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ABSTRACT

Background A significant proportion of children are exposed to environmental tobacco
smoke (ETS) throughout the world. This is mainly because of exposure to parental
smoking. It is unknown to what extent the negative effects of ETS on respiratory
symptoms track from childhood into adulthood. Methods TESAOD (Tucson
Epidemiologic Study of Airway Obstructive Disease) is a large population-based
prospective study that was initiated in 1972. Participants were followed prospectively
with questionnaires and pulmonary function tests (PFTs) completed about every two
years in 12 follow-up surveys up to 1996. Skin prick tests and blood samples for IgE
measurements were collected at surveys 1, 6, and 11. We identified subjects who entered
the study as children (<15 years old) and were followed to adulthood (>18 years) during
the study follow-up. Based on questionnaire data, active asthma, wheeze, cough, and
chronic cough (cough for three consecutive months) were coded as never (never reported
in childhood or adulthood), incident (never reported in childhood, but ≥ one positive
report in adulthood), remittent (≥ one positive report in childhood, but not in adulthood),
and persistent (≥ one positive report both in childhood and adulthood). PFTs
measurements included forced expiratory volume in 1 second, forced vital capacity, and
forced expiratory flow at 25-75%. Parent information on smoking status was collected
simultaneously at child visits. ETS exposure status was assessed as “ever” or “never”
between birth and 15 years. Results Information on parental ETS exposure in childhood
and outcomes in adulthood was available for 444 non-Hispanic white participants (51.4%
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male) with mean age at initial survey of 7.7 years. Total mean follow-up time was 19.0
years (8.8 years in adulthood). Between birth and 15 years, 53.4% of children were
exposed to ETS. After adjusting for sex, age at enrollment, years of follow-up, and
personal smoking status (assessed at age 15 and above), combined parental ETS exposure
in childhood was significantly associated with persistent wheeze (RRadj 1.9, p=0.026),
persistent cough (RRadj 5.9, p<0.001), and persistent (RRadj 3.7, p=0.030) and incident
chronic cough (RRadj 2.3, p=0.040). Paternal ETS exposure in childhood was associated
with persistent wheeze (RRadj 2.3, p=0.002), persistent cough (RRadj 3.9, p<0.001),
persistent (RRadj 4.8, p=0.004) and incident chronic cough (RRadj 2.2, p=0.031), and
persistent asthma (RRadj 2.3, p=0.016). Maternal ETS exposure was associated with
persistent (RRadj 1.9, p=0.029) and incident cough (RRadj 2.5, p=0.006). Maternal ETS
exposure was associated with an increased percent predicted FVC in adulthood
(coefficient, 3.75; p=0.019). No other effects on lung function were seen. There were no
effects of ETS exposure on total serum IgE or allergic sensitization. ETS exposure was
associated with respiratory symptoms in adulthood among both never and current
smokers. Conclusions ETS exposure in childhood has long term health effects on lung
function and respiratory symptoms. These effects do not appear to be IgE-mediated. ETS
exposure, especially paternal ETS exposure, seems to influence the persistence of
respiratory symptoms from childhood to adulthood and to affect women more than men.
These effects are independent of personal smoking and also seen in never smokers. Both
smoking mothers and fathers should be targeted when attempting to reduce ETS exposure
among children.
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CHAPTER 1:
INTRODUCTION
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1.1 Statement of the Issue
Tobacco use is one of the world’s leading public health concerns. There is no
level of exposure to environmental tobacco smoke (ETS) that is risk free.1 In children,
environmental tobacco smoke is a substantial risk factor for respiratory symptoms and
diseases like wheezing, asthma, lung function impairment and increased prevalence and
severity of atopy.2-6 Children exposed to ETS are more likely to have increased doctor
visits and comorbidities than children in a smoke free environment.7
There is evidence linking childhood ETS exposure to atopic disease, respiratory
symptoms and respiratory illnesses in childhood, yet fewer studies have examined the
effects of childhood ETS exposure on health outcomes in adulthood. Studies that
examine later life effects of childhood ETS exposure primarily focus on asthma, are
predominantly cross-sectional and thus susceptible to recall bias, and results are
somewhat inconsistent.8-13
A recent report by the Office of the Surgeon General estimated that 60% of
children in the U.S. are exposed to ETS.1 ETS exposure has potential long-term health
consequences for children that affect quality of life in adulthood. Examining the effects
of ETS on respiratory symptoms and allergic sensitization will lead to greater
understanding of respiratory health during childhood and its effects on health in
adulthood.
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1.2 Specific Aims and Hypotheses
AIM 1: To determine the effect of ETS on respiratory symptoms and lung function
in children followed into young adulthood

Hypothesis 1: Children exposed to ETS during childhood have more prevalent and more
severe asthma and respiratory symptoms (cough, chronic cough (coughing for 3
consecutive months), and wheeze) in young adulthood compared to children never
exposed to ETS.

Hypothesis 2: Children exposed to ETS during childhood have poorer lung function in
young adulthood compared to children never exposed to ETS.

AIM 2: To determine the association of ETS on IgE levels and allergic sensitization
in children during childhood and followed into young adulthood
Hypothesis 3: Children exposed to ETS during childhood have higher total serum IgE
levels in adulthood compared to children not exposed to ETS.

Hypothesis 4: Children exposed to ETS during childhood are more likely to have positive
skin prick tests during childhood and into young adulthood
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1.3 Background and Literature Review
Introduction
Globally and domestically, active and passive smoking are associated with an
array of deleterious health outcomes. Environmental tobacco smoke (ETS), also referred
to as passive smoke and second-hand smoke, exists in all countries and cultures and there
is no level of exposure to ETS that is risk free.1 Over 50 percent of children worldwide
are exposed to ETS in their homes while 60 percent of US children between ages 3-11
years are exposed.1,14
The U.S. Surgeon General report of 2006 reported the consequences of
environmental tobacco smoke.1 Children are more vulnerable to the effects of ETS than
adults because their bodies and lungs are developing and they differ from adults in their
physiology. Lung growth is not complete until the end of adolescence making infants and
children especially susceptible to toxins. Exposure to toxins, such as tobacco smoke, may
alter normal development leading to health effects that could persist into adulthood.15
Children exposed to ETS have an increased risk of health problems compared to
children in smoke-free environments, including increased risk for sudden infant death
syndrome, acute respiratory infections, ear infections, reduced lung growth, and more
severe asthma.1 Adults are also affected by ETS and have increased risk of heart disease,
lung cancer and chronic obstructive pulmonary disease.1,16 There is no risk-free level of
ETS exposure.1 The Environmental Protection Agency, National Toxicology Program
and the International Agency for Research on Cancer have classified secondhand smoke
as a human carcinogen.1
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In infants and children, exposure to ETS is associated with an increased risk of
sudden infant death syndrome, more severe asthma symptoms, respiratory symptoms
such as breathlessness, phlegm, wheeze and cough, lower respiratory infections like
bronchitis and pneumonia, and ear infections. The evidence that ETS has many negative
health effects during childhood is clear.1
Chapter 1 focuses on the effects of ETS exposure in early life on the subsequent
health outcomes of asthma, allergy, Immunoglobulin E (IgE) levels, lung function, and
other respiratory symptoms. A conceptual model describing the possible relationship
between these health outcomes is presented below (Figure 1) and explained throughout
the chapter. Health outcomes in infancy and childhood will be addressed as well as the
evidence of long-term health effects in adulthood from ETS exposure in childhood.
While cross-sectional studies suggest the effects of childhood ETS exposure track
into adulthood there is considerably less information based on long-term health
consequences using prospective studies, which inherently reduce bias and track events in
real time.
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Figure 1. Conceptual model describing possible relationship between immune system,
IgE levels, allergic sensitization, asthma, respiratory symptoms, and lung function
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Environmental Tobacco Smoke
ETS is classified as a Group A carcinogen, i.e., it is known to cause cancer in
humans, by the Environmental Protection Agency.17 Cigarette smoke contains thousands
of chemicals including nicotine, carbon monoxide, formaldehyde, hydrogen cyanide,
polycyclic aromatic hydrocarbons, heavy metals like lead. Many of these chemicals are
known to be carcinogenic, mutagenic, and cytotoxic.18 These chemicals affect health
outcomes by acting as irritants, immune modulators, and mutagens.19
Environmental tobacco smoke differs from actively inhaled smoke. ETS is a
combination of 15% mainstream and 85% sidestream smoke. Sidestream smoke is smoke
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emanating from the end of a lit cigarette and mainstream smoke is the smoke inhaled and
then exhaled.20 The difference in composition of actively versus passively inhaled smoke
may be a factor in epidemiological studies showing a difference in the strength of
association between tobacco smoke and health outcomes.19
ETS exposure during the prenatal period, infancy and childhood has been
assessed using parent report and/or cotinine measured from blood, urine, saliva, hair or
meconium.21-24 Parent report assessments of ETS exposure can be used to cover a range
of time, e.g., exposure in utero or exposure from the ages of 0-5. Cotinine, a metabolite of
nicotine, is used as a biomarker to assess level of exposure to tobacco smoke, either
passive or active. Cotinine provides a quantitative, objective exposure to tobacco within
the last 24-72 hours and is increasingly considered the gold standard. However, while
parent report is a method subject to underreporting bias, there is good concordance
between the two.21,25,26
Children are primarily exposed to ETS in the home27,28 and it is still relatively
common for pregnant women to smoke. In 2002, 22% of women in the U.S. smoked
during pregnancy.29 Evidence suggests that exposure to ETS at different ages has
different and sometimes independent effects.30 It can be difficult to separate the effects of
in utero exposure during pregnancy from the chronic effects of ETS exposure during
childhood.
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Asthma & Other Respiratory Symptoms
In the United States, 22 million people are affected by asthma and this chronic
disease is very common in childhood.31 Asthma is characterized by airway hyperresponsiveness, inflammation and remodeling. Airway hyperresponsiveness refers to an
exaggerated bronchoconstriction response to a trigger like an allergen.
Bronchoconstriction is a bronchial smooth muscle contraction. During an asthma attack
the airways swell and narrow (bronchoconstriction), produce mucus, and air flow is
restricted in and out of lungs making breathing difficult. Allergy-induced inflammation
in the airways of the lungs, recurring attacks of wheezing, shortness of breath,
reversibility of airway obstruction, and coughing are typical of asthma.31 Reversibility of
airflow limitation is tested through spirometry testing after inhaling a bronchodilator.31
The seriousness and regularity of asthma attacks varies by person.31-33 Airway
remodeling refers to structural changes in the lungs from repeated asthmatic episodes.34
The US Department of Health and Human Services put forth this working definition of
asthma in their 2007 Expert Panel Report for the Diagnosis and Management of Asthma
31(pg13)

:
Asthma is a chronic inflammatory disorder of the airways in which many
cells and cellular elements play a role: in particular, mastcells,
eosinophils, T lymphocytes, macrophages, neutrophils, and epithelial
cells. In susceptible individuals, this inflammation causes recurrent
episodes of wheezing, breathlessness, chest tightness, and coughing,
particularly at night or in the early morning. These episodes are usually
associated with widespread but variable airflow obstruction that is often
reversible either spontaneously or with treatment. The inflammation also
causes an associated increase in the existing bronchial
hyperresponsiveness to a variety of stimuli. Reversibility of airflow
limitation may be incomplete in some patients with asthma.
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Classic risk factors for asthma include family history of asthma and allergy,
persistent wheeze in early life, and persistent allergic sensitization.6,35 Infants that have
persistent wheeze, elevated serum IgE levels, and lung function deficits by age six are at
increased risk for asthma.6 Viral lower respiratory infections (LRIs) are associated with
wheeze the first decade of life but not at age 13.36 Even still, it is unclear whether earlylife viral LRIs cause asthma preceded by wheeze, or simply reveal a genetically
susceptible individual.37 Allergen exposure, subsequent sensitization and LRIs appear to
interact in the development of asthma.31
Asthma can be atopic or non-atopic, meaning it is either allergy-induced or not
allergy-induced. The type of asthma triggered by an allergic reaction is called allergyinduced asthma, atopic asthma or allergic asthma. Common allergens triggering asthma
attacks include cat or dog dander, house dust mites, pollen, and Alternaria mold. In cases
where asthma attacks are not triggered by allergic reactions, the reasons for the attack are
unclear 33 but could involve exercise or substances like tobacco smoke and chemical
irritants. Atopy is present in approximately 80% of asthmatic children and 60% of
asthmatic adults.38
Asthma can be classified many ways. The following method classifies asthma into
four main categories based on severity33:
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Table 1. Asthma severity
Type of Asthma
Signs and Symptoms
Mild intermittent
Mild symptoms no more than two days per week with nighttime
symptoms less than two nights per month
Mild persistent
Symptoms 3 to 6 times per week but not more than once per day
Moderate persistent Symptoms daily with nighttime symptoms more than once a week
Severe persistent
Symptoms continual throughout the day and frequently at
nighttime

Most children with asthma have symptoms, like wheeze, before age 5 yet
diagnosing asthma between 0 and 5 years can be difficult since asthma symptoms can be
similar to those of other childhood conditions. Furthermore, children that wheeze at
young ages do not necessarily have asthma, especially when wheeze occurs concurrently
with a cold or respiratory infection.39
Persistent wheeze early in life can indicate developing asthma.6 Recurrent
episodes or severe and sudden episodes of cough, wheeze, shortness of breath, and chest
tightness are commonly evaluated to diagnose asthma and assess asthma severity. Also
taken into account is whether these symptoms occur at certain times of the year, on
exposure to particular sources like animals or tobacco smoke, and if symptoms occur or
worsen at night. Lung function tests such as spirometry are also used to diagnose asthma
and other lung diseases and assess severity of disease.31
Asthma can be worsened through active or passive smoking. ETS exposure may
actually cause the onset of asthma or only exacerbate symptoms and severity in children
that would already develop asthma regardless of ETS exposure. Whether ETS exposure
causes or exacerbates asthma in childhood may depend on the window of exposure
during infancy. There is some uncertainty regarding when in the child’s development
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passive smoking is most harmful and the importance of exposure through different times
in a child’s life.19,40 Overall, children exposed to ETS have a higher prevalence and
severity of asthma than unexposed children.4
Maternal smoking during pregnancy is strongly and consistently associated with
wheeze in early infancy, indicating that it could be causal in the development of
asthma.5,6,41 Prenatal exposure to ETS is associated with asthma itself.15,42 It is unknown
whether ETS exposure that occurs only in later childhood after infancy can cause
asthma.19
There is some evidence that effects of pre- and postnatal exposure are
independent of each other but the different effects are difficult to tease out.43
Distinguishing between pre- and postnatal maternal smoking is difficult since many
women that smoke during pregnancy will smoke afterwards and there is high correlation
between exposure variables.44 Studies examining the postnatal period of ETS exposure
during infancy find varying effects on asthma and other health outcomes and these vary
depending on whether the child is exposed to maternal or paternal smoking. Maternal
smoking is usually shown to have a greater effect on asthma symptoms, respiratory
infections or atopy during childhood45-47 but one study found paternal smoking had a
greater effect.48 When dealing with postnatal exposure, the parent that smokes more and
spends more time with the child may explain variability of health outcomes by source of
ETS exposure.
In summary: There is a high correlation between in utero exposure to maternal
smoking and postnatal ETS exposure.49 This association between ETS exposure and
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adverse health effects like cough, wheeze, and possibly asthma, appears strongest for
maternal smoking during pregnancy compared to postnatal exposures44,50, but postnatal
exposures have their own independent associations.51 There is evidence that maternal
smoking during pregnancy exposes the fetus to tobacco toxicants 30- or even 100-fold
higher than exposure to postnatal ETS exposure (passive smoking).52 This saturated
exposure may partially account for stronger associations between adverse health
outcomes and prenatal ETS exposure compared to exposure during other periods in an
infant’s or child’s life.

Atopy
Atopy is “a personal or familial tendency to produce IgE antibodies in response to
low doses of allergens, usually proteins, and to develop typical symptoms such as asthma,
rhinoconjunctivitis, or eczema/dermatitis ”.53(p816) It is the strongest predisposing factor
for asthma development.31 Atopy, also referred to as allergy, and asthma frequently occur
together. 33 There has been a rapid rise in the incidence and prevalence of allergy,
suggesting an environmental component.54
Atopy is measured objectively through skin prick testing.48 Skin prick testing can
measure allergic reaction to as many as 40 substances, such as mold, pet dander, dust
mites, grass, pollen and foods. The test is usually conducted on the forearm of adults or
the upper back on children. Potential allergens are dropped onto skin surface and then
slightly ‘pricked’ into skin using a small lancet.
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Histamine and glycerin or saline are used as controls. Histamine will cause a
reaction in most people so if there is no reaction it is likely that individual will not test
positive for any allergen even if allergic. Glycerin or saline will usually not cause a
reaction in people so if there is a reaction it is likely that an individual has sensitive skin
and may test positively to many allergens even if not allergic.55 Results of the skin prick
testing are evaluated after about 15 minutes. If a person is allergic to a specific allergen
then the skin will rise into a red, itchy wheal.55
The relationship between allergic sensitization, as frequently measured by skin
prick testing, and ETS exposure is conflicted. Some studies find ETS exposure to be a
risk factor for allergic sensitization56-58 while others in fact show a protective effect.48,59
ETS exposure may have a different effect for different allergens60 but it appears to be
especially detrimental to children with a family history of allergies.57,61
There are two competing theories for ETS exposure as a risk factor or protective
factor for the development of allergy. As nicotine is immunosuppressive, ETS exposure
will inhibit the development of allergic sensitization, which is an overactive response of
the immune system.62 The other theory is that ETS exposure skews the ratio of immune
cells that promote cytokines leading to the development of allergic sensitization.63
A meta-analysis conducted on 36 studies64 found many of the large studies did not
find an association of maternal smoking on total serum IgE or atopic disease but also did
not control for numerous potential confounding factors. The majority of studies in this
meta-analysis examined skin prick test positivity and similarly showed no overall adverse
effects of ETS exposure.64 However, more recent studies that did control for potential
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confounders, showed an effect between ETS exposure and allergic sensitization to cat
and dog61 and atopic eczema.65,66
Genetic predisposition towards atopy, frequently assessed through family history,
may modify the effect of ETS exposure on allergic sensitization. Thus, ETS exposure
may have a measurable effect on the development of allergic sensitization in children
with a genetic predisposition towards atopy but not on children without. Or children with
a genetic predisposition towards atopy might have a different range of risk factors
associated with allergic sensitization.67 Positive association between ETS exposure and
allergic sensitization are stronger and more frequent in children with a family history of
atopy57,58,61,66,68 than in children with no family history of atopy.56
In summary: The effect of early life ETS exposure on allergic sensitization is
equivocal. It is seemingly influenced by window of exposure, duration of exposure,
genetic predisposition to atopy, specific allergen, and interaction with other risk and
protective factors like daycare and pet ownership.

Role of Immune Response
Early life exposure to ETS, either in utero or in infancy, alters aspects of immune
functioning.35,69,70 There has been a strong interest in the role of the adaptive and innate
immune response in the development of inflammation, asthma and allergy. The innate
immune system responds to pathogens in a generic, nonspecific way by causing
inflammation. Macrophages, dendritic cells, epithelial cells and neutrophils in the lung
are innate immune cells.35 The adaptive immune system is flexible and responds to
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pathogens in a specific way. B-cells, a type of lymphocyte, produce antibodies to specific
pathogens that are retained for a sort of immunological memory.35 Another type of
lymphocyte called T-cells plays a role in cell-mediated immunity. The innate and
adaptive immune arms interact.71,72
T helper cells are a subgroup of lymphocytes. There is a balance between the ratio
of T-helper (Th) 1 cells and T-helper (Th) 2 cells with Th1 cells responding to infection
and Th2 cells mediating allergic inflammation.31 A Th2 phenotype will yield a higher
production of cytokines like IL-4, IL-5, IL-6, IL-9, IL-13, leading to the B lymphocyte
release of IgE. This cascade of cellular events provokes a narrowing of airways,
sensitization to allergens, and other asthmatic symptoms. In contrast, individuals with a
Th1 phenotype will produce a different panel of cytokines like IL-2, IFN-γ that do not
lead to the same cascade of events described above.63 Indeed, children exposed to ETS
were shown to have lower production of IFN-γ73 and higher production of IL-13.69
The development of a Th2 phenotype and sensitization may precede asthma. This
T-cell priming appears to happen in early life, possibly even beginning in utero and is
influenced by environmental factors like ETS and infections.69,74,75 Maternal smoking is
shown to alter innate and adaptive immune arms in infants69 with effects that may last
into adulthood.76
In summary: ETS exposure likely alters aspects of immune functioning, possibly
by irreversibly skewing the Th1:Th2 cytokine profile. This could be one of many
mechanisms explaining ETS exposure’s effects on allergy, asthma, respiratory symptoms,
and lung function.
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Total Serum IgE
Immunoglobulin E (IgE) is a class of antibody that is naturally occurring in the
body and plays an important role in atopy and in the development and perseverance of
inflammation.31 IgE mediates allergic response by stimulating the release of
inflammatory agents like histamine on exposure to allergens. An atopic individual will
make more IgE in response to inhaled allergens, such as cat dander, pollen or dust mites.
Atopic individuals and smokers have higher levels of total serum IgE than do non-atopic
individuals and non-smokers, respectively.77-79 Besides environmental factors, age and
gender affect IgE levels. Peaks occur in the first and second decades of life and slowly
decrease over time, making older adults more likely to have lower levels of IgE than
younger adults and males might have higher IgE levels than females.77,80
The mechanism of tobacco smoke modulation of IgE levels is not well
understood.77,81 There could be indirect and direct actions of tobacco smoke on IgE
levels.82 An indirect action could increase the likelihood of developing sensitivities to
inhaled allergens. In fact, smoke increases permeability in the lungs possibly facilitating
and enhancing penetration of allergens. Tobacco smoke could have a direct action on IgE
levels through immune system cellular regulation changing the function of Tlymphocytes.83 Th2 lymphocytes regulate IgE production. Thus, newborns with smoking
parents have higher cord IgE levels, regardless of parental atopy, than newborns born to
non-smokers.84
Specific IgE levels, like SPTs, are particular to a specific allergen. Specific IgE
levels are influenced by smoking, gender and age the same as total serum IgE levels.80

29

But changes in specific IgE and total IgE may not correlate over time as was shown in a
study of Norwegian adults. While specific IgE declined in both men and women over
time, total IgE declined only in women suggesting that factors other than specific IgE,
like tobacco smoke, influence total IgE.80
Very recently, it has been proposed that children undergoing assessment for
possible allergy should not receive allergen specific IgE testing when total serum IgE
concentrations are very low.85 Children with low total serum IgE rarely have allergen
specific IgE present.
Children with early persistent wheeze and sensitization to aeroallergens were
shown to have high levels of total IgE before symptoms developed. Thus, it appears that
high IgE levels, developed in response to environmental factors, precede allergic
sensitization, i.e., specific IgE.86 This study did not assess the effects of ETS exposure.86
In general, asthmatics have higher total serum IgE levels even when they test negative for
specific IgE.87-89 Even in non-atopic individuals there appears to be an interrelationship
between total serum IgE and asthma. There is a possibility that non-atopic individuals are
in fact allergic but are not tested for the correct allergen.90
Active smoking in adults is consistently associated with elevated total serum IgE
levels 77,79,91,92 and current smokers have higher levels than ex-smokers.81 IgE levels are
the same among ex-smokers as for never smokers81 but others found that levels remained
high in ex-smoking males from a Norwegian population.80 The authors suggest this may
be because older men have higher cumulative exposure to tobacco smoke than younger
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men and women. Beyond active smoking, ETS exposure’s effect on total serum IgE
levels has yielded mixed results.81,84,93-95
Exposure to maternal smoking in utero had an especially pronounced effect on
total serum IgE and subsequent development of allergic sensitization in infancy. This
effect was consistent even in children considered ‘low risk’ with no parental history of
atopy.84 However, others found no effect of maternal smoking during pregnancy on
serum IgE levels either at birth or 9 months later.95
In summary: Total serum IgE is affected by numerous factors including sex, age,
environmental exposures like smoking, and specific IgE levels. The role of active
smoking on increasing total serum IgE levels in adulthood is consistent through the
literature. The effects ETS exposure either in utero, in infancy, or in adulthood are
inconsistent.

Lung Function
The development of the human respiratory system is highly complex and lungs
develop over a continuum spanning from embryogenesis to early adult life.96 Lung
development in utero and during early infancy, especially the first year of life affects
respiratory health through the life course as this time is a critical period for growth and
development of respiratory function.15 Other toxic exposures and conditions in early life
can affect lung function and growth.96 The fetal period appears to be especially critical
for lung development. Exposure to ETS during the fetal period and early infancy is
associated with greater risk of respiratory infections through childhood.43
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Lung function is measured using an array of pulmonary function tests that assess
airflow and can be used to diagnose lung disease such as asthma, emphysema, bronchitis
and chronic obstructive pulmonary disease. Some common lung function measures
include FEV1 (forced expiratory volume in 1 second) and FVC (forced vital capacity).
The type of lung function test used depends on resource availability, age of the patient,
and what is being diagnosed such as a specific disease or the efficacy of new medication.
Because it is difficult to do lung function tests in children under 5, asthma diagnoses prior
to this age are made relying on family history, child’s medical history and physical
exam.39
As we age there is a natural decline in some lung function measures. The
FEV1/FVC ratio gradually declines over the life course. Lung function as measured by
FEV1 and FVC, peaks around the second or third decade of life, plateaus between late
adolescence and early to mid-30s and gradually declines thereafter.15,97 Environmental
factors, like ETS exposure in early life, can affect this normal growth and decline a
number of ways. It may accelerate the rate of decline, cause a plateau at a lower level
than normal, or prevent lungs from reaching developmental potential. Lung function over
the life course is influenced by numerous other factors including height, BMI, history of
severe respiratory illness in childhood, childhood asthma and TB, socioeconomic status,
gender, pack years smoking, and duration of breastfeeding.98
For children, the effect of ETS exposure on lung function is dependent on dose,
age at exposure, source of ETS exposure, and appears to vary by child’s sex and asthma
status.49,99 Maternal smoking appears more detrimental to lung function in infants than
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other household member smoking. The relationship between maternal smoking during
pregnancy and lung function deficiencies during infancy is consistent and strong.47,100,101.
In a systematic review of 22 cross-sectional studies, there were small decreases in FEV1
in children exposed to ETS and maternal ETS exposure had greater effect than paternal
ETS exposure.102 In a study examining differences in pre- and postnatal exposure,
postnatal ETS exposure in childhood was independently associated with lower FEV1.103
Lung function deficiencies from ETS exposure tend to manifest in lung function
measurements of flow and volume.102,104
FVC behaves differently than FEV1. Even when a reduction in FEV1 is seen in
relation to ETS exposure, there may be no such effect seen in FVC. In fact, FVC is the
lung function measure with the smallest change,102 no change105 or an actual increase106
in children with ETS exposure. It is not clear why.
The mechanism by which ETS exposure reduces lung function is not clear. It may
induce thickening of airway walls leading to reduced FEV1, i.e., smaller airways. Infants
exposed to ETS that died from Sudden Infant Death Syndrome did in fact have thicker
inner airway walls.107 There also may be reduced elastic recoil in the ETS exposed lung
due to lower formation of elastin.99,104
In summary: Pulmonary health is necessary for achieving an overall good quality
of life. FEV1 is an important predictor of all-cause mortality, including ischemic heart
disease, lung cancer, and stroke.101,108 Even in lifelong never smokers, FEV1 predicts all
cause mortality as well as respiratory and cardiovascular mortality.109 Avoidable early
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life exposures like maternal smoking that accelerate lung function decline, are important
to examine and prevent.47

Do Health Effects Track into Adulthood?
ETS exposure in utero or early infancy has many negative health outcomes during
early childhood.1,4,6,65,66,110 Evidence for these effects lasting into adulthood is relatively
scarce.12 If the effects of ETS exposure can permanently alter the course of respiratory
and immune system development, as has been postulated by clinicians and researchers,
some of these effects should be measurable in adulthood. However, results are
conflicted.8-13,111-116
The adverse respiratory problems in childhood associated with ETS exposure
decline with age and it is not clear why. It may be that children spend less time at home
with parents as they grow older and therefore ETS exposure decreases.43 There may be
‘catch up’ phase in development during later childhood where some measures of
respiratory health are recouped. ETS exposure during early life may alter normal lung
development such that there are permanent changes that lead to poorer respiratory health
throughout the life course.114,115,117,118
In a large questionnaire based cross-sectional study, adult non-smokers that were
exposed to ETS by parents before age 18, had increased odds of chronic dry cough and
phlegm between the ages of 45 and 74 years.8 The authors found a dose-response
relationship between respiratory symptoms in adulthood and the number of household
smokers during childhood. Women had increased odds of having doctor diagnosed
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asthma if they had been exposed to at least one smoker prior to age 18 though this
association was not found in men.8 Studies with similar design assessing other respiratory
outcomes such as emphysema, asthma, wheeze, and lung function, also indicate a doseresponse relationship that can vary by sex10,12,13,114,119
However, not all studies found an association between early life exposure to ETS
and adverse respiratory outcomes in adulthood.9,111 The effect of ETS exposure on
allergic sensitization/atopy may be protective in adulthood.62 This mirrors studies noted
earlier that found a protective effect of ETS exposure in utero or infancy on the
development of atopy.67,68 This may also suggest that adverse respiratory outcomes in
adulthood due to ETS exposure in childhood do not develop through IgE-mediated
pathways.
Children with parents that smoke are more likely to become smokers
themselves.120,121 There are most likely both physiological and social reasons for this. For
lung function there is evidence that the effects of maternal smoking and personal
smoking in later life are synergistic.122 The negative effects of maternal smoking on child
lung function happen at least three different ways. First, maternal smoking lowers child’s
lung function. Second, it is associated with more smoking in the offspring and less
likelihood of quitting once smoking has begun. Third, maternal smoking and personal
smoking synergistically increases airflow limitation in adults.122
There is consistent evidence that ETS exposure during pregnancy or early infancy
has deleterious health effects in childhood. Consistency of findings, dose-response
relationships, and the strength of association between ETS exposure and health outcomes
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is suggestive of a causal relationship between the two. The actual biologic mechanism of
tobacco smoke’s effect on asthma, respiratory symptoms, allergic sensitization, lung
function and total serum IgE is still being explored and is not entirely clear at this time.19
Evidence for ETS exposure’s effect on total serum IgE and allergic sensitization remains
conflicted but is clearer and stronger for developing childhood asthma, respiratory
symptoms and reduced lung function.

36

CHAPTER 2:
METHODOLOGY
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2.1 Study Population & Study Design
Data from the Tucson Epidemiological Study of Airway Obstructive Disease
(TESAOD) were used for this dissertation. Households were the sampling unit selected
based on the 1970 Census for Tucson and stratified by social-environmental status, age,
and ethnic group. 1655 households were enrolled (3805 individuals) at baseline.123
Subsequent enrollment through marriage and birth brought the total sample size to over
5000 by the end of the study in 1996. Because of sampling restrictions based on age and
socioeconomic area, the TESAOD study concentrated mainly on Anglo-white strata123
and only Anglo-white subjects were available for this sub-study.
Registered nurses conducted recruitment, examinations and interviews.
Examinations and interview material included self-report questionnaires, administered
questionnaires, pulmonary function tests, blood samples, skin prick tests, and household
record form. Study methods and design have been reported in depth previously.123
There were 503 subjects in TESAOD that 1) began the study during childhood,
defined here as <15 years old, 2) transitioned in adulthood, defined as ≥18 years old, and
3) had ETS exposure data. The subjects meeting these criteria fall into one of four
groups:
1) Enrolled at survey 1 at < 1 year old
2) Enrolled at survey 1 but ≥ 1 year old
3) Enrolled after survey 1 at < 1 year old
4) Enrolled after survey 1 but ≥ 1 year old
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Groups 1 and 3 were born into the study at commencement (group1) or during
study follow-up
up (group 3). Groups 1 and 3 have only prospective ETS exposure
information. Subjects in ggroup 2 were enrolled in the study at commencement but were
already in childhood. For group 2, ETS exposure was assessed retrospectively at the time
of the first survey and prospectively from the first survey on. For example, if a child was
age 7 when his or her family was enrolled at the be
beginning
ginning of the study, past ETS
exposure for the last 7 years was calculated based on parent’s reported smoking duration
and intensity in survey 1.. After the initial survey, the child’s ETS exposure was assessed
at each follow-up
up survey.
Subjects in group 4 were enrolled after survey 1 and older than 1 year. These 59
subjects were excluded (leaving n=
n=444)) since ETS exposure prior to age 15 could not be
adequately assessed. Group 4 subjects have some ETS exposure information but it is
incomplete and impossibl
impossiblee to assess prior to their enrollment in TESAOD. (Figure 2).
371 subjects (84%)
%) had ETS exposure data from both parents (Figure 3).
Figure 2. Sample
ample selection of TESAOD subjects based on 1) initial enrollment during
childhood 2) transition to adulthood 3) having ETS exposure data
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Figure 3. Subjects with ETS information
Only 1 parent, n=73

2 parents, n=371

16%

84%

.7 years, 4.8 SD.
For the 444 subjects in this study, mean age at initial survey is 7.7
To assess differences in subjects that were followed into adulthood with those that were
not, only subjects that were less than 15 years at initial survey and enrolled at survey 1
were compared. 412 subjects in the study followed to adulthood (groups 1 & 2 from
Figure 2) were compared to 206 subjects that did not have adult outcome data.
At initial survey (Table 2)
2),, individuals that had information in adulthood were,
were on
average, 2.6 years older so all other outcomes were age-adjusted. Individuals
ndividuals that had
information in adulthood
dulthood were less likely to be male, more likely to have non-smoking
non
parents and mothers with more years of education, less likely to report coughing, and
have lower lung function than subjects without information in adulthood. Asthma, skin
prick tests, wheeze,
heeze, serum IgE, and father’s years of education were the same for both
groups (Table 2).
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Table 2. Characteristics of participants with data in adulthood (age > 18 years) (n=412)
and those without (n=206) adjusting for age at initial survey
Age at initial survey, mean (SD)
Sex, male %
Father smoked (n=376), % current
Mother smoked (n=485), % current
Father educated (n=515)
>12 years, %
Mother educated (n=595)
>12 years, %
Cough, %
Wheeze, %
Asthma (n=613), %
Skin prick test, % positive
Total serum IgE log IU/ml (n=246), mean (SD)
Percent predicted FEV1/FVC (n=305), mean
(SD)
*n=618 unless specified

Adult data
n=412
8.3 (0.23)
51.2
38.6
26.1

No adult data
n=206
5.7 (0.29)
62.1
66.0
42.7

p-value
<0.001
0.012
<0.001
<0.001

49.7

44.5

0.278

43.9

22.9

<0.001

9.7
34.2
11.0
38.4
4.4 (1.59)

16.0
32.5
5.4
27.6
4.1 (1.57)

0.013
0.251
0.219
0.106
0.190

97.2 (9.53)

100.8 (8.24)

0.003

Data were collected prospectively through questionnaire and clinic visits upon
enrollment at baseline and every 1-2 years after that. Subjects were followed
approximately 20 years for a total of 13 questionnaires. Children’s questionnaires were
completed by the parent until the child was 15 years old and then completed by the child
as self-report. ETS exposure for the child was constructed from parent’s survey
questionnaire responses on smoking history. Table 3 provides an overview of TESAOD
variables used and surveys collected in this sub-study.
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Table 3. Summary of TESAOD data used for analyses
Type of Data
Source
Surveys Collected Specific Aims
MD-diagnosed asthma

Self-report of MD
diagnosis

1-13

1

Respiratory symptoms
(cough, chronic cough,
wheeze)

Self-report

1-13

1

Pulmonary function tests
(volume & flow)

Clinic visit

1-3, 5-13

1

Allergic sensitization

Skin prick tests

1, 6, 11

2

Total IgE (IU/ml)

Blood sample

1, 6, 11

2

ETS exposure

Parent-report

1-13

1, 2

Family history

Self-report

1-13

1, 2

Demographics

Self-report

1

1, 2

Questionnaire data were completed at every survey, lung function testing in every
survey but survey 4, and other data, such as skin prick tests and total serum IgE, were
only collected at specific surveys (Figure 4). The procedures for data collection follow.
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Figure 4. Timeline of data collected at each survey for the TESAOD study
Demographics
Skin Prick Tests
Total IgE

Skin Prick Tests
Total IgE

1972

Skin Prick Tests
Total IgE

Every Survey:

Skin Prick
Tests

1996

Asthma
Respiratory symptoms
Family history
ETS exposure
Pulmonary function tests (except Survey 4)

2.2 Measures
Exposure
Environmental tobacco smoke (ETS) exposure is used two ways based on data
obtained from questionnaires. 17% of subjects have information on only one parent’s
smoking history, either mother alone or father alone (Figure 3) so these subjects are
excluded in analyses looking at combined parent smoking (Table 4).
Table 4. Number of subjects
with maternal, paternal, and
combined parent ETS exposure
and median pack years exposure
Source
N
Maternal
435
Paternal
380
Both parents
371

One ETS variable is a never-ever variable for
children never exposed compared to those ever
exposed during childhood (0-15 years) and early life
specifically (0-3 years). If a parent reported current
smoking or reported having smoked between the

subject’s birth and 15th year, the subject would be coded as exposed to ETS.
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The other ETS exposure variable is a dose variable based on parent reported pack
years of smoking. 1 pack contains 20 cigarettes. Pack years were computed using the
standard formula:

# of pack years=(# of cigarettes smoked/day * # of years smoked)/20

To calculate ETS exposure, a mother’s and father’s pack years were restricted to the
range between the child’s birth until 15 years of age or 3 years of age. For example, if a
mother had 3 pack years of smoking when her child was born and 6 pack years when her
child was 15, the child would have 3 pack years of exposure. These pack years of
exposure were then categorized into a dose variable. Maternal, paternal, and combined
parent pack years exposure are categorized into ‘none’, ‘low’ and ‘high’ ETS exposure
during childhood (0-15 years).‘Low’ and ‘high’ categories were divided on the median of
parent reported pack years among smoking parents only; to calculate median pack years
exposure non-smoking parents with 0 pack years were excluded (Table 5 & Figure 5).
There were questions in pediatric questionnaire 7 about the child’s exposure to
maternal smoking in utero and household smoking in the first year of life. These
questions only occurred in this isolated survey and the majority of study participants
(67%) are missing these data.
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Table 5. ETS exposure 00-15 years
Parental Combined
Smoking
(%)
Never
177(47.7)
Dichotomous
194(52.3)
Ever
Variable

Maternal
Smoking
(%)
303(69.7)
132(30.3)

Paternal
Smoking
(%)
206(54.2)
174(45.8)

None
Low
High

197(47.7)
97(26.2)
97(26.2)

303(69.7)
66(15.2)
66(15.2)

206(54.2)
87(22.9)
87(22.9)

Total

371

435

380

3.9

4.1

Dose Variable

Median Pack
5.0
Years
*Median calculated among exposed children only

Figure 5. Differences in ETS exposure status by parent smoking
Never

Ever

80%
70%
60%
50%
40%
30%
20%
10%
0%
Parental

Maternal

Paternal

Allergic sensitization
Total serum IgE was measured in International Units per milliliter (IU/ml) and
taken from blood samples taken primarily at surveys 1, 6, and 11 for subjects older than 6
years. If a subject missed those surveys, then a sample was taken at surveys 2, 7, and 12.
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Serum was frozen at -70°C prior to analysis and measured using the paper
radioimmunosorbent test technique by the same laboratory.
Skin prick tests (SPTs) were tested against controls, using commercially available
allergens, and considered positive, i.e., allergic to a particular allergen, if wheals were
measured at equal to or greater than 2mm diameters. Subjects were tested for Bermuda
grass (1:20), mold mix (1:100), house dust (1:10), tree mix (1:20), weed mix (1:20). As
for IgE, SPTs were mainly conducted in surveys 1, 6, 11, and 13 with catch up conducted
in surveys 2, 7, and 12 if missed previously.

Pulmonary function tests
Pulmonary function tests (PFTs) were conducted during clinic visits at each
survey except for survey 4. PFT values collected include forced expiratory volume in 1
second (FEV1), forced vital capacity (FVC), and forced expiratory flow between 25% and
75% of vital capacity (FEF25-75%). FEV1 is the maximum amount of air that can be
forcibly exhaled in 1 second. FVC is the total amount of air that can be forcibly exhaled.
The FEV1 /FVC ratio is expressed as a percentage and is used clinically to assess airflow
limitation. FEF25-75% is the flow rate between 25% and 75%, or the middle section, of the
total volume as measured by FVC.
Percent predicted values for FEV1, FVC, FEV1/FVC, and FEF25-75% were
calculated adjusting for height, age and sex using formulas from Knudson et al124 listed
below (Table 6).
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Table 6. Equations for percent predicted lung function values by Knudson et al
Men
Age <25 years FVC = 0.1270*Height(inches) + 0.0780*Age(years) - 5.508
FEV1 = 0.1168*Height(inches) + 0.0450*Age(years) - 4.808
Age ≥25 years FVC = 0.1651*Height(inches) - 0.0290*Age(years) - 5.459
FEV1 = 0.1321*Height(inches) - 0.0270*Age(years) - 4.203
Women
Age < 20 years FVC = 0.0838*Height(inches) + 0.0920*Age(years) - 3.469
FEV1 = 0.0686*Height(inches) + 0.0850*Age(years) - 2.703
Age ≥20 years FVC = 0.0940*Height(inches) - 0.0220*Age(years) - 1.774
FEV1 = 0.0686*Height(inches) - 0.0210*Age(years) - 0.794

Respiratory symptoms/illness
Asthma and respiratory symptoms data were collected from self-report
questionnaires answered by parents on behalf of children less than 15 years old and
answered by subjects themselves greater than 15 years old. Each survey asked if the child
had asthma that was diagnosed by a medical doctor, brought up phlegm, coughed,
wheezed, or had chronic bronchitis. Duration of symptoms was also collected. Asthma
and respiratory symptoms data collected during adulthood, at 18 years and on, were used
in the models as outcome variables.
Cough and wheeze variables in adulthood were created based on whether the
subject reported currently having the symptom. For example, “Do you ever have a cough
when you don’t have a cold?” or “Does your chest ever sound whistling or wheezing?”
Chronic cough was defined by coughing at least 3 months out of the year. Subjects that
answer yes to a question like this one, “Do you cough on most days for as much as 3
months of the year?” were coded as having chronic cough. MD diagnosed asthma was
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coded as being present if the subject answered yes to the question, “Have you ever had
asthma?” and “Have you ever seen a doctor about your asthma?”

Personal smoking
Personal smoking status and amount smoked (pack years) were collected through
self-report questionnaires at age 15 and older. Current smoking status (current, former,
never) was based on reported smoking across all surveys completed. A former or ex
smoker might report current smoking in some surveys and no smoking in subsequent
surveys. Pack years were calculated the same way for children as for parents described
above.

Other variables
Parental history variables were collected through self-report questionnaires.
Parents were asked in a similar manner whether they had asthma that was diagnosed by a
medical doctor, brought up phlegm, coughed, wheezed, or had chronic bronchitis or
eczema. Skin prick tests were completed the same way for parents as for children.
Demographic factors including age, sex, height and education level were collected via
self-report through questionnaires.
Characteristics of subjects in adulthood for this sub-study are presented below.
Because the sample sizes differ for maternal ETS exposure, paternal ETS exposure, and
combined parent ETS exposure (n=371, n=435, n=380, respectively), tables are presented
by parental ETS exposure type (Tables 7, 8, 9)

48

Table 7. Variables by combined parent ETS exposure status at adulthood (age>18 years)
Combined Parent ETS Exposure
Yes (n=194)
Age: mean (SD)
19.2 (0.9)
Sex: % male
55.7
Parent years of formal education:
% with >12 years
Mothers
34.0
Fathers
40.7
Height in inches (n=216)
67.8 (3.8)
Weight in pounds (n=223)
149.5 (33.1)
Asthma (n=358): %
15.6
Wheeze (n=370): %
55.2
Cough (n=369): %
47.2
Chronic cough (n=358): %
27.7
Allergy skin prick tests (n=174): % positive
71.9
% predicted FVC (n=216): mean (SD)
108.1 (12.2)
% predicted FEV (n=216): mean (SD)
105.2 (13.1)
FEV1/FVC ratio (n=216): mean (SD)
84.2 (7.3)
Total IgE in IU/ml (n=126)
3.8 (1.7)
Personal smoking
Pack years (n= 367): mean (SD)
2.4 (4.3)
Never (n=236): %
52.4
Former (n=28): %
8.4
Current (n=106): %
39.3
n is 371 unless otherwise specified
*p value for the comparison between the two groups

No (n=177)

p value*

19.2 (0.8)
50.9

0.681
0.352

63.8
59.3
67.9 (3.6)
143.8 (27.7)
20.5
40.3
23.9
9.8
71.8
106.8 (11.9)
105.0 (10.9)
85.2 (6.5)
3.6 (1.4)

<0.001
<0.001
0.810
0.170
0.226
0.004
<0.001
<0.001
0.983
0.458
0.9140
0.315
0.679

0.7 (2.0)
77.3
6.8
15.9

<0.001
<0.001
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Table 8. Variables by maternal ETS exposure status at adulthood (age>18 years)
Maternal ETS Exposure
Yes (n=132) No (n=303) p value*
Age
19.3 (1.1)
Sex: % male
49.2
Parent years of formal education:
% with >12 years
Mothers
31.1
Fathers
34.0
Height in inches (n=261)
67.2 (3.6)
Weight in pounds (n=269)
148.3 (30.7)
Asthma (n=421): %
19.7
Wheeze (n=433): %
53.0
Cough (n=432): %
53.4
Chronic cough (n=419): %
25.2
71.7
Allergy skin prick tests (n=205): % positive
% predicted FVC (n=261): mean (SD)
110.6 (11.4)
% predicted FEV (n=261): mean (SD)
105.9 (12.4)
FEV1/FVC ratio (n=261): mean (SD)
83.0 (7.8)
Total IgE in IU/ml (n=431)
3.8 (1.7)
Personal smoking
Pack years (n= 496): mean (SD)
3.5 (5.3)
Never (n=269)
43.2
Former (n=32)
9.8
Current (n=133)
47.0
n is 435 unless otherwise specified
*p value for the comparison between the two groups

19.3 (1.0)
52.8

0.900
0.494

51.5
56.1
67.9 (3.6)
145.6 (30.3)
19.4
48.2
31.6
18.2
72.4
105.8 (12.1)
103.8 (12.2)
84.9 (6.8)
3.6 (1.6)

<0.001
<0.001
0.135
0.502
0.939
0.352
<0.001
0.107
0.913
0.003
0.191
0.044
0.560

1.1 (2.8)
70.2
6.3
23.5

<0.001
<0.001
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Table 9. Variables by paternal ETS exposure status at adulthood (age>18 years)
Paternal ETS Exposure
Yes (n=174) No (n=206) p value*
Age
19.2 (1.0)
Sex: % male
54.6
Parent years of formal education:
% with >12 years
Mothers
33.1
Fathers
40.8
Height in inches (n=223)
67.6 (3.9)
Weight in pounds (n=230)
148.5 (33.8)
Asthma (n=367): %
21.8
Wheeze (n=379): %
58.1
Cough (n=378): %
48.6
Chronic cough (n=367): %
31.3
70.1
Allergy skin prick tests (n=176): % positive
% predicted FVC (n=223): mean (SD)
106.7 (12.6)
% predicted FEV (n=223): mean (SD)
103.9 (13.3)
FEV1/FVC ratio (n=223): mean (SD)
84.3 (7.4)
Total IgE in IU/ml (n=127)
3.6 (1.8)
Personal smoking
Pack years (n= 376): mean (SD)
2.4 (4.3)
Never (n=236)
49.4
Former (n=28)
7.5
Current (n=115)
43.1
n is 380 unless otherwise specified
*p value for the comparison between the two groups

19.3 (1.0)
51.5

0.375
0.541

60.5
57.3
67.9 (3.5)
144.2 (27.9)
14.4
41.0
28.3
11.3
72.7
107.7 (11.6)
105.6 (11.0)
84.9 (6.4)
3.8 (1.4)

<0.001
0.001
0.572
0.288
0.063
0.001
<0.001
<0.001
0.705
0.576
0.288
0.497
0.534

1.0 (2.9)
73.2
7.3
19.5

<0.001
<0.001
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CHAPTER 3:
SPECIFIC AIM 1 - ETS, LUNG FUNCTION, AND RESPIRATORY ILLNESS
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AIM 1: To determine the effect of ETS on respiratory symptoms and lung function
in children followed into young adulthood
Hypothesis 1: Children exposed to ETS during early childhood have more prevalent and
more severe asthma and respiratory symptoms (cough, phlegm, wheeze and bronchitis) in
young adulthood compared to children never exposed to ETS.
Hypothesis 2: Children exposed to ETS during early childhood have poorer lung function
in young adulthood compared to children never exposed to ETS.

3.1 Analysis
Analyses were carried out using Stata 11 and limited to the number of subjects that
had selected data available both in childhood and adulthood
Table 10. Data available
for subjects in adulthood
Variable
N
Age
444
Cough
441
Chronic cough
429
Wheeze
442
Asthma
442
PFTs
269

(Table 10). Respiratory symptoms were classified two ways,
1) dichotomously, as occurring or not occurring during
adulthood and 2) categorically. Because respiratory
symptoms were collected longitudinally through childhood
and adulthood, a categorical variable was created for each of

the respiratory symptoms cough, chronic cough, wheeze, and asthma with four categories
(never, incident, remittent, or persistent) that were defined as follows:
1. did not have symptoms in childhood or adulthood (never)
2. did not have symptoms in childhood but developed symptoms in
adulthood (incident)
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3. had symptoms in childhood but not in adulthood (remittent)
4. had symptoms in both childhood and adulthood (persistent) (Table 11)

Table 11. Categories of changes in symptoms from childhood
to adulthood
Status in childhood Status in adulthood Status overall
Negative
Negative
Never
Negative
Positive
Incident
Positive
Negative
Remittent
Positive
Positive
Persistent
Univariate associations were examined between each ETS exposure variable and
the outcome variables for respiratory symptoms and lung function. Univariate
associations were also assessed between the outcome variables and covariates. Chisquare tests were used for categorical and dichotomous outcomes and simple linear
regressions for continuous data.
The relationship of childhood ETS exposure to respiratory symptoms and lung
function in adulthood was investigated using logistic regression for dichotomous
respiratory outcomes, multinomial models for multi-category respiratory symptoms, and
longitudinal linear mixed models for lung function. Multinomial models were used when
respiratory symptoms had four outcomes (never, incident, remittent, persistent).
Interaction terms between ETS exposure and sex and ETS exposure and personal
smoking were added to models to assess possible effect modification by these variables.
Linear mixed models were used for lung function as there were repeated measures
for each subject. Mixed models use all data contributions for a subject regardless of
missing values and account for within-subject correlation related to longitudinal
measures.125 To see if the slope of lung function change was steeper in longitudinal
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models, the interaction term between ETS exposure and age was added to the model. In
all logistic regression, multinomial regression, and mixed models, adjustments were
made for potential and known confounders.

3.2 Results
The results of univariate associations for 1) dichotomous ETS exposure type and
outcome variables and 2) outcome variables and other covariates are presented in the two
tables below (Tables 12 & 13). Childhood ETS exposure of all types was strongly
associated with cough and chronic cough. Parental and paternal ETS exposure was
associated with wheeze.
Paternal smoking was associated with asthma and maternal smoking with percent
predicted FVC. Current personal smoking was associated with cough, chronic cough, and
wheeze. Asthma was associated with total serum IgE and positive SPTs.

Table 12. Logistic regression odds ratios & linear regression coefficients for univariate
associations between ETS exposure 0-15 years and outcome variables during adulthood
Parental
Maternal
Paternal
OR (CI)
OR (CI)
OR (CI)
**
**
Cough
2.8 (1.82-4.45)
2.5 (1.63-3.79)
2.4 (1.56-3.66 ) **
Chronic cough
3.5 (1.95-6.42) **
1.5 (0.92-2.51)
3.6 (2.08-6.17) **
**
Wheeze
1.8 (1.20-2.75)
1.2 (0.81-1.83)
2.0 (1.32-3.00) **
Asthma
1.4 (0.81-2.41 )
1.0 (0.61-1.71)
1.7 (0.97-2.86)
% predicted FVC
% predicted FEV1
FEV1/FVC
*p<0.05, **p<0.01

β (CI)
1.2 (-2.03-4.48)
0.2 (-3.10-3.45)
-1.0 (-2.83-0.92)

β (CI)
4.8 (1.70-7.88) **
2.1 (-1.10-5.30)
-1.9 (-3.76- -0.05)*

β (CI)
-0.9 (-4.12-2.29)
-1.7 (-4.95-1.48)
-0.6 (-2.45-1.19)
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Table 13. Logistic regression odds ratios and linear regression coefficients for univariate
associations between outcome variables and other covariates
Cough
Chronic
Wheeze
Asthma
FEV1/FVC
cough
Age at first
adulthood survey
Sex ϯ
Smoking status
Former
Current
Log total IgE,
IU/ml
SPT

OR (CI)
1.1
(0.88-1.27)
1.2
(0.83-1.78)

OR (CI)
1.1
(0.86-1.34)
1.4
(0.90-2.23)

OR (CI)
1.0
(0.86-1.24)
1.2
(0.83-1.74)

OR (CI)
1.1
(0.87-1.37)
1.3
(0.80-2.08)

Β (CI)
0.1
(-0.83-0.97)
1.2
(-0.71-3.06)

1.1
(0.49-2.51)
5.8**
(3.74-9.11)

2.2
(0.82-5.77)
7.9**
(4.60-13.40)

0.8
(0.39-1.75)
2.9**
(1.93-4.54)

0.5
(0.18-1.55)
0.7
(0.40-1.19)

-1.4
(-4.84-2.07)
-3.3**
(-5.30- -1.3)

1.0
(0.78-1.17)

0.9
(0.70-1.11)

1.1
(0.93-1.40)

1.5**
(1.11-2.09)

-0.5
(-1.22-0.23)

0.9
(0.47-1.58)

0.6
(0.30-1.11)

1.2
(0.70-2.25)

4.4
(1.49-13.10)

**

0.9
(-1.53-3.36)

ϯ female is referent group
*p<0.05, **p<0.01

Respiratory Symptoms
The percentages of subjects with respiratory symptoms categorized by disease
pattern are shown graphically below (Figure 6). Results from multinomial models
adjusted for age, sex, personal smoking, years of follow-up, and parent education are
presented in two tables (Table 14 & 15). The first table reflects models with the
dichotomous never-ever ETS exposure variable. The second table reflects models with
the dose ETS exposure variable.
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Figure 6. Respiratory symptoms by disease pattern
Never

Incident
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Ashtma

Models using ETS exposure as a dichotomous variable yield similar results to
models using ETS exposure as a dose variable. Both ETS exposure variables showed a
strong effect on cough, especially persistent cough, across paternal, maternal, and
combined parent
ent smoking. Combined parent ETS exposure models were the same for
both ETS variables for persistent cough and persistent and incident chronic cough. The
combined parent dose ETS exposure variable additionally showed increase risk of
persistent wheeze and persistent asthma.
Maternal dichotomous and dose ETS exposure models similarly showed increased
relative risks for incident and persistent cough. Paternal dichotomous and dose ETS
exposure models showed increased relative risks for persistent cough, persistent
persi
chronic
cough and persistent asthma. But the paternal dichotomous ETS model showed an
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association with incident wheeze while the paternal dose ETS model showed an
association with persistent wheeze and incident chronic cough.
In selecting parsimonious models, parent’s asthma status was excluded. Relative
risks and p-values were predominantly the same despite a slightly smaller sample size
when this variable was included. Because the relative risks showed barely any change, it
is unlikely that parent asthma status is a confounder between ETS exposure and
respiratory symptoms in this sample. Pack years of personal smoking was also excluded
as it made little difference on relative risks and p-values.
Table 14. Relative risks and 95% CIs associated with four longitudinal disease patterns
by dichotomous (never, ever) ETS exposure type ϯ, adjusted for age, sex, years followup, parent education, and personal smoking
Cough

Chronic cough

Wheeze

Asthma

Combined
Never
Incident
Remittent
Persistent

n=369
Reference

n=352
Reference

n=370
Reference

n=355
Reference

1.7 (0.91-3.13)
1.2 (0.64-2.16)
5.9 (2.52-13.89)**

2.3 (1.04-5.05)*
1.3 (0.61-2.63)
3.7 (1.13-12.02)*

1.2 (0.65-2.32)
1.0 (0.46-2.00)
1.9 (1.10-3.19)*

1.4 (0.49-3.75)
1.1 (0.28-4.42)
1.8 (0.88-3.52)

Maternal
Never
Incident
Remittent
Persistent

n=432
Reference

n=411
Reference

n=433
Reference

n=417
Reference

1.9 (1.07-3.47)*
1.1 (0.56-2.18)
2.5 (1.30-4.84)**

0.9 (0.48-1.87)
0.9 (0.39-2.02)
0.7 (0.25-1.98)

1.1 (0.59-1.94)
0.7 (0.30-1.39)
0.8 (0.46-1.35)

1.1 (0.46-2.70)
1.0 (0.26-3.67)
1.1 (0.54-2.10)

Paternal
Never
Incident
Remittent
Persistent

n=378
Reference

n=361
Reference

n=379
Reference

n=364
Reference

1.4 (0.74-2.48)
1.3 (0.70-2.38)
3.9 (1.91-8.15)**

2.2 (1.08-4.52)*
1.7 (0.81-3.43)
4.8 (1.66-14.11)**

1.4 (0.75-2.56)
1.4 (0.70-2.87)
2.3 (1.34-3.90)**

1.5 (0.56-4.03)
0.9 (0.22-3.75)
2.3 (1.17-4.58)*

ϯ never ETS exposure is the referent group
*p<0.05,** p<0.01
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Table 15. Relative risks and 95% CIs associated with four longitudinal disease patterns
by dose (never, low, high) ETS exposure type ϯ, adjusted for age, sex, years follow-up
and personal smoking

Combined
Never
Incident
Low
High

Cough
n=369
Reference

Chronic cough
n=352
Reference

Wheeze
n=370
Reference

Asthma
n=355
Reference

1.9 (0.92-3.82)
1.5 (0.67-3.22)

3.2 (1.36-7.7)**
1.4 (0.55-3.80)

1.3 (0.61-2.68)
1.2 (0.54-2.60)

1.1 (0.30-3.80)
1.7 (0.53-5.45)

0.9 (0.40-1.96)
1.5 (0.71-3.09)

1.0 (0.38-2.61)
1.5 (0.65-3.56)

1.0 (0.40-2.31)
1.1 (0.40-2.46)

0.3 (0.03-3.27)
2.6 (0.57-12.02)

5.6 (2.17-14.23)**
6.3 (2.43-16.27)**

4.8 (1.31-17.95)**
2.9 (0.76-10.74)

1.7 (0.92-3.31)
2.0 (1.03-3.8)*

1.3 (0.57-2.99)
2.4 (1.07-5.53)*

n=432
Reference

n=411
Reference

n=433
Reference

n=417
Reference

2.1 (1.05-4.38) *
1.7 (0.74-3.76)

1.4(0.62- 3.11)
0.6 (0.22-1.50)

1.1(0.54- 2.34)
1.0 (0.47-2.23)

1.2 (0.40-3.51)
1.1 (0.34-3.27)

0.6 (0.21-1.73)
1.8 (0.78-4.22)

1.0 (0.35-2.90)
0.8 (0.25-2.49)

0.7 (0.26-1.80)
0.6 (0.20-1.80)

0.5 (0.05-4.20)
1.6 (0.34-7.18)

2.2 (0.95-5.03)
2.9 (1.25-6.71) *

0.6 (0.12-2.69)
1.0 (0.24-2.69)

0.6 (0.28-1.19)
1.0 (0.52-2.08)

0.8 (0.30-1.91)
1.5 (0.65-3.53)

n=378
Reference

n=361
Reference

n=379
Reference

n=364
Reference

1.3 (0.65-2.71)
1.4 (0.65-3.09)

2.8 (1.18-6.50)*
1.8 (0.74-4.19)

1.5 (0.71-3.11)
1.3 (0.60-2.81)

1.3 (0.37-4.50)
1.7 (0.44-5.28)

0.8 (0.36-1.86)
1.9 (0.92-4.25)

1.4 (0.60-3.76)
1.8 (0.76-4.45)

1.2 (0.46-2.94)
1.7 (0.67-4.20)

0.4 (0.04-3.43)
1.9 (0.37-9.45)

Remittent
Low
High

Persistent
Low
High

Maternal
Never
Incident
Low
High

Remittent
Low
High

Persistent
Low
High

Paternal
Never
Incident
Low
High

Remittent
Low
High

Persistent
2.1 (0.97-4.83)
5.7 (1.69-19.42)** 2.1 (1.10-3.96)*
3.4 (1.46-7.82)**
Low
**
*
**
2.5 (1.10-5.87)*
2.5
(1.29-4.91)
4.1
(1.24-13.82)
4.7
(2.01-11.15)
High
ϯ never ETS exposure is the referent group for low and high levels of ETS exposure
*p<0.05,** p<0.01
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For models stratifying by sex and active smoking status, dichotomous ETS
exposure 0-15 years and dichotomous outcomes for all respiratory symptoms were used
because of small cell size. Cough, chronic cough, wheeze and asthma variables were
coded ‘yes’ if symptoms were present in adulthood and ‘no’ if symptoms were absent in
adulthood. Logistic regression models assessed whether subjects were at greater risk for
experiencing symptoms in adulthood if they had been exposed to ETS before age 15. In
addition to adjusting for age, sex, years follow-up, and personal smoking we also
adjusted for whether the subject had symptoms reported during childhood.
To assess whether sex and personal smoking might act as effect modifiers on the
relationship between ETS exposure and respiratory symptoms, we added interaction
terms to the models. Two models were significant at p<0.10. The interaction terms for
sex and parental ETS exposure were significant for wheeze (OR 2.70, p=0.040) and
cough (OR 2.50, p=0.077). Thus, compared to men, female subjects were at increased
risk of reporting wheeze and cough in adulthood when exposed to parental ETS.
Stratifying by sex, women had statistically significant risk of cough, chronic
cough, and wheeze from parental and paternal sources of ETS exposure. Maternal ETS
exposure increases risk of cough in female subjects as well. Men show a statistically
significant risk of chronic cough when exposed to paternal ETS in childhood (Table 16).
Because there were only 32 former smokers (7.2%) with mean pack years of 1.6
(1.7 SD), they were grouped with current smokers. Stratifying by personal smoking, there
was a risk of cough in adulthood from combined parent ETS exposure even among non-
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smokers. The odds ratios for cough and chronic cough increase if subjects exposed to
ETS in childhood are current smokers themselves (Table 17)

Table 16. Odds ratios and 95% CIs associated with never-ever ETS exposure on
dichotomous respiratory symptoms stratified by sex adjusting for age, years follow-up,
personal smoking, and childhood symptoms
Females
Males
Combined Maternal Paternal
Combined Maternal Paternal
Cough

4.45**
(2.03-9.73)

2.37*
(1.18-4.76)

2.22*
(1.08-4.60)

1.66
(0.82-3.34)

1.70
(0.87-3.33)

1.72
(0.88-3.36)

Chronic
cough

4.11**
(1.50-11.30)

0.99
(0.44-2.25)

2.68*
(1.10-6.56)

1.94
(0.80-4.76

0.87
(0.38-1.99)

2.88*
(1.24-6.70)

Wheeze

2.78**
(1.43-5.40)

1.75
(0.92-3.34)

2.28*
(1.19-4.37)

1.09
(0.58-2.03)

0.58
(0.31-1.12)

1.44
(0.79-2.63)

Asthma

1.91
(0.84-4.34

1.18
(0.56-2.50)

1.90
(0.84-4.32)

1.53
(0.67-3.46)

1.14
(0.51-2.56)

2.24
(0.99-5.03)

*p<0.05,** p<0.01

Table 17. Odds ratios and 95% CIs associated with never-ever ETS exposure on
dichotomous respiratory symptoms stratified by personal smoking adjusting for age, sex,
years follow-up, and childhood symptoms
Never
Former or Current
Combined Maternal
Paternal
Combined Maternal Paternal
Cough

2.37**
(1.25-4.50)

1.67
(0.85-3.30)

1.80
(0.95-3.41)

2.77*
(1.51-12.54)

2.27*
(1.12-4.59)

1.91
(0.88-4.16)

Chronic
cough

2.08
(0.76-5.71)

0.38
(0.08-1.76)

2.60
(0.94-7.07)

2.65*
(1.05-6.70)

1.03
(0.51-2.07)

2.13
(0.95-4.76)

Wheeze

1.39
(0.77-2.50)

1.05
(0.53-2.05)

1.3
(0.71-2.38)

2.04
(0.89-4.75)

1.24
(0.63-2.47)

2.05
(0.95-4.41)

Asthma

1.22
(0.44-3.41)

1.92
(0.71-5.23)

1.29
(0.45-3.66)

1.80
(0.43-7.56)

0.86
(0.31-2.41)

2.68
(0.64-11.2)

*p<0.05,** p<0.01
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Lung Function

Pulmonary function measures used for modeling included percent predicted
FEV1, percent predicted FVC, percent predicted FEF25-75%, and FEV1/FVC ratio. Models
were consistently adjusted for age, sex, and personal smoking status and fitted for one
random effect, the subject, to adjust for serial correlation.
There were no statistically significant effects of childhood ETS exposure by type
(both parents, maternal, paternal) or by level (dichotomous or dose) on adult lung
function except for maternal ETS exposure 0-15 years on percent predicted FVC (Table
18). A plot of raw data for percent predicted FVC and fitted regression lines by maternal
ETS exposure status is shown below (Figure 7). Surprisingly, this maternal ETS exposure
improved adult percent predicted FVC. An interaction term assessing possible differences
in slope, i.e., decline of lung function, was added to the model but it was not significant.
Using the maternal ETS exposure dose variable yielded similar results, although the high
maternal ETS exposure became borderline significant (p=0.095) (data not shown).
Coefficients remained similar.
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Table 18. Random effect model of percent predicted FVC and maternal ETS exposure
Fixed Effect Variables
Maternal ETS exposure
Age
Sex*
Smoke (Former)**
Smoke (Current)**

Coefficient
3.75
-0.09
1.16
0.80
3.38

Random Effect Variables Estimate
s.d. of constant
10.79
s.d. of residual
5.83

Standard Error
1.61
0.06
1.44
2.70
1.64
Standard Error
0.56
0.18

p-value
0.019
0.252
0.423
0.809
0.040

95% CI
0.612, 6.905
-.217, 0.029
-1.670, 3.984
-4.403, 6.000
0.160, 6.599
95% CI
9.739, 11.952
5.478, 6.207

*Males are referent group
**Non-smokers are referent group
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Figure 7. Raw data scatter plot of adult percent predicted FVC values and fitted
regression lines by maternal ETS exposure status in childhood
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When stratifying by sex the effect of maternal ETS exposure on percent predicted
FVC lost statistical significance for males but the effect increased for females (coefficient
5.06, p=0.022). Stratifying by smoking status reduced the association to borderline
statistical significance for never smokers even though the magnitude of the coefficient
remained comparable (coefficient 3.94, p=0.081). The association between maternal ETS
and FVC was not statistically significant for smokers (coefficient 3.70, p=0.104).

3.3 Discussion
Maternal, paternal and combined parent ETS exposures were strongly and
consistently associated with persistent, and occasionally incident cough (even among
nonsmokers) and chronic cough. A large cross-sectional study has reported similar
findings.8
We did not find an association between maternal childhood ETS exposure and
incident wheeze as previously reported in a prospective longitudinal study though the
authors found maternal smoking during pregnancy specifically to be the strongest
predictor of wheeze in adulthood.113 Paternal and combined parent ETS exposure was
associated with incident and persistent wheeze.
Studies report both positive associations between childhood ETS exposure and
asthma in adulthood10,13,113 and no association between the two.9,11,12,111,112 Paternal and
combined parent smoking during childhood increases the risk of asthma persisting into
adulthood. In stratifying by sex, only paternal ETS exposure was associated with
adulthood asthma among males. Evidence that ETS exposure causes asthma is lacking19
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but there is consistent evidence ETS exposure exacerbates existing asthma.126-128
Supporting current evidence, our results show a relationship between ETS exposure and
persistence of asthma, though not incidence.
The increase in percent predicted FVC was reported among young adult active
smokers by Gold et al.129,130 They noted that even in the year prior to smoking initiation,
study subjects had higher FVC levels. However, children that started smoking were also
more likely to have mothers who smoked. The increase in FVC has previously been
attributed to the healthy smoker effect.
However, maternal ETS exposure has been associated with either no difference in
FVC105 or an increase in FVC106 during childhood and adolescence. These same studies
did find an inverse association between ETS exposure and other lung function measures
such as FEV1 and FEF25-75. The effect of paternal smoking on FVC was much lower than
the effect of current and in utero maternal smoking which may be why we found no effect
of paternal smoking on FVC.106
These findings may indicate that ETS exposure during childhood and personal
smoking during young adulthood leads to a narrowing of small airways rather than a
reduction in lung volume.106,130 Older smokers show lower FVC levels than nonsmokers
and individuals unexposed to ETS122 indicating that this increase in lung volume seen
among ETS exposed young adults does not track over time.
Paternal ETS exposure was more often a statistically significant risk factor for
symptoms in adulthood than was maternal ETS exposure. Fathers smoked more than
mothers in this sample. Maternal smoking in utero and early life appears to have more
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effect on symptoms in childhood than does paternal smoking19 but perhaps over time, it is
the amount of ETS exposure that plays a more important role in the persistence or
incidence of respiratory symptoms.
In our sample, female subjects exposed to ETS were at higher risk for respiratory
symptoms in adulthood. Females exposed to ETS have been reported to be at higher risk
of asthma and respiratory symptoms in adulthood.8,12,111 Even without ETS exposure in
childhood, women appear to have increased risk of asthma in adulthood.9,116 Hormonal
factors and differences in airway size might explain these differences.131
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CHAPTER 4:
SPECIFIC AIM 2 - ETS, TOTAL SERUM IGE AND ALLERGIC SENSITIZATION
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AIM 2: To determine the association of ETS on IgE levels and allergic sensitization
in children during childhood and followed into young adulthood
Hypothesis 3: Children exposed to ETS have higher total serum IgE levels compared to
children not exposed to ETS.
Hypothesis 4: Children exposed to ETS during early childhood are more likely to have
positive skin prick tests during childhood and into young adulthood

4.1 Analysis
All analyses were carried out using Stata 11 and restricted to subjects with data on
parental smoking during childhood and follow-up data from childhood and into
adulthood (>18 years), including total serum IgE values, atopy based on skin prick tests
(SPTs), height, weight, and personal smoking status. 147 subjects had total serum IgE
values in adulthood and 208 subjects had SPTs in adulthood. Total IgE was log
transformed to obtain a normal distribution.
Because SPTs were conducted in childhood and adulthood a categorical variable
was created for atopy with four categories (never, incident, remittent, or persistent) as
was done for respiratory symptoms described in Chapter 3. However, there were only 5
individuals with remittent skin prick test. Due to this very small cell size, atopy was
collapsed into a yes-no dichotomous variable based on SPTs conducted in adulthood for
presentation here. Positive SPTs were defined as a positive test to any of the following:
Bermuda grass, mold, house dust, tree mix and weed mix.
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Univariate associations between the outcome variables, total IgE and skin prick
testing, and covariates, including age, sex and personal smoking, were assessed.
Univariate associations were also assessed between each ETS exposure variable and the
outcome variables, total serum IgE values and SPTs, measured in adulthood. Linear
regression was used for log transformed total serum IgE. Logistic regression was used for
binary SPTs.
Logistic regression models were used to assess the effects of parental smoking
(both parents, maternal, paternal) on SPTs in adulthood while adjusting for sex, age,
height, weight, years of follow-up in adulthood and personal smoking (never, ex,
current). Linear regression models were used to assess the effects of parental smoking on
total serum IgE levels in adulthood adjusting for the same confounders. Differences by
sex and adult smoking status were examined.

4.2 Results
In the two tables below the univariate association results for 1) dichotomous ETS
exposure type and outcome variables and 2) outcome variables and other covariates are
presented (Tables 19 & 20). There were no univariate associations that were statistically
significant at p<0.05 for either total IgE or skin prick tests, tested against ETS exposure
type or other covariates.
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Table 19. Logistic regression odds ratios & linear regression coefficients with
corresponding p-values for univariate associations between ETS exposure 0-15 years and
outcome variables (CIs)
Parental ETS
Maternal ETS
Paternal ETS
Skin Prick Test
Log total IgE
(IU/ml)

OR (CI), p-value

OR (CI), p-value

OR (CI), p-value

1.0 (0.52-1.95), 0.983
β (CI), p-value

1.0 (0.49-1.88), 0.913
β (CI), p-value

0.9 (0.46-1.70), 0.705
β (CI), p-value

0.1 (-0.44-0.67), 0.679

0.2 (-0.42-0.75), 0.580

-0.2 (-0.73-0.38), 0.533

Table 20. Logistic regression odds ratios and linear regression
coefficients with corresponding p-values for univariate associations
between outcome variables and other covariates
Skin Prick Testing
Log of IgE
Age at first
adulthood survey
Sex
Smoking status
Former
Current

OR (CI), p-value

β (CI), p-value

1.0 (0.93-1.06), 0.842

-0.02 (-0.09-0.04), 0.503

1.1 (0.58-1.96), 0.828

-0.3 (-0.85-0.21), 0.238

0.7 (0.24-2.28), 0.591
0.7 (0.36-1.31), 0.250

0.5 (-0.54-1.52), 0.349
-0.3 (-0.86-0.29), 0.327

Childhood exposure to ETS from combined parent, maternal, or paternal sources
predicted neither atopy nor levels of total serum IgE. Furthermore, there were no
differences between sex or smoking status. Adjusting for potential confounders such as
parental education level, childhood SPT status, parental atopy status, or asthma status had
no effect on the results for either outcome and were omitted in the final parsimonious
models. There were no main differences between incident and persistent atopy (results
not shown). Odds ratios and β coefficients for models on atopy and total IgE are
presented below (Tables 21).

70

Table 21. Odds ratios and β coefficients associated with measures of atopy and
childhood ETS exposure, adjusted for age, sex, baseline adult height, baseline adult
weight, years of follow up in adulthood, and personal smoking
Both Parent
ETS
OR (95%CI)
Skin Prick
Test

Total
Serum IgE

1.05
(0.51-2.17)
β coeff
(95% CI)
0.18
(-0.42-0.77)

pvalue
0.896
pvalue
0.558

Maternal
ETS
OR
(95%CI)
1.03
(0.50-2.09)
β coeff
(95% CI)
0.22
(-0.39-0.83)

pvalue
0.942
pvalue
0.485

Paternal
ETS
OR
(95%CI)
0.89
(0.44-1.80)
β coeff
(95% CI)
-0.15
(-0.73-0.43)

pvalue
0.737
pvalue
0.612

4.3 Discussion
ETS exposure has been shown to be a risk factor for allergic sensitization in some
studies56-58 but a protective factor in others.48,59 And of these, there is an effect of parental
ETS exposure on allergic sensitization but only among individuals that have a family
history of atopy.57,61,62 Restricting to children with a family history of atopy in this study
yielded the same nonstatistically significant results.
The majority of children (87%) in this study had at least one atopic parent, i.e.,
one parent that had at least one positive SPT. In other studies reporting an effect of ETS
on allergic sensitization only among individuals with a family history of atopy, parental
atopy status was collected via self-report questionnaire alone and not through use of
SPTs.57,61,62 The percentage of atopic parents was lower (~50%) than in our study.62
Our findings do confirm previous research that once children have a positive SPT
they are unlikely to test negative in later life.62 Allergic symptoms may go into remission
but atopic status, as measured objectively through SPTs, is unlikely to change.
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CHAPTER 5:
DISCUSSION
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5.1 Summary of Main Findings
We had 444 individuals with extensive phenotypic information assessed
prospectively along with early life ETS exposure in this population based sample. We
found that ETS exposure increases the risk of cough, chronic cough, wheeze and asthma,
especially when starting in childhood and persisting into adulthood. Furthermore, the
effect of ETS exposure on respiratory symptoms was independent of personal smoking in
adulthood. Paternal ETS exposure was a stronger risk factor for all persistent respiratory
symptoms in adulthood than was maternal ETS exposure. We found maternal ETS
exposure in childhood to be associated with an increase in percent predicted FVC in
adulthood, even adjusting for maternal percent predicted FVC. There was no effect of
ETS on total serum IgE or SPTs.

5.2 Strengths and Limitations
TESAOD provides prospective data on a subsample of 444 individuals followed
from childhood to adulthood. Prospective study designs are robust to recall bias and as
ETS exposure was assessed before the outcome, there is no reason to expect recall bias.
There are prospective studies that assess health effects of ETS exposure through
childhood and adolescence.5-7,46,57,58,120,123 There are also cross-sectional studies that
assess the possible long term effects of ETS exposure on health effects in adulthood.810,12,48,115

But fewer studies are able to prospectively follow children into adulthood to

assess the effects of childhood exposures on adult health outcomes.11,62,111,113, 122 Of
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these, one did not have prospective childhood data,122 only one was a birth cohort,62 and
ETS exposure was only assessed once or twice as yes-no.111,113
In specific aim 1, we were able to show that ETS exposure in childhood does have
effects reaching into adulthood, especially for subjects that have respiratory symptoms in
childhood. These subjects’ symptoms are much more likely to persist into adulthood if
exposed to ETS in childhood and are independent of personal smoking. We did not find
much difference between the ETS dichotomous variable and the dose variable.
In specific aim 2, we found that adverse respiratory symptoms from ETS
exposure, incident and persistent, were not IgE-mediated in this group. Atopy does not
play a role in the way that ETS exposure affects long term health outcomes. Besides an
IgE-mediated mechanism, other possible mechanisms might be that ETS exposure
changes lung structure, like the thickening of airway walls, or function, like elastic recoil.
Our study has limitations to be considered. ETS exposure for children was
calculated based on parent’s self-reported smoking status and recall of smoking history.
As with any study using self-report measures or recall there can be misclassification bias.
However, all study participants supplied smoking history data the same way through the
same questionnaires. There was only one questionnaire that asked specifically about
maternal smoking during pregnancy and it was missing for most of this subsample. Even
had these data been complete, it can be difficult to separate from the effects of maternal
smoking after birth since most mothers that smoke in pregnancy continue to smoke
after.15,44
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We did not have cotinine values available to objectively assess ETS exposure.
Most likely, ETS exposure is underestimated indicating that nondifferential
misclassification bias might be present.106 Parents are considered the primary source of
ETS exposure during childhood.132 However, exposure outside the home or ‘background
exposure’ is reflected in cotinine values106,133 and the prevalence of community smoking
contributes to ETS exposure.134 We do not have information on other household member
smoking. As we only have information on parent reported smoking, we are likely
underestimating ETS exposure in this study biasing results towards the null.
TESAOD lacks data on smoking habits of adolescent friends but we did use
information regarding personal smoking habits from age 15 on and the effects of personal
smoking are likely to be stronger than effects of secondhand smoking. Even still, this is
another case where background smoking is disregarded and possible non-differential
misclassification bias introduced.
As with many long-term prospective studies there was loss to follow-up and some
differences between subjects that participated into adulthood and those that did not. Study
participants that stayed were older at enrollment, had parents less likely to smoke,
mothers with more years of education, were less likely to cough and had lower lung
function. The remaining sample may not be entirely representative.
We were unable to confirm lung deficits from ETS exposure in this population.
Young adulthood can be a difficult time to assess effects of ETS on lung function since at
this time an individual’s lung function can be peaking, at a plateau, or declining.
Surprisingly, we found that maternal ETS exposure was associated with an actual

75

increase in adulthood percent predicted FVC. This phenomena has yet to be understood
and has only recently been described in the literature.106
We could not determine whether the respiratory symptoms and lung function
effects we reported were modified by very early ETS exposure. Our study was not
designed to detect early life exposure because of limited information on ETS exposure
during this time period. We do not know whether early life ETS exposure is more or less
important than cumulative ETS exposure on health outcomes in young adulthood.

5.3 Future research
While there is general consensus among public health and healthcare professionals
that ETS exposure negatively impacts health, there are areas that need further
study.19,43,135,136 Limiting smoke exposure through infancy and childhood should target all
children. However, some children appear to be at increased risk of adverse health
outcomes caused by ETS exposure. Gene-environment interactions should be examined
to:
1) identify children at highest risk of respiratory problems due to ETS exposure
2) elucidate causal associations
3) determine ages when exposure causes most damage
Ages of exposure separating prenatal from postnatal ETS exposure especially need to be
further explored, though this will be difficult because many mothers smoking during
pregnancy continue after birth.15 There is a need to discover the mechanisms of ETS
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exposure damage, which could lead to better treatments and therapies mitigating the
harmful effects of ETS.
As all children should be protected from ETS exposure, there is a need to explore
intervention strategies to reduce ETS exposure among children, and not just in the home.
Background or community smoking that exposes children still needs to be addressed.
Twenty-five to 30% of American women still smoke during pregnancy.137 This group
should be of particular focus for smoking cessation programs, healthcare professionals,
and researchers. Public education, clinical interventions, advocacy statements, and
community-level interventions are all possible modes of ETS exposure reduction or
elimination.27

5.4 Policy Implications
In the last decade or two there has been a rise in high-income countries
implementing smoking bans in public places to protect everyone from the effects of ETS
exposure. Many low- to medium-income countries have also implemented smoking bans
but with less success due to lack of enforcement and resources. Children constitute a
vulnerable group that needs extra protection.
On a more individual scope, clinicians can screen parents and intervene if they
smoke, especially if inside the home or car. Parents or clinicians could be incentivized,
through insurance costs for example, for low or reduced cotinine levels in children.136
Service providers and settings catering to pregnant women or children can be staffed to
screen, identify and refer smoking parents to cessation programs. If parents will not
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consider quitting smoking they can be educated to reduce exposure of children through
smoking outside the home and car. Community-level interventions focusing on home
ETS reduction are most effective.136
Future efforts to protect children will need to focus on getting parents to stop
smoking, preventing individuals from starting to smoke, and education on how to protect
infants and young children from ETS among those parents that do not stop smoking.

5.5 Conclusions
There is consistent and strong evidence that ETS exposure during pregnancy or
early infancy has deleterious health effects in early childhood. Consistency of findings,
dose-response relationships, and the strength of association between ETS exposure and
health outcomes is suggestive of a causal relationship between the two. The actual
biologic mechanism of tobacco smoke’s effect on asthma, respiratory symptoms, allergic
sensitization, lung function and total serum IgE is still being explored and is not entirely
clear at this time.19 Evidence for ETS exposure’s effect on total serum IgE and allergic
sensitization remains conflicted in the literature but we did not find an effect. In
agreement with previous studies, we did find an effect of ETS exposure on respiratory
symptoms.
Data from the US National Health and Nutrition Examination Survey III25 showed
that the most important predictor of cotinine, i.e., ETS exposure, in children was the
reported number of cigarettes smoked in the home. However, the age of the child,
race/ethnicity, parental education, family income, and home size were also predictive of
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cotinine levels.25 All these factors can be taken into account when designing interventions
for groups of children most at risk.
The measures of effect from ETS exposure on respiratory health outcomes can
sometimes be small, like it is for lung function. However, considering most children in
the US and many other countries in the world are exposed to some level of ETS, there is
a substantial population attributable risk in children19 making this a considerable public
health problem. Especially since ETS exposure is an entirely avoidable risk factor.
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