, gender, race, SES (by
Coatesworth (outpatients) matching)
1991
Green and OME NR NR NR Age, gender (by matching),
Cooper 1991 (outpatients) SES (all armed forces)
Rowe-Jonesand OME NR NR NR Area and SES were similar in
Brockbank 1992 (outpatients) cases and controls
Rasmussen 1993 OME NR NR NR None

(outpatients)
Kitchens 1995 OME NR NR NR Age, area, and SES were

(outpatients) similar in cases and controls
Ilicali et al. 1999 OME Both parents NR NR Gender, age, and SES were

(outpatients) similar in cases and controls
Stathis et al. OME Mother smoked 14 1.7 Gender, age, maternal age,
1999 (outpatients) 10-19 cigarettes/ SES, infant feeding, day care,

day vs. 0 number of siblings
Tonsillectomy or adenoidectomy

Said et al. 1978 Adenoidectomy/  NR NR NR Gender, siblings (separate

tonsillectomy stratified tabulations)
Stahlberg et al. Adenoidectomy ~ NR NR NR None
1986
Willatt 1986 Tonsillectomy NR NR NR None
Hinton et al. Tonsillectomy NR NR NR Age, gender, and SES were

1993

similar in cases and controls

*NR = Data were not reported.
*Maternal smoking during pregnancy at first prenatal visit, adjusted for smoking prenatally in the third trimester and
6 months and 5 years postnatally.
*OME = Otitis media with effusion (glue ear).
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Odds ratios for the effect of smoking by either parent on middle ear disease in children

O Outpatient referral for MEE studies contributing to the pooled OR.
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but a more appropriate measure for such a common
outcome may be the duration of the effusion (Engel et
al. 1999). The Pittsburgh study documented consistent
gradients in the cumulative percentage of days with
OME during the first year of life, from 18.4 percent
among children not exposed to smokers in the home
to 24.8 percent among children living with three or
more smokers; in the second year of life the gradients
ranged from 15.7 percent to 19.4 percent, respectively.
Each dose-response trend was statistically significant
(p <0.001), but there were no adjustments for poten-
tial confounding variables. The effects of secondhand
smoke exposure during the first year of life remained
significant after adjustment for area of residence,
gender, socioeconomic status (SES), family size, day
care, and infant feeding. The adjusted effect of having
smokers in the home was not significant in the second
year of life (Paradise et al. 1997).

Middle Ear Effusion: Clinic Referrals

The 1998 review considered nine studies that
examined the relationship between secondhand
smoke exposure and outpatient referrals or operative
interventions for glue ear (Table 6.6) (Kraemer et al.
1983; Black 1985; Hinton and Buckley 1988; Hinton
1989; Barr and Coatesworth 1991; Green and Cooper
1991; Rowe-Jones and Brockbank 1992; Rasmussen
1993; Kitchens 1995). Seven of these studies that were
suitable for the meta-analysis (Figure 6.4, bottom)
yielded a pooled OR for smoking by either parent of
1.20 (95 percent CI, 0.90-1.60). Two additional studies
from Australia (Stathis et al. 1999) and Turkey (Ilicali
et al. 1999) that have also been included strengthen
the evidence for an association with parental smok-
ing, particularly by the mother (Table 6.7). The pooled
OR for maternal smoking is 1.84 (95 percent CI,
1.54-2.20) compared with 1.49 (95 percent CI,
1.13-1.96) for paternal smoking.

Most of the studies in this category use the case-
control design. Only one compared ORs before and
after adjusting for confounders but only for age and
gender (Kraemer et al. 1983). However, several case-
control studies were either matched for age, gender,
and SES, or the reports comment that these variables
were similarly distributed among cases and controls
(Table 6.8). The Australian cohort study controlled
for a wider range of covariates and found a stronger
association after adjustment compared with the uni-
variate tabulations (Table 6.8) (Stathis et al. 1999). This
finding weighs against residual confounding.
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Middle Ear Effusion: Natural History

Studies document that OME commonly resolves
spontaneously, and about one-third of the cases may
remit between outpatient referrals and operative treat-
ments. For example, in a follow-up of a case series in
the United Kingdom, the rate of spontaneous resolu-
tion in children with at least one smoking parent was
31.5 percent, similar to the rate in children of non-
smoking parents (31 percent) (Hinton 1989).

Insights into the long-term natural history of
untreated effusions emerge from controlled trials of
operative interventions for glue ear (Maw and Bawden
1993, 1994). Among 133 children followed for five
years after adenoidectomy or adenotonsillectomy, the
persistence of fluid at the end of the study was three
times more likely if either parent smoked (OR = 3.32
[95 percent CI, 1.17-9.41]) (Maw and Bawden 1994).
A similar finding emerged using a survival analy-
sis from a trial of unilateral grommet insertion for
OME (Maw and Bawden 1993). Among 66 untreated
ears followed for five or more years, a spontaneous
resolution of fluid was less common among chil-
dren of smokers (hazard ratio = 0.44 [95 percent CI,
0.22-0.87]), implying a twofold or threefold difference
in the rates of resolution between children of smokers
and children of nonsmokers.

Hearing Loss

Researchers have related middle ear effusion to
hearing loss (Roland et al. 1989; Roberts et al. 1995).
However, only one study was found that related
parental smoking to objectively confirmed hearing
impairments (Lyons 1992). This study was based on
a sample of 87 Irish children having routine devel-
opmental screening at 10 months of age. A persis-
tently abnormal distraction test was five times more
common in infants involuntarily exposed to cigarette
smoke, and the authors calculated that 75 percent of
the cases of hearing loss were attributable to second-
hand smoke exposure.

Parental reports of “suspected or confirmed
hearing difficulty” by five years of age were analyzed
in a British birth cohort of more than 10,000 children
born in 1970 (Bennett and Haggard 1998). The lifetime
incidence was 8.4 percent, and was somewhat higher
among children five years of age whose mothers had
smoked (unadjusted OR = 1.22; no CIs were supplied).
After adjustment for gender, SES, day care, and mouth
breathing, the adjusted OR for maternal smoking was
1.31 (95 percent CI, 1.14-1.51).



In a birth cohort of more than 5,000 children
from Brisbane (Australia), 10 percent of the children
had parental reports of consultations with a physician
for hearing problems by five years of age (Stathis et al.
1999). There were significant univariate associations
with maternal smoking at the first prenatal clinic visit
(OR =1.35[95 percent CI, 1.13-1.62]) and at five years
of age (OR = 1.31 [95 percent CI, 1.09-1.57]).

Adenoidectomy and Tonsillectomy

The 1997 review identified four studies relat-
ing to adenoidectomy, tonsillectomy, or adenoton-
sillectomy without a specific reference to OME as an
indicator (Table 6.6) (Said et al. 1978; Stahlberg et al.
1986; Willatt 1986; Hinton et al. 1993). These studies
documented consistent ORs relating to smoking by
either parent, with a pooled OR of 2.07 (95 percent CI,
1.82-2.35). However, that pooled analysis was domi-
nated by one large population survey of French sec-
ondary schoolchildren (Said et al. 1978). A large
British cohort study was identified that showed an OR
of 1.0 for parental smoking with tight 95 percent Cls
(0.90-1.11) (Strachan et al. 1996) that did not overlap
with those of the French study (Said et al. 1978).

More recently published data do not add sub-
stantially to this contradictory evidence, but one Polish
study reported large differences in adenoid histology
between children involuntarily exposed to cigarette
smoke and those who were not exposed (Gryczyfiska
et al. 1999). Epithelial thickening, significantly fewer
ciliated cells, and an increase in squamous epithelium
were more common in the exposed children. These
findings are consistent with chronic inflammatory
changes related to cigarette smoke exposure.

Evidence Synthesis

Evidence from different study designs and
for different chronic or recurrent disease outcomes
related to the middle ear in young children is remark-
ably consistent in showing a modest elevation in risk
associated with parental smoking. Although the out-
come measures used are subject to misclassification,
the evidence is nonetheless consistent in spite of this
heterogeneity.

Subsequent publications over the last four years
have not substantially affected the findings of the 1997
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meta-analysis (Strachan and Cook 1998a), although
quantitative summarization can now be extended to
AOM. No single study addresses all of the potential
methodologic concerns about selection (referral) bias,
information (reporting) bias, or confounding. How-
ever, multiple studies that have considered these
potential methodologic problems using objective mea-
surements, matched designs, or multivariate analyses
have found that the association of secondhand smoke
exposure with middle ear disease persists with little
alteration in the magnitude of the effect across stud-
ies, or within studies that controlled for potential
confounding. There are multiple potential patho-
genetic mechanisms related to the effects of tobacco
smoke components on the upper airway (Samet 2004)
(Chapter 2, Toxicology of Secondhand Smoke). A
causal association between acute and chronic middle
ear disease and secondhand smoke exposure is thus
biologically plausible.

Conclusions

1. The evidence is sufficient to infer a causal relation-
ship between parental smoking and middle ear
disease in children, including acute and recurrent
otitis media and chronic middle ear effusion.

2. The evidence is suggestive but not sufficient
to infer a causal relationship between parental
smoking and the natural history of middle ear
effusion.

3. The evidence is inadequate to infer the presence
or absence of a causal relationship between
parental smoking and an increase in the risk of
adenoidectomy or tonsillectomy among children.

Implications

The etiology of acute and chronic middle ear
disease is still a focus of investigation. Nonetheless,
the finding that parental smoking causes middle ear
disease offers an opportunity for the prevention of
this common problem. Health care providers mak-
ing diagnoses of acute and chronic middle ear disease
need to communicate with parents who smoke con-
cerning the consequences for their children.
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Respiratory Symptoms and Prevalent Asthma in School-Age Children

The first reports (based on telephone surveys)
documenting an adverse effect of parental smoking on
the health of children were published in the late 1960s
(Cameron 1967; Cameron et al. 1969). By the early
1970s, studies with more formal designs addressed
respiratory symptoms (Norman-Taylor and Dickin-
son 1972; Colley 1974; Colley et al. 1974). Since then,
many epidemiologic studies have found an association
between parental smoking and respiratory symptoms
and diseases throughout childhood. These outcomes
were considered in the 1984 and 1986 reports of the
Surgeon General (USDHHS 1984, 1986). The narra-
tive review of the 1992 EPA risk assessment (USEPA
1992) concluded that the evidence causally relating
secondhand smoke exposure at home to respiratory
symptoms was very strong among preschool-age
children, but less compelling in school-age children.
A subsequent quantitative review did not distinguish
between different types of secondhand smoke expo-
sure and their effects at different ages (DiFranza and
Lew 1996).

This section summarizes the evidence on the
prevalence of respiratory symptoms and asthma
in children aged 5 through 16 years, assessed from
surveys carried out in schools or populations. This
review includes primarily cross-sectional studies and
cohorts studied at a single point in time, and updates
an earlier 1997 review by Cook and Strachan (1997).
A subsequent section of this chapter addresses stud-
ies on the onset of asthma and exposure to second-
hand smoke. These two sets of outcome measures
for asthma—prevalent and incident disease—were
separated because disease prevalence reflects not only
factors determining incidence, but factors affecting
persistence. The studies of asthma prevalence, how-
ever, receive further consideration when assessing the
evidence related to asthma onset. There are additional
complexities in comparisons across studies of varied
designs that arise from the different approaches used
to ascertain the presence of asthma, and from the het-
erogeneity of the asthma phenotype by age. Addition-
ally, wheeze, cough, phlegm, and breathlessness are
common symptoms for children with asthma.
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Relevant Studies

In the 1997 review, 100 articles were identi-
fied from their abstracts as possibly containing data
that related the prevalence of respiratory symptoms
or asthma to secondhand smoke exposure (Cook
and Strachan 1997). If a study resulted in additional
publications, those publications were used to extract
the necessary data. Data from cohort studies were
included only if a prevalence estimate for the cohort
was available at some point. However, 39 studies
were excluded for various reasons.

Out of 47 new studies identified as possibly
relevant, 19 were excluded for the following rea-
sons: 7 papers did not present any findings despite
having data on symptoms and secondhand smoke
(Asgari et al. 1998; Jedrychowski et al. 1998; Goren
et al. 1999; Kalyoncu et al. 1999; Sudrez-Varela et al.
1999; Holscher et al. 2000; Moreau et al. 2000); 3 stud-
ies presented data that were insufficient for inclusion
in a meta-analysis, although there was usually a com-
ment about either the lack of statistical significance
(Garcia-Marcos et al. 1999) or the statistical significance
of the findings (Faniran et al. 1998; Peters et al. 1999);
1 study presented no separate data on children (Nriagu
et al. 1999); 3 were non-English language publications
(Galvéan Fernandez et al. 1999; Vitnerova et al. 1999;
Kardas-Sobantka et al. 2000); 2 publications related to
studies already included (Renzoni et al. 1999; Forast-
iere et al. 2000); 2 studies presented data on other end-
points (Gomzi 1999; Heinrich et al. 1999); and 1 study
was based on sharing a room with a smoker as the
exposure indicator (Odhiambo et al. 1998).

Three additional papers presented relevant
data but were not considered suitable for inclusion in
a meta-analysis: a study in Taiwan (Wu et al. 1998)
that merited some attention because of its size but
appears to overlap with a study already included
that is based on another report (Wang et al. 1999); a
Danish study that focused on the underdiagnosis of
asthma (Siersted et al. 1998); and a study with cohorts
of secondhand smoke-exposed and unexposed chil-
dren aged nine years. This study addressed postnatal
secondhand smoke exposure versus in utero exposure
in relation to risk for all respiratory infections, upper
and lower combined (Jedrychowski and Flak 1997).



In addition, a publication from 2001 that lies outside
the period of the search is also included because it is
based on NHANES III data and is therefore relevant
to the United States (Mannino et al. 2001).

Table 6.9 summarizes the characteristics of
88 studies that were included in the quantitative over-
view. Some papers cover more than one study and,
because they may present data on different age groups
or outcomes, results may be included in several rows
in subsequent tables. The rows that are included in
any particular meta-analysis are clearly identified.

One study that was not published in the peer-
reviewed literature (Florey et al. 1983) is presented
separately from the main meta-analyses because of
the uniform protocol, the size of the study (approxi-
mately 22,000 children), and because only two centers
appear to ever have separately published their find-
ings on secondhand smoke in a peer-reviewed journal
(Gepts et al. 1978; Melia et al. 1982). Using a standard
questionnaire to parents that was based on the WHO
questionnaire (Colley and Brasser 1980), the main
purpose of this European study was to investigate
the relationship between air pollution and respiratory
health in schoolchildren; data were also collected on
the number of smokers in each home.

Symptom Questionnaires

With a few exceptions, the studies reviewed here
are based on data collected from questionnaires filled
out by the parents. Inevitably, definitions of asthma
and symptoms varied and reflected the state of devel-
opment of standard questionnaires. Many early stud-
ies, particularly in the United Kingdom, used the
respiratory questionnaire developed by the Medical
Research Council (MRC) for adults as a starting point
(MRC 1966). The purpose of this questionnaire was to
study chronic respiratory symptoms, and its two most
important characteristics are (1) that it did not ask
aboutsymptomsin a defined period but asked whether
“a person usually coughed first thing in the morning”
(cough usually in the a.m.), or whether “a child’s chest
ever sounded wheezy or whistling” (wheeze ever); and
(2) if the answer was yes, a second question was usu-
ally asked to elicit the severity: “Does he/she cough
like this on most days or nights for as much as three
months each year?” (persistent cough) or “Does he/
she get this [wheeze] on most days or nights?” (persis-
tent wheeze). In 1978, the American Thoracic Society’s
Epidemiology Standardization Project published a
questionnaire for children based on the adult ques-
tionnaires (Ferris 1978). The children’s questionnaire
determined whether symptoms occurred only with or
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apart from colds, and provided information used to
distinguish allergic from nonallergic asthma (Ferris
1978). More recently developed questionnaires focus
on symptoms in the past 12 months and use a number
of methods to assess severity (Asher et al. 1995). One
particularly important questionnaire was developed
for the International Study of Asthma and Allergy in
Childhood (ISAAC) (Asher et al. 1995). This question-
naire has been used in many recent studies. The dif-
ferences in definitions are explicitly identified in this
review where possible, but for some studies a clear
definition was not provided in the published report.

Many papers published since the 1997 review
have been based on the multicountry ISAAC proto-
col (Asher et al. 1995). A parental questionnaire was
used for younger children in ISAAC while the adoles-
cents themselves completed the questionnaire or, in
some locations, were administered a video question-
naire. As a result of the widespread use of the ISAAC
study protocol, more of the recent publications relate
to asthma (N = 17) and wheeze (N = 21) than to cough
(N =12), phlegm (N = 5), or breathlessness (none).

Evidence Review

Asthma

A total of 41 studies contained quantitative infor-
mation (Table 6.10); 2 studies presented two separate
sets of results (Seyseth et al. 1995; Selcuk et al. 1997).
Most studies reported on “asthma ever,” which is typ-
ically a positive response to “Has this child ever had
asthma?” Some studies focused on current asthma,
usually defined as in the past year, while other stud-
ies specifically asked whether the diagnosis had been
made by a physician. One study that reported phy-
sician consultations for wheeze is included under
asthma for purposes of consistency (Strachan and
Elton 1986).

The OR estimates for asthma in children from
families in which either parent smoked compared
with children of nonsmoking parents were consis-
tently above 1; only three ORs were below 1 (Moyes
et al. 1995; Peters et al. 1996; Lam et al. 1999), but the
majority of confidence limits included 1. The pooled
estimate was 1.23 (95 percent CI, 1.14-1.33), but
there is evidence of heterogeneity among the studies
(O, = 78.8, p <0.001). The studies reporting the high-
est ORs were more likely to be early publications
that had small study populations and did not adjust
for potential confounders Table 6.10 and Figure 6.5.
The pooled OR for the unadjusted studies is
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Table 6.9 List of secondhand smoke exposure analyses included in the meta-analysis
Response
Study Population (sample size) rate (%) Respiratory symptoms
Norman-Taylor and All St. Albans school entrants NR* Chronic cough
Dickinson 1972 Aged 5 years (1,119)
United Kingdom
Colley 1974 7 schools in Aylesbury 93 Chronic cough
Aged 6-14 years (2,426)
United Kingdom
Lebowitz and Burrows Stratified cluster sample of Tucson homes 72 Asthma, wheeze, chronic
1976 Aged 0-15 years (626) cough, chronic phlegm
United States (Arizona)
Schilling et al. 1977 Families from 3 towns NR Wheeze, chronic cough
Aged 7-18 years (816)
United States
Bland et al. 1978 Random sample of Derbyshire schools 86 Chronic cough,
Aged 11-12 years (5,835) breathlessness
United Kingdom
Kasuga et al. 1979 2 schools 99 Wheeze
Aged 6-11 years (1,896)
Japan
Stanhope et al. 1979 1 college 96 Wheeze
Aged 12-18 years (715)
New Zealand
Weiss et al. 1980 Random sample of children aged 5-9 years 42 Wheeze, chronic cough
attending school in East Boston in 1974, plus
siblings (383)
United States (Massachusetts)
Dodge 1982 Schools in 3 Arizona communities 76 Asthma, wheeze, chronic
Aged 8-12 years (628) cough, chronic phlegm
United States
Ekwo et al. 1983 Primary school in Iowa City 55 Chronic cough
Aged 6-12 years (1,138)
United States (Iowa)
Schenker et al. 1983* Stratified sample of Pennsylvania schools 93 Wheeze, chronic cough,
Aged 5-14 years (4,071) chronic phlegm
United States
Charlton 1984 65 schools in northern England NR Chronic cough
Aged 8-19 years (6,988)
United Kingdom
Ware et al. 1984 6 cities NR Wheeze, chronic cough
Aged 6-9 years (8,380)
United States
Burchfiel et al. 1986 Residents of Tecumseh NR Asthma, wheeze, chronic

Aged 0-19 years (3,460)
United States (Michigan)

cough, chronic phlegm
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Table 6.9 Continued
Response

Study Population (sample size) rate (%) Respiratory symptoms

Goren and Goldsmith Sampling unclear; near coal-fired power station 86 Asthma, wheeze, chronic

1986 2nd and 5th graders (sample size not reported) cough, breathlessness
Israel

McConnochie and Historical birth cohort 62 Wheeze

Roghmann 1986a Aged 6-10 years (223)
United States

Park and Kim 1986 Households in Wonsung County NR Chronic cough
Aged 0-14 years (3,651)
Korea

Strachan and Elton 1986  Born in 1976 from 1 general practice 83 Asthma, wheeze, chronic
Aged 7-8 years (165) cough
United Kingdom

Andrae et al. 1988 7 areas near Norrkoping 94 Chronic cough
Aged 6 months-16 years (4,990)
Sweden

Somerville et al. 1988 Stratified sample from 22 areas in England 75 Asthma, wheeze, chronic
Aged 5-11 years (5,169) cough
United Kingdom

Strachan 1988* 30 primary schools in Edinburgh 91 Wheeze, chronic cough
Aged 7 years (1,001)
United Kingdom

Hosein et al. 1989 3 North American towns >90 Wheeze, chronic
Aged 7-17 years (1,357) cough, chronic phlegm,
United States breathlessness

Stern et al. 1989a 2 rural communities 81 Asthma, wheeze, chronic
Aged 7-12 years (1,317) cough
Canada

Stern et al. 1989b8 5 rural communities in Ontario 81 Asthma, wheeze, chronic
and 5 in Saskatchewan cough, chronic phlegm
Aged 7-12 years (4,003)
Canada

Dijkstra et al. 1990 9 schools in southeast Holland 72 Wheeze, chronic cough,
Aged 6-12 years (1,051) breathlessness
Netherlands

Chinn and Rona 1991 National stratified sample >90 Asthma, wheeze, chronic
Aged 5-11 years (14,256) cough
United Kingdom

Dekker et al. 1991 30 communities 83 Asthma, wheeze
Aged 5-8 years (14,059)
Canada

Henry et al. 1991 2 schools: 1 in a polluted area and 1 in a control ~ 72 Wheeze

area
Aged 5-12 years (602)
Australia
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Table 6.9

Continued

Study

Population (sample size)

Response
rate (%)

Respiratory symptoms

Forastiere et al. 1992

Duffy and Mitchell 1993

Florey et al. 1983

Halliday et al. 1993

Jenkins et al. 1993

Schmitzberger et al.

1993

Brabin et al. 1994

Shaw et al. 1994

Soto-Quiros et al. 19944

Brabick et al. 1995

Cuijpers et al. 1995

Goren and Hellmann
19951

Random sample of schools in 3 areas
Aged 7-11 years (2,929)
Italy

Stratified sample of 36 schools
Aged 8 and 12 years (4,549)
Australia

19 European centers
Aged 6-10 years (22,078)
Europe

2 areas
Aged 5-12 years (787)
Australia

Children born in 1961 (7 years of age) (8,585)

Australia (Tasmania)

3 zones of air pollution
Aged 6-15 years (1,626)
Austria

15 primary schools in 3 areas around Liverpool

Aged 5-11 years (1,872)
United Kingdom

1 town
Aged 8-13 years (708)
New Zealand (Kawerau)

Stratified random sample of 98 schools

Aged 5-17 years (2,534)
Costa Rica

All schools in 1 area
Aged 10-12 years (665)
Sweden

1 school in Konin
Aged 10-12 years (410)
Poland

11 schools in Tallin and 4 in Tartu
Aged 10-12 years (1,519)
Estonia

2 primary schools
Aged 6-12 years (470)
Netherlands

3 coastal towns
2nd and 5th graders (6,822)
Israel

94

94

62-99

86

99

88

92

82

89

97

97

96

88

95

Asthma, chronic cough

Wheeze

Wheeze

Wheeze

Wheeze

Asthma

Asthma, wheeze,

breathlessness

Wheeze

Asthma

Wheeze, chronic cough

Wheeze, chronic cough

Wheeze, chronic cough

Wheeze, chronic cough,
breathlessness

Asthma, wheeze, chronic
cough
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Study

Population (sample size)

Response
rate (%)

Respiratory symptoms

Kay et al. 1995

Lau et al. 1995

Moyes et al. 1995

Ninan et al. 1995

Seyseth et al. 1995

Stoddard and Miller

1995

Volkmer et al. 1995

Abuekteish et al. 1996

Beckett et al. 1996

Bener et al. 1996

Chen et al. 1996

Peters et al. 1996'*

Wright et al. 1996

Large, urban general practices
Aged 3-11 years (1,077)
United Kingdom

4 selected Chinese middle-class schools
Aged 3-10 years (433)
Hong Kong

All children in defined area
Aged 6-14 years (2,614)
New Zealand

Primary schools in Aberdeen
Aged 8-13 years (259)
United Kingdom

2 western valleys
Aged 7-13 years (620)
Norway

Stratified cluster sample of all U.S. households
Aged <18 years (7,578)
United States

All school entries
Aged 4-5 years (14,124*)
Southern Australia

Primary schools in and around 1 city
Aged 6-12 years (3,186)
Jordan (Irbid)

Older children of mothers who gave birth in
hospitals

Aged 1-18 years (5,171)

United States

Sampling unclear
Aged 6-14 years (729)
United Arab Republic

1 town
Aged 6-17 years (892)
Canada (Humboldt)

17 schools in 2 areas with different air pollution
levels

Aged 10-13 years (3,521)

Hong Kong

Birth cohort from Tucson
Aged 6 years (987)
United States (Arizona)

98

89

85

NR

96

NR

73

90

91

86

NR

96

78

Asthma

Asthma

Asthma, wheeze, chronic

cough

Chronic cough

Asthma

Wheeze

Asthma, wheeze, chronic

cough

Wheeze

Asthma

Asthma

Asthma

Asthma, wheeze, chronic
phlegm

Wheeze, chronic cough
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Table 6.9

Continued

Study

Population (sample size)

Response
rate (%)

Respiratory symptoms

Zejda et al. 1996

Austin and Russell 1997

Butland et al. 1997

Dales et al. 1997

Farber et al. 1997

Forsberg et al. 1997

Hu et al. 1997

Leung et al. 1997

Maier et al. 1997

Selcuk et al. 1997

Chen et al. 1998

Chhabra et al. 1998

Kendirli et al. 1998

Lam et al. 1998

Cluster sample of primary schools in 2 towns
Aged 7-9 years (1,622)
Poland

Schools in Scottish Highlands
Aged 12 and 14 years (1,537)
United Kingdom

All children attending school in Croydon
Aged 7.5-8.5 years (7,237)
United Kingdom

Sampling unclear; 1 community (138)
Canada

The 1992-1994 Bogalusa Heart Study survey
Aged 5-17 years (2,975)
United States

Schools in Oslo, Malmo, Umea, and Kuopio
Aged 6-12 years (15,962)
Scandinavia

13 schools in Illinois with mostly Black students
Aged 10-11 years (707)
United States

13 randomly selected schools
Aged 13-14 years (>3,733)
Hong Kong

Schools in Seattle
Aged 5-9 years (925)
United States (Washington state)

Random sample
Aged 7-12 years (5,412)
Turkey

1 town
Aged 6-17 years (892)
Canada

2 schools in Delhi
Aged 4-17 years (2,609)
India

Random selection of schools in Adana
Aged 6-14 years (2,334)
Turkey

2-stage cluster sample from 172 classes
in 61 schools

Aged 12-15 years (4,482)

Hong Kong

75

85

81-87

NR

NR

90

NR

NR

31

86

88

91

88

88

Chronic cough

Wheeze, chronic cough

Wheeze

Chronic cough

Asthma

Asthma, chronic cough

Asthma, wheeze

Wheeze

Asthma, wheeze

Asthma, wheeze

Chronic cough

Wheeze

Asthma, wheeze

Asthma, wheeze, chronic
cough, chronic phlegm
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Table 6.9 Continued
Response
Study Population (sample size) rate (%) Respiratory symptoms
Lewis and Britton 1998  Birth cohort born in 1 week in 1970 NR Wheeze
Aged 16 years (6,000)
United Kingdom
Lewis et al. 1998 Primary schoolchildren from industrial and 77 Wheeze, chronic cough
nonindustrial areas
Aged 8-11 years (2,340)
Australia
Peters et al. 1998 27 schools within 2 districts 95 Wheeze, chronic cough,
Aged 8-13 years (10,615) chronic phlegm
Hong Kong
Ronmark et al. 1998 3 areas in northernmost Sweden 97 Asthma
Aged 7-8 years (3,431)
Saraglar et al. 1998 12 schools in Ankara 88 Wheeze
Aged 7-14 years (2,784)
Turkey
Withers et al. 1998 86 general practitioners in Southampton 75 Asthma, wheeze, chronic
Aged 14-16 years (2,289) cough
United Kingdom
Agabiti et al. 1999 School-based sample aged 6-7 years from 9 Asthma, wheeze
10 centers in northern Italy; SIDRIA* (children)
sample (18,737)
School-based sample aged 13-14 years from 93 Asthma, wheeze
10 centers in northern Italy; SIDRIA
(adolescent) sample (21,068)
Belousova et al. 1999 All primary schools in 7 regions within 76 Wheeze
New South Wales
Aged 8-11 years (6,394)
Australia
Burr et al. 1999 93 schools in Great Britain 79 Wheeze, chronic cough,
Aged 12-14 years (25,393) chronic phlegm
United Kingdom
Chhabra et al. 1999 9 randomly selected schools in Delhi NR Asthma, wheeze
Aged 5-17 years (18,955)
India
Lam et al. 1999 30 schools in Hong Kong NR Wheeze, chronic cough,
Aged 8-13 years (3,480) chronic phlegm
China
Nilsson et al. 1999 Residents of Ostergotland NR Asthma

Aged 13-14 years (1,878)
Southwest Sweden
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Table 6.9 Continued
Response
Study Population (sample size) rate (%) Respiratory symptoms
Shamssain and 78 schools in northeast England 80 Asthma, wheeze, chronic
Shamsian 1999 Aged 6-7 years (3,000) cough
United Kingdom
Wang et al. 1999 Cross-sectional study of 2 communities 97 Wheeze
Aged 11-16 years (165,173)
Taiwan
Csonka et al. 2000 All 40 primary schools in 1 city (Tampere) 90 Wheeze
Aged 6-13 years (1,814)
Finland
Ponsonby et al. 2000 All children aged 7 years from Tasmania who NR Asthma
had participated in an earlier infant health
survey (863)
Australia
Qian et al. 2000 3 large cities NR Asthma, wheeze, chronic
Aged 5-14 years (2,060) cough, chronic phlegm
China
Résédnen et al. 2000 5 consecutive birth cohorts of 16-year-old twins ~ NR Asthma
(4,538)
Finland

*NR = Data were not reported.

*Data for standard errors are from Wright et al. 1996.
*Data for cotinine are in Strachan et al. 1990.
SPrevalence data are from Beckett et al. 1996.

“Note error in Table 3 in this paper.

1See also Bener et al. 1996.

*Number of families.

1991 data were used.

#SIDRIA = Italian Studies on Respiratory Disorders in Childhood and the Environment.

1.26 (95 percent CI, 1.15-1.38, ¥, = 51.3, p <0.001).
In contrast, the relative odds for the 18 studies that
adjusted for various potential confounders are quanti-
tatively consistent and slightly lower than those for the
unadjusted studies (pooled OR = 1.22 [95 percent CI,
1.12-1.32], %, for heterogeneity = 39.1, p = 0.002). For
the 11 studies reporting both adjusted and unadjusted
ORs, the adjustment had very little effect (Table 6.10)
(Somerville et al. 1988; Dekker et al. 1991; Forastiere et
al. 1992; Brabin et al. 1994; Kay et al. 1995; Beckett et al.
1996; Maier et al. 1997; Selcuk et al. 1997; Agabiti et al.
1999; Chhabra et al. 1999; Ponsonby et al. 2000).

Only one of the ORs for asthma where either
parent smoked was below 1; the highest ORs
were from small studies that had not adjusted for

318 Chapter 6

potential confounders (Figure 6.5). There was clear
evidence of heterogeneity of effect estimates among
the unadjusted studies (pooled OR = 1.30 [95 percent
CI, 1.20-1.41], ¢, for heterogeneity = 152.1, p <0.001).
Among the adjusted studies, the pooled OR was only
slightly lower at 1.25 (95 percent CI, 1.17-1.33), again
with evidence of heterogeneity (x%,, = 88.4, p <0.001).
Studies that provided both adjusted and unadjusted
ORs found a similar but very small effect of adjust-
ment (Table 6.11), except for one early Japanese study
(Kasuga et al. 1979). The overall pooled OR from all
of the studies, using adjusted values if available, was
1.23 (95 percent CI, 1.14-1.33) (see Table 6.14).

One foreign language article published in the
Chinese Journal of Public Health also merits attention



because of the study size: 359,000 children aged
12 through 14 years were screened, making it larger
than all other cross-sectional studies combined. There
is an overlap between this study in Taiwan and the
data presented in another publication included in the
meta-analysis (Wang et al. 1999). Disease definitions
were based on an ISAAC protocol that included both
a written questionnaire to parents and a video ques-
tionnaire to children. “Asthma” was based on a some-
what restrictive definition requiring the following
three criteria: (1) in the parent’s questionnaire, the stu-
dent’s asthma was diagnosed by a physician; (2) after
watching the video, the student reported a shortness
of breath similar to what was depicted in a particular
scene of the video; and (3) in the past 12 months, the
student reported a shortness of breath similar to what
was shown in the first scene of the video and had also
awakened during the night (Crane et al. 2003). “Sus-
pected asthma” was based on a much broader defini-
tion that included cough as well as wheeze.

Although the univariate analyses of the larger
study did not show an association between either the
number of cigarettes per day smoked by household
members or the number of household smokers and
asthma risk, there was an exposure-response rela-
tionship for “suspected asthma” with the number of
cigarettes smoked by household members. However,
these univariate results were potentially confounded
by age, gender, air pollution, and area as well as by
correlates of SES. Adjusted ORs were presented only
for asthma (not suspected asthma), and were con-
trolled for gender, school grade, air pollution, burning
incense, area, and physical activity. Although unad-
justed ORs tended to be below 1.0 for students living
in smoking households, the adjusted ORs showed
an elevated risk that increased with an increasing
number of household smokers. Adjusted data for the
number of cigarettes smoked by household mem-
bers are difficult to interpret because the results were
adjusted for the number of household members who
smoked. The ORs of 1.1, 1.2, and 1.3 in households
with one to two, three to four, and four or more smok-
ers, respectively, are compatible with results from
the related Taiwanese paper that offers an OR of
1.08 for any exposure after adjustment. An over-
all effect of household smoking cannot be derived
because the number of children exposed in the differ-
ent groups was not reported. Two other design issues
are unclear: consideration does not appear to have
been made for active smoking by these 12- through
14-year-olds, although it was controlled in the anal-
ysis reported by Wang and colleagues (1999); and
secondhand smoke exposure is not specified as to the
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source: maternal smoking, paternal smoking, and/or
other household members. Data from Taiwan were
not presented in the 1997 WHO publication Tobacco
or Health: A Global Status Report (WHO 1997), but in
mainland China it was uncommon for women to
smoke. Although the ORs presented in both papers
from Taiwan are thus broadly compatible with those
in Table 6.14, they are more in keeping with the effects
of smoking by fathers or others only, as opposed to
maternal smoking or smoking by either parent.

Wheeze

Using a variety of definitions (Table 6.11),
58 studies were identified with data on wheeze that
could be broadly grouped under three headings:
wheeze ever, current wheeze, and persistent wheeze.
Wheeze is a common but nonspecific manifestation of
asthma, as it has other underlying causes, including
respiratory infection.

Of the 43 studies reporting effects of smoking
by either parent, the 2 studies with the highest ORs
reported on wheeze that was classified as both current
and persistent (Weiss et al. 1980) and on wheeze most
days or nights (Lebowitz and Burrows 1976), rather
than wheeze ever or current wheeze. These two stud-
ies also reported the lowest prevalence rates (Table
6.11), suggesting that the definitions probably reflected
more severe wheeze. In two studies that reported on
both wheeze ever and wheeze most days or nights,
the ORs were greater for wheeze most days or nights
(Somerville et al. 1988; Chinn and Rona 1991). More
recently, one study in Hong Kong reported a slightly
higher OR for current than for severe wheeze (Table
6.11) (Leung et al. 1997). Two large studies from the
United Kingdom found higher odds for maternal
smoking in relation to frequent attacks than for less
frequent attacks (Butland et al. 1997), and for speech-
limiting wheeze than for all wheeze in the past year
(Table 6.11) (Burr et al. 1999). However, a smaller
United Kingdom study reported stronger associations
with wheeze ever than for wheeze in the past year or
for speech-limiting attacks (Table 6.11) (Shamssain
and Shamsian 1999). The overall pooled OR from
all studies using adjusted values if available was
1.26 (Figure 6.6) (see also Table 6.14).

Similar to the findings for asthma, all but one
of the ORs for smoking by either parent were above
1. The highest ORs were from small studies that had
not adjusted for potential confounders (Figure 6.6).
There was clear evidence of heterogeneity of effect
among the unadjusted studies (pooled OR = 1.30
[95 percent CI, 1.20-1.41], 2, for heterogeneity =152.1,
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Table 6.10  Studies of asthma prevalence associated with parental smoking
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed  Either parent Either parent
Study location Definition of asthma (%) (unadjusted) (adjusted)
Lebowitz and 0-15 Physician diagnosis 7.6 3.53 NR*
Burrows 1976 United States (2.13-5.86)
Dodge 1982 8-12 NR 4.1 1.61 NR
United States (0.78-3.33)
Burchfiel et al. 0-19 NR 11.5 NR 1.14
1986 United States (0.92-1.41)
Goren and 2nd and 5th graders  Ever 8.9 1.07 NR
Goldsmith 1986  Israel (0.74-1.56)
Strachan and 5-7 Wheeze consultations 13 1.60 NR
Elton 1986 United Kingdom (0.56-4.60)
Somerville et 5-11 An attack in the past year 4 1.0 1.18
al. 1988 United Kingdom (0.78-1.28) (0.86-1.62)
Stern et al. 7-12 Current 3.6 NR NR
1989a Canada
Stern et al. 7-12 Physician diagnosis 48 NR NR
1989b Canada (ever)
Chinn and 5-11 In the past year NR NR 1.02
Rona 1991 United Kingdom (0.86-1.20)
Dekker et al. 5-8 Current 4.8 1.53 1.49
1991 Canada (1.30-1.81) (NR)
Forastiereetal. 7-11 Ever (or symptoms) 6.3 14 1.3
1992 Italy (NR) (0.9-1.8)
Schmitzberger  6-15 Physician diagnosis 34 NR NR
et al. 1993 Austria
Brabin et al. 5-11 Ever 17 1.09 1.06
1994 United Kingdom (0.85-1.41) (0.83-1.37)
Soto-Quiros et 6-12 NR NR NR NR
al. 1994 Costa Rica
Goren and 2nd and 5th graders  Ever 9.6 1.19 NR
Hellmann 1995  Israel (1.01-1.41)
Kay et al. 1995 3-11 Current (definition 17 1.42 1.31
United Kingdom unclear) (1.05-1.92) (0.96-1.81)
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Odds ratio for smoking (95% confidence interval)

One parent only Both parents vs.  Mother only vs.  Father only vs.

vs. neither neither neither neither Confounders adjusted for
NR NR NR NR NR
1.36 1.94 NR NR NR
(0.57-3.21) (0.81-4.50)
0.84 1.62 1.28 0.76 Age, gender, socioeconomic status
(0.63-1.13) (1.18-2.22) (0.68-2.40) (0.56-1.04) (SES), family size
NR NR 1.36 0.91 NR
(0.87-2.14) (0.59-1.39)
NR NR NR NR NR
NR NR NR NR Child’s age, gender, birth weight, and

triceps skinfold; mother’s age and
education; number of siblings; and
father’s social class and job

NR NR 1.11% 1.41% NR
(0.63-1.98) (0.80-2.48)
NR NR 1.434 NR NR
(1.09-1.88)
NR NR NR NR Birth weight; father’s social class

and job; mother’s age, education,
and smoking during pregnancy; and
family size and ethnic origin

1.4 1.59 NR NR Dampness, gas cooking, type of
(1.13-1.73) (1.28-1.98) heating, pets
NR 1.50 1.70 1.0 Age, gender, area, SES
(1.04-2.20) (1.04-2.70) (0.70-1.50)
NR NR 2.11° NR NR
(1.22-3.67)
NR NR NR NR Area
NR NR 1.53" 1.19* NR
(1.14-2.04) (0.97-1.45)
1.13 1.33 1.27¢ 1.19* NR
(0.94-1.36) (1.07-1.66) (1.04-1.55) (1.0-1.41)
NR 1.81 1.13 1.3 SES
(1.16-2.84) (0.71-1.80) (0.86-1.97)
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Table 6.10 Continued
Odds ratio for smoking
X (95% confidence interval)
Population age Prevalence
(years)/ in unexposed  Either parent Either parent
Study location Definition of asthma (%) (unadjusted) (adjusted)
Lau et al. 1995 3-10 Current (definition 7 1.35 NR
Hong Kong unclear) (0.60-3.06)
Moyes et al. 6-7 Ever 25 1.06 NR
1995 New Zealand (0.89-1.27)
13-14 Ever 23 0.94 NR
New Zealand (0.79-1.13)
Seyseth et al. 7-13 Ever 7.7 NR NR
19951 Norway
7-13 Ever NR NR NR
Norway
7-13 Ever NR NR NR
Norway
Volkmer et al. 4-5 Ever NR Not significant  Not significant
19951 Australia
Beckett et al. 1-18 Physician diagnosis 10.3 1.56 1.40
1996 United States (1.30-1.88) (1.13-1.72)
Bener et al. 6-14 Ever 12.7 1.28 NR
1996 United Arab (0.82-1.99)
Republic
Chen et al. 6-17 Physician diagnosis 10.0 1.14 NR
1996* Canada (ever) (0.72-1.79)
Peters et al. 8-11 Current physician 6.18 NR 0.90
1996 Hong Kong diagnosis (definition (0.69-1.17)
unclear)
Farber et al. 5-17 Ever 15.98 NR 1.39
1997 United States (1.11-1.72)
Forsberg et al. 6-12 Treatment by physician 3.58 NR 14
1997 Scandinavia in the past 12 months (1.1-1.7)
Hu et al. 1997 10-11 Physician diagnosis 25.3 NR NR
United States (ever)
(Illinois)
Maier et al. 5-9 Physician diagnosis 118 15 1.6
1997 United States (ever) (1.0-2.4) (0.9-2.7)
(Washington state)
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Odds ratio for smoking (95% confidence interval)

One parent only Both parents vs. = Mother only vs.  Father only vs.

vs. neither neither neither neither Confounders adjusted for
NR NR NR NR NR
NR NR NR NR NR
NR NR NR NR NR
NR NR 1.17¢ 0.72% NR
(0.66-2.07) (0.39-1.31)
NR NR 1.26™* NR NR
(0.71-2.25)
NR NR 1.99" NR NR
(1.08-3.67)
NR NR NR NR NR
NR NR NR NR Ethnicity, gas stove, mold, maternal

age, maternal allergy, number of
children at home

NR NR NR NR NR

0.92 1.55 1.17¢ 1.0* NR

(0.53-1.63) (0.84-2.84) (0.71-1.95) (0.61-1.64)

0.76 1.22 NR NR NR

(0.55-1.07) (0.78-1.92)

NR NR NR NR Age, gender, ethnicity

NR NR NR NR Age, gender, area, fitted carpets, pets,
mold, stove use, parental asthma, early
day care

NR NR 1.22 NR None

(0.79-1.89)

NR NR NR NR Gender, ethnicity, allergy, SES, parental

asthma
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Table 6.10 Continued
Odds ratio for smoking
X (95% confidence interval)
Population age Prevalence
(years)/ in unexposed  Either parent Either parent
Study location Definition of asthma (%) (unadjusted) (adjusted)
Selguk et al. 7-12 Ever 13.1 1.41 1.351
1997 Turkey (1.19-1.67) (1.12-1.62)
7-12 Current 4.6 1.34 1.28
Turkey (1.02-1.77) (0.94-1.75)
Kendirli et al. 6-14 Ever (by questionnaire) 12.98 1.41 NR
1998 Turkey (1.16-1.72)
Lam et al. 1998 12-15 Physician diagnosis 8.5 NR NR
Hong Kong (ever)
Ronmark et al. 7-8 Physician diagnosis and 6.45 NR NR
1998 Sweden current
Withers et al. 14-16 Physician diagnosis 22.38 NR p >0.05
1998 United Kingdom (ever)
Agabiti et al. 6-7 Asthma with symptoms 5.0 1.33 1.34
1999 Italy in the past year (1.10-1.60) (1.11-1.62)
13-14 Asthma with symptoms 5.9 1.26 1.17
Italy in the past year (1.07-1.49) (0.99-1.39)
Chhabra et al. 5-17 Current 10.8 1.61 1.51
1999 India (NR) (1.34-1.69)
Lametal. 1999  8-13 Physician diagnosis 6.8 NR 0.91%1
Hong Kong (ever) (definition unclear) (0.69-1.18)
Nilsson et al. 13-14 Ever (International Study 9.38 1.0 NR
1999 Sweden of Asthma and Allergy in (0.7-1.4)
Childhood [ISAAC] child
questionnaire)
Shamssain and  6-7 Ever 20.6 NR NR
Shamsian 1999  United Kingdom
Ponsonby etal.  6-7 Has your child ever had 30.0 1.16 1.03
2000 Australia asthma (0.85-1.57) (0.83-1.26)
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Odds ratio for smoking (95% confidence interval)

One parent only Both parents vs. = Mother only vs.  Father only vs.
vs. neither neither neither neither Confounders adjusted for
NR NR NR NR Age, gender, place, animals, atopic
family, breastfeeding
NR NR NR NR NR
NR NR NR NR NR
0.89 NR 1.32 0.92% Age, gender, area, housing type
(0.69-1.12) (0.71-2.45) (0.72-1.17)
NR NR 1.6 NR Gender, area, pets, dampness, family
(1.1-2.3) history
NR NR 1.50 p >0.05 Parent and child atopy, sibling with
(1.14-1.98) asthma
NR 1.35 1.46 1.26 Age, gender, area, father’s education,
(1.09-1.69) (1.13-1.87) (1.01-1.58) crowding, dampness, gas heating,
parental asthma, other smokers
NR 1.29 1.23 1.04 Age, gender, area, father’s education,
(1.06-1.56) (0.98-1.53) (0.86-1.27) crowding, dampness, gas heating,
parental asthma, other smokers, active
smoking
NR NR NR NR Age, gender, atopic family
NR NR NR NR Age, gender, area, active smoking
NR NR 1.4** NR None
(1.0-2.0)
1.35 1.55 1.39* NR None
(NR) (NR) (1.12-1.74)
NR NR 1.08** NR Gender, family history, breastfeeding,
(0.90-1.30) gas heat, mother’s education, number

in household
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Table 6.10 Continued
Odds ratio for smoking
. (95% confidence interval)

Population age Prevalence

(years)/ in unexposed  Either parent Either parent
Study location Definition of asthma (%) (unadjusted) (adjusted)
Qian et al. 2000 5-14 Recall of asthma ever 0.8-3.6 NR 2.11

China with physician diagnosis (0.79-5.66)
Résdnen et al. 16 Physician diagnosis 3.2 NR NR

2000 Finland

(ever) by questionnaire

*NR = Data were not reported.

*Mother currently smoked vs. did not smoke.
*Father currently smoked vs. did not smoke.
SOverall prevalence.

“Mother smoked vs. did not smoke during pregnancy and infancy.

INot included in the meta-analysis.
**Mother smoked vs. did not smoke prenatally.
*Mother smoked vs. did not smoke postnatally.

#Estimates were determined by combining data for allergic and nonallergic participants.
$SFather smoked vs. neither parent smoked where only 2.5% of the mothers smoked.
s Approximate confidence limits were derived from the given p value.

1T Analyses excluded active smokers.
***Mother ever vs. never smoked.

p <0.001). Among the adjusted studies, the pooled
OR was only slightly lower (OR = 1.25 [95 percent CI,
1.17-1.33]), which again provided evidence of hetero-
geneity (x2, = 88.4, p <0.001). For those studies with
both adjusted and unadjusted ORs, there was a simi-
lar, very small effect of adjustment except for one early
Japanese study (Table 6.11) (Kasuga et al. 1979).

For the 19 centers participating in the European
Communities (EC) Study, it was possible to extract
data for wheeze ever. There was no evidence of het-
erogeneity between centers (x?, = 18.6, p = 0.42); the
pooled OR across the 19 centers was 1.20 (95 percent
CI, 1.09-1.32).

Chronic Cough

A total of 44 published studies of cough have
used a variety of symptom definitions (Table 6.12).
Although most of the studies were based on either
the MRC or American Thoracic Society question-
naires, the largest study was based on a study-specific
questionnaire (Charlton 1984). Two studies reported
raised ORs for cough without wheeze (Ninan et
al. 1995; Wright et al. 1996), thus emphasizing the
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importance of cough as a symptom. There is no sug-
gestion that the studies reporting the lowest preva-
lence rates (implying a more restrictive definition)
contributed the highest ORs. The pooled OR for the 26
studies with no adjustments for potential confounders
was 1.45 (95 percent CI, 1.34-1.58, . for heteroge-
neity = 84.0, p <0.001), somewhat greater than for the
16 studies that adjusted for various factors: pooled OR
= 1.27 (95 percent CI, 1.21-1.33, 2, for heterogeneity
=18.0, p = 0.26) (Figure 6.7). In four studies reporting
both adjusted and unadjusted estimates, the adjust-
ments had little impact (Bland et al. 1978; Somerville
et al. 1988; Wright et al. 1996; Burr et al. 1999); the
study conducted by Forastiere and colleagues (1992)
was excluded because CIs were not reported for the
unadjusted category. It is worth noting, however, that
Wright and colleagues (1996) and Burr and colleagues
(1999) adjusted for active smoking.

Chronic Phlegm

Out of 12 studies reporting on phlegm, 4 used
a definition of persistent phlegm and 3 were unclear
with regard to the definition in the study report
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Odds ratio for smoking (95% confidence interval)

One parentonly ~ Both parentsvs. = Mother only vs.  Father only vs.
vs. neither neither neither neither Confounders adjusted for
NR NR NR NR Age, gender, ventilation, family
history, mother’s education, coal use,
area
NR NR 1.49*** NR Gender, parental asthma and hay
(1.02-2.18) fever, number of older siblings,

father’s occupation

(Table 6.13); 7 out of 10 studies reported significant
ORs for smoking by either parent, although all ORs
were above 1 (Figure 6.8). The pooled OR for smoking
by either parent was 1.35 (95 percent CI, 1.30-1.41),
with no evidence of heterogeneity between studies
(2, for heterogeneity = 4.6, p = 0.87).

Breathlessness

Six studies reported on shortness of breath using
various definitions (Table 6.13). Only two studies
reported statistically significant effects even though
results were above 1 for all but one of the ORs (Fig-
ure 6.8). The pooled OR for smoking by either parent
was 1.31 (95 percent CI, 1.14-1.50), with no evidence
of heterogeneity (y’, for heterogeneity = 4.6, p = 0.47).

Pooled Odds Ratios

The pooled ORs for smoking by either parent
compared with smoking by neither parent are consis-
tent across different outcomes, ranging from 1.23 for
asthma to 1.35 for cough and phlegm (Table 6.14). For
asthma, wheeze, and cough—for which there are suffi-
cient studies to justify a pooled analysis—there is clear

evidence of an increased risk of respiratory symptoms
if only one parent smokes, regardless of whether it is
only the mother or the father. Exposure to smoking
only by the mother appears to have a greater effect, but
a formal comparison of smoking by only the mother
or father is not possible because it requires within-
study estimates of standard errors for the calculation.
Evidence exists of a dose-response relationship with
the number of parents who smoke; the summary ORs
for smoking by both parents are greater than for one
parent only in all cases (Table 6.14).

Restricting Analyses to Preteens

Because a number of the cited studies cover
teenagers who may be active smokers, and only
some studies have included controls for active smok-
ing, the analyses have been repeatedly restricted to
those studies in Table 6.9 with no children older than
11 years of age. The results are presented in Table 6.15.
Although the number of studies is markedly reduced
and confidence limits are widened, the estimated ORs
are similar to those in Table 6.14.
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Figure 6.5

Lebowitz and Burrows 1976
Dodge 1982

Goren and Goldsmith 1986
Strachan and Elton 1986

Dekker et al. 1991

Goren and Hellmann 1995

Lau et al. 1995

Moyes et al. 1995 (aged 6-7 years)
Moyes et al. 1995 (aged 13-14 years)
Bener et al. 1996

Chen et al. 1996

Kendirli et al. 1998

Nilsson et al. 1999

Unadjusted pooled odds ratio (OR)*

Burchfiel et al. 1986

Somerville et al. 1988

Chinn and Rona 1991

Forastiere et al. 1992

Brabin et al. 1994

Kay et al. 1995

Beckett et al. 1996

Peters et al. 1996

Farber et al. 1997

Forsberg et al. 1997

Maier et al. 1997

Selcuk et al. 1997

Agabiti et al. 1999 (aged 6-7 years)
Agabiti et al. 1999 (aged 13-14 years)
Chhabra et al. 1999

Lam et al. 1999

Ponsonby et al. 2000

Qian et al. 2000

Adjusted pooled OR"

Pooled OR?

*Studies that did not adjust for potential confounders.

Odds ratios for the effect of smoking by either parent on asthma prevalence

1
0.7 1.0 1.4 2.0 2.8

Odds ratio (95% confidence interval)

*Studies that adjusted for a variety of potential confounders.

*Based on all studies.
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Effect of Parental Smoking at Different Ages

Modification of the effect of parental smoking
as children age is quite plausible. The relationship of
parental smoking to the personal exposure of their
children may change as the children age, and sus-
ceptibility to secondhand smoke may also change. In
addition, the constellation of symptoms, signs, and
physiologic abnormalities leading to a diagnosis of
asthma may vary by age. A comparison across differ-
ent studies is unlikely to provide a valid assessment of
the risks associated with exposure to parental smok-
ing at different ages because of the considerable over-
lap of age range in many studies, different definitions
of symptoms, and the need to control for active smok-
ing in older children. However, within-study com-
parisons can be made if comparable information is
available across age groups. For example, a large U.S.
study found evidence of a reduction in the OR asso-
ciated with maternal smoking and current wheeze
from 1.9 among infants to 1.07 among teenagers
(Table 6.11) (Stoddard and Miller 1995). Recent analy-
ses of NHANES III data documented similar results,
where ORs for current wheeze in the top versus
the bottom tertile of cotinine levels declined from
4.8 (95 percent CI, 2.4-9.9) at 4 through 6 years of age to
1.5 (95 percent CI, 0.7-3.3) at 7 through 11 years of
age, and to 0.9 (95 percent CI, 0.3-2.2) at 12 through
16 years of age (Mannino et al. 2001). Similarly, a large
questionnaire survey in the United Kingdom found a
reduction in the OR for cough from 1.60 at 8 through
10 years of age to 1.50 at 11 through 13 years of age,
and to 1.12 at 14 through 19 years of age (Table 6.12)
(Charlton 1984). A Korean study found that the OR
for cough during a two-week period fell from 3.9 for
5-year-olds and younger to 2.6 for 6- through 11-year-
olds, and to 2.0 for 12- through 14-year-olds (Park
and Kim 1986). The Italian Studies on Respiratory
Disorders in Childhood and the Environment reported
a reduction in the odds of current asthma from
1.34 at 6 through 7 years of age to 1.17 in adolescents
(Table 6.10) (Agabiti et al. 1999). In contrast, a rela-
tively small New Zealand study found slightly higher
ORs for current wheeze and cough at 13 through
14 years of age than at 6 through 7 years of age
(Tables 6.11 and 6.12) (Moyes et al. 1995).

For a given level of parental smoking, the
reported ORs in this review of the effects of parental
smoking on LRIs in schoolchildren were somewhat
lower than ORs found in infancy and early childhood.
For LRIs, the pooled OR for either parent smoking
was 1.57 (95 percent CI, 1.42-1.74). This pattern is con-
sistent with previous claims of smaller effects in older
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children, but the contrast is less marked than has been
suggested (USEPA 1992). Moreover, it is necessary to
consider the level of exposure when comparing esti-
mates of the effects, which some earlier reviews did
not provide (DiFranza and Lew 1996). For the same
level of maternal smoking, biomarker cotinine assess-
ments showed that personal exposure of children
to secondhand smoke declined markedly between
infancy and school age (Irvine et al. 1997).

Even after entering school, salivary cotinine lev-
els provided evidence that exposure of nonsmoking
children to secondhand smoke continues to fall as
children grow older; exposures also are affected by
gender, geographic area, and time of year (Jarvis et al.
1992; Cook et al. 1994; Pirkle et al. 1996). This decline
in cotinine levels with an increase in age is consistent
with large, nationwide U.S. study data, and strongly
suggests that the adverse effects of parental smoking
on respiratory symptoms in their children decline
with age even among schoolchildren (Stoddard and
Miller 1995).

Prenatal and Postnatal Exposure

Few studies have separately analyzed the effects
of past versus current exposure to secondhand smoke.
An early study reported a slightly lower prevalence
of cough during the day or at night in children of for-
mer smokers (14.2 percent of 634) than in the offspring
of lifetime nonsmokers (15.6 percent of 320) (Colley
1974). A more recent New Zealand study found that
smoking by the current primary caregiver was associ-
ated with current wheeze (OR = 1.4 [95 percent CI,
1-2.1]), whereas maternal smoking during pregnancy
was not (OR = 0.9 [95 percent CI, 0.7-1.4]) (Shaw et
al. 1994). In a Norwegian study, postnatal smoking
by the mother was more strongly related to asthma
compared with either prenatal or current smoking
(Table 6.10) (Seyseth et al. 1995). A recent Scottish
study reported slightly stronger effects for current
maternal smoking versus prenatal maternal smoking
for both wheeze (OR = 1.15 versus 1.10, respectively)
and cough (1.93 versus 1.42, respectively) (Beckett et
al. 1996).

Findings of an analysis of NHANES III data are
relevant to the U.S. experience. In general, the effects
of in utero exposure to maternal smoking did not
explain the effects of current secondhand smoke expo-
sure (Mannino et al. 2001). Specifically, being in the
top tertile of current cotinine levels, after excluding
any active smokers, was associated with an increased
risk of both current asthma and wheeze, regardless of
prenatal maternal smoking. In contrast, a small U.S.
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Table 6.11  Studies of wheeze prevalence associated with parental smoking
Odds ratio for smoking
. (95% confidence interval)

Population age Prevalence
(years)/ in unexposed Either parent Either parent

Study location Definition of wheeze (%) (unadjusted) (adjusted)

Lebowitz and 0-15 Most days 1.4 2.86 NR*

Burrows 1976 United States (0.92-8.87)

Schilling et al. 7-15 Ever 11.7 1.99 NR

1977 United States (1.28-3.10)

Kasugaetal. 1979  6-11 Current (or asthma) 9.8 2.08 1.15
Japan (1.49-2.91) (0.83-1.61)

Stanhope et al. 12-18 Current (or asthma) NR NR NR

1979 New Zealand

Weiss et al. 1980 5-9 Current and persistent 1.8 5.89 NR
United States (0.79-44.1)

Dodge 1982 8-12 Ever 27.9 1.32 NR
United States (0.94-1.85)

Schenker et al. 5-14 Persistent 7.2 0.93 NR

1983 United States (0.73-1.19)

Ware et al. 1984 6-9 Persistent 9.9 NR 1.2
United States (1.05-1.37)

Burchfiel et al. 0-19 NR 18.4 NR 1.28

1986 United States (1.08-1.52)

Goren and Grades 2-5 Wheeze with a cold 12.7 1.27 NR

Goldsmith 1986 Israel (0.95-1.70)

McConnochie and  6-10 Current 10.2 NR NR

Roghmann 1986a United States

Strachan and 7-8 Ever 20 2.1 NR

Elton 1986 United Kingdom (0.87-5.1)

Somerville et al. 5-11 Ever 11 1.098 1.22

1988 United Kingdom (0.95-1.26) (1.02-1.45)
5-11 Most days/nights 3 1.66 1.54
United Kingdom (1.01-2.12) (1.16-2.04)

Strachan 1988 7 In the past year 12.1 1.04 NR
United Kingdom (0.72-1.52)

Hosein et al. 1989 7-17 Current 13 NR 1.23
United States (0.88-1.72)

Stern et al. 1989a 7-12 Ever 22.9 NR NR
Canada

Stern et al. 1989b 7-12 Persistent 94 NR NR
Canada
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only
vs. neither vs. neither vs. neither vs. neither Confounders adjusted for
NR NR NR NR NR
1.47 4.57 2.08 1.07 NR
(0.90-2.4) (2.45-8.51) (1.14-3.79) (0.57-1.99)
NR NR NR NR Distance from a major road
NR NR 0.53 NR NR
(0.26-1.05)
412 7.52 NR NR NR
(0.52-32.9) (0.99-57.3)
1.01 1.8 NR NR NR
(0.67-1.52) (1.19-2.73)
1.08 0.74 NR NR NR
(0.82-1.40) (0.53-1.04)
1.11 1.32 1.18 1.08 Age, gender, city
(0.95-1.29) (1.14-1.53) (0.95-1.48) (0.92-1.28)
11 1.53 1.42 1.03 Age, gender, parental education
(0.87-1.39) (1.19-1.97) (0.85-2.36) (0.80-1.33)
NR NR 0.98 1.44 NR
(0.66-1.46) (1.05-1.98)
NR NR 2.16* 1.20* NR
(0.97-4.80) (0.55-2.62)
NR NR NR NR NR
NR NR NR NR Age, gender, birth weight, obesity,
socioeconomic status (SES), mother’s
age, number of siblings
NR NR NR NR Age, gender, birth weight, obesity, SES,
mother’s age, number of siblings
1.0 1.13 NR NR NR
(0.65-1.54) (0.67-1.90)
1.32 1.14 NR NR Gender, active smoking
(0.91-1.91) (0.78-1.68)
NR NR 1.59 1.03 NR
(1.24-2.03) (0.80-1.31)
NR NR 1.26 NR NR
(0.95-1.67)
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Table 6.11 Continued
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of wheeze (%) (unadjusted) (adjusted)
Dijkstra et al. 1990  6-12 In the past year 7.12 NR 1.86
Netherlands (0.99-3.49)
Chinn and Rona 5-11 Ever NR NR 1.118
1991 United Kingdom (1.0-1.22)
5-11 Most days or nights NR NR 1.31
United Kingdom (1.11-1.55)
Dekker et al. 1991 5-8 Current 7.2 1.6 1.55
Canada (1.39-1.83) (NR)
Henry et al. 1991 5-12 In the past year 17.3 NR 14
Australia (0.8-2.3)
Dulffy and 8 and 12 Ever 224 NR NR
Mitchell 1993 Australia
Halliday et al. 5-12 Current NR NR 1.02
1993 Australia (0.71-1.47)
Jenkins et al. 1993 7 Ever (or asthma) NR NR NR
Australia
Brabin et al. 1994 5-11 Ever 18 1.32 1.28
United Kingdom (1.03-1.69) (1.0-1.64)
Shaw et al. 1994 8-13 Current 22 1.0 NR
New Zealand (0.7-1.4)
8-13 Current 18 NR NR
New Zealand
8-13 Current$ 22 NR NR
New Zealand
Brabick et al. 1995  10-12 NR 11.9 NR NR
Sweden
10-12 NR 9.4 NR NR
Poland
10-12 NR 7.1 NR NR
Estonia
Cuijpers et al. 6-12 Ever (definition 14.7% NR 1.08
1995 Netherlands unclear) (0.67-1.74)
Goren and 2nd and 5th graders ~ Wheeze with a cold 13.1 1.25 NR
Hellmann 1995 Israel (1.09-1.44)
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only
vs. neither vs. neither vs. neither vs. neither Confounders adjusted for
NR NR NR NR Age, parental education
NR NR NR NR Age, gender, country, birth weight,
obesity, SES, mother’s age, number of
siblings, ethnicity, gas cooking
NR NR NR NR Age, gender, country, birth weight,
obesity, SES, mother’s age, number of
siblings, ethnicity, gas cooking
1.39 1.72 NR NR Dampness, gas cooking
(1.17-1.65) (1.44-2.05)
NR NR NR NR Age, gender, area, dust mite allergy
NR NR 1.36 0.94 NR
(0.96-1.93) (0.70-1.26)
NR NR NR NR Age, gender, area, atopy
NR NR 1.35* 1.10* NR
(1.2-1.52) (0.97-1.23)
NR NR NR NR Area
NR NR NR NR NR
NR NR 1.41 NR NR
(1.0-2.1)
NR NR 0.9** NR NR
(0.7-1.4)
NR NR 0.73 NR Gender, atopy, dampness, overcrowding
(0.41-1.29)
NR NR 1.54 NR Gender, atopy, dampness, overcrowding
(0.91-2.60)
NR NR 1.45 NR Gender, atopy, dampness, overcrowding
(0.94-2.24)
NR NR NR NR Age, gender, dampness, father’s
education, dog, unvented geyser
1.24 1.27 1.25¢ 1.27¢ NR
(1.07-1.45) (1.06-1.53) (1.06-1.48) (1.10-1.47)
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Table 6.11 Continued
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of wheeze (%) (unadjusted) (adjusted)
Moyes et al. 1995 6-7 Current 23 1.06 NR
New Zealand (0.88-1.27)
13-14 Current 28 1.16 NR
New Zealand (0.98-1.37)
Stoddard and 0-17 Current (or asthma)s NR NR NR
Miller 1995 United States
0-2 Current (or asthma) 11.6 NR NR
United States
3-5 Current (or asthma) 8 NR NR
United States
6-12 Current (or asthma) 7.5 NR NR
United States
13-17 Current (or asthma) 8.5 NR NR
United States
Volkmer et al. 4-5 In the past year NR 112 Not significant’
1995 Australia (NR)
4-5 Ever NR 1.24 1.18
Australia (NR) (1.08-1.30)
Abuekteish et al. 6-12 In the past 3 years 12.44 NR NR
1996 Jordan
Peters et al. 1996 10-13 NR 7.14 NR 1.01
Hong Kong (0.79-1.29)
Wrightetal. 1996 6 Current 26.4 1.32 NR
United States (0.98-1.80)
Austin and 12 and 14 Current 16.6 1.13 NR
Russell 1997 United Kingdom (0.87-1.48)
Butland et al. 1997 7.5-8.5 <4 attacks in the 6.6 NR NR
United Kingdom past year; parent
questionnaire
7.5-8.5 >4 attacks in the 2.6 NR NR
United Kingdom past year; parent
questionnaire
Hu et al. 1997 10-11 In the past year 29.0 NR NR
United States
(Chicago)
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only

vs. neither vs. neither vs. neither vs. neither Confounders adjusted for

NR NR NR NR NR

NR NR NR NR NR

NR NR 1.36 0.83 Gender, race, area, SES, family size
(1.14-1.62) (0.67-1.02)

NR NR 1.90 NR Gender, race, area, SES, family size
(1.23-2.94)

NR NR 1.53 NR Gender, race, area, SES, family size
(0.99-2.37)

NR NR 1.35 NR Gender, race, area, SES, family size
(1.01-1.81)

NR NR 1.07 NR Gender, race, area, SES, family size
(0.76-1.49)

NR NR NR NR Method of heating and ventilating

NR NR NR NR Method of heating and ventilating

NR NR 1.87* 1.31¢ NR
(1.28-2.75) (1.05-1.63)

0.94 1.70 NR NR Age, gender, district, father’s education,

(0.69-1.28) (1.15-2.54) housing

NR NR NR NR NR

NR NR 1.15 NR NR
(0.84-1.56)

NR NR 1.27** 1.04" Study period
(0.93-1.74) (0.76-1.43)

NR NR 1.55** 1.06™ Study period
(1.02-2.34) (0.69-1.62)

NR NR 0.79 NR None
(0.51-1.21)
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Table 6.11 Continued
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of wheeze (%) (unadjusted) (adjusted)
Leung et al. 1997 13-14 Current® 124 1.14 NR
Hong Kong (0.92-1.42)
13-14 Severe attack* 2.4 1.058 NR
Hong Kong (0.64-1.74)
Maier et al. 1997 5-9 In the past year (no 7 1.7 1.8
United States asthma diagnosis) (1.0-2.9) (1.0-3.2)
(Washington state)
Selcuk et al. 1997 7-12 Ever 16.1 1.29 1.258
Turkey (1.10-1.51) (1.05-1.48)
7-12 Current 4.1 1.39 1.52
Turkey (1.02-1.90) (1.10-2.09)
Chhabra et al. 4-17 Current wheeze 15.3 1.62 NR
1998 India (1.27-2.05)
Kendirli et al. 1998 6-14 Wheeze (ever) 8.4 1.63 NR
Turkey (1.29-2.08)
Lam et al. 1998 12-15 In the past 3 months 4.8 NR NR
Hong Kong
Lewis and Britton 16 Current wheeze NR NR NR
1998 United Kingdom
Lewis et al. 1998 8-11 >3 episodes of wheeze 8.6 NR 1.16
Australia in the past year (0.85-1.59)
Peters et al. 1998 8-13 Physician consultation 2.2 1.22 NR
Hong Kong for wheeze in the past (0.96-1.57)
3 months
Saraclar et al. 1998  7-14 Ever (International 4.74 NR 1.33
Turkey Study of Asthma and (1.03-1.76)
Allergy in Childhood
[ISAAC])
Withers et al. 1998  14-16 Current wheeze 18.22 NR 1.48
United Kingdom (1.17-1.88)
Agabitietal. 1999  6-7 Wheeze in the past 5.2 1.09 1.13
Italy year (no asthma (0.90-1.32) (0.93-1.37)
diagnosis); parent
questionnaire
13-14 Wheeze in the past 8.4 1.42 1.24
Italy year (no asthma (1.23-1.63) (1.07-1.44)
diagnosis); child
questionnaire
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only

vs. neither vs. neither vs. neither vs. neither Confounders adjusted for

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR Gender, ethnicity, allergy, SES, parental
asthma

NR NR NR NR Age, gender, place, animals, atopic
family, breastfeeding

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR NR

1.21 NR 1.71 1.24% Age, gender, area, housing type

(0.91-1.60) (0.84-3.49) (0.93-1.64)

NR NR 1.27** NR Gender, SES, breastfeeding, maternal

(1.16-1.39) age, parity, birth weight, gestational age

NR NR NR NR Age, gender, PM, %, SO,*, gas heating,
maternal allergy

1.04 1.57 NR NR Age, gender, housing type, area, father’s

(0.76-1.41) (1.02-2.43) education

NR NR NR NR Age, gender, pets, parental atopy, SES

NR NR p >0.05 p >0.05 Maternal asthma, child eczema and hay
fever, atopic sibling, pets, gas cooking;
active smoking was “not significant”

NR 1.24 1.18 1.14 Age, gender, area, father’s education,

(0.99-1.56) (1.0-1.39) (0.97-1.36) crowding, dampness, gas heating,

parental asthma, other smokers

NR 1.31 1.26 1.09 Age, gender, area, father’s education,

(1.11-1.56) (1.13-1.41) (0.96-1.24) crowding, dampness, gas heating,

parental asthma, other smokers, active
smoking
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Table 6.11 Continued
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of wheeze (%) (unadjusted) (adjusted)
Belousova et al. 8-11 Wheeze in the past 23.8 NR NR
1999 Australia year
Burr et al. 1999 12-14 Wheeze in the past 31.8 1.22 1.1471
United Kingdom 12 months; child (1.15-1.28) (1.09-1.19)
questionnaire
12-14 Speech-limiting 7.6 1.40 1.27511
United Kingdom wheeze in the past (1.28-1.52) (1.17-1.36)
12 months
Chhabra et al. 5-17 Current wheeze 10.8 1.69 1.61
1999 India (definition unclear) (NR) (1.47-1.78)
Lam et al. 1999 8-13 Wheeze (ever) 9.6 NR 1.12
Hong Kong (0.89-1.41)11
Shamssain and 67 Wheeze in the past 15.5 NR NR
Shamsian 1999 United Kingdom year
67 Speech-limiting attack 2.7 NR NR
United Kingdom in the past year
6-7 Wheeze (ever) 25.6 NR NR
United Kingdom
Wang et al. 1999 11-16 Wheeze in the past 13.2 1.02 1.08
Taiwan year; video; written (0.99-1.05) (1.05-1.12)
questionnaires
Csonka et al. 2000 6-13 Current wheeze >9.6 1.6 NR
Finland or asthma (1.0-2.6)
Qian et al. 2000 5-14 Wheeze (ever) 6.9-17.4 NR 1.31
China (0.96-1.78)

*NR = Data were not reported.

*Mother currently smoked vs. did not smoke.
*Father currently smoked vs. did not smoke.

SNot included in the meta-analysis.

“Overall prevalence.
TPrimary caregiver smoked vs. did not smoke.

**Mother smoked vs. did not smoke prenatally.
*Father smoked vs. neither parent smoked where only 2.5% of the mothers smoked.
#Based on a written questionnaire.
$PM,, = Particulate matter (levels of particles [particulate pollution] with an aerodynamic diameter of less than

10 micrometers).

4450, = Sulfur dioxide.

11Derived from pooled results of all household smokers.
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only
vs. neither vs. neither vs. neither vs. neither Confounders adjusted for
NR NR 1.33* NR Atopy, parental asthma, early life
(1.2-1.5) bronchitis
NR NR NR NR Gender, area, pets, cooking fuel, heating
fuel, housing type, active smoking
NR NR NR NR Gender, area, pets, cooking fuel, heating
fuel, housing type, active smoking
NR NR NR NR Age, gender, family atopy
NR NR NR NR Age, gender, area, active smoking
1.11 1.50 1.15 NR None
(NR) (NR) (0.86-1.54)
NR NR 1.12 NR None
(0.66-1.90)
NR NR 1.46 NR None
(1.19-1.79)
NR NR NR NR Age, gender, parental education,
area, Chinese incense, exercise, active
smoking, alcohol consumption
NR NR NR NR NR
NR NR NR NR Age, gender, ventilation, family history,

mother’s education, coal use, area
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Figure 6.6  Odds ratios for the effect of smoking by either parent on wheeze prevalence
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*Studies that did not adjust for potential confounders. Odds ratio (95% confidence interval)

*Studies that adjusted for a variety of potential confounders.
*Based on all studies.
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Figure 6.7 Odds ratios for the effect of smoking by either parent on cough prevalence
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Table 6.12  Studies of cough prevalence associated with parental smoking
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of cough (%) (unadjusted) (adjusted)
Norman-Taylor and 5 Recent recurrence 3.1 0.89 NR*
Dickinson 1972 United Kingdom (0.44-1.80)
Colley 1974 6-14 Usually, in winter 14.7 1.47 NR
United Kingdom (1.17-1.85)
Lebowitz and 0-15 Persistent 4.8 2.28 NR
Burrows 1976 United States (1.20-4.32)
Schilling et al. 1977  7-18 Cough and/or 12.8 1.22 NR
United States phlegm, usually (0.82-1.82)
(definition unclear)
Bland et al. 1978 11-12 Day or night 194 1.56 1.36
United Kingdom (1.36-1.79) (1.12-1.64)
Weiss et al. 1980 5-9 Cough and phlegm 1.7 1.88 NR
United States (0.24-15.0)
Dodge 1982 8-12 NR 14.1 2.03 NR
United States (1.35-3.06)
Ekwo et al. 1983 6-12 With colds 30 1.40 NR
United States (1.09-1.80)
Schenker etal. 1983  5-14 Chronic 6.3 1.21 NR
United States (0.95-1.54)
Charlton 1984 8-19 Frequent recurrences 22 1.47 NR
United Kingdom (1.31-1.66)
8-10 Frequent recurrences  33.5 1.60* NR
United Kingdom (1.33-1.96)
11-13 Frequent recurrences  17.5 1.50* NR
United Kingdom (1.26-1.79)
14-19 Frequent recurrences 8.5 1.12° NR
United Kingdom (0.83-1.52)
Ware et al. 1984 6-9 Persistent 7.7 NR 1.19
United States (1.02-1.39)
Burchfiel et al. 1986  0-19 NR 85 NR 1.0
United States (0.78-1.27)
Goren and 2nd and 5th graders ~ With sputum 6 1.17 NR
Goldsmith 1986 Israel (0.77-1.78)
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only
vs. neither vs. neither vs. neither vs. neither Confounders adjusted for
0.62 14 NR NR NR
(0.25-1.46) (0.61-3.2)
1.25 1.66 NR NR NR
(0.94-1.66) (1.28-2.16)
NR NR NR NR NR
1.06 1.99 1.1 1.04 NR
(0.68-1.63) (1.06-3.73) (0.56-2.15) (0.64-1.69)
1.2 1.57 NR NR Active smoking, gender
(0.96-1.49) (1.25-1.94)
1.64 2.09 NR NR NR
(0.18-15.0) (0.25-17.8)
1.84 2.29 NR NR NR
(1.15-2.95) (1.41-3.73)
1.33 1.50 1.38 1.32 NR
(1.0-1.78) (1.10-2.04) (0.87-2.17) (0.96-1.80)
1.12 1.35 NR NR NR
(0.84-1.49) (1.0-1.83)
1.36 1.64 1.36 1.34 NR
(1.19-1.56) (1.41-1.91) (1.15-1.62) (1.13-1.59)
NR NR NR NR NR
NR NR NR NR NR
NR NR NR NR NR
1.09 1.38 0.99 1.13 Age, gender, city
(0.91-1.30) (1.16-1.63) (0.75-1.29) (0.94-1.36)
0.93 1.27 0.78 0.97 Age, gender, parental education
(0.67-1.30) (0.89-1.81) (0.37-1.64) (0.67-1.41)
NR NR 1.22 1.15 NR
(0.72-2.07) (0.73-1.81)
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Table 6.12 Continued
Odds ratio for smoking
. (95% confidence interval)

Population age Prevalence
(years)/ in unexposed Either parent Either parent

Study location Definition of cough (%) (unadjusted) (adjusted)

Park and Kim 1986 ~ 0-14 In the past 2 weeks 5 3.04 NR
Korea (2.09—4.43)

Strachan and Elton ~ 7-8 Night 49.1 1.7 NR

1986 United Kingdom (0.85-3.44)

Andrae et al. 1988 6 months-16 years Exercise induced 5.1 1.39 NR
Sweden (1.10-1.76)

Somerville et al. 5-11 Usually in the 4 1.24 1.24*

1988 United Kingdom morning (1.0-1.53) (0.94-1.65)
5-11 Usually day/night 8 1.46 1.26
United Kingdom (1.27-1.68) (1.02-1.56)

Strachan 1988 7 At night in the past 9 1.91 NR
United Kingdom month (1.29-2.82)

Hosein et al. 1989 7-17 Persistent 0.9 NR 2.02
United States (0.68-6.03)

Stern et al. 1989a 7-12 With phlegm 5.3 NR NR
Canada

Stern et al. 1989b 7-12 Persistent 8* NR NR
Canada

Dijkstra et al. 1990 6-12 Persistent 4.6* NR 2.46
Netherlands (1.07-5.64)

Chinn and Rona 5-11 Usually NR NR 1.25

1991 United Kingdom (1.13-1.38)

Forastiere et al. 7-11 With phlegm 5.5 13 1.3*

1992 Italy (NR) (0.9-1.9)
7-11 Night 3.4 1.8 1.8
Italy (NR) (1.2-2.7)

Brabick et al. 1995 10-12 Night 8.4 NR NR
Sweden
10-12 Night 6.7 NR NR
Poland
10-12 Night 74 NR NR
Estonia
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only
vs. neither vs. neither vs. neither vs. neither Confounders adjusted for
3.2 3.0 NR NR NR
(2.11-4.85) (2.05-4.38)
NR NR NR NR NR
NR NR NR NR NR
NR NR NR NR Age, gender, birth weight, obesity,
socioeconomic status (SES), mother’s
age, number of siblings
NR NR NR NR Age, gender, birth weight, obesity, SES,
mother’s age, number of siblings
1.64 2.45 NR NR NR
(1.05-2.56) (1.5-4.02)
1.84 2.23 NR NR Gender, active smoking
(0.55-6.18) (0.69-7.19)
NR NR 0.98 0.85 NR
(0.60-1.62) (0.52-1.39)
NR NR 1.458 NR NR
(1.13-1.87)
NR NR NR NR Age, parental education
NR NR NR NR Age, gender, country, birth weight,
obesity, SES, mother’s age, number of
siblings, ethnicity, gas cooking
NR 1.7 1.2 1.0 Age, gender, area, SES
(1.1-2.5) (0.7-2.0) (0.7-1.6)
NR 2.5 15 1.2 Age, gender, area, SES
(1.6-3.9) (0.8-2.8) (0.8-2.0)
NR NR 2.094 NR Gender, atopy, dampness, overcrowding
(1.51-2.90)
NR NR 1.10% NR Gender, atopy, dampness, overcrowding
(0.62-1.93)
NR NR 2275 NR Gender, atopy, dampness, overcrowding
(1.55-3.32)
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Table 6.12 Continued
Odds ratio for smoking
. (95% confidence interval)
Population age Prevalence
(years)/ in unexposed Either parent Either parent
Study location Definition of cough (%) (unadjusted) (adjusted)
Cuijpers et al. 1995  6-12 Chronic 12.6% NR 1.10
Netherlands (0.67-1.8)
Goren and 2nd and 5th graders ~ With sputum 8.1 1.25 NR
Hellmann 1995 Israel (1.06-1.49)
Moyes et al. 1995 67 Night 30 0.91 NR
New Zealand (0.77-1.08)
13-14 Night 24 1.78 NR
New Zealand (1.50-2.11)
Ninan et al. 1995 8-13 Isolated, persistent, NR 1.61 NR
United Kingdom nocturnal (0.70-3.70)
Volkmer et al. 1995*  4-5 Dry NR Not significant ~ Not significant
Australia
Wright et al. 1996 6 Persistent 27.4 1.44** NR
United States (1.07-1.94)
6 Persistent, without 11.8 1.67t** 1.93t**
United States wheeze (1.10-2.54) (1.09-3.45)
Zejda et al. 1996 7-9 Chronic 31.9¢ NR 1.3
Poland (1.02-1.71)
Austin and Russell 12 and 14 Chronic 7.2 1.58 NR
1997 United Kingdom (1.11-2.27)
Dales et al. 1997 NR Recorded night 86 3.25 NR
Canada cough (1.16-9.09)
Forsberg etal. 1997  6-12 Dry cough at night 8-19* NR 1.3
Scandinavia apart from colds in (1.2-1.5)
the past year
Chen et al. 1998 6-17 Night 5.5* 1.97 NR
Canada (1.10-3.52)
Lam et al. 1998 12-15 Saw a physician for 7.3 NR NR
Hong Kong cough in the past
3 months
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only

vs. neither vs. neither vs. neither vs. neither Confounders adjusted for

NR NR NR NR NR

1.12 1.51 1.422 1.251 Age, gender, dampness, father’s

(0.93-1.36) (1.22-1.87) (1.17-1.73) (1.05-1.48) education, dog, unvented geyser

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR NR

NR NR NR NR Gender, hay fever, lower respiratory
infection in the first year

NR NR NR NR Crowding

NR NR 1.93 NR NR

(1.30-2.85)

NR NR NR NR NR

NR NR NR NR Age, gender, area, fitted carpets, pets,
mold, stove use, parental asthma, early
day care

2.01 1.91 NR NR None

(1.04-3.88) (0.84-4.33)

1.19 NR 0.73 1.31% Age, gender, area, housing type

(0.94-1.51) (0.32-1.70) (1.03-1.65)
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Table 6.12 Continued

Odds ratio for smoking
(95% confidence interval)

Population age Prevalence

(years)/ in unexposed Either parent Either parent
Study location Definition of cough (%) (unadjusted) (adjusted)
Lewis et al. 1998 8-11 Dry night cough that ~ 19.1 NR 1.0

Australia lasted >2 weeks in (0.81-1.23)

the past 12 months
without a cold

Peters et al. 1998 8-13 Physician 12.5 1.18 NR
Hong Kong consultation for (1.06-1.32)
cough in the past
3 months
Withers et al. 1998 14-16 Current 12.4* NR 147
United Kingdom (1.11-1.95)
Burr et al. 1999 12-14 Cough without colds ~ 25.5 1.49 1.2944
United Kingdom in the past 12 months (1.41-1.57) (1.24-1.35)
Lam et al. 1999 8-13 Cough for 3 months 4.8 NR 1.2911
Hong Kong (0.93-1.78)
Shamssain and 67 Nighttime cough in NR NR NR
Shamsian 1999 United Kingdom the past 12 months
Qian et al. 2000 5-14 Often, with or 41-84 NR 1.30
China without colds (1.05-1.61)

*NR = Data were not reported.

*Not included in the meta-analysis.

*Overall prevalence.

SMother smoked vs. did not smoke during pregnancy and infancy.

“Mother currently smoked vs. did not smoke.

IFather currently smoked vs. did not smoke.

**Reference group = Children without cough or wheeze.

*Father smoked vs. neither parent smoked where only 2.5% of the mothers smoked.
#PM,, = Particulate matter (levels of particles [particulate pollution] with an aerodynamic diameter of less than
10 micrometers).

$50, = Sulfur dioxide.

*Derived from pooled results of all household smokers.

1T Analyses excluded active smokers.
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Odds ratio for smoking (95% confidence interval)

One parent only  Both parents Mother only Father only

vs. neither vs. neither vs. neither vs. neither Confounders adjusted for

NR NR NR NR Age, gender, PM, ¥, SO,%, gas heating,
maternal allergy

1.15 1.33 NR NR Age, gender, housing type, area, father’s

(1.01-1.32) (1.08-1.64) education

NR NR p >0.05 p >0.05 Maternal hay fever, child’s eczema and
hay fever, active smoking, single parent

NR NR NR NR Gender, area, pets, cooking and heating
fuel, housing type, active smoking

NR NR NR NR Age, gender, area, active smoking

1.04 1.10 1.05 NR None

(NR) (NR) (0.85-1.29)

NR NR NR NR Age, gender, ventilation, family history,

mother’s education, coal use, area
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Table 6.13  Studies of phlegm and breathlessness associated with parental smoking

Population age Prevalence in Odds ratio for smoking (95% confidence interval)
(years)/ unexposed Either parent Either parent
Study location (%) (unadjusted) (adjusted) One parent
Lebowitz and 0-15 3.1 1.96 NR* NR
Burrows 1976 United States (0.88—4.38)
Bland et al. 1978 11-12 9.8 1.42 1.33 1.26
United Kingdom (1.22-1.66) (1.08-1.65) (0.99-1.60)
Dodge 1982 8-12 6.7 1.85 NR 1.77
United States (1.05-3.25) (0.93-3.37)
Schenker et al. 1983  5-14 4.1 1.09 NR 1.18
United States (0.81-1.48) (0.84-1.67)
Burchfiel et al. 1986  0-19 11 NR 1.37 1.25
United States (1.12-1.68) (0.95-1.65)
Goren and 2nd and 5th graders  10.7 1.07 NR NR
Goldsmith 1986 Israel (0.76-1.43)
Hosein et al. 1989 7-17 14 NR 1.05 0.76
United States (0.40-2.79) (0.23-2.51)
7-12 4.6 NR 0.99 1.05
United States (0.57-1.71) (0.57-1.95)
Stern et al. 1989b 7-12 8.0* NR NR NR
Canada
Dijkstra et al. 1990 6-12 4.6t NR 1.95 NR
Netherlands (0.914.19)
Brabin et al. 1994 5-11 10 1.54 1.44 NR
United Kingdom (1.13-2.09) (1.06-1.95)
Cuijpers et al. 1995 6-12 11.9¢ NR 1.58 NR
Netherlands (0.98-2.56)
Peters et al. 1996 10-13 8.7¢ NR 1.40 1.26
Hong Kong (1.13-1.75) (0.96-1.64)
Lam et al. 1998 12-15 4.8 NR NR 1.14
Hong Kong (0.86-1.52)
Peters et al. 1998 8-13 4.7 1.32 NR 1.26
Hong Kong (1.12-1.57) (1.02-1.54)
Burr et al. 1999 12-14 17.7 1.58 1.35% NR
United Kingdom (1.48-1.67) (1.30-1.42)
Lam et al. 1999 8-13 6.7 NR 1.44 NR
Hong Kong (1.09-1.90)
Qian et al. 2000 5-14 14-57 NR 1.36 NR
China (1.08-1.72)

*NR = Data were not reported.

*Overall prevalence.

*Mother currently smoked vs. did not smoke.

SFather smoked vs. neither parent smoked where only 2.5% of the mothers smoked.
“Derived from pooled results for all household smokers.
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Odds ratio for smoking (95% confidence interval)

Both parents Mother only Father only Outcome Confounders adjusted for

NR NR NR Persistent phlegm NR

1.42 NR NR Shortness of breath (SOB) Gender, active smoking

(1.11-1.83) on exertion

1.95 NR NR Sputum NR

(1.0-3.81)

0.98 NR NR Chronic phlegm NR

(0.66-1.49)

1.53 1.3 1.24 Phlegm Age, gender, socioeconomic

(1.14-2.05) (0.71-2.39) (0.91-1.70) status, family size

NR 1.26 0.92 SOB NR
(0.85-1.87) (0.64-1.32)

1.37 NR NR Persistent phlegm Gender

(0.47-4.03)

0.93 NR NR SOB when hurrying Gender, active smoking

(0.49-1.77)

NR 1.15* NR Persistent phlegm Parental symptoms, gas cooking
(0.90-1.47) (not area)

NR NR NR SOB plus wheeze in the past  Age, parental education (not

year school)
NR NR NR SOB (ever) Area
NR NR NR SOB Age, gender, dampness, father’s
education, dog, unvented geyser

1.75 NR NR Phlegm Age, gender, area, housing type,

(1.19-2.56) father’s education

NR 2.03 1.228 Phlegm in the past 3 months  Age, gender, area, housing type
(1.05-3.92) (0.92-1.62)

1.33 NR NR Physician diagnosis of Age, gender, housing type, area,

(0.97-1.83) phlegm in the past 3 months  father’s education

1.38 1.24 1.26 Phlegm without colds in the ~ Gender, area, pets, cooking and

(1.25-1.53) (1.12-1.37) (1.14-1.38) past 12 months heating fuel, housing type, active

smoking
NR NR NR Phlegm in the past 3 months ~ Age, gender, area, active smoking
NR NR NR Frequent phlegm Age, gender, ventilation, family

history, mother’s education, coal
use, area

Respiratory Effects in Children from Exposure to Secondhand Smoke
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Figure 6.8

Phlegm

Lebowitz and Burrows 1976
Dodge 1982

Schenker et al. 1983
Burchfiel et al. 1986

Hosein et al. 1989

Odds ratios for the effect of smoking by either parent on phlegm and breathlessness

]

]

Peters et al. 1996
Peters et al. 1998
Burr et al. 1999
Lam et al. 1999
Qian et al. 2000

Pooled odds ratio (OR) for phlegm*
Breathlessness

Bland et al. 1978
Goren and Goldsmith 1986

T

Hosein et al. 1989 I
Dijkstra et al. 1990

Brabin et al. 1994
Cuijpers et al. 1995

Pooled OR for breathlessness*

- 0

*Adjusted and unadjusted studies.

study found stronger effects of maternal smoking
during pregnancy compared with current postnatal
maternal smoking (Hu et al. 1997).

A study in Tasmania found that prenatal and
postnatal exposure had similar health effects, with
some evidence for an effect of smoking in the child’s
presence (Ponsonby et al. 2000). A Swedish study
reported a borderline significant effect from mater-
nal smoking during pregnancy (1.4 [95 percent CI,
1.0-2.0]) but no effect from current parental smok-
ing (1.0 [95 percent CI, 0.7-1.4]) (Nilsson et al. 1999).
The Italian collaborative group study tended to find
greater ORs in preadolescent children from pre-
natal maternal smoking than from current maternal
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smoking, but not among adolescents (Agabiti et al.
1999). Moreover, the authors acknowledged that even
in this very large study, disentangling current from
past effects was problematic.

Raised ORs for respiratory symptoms in studies
from China (Qian et al. 2000), Hong Kong (Lau et al.
1995; Peters et al. 1996, 1998; Leung et al. 1997; Lam et
al. 1998, 1999), and Taiwan (Wang et al. 1999), where
maternal smoking is uncommon, also suggest a role
for postnatal secondhand smoke exposure. One Hong
Kong study found that symptoms were more strongly
related to smoking by grandparents than by fathers,
which fit the role of grandparents as caregivers (Lam
et al. 1999).



Table 6.14
parental smoking
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Summary of pooled random effects (odds ratios) of respiratory symptoms associated with

Odds ratio for smoking (95% confidence interval)

Number

Symptom of studies  Either parent

One parent

Both parents Mother only Father only

Asthma 31* 1.23 (1.14-1.33)

7 1.01 (0.84-1.22)

10
21
12

Wheeze' 45%* 1.26 (1.20-1.33)

1.42 (1.30-1.56)
1.33 (1.24-1.43)
1.07 (0.97-1.18)

13 1.18 (1.10-1.26)

14
278
14

Cough 39 1.35 (1.27-1.43)

1.41 (1.23-1.63)
1.28 (1.21-1.35)
1.13 (1.08-1.20)

18 1.27 (1.14-1.41)

18
168
10

Phlegm? 10 1.35 (1.30-1.41)

1.64 (1.48-1.81)
1.34 (1.17-1.54)
1.22 (1.12-1.32)

7 1.24 (1.10-1.39)

6

Breathlessness® 6 1.31 (1.14-1.50)

1.42 (1.19-1.70)

*Two age groups from Moyes et al. 1995 were included as separate studies.
*Excluded the European Communities Study, which had a pooled odds ratio of 1.20.

¥Agabiti et al. 1999 was included as two separate studies.
SBrébéck et al. 1995 was included as three separate studies.

“Data for phlegm and breathlessness are restricted because several comparisons were based on fewer than five studies.

Former Parental Smoking

On balance, limited evidence suggests that there
is no increase in the prevalence of respiratory symp-
toms among children of former smokers (Colley 1974;
Shaw et al. 1994). Symptom prevalence seems to be
more closely related to current maternal smoking than
to prenatal maternal smoking (Seyseth et al. 1995;
Beckett et al. 1996; Mannino et al. 2001), although the
data are not entirely consistent (Agabiti et al. 1999).
Although the data are compatible with the hypoth-
esis that current rather than past exposure makes the
predominant contribution to symptoms, the evidence
is not strong. There are only a few relevant studies.
One major limitation of these studies is that the expo-
sure data were not collected prospectively and conse-
quently, recall bias is a potential problem.

Publication Bias and Wheeze

Researchers have found evidence of publication
bias, particularly for wheeze, in small published stud-
ies that have higher ORs. Some studies that reported
estimated effects and confidence limits only for those
exposure and outcome combinations that were sta-
tistically significant further sugest publication bias
(Withers et al. 1998). However, the effect of this source
of bias on the pooled ORs is small because there are so
many large published studies. The similarity between
the pooled OR for wheeze in published studies and in
the unpublished EC Study provides further reassur-
ance that the association is not an artifact of selective
publication. Notably, however, the two EC centers
whose published data have appeared in journals—
Middlesbrough (Melia et al. 1982) and Ardennes
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Table 6.15 Summary of pooled random effects (odds ratios) associated with parental smoking restricted to

studies of children aged <11 years

Odds ratio for smoking (95% confidence interval)

Number

Symptom of studies  Either parent One parent

Both parents Mother only Father only

Asthma 13 1.18 (1.06-1.31)
Insufficient
5 studies

Wheeze* 1 1.27 (1.16-1.38)

1.21 (1.10-1.45)

Cough 13 1.28 (1.13-1.44)
4 1.17 (0.84-1.61)

1.47 (1.29-1.68)
1.31 (1.15-1.50)
1.13 (0.99-1.29)

1.41 (1.16-1.71)
1.26 (1.15-1.38)
1.10 (1.02-1.20)

1.85(1.29-2.64)
1.07 (0.91-1.24)
1.12 (0.95-1.38)

Note: The symptoms “phlegm” and “breathlessness” were not included in this table because of an insufficient number of

studies.

*Excluded the European Communities Study, which had a pooled odds ratio of 1.20.

(Gepts et al. 1978)—had ORs of 1.36 and 1.37, respec-
tively, which were above the overall average for the
EC Study.

Evidence Synthesis

This report has described multiple mechanisms
by which secondhand smoke exposure could increase
the prevalence of respiratory symptoms and asthma
in childhood. Secondhand smoke exposure might
increase the prevalence of respiratory symptoms and
asthma through in utero effects or through inflam-
mation and an altered lung immunophenotype from
postnatal exposure. Multiple studies from diverse
countries consistently show that parental smoking is
positively associated with the prevalence of asthma
and respiratory symptoms (including wheeze) in
schoolchildren; the findings of individual studies as
well as the pooled analyses show that these associa-
tions are unlikely to be attributable to chance alone.
The magnitude of the effects is similar for the different
outcome measures. The estimated effects, particularly
for wheeze, were robust to adjustments for a wide
range of potentially confounding environmental and
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other factors. This robustness supports the conclusion
that residual confounding is unlikely to be an issue
and that the associations between parental smoking
and the prevalence of asthma and respiratory symp-
toms in schoolchildren are causal.

The case for a causal interpretation is further
strengthened by the trend for the OR to increase with
the number of parents who smoke (i.e., none, one, or
both). In the meta-analysis, the trends with the num-
ber of smoking parents were statistically significant
for asthma, wheeze, and cough, and trends were
evident in most of the individual studies as well.
The effect of maternal smoking is greater than that
of paternal smoking, but there is nevertheless evi-
dence for a small effect of paternal smoking. Maternal
smoking is associated with higher cotinine levels in
school-age children, implying that maternal smoking
probably has a greater impact on the exposure of chil-
dren to secondhand smoke (Cook et al. 1994). These
results also imply that the increased risk for asthma
and other symptoms reflects postnatal exposure,
although prenatal exposure may also be a contribut-
ing factor. First, there is an effect of paternal smok-
ing; second, risk tends to rise with the number of



household smokers; third, many women who do not
smoke while pregnant smoke after the birth of their
children; and fourth, limited evidence shows no
increase in symptoms in children of former smok-
ers. Few studies have examined dose-response trends
with the number of cigarettes smoked in the house-
hold per day or dose-response trends among exposed
children alone.

The prevalence of symptoms ascertained by
cross-sectional surveys is determined by both dis-
ease incidence and prognosis, and the pattern of mor-
bidity tends to be dominated by a large number of
children with mild symptoms. There are indications
that secondhand smoke exposure is associated with
more severe wheeze, both in studies where ORs were
reported for different severity measures and in stud-
ies where ORs were highest when the prevalence of
wheeze was low.

Conclusions

1. The evidence is sufficient to infer a causal relation-
ship between parental smoking and cough,

Childhood Asthma Onset
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phlegm, wheeze, and breathlessness among
children of school age.

2. The evidence is sufficient to infer a causal
relationship between parental smoking and ever
having asthma among children of school age.

Implications

Respiratory symptoms are common among
children, even among those without asthma. Second-
hand smoke exposure increases the risk for the major
symptoms; these symptoms should not be dismissed
as minor because they may impact the activities of
the affected children. Secondhand smoke exposure is
causally associated with asthma prevalence, perhaps
reflecting a greater clinical severity associated with
exposure. Secondhand smoke exposure, particularly
at home, should be addressed by clinicians caring for
any child with a respiratory complaint and particu-
larly children with asthma.

As discussed earlier in this chapter (see “Lower
Respiratory Illnesses in Infancy and Early Child-
hood”), parental smoking is causally associated with
an increased incidence of acute LRIs, including ill-
nesses with wheeze, in the first one or two years of a
child’s life. Prevalence surveys of schoolchildren show
that wheeze and diagnosed asthma are more common
among children of smoking parents, with a greater
elevation in risk for outcomes based on definitions of
wheeze that reflect a greater severity. Evidence pre-
sented in the prior section supported conclusions that
parental smoking was causally associated with respi-
ratory symptoms and prevalent asthma; the cross-
sectional evidence did not address asthma onset.
This section reviews cohort and case-control studies
of wheeze illnesses that provide evidence concerning
the effects of parental smoking on the incidence, prog-
nosis, and severity of childhood asthma. The design
of these studies addresses the temporal relationship
between exposure and disease onset. This discussion
also considers case-control studies of prevalent asthma

that provide findings complementary to the surveys
of schoolchildren. This section represents an update
of the 1998 review by Strachan and Cook (1998c¢).

Relevant Studies

The study findings are separated into categories
by outcomes: incidence, natural history, and preva-
lence. Incidence data come largely from prospective
cohort studies that follow groups of children without
asthma and monitor the development of wheeze ill-
nesses or a new diagnosis of asthma. Incidence studies
provide evidence for factors that cause the develop-
ment of asthma, including exposure to secondhand
smoke. The prevalence of asthma reflects not only the
incidence but also the duration of the disease or its
natural history. Factors that increase the severity of
asthma tend to increase prevalence, particularly if the
definition of prevalent asthma incorporates elements
of clinical severity.
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This review includes cohort and case-control
studies of asthma or wheeze that occurred after infancy
and includes case series of patients with asthma that
investigated parental smoking and disease severity.
The literature search identified 66 relevant papers that
included 11 cohort studies, 24 case-control studies,
16 uncontrolled case series, and 1 large record-linkage
study. Because only a small number of cohort stud-
ies were identified, ORs relating parental smoking to
the incidence and prognosis of wheeze illnesses were
pooled using weights inversely proportional to their
variance (the “fixed effects” assumption). The ORs
from the larger number of case-control studies were
pooled using a “random effects” model. A quantita-
tive meta-analysis was not possible for studies of dis-
ease severity.

Evidence Review

Cohort Studies of Incidence

The earlier review by Strachan and Cook (1998¢)
identified 10 papers based on six cohort studies that
documented the incidence of wheeze illnesses after the
first two years of life in relation to parental smoking
behaviors (Table 6.16) (Taylor et al. 1983; Fergusson
and Horwood 1985; Horwood et al. 1985; Anderson et
al. 1986; Neuspiel et al. 1989; Sherman et al. 1990; Mar-
tinez et al. 1992, 1995; Lewis et al. 1995; Strachan et al.
1996). Five papers addressed mainly wheeze during
the preschool years (Taylor et al. 1983; Fergusson and
Horwood 1985; Horwood et al. 1985; Lewis et al. 1995;
Martinez et al. 1995), two studies focused on the prev-
alence of wheeze for the first time during the school
years (Sherman et al. 1990; Strachan et al. 1996), and
three papers included both early and later childhood
(Anderson et al. 1986; Neuspiel et al. 1989; Martinez
et al. 1992). Only one additional birth cohort study,
based on very low birth weight infants, has been pub-
lished since the 1998 review (Darlow et al. 2000). These
studies complement the larger number of studies that
address wheeze illness incidence in infancy and are
reviewed in the next section. The results are summa-
rized in Table 6.17 and Figure 6.9 and are discussed
briefly in the next section.

Investigators in Tucson (Arizona) followed a
birth cohort registered with a health maintenance
organization (Martinez et al. 1995). Among 762 chil-
dren followed for the first three years of life and also
at six years of age, 403 had no history of wheeze,
147 had wheeze by three years of age but not at six
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years of age (“transient” early wheeze), 112 developed
wheeze after three years of age (“late-onset” wheeze),
and 100 developed wheezebefore three years of age and
had wheeze at six years of age (“persistent” wheeze).
The incidence of wheeze before three years of age—
transient and persistent combined—doubled if the
mother smoked 10 or more cigarettes per day. The
incidence of a later onset of wheeze was less strongly
associated with maternal smoking (Table 6.17). These
associations were unchanged after adjustment for
gender, ethnicity, eczema, noninfective rhinitis, and
maternal asthma. For a comparison with other stud-
ies of early childhood wheeze, the cumulative inci-
dence of wheeze by six years of age is also presented
in Table 6.17. Although these incidence data are pre-
sented and analyzed by maternal smoking, another
publication from the same cohort study has suggested
that for children in day care, smoking by the caregiver
may also be of importance as a determinant of the
frequency of wheeze illnesses in the third year of life
(Holberg et al. 1993).

In a similar population-based birth cohort study
in Christchurch, New Zealand, 1,032 children were
followed at annual intervals until six years of age
(Fergusson and Horwood 1985; Horwood et al. 1985).
In contrast to other studies, the cumulative incidence
of asthmatic symptoms that parents reported was
lower if the mother smoked and higher if the father
smoked. The incidence was also lower if both parents
smoked versus if neither parent smoked. Analyses
that used medical consultations for asthma (Horwood
et al. 1985) and the frequency of asthma attacks in the
first six years of life (Fergusson and Horwood 1985)
showed a similar pattern.

The incidence of all forms of wheeze in the
nationwide 1970 British birth cohort was ascertained
retrospectively by parental recall at five years of age.
The direction and strength of dose-response relation-
ships with smoking during pregnancy (Table 6.17)
and when the child was five years of age were almost
identical (Lewis et al. 1995). The cumulative incidence
of wheeze among children of smoking mothers was
elevated and changed little after adjustment for gen-
der, birth weight, and breastfeeding, which may have
potentially confounded or modified the association
(Lewis et al. 1995). There was also an increased inci-
dence of asthma by five years of age if the mother
smoked (Taylor et al. 1983). Another study based on
the same birth cohort explicitly excluded wheeze in
the first year of life and included information from
follow-up data gathered at 5 and 10 years of age
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Table 6.16  Design, sample size, and recruitment criteria for studies of asthma incidence and prognosis
associated with parental smoking included in this overview
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Incidence studies
Taylor et al. 1983 Cohort 12,530 Reported wheeze ~ National birth Wheeze
Lewis et al. 1995 Aged 0-5 years cohort incidence
United Kingdom
Fergusson and Cohort 1,032 Reported asthma  Population-based ~ Asthma
Horwood 1985 Aged 0-6 years birth cohort incidence
Horwood et al. 1985  New Zealand
Anderson et al. 1986  Cohort 4,583 Reported National birth Asthma/
Strachan et al. 1996 Aged 0-16 years asthma/bronchitis ~ cohort bronchitis
United Kingdom with wheeze with wheeze
incidence
Neuspiel et al. 1989  Cohort 9,670 Reported wheeze  National birth Wheeze
Aged 1-10 years cohort incidence
United Kingdom
Sherman etal. 1990  Cohort 722 Physician- Schools-based Asthma
Aged 5-17 years diagnosed cohort incidence
United States asthma
(Massachusetts)
Martinez et al. 1992 Cohort 739 Physician- Random Asthma
Aged 0-11 years diagnosed household sample  incidence
United States asthma
(Arizona)
Holberg et al. 1993 Cohort 762 Reported wheeze  Health Wheeze
Martinez et al. 1995 Aged 0-6 years maintenance incidence
United States organization-
(Arizona) based birth cohort
Hjern et al. 1999 Cohort Approxi-  Hospitalization Record linkage in ~ Asthma
Aged 2-6 years mately 3 cities incidence
Sweden 156,000
Darlow et al. 2000 Cohort 299 Reported Very low birth Asthma
Aged 0-7 years physician- weight babies incidence
New Zealand diagnosed
asthma
Natural history studies
McConnochie and Cohort 236 Wheeze 8 years Bronchiolitis Early prognosis
Roghmann 1984 Aged 0-9 years later before 2 years of
United States age
(New York)
Welliver et al. 1986 Cohort 27 Recurrent wheeze  Parainfluenza Early prognosis
Aged 0-2 years bronchiolitis
United States
(New York)
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Table 6.16

Continued

Study

Design/population

Sample

size

Case definition

Source of cohort
or controls

Outcome

Natural history studies

Geller-Bernstein et
al. 1987

Toyoshima et al.
1987

Rylander et al. 1988

Lewis et al. 1995

Martinez et al. 1995

Strachan 1995

Wennergren et al.
1997

Infante-Rivard et al.
1999

Rusconi et al. 1999

Cohort
Aged 0-5 years
Israel

Cohort
Aged 1-4 years
Japan

Cohort
Aged 0-7 years
Sweden

Cohort
Aged 5-16 years
United Kingdom

Cohort

Aged 0-6 years
United States
(Arizona)

Cohort
Aged 7-23 years
United Kingdom

Cohort
Aged 0-10 years
Sweden

Case-control and
follow-up

Aged 3-10 years
Canada

Survey
Aged 0-7 years
Italy

80

48

67

1,477

247

1,090

92

394

1,892

Persistent wheeze
at 5 years of age

Wheeze 22-44
months later

Wheeze 4 years
later

Wheeze at
16 years of age

Wheeze at 6 years
of age

Asthma/
bronchitis with
wheeze at 11 and
23 years of age

Asthma at
10 years of age

Asthma
symptoms at
9-10 years of age

Wheeze at
67 years of age

Atopic infants
with wheeze

Infants with
wheeze

Respiratory
syncytial virus
plus illness before
3 years of age

Wheeze before
5 years of age

Wheeze before
3 years of age

Asthma/
bronchitis with
wheeze before
7 years of age

Bronchitis with
wheeze before
2 years of age

First emergency
room asthma visit

Lower respiratory
illness with
wheeze before

2 years of age

Early prognosis

Early prognosis

Early prognosis

Later prognosis

Early prognosis

Later prognosis

Early prognosis

Early prognosis

Early prognosis

Case-control studies

O’Connell and
Logan 1974

Palmieri et al. 1990

Daigler et al. 1991

Willers et al. 1991

Aged 2-16 years
United States
(Minnesota)

Aged 1-12 years
Italy

Aged 0-17 years
United States
(New York)

Aged 3-15 years
Sweden

628

735

383

126

Outpatients with
asthma

Outpatients with
asthma

Hospital
admission or
2 outpatient visits

New outpatient
referrals

Other outpatients
(no atopic
disease)

Routine health
check

Private pediatric
practice

2 local schools

Asthma
(outpatients)

Asthma
(outpatients)

Asthma
(inpatients/
outpatients)

Asthma
(outpatients)
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Table 6.16 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Case-control studies
Butz and Rosenstein ~ Aged about 9 years 346 Outpatients with ~ Private pediatric Asthma
1992 United States asthma practice (outpatients)
(Maryland)
Ehrlich et al. 1992 Aged 3-14 years 114 Emergency room  Other emergency ~ Asthma
United States visit for asthma room patients (emergency
(New York) room)
Infante-Rivard 1993  Aged 3—4 years 914 First emergency Population Asthma
Canada room visit for sample (inpatients)
asthma
Rylander et al. 1993,  Aged 154 years 212 Bronchitis with Random Bronchitis
1995 Sweden wheeze treated in  population with wheeze
the hospital sample (inpatients)
Clark et al. 1994 Aged 5-7 years 62 Outpatients with ~ Surgical Asthma
United Kingdom asthma outpatients (outpatients)
Fagbule and Aged about 5% years 280 Outpatients Neighbors Wheeze
Ekanem 1994 Nigeria with wheeze (no (outpatients)
family history)
Leen et al. 1994 Aged 5-11 years 211 Reported asthma  Population Asthma
Ireland survey (survey)
Mumcuoglu et al. Aged 3-15 years 400 Asthma treatment  Neighbors Wheeze
1994 Israel (outpatients)
Azizi et al. 1995 Aged 0-5 years 359 First asthma Nonrespiratory Asthma
Malaysia admission admissions (inpatients)
Henderson et al. Aged 7-12 years 342 >2 wheeze Pediatric clinic Wheeze
1995 United States attacks sample (outpatients)
(North Carolina)
Lindfors et al. 1995 Aged 1-4 years 511 Asthma Random Asthma
Sweden outpatient population (outpatients)
referral sample
Strachan and Carey =~ Aged 12-18 years 961 Frequent/severe Population survey =~ Wheeze
1995 United Kingdom wheeze (no wheeze) (survey)
Ehrlich et al. 1996 Aged 7-9 years 620 Asthma Population survey  Asthma/
South Africa symptoms (no wheeze) wheeze (survey)
Moussa et al. 1996 Aged 6-18 years 406 Physician- School classmates ~ Asthma
United Arab Emirates diagnosed (survey)
asthma on
therapy
Oliveti et al. 1996 Aged 4-9 years 262 Physician- Adjacent birth Asthma
United States diagnosed records (outpatients)
(Ohio) asthma on
therapy
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Table 6.16 Continued
Sample Source of cohort
Study Design/population size Case definition or controls Outcome
Case-control studies
Jones et al. 1999 Aged 4-16 years 200 Physician- General practice Asthma
United Kingdom diagnosed population (primary care)
asthma on
therapy
Chang et al. 2000 Aged 0-16 years 271 Wheeze on Nonrespiratory Wheeze
United States auscultation emergencies (emergency
(Virginia) room)
Other studies
Kershaw 1987* Case-control 1,285 >3 wheeze Neonates in Wheeze
Aged 0-5 years attacks locality (outpatients)
United Kingdom
Murray and Case-control 620 Asthma diagnosis ~ Allergy clinic Asthma
Morrison 1990* Aged 1-17 years patients (outpatients)
Canada
Duff et al. 1993* Case-control 114 Emergency room  Other emergency =~ Wheeze
Aged 2-16 years visit for asthma/ room patients (emergency
United States bronchiolitis room)
(Virginia)
Chen et al. 1996* Survey 892 Physician- Survey of Recent asthma
Aged 6-17 years diagnosed complete town (survey)
Canada asthma and
symptoms
Knight et al. 1998* Case-control 152 Physician- General pediatric ~ Asthma
Aged 2-18 years diagnosed clinic (outpatients)
Canada asthma

*Not included in the meta-analysis of case-control studies in Table 6.3.

(Neuspiel et al. 1989). Maternal smoking was asso-
ciated with wheeze that was labeled as bronchitis
with wheeze (incidence ratio 1.44 [95 percent CI,
1.24-1.68]), but not with wheeze that was labeled as
asthma (incidence ratio 0.96 [95 percent CI, 0.77-1.22]).
Most of the published analyses related only to the for-
mer category, which accounted for only 38 percent of
all wheeze incidents (Strachan and Cook 1998c). In the
absence of maternal smoking, smoking by the father
was not associated with an increased risk of bronchi-
tis with wheeze (incidence ratio 0.99 [95 percent CI,
0.76-1.29]) and was not assessed for other forms of
wheeze.

An earlier national British birth cohort of persons
born in 1958 contributes information on both early
and later onset of wheeze illnesses (Anderson et al.
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1986; Strachan et al. 1996). As in the 1970 cohort, early
wheeze illnesses were ascertained retrospectively, in
this case at seven years of age, and were more com-
mon if the mother had smoked during pregnancy.
This association was independent of other risk factors
(Strachan et al. 1996). Among 4,583 children without a
history of asthma or bronchitis with wheeze reported
by parents at 7 years of age, the incidence from 7 to
16 years of age differed little according to whether
the mother had smoked during pregnancy; however,
there were weak, nonsignificant, and positive associa-
tions with smoking by both the mother and father at
the 16-year follow-up (Table 6.17).

A smaller cohort study in Boston also found little
evidence for a relationship between parental smoking
and asthma incidence (Sherman et al. 1990). The study
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Table 6.17 Incidence and prognosis of asthma or wheeze in relation to parental smoking

Age
(years) at Odds ratio
Population  start/end for smoking
(length of 95%
Non- follow-up confidence
Study Cases cases period) Smoking exposure Outcome interval)
Incidence studies
Fergusson and 141 891 0/6 Mother smoked Asthma 0.88* (0.61-1.27)
Horwood 1985
141 891 0/6 Father smoked Asthma 1.27 (0.89-1.81)
Neuspiel et al. 1,662 8,016 1/10 Mother smoked at any age ~ Asthma 0.96 (0.77-1.22)
1989 Wheeze 1.44 (1.24-1.68)
Sherman et al. 43 679 5-9/NR' Mother smoked Asthma 0.97* (0.51-1.84)
1990 (9 years)
43 679 5-9/NR Father smoked Asthma 0.91 (0.49-1.69)
(9 years)
Martinez et al. 86 653 <5/NR Mother smoked Asthma 1.68* (1.10-2.58)
1992 (12 years) =10 cigarettes/day
78 622 <5/NR Father smoked Asthma 1.06 (0.67-1.69)
(12 years) =10 cigarettes/day
Lewis et al. 2,616 9914 0-1 years Mother smoked during Wheeze 1.34* (1.22-1.45)
1995 pregnancy
Martinez et al. 247 515 0/3 Mother smoked Wheeze 2.07 (1.34-3.19)
1995 210 cigarettes/day
112 403 3/6 Mother smoked Wheeze 1.59 (0.89-2.84)
=10 cigarettes/day
359 403 0/6 Mother smoked Wheeze 1.91* (1.28-2.86)
210 cigarettes/day
Strachan et al. 1,026 4583 0/7 Mother smoked during Asthma or bronchitis ~ 1.25* (1.08-1.44)
1996 pregnancy with wheeze
368 4,215 7/16 Mother smoked during Asthma or bronchitis ~ 0.99 (0.78-1.25)
pregnancy with wheeze
368 4,215 7/16 Mother smoked at 16-year ~ Asthma or bronchitis ~ 1.14* (0.92-1.41)
follow-up with wheeze
368 4,215 7/16 Father smoked at 16-year Asthma or bronchitis ~ 1.10 (0.88-1.36)
follow-up with wheeze
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Table 6.17 Continued
Age
(years) at Odds ratio
Population  start/end for smoking
(length of 95%
Non- follow-up confidence
Study Cases cases period) Smoking exposure Outcome interval)
Natural history studies
McConnochie 26 33 <2/8 Either parent smoked Persistent wheeze 1.45* (0.45-4.70)
and Roghmann
1984
Geller-Bernstein 26 54 <2/5 Either parent smoked Persistent wheeze 3.10* (1.08-8.91)
et al. 1987
Toyoshima et 18 22 <3/NR Household members Recent wheeze 11.80%
al. 1987 (2244 smoked (1.32-105.0)
months)
Rylander et al. 22 45 <3/NR Either parent smoked Recent wheeze 0.80* (0.28-2.27)
1988 (4 years)
Lewis et al. 218 1,259 <5/16 Mother smoked during Wheeze in the past 0.86 (0.64-1.15)
1995 pregnancy year
Martinez et al. 100 147 <3/6 Mother smoked Recent wheeze 0.99* (0.53-1.86)
1995 210 cigarettes/day
Strachan 1995 203 887 <7/11 Mother smoked during Asthma/bronchitis 0.56* (0.40-0.78)
pregnancy with wheeze in the
past year
101 989 <7/23 Mother smoked during Asthma/bronchitis 0.70 (0.50-0.98)
pregnancy with wheeze in the
past year
Wennergren et 28 64 <2/10 Household member(s) Asthma symptoms 3.14%
al. 1997 smoked during the child’s
infancy
28 64 <2/10 Household member(s) Asthma symptoms 1.08 (0.69-1.71)
smoked when the child
was 10 years of age
Infante-Rivard 288 105 3-4/9-10  Mother smoked when the Asthma symptoms 1.06 (0.67-1.67)
et al. 1999 child was 3—4 years of age
Rusconi et al. 671 1,221 <2/6-7 Mother smoked during Recent wheeze 1.16* (0.92-1.45)
1999 pregnancy

*Odds ratios were used in the meta-analysis.
*NR = Data were not reported.
*Odds ratios were used in the meta-analysis; confidence intervals were not provided.

362 Chapter 6



Figure 6.9
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method.

had a mean annual follow-up of nine years among
722 children with no history of asthma upon entry
into the study at five to nine years of age (Table 6.17).
In a second cohort study in Tucson (Arizona) that was
based on a random sample of households, physician-
diagnosed asthma was ascertained at one- to two-year
intervals (Martinez et al. 1992). Maternal smoking was
associated with an increased risk of asthma, whereas
smoking by the father was not (Table 6.17). The effect
of maternal smoking was stronger among less edu-
cated families, although the effect modification by
educational level was not statistically significant.

A national cohort study followed 299 very low
birth weight children born in New Zealand in 1986
(96 percent of all survivors) through seven years of
age (Darlow et al. 2000). In this potentially vulner-
able group, maternal smoking during pregnancy was

associated with an increased cumulative incidence
of physician-diagnosed asthma (OR = 2.0 [95 percent
CI, 1.2-3.3]), but a decreased risk of requiring daily
medication for asthma at seven years of age (OR = 0.6
[95 percent CI, 0.3-1.3]). This unique group was not
included in the meta-analyses described below.

In quantitative meta-analyses of studies of early
and later incidence of asthma and wheeze illnesses,
the association with maternal smoking was signifi-
cantly stronger for the first five to seven years of life
(the pooled OR for the four studies = 1.31 [95 percent
CI, 1.22-1.41], %2 for heterogeneity = 8.58, p = 0.036)
(Fergusson and Horwood 1985; Lewis et al. 1995;
Martinez et al. 1995; Strachan et al. 1996) than for the
school years (Sherman et al. 1990; Strachan et al. 1996)
or throughout childhood (Neuspiel et al. 1989; Marti-
nez et al. 1992), excluding infancy (the pooled OR for
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the four studies = 1.13 [95 percent CI, 1.04-1.22], %2 for
heterogeneity = 3.71, p = 0.29).

Natural History

Tables 6.16 and 6.17 summarize 11 studies that
related parental smoking to the natural history of
wheeze illnesses in childhood (McConnochie and
Roghmann 1984; Welliver et al. 1986; Geller-Bernstein
et al. 1987; Toyoshima et al. 1987; Rylander et al. 1988;
Lewis et al. 1995; Martinez et al. 1995; Strachan 1995;
Wennergren et al. 1997; Infante-Rivard et al. 1999;
Rusconi et al. 1999). Five studies addressed the short-
term prognosis of all forms of wheeze from infancy
through school age (Geller-Bernstein et al. 1987; Toy-
oshima et al. 1987; Martinez et al. 1995; Wennergren
et al. 1997; Rusconi et al. 1999). Two studies reported
specifically on the prognosis of wheeze following
RSV infection (Rylander et al. 1988) or bronchiolitis
in infancy (McConnochie and Roghmann 1984). The
results of these seven studies are all consistent with an
association between parental smoking and a small but
increased risk of wheeze persisting after early child-
hood (pooled OR = 1.49 [95 percent CI, 1.24-1.78],
2 for heterogeneity = 28.4, p <0.001).

The short-term prognosis of bronchiolitis from
a parainfluenza virus infection in infancy was evalu-
ated among 27 children after an approximate follow-
up period of three years (ranging from 8 to 51 months)
(Welliver et al. 1986). The mean number of subsequent
wheeze episodes was significantly higher (p <0.05) in
children whose parents smoked compared with chil-
dren whose parents were nonsmokers (3.0 versus
1.6 episodes, respectively), but the findings cannot be
expressed in the form of an OR for a direct compari-
son with other prognostic studies.

A contrasting pattern of effect of parental smok-
ing on prognosis emerges from a follow-up of a lon-
ger duration in two British birth cohort studies (Lewis
et al. 1995; Strachan 1995). Among children from
the 1958 cohort with a history of asthma or bronchi-
tis with wheeze by 7 years of age, maternal smok-
ing was associated with a significantly reduced risk
of these illnesses at 11 and 23 years of age (Strachan
1995), despite the tendency of children of smoking
parents to become active smokers, which is strongly
associated with the recurrence of symptoms (Stra-
chan et al. 1996). In the 1970 cohort, children younger
than 5 years of age with wheeze whose mothers had
smoked during pregnancy were less likely to experi-
ence wheeze in the past year at 16 years of age. This
inverse association was not statistically significant but
changed little after adjustment for gender, maternal
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age, parity, birth weight, and SES (Lewis et al. 1995).
The pooled OR for maternal smoking with a follow-
up to 11 (1958 cohort) or 16 years of age (1970 cohort)
is 0.71 (95 percent CI, 0.57-0.89, 2 for heterogeneity =
358, p = 0.058).

A study in Canada that initiated a follow-up at
three to four years of age found no effect of maternal
smoking on the persistence of symptoms six years later
(OR = 1.06 [95 percent CI, 0.67-1.67]) (Infante-Rivard
et al. 1999). This result is consistent with prevalence
studies that found a declining influence of parental
smoking on asthmatic symptoms as the child grows
older.

Prevalence Case-Control Studies

Tables 6.16 and 6.18 summarize 21 case-
control studies that relate parental smoking to asthma
or wheeze illnesses after the first year of life (O’Connell
and Logan 1974; Palmieri et al. 1990; Daigler et al.
1991; Willers et al. 1991; Butz and Rosenstein 1992;
Ehrlich et al. 1992, 1996; Infante-Rivard 1993; Clark et
al. 1994; Fagbule and Ekanem 1994; Leen et al. 1994;
Mumcuoglu et al. 1994; Azizi et al. 1995; Henderson
et al. 1995; Lindfors et al. 1995; Rylander et al. 1995;
Strachan and Carey 1995; Moussa et al. 1996; Oliveti
et al. 1996; Jones et al. 1999; Chang et al. 2000). The
studies are based mostly on outpatient or inpatient
cases, although four ascertained more severe forms of
wheeze illnesses using a population survey (Leen et
al. 1994; Strachan and Carey 1995; Ehrlich et al. 1996;
Moussa et al. 1996). These papers complement the
results of population surveys of diagnosed asthma or
symptoms of wheeze reviewed earlier in this chapter
(see “Respiratory Symptoms and Prevalent Asthma in
School-Age Children”) by more specifically address-
ing the relationship of parental smoking to the preva-
lence of more severe forms of asthma that require
clinical care.

For asthma, the results for smoking by
either parent (from 15 studies) are summarized in
Figure 6.10. There is evidence for borderline signifi-
cant heterogeneity between studies (x2 = 23.3, df = 14,
p = 0.06), but the size of the effect does not appear
to be systematically related to the age ranges stud-
ied or to the sources of cases or controls. The pooled
OR for smoking by either parent, derived by random
effects modeling, is 1.39 (95 percent CI, 1.19-1.64). In
a comparison of the effects of maternal and paternal
smoking, there is a consistent finding of an association
with maternal smoking (pooled OR = 1.54 [95 percent
CI, 1.31-1.81]) but not with paternal smoking (pooled
OR = 0.93 [95 percent CI, 0.81-1.07]). This finding
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Table 6.18 Unadjusted relative risks associated with parental smoking for asthma (meta-analysis of
case-control studies)
Odds ratios for smoking
. (95% confidence intervals) Dose- .

Population response  Cotinine

Study (cases/controls) Either parent Mother Father effect” measured

O’Connell and 400/213 1.30 NR? NR NR NR

Logan 1974 Aged 2-16 years  (0.93-1.83)

Palmieri et al. 1990 302/433 1.0 NR NR No* NR
Aged 1-12 years (0.70-1.42)

Daigler et al. 1991 137/246 NR 1.43 0.71 NR NR
Aged 0-17 years (0.92-2.23) (0.44-1.15)

Willers et al. 1991 49/77 1.97 2.56 0.87 Yes Yes
Aged 3-15 years (0.90-4.35) (1.23-5.32) (0.42-1.80)

Butz and Rosenstein ~ 102/105 1.43 NR NR NR NR

1992 Aged about (0.75-2.71)
9 years

Ehrlich et al. 1992 107/121 1.13 2.0 NR Yes Yes
Aged 3-14 years (0.67-1.90) (1.16-3.48)

Infante-Rivard 1993 457/457 NR 1.16 0.81 NR NR
Aged 34 years (0.89-1.51) (0.62-1.06)

Clark et al. 1994 19/43 0.71 NR NR NR Yes
Aged 5-7 years (0.22-2.22)

Fagbule and Ekanem  140/140 2.12 NR NR NR NR

1994 Aged about (1.32-3.42)
5% years

Leen et al. 1994 115/96 0.76 NR NR NR NR
Aged 5-11 years  (0.44-1.31)

Mumcuoglu et al. 300/100 0.90 Few smoked 0.95 NR NR

1994 Aged 3-15 years (0.57-1.42) (0.60-1.50)

Azizi et al. 1995 158/201 1.80 NR NR NR NR
Aged 0-5 years (1.20-2.70)

Henderson et al. 193/149 2.0 NR NR NR Yes

1995 Aged 7-12 years  (1.22-3.27)

Lindfors et al. 1995 193/318 1.62 NR NR NR NR
Aged 1-4 years (1.13-2.32)

Rylander et al. 1995 75/137 1.46 1.70 1.02 No Yes
Aged 1%%—4 years  (0.83-2.58) (0.93-3.14) (0.42-2.46)

Strachan and Carey 486 /475 NR 1.38 0.96 Yes NR

1995 Aged 12-18 years (1.18-1.61) (0.69-1.34)
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Table 6.18 Continued
Odds ratios for smoking
. (95% confidence intervals) Dose-

Population response  Cotinine

Study (cases/controls) Either parent Mother Father effect” measured

Ehrlich et al. 1996 348/272 1.57 1.70 1.23 Yes Yes
Aged 7-9 years (1.06-2.33) (1.23-2.34) (0.90-1.70)

Moussa et al. 1996 203/203 NR Few smoked 1.03 NR NR
Aged 6-18 years (0.63-1.70)

Oliveti et al. 1996 131/131 NR 2.79 NR Yes NR
Aged 4-9 years (1.66-4.67)

Jones et al. 1999 100/100 NR 1.17 0.85 NR NR
Aged 4-16 years (0.62-2.21) (0.48-1.49)

Chang et al. 2000 165/106 1.90 1.30 NR Yes Yes
Aged 0-16 years (1.10-3.40) (0.70-2.30)

*Urinary cotinine was measured (not all such studies reported dose-response relationships).

*NR = Data were not reported.

*Dose-response relationship was only evident for participants with negative skin pricks.

contrasts with prevalence surveys of asthma and
wheeze among schoolchildren that found an effect of
paternal smoking.

Six studies provided findings before and after
adjustment for potential confounding variables
(Fagbule and Ekanem 1994; Henderson et al. 1995;
Rylander et al. 1995; Strachan and Carey 1995; Ehrlich
et al. 1996; Oliveti et al. 1996). Only one study from
Nigeria (Fagbule and Ekanem 1994) reported a sub-
stantial reduction in the OR for smoking by either
parent (from 2.12 to 1.41) after adjustment for poten-
tial confounders that included pet ownership, indoor
mold, cockroaches, wood smoke, and the use of mos-
quito coils. The OR for parental smoking changed
little (from 1.32 to 1.3) after adjustment for family
history of asthma and duration of breastfeeding in
Sweden (Rylander et al. 1995); in the United Kingdom
the OR changed from 1.44 to 1.49 after adjustment for
age, gender, SES, gas cooking, indoor mold, feather
bedding, and pet ownership (Strachan and Carey
1995); in the United States the OR changed from
1.74 to 1.8 after adjustment for family history of asthma
and skin-prick positivity to common aeroallergens
(Henderson et al. 1995); in South Africa the OR
changed from 1.97 to 1.87 after adjustment for per-
sonal and family histories of atopic disease, SES,
indoor mold, and salt preference (Ehrlich et al.
1996); and in the United States the OR changed from
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2.79 to 2.82 after adjustment for maternal asthma, his-
tory of bronchiolitis, and a range of obstetric and peri-
natal variables (Oliveti et al. 1996).

Seven studies included measurements of uri-
nary cotinine as an objective marker of tobacco smoke
exposure (Willers et al. 1991; Ehrlich et al. 1992, 1996;
Clark et al. 1994; Henderson et al. 1995; Rylander et
al. 1995; Chang et al. 2000). Generally, the results of
questionnaire and biochemical assessments were
similar, although one study (Clark et al. 1994) found
a stronger association between asthma and exposure
classified by cotinine levels rather than by parental
smoking assessed from a questionnaire. At least one
study suggested that children with asthma may differ
from other children exposed to secondhand tobacco
smoke in terms of a lower clearance rate for nico-
tine metabolites, raising the possibility of a pharma-
cokinetic predisposition underlying the association
between parental smoking and childhood asthma
(Knight et al. 1998).

Four studies found a significant dose-response
relationship of parental smoking with cotinine con-
centrations (Willers et al. 1991; Ehrlich et al. 1992,
1996; Chang et al. 2000), but a fifth did not (Rylander
et al. 1995). Two other studies with findings for
exposure-response trends based on a questionnaire
assessment have inconsistent results (Palmieri et al.
1990; Strachan and Carey 1995), whereas a third, based
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Figure 6.10 Odds ratios for the effect of smoking by either parent on childhood asthma or wheeze

prevalence (case-control studies)
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on obstetric records, reported a strong exposure-
response relationship for daily cigarette smoking by
the mother during pregnancy (Oliveti et al. 1996).
Three studies compared the effects of parental
smoking at different ages. In the Swedish study by
Rylander and colleagues (1993, 1995), the effect of
parental smoking was greater at 18 months of age than
at a younger age. This pattern was the same, regard-
less of whether exposure was assessed by the number
of smoking parents or by urinary cotinine concentra-
tions (Rylander et al. 1995). A U.S. case-control study
that measured urinary cotinine concentrations found
a positive association with wheeze before two years
of age, but a nonsignificant inverse relationship at
older ages (Duff et al. 1993). An Italian case-control
study compared the effect of parental smoking before
and after six years of age (Palmieri et al. 1990). The
ORs for smoking by either parent were, respectively,
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1.13 (95 percent CI, 0.71-1.80) and 0.83 (95 percent CI,
0.48-1.44).

In this context, it is relevant to note that a large
record-linkage study of hospital admissions for asthma
in Sweden (see “Respiratory Symptoms and Prevalent
Asthma in School-Age Children” earlier in this chap-
ter) found a significant effect of maternal smoking
only on hospital admissions for children under three
years of age (Hjern et al. 1999).

Atopic and Nonatopic Wheeze

In the 1958 British birth cohort, the increased
incidence of bronchitis with wheeze or asthma by
16 years of age among children whose mothers had
smoked during pregnancy occurred only among the
3,815 participants with no history of hay fever, aller-
gic rhinitis, or eczema (cumulative incidence was
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24.5 percent versus 18.9 percent among those with a
history, OR = 1.39 [95 percent CI, 1.18-1.63]) (Strachan
et al. 1996). Among the 1,794 participants reporting
hay fever, allergic rhinitis, or eczema at one or more
follow-up visits, maternal smoking had little effect on
disease incidence (cumulative incidence was 32.2 per-
cent among those whose mothers had smoked during
pregnancy versus 33.5 percent among those whose
mothers had not smoked during pregnancy, OR =
0.95 [95 percent CI, 0.76-1.18]). The difference in the
effect of maternal smoking during pregnancy by the
presence or absence of hay fever, allergic rhinitis, or
eczema was statistically significant (p <0.01).

In the Italian case-control study, cases (but not
controls) were tested by skin prick with six locally rel-
evant aeroallergens (Palmieri et al. 1990). Fewer prick-
positive cases were exposed to any parental smoking
than were prick-negative cases (77 percent versus
82 percent, respectively, OR = 0.72 [95 percent CI,
0.37-1.41]). The association of exposure with a posi-
tive skin-prick result was more marked and statisti-
cally significant at the 5 percent level with exposure
to more than 20 cigarettes a day (44 percent for those
exposed to <20 cigarettes per day versus 60 percent
for those exposed to >20 cigarettes per day, OR = 0.54
[95 percent CI, 0.31-0.92]). Among 70 children with
asthma aged younger than six years in a British out-
patient series, maternal smoking was less common if
the serum IgE was elevated (>1 SD above the popula-
tion mean): 54 percent versus 69 percent among those
who did not have an elevated serum Ig (OR = 0.54
[95 percent CI, 0.21-1.45]) (Kershaw 1987). A cross-
sectional survey of Canadian children also identified
a stronger association between parental smoking and
recent asthma among children with no reported his-
tory of an allergy (OR for current smoking by either
parent = 2.93 [95 percent CI, 0.83-10.3]) than among
children with an allergy (OR = 0.73 [95 percent CI,
0.37-1.46]) (Chen et al. 1996). Although these differ-
ences are nonsignificant, they are consistent with the
1958 British birth cohort study results and thus sug-
gest a stronger association between parental smoking
and nonatopic “wheezy bronchitis” than with “aller-
gic asthma.”

A recent cross-sectional study of six- to seven-
year-old children in northern Sweden presented
results separately for atopic and nonatopic asthma
defined by the presence or absence of positive skin-
prick tests (Ronmark et al. 1999). Maternal smoking
was significantly associated with nonatopic asthma
(OR = 1.67 [95 percent CI, 1.04-2.68]) but not with
atopic asthma (OR = 1.17 [95 percent CI, 0.68-2.01]).
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Because the study data were not fully displayed, effect
modification by atopy cannot be formally evaluated
for statistical significance.

A contrasting pattern was found in a study
of allergy clinic patients aged 1 through 17 years in
Vancouver (Canada) (Murray and Morrison 1990).
Among 224 patients with atopic dermatitis, maternal
smoking was associated with an increased risk of diag-
nosed asthma (OR = 3.42 [95 percent CI, 1.60-7.30]),
whereas among 396 patients without atopic dermati-
tis there was no association (OR = 0.93 [95 percent CI,
0.57-1.51]). This interaction is statistically significant
at the 1 percent level, but the findings are difficult
to interpret biologically without the consideration of
possible referral biases in this clinic-based study.

Severity

The severity of an episodic disease such as
asthma has several dimensions: frequency of wheeze
episodes, persistence of symptoms between “attacks,”
occurrence of clinically severe or life-threatening
bronchospasm, the need for preventive and/or rescue
medications, health services utilization, and interfer-
ence with daily activities. Seven population surveys
(Gortmaker et al. 1982; Weitzman et al. 1990a,b; Stra-
chan and Carey 1995; Ehrlich et al. 1996; Chew et al.
1999; Schwartz et al. 2000), 1 case-control study (Hen-
derson et al. 1995), 11 uncontrolled case series (Ader-
ele 1982; Evans et al. 1987; Murray and Morrison 1989,
1993; Chilmonczyk et al. 1993; LeSon and Gershwin
1995; Macarthur et al. 1996; Minkovitz et al. 1999;
Wafula et al. 1999; Giirkan et al. 2000a; Sandberg et al.
2000), and 1 record-linkage study (Hjern et al. 1999)
present data on asthma severity in relation to parental
smoking (Table 6.19). Various dimensions of sever-
ity were used and some studies combined a number
of indices into a composite “severity score” (Aderele
1982; Murray and Morrison 1989, 1993).

Because each study employed different
approaches, a formal quantitative meta-analysis was
not carried out, but Table 6.20 presents a qualitative
review. These studies suggest greater disease sever-
ity in children exposed to smoking at home, a pattern
that is more consistently found among persons with
asthma who are hospital outpatients or inpatients
than among children with asthma identified through
population surveys (Table 6.20).

Several studies adjusted for potential confound-
ing variables, and it is possible that some of the
associations of parental smoking with health service
utilization, in particular, may reflect a common associ-
ation with a lower SES and correlates of SES that affect
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Table 6.19  Design, sample size, and severity index for studies of asthma severity associated with parental
smoking included in this overview
Study Design/population Severity index
Aderele 1982 Case series of 380 outpatients with asthma Severity score

Gortmaker et al. 1982

Evans et al. 1987

Murray and Morrison
1989

Weitzman et al. 1990a

Weitzman et al. 1990b

Chilmonczyk et al. 1993

Murray and Morrison
1993

Henderson et al. 1995

LeSon and Gershwin
1995

Strachan and Carey
1995

Ehrlich et al. 1996

Aged 1-13 years
Nigeria

Survey of 272 patients with reported current asthma
Aged 0-17 years

United States

(Massachusetts/Michigan)

Case series of 276 outpatients with asthma
Aged 4-17 years

United States

(New York)

Case series of 415 outpatients with asthma
Aged 1-17 years
Canada

Survey of 99 patients with reported current asthma
Aged 2-5 years

United States

(All states)

Survey of 117 patients with reported current asthma
Aged 0-5 years

United States

(All states)

Case series of 199 outpatients with asthma
Aged 0-13 years

United States

(Maine)

Case series of 807 outpatients with asthma
Aged 1-17 years
Canada

Case-control study of 149 children from a pediatric clinic sample

Aged 7-12 years
United States
(North Carolina)

Case series of 300 inpatients with asthma
Aged 5-12 years

United States

(California)

Survey of 486 patients with current wheeze
Aged 12-18 years
United Kingdom

Survey of 325 children with current asthma/wheeze
Aged 7-9 years
South Africa

Functional impairment

Emergency room visits

per year

Severity score

Asthma medication

Hospitalizations

Attack frequency

Severity score

>1 wheeze attack

Intubation

Frequent/severe wheeze

Asthma symptoms

Respiratory Effects in Children from Exposure to Secondhand Smoke
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Table 6.19 Continued

Study Design/population

Severity index

Macarthur et al. 1996
Aged 1-10 years
Canada

Chew et al. 1999
Aged 6-13 years
Singapore

Hjern et al. 1999
Aged 2-6 years
Sweden

Minkovitz et al. 1999
Aged 0-14 years
United States
(Maryland)

Wafula et al. 1999
Aged 0-9 years
Kenya

Giirkan et al. 2000a
Aged 3-15 years
Turkey

Sandberg et al. 2000
Aged 6-13 years
United Kingdom

Schwartz et al. 2000
Aged 7-12 years
Finland

Case series of 68 inpatients with asthma

Survey of 2,222 children with current wheeze

Routine data of about 2,500 admissions in 3 cities

Case series of 107 inpatients with asthma

Case series of 150 inpatients and outpatients with wheeze

Case series of 140 inpatients with asthma

Case series of 90 outpatients with asthma

Survey of 74 current patients with asthma

Readmission within 1 year

“Increased morbidity”

Readmission by 6 years

of age

Readmission within 1 year

>1 attack in 2 months

Readmission within 4 years

New asthma attacks

Daily medication and peak
expiratory flow

utilization. On the other hand, the striking association
of secondhand tobacco smoke exposure with near-
fatal asthma, evaluated retrospectively in a tertiary
medical care center in California, was stronger than
a range of psychosocial variables, which suggests that
the association cannot be entirely explained by SES
confounding (LeSon and Gershwin 1995). However,
a mutually adjusted analysis was not possible as only
2 of the 13 patients who required intubation came
from nonsmoking households.

Effects of Reducing Tobacco
Smoke Exposure

Information on secondhand smoke exposure
and asthma severity can also be found in studies
that track the consequences of exposure reduction.

370 Chapter 6

According to the early case-control study by O’Connell
and Logan (1974), 67 percent of the 265 children who
were exposed to parental smoking considered that it
had aggravated their symptoms. In addition, tobacco
smoke exposure was considered a “significant factor”
for symptoms in 10 percent (16/158) of children if one
parent smoked and in 20 percent (21/107) if both par-
ents smoked. These 37 children were included in an
empirical study of antismoking advice that included
a follow-up 6 to 24 months later of 35 of the children.
Symptoms improved in 90 percent (18/20) of the chil-
dren whose parents had stopped smoking, and in
27 percent (4/15) of the children who remained invol-
untarily exposed to tobacco smoke. These results
suggest a benefit from reducing exposure, but inter-
pretation is limited by the nonrandomized nature of
the intervention.
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Summary of studies on asthma severity associated with parental smoking

Study

Population
age (years)

Index of
exposure

Index of
severity

Association of disease severity with secondhand
smoke exposure

Direction

Significance

Comments

Population-based case series

Gortmaker et
al. 1982

Weitzman et
al. 1990a

Weitzman et
al. 1990b

Henderson
et al. 1995

Strachan and
Carey 1995

Ehrlich et al.
1996

0-17

0-5

7-12

12-18

7-9

Mother
smoked

Mother
smoked

Mother
smoked

Household
smoker

Mother
smoked

Mother
smoked

Functional
impairment

Asthma
medication

Hospitalizations

Attack
frequency

Frequency and
intensity

Frequency and
intensity

Positive

Positive

No trend

Inverse

Positive

Weak
positive

p =047

p=0.08

p=0.88

p=0.59

p=0.02

NR*

Functional impairment
was reported for 22% of
those with asthma whose
mothers smoked (n =

144), and for 18% of the
remaining population with
asthma (n = 128)

Medication was taken by
41% of those with asthma
whose mothers smoked
=10 cigarettes/day (n = 23),
and by 19% of others with
asthma (n = 76)

Mean admission rates were
1.1 per year if mother was
a nonsmoker, 1.3 if mother
smoked <10 cigarettes/day,
and 1.0 if mother smoked
=10 cigarettes/day

35% (29/82) of those with
infrequent wheeze and
30% (20/67) with

=5 attacks/year were
exposed to secondhand
smoke; urinary cotinine
levels were similar in the
2 groups

34% (38/113) of children
with both frequent and
intense attacks, and

23% (84/373) of children
with less severe cases had
mothers who smoked

Published odds ratio (OR)
of 2.04 (95% confidence
interval [CI] ,1.25-3.34)

for severe wheeze

(179 cases) is similar to the
1.87 (95% CI, 1.25-2.81) for
all wheeze cases (325)
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Table 6.20 Continued
Association of disease severity with secondhand
. smoke exposure
Population Index of Index of
Study age (years) exposure severity Direction Significance Comments
Population-based case series
Chew et al. 6-13 Father “Increased Weak p=034 Father smoked in
1999 smoked morbidity” positive 14% (122/899) of cases in
(<1% of the children with “increased
mothers morbidity,” and in
smoked) 12% (160/1,323) of other
cases in children with
wheeze
Hjern et al. 2-6 Mother Multiple No effect NR Large record-linkage study;
1999 smoked admissions there was no difference in
during the adjusted OR for any
pregnancy asthma admission
(1.3[95% CI, 1.1-1.4]) and
for multiple admissions
(1.3[95% CI, 1.0-1.6])
Schwartz et 7-12 Smoking Daily Positive p=0.02 Secondhand smoke
al. 2000 in the medication exposure on the previous
home (day- day increased the use of
by-day bronchodilator medication
exposure) (OR =10.3[95% (I,
1.3-83.7]); there was also
a dose-dependent effect
of secondhand smoke on
morning and evening peak
flows
Clinic-based case series
Aderele 1982  1-13 Household  Composite score  Positive p=0.15 Exposure (mainly to
smoker nonmaternal smoking):
23% (43/186) mild,
26% (23/87) moderate, and
31% (33/107) severe cases
Evans et al. 4-17 Any Emergency Positive p =0.008 Mean visits of 3.1 per year
1987 secondhand  room visits per in 137 smoking homes,
smoke year 1.8 per year in
exposure 122 nonsmoking homes
Murray and 1-17 Mother Composite score  Positive p <0.01 Severity score was related
Morrison smoked to maternal smoking
1989 (p <0.01) but not to
paternal smoking (p >0.5)
Chilmonczyk  0-13 Urinary Attack Positive p <0.05 Mean of 3.6 episodes per
etal. 1993 cotinine frequency year if cotinine was

>39 ng/mL' (n = 30),
2.8 per year if cotinine was
10-39 ng/mL (n = 53), and
2.1 per year if cotinine was
<10 ng/mL (n = 116)
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Table 6.20 Continued
Association of disease severity with secondhand
) smoke exposure
Population Index of Index of
Study age (years)  exposure severity Direction Significance ~Comments
Clinic-based case series
Murray and 1-17 Mother Composite score  Inverse p <0.01 Reversal of previous
Morrison smoked relationship in Aderele
1993 (1982) after introducing
antismoking advice
LeSon and 5-12 Any Intubation Positive p <0.001 85% (11/13) of intubated
Gershwin secondhand patients and 20% of
1995 smoke 287 nonintubated
exposure patients were exposed to
secondhand smoke
(OR =22.4[95% (I,
7.4-68.0])
Macarthuret  1-10 Household  Readmission Positive p=0.24 53% (17/32) of children
al. 1996 smoker who were readmitted and
36% (13/36) of children
not readmitted were from
smoking homes (OR = 2.0
[95% CI, 0.8-5.3])
Minkovitzet 0-14 Household  Readmission Inverse p=0.19 49% (16/33) of children
al. 1999 smoker with multiple admissions
compared with
62% (46/74) of single
admissions were exposed
to smoking in the home
Wafulaetal. 09 Household  >1 attack in Positive p=0.09 51% (36/71) of persons
1999 smoker 2 months with moderate and severe
asthma were exposed,
compared with 33% of
persons with mild asthma
cases (OR =2.1[95% CI,
0.9-4.7])
Giirkan etal. 3-15 Household  Readmission Positive p=0.04 Among children with
2000a smoker multiple hospitalizations,
53% (16/30) were from
Mother p =0.02 smoking households and
smoked 23% (7/30) had mothers
who smoked; among other
children these figures were
31% (34/110) and
7% (8/110), respectively
Sandberg et 6-13 Parents New asthma Positive p=0.05 Adjusted OR for asthma
al. 2000 smoked attacks exacerbation during

follow-up in offspring of
smoking parents was
1.33 (95% CI, 1.01-1.77)

*NR = Data were not reported.

ng/mL = Nanograms per milliliter.
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A composite score was used to grade severity
among 415 children aged 1 through 17 years diag-
nosed with asthma who attended an allergy clinic in
Vancouver (Canada) from 1983 to 1986 (Murray and
Morrison 1989). The severity score was significantly
higher among children of smoking mothers (p <0.01),
but when the analysis was repeated for an additional
387 children attending the same clinic from 1986 to
1990, the relationship between maternal smoking
and the asthma severity score was reversed, reflect-
ing a highly significant (p <0.001) decline in severity
among children of smoking mothers, and little change
in severity for children whose mothers did not smoke
(Murray and Morrison 1993). The authors attrib-
uted this change to an alteration in parental smoking
behaviors following advice from clinicians to avoid
smoking in the home or in the presence of the child.
However, this interpretation was based on anecdotal
reports, and no objective data were presented to con-
firm the postulated reduction in the personal expo-
sure of the children.

Evidence Synthesis

The results summarized in this discussion and
in previous sections present a complex picture of the
associations of parental smoking with asthma inci-
dence, prognosis, prevalence, and severity. The rates
of incidence and recurrence of wheeze illnesses in
early life are greater if there is smoking in the home,
particularly by the mother, whereas the incidence of
asthma during the school-age years is less strongly
affected by parental smoking. A similar age-related
decline in the strength of the effect of secondhand
smoke exposure is evident in cross-sectional stud-
ies. These findings may simply reflect the diminish-
ing level of secondhand tobacco smoke exposure
from household sources as children age (Irvine et al.
1997; Chang et al. 2000). Alternatively or additionally,
parental smoking may have differential effects on the
incidence of various forms of wheeze illnesses; there
may be a stronger effect on the viral infection associ-
ated with wheeze that is common in early childhood,
and a weaker effect on the atopic wheeze that occurs
often as a later onset component of asthma (Wilson
1989). Five studies comparing the effect of smoking on
wheeze in atopic and nonatopic children lend support
to the latter hypothesis (Kershaw 1987; Palmieri et al.
1990; Chen et al. 1996; Strachan et al. 1996; Ronmark
etal. 1999), but a sixth does not (Murray and Morrison
1990).
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The earlier section on LRIs in infancy presented
evidence of an increased risk from postnatal exposure
to smoking by the father in households where the
mother did not smoke, but there was insufficient evi-
dence to distinguish the separate effects of prenatal
and postnatal smoking by the mother. Several of the
cohort studies reviewed here have reported findings
in relation to maternal smoking during pregnancy.
These data are limited, and the potential role of pre-
natal exposure as an independent cause of asthma is
still unclear. The published data are insufficient to
assess the independent effect of nonmaternal smok-
ing on the incidence or natural history of childhood
asthma after the first few years of life. Most cohort
studies show a weak association of asthma incidence
with paternal smoking. In case-control studies, mater-
nal smoking has the dominant effect, with little effect
from smoking by the father.

Although wheeze in infancy is more likely to
recur if both parents smoke, at least maternal smoking
alone is associated with seemingly little long-term risk
(Table 6.17). This indication could also reflect a stron-
ger association of parental smoking with nonatopic
wheeze (“wheezy bronchitis” than with “allergic
asthma”), which is associated with a better progno-
sis. On the other hand, atopic children tend to have
more severe and more frequent or persistent wheeze,
and case-control studies of (“clinic”) children with
more severe asthma show a positive association with
maternal smoking that again appears to be of greater
importance. Indeed, the pooled OR for smoking by
either parent from these case-control studies (1.39)
is somewhat greater than the corresponding pooled
ORs from cross-sectional surveys of wheeze (1.27) and
asthma (1.22) among schoolchildren. Furthermore,
most studies have found a greater severity of disease
among children with asthma if the parents smoke
(Table 6.20), and prevalence surveys among school-
children suggest a stronger association with more
restrictive (presumably more severe) definitions of
wheeze than with any recent wheeze.

These findings by age and phenotype are com-
plex to interpret: studies of incidence and prognosis
suggest an association of parental smoking primarily
with early, nonatopic wheeze that tends to run a mild
and transient course, whereas studies of prevalence
and severity suggest that secondhand tobacco smoke
exposure increases the risk of more severe symptoms
and more outpatient clinic visits or emergency hospi-
tal admissions. One explanation for this pattern would
be to consider secondhand tobacco smoke as a cofac-
tor operating with intercurrent infections as a trigger



of wheeze attacks, rather than as a factor initiating or
inducing persistent asthma. This distinction between
induction (initiation) and exacerbation (provocation)
also emerges when considering the role of outdoor air
pollution as a cause of asthma (Department of Health
Committee on the Medical Effects of Air Pollutants
1995). There is also strong familial aggregation for
childhood asthma that certainly has genetic determi-
nants, although research on the genetics of asthma is
still inconclusive.

The incidence of both wheeze and nonwheeze
LRIs in infancy increases to a similar extent if both
parents smoke, and the increase reflects, at least in
part, postnatal secondhand (environmental) tobacco
smoke exposure. It is likely that the clinical severity
of viral respiratory infections in older children is also
exacerbated by secondhand smoke exposure, which
leads to an increased risk of respiratory symptoms
in general, including wheeze. Among children at low
risk for wheeze, secondhand smoke exposure at the
time of an intercurrent infection may be sufficient to
cause occasional episodes of asthmatic symptoms and
thus increase the risk of a mild, often transient wheeze
tendency that the child outgrows as the airways
become larger or less reactive with increasing age.
In a previous section of this chapter, the conclusion
was reached that secondhand smoke exposure from
parental smoking causes LRIs in infants and children.
The wheezing that accompanies many of these LRIs
may be clinically classified as asthma, although the
cohort study findings suggest that this phenotype is
not generally persistent as the child ages.

Some previous reviews have concluded that
exposure to secondhand smoke is causally associated
with an increase in the incidence of childhood asthma
(USEPA 1992; Halken et al. 1995). This association has
been attributed to chronic (but possibly reversible)
effects of parental smoking on bronchial hyperreactiv-
ity rather than to the acute effects of cigarette smoke
on airway caliber (USEPA 1992). The most relevant

Atopy
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evidence for secondhand smoke exposure and onset of
asthma comes from studies of older children at an age
when there is reasonable diagnostic certainty. This evi-
dence comes from only a small number of studies and
their statistical power is limited, particularly within
specific age strata. In addition, all studies are inher-
ently limited by the difficulty of classifying the out-
come, and there may be variations in the phenotypes
that were considered across the studies. Within these
constraints, the evidence indicating an association of
secondhand smoke exposure from parental smoking
with asthma incidence is inconsistent. The evidence
for asthma prevalence, by contrast, was sufficient to
support an inference of causality.

Conclusions

1. The evidence is sufficient to infer a causal
relationship between secondhand smoke exposure
from parental smoking and the onset of wheeze
illnesses in early childhood.

2. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
smoke exposure from parental smoking and the
onset of childhood asthma.

Implications

The etiology of childhood asthma includes the
interplay of genetic and environmental factors. The
asthma phenotype likely comprises several distinct
entities. The evidence is clear in showing that second-
hand smoke exposure causes wheeze illnesses in early
life and makes asthma more severe clinically. This
evidence provides a strong basis for limiting expo-
sure of infants and children to secondhand smoke,
even though a causal link with asthma onset is not yet
established for asthma incidence.

The hypothesis that secondhand tobacco smoke
exposure might increase allergic sensitization was
first proposed more than 20 years ago (Kjellman 1981).
However, the role of secondhand smoke exposure

(specifically from maternal smoking) in allergic sen-
sitization remains uncertain despite many investiga-
tions since that time. Some studies have documented
an association between maternal smoking during
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pregnancy and elevated cord blood total IgE, as well
as an elevated risk for the development of allergic dis-
ease (Magnusson 1986; Bergmann et al. 1995). Other
studies, however, have not replicated these findings
(Halonen et al. 1991; Oryszczyn et al. 1991; Ownby et
al. 1991). Many studies have investigated the relation-
ships of secondhand smoke exposure from parental
smoking with cord blood IgE concentrations, IgE
levels later in childhood, skin-test reactivity, and
allergic manifestations such as rhinitis (Strachan and
Cook 1998c). The comprehensive, systematic review
reported by Strachan and Cook (1998c) of the effects
of secondhand smoke exposure from parental smok-
ing covered IgE levels, skin-prick test reactivity, and
allergic rhinitis and eczema. The review included
9 studies of IgE levels in neonates, 8 studies of IgE
levels in older children, 12 studies of skin-prick tests,
and 10 studies of allergic symptoms (Strachan and
Cook 1998c¢). The quantitative summary did not show
a significant association of maternal smoking with
total serum IgE, allergic rhinitis, or eczema. The meta-
analysis for skin-prick test positivity and smoking
during infancy and pregnancy yielded a pooled OR
estimate of 0.87 (95 percent CI, 0.62-1.24), suggesting
no effect of secondhand smoke on skin-prick positiv-
ity during these stages of development. The summary
estimate supported a conclusion that maternal smok-
ing before birth or parental smoking during infancy is
unlikely to increase the risk of allergic sensitization.

This conclusion remains consistent with results
from studies conducted since this systematic review,
which also found no increase in risk for allergic sen-
sitization from secondhand smoke exposure. The dis-
cussion that follows reviews some of the key studies
published since 1997 (Table 6.21).

Immunoglobulin E

Evidence for the level of cord blood IgE as a
predictor of IgE-mediated disease is inconsistent.
Some studies suggest that cord blood IgE predicts
the development of allergic disease (Michel et al.
1980; Magnusson 1988), but others do not support
that hypothesis (Halonen et al. 1991; Ruiz et al. 1991;
Hansen et al. 1992). If maternal smoking during preg-
nancy influences immune system development and
gene expression in the fetus, then the cord blood IgE
concentration may be a biomarker for the effects of
smoking. However, expression of genes primed in the
fetal environment may not be manifest until later in
life, so the complete effect of in utero tobacco smoke
exposure on allergic phenotypes may not be apparent
until adulthood.
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A study by Kaan and colleagues (2000) exam-
ined cord blood IgE and cotinine levels in a cohort of
62 infants. The infants were part of a randomized trial
of primary intervention for the prevention of asthma
and allergic disease. As expected, infants of mothers
who smoked at the time of study recruitment had sig-
nificantly higher cotinine levels when compared with
unexposed children and with children exposed to
secondhand smoke from smoking by the father or
other household adults. Although cord blood IgE was
a significant predictor of food allergy at 12 months
of age, cord blood IgE and cotinine levels were not
correlated. The investigators concluded that the cord
blood IgE level is not influenced by maternal smoking
(Kaan et al. 2000). It should be noted that cord blood
IgE values have the weakest relationship with allergy
and these data should be considered separate from
measures of whole blood IgE obtained at postnatal
and childhood time points.

In a cohort study of 342 children followed from
birth to early childhood, prenatal and postnatal
tobacco smoke exposure was investigated to assess
whether secondhand smoke exposure has a role in
the development of allergic sensitization to food
allergens during infancy and childhood (Kulig et al.
1999). The researchers collected cord blood and used
a questionnaire to evaluate secondhand smoke expo-
sure. At three years of age, children with a history of
prenatal and postnatal tobacco smoke exposure had a
higher risk of food allergen sensitization than children
with no exposure (OR = 2.3 [95 percent CI, 1.1-4.6]).
There was no association between secondhand smoke
exposure and quantitative measures of cord blood IgE
(p = 0.58) (Kulig et al. 1999). Another birth cohort
study of 1,218 infants measured cord blood IgE levels
in 1,064 infants (Tariq et al. 2000). Maternal smoking
was evaluated at birth and again when the children
were one, two, and four years of age; 20.5 percent of
the mothers reported smoking during pregnancy and
25.2 percent reported smoking after childbirth. Mater-
nal smoking during pregnancy was not associated
with cord blood IgE levels at birth (Tariq et al. 2000).

Allergic Sensitization During Childhood

Other studies published since 1997 have inves-
tigated childhood IgE levels and exposure to second-
hand tobacco smoke. Lindfors and colleagues (1999)
investigated 189 children with asthma aged one to
four years. The researchers explored the association
between exposures to dog and cat allergens and the
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Table 6.21  Atopy studies of markers for exposure to secondhand smoke
Study Design/population Measures Findings Comments
Farooqi and Retrospective cohort * Log regression of ® 45.4% (879) developed  No significant
Hopkin 1998 1975-1984 birth cohort predictors of atopic atopic disorder association was found
N =1,934 disease (OR* =1.16 [95% CT', between maternal
United Kingdom * Maternal atopy 0.95-1.43]) smoking and atopic
(Oxfordshire) ¢ Maternal smoking 25% developed symptoms
asthma (OR = 1.29
[95% CI, 1.03-1.63],
p <0.05)
25% developed hay
fever (OR = 1.04
[95% CI, 0.82-1.32])
19% developed
eczema (OR = 0.97
[95% CI, 0.75-1.26])
Lewis and 1970s birth cohort ¢ Wheeze ¢ Wheeze increased Suggested that an
Britton 1998 N = 6,068 with ¢ Eczema at 16 years of age in independent effect

Tariq et al. 1998

Kalyoncu et al.
1999

complete follow-up
data

Follow-up at 5, 10, and
16 years of age

United Kingdom

Birth cohort

N=1,218

Followed to 4 years of
age

N =738

358 boys, 380 girls
Aged 6-13 years
Turkey

(Ankara)

e Hay fever

Serum and cord IgE*

¢ Questionnaire

e Prevalence of
asthma, wheeze,
rhinitis, and atopic
dermatitis in the
last 12 months

relation to maternal
smoking

There was no
evidence to support
maternal smoking as
a contributing factor
to the development of

atopy

27% had symptoms of
allergic disease by

4 years of age
Parental smoking did
not increase allergen
sensitization among
children

Secondhand smoke
exposure affected
occurrence of allergic
rhinitis (OR = 1.84
[95% CI, 1.3-3.0])
Occurrence of any
type of allergic disease
or symptoms in

the past 12 months
was associated with
secondhand smoke
exposure (OR =1.74
[95% CI, 1.18-2.56])

of smoking reduced
the effect of allergic
disease; hay fever
was less common
with high levels of
maternal smoking

Family history of
atopy was deemed
the most important
risk

None
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Table 6.21 Continued
Study Design/population Measures Findings Comments
Kulig et al. Birth cohort e Specific IgE e Allergic sensitization Effect was restricted
1999 N =342 of 1,314 from ¢ Questionnaire to food and to food allergens;
initial cohort assessed parental aeroallergens there were no
Studied from infancy to smoking at birth, ¢ By 3 years of age with  consistent dose-
early childhood and at 18 and prenatal exposure response patterns; no
Measured at 1, 2, and 36 months (OR =2.3[95% CI, association between
3 years of age 1.1-4.6]) and postnatal ~ secondhand smoke
Children were grouped exposure (OR =2.2 and sensitization to
into 4 exposure [95% CI, 0.9-5.9]) to inhaled allergens was
categories, depending secondhand smoke, found
on parental smoking there was an increased
Germany risk of food allergy
¢ There was no
association between
secondhand smoke
and cord blood IgE
Lindfors et al. N = 189 children with * Specific IgE Secondhand smoke There was an
1999 asthma antibody to catand  increased the risk for interaction between
Aged 14 years dog allergens sensitization to cat secondhand smoke
Sweden ¢ Questionnaire (OR =2.21[95% CI, exposure, window

Sudrez-Varela
et al. 1999

Vinke et al.
1999

Kaan et al. 2000

Cross-sectional
N = 3,948
Aged 6-7 years
Spain
(Valencia)

N =20
10 exposed and
10 unexposed

397 high-risk infants
in a controlled trial to
prevent asthma and
allergic disease
Canada

(Vancouver and
Winnepeg)

House dust analysis

Rhinitis

Atopic dermatitis
Asthma
Secondhand smoke
exposure

Immunohistochemical
staining for
Langerhans cells,

T cells, B cells,
granulocytes,
macrophages, mast
cells, and eosinophils
in the nasal mucosa

e Total IgE

e Serum cotinine in
cord blood taken at
birth

0.9-4.9]) and dog
(OR =2.0[95% (I,
0.9-4.5])

e Severity of atopic
disease increased in
lower social classes

¢ Secondhand smoke
exposure increased in
lower social classes

There were more
IgE-positive cells and
eosinophils in the nasal
mucosa of children
exposed to secondhand
smoke

There was no correlation
between cord blood IgE
and cotinine levels

pane condensation,
and a high level of
cat allergen (OR = 42
[95% CI, 3.7-472.8]);
wide CI

None

Secondhand smoke
leads to a tissue
infiltrate that
resembles infiltrates
in the nasal mucosa
of children with
allergy; no significant
sensitization was
found in nasal
mucosa with
increased IgE on cell
surface

None
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Table 6.21 Continued
Study Design/population Measures Findings Comments
Tariq et al. 2000  Birth cohort e Skin testing ¢ Maternal smoking did ~ Smoking while
N=1,218 ¢ Cord blood IgE not increase allergen pregnant has no effect
Tested at 1, 2, and sensitization at 4 years  on cord blood IgE at
4 years of age of age birth
981 were skin-prick ¢ There was an inverse
tested association between
Cord IgE from 1,064 maternal smoking
United Kingdom during and after
(Isle of Wight) pregnancy and
allergen sensitization
at 4 years of age
Ulrik and 408 participants from e Skin-prick test There was an increased None
Backer 2000 case histories of ¢ Total serum IgE risk of a positive skin
983 children ¢ Pulmonary function prick at second survey
Aged 7-17 years e Airway with exposure to
Longitudinal surveys responsiveness maternal smoking
were 6 years apart (OR =2.0[95% CI,
Denmark 1.3-3.1], p = 0.002)
(Copenhagen)
Zacharasiewicz N = 18,606 children Nasal symptoms ¢ Maternal smoking There was a
et al. 2000 Aged 6-9 years suggestive of atopic during pregnancy demonstrated dose-

Austria

rhinitis

and/or breastfeeding
increased risks for
rhinitis in the last

12 months (OR = 1.28
[95% CI, 1.07-1.52])

response pattern for
allergic symptoms
depending on

the amount of
secondhand smoke

® >50 cigarettes smoked
athome: OR =2.9
(95% CI, 1.21-6.95)

exposure

*OR = Odds ratio.
*CI = Confidence interval.
fIgE = Immunoglobulin E.

risk for allergic sensitization, and assessed whether
the risk of allergen sensitization was modified by
secondhand smoke exposure (Lindfors et al. 1999). In
this study, questionnaires were completed regarding
exposures to dogs, cats, home dampness as indicated
by window pane condensation, and secondhand
smoke, which was evaluated from questions about
parental smoking in the home during the child’s first
two years of life; house dust was also analyzed. Expo-
sure to secondhand tobacco smoke increased the risk
for allergic sensitization to cats (Radioallergosorbent
Test [RAST] el cat =0.35 kilounit per liter (kU/L),
OR = 22 [95 percent CI, 0.9-4.9]; RAST el cat
>0.70 kU/L, OR = 2.1 [95 percent CI, 0.7-6.5]). Expo-
sure to secondhand smoke also increased the risk
for sensitization to dogs (RAST e5 dog =0.35 kU/L,

Respiratory Effects in Children from Exposure to Secondhand Smoke

OR = 2.0 [95 percent CI, 0.9—-4.5]). With joint exposure
to cats, secondhand smoke, and home dampness, the
OR of 42.0 indicated a very high risk for allergic sen-
sitization to cats, although CIs were broad (95 percent
CI, 3.7-472.8). The investigators concluded that sec-
ondhand smoke exposure may promote atopic sensi-
tization in children with asthma. The study did not
control for in utero exposure to smoking (Lindfors et
al. 1999).

A six-year prospective cohort study of 408 Dan-
ish children and adolescents aged 7 to 17 years ini-
tially included measurements of IgE and skin tests to
common allergens. Only a single measurement of IgE
was available when the study began. An analysis of
individuals who were not atopic at the time of the first
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examination showed that exposure to secondhand
tobacco smoke from maternal smoking increased the
risk for a positive skin-prick test at the second evalu-
ation (OR = 2.0 [95 percent CI, 1.3-3.1]), but changes
in IgE levels could not be assessed. The authors con-
cluded thatexposure to secondhand smoke was associ-
ated with an increased risk of sensitization to common
aeroallergens in adolescence (Ulrik and Backer 2000).

Other recent investigations have focused on chil-
dren in the first three to four years of life, a critical time
for alveolar and immune system development. In a
birth cohort study, 981 children of the original cohort
of 1,218 children were tested by skin prick for com-
mon aeroallergens at one, two, and four years of age
(Tariq et al. 2000). An inverse association was noted
for exposure to maternal smoking during pregnancy
and childhood and the development of allergic sensi-
tization at four years of age. Among children whose
mothers smoked during pregnancy and/or after birth,
31.4 percent were not sensitized to aeroallergens ver-
sus 21.2 percent who were (p <0.05). Paternal smok-
ing was not associated with allergen sensitization
or skin-test reactivity (17.2 percent of those exposed
versus 20.5 percent who were not exposed to paternal
smoking). The investigators noted that secondhand
smoke exposure from paternal sources may have been
underestimated because more mothers than fathers
were available for interviews (Tariq et al. 2000). Kulig
and colleagues (1999) found that in children three
years of age who had been exposed to secondhand
smoke prenatally and postnatally, secondhand smoke
exposure and sensitization to aeroallergens were
not associated.

For the updated meta-analysis of the evidence
relating parental smoking to allergic sensitization in
children as measured by a skin-prick test (Strachan
and Cook 1998b), 50 potentially relevant studies were
identified, 3 of which yielded sufficient data to calcu-
late the effect measure of interest. One of these papers
was not included in the synthesis (Burr et al. 1997)
because it measured allergic sensitization in neonates
instead of in children. Two papers (Arshad et al. 1993;
Tariq et al. 2000) analyzed the same data, and the more
recent results (Tariq et al. 2000) are included here. In
both the 1998 synthesis and this meta-analysis, the
effect measure compared the relative odds of positive
skin-prick reactions in exposed versus unexposed chil-
dren. Studies were grouped according to the timing of
secondhand smoke exposure: perinatal (maternal
smoking during pregnancy and parental smoking from
infancy to four years of age) and childhood (parental
smoking at five or more years of age). The updated
meta-analysis includes 10 papers (Table 6.22). There
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was significant heterogeneity among the studies. The
heterogeneity does not seem to be explained by study
characteristics such as design, location, age group, or
exposure measure.

The results of studies of perinatal exposure
were the least heterogeneous; the pooled ORs sug-
gest a nonsignificant reduction in risk among chil-
dren exposed to secondhand smoke (Table 6.23 and
Figure 6.11). The evidence is less consistent for child-
hood exposures (Figure 6.12 and Table 6.23). The
random effects estimate, which is more appropriate
than the fixed effects given the significant hetero-
geneity, shows a small and nonsignificant increase in
risk associated with exposure, although this conclu-
sion is limited by the small number of studies included
in this analysis.

Considering all of the studies together, the ran-
dom effects estimate is 1.10 (95 percent CI, 0.85-1.42),
a nonsignificant increase in risk among exposed chil-
dren (Figure 6.13 and Table 6.23). The results of these
studies confirm those of the previous meta-analysis:
parental smoking during pregnancy or childhood is
not consistently associated with an increased risk of
allergic sensitization.

Atopic Disease

Findings from recent investigations of atopic
disease indicators such as allergic symptoms, eczema,
rhinitis, and dermatitis are generally consistent with
the earlier systematic review. Studies document that
secondhand smoke exposure affects cellular biomark-
ers. Vinke and colleagues (1999) demonstrated that
IgE-positive cells and eosinophils were higher in the
nasal mucous of children exposed to secondhand
smoke than in unexposed children. The researchers
concluded that although secondhand tobacco smoke
exposure led to a tissue infiltrate in biopsy specimens
that resembles that in the nasal mucosa of children
with allergy, a key difference was the lack of IgE-
positive mast cells in biopsy specimens from the non-
atopic children exposed to secondhand smoke (Vinke
et al. 1999).

In a prospective cohort study of 6,068 children
born in 1970, a follow-up for indicators of atopy was
carried out at 5, 10, and 16 years of age by questioning
parents (Lewis and Britton 1998). Maternal smoking
was measured as “maternal smoking during preg-
nancy” and “current maternal smoking.” The findings
did not support the hypothesis that maternal smok-
ing during pregnancy or current maternal smoking
contributes to the development of atopy. In fact, the
occurrence of hay fever at 16 years of age was less
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Table 6.22  Studies relating parental smoking to skin-prick positivity in children
Odds ratio
Design/ (95% confidence
Study/location population Exposure measure Outcome measure interval)
Perinatal secondhand smoke exposure
Kuehr et al. 1992 Survey Mother smoked during Any of 7 SPT* 23 mm* 0.6 (0.3-1.1)
Germany N =1,470 pregnancy
Aged 6-8 years
Braback et al. 1995
Estonia Survey Secondhand smoke inhome  Any of 8 SPT >0 mm 1.2 (0.9-1.8)
N =1,519 during infancy
Aged 10-12 years
Poland Survey Secondhand smoke inhome  Any of 8 SPT >0 mm 0.6 (0.3-1.1)
N =410 during infancy
Aged 10-12 years
Sweden Survey Secondhand smoke in home Any of 8 SPT =0 mm 1.3 (0.9-1.8)
N = 665 during infancy
Aged 10-12 years
Henderson et al. 1995 Survey Mother smoked during Any of 14SPT >4 mm 0.8 (0.4-2.0)
United States N =219 pregnancy
(North Carolina) Aged 7-12 years
Seyseth et al. 1995 Survey Mother smoked during Any of §SPT =3 mm 0.6 (0.4-1.0)
Norway N =529 pregnancy
Aged 7-13 years
Tariq et al. 2000 Cohort Mother smoked when child Any of 12SPT >3 mm 1.1 (0.6-1.6)
United Kingdom N =1,456 was 4 years of age
Aged 04 years
Childhood secondhand smoke exposure
Weiss et al. 1985 Cohort Mother currently smoked Any of 4 SPT >0 mm 2.2(1.1-4.4)
United States N =163
(Massachusetts) Aged 12-16 years
Ronchetti et al. 1992 Cohort Either parent smoked Any of 10 positive 1.7 (0.8-3.8)
Italy N=142 SPT
Aged 13 years
von Mutius et al. 1994 Survey Mother currently smoked Any of 6 SPT =3 mm 0.8 (0.7-0.9)
Germany N = 8,653
Aged 9-11 years
Henderson et al. 1995 Survey Parental smoking when child  Any of 14 SPT >4 mm 1.1 (0.6-1.9)
United States N =219 was 5 years of age
(North Carolina) Aged 7-12 years
Seyseth et al. 1995 Survey Mother currently smoked Any of §SPT =3 mm 0.8 (0.5-1.2)
Norway N =529

Aged 7-13 years
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Table 6.22  Continued
Odds ratio

Design/ (95% confidence

Study/location population Exposure measure Outcome measure interval)
Childhood secondhand smoke exposure

Zeiger and Heller 1995  Trial Regular smoking at home Any of 9 positive SPT 2.9 (1.1-7.7)
United States N =165

Aged 7 years
Ulrik and Backer 2000  Cohort Maternal smoking during Any of 9 SPT =3 mm 2(1.2-3.1)
Denmark N =408 childhood

Aged 7-17 years

*SPT = Skin-prick test.
mm = Millimeter.

Table 6.23

Summary of pooled odds ratios (95% confidence intervals) in skin-prick positivity comparing

unexposed children with children exposed to secondhand smoke at various time points

Perinatal exposure

Childhood exposure

Perinatal or childhood exposure

Number of studies 7

0.97 (0.81-1.15)
0.90 (0.68-1.18)
13.1 (0.042)

Fixed effects

Random effects

Q (p value)

7

0.90 (0.81-1.01)
1.35 (0.91-2.01)
29.5 (0.000)

12

0.92 (0.84-1.02)
1.10 (0.85-1.42)
42.2 (0.000)

Note: Q is the chi-square distributed test statistic for the null hypothesis of no heterogeneity between studies.

common in those with the highest levels smoked by
the mother (current smoking OR = 0.78 [95 percent CI,
0.67-0.92]). A risk for eczema at 16 years of age was
not associated with current maternal smoking.

Kalyoncu and colleagues (1999) conducted
two questionnaire surveys five years apart to evalu-
ate prevalence rates for asthma, allergic disease, and
risk factors among primary school-age children. The
second survey included 358 boys and 380 girls aged
6 through 13 years. In this sample, smoking at home
was associated with the occurrence of allergic rhinitis
(OR =1.84 [95 percent CI, 1.3-3.0]), and the occurrence
of allergic symptoms during the past 12 months was
associated with secondhand tobacco smoke exposure
(OR = 1.74 [95 percent CI, 1.18-2.56]) (Kalyoncu et al.
1999).

In a retrospective cohort study of 1,934 chil-
dren, there was no significant association between
maternal smoking and atopy (OR = 1.16 [95 percent
CI, 0.95-1.43]), hay fever (OR = 1.04 [95 percent CI,
0.82-1.32]), or eczema (OR = 0.97 [95 percent CI,
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0.75-1.26]) (Farooqi and Hopkin 1998). The authors
concluded that genetic factors constitute the main
risk for the development of atopy in children. With an
OR of 1.97 (95 percent CI, 1.46-2.66), maternal atopy
was a predictor of the development of atopy in these
children (Farooqi and Hopkin 1998).

As part of ISAAC, parents answered a supple-
mental questionnaire regarding indoor environmental
exposures and childhood symptoms of atopic rhinitis.
For participants in Austria, there were questionnaire
responses for 18,606 children aged six through nine
years (Zacharasiewicz et al. 2000). Multiple indoor
environmental exposures were considered in the anal-
yses, including maternal smoking during pregnancy
and/or while breastfeeding, secondhand smoke expo-
sure, mattress and bedding type, home dampness,
cooking fuels, home heating, and indoor pets. Overall,
there was no difference between indoor environmen-
tal exposures in children with rhinitis symptoms only
during the pollen season versus those with symptoms
year round. Maternal smoking during pregnancy and
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Figure 6.11 Odds ratios for the association between parental smoking during pregnancy and infancy and
skin-prick positivity

1
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Odds ratio (95% confidence interval)

Note: Size of boxes is proportional to the weight of each study in the pooled odds ratio (OR). Solid line represents an OR of 1,
dotted line is the combined result.
*From random effects meta-analysis.

Figure 6.12 Odds ratios for the association between parental smoking during childhood and skin-prick
positivity
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Note: Size of boxes is proportional to the weight of each study in the pooled odds ratio (OR). Solid line represents an OR of 1,
dotted line is the combined result.

*From random effects meta-analysis.
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Figure 6.13 Odds ratios for the association between parental smoking and skin-prick positivity

Weiss et al. 1985 E L I
Kuehr et al. 1992 |1 i
Ronchetti et al. 1992 [ = I
von Mutius et al. 1994 il |
Brabick et al. 1995 (Estonia) I——.—(
Brabick et al. 1995 (Poland) || i
Brabick et al. 1995 (Sweden) l——:—.—|
Henderson et al. 1995 I = E I
Sayseth et al. 1995 !
Zeiger et al. 1995 I = I
Tariq et al. 2000 i
Ulrik and Backer 2000 —
|
Pooled* ‘
| o t | [
0.3 0.5 1 2 5 7

Odds ratio (95% confidence interval)

Note: Size of boxes is proportional to the weight of each study in the pooled odds ratio (OR). Solid line represents an OR of 1,

dotted line is the combined result.
*From random effects meta-analysis.

after birth while the mother breastfed was associated
with an increased risk for atopic rhinitis symptoms in
the 12 months before the interview (OR = 1.28 [95 per-
cent CI, 1.07-1.52]). There was also evidence of a dose-
response relationship: nasal symptoms in the previous
12 months increased if household smokers smoked
50 or more cigarettes per day in the home (OR = 2.9
[95 percent CI, 1.21-6.95]) (Zacharasiewicz et al.
2000).

Heterogeneity in the measures of allergic sensi-
tization across the studies limits comparisons. There
are no prospective cohort studies that demonstrate
longitudinal changes in IgE levels associated with
prenatal and postnatal secondhand smoke exposure.
Assessments of parental and sibling symptoms are
critical to these studies, as those children predisposed
to the development of allergic sensitization secondary
to secondhand smoke exposure may be those most
genetically predisposed to the development of atopy,
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and gene-environment interactions will need to be
considered in future studies of secondhand smoke
exposure in children.

Evidence Synthesis

There are multiple mechanisms by which
secondhand smoke exposure might alter the risk for
allergic diseases in infants and children. Exposure to
tobacco smoke components from maternal smoking
during pregnancy might have lasting effects on lung
and systemic immunophenotypes. Exposures after
birth might also affect immunophenotype or increase
susceptibility to sensitization by common allergens.

The observational evidence across a range of
outcome measures is inconsistent, however. The
inconsistency may partially reflect the limited number
of studies for any particular outcome and the meth-
odologic complexities of studies on atopic disorders.



Conclusion

1. The evidence is inadequate to infer the presence
or absence of a causal relationship between
parental smoking and the risk of immunoglobulin
E-mediated allergy in their children.

Implications

Studies on secondhand smoke exposure and
atopy need to be prospective in design and should

Lung Growth and Pulmonary Function
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track exposures back to the pregnancy. Further stud-
ies on secondhand smoke and atopy in childhood
are needed, but the studies need to be large enough
and need to have sufficient and valid measurements
of allergic phenotype. Future studies also need to
address potential genetic determinants of susceptibil-
ity, particularly as they modify the effect of second-
hand smoke.

Beginning with the 1984 report (USDHHS 1984),
the U.S. Surgeon General’s reports in this series have
covered the adverse effects of exposure to second-
hand smoke, including effects from maternal smok-
ing during pregnancy and effects on lung growth
from exposure during infancy and childhood. Both
cross-sectional and cohort studies on this topic have
used lung function level as the primary indicator
(Table 6.24). The level of lung function achieved at any
particular age and measured cross-sectionally is an
indicator of the rate of growth of function up to that
age; cohort studies with repeated measurements of
lung function directly estimate the rate of growth. The
1986 Surgeon General’s report, The Health Consequences
of Involuntary Smoking, reviewed 18 cross-sectional
and cohort studies and concluded that “available data
demonstrate that maternal smoking reduced lung
function in young children” (USDHHS 1986, p. 54).
The report further suggests that although this reduc-
tion is small, with an average of 1 to 5 percent, “some
children mightbe affected to a greater extent, and even
small differences might be important for children who
become active cigarette smokers as adults” (USDHHS
1986, p. 54). The EPA issued its risk assessment in 1992
and concluded that the decline in lung function associ-
ated with exposure to secondhand smoke represented
a causal effect (USEPA 1992). Similar conclusions were
reached by the California Environmental Protection
Agency (NCI 1999) and WHO (1999). Thus, for nearly
two decades the weight of evidence has been suffi-
cient to conclude that prenatal and postnatal tobacco
smoke exposure is associated with a decrease in lung

functionin childhood. As discussed earlier in this chap-
ter (see “Mechanisms of Health Effects from Second-
hand Tobacco Smoke”), lung maturation and growth
decrements secondary to exposure are reflected in
changes in measured pulmonary function.

A 1998 meta-analysis by Cook and colleagues
(1998) concluded that maternal smoking was associ-
ated with reduced ventilatory function assessed by
spirometry. In a quantitative synthesis of 21 cross-
sectional studies, the effects of parental smoking on
lung function were reductions of the FVC by 0.2 per-
cent (95 percent CI, -0.4-0.1), the FEV, by 0.9 percent
(95 percent CI, -1.2 to -0.7), the MEFR by 4.8 percent
(95 percent CI, -5.4 to -4.3), and the end-expiratory
flow rate (EEFR) by 4.3 percent (95 percent CI, -5.3 to
-3.3). The meta-analysis also considered six prospec-
tive cohort studies and found only a small effect of
current exposure on decreased growth in lung func-
tion. The researchers attributed most of the decreased
growth to a lasting consequence of in utero exposure
from maternal smoking (Cook et al. 1998).

This discussion considers some of the studies
included in this 1998 meta-analysis in addition to
studies published subsequently. The studies are both
cross-sectional and cohort in design, include data on
maternal smoking during pregnancy and after birth,
and indicate that maternal smoking during pregnancy
has a substantially greater adverse effect. As discussed
above, maternal smoking affects lung development in
utero perhaps by a direct toxic effect, by gene regu-
lation, or by leading to developmental abnormalities.
The number of airways in the lung is considered fixed
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Table 6.24  Cross-sectional and cohort studies that used lung function level as the primary indicator of
adverse effects of exposure to secondhand smoke
Study Design/population Measures Findings Comments
Cook etal. 1993 Random Questionnaire ¢ PFTS results were Cannot distinguish
population-based Salivary cotinine negatively associated as an early effect
sample FEV * with cotinine

Rona and
Chinn 1993

N = 2,511 children
Aged 5-7.9 years
10 towns in
England and Wales

Cross-sectional
national health
survey

N = 2,756 children
Aged 6.5-12 years
Great Britain

FEF,*
FEF,,

[ ]
[ ]
[ ]
e FVC'
[ ]
[ ]
* FEF

Data were not reported

* FEV, /FVC* was not
correlated with salivary
cotinine

* FEV, decreased linearly
with an increase in
salivary cotinine

 There was a significant
association between
maternal smoking and
decreased FEF_ T and

25-75

FEF,, .. in boys but not in

75-85
girls
* The FEV, decreased
in boys exposed to
maternal secondhand
smoke

Concluded that
reduced childhood
lung function was
associated with
maternal smoking

Cunningham et N = 8,863 children ¢ Questionnaire * FEV,, decreased by 1.8%  When adjusted
al. 1994 Aged 8-12 years e FEV, * FEV, decreased by 1.4% for prenatal
24 cities e FVC * FEV,/FVC decreased by ~ smoking, effects of
United States * FEV, J/EVC 1.3% current smoking
* FEV,, ¢ PEFR decreased by 2.1% decreased; there
e PEFR* * FEF,, . decreased was no significant
* FEF, . by 5.2% (findings association of
* FEF, . are unadjusted for secondhand smoke
covariates) exposure with a
decrease in lung
function between
birth and 2 years
of age except in the
FEF25-75
Haby et al. N = 2,765 children e FEV, Dose-related decrease Dose was the
1994 Aged 7-12 years e FVC in FEV,, PEFR, and number of cigarettes
Australia e PEFR FEF,. . but not in FVC smoked in the home;
* FEF, . with secondhand smoke there was no report
exposure on gender difference
in maternal or
paternal smoking
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Table 6.24  Continued
Study Design/population Measures Findings Comments
Wang et al. N = 8,796 children * Regression splines e Preschool exposure was  Early exposure to
1994 Aged 6-18 years to model pulmonary a significant predictor secondhand smoke
Exposure was function as a function of child pulmonary had long-lasting
measured in of secondhand smoke function effects on lung
preschool (first exposure were adjusted e There was no difference ~ growth
5 years of life), for age, weight, city, in effect for boys vs.
cumulative and parental education girls; there was a
exposure from ¢ Current maternal and small but statistically
6 years of age to paternal smoking significant reduction in
1 year before the FEV,/FVC and FEF,, .
exam through adolescence
China e Early maternal smoking
was associated with a
small increase in FVC
(statistically significant
in children aged
11-18 years)
e Children aged
6-10 years exposed
to current maternal
smoking had slower
FVC and FEV, growth
Cuijpers et al. N =535 children e FVC ¢ Decreases in FVC, FEV,,  None
1995 Aged 6-12 years * FEV, PEF, and FEF,, . inboys
Netherlands e PEF were related to lifetime
e FEF secondhand smoke

Cunningham et
al. 1995

Goren and
Hellmann 1995

N = 876 children .
Aged 9-11 years

United States
(Pennsylvania)
[ ]
[ ]
[ ]
[ ]
[ ]
Cross-sectional .
N = 8,259 children 3
2nd and .
[ ]

5th graders
(ages not provided)
Israel

25-75

Secondhand smoke
exposure was
determined by
questionnaire
Pulmonary function
FEV,

FVC

FEV,/FVC

FEF

25-75

FVC
FEV,

PEF
FEV, /EVC

exposure
A decrease in FEF,,
was significant only in
girls

There was a statistically
significant decrease in
FEF,, , of -8.1%

(95% confidence interval
[CI],-12.9t0 -3.1), and a
decrease in FEV, /FVC of
-2% (95% CI, -3.0 to -0.9)
with maternal smoking
during pregnancy

There was no statistically
significant decrease in
FEV,

There was no decrease in
FvC

There was no relationship
between lung volume and
secondhand smoke

Current secondhand
smoke exposure
was not associated
with lung function
decrease after
adjustment for
maternal smoking
during pregnancy;
effect on boys was
greater than effect
on girls

None
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Table 6.24  Continued
Study Design/population Measures Findings Comments
Seyseth et al. N =573 children e Parental smoking There was a slight (butnot ~ None
1995 (out of a birth e Prenatal smoking statistically significant)
cohort of 620) decrease in FEV, /FVC
Aged 7-13 years in relation to maternal
Norway smoking
Richards et al. N = 395 children * FEF,, . There was no significant None
1996 Aged 14-18 years * FEV, difference in the FEV, or
South Africa FEF,, . in exposed vs.
unexposed adolescents
Behera et al. N = 2,000 children * FEV, * FVC and FEV, were None
1998 77 girls, 123 boys e FVC lowest in boys whose
Aged 7-15 years * PEFR households used
Northern India e Maximal MEF** biomass fuels (p <0.05)
* FEF,, ¢ All parameters were
* FEF,, lower in children
* FEF exposed to secondhand
smoke but were not
statistically significant
Bonoetal. 1998  Longitudinal * Questionnaire Effect for FEV, percentage Active and
N =394 children ¢ Urinary cotinine change as measured for involuntary
Aged 14-16 years e FVC natural log of the mean exposure to tobacco
2 consecutive years ~ ® FEV, cotinine concentration was  smoke had a
(1992-1993) * Maximal MEF,, -0.66% (p <0.05) significant effect
Northwest Italy * Maximal MEF, on lung growth
o PEF# measured by linear
change in FEV,;
effect was small but
dose-related
Demissie et al. N =989 children ® Questionnaire * FEV,/FVC decreased Gender difference
1998 Aged 5-13 years * FVC (B=-213[95% CI, could be attributable
1990-1992 * FEV, -4.07-0.19], the estimated  to the difference in
Canada * FEV,/FVC effect for a household maturation rates of
(Montreal) exposure of 7.25 lungs in girls vs. in
cigarettes/day vs. none) boys
in boys exposed to
secondhand smoke
* Maternal smoking
during pregnancy was
associated with a lower
FEV, (p = 0.04)
* Maternal smoking was
associated with a lower
FEV, /FVC
Hooetal. 1998 108 preterm infants ~ ® Vmaxg, 5 T, T, was lower in Measured
United Kingdom o T, T2 infants exposed in utero, respiratory function
e Infant urine cotinine p <0.02 in preterm infants
L]

Passive respiratory
compliance

only; concluded that
an adverse effect was
present and was not
limited to the last
weeks of pregnancy
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Study

Design/population

Measures

Findings

Comments

Bek et al. 1999

Gilliland et al.
2000

Li et al. 2000

O’Connor et al.

2000

N =360 children
169 girls, 191 boys
Aged 9-13 years
Turkey

(Ankara)

Cross-sectional

N = 3,357 children
4th, 7th, and

10th graders
United States
(Southern
California)

Cross-sectional

N = 5,263 children
49% boys,

51% girls

Aged 7-19 years
Two consecutive
years (1992-1993)

N = 2,043 children
Aged 10-11 years
Boys and girls in
8 U.S. and
Canadian
communities

¢ Questionnaire
* Spirometry for
FEV,/FVC
FEV,/FVC
PIF!1/PEF
FEF25-75
Vmax,,
Vmax,

Vmax_,

® Questionnaire
e Current/former
smoking while
pregnant
PEFR

FVC

FEV,
FEV,/FVC

Questionnaire
FvC

FEV,

FEV, /FVC
Maximal MEF

Questionnaire
FVC

FEV,

FEV, /FVC ratio

35M

\Y

30M

\Y

25M

All spirometric indices
were lower in those
with secondhand smoke
exposure

Maternal smoking had
no significant effect but
paternal smoking was
associated with reduced
FEF, . (p = 0.02), PEF
(p=0.03), Vmax,,

(p = 0.008), and Vmax,,
(p =0.009)

There was no significant
reduction in peak flow in
children whose mothers
had smoked during
pregnancy

In utero exposure
Decreased PEFR:
-3% (95% (I,

-4.4% to -1.4%)
Decreased maximal
MEEF: -4.6% (95% (I,
-7% to -2.3%)
Decreased FEF
-6.2% (95% CI,
-9.1% to -3.1%)
There was no decrease in
FEV.

1

In utero effects

were independently
associated with lung
function deficits, which
were greater in children
with asthma

Decreased maximal MEF
Decreased FEV, /FVC

V.ou! Vaop ratio was not
related to asthma or
maternal smoking
V.ou! Vaop ratio was

slightly higher among
girls than boys
FVC was lower with

a history of asthma or
maternal smoking

79% of fathers
smoked, suggesting
that fathers should
be targeted, although
it may be a sampling
issue; there was no
significant dose-
response pattern

In utero exposure to
maternal smoking
was independently
associated with
decreased lung
function in school-
age children,
especially for small
airway flows

Used regression
splines to account
for nonlinear
effects; effects of
secondhand smoke
depend on gender
and/or asthma
status; in utero
exposure leads to
persistent lung
function deficits,
with the greatest
effects in those with
asthma

Spirometric indices
such as FEF,_ /FVC
are sensitive to
effects of asthma and
secondhand smoke
exposure; volume

history has no benefit
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Table 6.24 Continued

Study Design/population Measures

Findings Comments

Mannino et al. Cross-sectional ¢ Questionnaire

e Children with highest Used cotinine

2001 N = 5,400 children e Serum cotinine cotinine levels had to decrease
Aged 4-16 years (stratified by tertiles) decreased FEV, (mean=  misclassification
NHANES IIT*** e Spirometry on children -1.8% [95% CI, -3.2% to bias; large sample,
United States aged 8 or more years -0.4%]) but may lack power
* FEV, e At highest cotinine to detect small
e FVC levels, children were increases in odds
* Maximal MEF more likely to have ratio for some
* FEV,/FVC FEV,/FVC <0.8 (odds outcomes
ratio = 1.8 [95% CI,
1.3-2.4])

¢ Secondhand smoke
was associated with
decreased lung function
at ages 8-11 years
without prenatal
secondhand smoke
exposure but with
secondhand smoke
exposure during
childhood

*FEV, = Forced expiratory volume in 1 second during maximal expiratory effort.
*FVC = Forced vital capacity or total volume of air expired after a full inspiration.
*FEF,, = Amount of air expelled in the first 25% of the total forced vital capacity test. This test is useful when looking for

obstructive diseases.
SPFT = Pulmonary function test.

“FEV, /FVC = Percentage of the vital capacity that is expired in the first second of maximal expiration.
1FEF . .. = Forced mid-expiratory flow rate. Average rate of airflow between 25% and 75% of the FVC, which is reduced in

25-75
both obstructive and restrictive disorders.

**PEFR = Peak expiratory flow rate.
"MEF = Mid-expiratory flow.

#PEF = Peak expiratory flow or maximum flow achieved after a maximal inhalation and forced exhalation.

§§
AAVmaxFRC
TPTEF: E

TPIF = Peak inspiratory flow.

= Maximal forced expiratory flow at functional residual capacity.
T, = The ratio of time to peak tidal expiratory flow to expiratory time.

**NHANES III = Third National Health and Nutrition Examination Survey.

by the time a child is born, but the number of alveoli
in the lung increases until four years of age (Dezateux
and Stocks 1997). The period from gestation to four
years of age thus represents a vulnerable time for lung
growth and development, and exposures during this
time are potentially the most critical for structural and
functional lung development and performance. This
section reviews the evidence that associates different
phases of lung growth and development with corre-
sponding ages.
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Neonatal and Infant Lung Function
and Growth

Evaluating lung function in neonates and infants
is challenging because of an inability of the young
child to cooperate with testing. However, methods
that do not rely on cooperation from the child have
been developed and standardized to assess pulmonary
function during this period of ongoing lung develop-
ment. The FRC is the most common measure of lung
volumes performed in infants and is an indicator of
normal lung volume growth. Measures of FRC can



be completed using gas dilution (nitrogen washout)
techniques or plethysmography, although plethysmo-
graphic measures are more difficult to perform accu-
rately with this age group. Airway resistance can be
measured using plethysmography; lung resistance
and compliance can be measured using esophageal
manometry and forced oscillation methods. The par-
tial forced expiratory maneuver can be used to obtain
estimates of the forced expiratory flow rate (FEFR).
This maneuver is performed using an inflatable jacket
around the thorax of the infant, who is sedated and
in the supine position. A rapid mechanical squeeze of
the thorax by the jacket accomplishes the expiratory
maneuver. With exhalation data from the FRC, par-
tial expiratory flow maneuvers can be normalized and
provide information on lung growth and disease in
infants. These methods have been used both clinically
and in research. The relationship of these infant lung
function tests to standard spirometry, which can be
measured reproducibly from around five years of age,
is still unclear; researchers have published reviews of
infant lung function measurements (Stocks et al. 2001;
Davis 2003).

Hanrahan and colleagues (1992) conducted a
birth cohort study in east Boston that was designed
to measure the effect of maternal smoking during and
after pregnancy on infant lung function after birth.
Maternal reports of smoking during pregnancy were
validated against measures of urinary cotinine. In
80 infants studied at a mean age of 4.2 (£1.9) weeks
of age, there was a reduced flow in the FRC among
infants born to mothers who had smoked during
pregnancy (74.3 milliliters [mL] per second) com-
pared with infants whose mothers had not smoked
during pregnancy (150.4 mL per second, p = 0.0007).
The effects were independent of effects from second-
hand smoke on gestational age and birth weight. After
stratification by prenatal exposure, the flow rates were
not associated with postnatal exposure.

Tager and colleagues (1995) investigated the
growth of pulmonary function in 159 infants in the
same east Boston cohort. Infant pulmonary function
tests were evaluated at 2 to 6 weeks, 4 to 6 months,
9 to 12 months, and 18 months of age using partial
expiratory flow volume curves and helium dilution
measures for the FVC to evaluate the effects of pre-
natal tobacco smoke exposure on lung function
growth in the first 18 months of life. Maternal smok-
ing during pregnancy was associated with a decrease
in the FRC itself (9.4 £ 4.3 mL, p = 0.03) and a decrease
in the FRC flow rate (33 + 12.3 mL per second,
p = 0.0008); these estimates were adjusted for the
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growth of the child. Because of the longitudinal struc-
ture of the data, including lung function assessment
shortly after birth, the study data could separate the
effects of prenatal and postnatal exposure. The study
demonstrated an effect of maternal smoking on the
FEFR at the FRC, with a multivariate analysis show-
ing that the effect was secondary to prenatal but not to
postnatal exposure.

An Australian cohort study that recruited partic-
ipants from a prenatal care clinic assessed secondhand
smoke exposure from a questionnaire and evaluated
cotinine levels. The researchers tested lung function in
461 infants by measuring the T, T . Measurements
at one to six and one-half days of age showed lower
values in infants whose mothers smoked more than
one-half pack of cigarettes per day (Stick et al. 1996).

Two studies published since the 1998 meta-
analysis (Cook et al. 1998) also assessed the effects of
maternal smoking during pregnancy on infants (Hoo
et al. 1998; Dezateux et al. 1999). Hoo and colleagues
(1998) measured the Vmax_,. and T, T, in a cohort
of preterm infants born at a mean gestational age of
33.5 weeks. Of the 108 infants in the cohort, 40 were
born to mothers who had smoked during pregnancy.
The T,,:T, was lower in infants exposed to second-
hand smoke in utero (mean 0.369, SD 0.109) com-
pared with unexposed infants (mean 0.426, SD 0.135,
p <0.024). This was the first study to evaluate preterm
infants, and the investigators found an effect of mater-
nal smoking on lung development by the 33rd week
of gestation.

A study by Dezateux and colleagues (1999) inves-
tigated the association of postnatal maternal smoking
with measures of specific airway conductance at eight
weeks and at one year of age. The initial cohort con-
sisted of 108 term infants with a lung function assess-
ment at eight weeks of age; 100 were available for a
longitudinal follow-up at one year of age. Specific air-
way conductance at end expiration (sGaw,,) was used
as a measure of airway function with a correction for
airway size. In multivariate models that included
physician-diagnosed wheeze, a family history of
asthma, sGaw,, measured at eight weeks, and a
maternal history of postnatal smoking, there was a
decrease of 0.40 seconds per kilopascal (unit of pres-
sure) (95 percent CI, -0.71 to -0.10, p = 0.01) in sGaw
among infants of mothers who had smoked in the
early postnatal period. The authors concluded that
early postnatal maternal smoking was an important
cause of altered airway function in the infant, with
implications for lung growth and development.
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Childhood Lung Function and Growth

Researchers have conducted multiple studies of
older children to characterize the effects of second-
hand smoke exposure on lung growth and develop-
ment beyond the neonate or infancy stage. Some of
these studies evaluated in utero, postnatal, and cur-
rent tobacco smoke exposures. Although several
large, cross-sectional studies (presented below) have
been published since the 1998 meta-analysis (Cook et
al. 1998), there has been little additional longitudinal
evidence since 1997.

One cross-sectional study was carried out in
24 U.S. and Canadian cities to assess the effects of
air pollution on child respiratory health. Using data
from 8,863 children aged 8 to 12 years in 22 of the cit-
ies, Cunningham and colleagues (1994) found that
lung function was lower in children whose mothers
had smoked during pregnancy. The study recorded
maternal smoking histories and pulmonary func-
tion measures. Regardless of whether these mothers
were still smoking the year before study assessment,
their children had lower spirometric measures than
children with no in utero or postnatal exposure to
maternal smoking. In comparisons of exposed and
unexposed children, adjusted findings in exposed
children included a 5.7 percent reduction (95 percent
CIL, -7.7 to -3.6 percent) in the FEF that was between
65 and 75 percent of the FVC, a 4.9 percent reduction
(95 percent CI, -6.5 to -3.2 percent) in the FEF mea-
sured between 25 and 75 percent of the FVC (FEF,, ),
and a 1.7 percent reduction (95 percent CI, -2.4 to
-1.0 percent) in the measure of the FEV during the
first three-fourths of a second of exhalation (FEV ).
Current maternal smoking was not associated with
spirometric decrements. There were 75 children
whose mothers had smoked only during the prepar-
tum but not in the postpartum phase. These children
had FEF,, , values that were 11 percent lower (95 per-
cent CI, -16.5 to -5.1, p = 0.0004) than those in children
of mothers who had never smoked. In this cohort,
6,508 mothers had not smoked during pregnancy.
Multivariate models that adjusted for gender, height,
age, parental education, place of residence, and cur-
rent tobacco smoke exposure in the home (maternal,
paternal, or other smokers in the home) documented
an estimated 2.8 percent decrease (p = 0.026) in the
FEF,, . for postpartum maternal smoking up to two
years of age of the child. This estimate is about half
the size of the effect of smoking during pregnancy.
The authors concluded that the decrements in lung
function associated with maternal smoking during
pregnancy were not explained by current maternal
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smoking; the observation that these effects were most
significant on flow measures suggests involvement,
likely inflammation and obstruction, of the small air-
ways.

Several additional cross-sectional studies have
been reported since Cunningham and colleagues
(1994) conducted their large, cross-sectional analy-
sis. Gilliland and colleagues (2000) investigated 3,357
children in 12 southern California communities and
assessed the effects of maternal prenatal and postnatal
smoking on pulmonary function measures in children.
Current and past secondhand smoke exposures and
in utero maternal smoking were assessed from a ques-
tionnaire that was completed by parents of fourth-,
seventh-, and tenth-grade students. In utero exposure
was associated with reduced flow rates measured
by spirometry, but not with reductions in the FEV,.
More specifically, the peak expiratory flow rate was
reduced by 3 percent (95 percent CI, -4.4 to -1.4 per-
cent), the mean MEF (closely equivalent to the FEF )
was reduced by 4.6 percent (95 percent CI, -7.0 to
-2.3 percent), and the FEF at 75 percent of vital capac-
ity (FEF,,) was reduced by 6.2 percent (95 percent CI,
9.1 to -3.1 percent). Adjustment for confounding
factors such as secondhand smoke from the mother,
father, or other adult household smokers; gender; race;
school grade; income; personal smoking; or parental
education levels did not significantly alter the effect
estimate for in utero exposure. The researchers con-
cluded that in utero exposure to maternal secondhand
smoke was independently associated with a reduc-
tion in lung function among school-age children. The
authors also suggested that the predominant reduc-
tion in flows may reflect an effect of in utero exposure
on distal airway maturation and growth during in
utero development.

The Children’s Health Study evaluated the
effects of in utero and postnatal secondhand smoke
exposure on lung function in boys and girls with and
without a history of asthma. In utero exposure from
maternal smoking and secondhand smoke exposure
postnatally (from maternal, paternal, or other adult
household members) was associated with a measured
decrease in lung function in 5,263 children (Li et al.
2000). Children exposed to tobacco smoke in utero
from maternal smoking had reductions in maximal
MEF and FEV,/FVC ratios. Specifically, the maxi-
mal MEF decreased by 5.9 percent (95 percent CI,
-8.4 to -3.4 percent, p <0.001) in boys and by 3.9 per-
cent (95 percent CI, -6.3 to -1.5 percent) in girls (4.2 and
3.0 percent, respectively, when children with asthma
were excluded). The FEV,/FVC ratio decreased by



2.0 percent (95 percent CI, -2.7 to -1.2 percent, p <0.001)
in boys and by 1.7 percent (95 percent CI, -2.3 to
-1.0 percent) in girls (1.6 and 1.2 percent, respectively,
when children with asthma were excluded). In this
study, decreased airflow in children without asthma
was significantly associated with current secondhand
smoke exposure from two or more current smokers.

The NHANES III included a cross-sectional
U.S. national sample of 5,400 children aged 4 through
16 years (Mannino et al. 2001). The study data
included a respiratory symptoms questionnaire, spi-
rometric measurements, and serum cotinine levels.
Participants were stratified by cotinine levels to assess
the effects of secondhand tobacco smoke exposure
on a variety of health outcomes including lung func-
tion. Prenatal secondhand smoke exposure was also
retrospectively assessed in the group of children aged
4 to 11 years. Children in the highest cotinine tertile
were more likely to have a FEV,/FVC ratio of less than
0.8 (OR = 1.8 [95 percent CI, 1.3-2.4]). Children
exposed to secondhand smoke had reductions in the
FEV, (-1.8 percent [95 percent CI, -3.2 to -0.4 percent]),
the FEV,/FVC ratio (-1.5 percent [95 percent CI,
-2.2to0-0.8 percent]), and the maximal MEF (-5.9 percent
[95 percent CI, -8.1 to -3.4 percent]).

Lung Function

To date, prospective cohort studies have not
incorporated measurements of lung function along
with serial cotinine level measurements. On the other
hand, reports of smoking by key household members
have high validity and are likely to provide an ade-
quate index of usual exposure to secondhand smoke.
One small, prospective cohort study that assessed
the effects of tobacco smoke on lung growth in ado-
lescents used urine cotinine levels as a biomarker for
active and secondhand tobacco smoke exposure (Bono
et al. 1998). Questionnaires, urinary cotinine levels,
and spirometric measurements were used to evaluate
394 schoolchildren aged 14 through 16 years. Approx-
imately one year later, data from 333 adolescents
were reassessed in multiple regression analyses. The
reassessments revealed a trend for reductions in lung
growth suggested by spirometry (FEV ), in associa-
tion with active and involuntary smoking measured
by serum cotinine levels. The effect on FEV, growth,
although small, demonstrated a dose-related linear
trend (Bono et al. 1998).

In a meta-analysis of the cross-sectional evi-
dence relating parental smoking to spirometric indi-
ces in children (Cook et al. 1998), new cross-sectional
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studies (published from 1997 to 2000) were identified
by using the same search strategy that the 1998 review
had used (Cook et al. 1998). Six additional studies
were identified (Behera et al. 1998; Demissie et al.
1998; Bek et al. 1999; Gilliland et al. 2000; O’Connor et
al. 2000; Mannino et al. 2001). Three of these studies
(Behera et al. 1998; Bek et al. 1999; O’ Connor et al. 2000)
could not be included in this quantitative synthesis
because they did not provide sufficient data to calcu-
late the effect measure of interest (average percent-
age difference in spirometric index between exposed
and unexposed children). The other three papers
(Demissie et al. 1998; Gilliland et al. 2000; Mannino
et al. 2001) were included in the following updated
meta-analysis. One additional paper published before
the 1998 synthesis (Rona and Chinn 1993) that was
included in the present analysis had not been included
in the 1998 quantitative synthesis—the data needed to
calculate the effect measure of interest were not avail-
able at the time; the data have since become available.
The data in this study were presented separately for
girls and boys, and a combined estimate was obtained
with a random effects method (Egger et al. 2001).

This analysis used the same effect measure that
was used in the 1998 synthesis: the average differ-
ence in spirometric index between the exposed and
unexposed children expressed as a percentage of the
level in the unexposed group. Four different spiro-
metric indices were considered: FVC, FEV,, MEFR,
and EEFR. Pooled estimates of the percentage differ-
ences were calculated using both fixed and random
effects models (Egger et al. 2001).

To determine whether the classification of
exposure influenced the relationship between paren-
tal smoking and lung function, studies were pooled
within exposure groups: both parents did versus did
not smoke, mother did versus did not smoke, either
parent did versus did not smoke, the highest cotinine
category versus the lowest, and high levels of house-
hold secondhand tobacco smoke versus none. To test
whether adjusting for variables other than age, gen-
der, and body size affected the relationship, studies
were pooled separately depending on what adjust-
ments were made for other variables. A final assess-
ment was then made as to whether adjustments for
SES measures, such as parental education and social
class, were assessed for possible effects on the pooled
results.

Of the 26 studies included in the updated
quantitative synthesis, 4 were not in the 1998 analy-
sis. There was significant variability among studies
for all spirometric measures except the EEFR (Fig-
ures 6.14-6.17 and Table 6.25). Heterogeneity was
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Figure 6.14 Percentage difference in the forced vital capacity (FVC) between children of smokers and
children of nonsmokers in studies included in the meta-analysis
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*Pooled difference is from the fixed effects meta-analysis.
*Pooled difference is from the random effects meta-analysis.
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Figure 6.15 Percentage difference in the forced expiratory volume in 1 second (FEV,) between children of
smokers and children of nonsmokers in studies included in the meta-analysis
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*Pooled difference is from the fixed effects meta-analysis.
*Pooled difference is from the random effects meta-analysis.
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Figure 6.16 Percentage difference in the mid-expiratory flow rate (MEFR) between children of smokers and
children of nonsmokers in studies included in the meta-analysis
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Figure 6.17 Percentage difference in the end-expiratory flow rate (EEFR) between children of smokers and
children of nonsmokers in studies included in the meta-analysis
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*Pooled difference is from the fixed effects meta-analysis.

*Pooled difference is from the random effects meta-analysis.

Table 6.25 Summary of pooled percentage differences in cross-sectional studies of lung function in
children exposed to secondhand smoke compared with unexposed children

Number of % differences, fixed effects % differences, random effects

studies (95% CI*) (95% CI) Q (p value)
FvCt 23 -0.15 (-0.37-0.07) -0.32 (-0.71-0.08) 40.64 (0.009)
FEV 25 -0.85 (-1.05 to -0.64) -1.15 (-1.56 to -0.75) 50.12 (0.001)
MEFRS 21 -4.62 (-5.16 to -4.09) -4.76 (-6.34 to -3.18) 129.3 (0.000)
EEFR* 9 -4.30 (-5.30 to -3.30) -4.26 (-5.34 to -3.19) 8.49 (0.387)

Note: Q is the chi-square distributed test statistic for the null hypothesis of no heterogeneity between studies. The
corresponding p values indicate significant heterogeneity between studies.

*CI = Confidence interval.

*FVC = Forced vital capacity.

*FEV, = Forced expiratory volume in 1 second.

SMEFR = Mid-expiratory flow rate.

“EEFR = End-expiratory flow rate.

Respiratory Effects in Children from Exposure to Secondhand Smoke 397



Surgeon General’s Report

Table 6.26

category (random effects results)

Pooled percentage differences in lung function according to secondhand smoke exposure

FvC*

FEV !

MEFR?¥

EEFRS

% difference
(95% CI*) n

% difference
(95% CI)

% difference
(95% CI)

% difference
(95% CI)

Both parents or the -0.2(-0.6-03) 13
mother smoked vs.

neither parent smoked

Either parent smoked 1.6 (-5.7-8.9) 1

vs. neither

Cotinine (highest vs. -0.9 (-2.5-0.7) 3

lowest level)

Secondhand smoke -0.2 (-0.9-0.5) 6

(highest level vs. none)

All -0.3 (-0.7-0.0) 23

-1.1(-1.6to-0.6) 13

-1.0 (-2.7 to -0.6) 3

-2.1(-3.0to-1.2) 3

-1.0 (-2.0-0.01)

-1.2(-1.6t0-0.8) 25

-6.0(-81t0-39) 10 -4.0(-58t0-22) 4

-3.7 (-7.0 to -0.4) 2  -63(107to-19) 2

-48(-65t0-31) 3 -39(-6.1to-16) 3

6 -3.3(-6.6-0.1) 6  Data were not 0

reported

-48(-6.3t0-32) 21 -43(-5.3t0-3.2) 9

*FVC = Forced vital capacity.

'FEV, = Forced expiratory volume in 1 second.
*MEFR = Mid-expiratory flow rate.

SEEFR = End-expiratory flow rate.

ACI = Confidence interval.

to be expected given the variability in secondhand
smoke exposure classifications. Pooling all of the
studies found statistically significant reductions in
three out of the four measures of lung function (FEV ,
MEFR, and EEFR) for children exposed to secondhand
smoke in their homes compared with unexposed chil-
dren. The pooled percentage differences in lung func-
tion were smallest for FVC (-0.3 percent) and FEV,
(-1.2 percent) and larger for MEFR (-4.8 percent) and
EEFR (-4.3 percent). The MEFR and EEFR are more
sensitive indicators of airways function compared
with the FVC and the FEV,.

The association between exposure to second-
hand smoke and lung function differed according
to the exposure classification, but not in a consis-
tent pattern across the four lung function measures
(Table 6.26). Adjusting for factors in addition to age,
gender, and body size did not significantly affect the
associations between secondhand smoke exposure
and lung function (Table 6.27). Adjusting for social
class had little effect on the FVC, FEV,, and MEFR
measures, but nearly doubled the percentage differ-
ence in the EEFR (Table 6.27).
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The evidence of associations between second-
hand smoke exposure and lung function growth and
development continues to come largely from cross-
sectional studies. The resulting data indicate the
level of lung function at only a single age, which at
that point is considered indicative of the cumulative
consequences of the various factors influencing lung
function growth, including prenatal and postnatal
maternal smoking. Prospective cohort studies have
the advantages of directly measuring lung function
over time and directly estimating the rate of change,
but few have been carried out because of cost and
logistical constraints.

Evidence Synthesis

Smoking during pregnancy exposes the develop-
ing lung to a variety of toxins and reduces the delivery
of oxygen to the fetus (USDHHS 2001). Animal mod-
els indicate structural consequences that may under-
lie the physiologic effects that are well documented
shortly after birth. Secondhand smoke exposure
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Table 6.27 Pooled percentage differences in lung function according to confounders adjusted for (random
effects results)
FVC* FEV ! MEFR?¥ EEFRS
% difference % difference % difference % difference
(95% CI*) n (95% CI) n (95% CI) n (95% CI) n
Adjusted only for age, -0.7 (-1.8-0.4) 8 -1.2(2.2t0-0.2) 8 -43(-7.0to -1.6) 8 -2.7 (-5.9-0.5) 3
gender, body size
Adjusted for more than  -0.3 (-0.6-0.2) 15 -1.2 (-1.6-0.7) 17 -49(-6.8t0-3.0) 13 -45(-59t0-3.00 6

age, gender, body size

Not adjusted for social ~ -0.7 (-1.4-0.1) 14

class

Adjusted for social -0.1 (-0.5-0.3) 9

class

All -0.3(-0.7-0.0) 23

-1.3(-2.1to-0.6) 14

-11(-1.6to-0.6) 11

-1.2(-1.6 t0-0.8) 25

-49(-6.8t0-29) 12 -31(-45t0-17) 6

-4.5(-7.1to -2.0) 9 -56(-7.0to-41) 3

-48(-63t0-32) 21 -43(-53t0-32) 9

*FVC = Forced vital capacity.

1‘FEVI = Forced expiratory volume in 1 second.
*MEFR = Mid-expiratory flow rate.

SEEFR = End-expiratory flow rate.

ACI = Confidence interval.

from parents who smoke would be expected to lead
to pulmonary inflammation that would be sustained
across childhood.

Thus, there is substantial biologic plausibility
for causation of reduced lung growth by secondhand
smoke exposure. Multiple studies have measured lung
function shortly after birth and document the adverse
effects on lung function from maternal smoking dur-
ing pregnancy. The pattern of abnormalities is sugges-
tive of a persistent adverse effect on the airways of the
fetus from maternal smoking during pregnancy.

There is also substantial evidence from both
cross-sectional and cohort studies of a sustained effect
frominuteroexposure, as well asan additional adverse
effect from postnatal exposure. Multiple studies have
shown cumulative consequences of both prenatal and
postnatal exposures. Across the set of studies, poten-
tially important confounding factors have been given
consideration and the adverse effects of secondhand
smoke exposure on lung function cannot be attributed
to other factors.

In the context of this body of evidence against
causal criteria, the effects of prenatal and postnatal
exposures merit separate consideration because
they correspond to substantially different phases of
development and potential susceptibility. For both
exposures, the evidence is substantial and consistent.
There are multiple bases for biologic plausibility, and
the temporal relationships of exposures with the out-
come measures are appropriate.

Conclusions

1. The evidence is sufficient to infer a causal
relationship between maternal smoking during
pregnancy and persistent adverse effects on lung
function across childhood.

2. The evidence is sufficient to infer a causal
relationship between exposure to secondhand
smoke after birth and a lower level of lung
function during childhood.
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Implications

Lung growth continues throughout childhood
and adolescence and is completed by young adult-
hood, when lung growth peaks and then begins to
decline as a result of aging, smoking, and other envi-
ronmental factors. The evidence shows that paren-
tal smoking reduces the maximum achieved level,

Conclusions

although not to a degree (on average) that would
impair individuals. Nonetheless, a reduced peak level
increases the risk for future chronic lung disease,
and there is heterogeneity of the effect so that some
exposed children may have a much greater reduction
than the mean. In addition, children of smokers are
more likely to become smokers and thus face a future
risk for impairment from active smoking.

Lower Respiratory Illnesses in Infancy
and Early Childhood

1. The evidence is sufficient to infer a causal
relationship between secondhand smoke exposure
from parental smoking and lower respiratory
illnesses in infants and children.

2. The increased risk for lower respiratory illnesses
is greatest from smoking by the mother.

Middle Ear Disease and Adenotonsillectomy

3. The evidence is sufficient to infer a causal
relationship between parental smoking and
middle ear disease in children, including acute
and recurrent otitis media and chronic middle ear
effusion.

4. The evidence is suggestive but not sufficient
to infer a causal relationship between parental
smoking and the natural history of middle ear
effusion.

5. The evidence is inadequate to infer the presence
or absence of a causal relationship between
parental smoking and an increase in the risk of
adenoidectomy or tonsillectomy among children.

Respiratory Symptoms and Prevalent Asthma
in School-Age Children

6. The evidence is sufficient to infer a causal rela-
tionship between parental smoking and cough,
phlegm, wheeze, and breathlessness among
children of school age.
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7. The evidence is sufficient to infer a causal
relationship between parental smoking and ever
having asthma among children of school age.

Childhood Asthma Onset

8. The evidence is sufficient to infer a causal
relationship between secondhand smoke exposure
from parental smoking and the onset of wheeze
illnesses in early childhood.

9. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
smoke exposure from parental smoking and the
onset of childhood asthma.

Atopy

10. The evidence is inadequate to infer the presence
or absence of a causal relationship between
parental smoking and the risk of immunoglobulin
E-mediated allergy in their children.

Lung Growth and Pulmonary Function

11. The evidence is sufficient to infer a causal
relationship between maternal smoking during
pregnancy and persistent adverse effects on lung
function across childhood.

12. The evidence is sufficient to infer a causal
relationship between exposure to secondhand
smoke after birth and a lower level of lung
function during childhood.
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The extensive evidence considered in this chap-
ter causally links parental smoking to adverse health
effects in children. The association between parental
smoking and childhood respiratory disease is stron-
ger at younger ages, a pattern plausibly explained
by a higher level of exposure to secondhand smoke
among infants and preschool-age children for any
given level of parental smoking. In general, associa-
tions with maternal smoking are stronger than with
paternal smoking, but for several outcomes, associa-
tions were found for smoking by the father in homes
where the mother does not smoke. This finding argues
strongly for an independent adverse effect of a post-
natal involuntary (environmental) exposure to second-
hand smoke in the home. There may be an additional
hazard related to prenatal exposure of the fetus to
maternal smoking during pregnancy (USDHHS 2001,
2004). The published evidence does not adequately
separate the independent effects on childhood respi-
ratory health of prenatal versus postnatal exposure
to maternal smoking. This unresolved research issue
should not detract from the public health message
that smoking by either parent is potentially damaging
to the health of children.

Interpretation of the evidence is perhaps most
complex in relation to childhood asthma, which is
a term generally applied to a mixed group of clini-
cal phenotypes. Recurrent wheeze illnesses are com-
mon among young children, and there is controversy
about whether these illnesses should all be classified
as “asthma.” Cohort studies show that symptoms
do not persist for many children beyond the first
few years of life. The balance of evidence strongly
supports a causal relationship between parental

smoking and the incidence of wheeze illnesses in
infancy, the prevalence of wheeze and related symp-
toms among schoolchildren, and the relative severity
of disease among children with physician-diagnosed
asthma. These are all important indicators of a
substantial and potentially preventable public health
burden.

The evidence related to the wheeze illnesses
can be separated to an extent from that related to a
clearer clinical phenotype of asthma, a chronic condi-
tion of variable airflow obstruction with a heightened
susceptibility to environmental triggers of broncho-
spasm. The evidence is less clear as to whether paren-
tal smoking initiates the disease among previously
healthy children. Because the clinical diagnosis of
asthma relies to a large extent upon a history of recur-
rent wheeze attacks or other chest illnesses, any expo-
sure (including parental smoking) that increases the
incidence of such episodes will tend to be associated
with an apparent increase in the incidence of diag-
nosed “asthma,” even if secondhand smoke exposure
does not contribute to the incidence directly. Studies
of nonspecific bronchial responsiveness, a surrogate
for the asthma phenotype, offer some insights into the
long-term susceptibility that underlies chronic asthma.
Secondhand smoke exposure is linked to an increase
in responsiveness, beginning with in utero exposure.
However, bronchial responsiveness is also nonspecifi-
cally and transiently increased following respiratory
tract infections. For this reason, the conclusion regard-
ing parental smoking as a cause of childhood asthma
has been phrased in less definite terms than the con-
clusions relating to asthma prevalence and severity.
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