Preface

Thirteen years ago, in 1986, my predecessor, Surgeon General
C. Everett Koop, released a comprehensive analysis of the health dangers of
environmental tobacco smoke (ETS)*. This landmark Surgeon General’s
Report, entitled The Health Consequences of Involuntary Smoking (U.S. DHHS,
1986), concluded that ETS causes lung cancer in adults and respiratory
problems in children, and that simply separating smokers and nonsmokers
within the same airspace reduced, but did not eliminate, ETS exposure.
Around the same time, the National Academy of Sciences released an inde-
pendent report that drew similar conclusions (NRC, 1986). Six years later,
in 1992, the U.S. Environmental Protection Agency (EPA) released its own
risk assessment of the health effects of ETS with respect to lung cancer and
respiratory function (U.S. EPA, 1992); the EPA report reaffirmed the conclu-
sions of both earlier reports. In addition, the EPA identified ETS as a Group
A carcinogen, estimating that it causes 3,000 lung cancer deaths a year
among American nonsmokers. The EPA also estimated that every year, ETS
is responsible for up to 26,000 new asthma cases in children; up to
1,000,000 asthma exacerbations; and up to 300,000 cases of bronchitis and
pneumonia in toddlers—15,000 of which require hospitalization.

In the 7 years since the EPA report was published, the evidence that
ETS causes lung cancer and other serious diseases has continued to accumu-
late. Lung cancer was the first fatal disease linked to ETS, but in recent
years, evidence that ETS exposure causes other major diseases—particularly
heart disease—has emerged. In response to rapidly accumulating evidence
that ETS causes disease beyond lung cancer and respiratory effects in chil-
dren, the California Environmental Protection Agency (Cal/EPA) undertook
a comprehensive assessment of the total range of health effects correlated
with exposure to ETS.

Using the most up-to-date evidence available, Cal/EPA concluded
that ETS causes not only lung cancer in adults and respiratory problems in
children, but also low birth weight, sudden infant death syndrome, middle
ear infections, nasal sinus cancer, and heart disease morbidity and mortality
(Cal/EPA, 1997). Significantly, ETS was estimated to account for up to
62,000 heart disease deaths annually—20 times the number of ETS-related
lung cancer deaths.

* Various terms have been used in the scientific literature to describe a nonsmoker’s exposure
to ambient tobacco smoke. Passive smoking, involuntary smoking, secondhand smoke,
and environmental tobacco smoke are the most prevalent and are often used interchange-
ably by researchers and the public.
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Cal/EPA also found evidence that suggests a link between ETS expo-
sure and spontaneous abortion, adverse effects on cognition and behavior,
exacerbation of cystic fibrosis, decreased pulmonary function in adults (as
well as that previously described for children), and cervical cancer.

The above-mentioned major public health burden caused by ETS
more than justifies public policies creating smoke-free workplaces and pub-
lic areas. They have also motivated many individuals and families to make
their homes smoke-free in order to protect children and other loved ones
from the toxic chemicals in ETS.

Since the Cal/EPA report was completed, evidence that ETS causes
disease has continued to accumulate. Additional studies have been pub-
lished, including several major reviews confirming the association between
ETS exposure and increased risk for both lung cancer and heart disease in
nonsmokers. The International Agency for Research on Cancer (IARC) pub-
lished a large study (Boffetta et al., 1998) demonstrating that nonsmokers
exposed to ETS experience a 16 percent elevation in the risk of developing
lung cancer—a level consistent with other estimates. While the results in
this individual study did not reach statistical significance, the consistency
of their estimates with those of other studies increases the confidence we
can have in the results of earlier studies. Taken together, all the existing
published studies demonstrate a significant and important elevation in lung
cancer risk associated with ETS exposure.

British investigators (Law et al., 1997) conducted an analysis of 19
epidemiological studies on ETS and heart disease that convincingly demon-
strated that the elevation in heart disease risk seen in ETS-exposed non-
smokers is unlikely to be due to the effects of other risk factors. Their find-
ing of a 23 percent increased risk for heart disease is almost identical to that
recently published in the New England Journal of Medicine by a team of U.S.
investigators (He et al., 1999). Furthermore, a study from San Francisco
showed that respiratory symptoms in bartenders improved significantly just
6 weeks after their ETS exposure was eliminated by a new California law
requiring smoke-free bars (Eisner et al., 1998). California restaurants
became smoke-free on January 1, 1995, followed by bars on January 1, 1998
(Macdonald et al., 1997; Glantz and Balbach, 1999 in press). The rapid res-
olution of the effects of the ETS exposure after the smoke-free law went into
effect both demonstrates that ETS causes respiratory problems and illus-
trates that simple control measures can protect nonsmokers. The California
legislation was made possible by community action in support of smoke-
free environments (Glantz, 1997). Hundreds of communities across
America are now following California’s lead.

The California Environmental Protection Agency spent 5 years
preparing this document, and it solicited input from all interested parties—
including the tobacco industry and its consultants. Cal/EPA held several
public workshops to solicit input and made drafts available for public com-
ment and criticisms. The final draft was peer reviewed by California's
Scientific Review Panel, a body created under California law to provide
independent peer review of many scientific aspects of the state's toxic air
contaminants and air pollution programs.
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The National Cancer Institute (NCI), acting on behalf of the U.S.
Public Health Service, recognized the importance of the Cal/EPA report and
saw the need to disseminate it broadly as part of their Smoking and
Tobacco Control Monograph series. I hope that this broad dissemination
will accelerate public recognition that ETS causes lung cancer, heart disease,
sudden infant death, and a wide variety of other serious diseases. I also
hope that awareness of this evidence will continue to stimulate public poli-
cies to protect nonsmokers from ETS exposure.

In a speech to the American Lung Association in 1984, Dr. C.
Everett Koop called for a smoke-free society by the year 2000. While we
will not accomplish Dr. Koop's goal, we have made major progress. Just 3
percent of the American workforce was employed in a smoke-free environ-
ment in 1986 (Gerlach ef al, 1997). By 1996, nearly two-thirds (64 percent)
of the American indoor workforce was covered by a smoke-free workplace
policy (NCI, 1999 in press). Additionally, fully 75 percent of all homes
have adopted rules that restrict smoking, with more than half completely
banning smoking in the home (NCI, 1999 in press). Even among smokers
this trend is evident, with 50 percent of current smokers restricting smoking
in their home to some degree and nearly one in five reporting that they do
not permit smoking anywhere in the home. I can only hope that the infor-
mation contained in this report will renew the effort to meet the goal of a
smoke-free society in which no one would be involuntarily exposed to ETS.

I call on everyone committed to public health to join with me in a
renewed effort to complete the creation of a smoke-free society by:

e Encouraging communities to enact clean indoor air ordinances requir-
ing 100 percent smoke-free environments in all public areas and
workplaces, including all restaurants and bars.

e Encourage smokers as well as nonsmokers to make their homes
smoke-free to protect their children and families from ETS exposure.

With these simple steps, we can all breathe a little easier.

David Satcher, M.D., Ph.D.
U.S. Surgeon General and
Assistant Secretary for Health
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Executive Summary

Exposure to environmental tobacco smoke (ETS) has been linked to
a variety of adverse health outcomes. Many Californians are exposed at
home, at work, and in public places. In the comprehensive reviews pub-
lished as Reports of the Surgeon General and by the U.S. Environmental
Protection Agency (U.S. EPA) and the National Research Council (NRC), ETS
exposure has been found to be causally associated with respiratory illness-
es—including lung cancer, childhood asthma, and lower respiratory tract
infections. Scientific knowledge about ETS-related effects has expanded
considerably since the release of the above-mentioned reviews. The state of
California has therefore undertaken a broad review of ETS covering the
major health endpoints potentially associated with ETS exposure: perinatal
and postnatal manifestations of developmental toxicity, adverse impacts on
male and female reproduction, respiratory disease, cancer, and cardiovascu-
lar disease. A “weight of evidence” approach has been used, in which the
body of evidence is examined to determine whether or not it can be con-
cluded that ETS exposure is causally associated with a particular effect.
Because the epidemiological data are extensive, they serve as the primary
basis for assessment of ETS-related effects in humans. The report also pres-
ents an overview on measurements of ETS exposure (particularly as they
relate to characterizations of exposure in epidemiological investigations)
and on the prevalence of ETS exposure in California and nationally.

ETS, or “secondhand smoke,” is the complex mixture formed from
the escaping smoke of a burning tobacco product and smoke exhaled by
the smoker. The characteristics of ETS change as it ages and combines with
other constituents in the ambient air. Exposure to ETS is also frequently
referred to as “passive smoking,” or “involuntary tobacco smoke” exposure.
Although all exposures of the fetus are “passive” and “involuntary,” for the
purposes of this review, in utero exposure resulting from maternal smoking
during pregnancy is not considered to be ETS exposure.

GENERAL ETS is an important source of exposure to toxic air contaminants

FINDINGS indoors. There is also some exposure outdoors in the vicinity of
smokers. Despite an increasing number of restrictions on smoking and
increased awareness of health impacts, exposures in the home, especially of
infants and children, continue to be a public health concern. ETS exposure
is causally associated with a number of health effects. Listed in Table ES.1
are the developmental, respiratory, carcinogenic, and cardiovascular effects
for which there is sufficient evidence of a causal relationship—including
fatal outcomes such as sudden infant death syndrome and heart disease
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Table ES.1
Health Effects Associated with Exposure to Environmental
Tobacco Smoke

Effects Causally Associated with ETS Exposure

Developmental Effects
Fetal Growth: Low birthweight or small for gestational age
Sudden Infant Death Syndrome (SIDS)

Respiratory Effects
Acute lower respiratory tract infections in children
(e.g., bronchitis and pneumonia)
Asthma induction and exacerbation in children
Chronic respiratory symptoms in children
Eye and nasal irritation in adults
Middle ear infections in children

Carcinogenic Effects
Lung Cancer
Nasal Sinus Cancer

Cardiovascular Effects
Heart disease mortality
Acute and chronic coronary heart disease morbidity

Effects with Suggestive Evidence of a Causal Association with ETS Exposure

Developmental Effects
Spontaneous abortion
Adverse impact on cognition and behavior

Respiratory Effects
Exacerbation of cystic fibrosis
Decreased pulmonary function

Carcinogenic Effects
Cervical cancer

mortality, as well as serious chronic diseases such as childhood asthma.
There are, in addition, effects for which evidence is suggestive of an associa-
tion, but further research is needed for confirmation. These include sponta-
neous abortion, cervical cancer, and exacerbation of asthma in adults (Table
ES.1). Finally, it is not possible to judge on the basis of the current evi-
dence the impact of ETS on a number of endpoints including congenital
malformations, changes in female fertility and fecundability, male repro-
ductive effects, rare childhood cancers, and cancers of the bladder, breast,
stomach, brain, hematopoietic system, and lymphatic system.
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Many Californians are exposed to ETS, and the number of people
adversely affected may be correspondingly large. Table ES.2 presents mor-
bidity and mortality estimates for health effects causally associated with ETS
exposure. For cancer, cardiovascular, and some respiratory endpoints, esti-
mates are derived from figures published for the U.S. population, assuming
that the number affected in California would be 12 percent of the total.
The estimates for middle ear infection, sudden infant death syndrome, and
low birthweight were derived using information on prevalence of ETS expo-
sure in California and the U.S.

Relative risk estimates (RR) associated with some of these endpoints
are small, but because the diseases are common, the overall impact can be
quite large. A relative risk estimate of 1.3 for heart disease mortality in
nonsmokers is supported by the collective evidence; this estimate corre-
sponds to a lifetime risk of death of roughly 1 to 3 percent for exposed non-
smokers and approximately 4,000 deaths annually in California. The rela-
tive risk estimate of 1.2 to 1.4 associated with low birthweight implies that
ETS may impact fetal growth of 1,200 to 2,200 newborns in California,
roughly 1 to 2 percent of newborns of nonsmokers exposed at home or at
work. ETS may exacerbate asthma (RR = 1.6 to 2) in 48,000 to 120,000 chil-
dren in California. Large impacts are associated with relative risks for respi-
ratory effects in children such as middle ear infection (RR = 1.62) and lower
respiratory disease in young children (RR = 1.5 to 2). Asthma induction
(RR = 1.75 to 2.25) may occur in as many as 0.5 to 2 percent of ETS-
exposed children. ETS exposure may be implicated in 120 SIDS deaths per
year in California (RR = 3.5), with a risk of death approaching 0.1 percent
for infants exposed to ETS in their homes. Lifetime risk of lung cancer
death related to ETS-exposed nonsmokers may be about 0.7 percent (RR =
1.2). For nasal sinus cancers, observed relative risks have ranged from 1.7
to 3.0, but future studies are needed to confirm the magnitude of ETS-relat-

ed risks.
SPECIFIC FINDINGS ETS is a complex mixture of chemicals generated during
AND CONCLUSIONS the burning and smoking of tobacco products. Chemicals

present in ETS include irritants and systemic toxicants
such as hydrogen cyanide and sulfur dioxide; mutagens
Exposure Measurement and carcinogens such as benzo[a]pyrene, formaldehyde,
and Prevalence and 4-aminobiphenyl; and the reproductive toxicants
nicotine, cadmium, and carbon monoxide. Many ETS constituents have
been identified as hazardous by state, federal, and international agencies.
To date, over 50 compounds in tobacco smoke have been identified as car-
cinogens and six identified as developmental or reproductive toxicants
under California’s Proposition 65 (California Health and Safety Code
25249.5 et seq.).

Exposure assessment is critical in epidemiological investigations of
the health impacts of ETS, and in evaluating the effectiveness of strategies
to reduce exposure. Exposure can be assessed through the measurement of
indoor air concentrations of ETS constituents, through surveys and ques-
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Table ES.2
Estimated Annual Morbidity and Mortality in Nonsmokers
Associated with ETS Exposure

Number of People or Cases?

Condition

in the U.S.

in California

Developmental Effects
Low birthweight

Sudden Infant Death
Syndrome (SIDS)

Respiratory Effects in
Children
Middle ear infection

Asthma induction
Asthma exacerbation
Bronchitis or pneumonia
in infants and toddlers
(18 months and under)

9,700 - 18,600 cases®

1,900 - 2,700 deathsP

0.7 to 1.6 million

physician office visits®

8,000 to 26,000 new cases®
400,000 to 1,000,000 childrenc
150,000 to 300,000 cases®
7,500 to 15,000
hospitalizations®

1,200 - 2,200 cases®

120 deaths®

78,600 to 188,700

physician office visits®

960 to 3,120 new cases®
48,000 to 120,000 childrenc
18,000 to 36,000 cases®

900 to 1,800 hospitalizations®
16 - 25 deaths®

136 - 212 deaths®

Cancer 360 deaths®
Lung 3,000 deaths®

d
Nasal sinus N/Ad N/A

Cardiovascular Effects

Ischemic heart disease 4,200 - 7,440 deaths®

35,000 - 62,000 deaths®

& The numbers in the table are based on maximum likelihood estimates of the relative risk. As dis-
cussed in the body of the report, there are uncertainties in these estimates, so actual impacts could be
somewhat higher or lower than indicated in the table. The endpoints listed are those for which there is
a causal association with ETS exposure based on observations of effects in exposed human popula-
tions.

b California estimates for low birthweight, SIDS, and middle ear infection (otitis media) are provided in
Chapters 3, 4, and 6, respectively. U.S. estimates are obtained by dividing by 12 percent, the fraction
of the U.S. population residing in California.

¢ Estimates of mortality in the U.S. for lung cancer and respiratory effects, with the exception of middle
ear infection (otitis media), come from U.S. EPA (1992). U.S. range for heart disease mortality reflects
estimates reported in Wells (1988 and 1994), Glantz and Parmley (1991), Steenland (1992).

California predictions are made by multiplying the U.S. estimate by 12 percent, the fraction of the U.S.
population residing in the State. Because of decreases in smoking prevalence in California in recent
years, the number of cases for some endpoints may be somewhat overestimated, depending on the
relative impacts of current versus past ETS exposures on the health endpoint.

d Estimates of the impact of ETS exposure on the occurrence of nasal sinus cancers are not

available at this time.
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tionnaires, or more directly through the use of personal monitors and the
measurement of biomarkers in saliva, urine, and blood. There are advan-
tages and disadvantages associated with the various techniques, which must
be weighed in interpreting study results. One important consideration in
epidemiologic studies is misclassification of exposure. Studies on the relia-
bility of questionnaire responses indicate that qualitative information
obtained is generally reliable, but that quantitative information may not be.
Also, individuals are often unaware of their ETS exposure, particularly out-
side the home. In studies using both self-reporting and biological markers,
the exposure prevalence was higher when determined using biological
markers.

Available data suggest that the prevalence of ETS exposure in
California is lower than elsewhere in the U.S. Among adults in California,
the workplace, home, and other indoor locations all contribute significantly
to ETS exposure. For children, the most important single location is the
home. Over the past decade, ETS exposures in California have decreased
significantly in the home, workplace, and in public places. Over the same
period, restrictions on smoking in enclosed worksites and public places
have increased (e.g., Gov. Code, Section 19994.30 and California Labor
Code, Section 6404.5), and the percentage of the adults who smoke has
declined. Decreases in tobacco smoke exposure may not be experienced for
some population subgroups, as patterns of smoking shift with age, race, sex,
and socioeconomic status. For example, from 1975 to 1988, the overall
smoking prevalence among 16 to 18 year olds declined, but after 1988 the
trend reversed.

Perinatal Manifestations FETS exposure adversely affects fetal growth, with elevat-
of Developmental ed risks of low birth weight or “small for gestational

Toxicity

age” observed in numerous epidemiological studies.
The primary effect observed, reduction in mean birthweight, is small in
magnitude. But if the distribution of birthweight is shifted lower with ETS
exposure, as it appears to be with active smoking, infants who are already
compromised may be pushed into even higher risk categories. Low birth-
weight is associated with many well-recognized problems for infants and is
strongly associated with perinatal mortality.

The impact of ETS on perinatal manifestations of development
other than fetal growth is less clear. The few studies examining the associa-
tion between ETS and perinatal death are relatively non-informative, with
only two early studies showing increased risk associated with parental
smoking, and with the sparse data on stillbirth not indicative of an effect.
Studies on spontaneous abortion are suggestive of a role for ETS, but further
work is needed, particularly as a recent report did not confirm the findings
of four earlier studies. Although epidemiological studies suggest a moderate
association of severe congenital malformations with paternal smoking, the
findings are complicated by the use of paternal smoking status as a surro-
gate for ETS exposure, since a direct effect of active smoking on sperm can-
not be ruled out. In general, the defects implicated differed across the stud-
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ies, with the most consistent association seen for neural tube defects. At
this time, it is not possible to determine whether there is a causal associa-
tion between ETS exposure and this or other birth defects.

Postnatal Manifestations Numerous studies have demonstrated an increased risk
of Developmental of sudden infant death syndrome, or “SIDS,” in infants

Toxicity

of mothers who smoke. Until recently it has not been
possible to separate the effects of postnatal ETS exposure from those of pre-
natal exposure to maternal active smoking. Recent epidemiological studies
now have demonstrated that postnatal ETS exposure is an independent risk
factor for SIDS.

Although definitive conclusions regarding causality cannot yet be
made on the basis of available epidemiological studies of cognition and
behavior, there is suggestive evidence that ETS exposure may pose a hazard
for neuropsychological development. With respect to physical develop-
ment, while small but consistent effects of active maternal smoking during
pregnancy have been observed on height growth, there is no evidence that
postnatal ETS exposure has a significant impact in otherwise healthy chil-
dren. As discussed in greater detail below, developmental effects of ETS
exposure on the respiratory system include lung growth and development,
childhood asthma exacerbation, and, in children, acute lower respiratory
tract illness, middle ear infection, and chronic respiratory symptoms.

Female and Male Though active smoking by women has been found to be
Reproductive Toxicity associated with decreased fertility in a number of studies,

and tobacco smoke appears to be anti-estrogenic, the epidemiological data
on ETS exposure and fertility are not extensive and show mixed results, and
it is not possible to determine whether ETS affects fecundability or fertility.
Regarding other female reproductive effects, while studies indicate a possi-
ble association of ETS exposure with early menopause, the analytic methods
of these studies could not be thoroughly evaluated, and therefore at pres-
ent, there is not firm evidence that ETS exposure affects age at menopause.
Although associations have been seen epidemiologically between active
smoking and sperm parameters, conclusions cannot be made regarding ETS
exposure and male reproduction, as there is very limited information avail-
able on this topic.

Respiratory Effects ETS exposure produces a variety of acute effects involving the
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upper and lower respiratory tract. In children, ETS exposure can exacerbate
asthma, and increases the risk of lower respiratory tract illness and acute
and chronic middle ear infection. Eye and nasal irritation are the most
commonly reported symptoms among adult nonsmokers exposed to ETS.
Odor annoyance has been demonstrated in several studies.

Regarding chronic health effects, there is compelling evidence that
ETS is a risk factor for induction of new cases of asthma as well as for
increasing the severity of disease among children with established asthma.
In addition, chronic respiratory symptoms in children—such as cough,
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phlegm, and wheezing—are associated with parental smoking. While the
results from all studies are not wholly consistent, there is evidence that
childhood exposure to ETS affects lung growth and development, as meas-
ured by small but statistically significant decrements in pulmonary function
tests; associated reductions may persist into adulthood. The effect of
chronic ETS exposure on pulmonary function in otherwise healthy adults is
likely to be small and is unlikely by itself to result in clinically significant
chronic disease. However, in combination with other insults (e.g., prior
smoking history, exposure to occupational irritants or ambient air pollu-
tants), ETS exposure could contribute to chronic respiratory impairment in
adults. In addition, regular ETS exposure in adults has been reported to
increase the risk of occurrence of a variety of lower respiratory symptoms.

Children are especially sensitive to the respiratory effects of ETS
exposure. Children with cystic fibrosis are likely to be more sensitive than
healthy individuals. Several studies of patients with cystic fibrosis, a disease
characterized by recurrent and chronic pulmonary infections, suggest that
ETS can exacerbate the condition. Several studies have shown an increased
risk of atopy (a predisposition to develop IgE antibodies against common
allergens, which can then be manifested as a variety of allergic conditions)
in children of smoking mothers, though the evidence regarding this issue is
mixed.

Carcinogenic Effects The role of ETS in the etiology of cancers in nonsmokers
was explored, as smoking is an established cause of a number of cancers
(lung, larynx, oral cavity, esophagus, and bladder), and a probable cause of
several others (cervical, kidney, pancreas, and stomach). Also, ETS contains
a number of constituents which have been identified as carcinogens.

Reviews published in the 1986 Report of the Surgeon General, by
the National Research Council in 1986, and by the U.S. EPA in 1992 con-
cluded that ETS exposure causes lung cancer. Three large U.S. population-
based studies and a smaller hospital-based, case-control study have been
published since the completion of the U.S. EPA review. The population-
based studies were designed to, and have successfully, addressed many of
the weaknesses for which the previous studies on ETS and lung cancer have
been criticized. Results from these studies are compatible with the causal
association between ETS exposure and lung cancer already reported by the
U.S. EPA, Surgeon General, and National Research Council. Of the studies
examining the effect of ETS exposure on nasal sinus cancers, all three show
consistent associations, presenting strong evidence that ETS exposure
increases the risk of nasal sinus cancers in nonsmoking adults. Further
study is needed to characterize the magnitude of the risk of nasal sinus can-
cer from ETS exposure.

The epidemiological and biochemical evidence suggests that expo-
sure to ETS may increase the risk of cervical cancer. Positive associations
were observed in two of three case-control studies, and a statistically non-
significant positive association was observed in the only cohort study con-
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ducted. Findings of DNA adducts in the cervical epithelium as well as nico-
tine and cotinine in the cervical mucus of ETS-exposed nonsmokers pro-
vides biological plausibility.

For other cancer sites in adults, there has been limited ETS-related
epidemiological research in general; there is currently insufficient evidence
to draw any conclusion regarding the relationship between ETS exposure
and the risk of occurrence. A review of the available literature clearly indi-
cates the need for more research. For example, although compounds estab-
lished as important in the etiology of stomach cancer are present in tobacco
smoke, only a single cohort study has been performed for this site.
Precursors of endogenously formed N-nitroso compounds suspected of caus-
ing brain tumors are present in high concentrations in ETS, and the one
cohort and two case-control studies available suggest a positive association,
but the results are based on small numbers and may be confounded by
active smoking. In biochemical studies of nonsmokers, higher levels of
hemoglobin adducts of the established bladder carcinogen, 4-amino-
biphenyl, have been found in those exposed to ETS. However, no signifi-
cant increases in bladder cancer were seen in the two epidemiological stud-
ies (case-control) conducted to date, although both studies were limited in
their ability to detect an effect. Several compounds in tobacco smoke are
associated with increased risk of leukemia, but only one small case-control
study in adults, reporting an increased risk with ETS exposure during child-
hood, has been performed. Finally, all four studies on ETS exposure and
breast cancer suggest an association, but in two of the studies the associa-
tions were present only in select groups, and in three studies there is either
no association between active smoking and the risk of breast cancer, or the
association for active smoking is weaker than for passive smoking.
Moreover, there is no indication of increasing risk with increasing intensity
of ETS exposure. Still, results from a recent study suggest that tobacco
smoke may influence the risk of breast cancer in certain susceptible groups
of women, an association which requires further investigation.

Regarding childhood cancers, it is unclear whether parental smok-
ing increases risk, either overall or for specific cancers such as acute lym-
phoblastic leukemia or brain tumors, the two most common cancers in
children. The lack of clarity is due to the conflicting results reported and
the limitations of studies finding no association. The epidemiological data
on ETS exposure and rare childhood cancers also provide an inadequate
foundation for making conclusions regarding causality. Some studies in
children found small increased risks in relation to parental smoking for
neuroblastoma, Wilm’s tumor, bone and soft-tissue sarcomas, but not for
germ cell tumors. Studies to date on these rare cancers have been limited
in their power to detect effects. The impact of ETS exposure on childhood
cancer would benefit from far greater attention than it has received to date.

Cardiovascular Effects The epidemiological data from prospective and case-con-

trol studies conducted in diverse populations, in males and females and in
western and eastern countries, are supportive of a causal association
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between ETS exposure from spousal smoking and coronary heart disease
(CHD) mortality in nonsmokers. To the extent possible, estimates of risk
were determined with adjustment for demographic factors and often for
other factors related to heart disease—factors such as blood pressure, serum
cholesterol level, and obesity index. Risks associated with ETS exposure
were almost always strengthened by adjustment for other cofactors. For
nonsmokers exposed to spousal ETS compared to nonsmokers not exposed,
the risk of CHD mortality is increased by a factor of 1.3. The association
between CHD and risk is stronger for mortality than for non-fatal out-
comes, including angina.

Data from clinical studies suggest various mechanisms by which ETS
causes heart disease. In a number of studies wherein nonsmokers were
exposed to ETS, carotid wall thickening and compromise of endothelial
function were similar to, but less extensive than those experienced by
active smokers. Other effects observed include impaired exercise perform-
ance, altered lipoprotein profiles, enhanced platelet aggregation, and
increased endothelial cell counts. These findings may account for both the
short- and long-term effects of ETS exposure on the heart.
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ATTACHMENT 1 Interest in the health effects of second-hand tobacco smoke on

the part of members of the Scientific Review Panel (SRP) on
Toxic Air Contaminants led to a request by the SRP for a health

Review of the assessment of environmental tobacco smoke and a collabora-
OEHHA Assessment tjve agreement between the Office of Environmental Health

of Environmental  Hazard Assessment (OEHHA) and the Air Resources Board (ARB)
Tobacco Smoke to initiate such an assessment. SRP members reviewed the

by the Scientific drafts as they were developed and participated in each of the
Review Panel (SRP) yorkshops held as the document underwent public review.
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The final draft reflected the input of SRP members, as well as that of other
reviewers.

Specific changes made at the request of the SRP following its review of the
final draft include the addition of new studies (e.g., the results of Kawachi
et al.’s analysis of cardiovascular disease risk in the Nurse’s Health study,
published after the release of the final draft, in which it was reported as an
abstract), a discussion of issues related to misclassification of smoking status
and cancer risk, and clarifying language in the presentation of attributable
risk estimates; minor editorial changes were also requested and made. The
SRP discussed the assessment and made findings on the health effects of
exposure to environmental tobacco smoke as a result of its review; these
findings are included in this attachment.
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UNIVERSITY OF CALIFORNIA, IRVINE

BERKELEY * DAVIS ¢+ IRVINE + LOS ANGELES * RIVERSIDE *+ SANDIEGO * SAN FRANCISCO SANTA BARBARA + SANTA CRUZ

DEPARTMENT OF CHEMISTRY IRVINE. CALIFORNIA 92717-2025
July 18, 1997
Richard Becker, Ph.D.
Director
Office of Environmental
Health Hazard Assessment

301 Capitol Mall, Second Floor
Sacramento, California 95814

Dear Dr. Becker:

On behalf of the Scientific Review Panel (SRP/Panel) I am pleased to transmit to you our Findings as
a result of our review of the Office of Environmental Health Hazard Assessment (OEHHA) final report
“Health Effects of Exposure to Environmental Tobacco Smoke™ (ETS).

As you will see in a review of the SRP meeting transcript, the Panel is very impressed with the
quality of the report and view it as the most current and definitive statement of the science applicable to ETS.
As we noted OEHHA staff scientists are to be highly commended for this successful completion.

We are also pleased that the Air Resources Board (ARB) is considering holding an “informational
hearing” on the report. As you will see in the enclosed Findings, the Panel views ETS as a toxic air

contaminant, and it has a major impact on public health.

If the Panel may be of further help as this health risk is addressed in California, we would be pleased
to do so.

We trust our Findings and this transmittal letter will be made a part of the final report

Sincerely,

James N. Pitts, Jr. Ph.D.
Chairman
Scientific Review Panel

Enclosure
cc:  John D. Dunlap, Chairman, ARB

Scientific Review Panel Members
Bill Lockett, ARB
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Findings of the Scientific Review Panel on
HEALTH EFFECTS OF EXPOSURE TO
ENVIRONMENTAL TOBACCO SMOKE

as Adopted at the Panel’s June 19, 1997 Meeting

The Scientific Review Panel (SRP/Panel) has reviewed the report “Health Effects of Exposure to
Environmental Tobacco Smoke” prepared by the Office of Environmental Health Hazard
Assessment (OEHHA). The Panel members also reviewed the public comments received on this
report. Based on this review, the SRP makes the following findings:

1. Environmental Tobacco Smoke (ETS) is an important source of exposure to toxic air
contaminants. Thus, despite an increasing number of restrictions on smoking and
increased awareness of health impacts, exposures continue to be a major public health

concern.

2. A causal association exists between ETS exposure from spousal smoking and coronary
heart disease (CHD) mortality in nonsmokers. Risks associated with ETS exposure were
almost always strengthened by adjustment for other cofactors. For nonsmokers exposed
to spousal ETS compared to nonsmokers not exposed, the risk of CHD mortality is
increased by a factor of 1.3. The association between CHD and risk is stronger for
mortality than for non-fatal outcomes, including angina. Heart disease is the primary fatal
endpoint from ETS exposure.

3. ETS is a complex mixture of chemicals generated during the burning and smoking of
tobacco products. Chemicals present in ETS include irritants and systemic toxicants,
mutagens and carcinogens, and reproductive and developmental toxicants. To date, over
50 compounds in tobacco smoke have been identified as carcinogens and six as
developmental or reproductive toxicants under California’s Proposition 65 (California
Health and Safety Code 25249.5 et seq.) and twelve have been identified as a toxic air
contaminant under AB 1807.

4. The 1986 Report of the Surgeon General, the 1986 National Research Council report
Environmental Tobacco Smoke: Measuring Exposures and Assessing Health Effects, and
the 1992 U.S. EPA report Respiratory Health Effects of Passive Smoking: Lung Cancer
and Other Disorders have established that ETS exposure causes lung cancer. Results
from recent epidemiological studies are compatible with the causal association already
established.

5. Available data suggest that the prevalence of ETS exposure in California is lower than
elsewhere in the U.S. Nevertheless, among adults in California, the workplace, home and
other indoor locations all contribute significantly to ETS exposure. For children the most
important single location is the home.
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10.

11.

ETS exposure adversely affects fetal growth, with elevated risks of low birth weight or
“small for gestational age” observed in numerous epidemiological studies. The primary
effect observed, reduction in mean birth weight, is small in magnitude. If the distribution
of birth weight is shifted lower with ETS exposure, as it appears to be with active
smoking, infants who are already compromised may be pushed into even higher risk
categories. Low birth weight is associated with many well-recognized problems for
infants and is strongly associated with perinatal mortality.

Numerous studies have demonstrated an increased risk of sudden infant death syndrome,
or “SIDS,” in infants of mothers who smoke. Until recently it has not been possible to
separate the effects of postnatal ETS exposure from those of prenatal exposure to
maternal active smoking. Recent epidemiological studies now have demonstrated that
postnatal ETS exposure is an independent cause of SIDS.

ETS exposure produces a variety of acute effects involving the upper and lower
respiratory tract. In children, ETS exposure can exacerbate asthma, and increases the risk
of lower respiratory tract illness, and acute and chronic middle ear infection. Eye and
nasal irritation are the most commonly reported symptoms among adult nonsmokers
exposed to ETS. Odor annoyance has been demonstrated in several studies.

Regarding chronic health effects, there is compelling evidence that ETS is a risk factor for
induction of new cases of asthma as well as for increasing the severity of disease among
children with established asthma. In addition, chronic respiratory symptoms in children,
such as cough, phlegm, and wheezing, are associated with parental smoking. While the
results from all studies are not wholly consistent, there is evidence that childhood
exposure to ETS affects lung growth and development, as measured by small, but
statistically significant decrements in pulmonary function tests; associated reductions may
persist into adulthood.

The effect of chronic ETS exposure on pulmonary function in otherwise healthy adults is
likely to be small. However, in combination with other insults (e.g., prior smoking history,
exposure to occupational irritants or ambient air pollutants), ETS exposure could
contribute to chronic respiratory impairment in adults. In addition, regular ETS exposure
in adults has been reported to increase the risk of occurrence of a variety of lower
respiratory symptoms (e.g. bronchitis and wheezing apart from colds).

Children are especially sensitive to the respiratory effects of ETS exposure. Children with
cystic fibrosis are likely to be more sensitive than healthy individuals. Several studies of
patients with cystic fibrosis, a disease characterized by recurrent and chronic pulmonary
infections, suggest that ETS can exacerbate the condition. Several studies have shown an
increased risk of atopy (a predisposition to develop IgE antibodies against common
allergens, which can then be manifested as a variety of allergic conditions) in children of
smoking mothers, though the evidence regarding this issue is mixed.
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12.

13.

14.

15.

16.

17.

18.

Of the studies examining the effect of ETS exposure on nasal sinus cancers, all three show
consistent associations, presenting strong evidence that ETS exposure increases the risk of
nasal sinus cancers in nonsmoking adults. Further study is needed to characterize the
magnitude of the risk of nasal sinus cancer from ETS exposure.

The epidemiological and biochemical evidence suggest that exposure to ETS may increase
the risk of cervical cancer. Positive associations were observed in two of three
case-control studies and a statistically nonsignificant positive association was observed in
the only cohort study conducted. Findings of DNA adducts in the cervical epithelium as
well as nicotine and cotinine in the cervical mucus of ETS-exposed nonsmokers provides
biological plausibility.

Studies on ETS: exposure and breast cancer suggest an association, but the associations
were present only in select groups, or there is either no association between active
smoking and the risk of breast cancer or the association for active smoking is weaker than
for passive smoking. However, there is no indication of increasing risk with increasing
intensity of ETS exposure. Still, results from a recent study suggest that tobacco smoke
may influence the risk of breast cancer in certain susceptible groups of women, and this
requires further investigation.

In summary, ETS exposure is causally associated with a number of fatal and non-fatal
health effects. Heart disease mortality, sudden infant death syndrome, and lung and nasal
sinus cancer have been causally linked to ETS exposure. Serious impacts of ETS on the
young include childhood asthma induction and exacerbation, bronchitis and pneumonia,
middle ear infection, chronic respiratory symptoms, and low birth weight. In adults acute
and chronic heart disease morbidity is causally associated with ETS exposure. ETS also
causes eye and nasal irritation and odor annoyance.

Effects for which evidence is suggestive of an association, but further research is needed
for confirmation, include: spontaneous abortion, adverse neuropsychological
development, cervical cancer, exacerbation of cystic fibrosis, and decreased pulmonary
function.

Tt is not possible to judge on the basis of the current evidence the impact of ETS on a
number of endpoints, including congenital malformations, changes in female fertility and
fecundability, male reproductive effects, rare childhood cancers and cancers of the bladder,
breast, stomach, brain, hematopoietic system, and lymphatic system.

Many Californians are exposed to ETS, and the number of people adversely affected is
correspondingly large. Each year ETS contributes to asthma exacerbation in 48,000 to
120,000 children, 960 to 3120 new cases of asthma in children, 78,600 to 188,700
physicians office visits due to middle ear infections in children, 18,000 to 36,000 cases and
900 to 1800 hospitalizations from bronchitis or pneumonia in toddlers and infants, and
1,200 to 2,200 cases of low birth weight. Annual mortality estimates associated with ETS

3

ES-14




Executive Summary

exposure in California are: Approximately 120 deaths from SIDS, 16-25 deaths in
toddlers and infants from bronchitis and pneumonia, approximately 360 deaths from lung
cancer, and 4,200 - 7,440 deaths from ischemic heart disease. Thus, ETS has a major
public health impact.

After careful review of the February 1997 draft of the OEHHA report, “Health Effects of
Exposure to Environmental Tobacco Smoke,” we find the draft, with the changes specified by
OEHHA in our June 19, 1997 meeting, as representing a complete and balanced assessment of
current scientific understanding. Based on the available evidence we conclude ETS is a toxic air

contaminant.

I certify that the above is a true and correct copy of
the findings adopted by the Scientific Review Panel
on June 19, 1997

o3
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Introduction

1.0 IMPACT OF ETS Disease risks due to inhalation of tobacco smoke are not

ON THE HEALTH OF limited to smokers, but extend to nonsmokers who inhale

CALIFORNIANS environmental tobacco smoke (ETS) at home, at work, or in
public places. Authoritative reviews over the past 2 decades have presented
scientific evidence linking ETS exposures to a number of adverse health out-
comes. Smoking and Health: A Report of the Surgeon General (U.S.
DHEW, 1979) noted several adverse respiratory outcomes in children and
adults, as well as some acute cardiovascular effects associated with involun-
tary exposure to tobacco smoke. The 1982 A Report of the Surgeon
General (U.S. DHHS, 1982), which focused on the carcinogenic effects of
active smoking, raised the concern that involuntary smoking may cause
lung cancer. The large series of epidemiological investigations following
the publication of that report provided compelling evidence of a causal
relationship, and subsequently the 1986 Report of the Surgeon General
(U.S. DHHS, 1986), as well as reviews by the National Research Council
(NRC, 1986) and the U.S. Environmental Protection Agency (U.S. EPA,
1992), concluded that ETS exposure causes lung cancer. The NRC (1986)
and U.S. EPA (1992) also found ETS exposure to be associated with lower
respiratory tract illnesses in young children, as well as with other adverse
respiratory outcomes.

Many people are exposed to ETS. Table 1.1 presents estimates of
impacts for some of the health effects associated with ETS exposure and
predictions of the numbers of people potentially affected in California,
mainly based on extrapolations from national estimates. Recent state and
local restrictions on smoking at work and in public places in California, in
addition to the California Department of Health Services’ (CDHS) advertise-
ment campaign by the Tobacco Control Program, have significantly
reduced ETS exposures of nonsmokers in California. Thus the predictions
in Table 1.1 may overstate the number of Californians adversely impacted
by ETS. Results of the California Adult Tobacco Survey (CDHS, 1995) sug-
gest, however, that it is doubtful that the risks are overstated by more than
two-fold. Exposure to ETS therefore remains a significant public health
concern in California.

Evidence on ETS-related effects has expanded considerably since the
major comprehensive reviews contained in the Reports of the Surgeon
General and published by the U.S. EPA and NRC. The State of California
has therefore undertaken a broad review of ETS covering the major health
endpoints potentially associated with ETS exposure.
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Table 1.1

Estimated Annual Morbidity and Mortality in Nonsmokers
Associated with ETS Exposure

Number of Cases Annually?

Condition Source
United States California

Developmental
Effects
Low birthweight Windham 9,700-18,600° 1,200-2,200°

et al., 1995
Sudden Infant Death  Klonoff-Cohen 1,900-2,700 deaths” 120 deaths®
Syndrome (SIDS) et al., 1995
Respiratory Effects
in Children
Otitis media Etzel, 1992 0.7 to 1.6 million 78,600-188,700

physician office visits® physician office
visits?

New asthma cases U.S. EPA, 1992 8,000- 26,000° 960-3,120¢
Asthma exacerbation U.S. EPA, 1992 400,000- 1,000,000¢ 48,000-120,000¢
Acute lower respira-  U.S. EPA, 1992 150,000-300,000 18,000-36,000

tory illness (LRI) in
children up to 18
months

Lung Cancer

Cardiovascular
Effects
Ischemic heart
disease

DiFranza and
Lew, 1996

U.S. EPA, 1992
NRC, 1986

Wells, 1994; Glantz
and Parmley, 1991,
Steenland, 1992;
Wells, 1988

cases of bronchitis

and pneumonia®
7,500 to 15,000

hospitalizations®

136-212 deaths®

3,000 deaths®
2,590-4,040
deaths in 1985

35,000-62,000 deaths®

cases of bronchitis

and pneumonia®
900 to 1,800

hospitalizations®

16-25 deaths®

360 deaths®
310-485 deaths

4,200-7,440 deaths®

@ The numbers in the table are based on maximum likelihood estimates of the relative risk. As dis-
cussed in the body of the report, there are uncertainties in these estimates, so actual impacts could be
somewhat higher or lower than indicated in the table. The endpoints listed are those for which there is

a causal association with ETS exposure based on observations of effects in exposed human popula-

tions.

b California estimates for low birthweight, SIDS, and middle ear infection (otitis media) are provided in
Chapters 3, 4, and 6 respectively. U.S. estimates are obtained by dividing by 12 percent, the fraction

of the U.S. population residing in California.

¢ Estimates of mortality in the U.S. for lung cancer and respiratory effects, with the exception of middle
ear infection (otitis media), come from U.S. EPA (1992). U.S. range for heart disease mortality reflects

estimates reported in Wells (1988 and 1994), Glantz and Parmley (1991), Steenland (1992).

California predictions are made by multiplying the U.S. estimate by 12 percent, the fraction of the U.S.

population residing in the state. Because of decreases in smoking prevalence in California in recent
years, the number of cases for some endpoints may be somewhat overestimated, depending on the
relative impacts of current versus past ETS exposures on the health endpoint.
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1.1 ORGANIZATION The review begins with introductory material on definitions

OF THE REPORT and the methodology of the review. In Chapter 2, an
overview is presented on measurements of ETS exposure, particularly as
they relate to characterizations of exposure in epidemiological investiga-
tions, and on prevalence of ETS exposure found in studies conducted in
California and nationally. Chapters 3 through 5 address the developmental
and reproductive effects of ETS exposure. Perinatal manifestations of devel-
opmental toxicity are addressed in Chapter 3, postnatal manifestations in
Chapter 4, and male and female reproductive effects in Chapter 5. In
Chapter 6, acute and chronic respiratory health effects are described,
including some that, under standard definitions (U.S. EPA, 1991; CDHS,
1991), are considered to be developmental effects, such as pulmonary devel-
opment and childhood asthma induction. Chapter 7 describes the evi-
dence for carcinogenic effects of ETS exposure; beginning with a discussion
of all sites combined for children and adults, the chapter then describes the
evidence for specific sites: lung, nasal sinus, cervical and bladder cancer
(sites for which active smoking has been causally linked to cancer induc-
tion), and breast, stomach, brain, leukemia, lymphomas, non-Hodgkin'’s
lymphomas, and other rare childhood cancers (sites for which there is
equivocal evidence for an etiologic role for active smoking). Chapter 8
reviews the evidence for the impact of ETS exposure on coronary heart dis-
ease.

1.2 DEFINITION OF ETS ETS is also called “second-hand smoke,” and ETS expo-
sure is frequently used interchangeably with “involuntary smoking” and
“passive smoking.” ETS is formed from the smoldering of a cigarette or
other tobacco product and from smoke exhaled by the smoker (NRC, 1986).
There are other minor contributors, such as the smoke that escapes while
the smoker inhales and some vapor-phase components that diffuse into the
environment. Once released into the environment of the smoker, compo-
nents are diluted by the ambient air, diffusing in and being transported
through it. These smoke constituents may also aggregate with other com-
ponents in the air and further age and change in character. This complex
mixture is defined as ETS, and inhalation of it, as ETS exposure. In some
ways this definition may be overly restrictive when it comes to assessing
effects from prenatal smoke exposures. Because the fetus cannot actively
smoke, all of its exposure to tobacco smoke constituents is “passive” or
“involuntary.” Nonetheless, exposure of the fetus due to maternal smoking
during pregnancy is not considered to be ETS exposure in this report.

1.3 METHODOLOGY This review is based on exhaustive searches of the literature,
including electronic searches (e.g., Medline, Toxline), formal requests for
information through an initial “data call-in” through mailed notices, and a
California Regulatory Notice Register announcement and less formal
requests at a number of public workshops, as well as through the public
review process. While published, peer-reviewed literature serves as the pri-
mary source of data, additional sources, for example abstracts of meeting
presentations or doctoral dissertations, may be included, particularly if they
provide information in an area where data are lacking.
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Methodological issues that were considered in the review of the epi-
demiologic literature include: 1) the sample size of the study, which affects
the power to detect an effect; 2) the extent to which the analysis or design
takes into account potential confounders or other risk factors; 3) selection
bias, or whether the study groups were comparable; and 4) the potential for
bias in ascertaining exposure. These factors were considered when identify-
ing those studies of highest quality.

An important consideration in exploring the effects of ETS exposure
is the biological plausibility of an effect. This issue is addressed by compar-
ing findings from studies of ETS exposure to those of active smoking, and
by examining the results of animal studies, short term tests, and biomarker
investigations.

1.3.1 Measures of Exposure Characterization of ETS exposure in most epidemio-

in Epidemiological Studies logical studies is limited to broad categories (e.g.,
yes/no, number of hours per week). Accurate categorization is difficult
given the large variation in exposures individuals experience. Exposure has
generally been determined in three ways: ascertainment of spousal smoking
status; estimation of the number of hours a person is exposed (at home, at
work, or elsewhere); or measurement of biomarkers. Interviews or question-
naires are often used to collect the first two types of information. Some of
the limitations of assessing ETS exposure are briefly discussed below, while
Chapter 2 provides more detail on exposure measurement using biomarkers
and examines issues regarding the use of questionnaires.

Misclassification is an important consideration when reviewing epi-
demiologic studies. Misclassification of exposure status occurs when indi-
viduals are categorized as having been more or less exposed than they actu-
ally were. If the likelihood of misclassification does not depend on whether
the study subjects are diseased or not (that is, misclassification is “nondif-
ferential”), then an association between ETS and the disease will be more
difficult to detect. Misclassification is a concern in studies which rely on
the ascertainment of spousal smoking status because ETS exposures also
occur outside the home. In addition, the amount smoked by the spouse
outside and inside the home, as well as the time spent in the home by the
nonsmoking spouse, varies from couple to couple. Other considerations
include size and ventilation of the subjects’ residences. Misclassification
can occur when exposures observed at one point in time are assumed to
apply to other time periods. Misclassification can also be an issue when
exposure is determined by asking subjects about the number of hours they
are exposed, for example, at home or at work. While questions on number
of hours exposed provide more information about multiple exposure
sources, respondents may vary in their awareness of and ability to quantify
their exposure (Coultas et al., 1989). The tendency is toward underestima-
tion of hours exposed (Emmons et al., 1992). Few studies of this type
attempt to verify self-reported exposures.
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To minimize misclassification errors, the occurrence and duration of
exposure to all sources of ETS should be ascertained as completely as possi-
ble. More recent studies have used measurement of biomarkers of exposure
to improve assessment of ETS exposure. The biomarker cotinine, a metabo-
lite of nicotine with relatively short half-life (20-30 hours in blood plasma),
is useful in categorizing and verifying recent exposure. However, because it
only reflects exposures of the past day or two, it is less useful in evaluating
chronic exposure. Measurement of cotinine can also be useful for identify-
ing active smokers, as levels generally differ between smokers and non-
smokers exposed to ETS by one to two orders of magnitude.

Characterization of ETS exposure in studies of developmental effects
which manifest perinatally or in the first year of life can be particularly
challenging. Because of the pronounced effects of maternal smoking dur-
ing pregnancy on some of the outcomes of interest, studies that can distin-
guish pre- and postnatal ETS exposure from in utero exposure due to mater-
nal active smoking are given more weight. Some studies have attempted to
control for maternal active smoking during pregnancy through statistical
analyses. However, as spousal smoking habits are correlated, it is difficult
to control for the effect of only one partner’s smoking. In addition, almost
all women who smoke throughout pregnancy continue to smoke after their
babies are born (Fingerhut et al., 1990) and thus expose their children both
to mainstream tobacco smoke components prenatally and to ETS after
birth.

Assessment of current ETS exposure of children is somewhat less
problematic. Although concerns similar to those discussed above regarding
misclassification remain, children, especially infants and young children,
are likely to be exposed to tobacco smoke in fewer circumstances than
adults. Cotinine concentrations in children are well correlated with smok-
ing by the mother (Greenberg et al., 1989; U.S. DHHS, 1986); thus, informa-
tion on cigarette consumption by the mother is likely to provide a reason-
able proxy for a young child’s ETS exposure. This may not be the case if
the mother is not the primary caregiver. The use of paternal smoking alone
as a proxy for ETS exposure of infants and children can be problematic, as
fathers are generally less likely to be the primary caregiver.

1.3.2 ETS Exposure in Two main exposure issues arise in examining animal stud-

Animal Studies ies of tobacco smoke effects. First, there are no direct ana-
logues of active smoking in animals; in all cases the smoke is dispersed in
the air rather than pulled from a cigarette into the lungs. Secondly, in
many study reports, not enough methodological detail is provided to deter-
mine whether the smoke generated can be classified as “mainstream” or
“sidestream” smoke, and thus its relevance to ETS exposure is unclear. The
majority of the studies available have attempted to simulate active smoking
by using mainstream smoke, and some delivered the smoke in bursts or
“puffs.” A few recent studies have used exposures characterized as “side-
stream smoke,” which is considered more relevant to the assessment of the
effects of ETS exposure.
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Animal models have not been prominent in providing evidence
concerning the toxicity of active smoking. In contrast to humans, rodents,
the most commonly used animals in laboratory experiments, are obligatory
nose breathers and cannot inhale through the mouth. In addition, lung
and nasal cavity morphometry (e.g., shape) differ significantly between lab-
oratory rodents and humans, leading to differences in distribution and
absorption of particulates (Harkema, 1991; Snipes et al., 1989). Also, meth-
ods of exposing animals to tobacco smoke comparable to human active
smoking have not been available. To address this issue, “smoking
machines” were developed that provided “puffs” of smoke drawn through
lit cigarettes (Guerin ef al., 1979). This smoke could be dispersed in a
chamber or delivered via “nose only” exposure in which the animal’s head
was confined in a separate area to which the smoke was delivered. “Nose
only” exposures are considered superior to chamber exposures. In cham-
bers, smoke constituents could condense on fur and subsequently be ingest-
ed during grooming, although this has not been demonstrated.

Animal models for ETS exposure have been recently developed and
studies using such models are being released (Witschi et al., 1997a & b).
Typically, “sidestream” smoke is smoke produced from the lit end of a ciga-
rette, while “mainstream” smoke is that produced when air is drawn
through a lit cigarette. Aging and dilution are provided prior to exposure
to simulate constituent profiles similar to those described for human ETS
exposure (Coggins et al., 1992). Few studies using exposures specifically
designed to simulate human ETS exposure have as yet been published, how-
ever.

1.3.3 Measures of Effect The association of ETS exposure and a specific outcome
in an epidemiologic study is usually reported as an odds ratio or a rate ratio
with a confidence interval, if available from reported studies. Odds and
rate ratios adjusted for potential confounders in the original studies are
included when available. If not presented in the published report and suffi-
cient data were provided for doing so, crude rate ratios or odds ratios and
confidence intervals were calculated. An important consideration in exam-
ining causality is whether a dose-response effect was found, so when avail-
able those findings are included.

In general, when evaluating the findings of a study, the statistical
significance of single comparisons, as indicated by the p-value, is consid-
ered. However, when evaluating a body of epidemiologic literature, basing
interpretation only on the tallying of statistically significant findings can be
misleading (Greenland, 1987; Frieman et al., 1978). One problem is that
epidemiologic data seldom satisfy the criteria of randomized experimental
trials, for which the statistical testing methods were designed. Furthermore,
statistical significance is influenced by sample size; not all studies may be
large enough to detect a significant association of a given magnitude. This
is especially the case if the effect is expected to be of relatively small magni-
tude, as is anticipated for several of the potential ETS endpoints. Finally,
comparisons simply on the basis of p-values do not take into account possi-
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ble sources of bias in the studies. Therefore, in evaluating causality for a
particular endpoint, the overall body of evidence is carefully considered.

1.3.4 Attributable Risk To provide a context for judging the importance of effects
caused by ETS exposure, estimates of ETS-related morbidity and mortality
are provided. The estimates are derived from data on prevalence and rela-
tive risk through assessing the attributable fraction, also called the attributa-
ble risk (Breslow and Day, 1980; Kelsey et al., 1996). The attributable frac-
tion is the proportion of disease occurrence potentially eliminated if expo-
sure was prevented. U.S. EPA (1992) used an attributable fraction approach
in estimating national figures for ETS-related respiratory health effects. In
fact, the national figures derived by U.S. EPA (1992) are used as the basis for
deriving California-specific values for childhood asthma induction and
exacerbation, bronchitis or pneumonia in young children, and lung can-
cer—the U.S. estimate is multiplied by 12 percent, the fraction of the U.S.
population residing in the state. U.S. statistics reported in the published lit-
erature for ETS-related heart disease mortality (Wells, 1988 and 1994;
Steenland, 1992; Glantz and Parmley, 1991) are similarly used to estimate
California-specific impacts. In this report, California-specific values are cal-
culated for SIDS, low birth weight, and otitis media using California preva-
lence data and relative risk values to first estimate the attributable fraction.

To the extent that smoking prevalence and ETS exposure have been
declining in recent years and that California differs from the rest of the
country, the California-specific values derived from U.S. estimates may be
slightly elevated, depending on the relative impacts of current versus past
ETS exposures on the health endpoint. Cases of lung cancer occurring
today are a consequence of ETS exposures over past decades, and since
smoking prevalence in California was near national levels until the mid-
1980s, the differences noted should not significantly impact the accuracy of
the California estimate. For heart disease mortality this issue is more diffi-
cult to judge, since the importance of current versus past exposures is not
clearly understood. Other sources of uncertainty in estimates based on the
attributable fraction method include limited information on prevalence of
current and past smokers and relative risks of disease associated with smok-
ing status. Methods to describe the sensitivity of these factors to morbidity
and mortality estimates derived using an attributable risk formulation have
recently been discussed (Taylor and Tweedie, 1997).

1.4 WEIGHT-OF- A “weight-of-evidence” approach has been used to

EVIDENCE EVALUATIONS describe the body of evidence and to determine
whether or not ETS exposure causes a particular effect. Under this
approach, the number and quality of epidemiological studies, as well as
other sources of data on biological plausibility, are considered in making a
scientific judgment. Associations that are replicated in several studies,
either of the same design or using different epidemiological approaches or
considering different sources of exposure, are more likely to represent a
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causal relationship than are isolated observations from single studies (IARC,
1996). If there are inconsistent results among investigations, possible rea-
sons are sought (such as adequacy of sample size or control group, methods
used to assess ETS exposure, range in levels of exposure), and results of
studies judged to be of high quality are given more weight than those of
studies judged to be methodologically less sound. General considerations
made in evaluating individual studies include study design, appropriateness
of the study population, methods used to ascertain ETS exposure, and ana-
lytic methods such as the ability to account for other variables that may
potentially confound the ETS effect (see for example: IARC, 1996).
Increased risk with increasing levels of exposure to ETS is considered to be a
strong indication of causality, although absence of a graded response is not
necessarily evidence against a causal relationship (IARC, 1996).

An effect is judged to be causally associated with ETS exposure
when a positive relationship between ETS exposure and the effect has been
observed in studies in which chance, bias, and confounding could be ruled
out with reasonable confidence. Effects considered to have suggestive evi-
dence of a causal association with ETS exposure are those for which a causal
interpretation can be considered to be credible, but chance, bias, or con-
founding could not be ruled out with reasonable confidence. For several
effects, it is not possible to judge whether or not ETS exposure affects the
severity or prevalence of their occurrence. Either too few studies are avail-
able to evaluate the impact, or the available studies are of insufficient quali-
ty, consistency, or statistical power to permit a conclusion.

Unlike those of most of environmental contaminants, ETS-related
health impacts are directly observable through studies of people in expo-
sure situations similar to those experienced by the general population. Still,
the relative risks observed can be small, requiring a number of studies or
large studies to confirm the effect. Some endpoints have not been suffi-
ciently studied epidemiologically, in which case the finding of inadequate
evidence should be seen as preliminary. Because the epidemiologic data are
extensive, they serve as the primary basis on which findings of ETS effects
are made. Experimental data are reviewed to determine the extent to
which they support or conflict with the human data. With regard to
addressing biological plausibility, analyses based on particular biomarkers
should be considered with caution. Presumption of a linear dose-response
relationship between ETS exposure as indicated by biomarker measurements
and effect can be problematic. The ratio of constituents in mainstream
smoke differs from that in ETS, and the constituents themselves differ in
their pharmacokinetic properties and in their dose-effect relationships.
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Exposure Measurement and
Prevalence

2.1 INTRODUCTION This chapter provides background information on the preva-
lence and measurement of exposure to ETS and emphasizes investigation
and monitoring methods used in epidemiological evaluations of health
effects. Section 2.2 briefly reviews the physical and chemical properties of
ETS and identifies some of the important biologically active constituents
present in ETS. Section 2.3 discusses various techniques that have been
used to measure ETS concentrations in indoor environments.
Determination of ETS contamination is a challenge, as ETS is a complex
mixture of over 4,000 compounds, and it is neither feasible nor practical to
characterize every individual constituent of ETS. Given the complex nature
of ETS, markers and tracers of ETS are measured to assess ETS exposures.
The role and limitations of some ETS markers, such as nicotine, particulate
matter in air, and polycyclic aromatic hydrocarbons, are discussed in this
section. Section 2.4 addresses the use of biomarkers to measure ETS expo-
sure. In addition to being dependant on ETS concentration in air, the
measured level of biomarker varies with an individual’s uptake, distribution,
metabolism, and excretion of the chemical of interest. This section
describes the use and limitations of some of the biomarkers, such as nico-
tine and cotinine in physiological fluids, in determining ETS exposure.

One problem with ETS markers and biomarkers is that most of them
are only capable of estimating ETS exposure over a relatively short period of
time, from a few hours to several weeks, whereas many health effects of ETS
are believed to be associated with long-term exposures that are measured in
months, if not years. In order to address this difficulty, most epidemiologi-
cal studies cited in this report used questionnaires or interviews to deter-
mine the status of the subjects regarding long-term exposure to ETS. Some
studies also used measurements of ETS markers and biomarkers as supple-
mental information. And just like any epidemiological study that relies on
questionnaires or interviews for exposure information, these studies are
subjected to the problem of misclassification. Section 2.5 of this chapter
describes some of the difficulties associated with classifying subjects into
exposure categories based on the smoking status of other household mem-
bers. As of today, no perfect method for quantifying ETS exposure has been
found. Yet, as demonstrated by many studies cited in other chapters of the
report, epidemiologists are able to use the information obtained from ques-
tionnaires or interviews in classifying the subjects into categorical groups of
ETS exposure (e.g., none, low, medium, or high). The categorical exposure
information is then used to evaluate health risks associated with ETS expo-
sure. However, one drawback of this approach is that it decreases the sensi-
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tivity or power of a study—i.e., it will not show a positive association when
a health effect is only moderately related to ETS exposure.

Though many ETS monitoring methods (e.g., nicotine and res-
pirable suspended particulates in air, cotinine in body fluids) are discussed
in this chapter, risk assessment of ETS exposure is seldom performed based
on monitoring results. Some of the reasons include short sampling dura-
tion in most studies, large uncertainty in extrapolating the ETS levels meas-
ured at a specific location to the general population, and large uncertainty
in estimating the frequency and duration of ETS exposure of the general
population. Consistent with the approach used by the National Research
Council (NRC, 1986), U.S. EPA (1992), DiFranza and Lew (1996), and Wells
(1994), this report uses prevalence assessment for the estimation of health
risks that are associated with past or recent ETS exposure. Epidemiologists
often use prevalence assessment, which makes use of semi-quantitative
exposure information, such as job classification or duration of exposure, for
the estimation of health risks associated with occupational and environ-
mental hazards.

Section 2.6 discusses the prevalence of ETS exposures and factors
affecting prevalence, especially in California. In support of the assessment
of reproductive and developmental effects presented in the chapters
addressing these effects, information on both measurement and prevalence
of ETS exposures of the developing child (in utero, during infancy, and dur-
ing childhood) is described when available.

2.2 PROPERTIES OF ETS AND ETS is a complex mixture of chemicals generated
ITS CONSTITUENTS during the burning of tobacco products. The prin-

cipal contributor to ETS is “sidestream smoke,” the

2.2.1 Physical and Chemical material emitted from the smoldering tobacco prod-
Properties of ETS! uct between puffs. Other components of ETS
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include exhaled mainstream smoke, mainstream smoke emitted at the
mouthpiece during puft drawing, and compounds diffused through the
wrapper. “Mainstream smoke” is the complex mixture that exits from the
mouthpiece of a burning cigarette when a puff is inhaled by the smoker.

When a cigarette is smoked, approximately one-half or more of the
smoke generated (by weight) is sidestream smoke emitted from the smolder-
ing cigarette. The chemical composition of mainstream smoke has been
more extensively characterized than that of sidestream smoke, but they are
produced by the same fundamental processes, such that many chemical
constituents are present in both. Over 4,000 individual constituents have
been identified in mainstream smoke, and approximately 400 compounds
have been measured quantitatively in both mainstream and sidestream
smoke.

! The U.S. EPA (1992) report is the primary source of information presented in this section;
unless a specific reference is provided, the information in this section has been taken
from that report.
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The large number of constituents results from the chemical compo-
sition of tobacco and the variety of chemical and physical processes that
occur as a cigarette is smoked. The majority of the compounds present in
mainstream smoke are formed during combustion, in a pyrolysis-distillation
zone just behind the heat-generating combustion zone (Baker, 1981).
Estimates have been made that the total number of constituents in main-
stream smoke actually may be 10 to 20 times the number identified to date;
that is, mainstream smoke may comprise over 100,000 constituents.
However, these unidentified components comprise less than 5 percent of
the mass of mainstream smoke and would be present only at very low con-
centrations (Guerin et al., 1992).

Although many constituents present in mainstream and sidestream
smoke are the same, there are important differences in their rates of emis-
sion into the air due to physical and chemical differences in the burning
conditions present during their generation. As discussed in Respiratory
Health Effects of Passive Smoking: Lung Cancer and Other Disorders (U.S. EPA,
1992: pages 3-2 to 3-10), some constituents have a higher rate of release
into sidestream than mainstream smoke, while for others the reverse is true.
Once emitted into the air, sidestream smoke may undergo various physical
and chemical changes. Dilution, chemical reactions, deposition, and other
removal processes may decrease the concentration of the airborne con-
stituents of ETS, alter the size distribution of suspended particles, and
chemically modify some of the more reactive constituents of ETS.

The delivery of selected agents in the mainstream smoke of nonfil-
ter cigarettes and the ratios of the relative distribution of these agents in
sidestream to mainstream smoke are given in U.S. EPA (1992: Table 3-1). As
discussed by U.S. EPA (1992: pages 3-4 to 3-6), sidestream to mainstream
ratios are highly variable and can be misleading, as a number of factors
affecting cigarette design (e.g., presence of a filter and filter ventilation) and
smoking patterns (e.g., puff volume) have a substantial impact on the emis-
sions of mainstream smoke. In contrast, sidestream smoke emissions show
relatively little variability as a function of most of these same factors. A
study of the influence of puff volume and filter ventilation on sidestream
and mainstream deliveries illustrates this point (Browne et al., 1980). The
mainstream delivery of particulate matter and cartbon monoxide increases
with puff volume, but decreases with increasing filter ventilation. Because
the sidestream delivery of these constituents remains relatively constant,
the corresponding sidestream to mainstream ratios will decrease or increase
as a function of the specific condition and constituent examined (Table
2.1).

Data on sidestream emission rates from filtered and commercial cig-
arettes for many compounds of public health interest are tabulated in U.S.
EPA (1992: Table 3-2). While the data are limited, they suggest that side-
stream deliveries are relatively constant across a number of products, with
differences ranging two- to three-fold when measured under standard smok-
ing conditions. These results are consistent with the finding that side-
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Table 2.1

Influence of Puff Volume and Filter Ventilation on Deliveries of Particulate Matter and
Carbon Monoxide in Mainstream and Sidestream Smoke

Milligrams per Cigarette and SS/MS ratio

# of Particulate Matter Carbon Monoxide

Variable2 Puffs MS SS SS/MS MS SS SS/MS
Puff Volume

None,

Free burn 0 -- 23 -- -- 58 --

17.5cc 9.6 29 23 0.8 9 63 7

35cc 8.7 46 20 0.4 19 50 2.6

50 cc 7.4 55 21 0.4 20 56 2.8

Filter Ventilation®

0% 8.7 46 20 0.4 19 50 2.6
33% 8.8 32 21 0.6 13 49 3.8
48% 9.8 21 21 1.0 7 58 8.3
83% 10.6 12 21 1.8 2 56 2.8

Browne et al. (1980)

a USA blend cigarette, FTC smoking conditions unless otherwise noted.
b Percentage of mainstream puff air entering through periphery of filter.

stream deliveries are primarily related to the weight of the tobacco and
paper consumed during smoldering, rather than to cigarette design (Guerin
et al., 1992).

2.2.2 Biologically Active A number of chemicals known or suspected to con-
Constituents of ETS tribute to adverse health effects are present in tobacco

smoke (mainstream and sidestream smoke), including eye and respiratory
irritants, systemic toxicants, mutagens, carcinogens, and reproductive toxi-
cants. It is outside the scope of this review to assess exposure to each of the
numerous individual constituents of ETS or their specific contribution to
the health effects associated with ETS. This section provides a brief discus-
sion of some of the more toxicologically significant compounds identified
in tobacco smoke.

2.2.2.1 Toxicants with Irritants and toxicants with other acute health effects have
Acute Effects been identified in ETS, including ammonia, acrolein, car-
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bon monoxide, formaldehyde, hydrogen cyanide, nicotine, nitrogen oxides,
phenol, and sulfur dioxide. Ammonia, formaldehyde, and sulfur dioxide
are respiratory irritants and may exacerbate the condition of people with
breathing difficulties. Several components, including acrolein, crotonalde-
hyde, formaldehyde, and hydrogen cyanide, affect mucociliary function,
and at a sufficiently high concentration can inhibit clearance of smoke par-
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Table 2.2

Chemical Constituents of Tobacco Smoke That Have Been Classified or Identified as to
their Carcinogenicity, Reproductive Toxicity, or Other Health Hazard

COMPOUND IARC U.S. EPA CAL/EPA
Classification® Classification® Prop 65%/TACY

Organic Compounds

Acetaldehyde 2B B2 yesl/lyes
Acetamide 2B yesllyes
Acrolein 3 C --- llyes
Acrylonitrile 2A B1 yesllyes
4-Aminobiphenyl 1 yesl/lyes
Aniline 3 B2 yesllyes
o-Anisidine 2B yesl/lyes
Benz[a]anthracene 2A B2 yesllyes
Benzene 1 A yesllyes
Benzo[b]fluoranthene 2B B2 yesllyes
Benzo[j]fluoranthene 2B yesl/lyes
Benzo[k]fluoranthene 2B B2 yesl/lyes
Benzo[a]pyrene 2A B2 yesllyes
1,3-Butadiene B2 yesllyes
Captan 3 yesllyes
Carbon disulfide® yesl/lyes
Carbon monoxide® yes//---
Chrysene 3 B2 yesllyes
DDT 2B yes//---
Dibenz[a,h]acridine 2B yesl/lyes
Dibenz[a,j]acridine 2B yesl/lyes
Dibenz[a,h]anthracene 2A B2 yesllyes
7H-Dibenzo[c,g]carbazole 2B yesllyes
Dibenzo[a,e]pyrene 2B yesllyes
Dibenzo[a,h]pyrene 2B yesl/lyes
Dibenzo[a,i]pyrene 2B yesllyes
Dibenzo[a,|]pyrene 2B yesl/lyes
1,1-Dimethylhydrazine 2B yesllyes
1-Naphthylamine 3 yes//---
2-Naphthylamine 1 yes//---
Nicotine® yes//---
2-Nitropropane 2B yesl/lyes
N-Nitrosodi-n-butylamine 2B B2 yes//---
N-Nitrosodiethanolamine 2B B2 yes//---
N-Nitrosodiethylamine 2A B2 yes//---
N-Nitroso-n-methylethylamine 2B B2 yes//---
N’-Nitrosonornicotine 2B yes//---
N-Nitrosopiperidine 2B yes//---
N-Nitrosopyrrolidine 2B ---llyes
Styrene 2B ---llyes
Toluene® yesl/lyes
2-Toluidine 2B yesl/lyes
Urethane 2B yes//---
Vinyl chloride 1 yesl/lyes

15
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Table 2.2 (Continued )

COMPOUND IARC U.S. EPA CAL/EPA
Classification® Classification® Prop 65°%/TACY

Inorganic Compounds

Arsenic 1 A yesl/lyes
Cadmium 2A B1 yesl/lyes
Chromium V1 1 A yesllyes
Lead® 2B B2 yesl/lyes
Nickel 1 A yesl/lyes

Sources: ARB (1993); IARC (1985, 1986, 1987, 1992); California Code of Regulations
(1994); U.S. EPA (1994)

2 International Agency for Research on Cancer (IARC) Classification: 1, carcinogenic to
humans; 2A, probably carcinogenic to humans; 2B, possibly carcinogenic to humans; 3, not
classifiable as to its carcinogenicity to humans.

b U.S. EPA Classification: A, human carcinogen, B1, probable human carcinogen (primarily
on the basis of epidemiological data); B2, probable human carcinogen (primarily on the basis
of animal data); C, possible human carcinogen.

¢ Chemicals listed under Proposition 65 are known to the State to cause cancer or reproduc-
tive toxicity (California Health and Safety Code Section 25249.5 et seq.).

4 Substances identified as Toxic Air Contaminants by the Air Resources Board (ARB), pur-
suant to the provisions of AB 1807 and AB 2728 (includes all Hazardous Air Pollutants listed in
the Federal Clean Air Act Amendments of 1990).

¢ Reproductive toxicant

ticles from the lung (Battista, 1976). Nicotine, which is the principal alka-
loid in tobacco, is a major contributor to the addictive properties of tobac-
co. Nicotine has diverse pharmacologic and toxicological actions, ranging
from acute poisoning to chronic effects, some of which may be responsible
for some of the adverse health effects associated with smoking.

2.2.2.2 Toxicants with  Over 50 compounds have been identified in tobacco smoke
Carcinogenic Effects that are recognized as known or probable human carcinogens.
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These compounds, which may occur naturally in tobacco or which are
formed during combustion, reside mainly in the particulate phase (IARC,
1986). Most of the major classes of carcinogens, including both organic
and inorganic constituents, are represented. Table 2.2 lists those com-
pounds detected in tobacco smoke for which there is evidence of animal or
human carcinogenicity, as evaluated by the U.S. EPA or the IARC. Also in
Table 2.2 are compounds listed as carcinogens under California’s Safe
Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65,
California Code of Regulations, Title 22, Section 12000) and a number of
tobacco smoke constituents that have been identified as toxic air contami-
nants by the California Air Resources Board (ARB, 1993). Tobacco smoke
itself is listed as a carcinogen under Proposition 65.
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Conditions in the burning cone of a cigarette are favorable for the
formation of polycyclic aromatic hydrocarbons (PAHs). Over 35 different
PAHs have been identified in tobacco smoke (IARC, 1986), several of which
are carcinogenic (e.g., benz[a]anthracene, benzo[a]pyrene, and
dibenz[a,h]anthracene). N-Nitrosamines are formed during the curing (dry-
ing) of the tobacco leaf and in large part during combustion while smoking.
N-Nitrosamines identified in tobacco smoke include volatile (e.g., N-nitroso-
dimethylamine), nonvolatile (e.g., N-nitrosodiethanolamine), and tobacco-
specific compounds (e.g., N-nitrosonornicotine), formed by N-nitrosation of
nicotine and other pyridine alkaloids. Most of the identified nitrosamines
are carcinogens in experimental animals and some (e.g., N-nitrosodimethy-
lamine) are present in sidestream smoke in amounts 10 to 200 times greater
than in mainstream smoke (U.S. DHHS, 1986; Lofroth, 1989). By weight,
the tobacco-specific nitrosamines are the most prominent of the suspected
carcinogens identified thus far (IARC, 1986). In addition, the inhalation of
nitrogen oxides and amines in tobacco smoke may contribute to the
endogenous formation of carcinogenic N-nitrosamines (Hoffmann and
Brunneman, 1983; Ladd et al., 1984). Other well-established organic car-
cinogens identified in tobacco smoke are aromatic amines (e.g., 4-amino-
biphenyl, 2-naphthylamine and o-toluidine), benzene, hydrazine, and vinyl
chloride.

Like other plant tissues, tobacco contains minerals and other inor-
ganic constituents derived from soil, fertilizers, agricultural sprays, and pol-
luted rainfall. Upon combustion, most metals remain in the ash; however,
some are vaporized or carried in fragments of ash and thus are also found
in tobacco smoke. Several of these metals, including arsenic, cadmium, and
chromium, are known to be carcinogenic to humans following inhalation.

Tobacco contains a number of naturally occurring radionuclides, of
which the most important is the alpha-emitter polonium-210 (Cohen et al.,
1980). Polonium-210 and lead-210 in tobacco originate from phosphate
tertilizers (Tso, 1966) and/or from airborne particles containing lead-210
that are trapped by the trichomes of tobacco leaves (Martell, 1974).
Although not a direct source of radon, ETS in indoor environments is asso-
ciated with an increase in the airborne concentrations of radon decay prod-
ucts, presumably because newly formed decay products are more likely to
attach to smoke particles than to other surfaces in a room (Bergman et al.,
1986). All radioactive chemicals can cause cancer in humans and animals.

Though not all mutagens are carcinogens, mutagenicity tests have
proven to be useful in identifying chemicals that can alter the integrity of
genetic materials and may thus have carcinogenic potentials. Several stud-
ies have shown that the semivolatile and particle-bound organic fractions
of sidestream smoke are mutagenic in bacterial systems (Lofroth ef al., 1983;
Ong et al., 1984; Lofroth and Lazaridis, 1986; Ling et al., 1987; Claxton et
al., 1989). The results from a variety of short-term tests for genetic end-
points on mainstream smoke and tobacco smoke condensate have been
reviewed by DeMarini (1983), Obe et al., (1984), and IARC (1986). In addi-
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tion, many of the individual constituents of ETS are positive in one or more
short-term tests for genetic activity (Claxton et al., 1989).

2.2.2.3 Toxicants with Several compounds listed as developmental or reproductive
Effects on Development  toxicants under California’s Proposition 65 have been
and Reproduction detected in tobacco smoke (Table 2.2). ETS constituents

identified as developmental toxicants under Proposition 65 are carbon
disulfide, carbon monoxide, lead, nicotine, cadmium, and toluene. Lead
and carbon disulfide have also been identified as agents causing male and
female reproductive toxicity. Additional ETS constituents investigated as
possible mediators of the developmental or reproductive toxicity of tobacco
smoke include PAHs, which have been found to cause developmental and
reproductive effects in experimental animals. Exposure to tobacco smoke
due to active smoking has been listed as a developmental toxicant as well as
a female and male reproductive toxicant under Proposition 65 (listed as
“tobacco smoke (primary)”); however, ETS has not been listed.

2.3 EXPOSURE This section summarizes a number of different tech-
MEASUREMENT: ETS niques used by researchers for estimating the degree of
CONCENTRATIONS IN ETS exposure of their subjects. In order to investigate

INDOOR ENVIRONMENTS the health effects of ETS exposure, epidemiologists
characterize the exposure level of their subjects to
determine the extent to which exposure is correlated
with an adverse health effect. Given the extreme spa-
tial and temporal variation of ETS concentration in indoor and outdoor
environments, it is not technically or economically feasible to accurately
determine the long-term ETS exposure history of an individual. Yet often
times it is the long-term exposure to ETS that is of interest in examining
health effects such as developmental effects and cancers. Epidemiologists
circumvent this difficulty by using questionnaires or interviews to deter-
mine the status of the subjects with respect to long-term exposure to ETS
and then classifying the subjects into categorical groups of ETS exposure
(e.g., none, low, medium, or high). In this way, they make the best use of
the semi-quantitative exposure information available without compromis-
ing the validity of the study results. One drawback of this approach is that
it decreases the sensitivity or power of the study—i.e., a study will not show
a positive association when ETS exposure and an adverse health effect are
only moderately related. Some of the indirect and direct methods used by
researchers in the study of ETS exposure are discussed in the following sec-
tions.

2.3.1 Introduction to
Exposure Measurement

Indirect methods for assessing exposure include measurements of
indoor air concentrations of ETS constituents (discussed in this section),
and population surveys and questionnaires used to assess the characteris-
tics, patterns, and extent of exposure (Section 2.5). Direct methods for
assessing ETS exposure include the use of personal monitors (discussed in
this section and in Section 2.4) and measurement of biomarkers of expo-
sure. Personal monitors measure concentrations of ETS constituents at or
near the breathing zone and can be worn by individuals to assess exposures
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occurring in a specific location or accumulated throughout the day, thus
providing an integrated measure of short-term exposure. They are often
used in conjunction with other methods to compare or validate assessment
of exposure. Measurement of biomarkers, ETS constituents or their metabo-
lites in physiological fluids (such as urine, serum, and saliva), is the most
direct assessment of ETS exposure available (Section 2.4). Biomarkers are
often used to study exposure prevalence and to evaluate the degree of mis-
classification in epidemiologic studies.

Modeling exposure on the basis of measured or modeled air concen-
trations, and the time an individual spends in a specific environment, is
another indirect method for assessing ETS exposure. Recently, some
researchers have developed and successfully applied models for predicting
airborne ETS constituent concentrations (Ott et al., 1992). For example,
using an estimated cigarette source strength, air exchange rate and volume
of the room, Klepeis et al. (1996) were able to predict minute-by-minute
indoor time series and time-averaged respirable suspended particle concen-
trations from ETS. However, airborne ETS constituent concentrations
derived from this type of model are location- and situation-specific, and
cannot be easily applied to the general population. Such air models are not
discussed further in this document.

2.3.2 Indoor Air Given the complex chemical composition of ETS?, air concen-

Measurements of ETS  trations are typically assessed by measuring individual ETS
constituents referred to as tracers, markers, or proxy compounds. Nicotine
and respirable suspended particulates (RSP)® are the most widely used mark-
ers for the presence and concentration of ETS in indoor environments.
Recently, some researchers have used 3-ethenylpyridine, solanesol, and
ultraviolet particulate matter as markers of ETS and suggested that they may
be better correlated with other constituents of ETS than nicotine and RSP
(Hodgson et al., 1996; Jenkins et al., 1996).

Airborne nicotine is specific to tobacco combustion and is emitted
in large quantities in ETS. Although not specific to tobacco combustion,
large quantities of RSP are emitted during cigarette smoking, resulting in
measurable increases over background levels even under conditions of high
ventilation and low smoking rates. There are other common combustion-
related sources of indoor RSP, such as wood-burning fireplaces, gas stoves,
and kerosene space heaters, but the levels of RSP produced by these sources
are much lower than that produced by tobacco smoke. Other ETS con-
stituents have been measured in field studies assessing the contribution of

2 The information presented refers primarily to ETS derived from cigarettes because few data
are available for cigars and pipes.

3 The term respirable suspended particulates (RSP) has been inconsistently applied in the lit-
erature. Typically, it is used to refer to PM2.5 or PM10, i.e., particles for which the mean
aerodynamic diameter is 2.5 or 10 microns, respectively. Particles associated with ETS are
typically smaller than 1 micron, and are included in both PM2.5 and PM10.
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smoking to indoor air quality. Typically, these constituents are not unique
to ETS, but studies indicate that concentrations of some constituents are
higher in environments where smoking takes place as compared to those
where it does not.

While fixed location measurements of air concentrations of ETS
constituents indicate the presence of ETS and allow an estimation of the
contribution of ETS to indoor air contaminant levels, such measurements
do not constitute a direct measure of an individual’s total ETS exposure.
During the course of a single day, an individual spends varying amounts of
time in a number of different environments; for that individual, the total
exposure is the sum of the concentration at each location multiplied by the
time spent at that location. Further, for different individuals exposed to the
same concentration levels of ETS constituents in the same room, the actual
dose will vary as a function of a number of factors, including gender, age,
specific activity level, and breathing rate at the time of exposure.

The data presented in the following sections on individual ETS con-
stituents have been summarized from a large number of studies of different
microenvironments, primarily within the United States. The measured con-
centrations of individual constituents in homes and other indoor environ-
ments show marked spatial and temporal variation as a result of the com-
plex interaction of factors related to the introduction, removal, and disper-
sion of ETS constituents. These factors include the rate of tobacco con-
sumption, room size, the location at which smoking occurs, the placement
of air monitors, the ventilation or infiltration rate, air mixing, and removal
of contaminants by air filters or deposition. With few exceptions, studies
were not designed to determine representative ETS concentrations within a
particular environment or area of the country. However, it is expected that
the ranges reported are typical of similar environments within California.
Measurements from the few studies specific to California are reported sepa-
rately.

2.3.3 Indoor Air  Over 25 separate studies have measured concentrations of nico-
Concentrations of tine in well over 100 different indoor microenvironments. The

Nicotine
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results of these studies are summarized in U.S. EPA (1992:
Section 3.3.1 and Figures 3-4 and 3-7). An extensive compilation of meas-
ured nicotine concentrations in various indoor environments is also given
in Guerin et al. (1992). Because airborne nicotine is generally specific to
the combustion of tobacco, any detectable concentrations can be attributed
to ETS (the few exceptions include areas such as work environments in
which tobacco is processed). Both chamber studies (Baker and Proctor,
1990; Eatough et al., 1990; Nelson et al., 1992) and indoor air measure-
ments (Lofroth, 1993) suggest that nicotine disappears from air faster than
other ETS constituents, and hence, its use as a marker may underestimate
the relative concentrations of other constituents.

Measurements taken in a wide variety of indoor environments in
the U.S. indicate that most average concentrations of nicotine range about
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100-fold, from 0.3 to 30 pg/m3. The average concentration in residences
with one or more smokers typically ranges from 2 to 10 pg/m?, with high
values of up to approximately 14 ng/m?3. Measured concentrations are typi-
cally higher in the winter than in summer months. In data collected from
the mid-1970’s through 1991, concentrations of nicotine in the workplace
were similar to those measured in residences, with the range of average con-
centrations showing considerable overlap for the two locations. However,
the maximum values for workplaces were considerably higher than in resi-
dences. In a recent paper, Hammond et al. (1995) showed that ETS expo-
sures in workplaces that allow smoking are comparable with, and often
greater than, ETS exposures in smokers’ homes. The highest nicotine con-
centrations in indoor environments were measured in bars and in the
smoking sections of airplanes, with levels reaching as high as 50 to 75
pg/m? (U.S. EPA, 1992). (Note: for several years, smoking has been prohibit-
ed on domestic flights of commercial airplanes). In a comprehensive sur-
vey of indoor measurements, the maximum nicotine concentrations were
30 pg/m?3 or less in over 50 percent of the studies examined, and less than
100 pg/m? in 90 percent of the studies (Guerin et al., 1992). The highest
reported level in the survey was 1010 pg/m3, measured in a passenger car
with the ventilation system shut off. In selected studies using controlled
and field conditions, the concentrations of nicotine were found to increase
as a function of the number of smokers present and the number of ciga-
rettes consumed (U.S. EPA, 1992: Section 3.3.1.2 and pages 3-32 to 3-33).

Results of four studies (three in the U.S.) using personal monitors to
assess exposure of nonsmokers to nicotine are presented in U.S. EPA (1992:
page 3-37). The average personal exposures associated with the specific
microenvironments in the U.S. for which measurements were taken ranged
from 4.7 to 20.4 pg/m?. In comparing the levels determined from station-
ary and personal samples, Guerin ef al. (1992) reported that in one study,
concentrations determined by the stationary sampler were higher than
those from the personal monitor. In a second study, the reverse was found
to be true. In a more recent study (Jenkins et al., 1996), breathing zone air
samples were taken of approximately 100 nonsmoking individuals in each
of 16 metropolitan areas of the U.S. The mean 24-hour time-weighted aver-
age nicotine concentration for those who were exposed to ETS at work and
away from work (3.27 pg/m?®) was higher than those who were only
exposed to ETS away from work (1.41 pg/m?) or those who were only
exposed at work (0.69 pg/m?). The mean nicotine concentration measured
by personal monitoring for those who were not exposed to ETS was 0.05
ug/m?.

Nicotine measurements in California residences were included in a
large-scale field study of particle exposure in Riverside in 1990, in which
178 nonsmokers over the age of 10 wore personal particle monitors for two
consecutive 12-hour periods (Ozkaynak ef al., 1994). Particle samples were
taken concurrently in indoor and outdoor air. Due to budget constraints,
only a portion of the samples from nonsmoking homes was analyzed for
nicotine, while all samples from smoking homes were analyzed.
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Approximately 30 percent of all personal and indoor samples analyzed were
above the detection limit (about 0.05 pg/m?), with 76 percent of the per-
sonal samples from individuals reporting one or more minutes of exposure
to ETS above the limit of detection. For those samples exceeding the detec-
tion limit, the mean personal 12-hour nicotine concentration for individu-
als reporting exposure to ETS was 0.96 pg/m?, and 0.11 pg/m? for individu-
als with no reported exposure. The mean indoor concentration of nicotine
in homes in which at least one cigarette was smoked (1.07 pg/m?) was sig-
nificantly higher than in homes with no reported smoking (0.10 ug/m?3).

2.3.4 Indoor Air A large number of studies have measured concentrations of
Concentrations of ETS-associated RSP in indoor microenvironments. These stud-
Particulate Matter ies are summarized in U.S. EPA (1992: Figures 3-5, 3-8, and 3-
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10). An extensive compilation of RSP measurements is also given in Guerin
et al. (1992). In contrast to nicotine, RSP is not specific to ETS and thus RSP
measurements in environments where smoking occurs must be compared
to concentrations in comparable environments where smoking does not
occur. Similar to nicotine, measured concentrations of ETS-associated RSP
range about 100-fold, from 5 to 500 pg/m?® over a wide variety of indoor
environments. In residences with one or more smokers, average daily or
weekly concentrations of ETS-associated RSP are increased about 20 to 100
pg/m?3 over concentrations in similar nonsmoking environments.
Somewhat lower levels are reported in the workplace (offices), with average
concentrations ranging from approximately 2 to 60 pg/m? over concentra-
tions in similar nonsmoking environments. Both the maximum reported
concentration (1,370 pg/m3) measured in any environment and the highest
range of average concentrations (approximately 35 to 986 ug/m?) were for
restaurants (U.S. EPA, 1992: Figure 3-8).

Studies comparing RSP concentrations in similar locations in which
smoking does and does not take place consistently show higher RSP con-
centrations in environments where smoking occurs. Typically, the ditfer-
ences range from less than 10 percent to approximately three-fold higher,
although larger differences have been reported (Guerin ef al., 1992). Under
selected and controlled field conditions, the concentration of ETS-associat-
ed RSP has been found to increase with increased smoking (U.S. EPA, 1992:
page 3-34).

Recently, Ott et al. (1996) measured RSP in a large sports tavern in
Northern California on 26 dates between 1992 and 1994 during which
smoking was allowed, and subsequently made additional measurements
during the year after smoking was prohibited. Though the degree of active
smoking in the tavern was characterized as low by the authors, they report-
ed that the average RSP concentration indoors was 56.8 pg/m? above the
outdoor concentration. After smoking was prohibited, another set of 26
follow-up visits (matched to the earlier smoking visits by time of day, day of
the week, and season), yielded an average RSP concentration that was 77
percent of the average concentration during the smoking period. No
decrease in tavern attendance was evident after smoking was prohibited.
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Results of five studies using personal monitors to assess exposure of
nonsmokers to RSP are presented in U.S. EPA (1992: page 3-38). Only three
studies reported exposures integrated over several different environments,
with exposure to ETS-associated RSP resulting in increased concentrations
of 18 to 64 pg/m3. Those individuals reporting exposure to ETS had sub-
stantially increased exposure to RSP as compared to individuals reporting
no ETS exposure. In a more recent study, Jenkins et al. (1996) took breath-
ing zone air samples of approximately 100 nonsmoking individuals in each
of 16 metropolitan areas of the U.S. The mean 24-hour time-weighted aver-
age RSP concentration for those who were exposed to ETS at work and away
from work (47 pug/m3) was higher than for those who were only exposed to
ETS away from work (33 pg/m?® or those who were only exposed at work
(28.7 pg/m3). The mean RSP concentration measured by personal monitor-
ing of those who were not exposed to ETS was 18.1 pg/m?3.

Data specific to California are available from one field study con-
ducted in 178 randomly selected homes in the city of Riverside (Pellizzari et
al., 1992). Indoor air concentrations of particles 10 micrometers or less in
aerodynamic diameter (PM10) were significantly higher in homes in which
smoking occurred (n = 28 homes for daytime measurement, 30 for night-
time), as compared to the homes without smoking (n = 139 homes for day-
time measurement, 131 for nighttime)—samples from a few homes were
lost due to pump or power failure, or quality control concerns. Mean PM10
levels in the homes with smoking were elevated (125.6 pug/m? for the 12-
hour daytime measurement, 92.9 pg/m? nighttime) above those in homes
without smoking (87.8 ug/m3 daytime, 54.6 pg/m? nighttime) by a consis-
tent amount (approximately 38 pg/m?3; Pellizzari ef al., 1992). Average per-
sonal exposures to PM10 were significantly higher for those persons (1 =
29) reporting exposure to ETS during the nighttime period as compared to
persons (1 = 139) reporting no ETS exposure during the nightime (104.2
versus 71.4 pg/m3). However, no significant difference in average personal
exposures to PM10 was found for the daytime period (n = 61 ETS-exposed,
110 unexposed; 155.2 pg/m? versus 146.8 ug/ms3).

2.3.5 Indoor Air Numerous field studies have been conducted to assess the

Concentrations of contribution of smoking to indoor air pollution. Data for

Other ETS Constituents select constituents of public health concern, including N-
nitrosamines, benzene, benzo[a]pyrene and total PAHs, carbon monoxide,
formaldehyde, and toluene are presented in U.S. EPA (1992: Table 3-3 and
Figure 3-3), as are references to the literature (U.S. EPA, 1992: Section 3.3.1).
An extensive compilation of data from measurements of a variety of ETS-
derived constituents is also given in Guerin ef al. (1992).

Because sources other than ETS exist for many of these constituents,
it has been difficult for studies to consistently demonstrate elevated con-
centrations in smoking environments. For example, formaldehyde, which
is present in a number of consumer products and building materials, is
emitted from these sources at rates usually exceeding those from smolder-
ing cigarettes. Carbon monoxide (CO) is also released from other sources,
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including gas stoves and heaters, and may be found indoors from air
exchange with outdoor air contaminanted by vehicle exhaust; thus, it is
often difficult to ascertain the contribution to indoor CO levels due to ciga-
rette smoke (Guerin et al., 1992). However, for many constituents, concen-
trations in environments where smoking occurs are elevated above levels in
comparable environments where smoking does not occur, particularly for
those environments in which heavy smoking occurs. Concentrations of
ETS-associated constituents measured in different indoor environments are
highly variable, depending on factors such as extent of smoking, air
exchange rates, and room size.

2.3.5.1 Polycyclic Concentrations of a variety of toxic air pollutants have been
Aromatic Hydrocarbons measured in California homes. Indoor concentrations of 13

PAHs measured in the homes in the Riverside field study (Pellizzari et al.,
1992) described in Section 2.3.4 were reported by Sheldon et al. (1992b).
The oncentrations of most of the PAHs analyzed were significantly higher
(approximately 1.5- to 2-times higher) in homes in which smoking
occurred, as compared to the concentrations in homes without smoking
(number of samples in homes with smoking/homes without: daytime,
17/93; nighttime, 21/85). Included in the analyses were five PAHs
(benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoranthene, chrysene, and
indeno[1,2,3-cd]pyrene) which are listed as carcinogens under Proposition
65 and detected in ETS. As an example of the magnitude of the concentra-
tions measured, the average 12-hour daytime indoor concentration of
benzol[a]pyrene was 0.51 ng/m? in homes in which smoking occurred and
0.20 ng/m? in homes without smoking (Sheldon et al., 1992b).

A second field study in California (Sheldon ef al., 1993) examined
the relationship between indoor concentrations of 14 PAHs and different
combustion sources (tobacco smoking, fireplaces, woodstoves, and gas
heaters); measurements were taken in 280 homes in Placerville and
Roseville. Indoor PAH concentrations in the 64 homes in which tobacco
smoking occurred were significantly higher (approximately 1.5 to 4 times
higher) than in the 39 homes with no specified indoor combustion source.
Of the indoor combustion sources examined, tobacco smoking appeared to
have the strongest effect on indoor levels of PAHs. As an example of the
magnitude of the measured concentrations, the average 24-hour concentra-
tions of benzo[a]pyrene associated with indoor combustion sources were as
follows: tobacco smoking, 2.2 ng/m?, woodstove use, 1.2 ng/m?3; fireplace
use, 1.0 ng/m?3; gas heat use, 0.41 ng/m3; and no specified indoor combus-
tion source, 0.83 ng/m? (Sheldon et al., 1993).

2.3.5.2 Other Other toxic air pollutants (30 volatile and semivolatile organic
Organic Compounds compounds) were measured in a study of 128 homes in the city
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of Woodland. Indoor samples were collected in all homes and personal
monitoring samples for volatile organic compounds were collected for

93 individuals. About 61 percent of the homes were nonsmoking homes,
and smoking occurred in about 39 percent of the homes during the moni-
toring period. Homes (n = 15) in which heavy smoking (>20 cigarettes
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smoked/24-hour period) occurred had elevated concentrations of benzene,
para-dichlorobenzene?, tetrachloroethylene, trichlorethylene?, and xylene
(ortho and meta/para) as compared to homes with no smoking. Personal
monitoring air concentration samples of benzene and para-dichlorobenzene
were also higher for persons in homes with “any smoking” and those with
“heavy smoking” compared to homes with no smoking. However, for both
the indoor and personal air measurements, these differences were not statis-
tically significant at the p = 0.05 level, as determined using pairwise t tests
(Sheldon et al., 1992a). Hodgson et al. (1996), using 3-ethenylpyridine as a
tracer, investigated the contribution of ETS to the measured volatile organic
compounds concentrations in several environments in California where
smoking was allowed. In their report, ETS was estimated to contribute 57-
84 percent of the formaldehyde concentrations, 43-69 percent of the 2-
butanone concentrations, 37-58 percent of the benzene concentrations, and
20-70 percent of the styrene concentrations. The fractional contributions
of ETS to the concentrations of acetone, toluene, ethylbenzene, xylene iso-
mers, and d-limonene were all less than 50 percent (Hodgson et al., 1996).

2.4 EXPOSURE This section addresses use of biomarkers to measure ETS

MEASUREMENT: exposure, with a focus on nicotine and cotinine. Topics

BIOLOGICAL MARKERS covered include: measured concentrations in physiologi-
cal fluids of adults; comparisons of levels in smokers, ETS-exposed non-
smokers, and unexposed nonsmokers; and concentrations in physiological
fluids of infants and children, and in breast milk and amniotic fluid. The
use of levels of exhaled carbon monoxide and blood levels of carboxyhemo-
globin, as well as thiocyanate levels in blood, urine, and saliva as biomark-
ers of ETS exposure are also addressed. Measurement of DNA and protein
adducts, and other approaches to assessing tobacco smoke exposure, are dis-
cussed briefly. Other sections of this chapter summarize studies of exposure
prevalence as determined by the presence of nicotine or cotinine in body
fluids (Section 2.6) and studies using biomarkers to ascertain smoking status
and estimate the degree of misclassification in epidemiological studies
(Section 2.5).

2.4.1 Introduction to  Exposure to ETS can be assessed directly by the analysis of

Biological Markers of physiological fluids (urine, saliva, and serum) for tobacco

ETS Exposure smoke constituents or their metabolites, referred to as “bio-
markers.” Nicotine, cotinine, thiocyanate, carboxyhemoglobin, hydrox-
yproline, N-nitrosoproline, aromatic amines, and certain protein or DNA
adducts have been used as indicators of exposure to tobacco smoke. These
biomarkers do not indicate the presence of disease, however, or of an indi-
vidual’s susceptibility to disease due to exposure to tobacco smoke. The
appropriateness of a given biomarker depends on the nature of the study
and the type of exposure being assessed (e.g., recent or long-term). Ideally,
the biomarker should be specific to tobacco smoke, although few markers
fully meet this criterion.

4 Although measured at elevated concentrations in homes with heavy smoking, para-
dichlorobenzene and trichloroethylene are not expected to be associated with ETS
(Guerin et al., 1992)

25



Smoking and Tobacco Control Monograph No. 10

The relationship between a biomarker and exposure is complex, and
varies as a function of both environmental and physiological factors. As
previously discussed (Section 2.3), the degree of exposure is a function of
the time an individual spends in each setting and the air concentration of
tobacco-related constituents in that environment. Factors affecting air con-
centrations include smoking intensity, room size, and room ventilation.

For a given air concentration, several factors will affect an individual’s
intake, such as gender, age, weight, and activity level (and corresponding
inhalation rate) at the time of exposure. In addition, individual differences
in uptake, distribution, and metabolism will affect the biomarker concen-
tration in physiological fluids. Although the presence of a biomarker indi-
cates that tobacco smoke exposure has occurred, the level of biomarker
measured may not be directly related to the intake level of the tobacco
smoke constituent(s) potentially implicated in the effect of interest (e.g.,
using cotinine as a biomarker of ETS exposure in a study of cancer inci-
dence).

2.4.2 Biomarkers: Nicotine and cotinine, a major metabolite of nicotine, are
Nicotine and Cotinine  the most widely used biomarkers of ETS exposure. In
2 4.2.1 Nicotine and general, the presence of nicotine or its metabolites in

Cotinine: General method-
ological issues
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physiological fluids can be attributed to exposure to
tobacco smoke. The few exceptions include occupational
exposure to tobacco leaves (Gehlbach et al., 1975) and
nicotine products, use of smokeless tobacco products, chewing of nicotine
gum, and use of nicotine patches or other aids for smoking cessation. Low
levels of nicotine have been found in tea and in edible solanaceous plants
including eggplant, green pepper, and tomato (Castro and Monji, 1986;
Sheen,1988; Davis et al., 1991; Domino et al., 1993a & b). While some
authors have claimed that dietary intake of nicotine may be of practical
importance in the use of nicotine and cotinine as biomarkers of ETS expo-
sure (Domino et al., 1993a,b), others dispute this assertion (Henningfield,
1993; Jarvis, 1994; Repace, 1994; Benowitz, 1996; Pirkle et al., 1996). In
general, the levels of nicotine and nicotine metabolites in physiological flu-
ids resulting from the ingestion of foods have not been found to signifi-
cantly impact the levels resulting from exposure to nicotine from tobacco
sources.

As biomarkers of exposure, nicotine and/or cotinine are typically
measured in blood, saliva, or urine. For studies requiring a quantitative
assessment of exposure, blood has been recommended as the fluid of
choice, although saliva and urine are also considered acceptable (Watts et
al., 1990). Cotinine levels in saliva and plasma tend to be similar, whereas
the ratio of urinary to plasma levels is generally a factor of 5 to 6 (Repace
and Lowrey, 1993; Benowitz, 1996).

Urinary cotinine excretion is variable across and within individuals,
depending on renal function, urinary flow rate, and urinary pH (Benowitz,
1983). Urinary results may be expressed as nanograms of cotinine per mil-
ligram of creatinine in order to correct, in part, for differences in dilution
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effects. Because the amount of endogenous creatinine produced is a func-
tion of muscle mass, and hence, age and sex, individual excretion rates of
creatinine are also variable. In particular, cotinine to creatinine ratios may
not be appropriate for comparisons between males and females. In addi-
tion, low levels of creatinine in infants relative to adults may result in coti-
nine to creatinine ratios for infants that fall into the range reported for
active smokers (Watts et al., 1990). In general, it is preferable to collect
urine over 24 hours, although is impracticable for most studies.

The average half-life of cotinine in different body fluids (plasma,
saliva, and urine) is about the same, approximately 15 to 19 hours (Jarvis et
al., 1988; Benowitz and Jacob, 1994), making it a good indicator of the inte-
grated ETS exposure over the previous 2 to 3 days. The half-life is typically
longer in infants and children, averaging approximately 65 hours in
neonates, 60 hours in infants under 18 months, and 40 hours in children
over 18 months (U.S. EPA, 1992: page 3-41). Nicotine, with its shorter half-
life of approximately 2 hours, is a good indicator of exposures occurring
within the previous few hours.

An interlaboratory study of data from 11 laboratories in six coun-
tries was conducted to compare analytical results for nicotine and cotinine
in serum and urine (Biber ef al., 1987). The results of the study indicate
that both gas chromatography (GC) and radioimmunoassay (RIA) tech-
niques reliably quantitate nicotine and cotinine in urine and serum samples
and that both techniques are capable of discriminating between smokers
and nonsmokers. However, interlaboratory variability was high. While the
coefficient of variation for spiked samples was low (9-13 percent), the coef-
ficient of variation for samples from smokers was fairly large, ranging from
18 to 45 percent for serum and from 21 to 59 percent for urine. In addi-
tion, cotinine levels reported for urine, as determined by RIA, were about
60 percent higher than the levels determined by GC. Besides cotinine,
some less specific immunoassays can also react with other metabolites of
nicotine. Cotinine levels reported for nonsmokers were extremely variable,
and a number of laboratories could not detect cotinine in serum from
exposed nonsmokers. Because of these various factors, caution should be
used in making quantitative comparisons across studies. However, limita-
tions in the design of this study have been noted (Watts et al., 1990); addi-
tional studies are required to assess the comparability of these two assay
methods and the results from different laboratories, as well as the perform-
ance of other methods (e.g., high pressure liquid chromatography (HPLC)).

2.4.2.2 Nicotine and Cotinine: A large number of studies are available which report

Measured Concentrations in concentrations of cotinine in physiological fluids of

Physiological Fluids of Adults smokers and nonsmokers. The levels of ETS encoun-
tered by exposed nonsmokers during their daily activities are sufficiently
high that nicotine and cotinine are detected in their urine, blood, and sali-
va. The physiological concentrations of cotinine detected in saliva and
plasma of nonsmokers typically range from 0.5 ng/ml to 10 or 15 ng/ml
(Guerin et al., 1992; U.S. EPA, 1992), and urinary concentrations range to
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50 or more ng/ml. For example, Cummings et al. (1990) reported that a
population of 663 self-reported nonsmokers attending a cancer-screening
clinic in New York had a mean urinary cotinine concentration of 8.84
ng/ml (range: O to 85 ng/ml)—in the Cummings et al. study, a cutoft level
of 90 ng/ml was used to distinguish between smokers and nonsmokers. In
a population-based study of Hispanics in New Mexico, mean salivary con-
centrations of cotinine in various age groups ranged from O (not detected)
to 6.0 ng/ml (Coultas et al., 1987). The studies by Coultas et al. (1987) and
Cummings et al. (1990) are described in Section 2.6.3. However, it is impor-
tant to realize that some of the differences in cotinine levels reported here
could be explained by the different analytical methods used. For example,
cross-reactivity of cotinine immunoassays with trans-hydroxycotinine
and/or cotinine glucuronide is probably an important contributor to the
often significantly higher levels of urinary cotinine measured by this
method compared to those measured by GC. Thus, in comparing cotinine
levels reported in various studies, it is important to consider the analytical
method employed and the specific analytes that are being measured.

Studies of individuals exposed in locations of exceptionally high
concentrations of ETS provide some indication of the maximum concentra-
tions of nicotine and cotinine reported in nonsmokers. Jarvis et al. (1992)
reported a median salivary cotinine concentration of 7.95 ng/ml in 42 non-
smoking bar staff in England, with a maximum concentration of
31.3 ng/ml. In a study of individuals exposed on commercial airline flights,
the highest average urinary cotinine concentrations among those who were
measured was approximately 30 ng/mg creatinine (Mattson et al., 1989).

In one of the few controlled studies in which both ambient air and
biomarker concentrations were measured, uptake of nicotine and cotinine
was determined in 10 nonsmoking volunteers. The subjects were exposed
for 80 minutes in a 16 m3 bare room into which sidestream smoke (generat-
ed by the machine smoking of 2 to 4 cigarettes) was continuously injected
(mainstream smoke was released outside the room.) The ventilation rate
was six air exchanges per hour, reported to correspond to the average venti-
lation conditions in offices in the U.S. Concentrations of measured ETS
constituents attained stable levels within approximately 10 to 15 minutes,
at which time the air concentration of nicotine from the continuous smok-
ing of four cigarettes was 280 ug/m3. The levels of nicotine and cotinine in
urine, saliva, and serum for individuals exposed to the continuous smoking
of four cigarettes are shown in Table 2.3. The average concentrations of
nicotine in saliva increased significantly, reaching a maximum concentra-
tion of 880 ng/ml after 60 minutes of exposure. Following cessation of
exposure, nicotine concentrations decreased rapidly, reaching pre-exposure
levels in 2 to 3 hours. Cotinine concentrations continued to increase
throughout the duration of the experiment, reaching concentrations of 3.4
ng/ml and 55 ng/mg creatinine in serum and urine, respectively, 6 hours
and 20 minutes after exposure began (Hoffmann et al., 1984).
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Table 2.3
Mean Conc

entrations of Nicotine and Cotinine in the Saliva, Plasma, and Urine of

ETS-Exposed Volunteers?

Time

Saliva (ng/ml) Plasma (ng/ml) Urine (ng/mg creatinine)
Nicotine Cotinine Nicotine Cotinine Nicotine Cotinine

Minutes of exposure

0 (baseline) 3 1.0 0.2 0.9 17 14
40 830 11 0.3 0.9 --a
60 880 2.1 0.3 1.2
80 730 14 0.5 1.3 84 28
Minutes post exposure
30 148 1.7 0.4 1.8
150 17 3.1 0.7 2.9 100 46
240 3 2.0 11 3.3
300 7 35 0.6 3.4 48 55
Source: Hoffmann et al. (1984)

@ Individuals were exposed to ETS generated from continuous smoking of 4 cigarettes by
machine. The air concentration of nicotine stabilized at approximately 280 ug/m? within 10 to 15

minutes.

b Samples not taken for this exposure interval.

Limited information on cotinine concentrations in California sub-
jects is available from a large multinational study which included a center
located in Los Angeles (Riboli et al., 1990). Study subjects were 100 non-
smoking women with the following marital and employment status: 13 per-
cent married to a smoker and employed; 39 percent married to a smoker
and unemployed; 16 percent not married to a smoker and employed; and
32 percent not married to a smoker and unemployed. The mean urinary
cotinine to creatinine concentration was approximately 8.5 ng/mg for the
entire population and 10.5 ng/mg for those with detectable urinary concen-
trations. The differences in cotinine levels were found to be large and sta-
tistically significant between the 13 centers, and the concentrations at the
Los Angeles center was one of the three highest of the centers in the study.

2.4.2.3 Nicotine and Cotinine: Studies comparing ETS-exposed and unexposed non-
Comparison of Levels in smokers and active smokers (Matsukura et al., 1979;
Smokers, and ETS-exposed and ~ Wilcox et al., 1979; Williams et al., 1979; Haley et al.,
Unexposed Nonsmokers 1983; Hill et al., 1983; Jarvis and Russell, 1984; Wall et

al., 1988) have consistently found that measurement of cotinine in the
urine, saliva, or serum can distinguish active smokers from unexposed and
ETS-exposed nonsmokers. Findings have been less consistent with regard to
the use of such assays to distinguish between self-reported unexposed and
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ETS-exposed nonsmokers. As discussed by Wall et al. (1988), potential rea-
sons for this include intersubject variability in nicotine metabolism
(Benowitz et al., 1982); time of day of sample collection (Jarvis and Russell,
1984); misreporting of smoking status (Jarvis and Russell, 1984; Jarvis et al.,
1987); misreporting of nonsmoking status; adjustment of cigarette con-
sumption for nicotine content (Benowitz et al., 1983); and over- or underre-
porting of ETS exposure. Another reason is that in the past some of the
methods used for cotinine analysis were simply not sensitive enough to
detect the very low concentration of cotinine in saliva or serum resulting
from ETS exposure.

The levels of nicotine, cotinine and other ETS biomarkers measured
in a study by Jarvis and Russell (1984) are shown in Table 2.4. Study sub-
jects were 100 outpatients, mostly elderly, attending cardiology and vascu-
lar clinics at a London hospital. Individuals reported their degree of expo-
sure to ETS over the 3-day period preceding sample collection. In general,
concentrations of nicotine and cotinine in ETS-exposed nonsmokers were
higher than those in nonsmokers reporting no exposure to ETS. The levels
of cotinine in all fluids were significantly higher in smokers than in ETS-
exposed and unexposed nonsmokers, with cotinine levels in ETS-exposed
nonsmokers approximately 1 percent of the levels found in active smokers.
In this study, concentrations of plasma nicotine were not related to report-
ed exposure.

Recently, an increasing number of epidemiological studies have
used biomarkers in assessing tobacco smoke exposure. Biomarkers can be
used to categorize individuals as exposed or unexposed, identify deceivers
(individuals misreporting their smoking status), or estimate relative degree
of exposure. In a comparison of tests to distinguish smokers from non-
smokers, Jarvis et al. (1987) analyzed questionnaire responses and biochemi-
cal measures of exposure to cigarette smoke in 211 hospital outpatients.
The optimal cutoff levels (in plasma, saliva, and urine) for distinguishing
smokers and nonsmokers as reported in that study are shown in Table 2.5.
Examples of typical cutoff levels for distinguishing smokers from nonsmok-
ers reported in studies using cotinine as the marker of exposure are shown
in Table 2.6 (the use of biomarkers to ascertain smoking status and estimate
the degree of misclassification in epidemiological studies is discussed in
Section 2.5).

For all body fluids, the concentration distributions for smokers and
exposed nonsmokers have been found to overlap; cotinine concentrations
in the occasional smoker are similar to those of the heavily exposed non-
smoker. This is shown in Figure 2.1, in which the distributions of plasma
cotinine concentrations for self-reported smokers and nonsmokers are
shown to overlap. The distribution of values for self-reported nonsmokers
is bimodal, suggesting some denial of active smoking (i.e., deceivers) among
the study subjects. For nicotine and other biomarkers of ETS exposure, the
concentration distributions similarly overlap and are bimodal, presumably
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Table 2.4
Compairison of Biomarkers in Unexposed and ETS-Exposed Nonsmokers and
Active Smokers®

Unexposed % of ETS-Exposed % of Active
Nonsmokers  Active- Nonsmokers  Active- Smokers
Biochemical (n = 46) Smokers’ (n =54) Smokers’ (n =94)
Parameter Mean Value Value Mean Value Value Mean Value
CO in expired air 5.7 [6.5] 27 5.5[6.3] 26 20.8 [24]
(ppm [mg/m?])
COHb (%) 0.9 23 0.8 21 3.9
Nicotine (ng/ml)
in plasma 1.0 7 0.8 5.4 14.8
in saliva 3.8 0.6 5.6 0.8 672.5
in urine 3.9 0.2 12.1* 0.7 1749.9
Cotinine (ng/ml)
in plasma 0.8 0.3 2.0* 0.7 275.2
in saliva 0.7 0.2 2.5%* 0.8 309.9
in urine 1.6 0.1 7.7 0.6 1391.0

Thiocyanate (umol/l)

in plasma 48 39 53 43 123
in saliva 1270 52 1327 54 2450
in urine 73 a7 77 50 155

@ From IARC (1986) using data from Jarvis and Russell (1984).
* Indicates p < 0.01 between exposed and unexposed nonsmokers
** Indicates p < 0.001 between exposed and unexposed nonsmokers

reflecting a certain degree of misreporting by the active smoker (Jarvis et al.,
1987).

2.4.2.4 Nicotine and Cotinine:  ETS exposure of infants and children has been exam-

Concentrations in Physiological ined in a number of studies in which nicotine and

Fluids of Infants and Children  cotinine were used as biomarkers of exposure. Infants
can be exposed prenatally to tobacco smoke constituents if the mother
smokes or if the mother is exposed to ETS during pregnancy. Postnatal ETS
exposure may occur directly, via inhalation, and indirectly, from ingestion
of breast milk.

Henderson et al. (1989) examined the relationship between levels of

nicotine in home air and the urinary cotinine concentrations in 27 chil-
dren, 11 months to 5 years of age, attending a day care center at which
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Table 2.5

Cut-off, Sensitivity, and Specificity of Biomarkers for Discriminating
True Smoking Status?®

32

Cut-of % Smokers % Nonsmokers 95% CI for

Biomarkers Value Detected Detected % Accuracy®

Carbon Monoxide

Nicotine (ng/ml)

ECO (ppm) 8.0 90 89 86.2-91.7
COHb (%) 1.6 86 92 83.0-89.2
Plasma 2.3 88 99 89.4-93.8
Saliva 21.8 90 99 91.6-95.2
Urine 58.6 89 97 93.3-96.3

Cotinine (ng/ml)

Plasma 13.7 96 100 98.3-99.1
Saliva 14.2 96 99 98.5-99.3
Urine 49.7 97 99 98.4-99.2

Thiocyanate

Plasma (umol/l 78.0 84 91 81.1-87.9
Saliva (umoll/l) 1.64 81 71 66.0-76.0
Urine (umol/l) 118.0 59 89 67.0-77.0

Jarvis et al. (1987), with permission

a True smokers were those who reported smoking cigarettes, pipes, or cigars (n = 90) and 21
"deceivers." Nonsmokers were the self-reported nonsmokers minus the deceivers (n = 100).

b" Accuracy defined as overall % correct classification, and estimated for a population with equal
proportions of smokers and nonsmokers.

they were not exposed to ETS. Fifteen children resided in homes with
smokers and 12 did not. The average concentration of air nicotine in the
homes of children who did and did not live with smokers was 3.74 pg/m?3
and 0.34 pg/m3, respectively. Urinary cotinine concentrations were greater
than 30ng/mg creatinine in 12 of the 15 children who lived with smokers,
whereas concentrations were consistently less than 30 ng/mg creatinine in
the 12 children without home exposure to ETS; three of the exposed chil-
dren had urinary cotinine concentrations consistently in the upper range of
values observed in unexposed children. The average home air nicotine con-
centrations were related to the average log urinary cotinine to creatinine
concentration (r = 0.68, p = 0.006).

Greenberg ef al. (1984) measured the concentrations of nicotine and
cotinine in the urine and saliva of 32 ETS-exposed and 19 unexposed
infants less than 10 months of age visiting a primary care clinic in North
Carolina. An infant was categorized as exposed if the caregiver reported at
least two exposure episodes during the previous 24 hours and unexposed if
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Table 2.6
Studies of Cotinine Measurements in Self-Reported Nonsmokers and Criteria
Used to Distinguish Smokers from Nonsmokers

Self-Reported Nonsmokers

Sample Percent Criteria
Study Marker Assay? Size  Misclassified® (ng/ml)
Wald et al. (1986) Urinary cotinine RIA 221 0.9 --¢
Cummings et al. (1990) Urinary cotinine HPLC 669 0.9 90
Pojer et al. (1984) Plasma cotinine GC 181 3.3 42
Jarvis and Russell (1984) Plasma cotinine GC 215 9.8 20
Lee (1987) Saliva cotinine GC 808 25 30
Pierce et al. (1987) Saliva cotinine GC 622 7.4 25
Coultas et al. (1988) Saliva cotinine RIA 683 6.0 20
Haddow et al. (1988) Serum cotinine RIA 1,508 1.9 10
Riboli et al. (1990) Urinary cotinine RIA 1,369 3.4 50¢
Wagenknecht et al. (1991) Serum cotinine RIA 3,445 4.2 14
Perez-Stable et al. (1992) Serum cotinine GC 189 6.3 14

Modified from Perez-Stable et al. (1992)

a Abbreviations: GC, gas chromatography; RIA, radioimmunoassay; HPLC, high pressure liquid
chromatography

b percentage of self-reported nonsmokers with cotinine levels above criteria listed

¢ >10% smokers’ median

4 ng/mg creatinine

no exposure had occurred during the previous week. Breast-fed infants
were excluded from this study in order to examine inhalation exposure
only. The concentrations of both nicotine and cotinine were significantly
higher in the saliva and urine of the exposed group as compared to the
unexposed group, with the best indicator of exposure reported to be the
ratio of urinary cotinine to creatinine. The median ratio in the exposed
group was 350 ng/mg as compared to 4 ng/mg in the unexposed group (p <
0.0001). The mother’s self-reported smoking behavior (number of cigarettes
smoked during the previous 24 hours) was related to infant urinary concen-
tration (r = 0.67, p = 0.0001). In a later study from the same group
(Greenberg et al. (1989), described in Section 2.6.3), cotinine was detected
in 60 percent of the 433 infants examined; the median concentration was
121 ng/mg creatinine (range: 6 to 2,273 ng/mg).

In a large population-based study of infants receiving routine well-
child care in private physicians’ offices in the greater Portland, Maine area,
Chilmonczyk et al. (1990) collected urine samples from 518 infants, six to
eight weeks of age, and obtained information on household smoking habits
(this study is also discussed in Section 2.6.3). In the 305 households where
no smoking was reported, 8 percent of the urinary cotinine values were
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Figure 2.1
Plasma Cotinine Concentrations in Self-Reported Smokers and Nonsmokers
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Figure 2.2

Urinary Cotinine of Breast-Fed Infants in Relation to Maternal Cigarette Smoking
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equal to or greater than 10 ng/ml (the concentration of 10 ng/ml is defined
by the authors on the basis of data in this study as a cutoff indicating sig-
nificant ETS absorption). Median urinary cotinine concentrations in
infants were 1.6 ng/ml in the 305 nonsmoking households, 8.9 ng/ml in
the 96 households where a member other than the mother smoked, 28
ng/ml in the 43 households where only the mother smoked, and 43 ng/ml
in the 74 households where both the mother and another household mem-
ber smoked. In households where the mother smoked, breast feeding was
associated with significantly higher infant urinary cotinine levels. These
higher levels were seen both in the presence of other smokers in the house-
hold (median urinary cotinine: 213 ng/ml with breast feeding and 39 ng/ml
without breast feeding) and in the absence of other smokers in the house-
hold (median urinary cotinine: 87 and 25 ng/ml, respectively.)
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Several other studies have examined the relative contribution of
inhalation versus ingestion of mother’s milk to an infant’s intake of nico-
tine and cotinine (Luck and Nau, 1985; Woodward et al., 1986; Labrecque et
al., 1989; Schulte-Hobein et al., 1992). In general, breast-fed infants whose
mothers smoke were reported to have median urinary cotinine to creatinine
ratios 2- to 10-fold higher than bottle-fed infants exposed only through
inhalation, with the urinary cotinine levels in the infant related to the
number of cigarettes smoked by the mother. Concentrations of urinary
cotinine in breast-fed and bottle-fed babies as a function of the number of
cigarettes smoked by the mother are shown in Figure 2.2.

2.4.2.5 Nicotine and Cotinine: The observation that ingestion of breast milk is a sig-
Concentrations in Breast Milk  nificant contributor to infant exposure to ETS con-
and Amniotic Fluid stituents (discussed above) is consistent with the find-
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ings of numerous studies in which nicotine and cotinine have been meas-
ured in milk of mothers who smoke (Ferguson et al., 1976; Hardee et al.,
1983; Luck and Nau, 1984; Woodward et al., 1986; Luck and Nau, 1987;
Labrecque et al., 1989; Schulte-Hobein et al., 1992) and in milk of mothers
exposed to ETS (Hardee et al., 1983; Schulte-Hobein et al., 1992). Results
from these studies are summarized in Table 2.7. For smokers, mean nico-
tine concentrations in breast milk ranged from 5.16 to 91 ng/ml (range: 0.9
to 512 ng/ml) and mean cotinine concentrations, from 5.6 to 439 ng/ml
(range: not detected to 738 ng/ml). The concentrations of nicotine meas-
ured in the breast milk of nonsmokers exposed to ETS were much lower
than those reported for smokers. Nicotine and cotinine were often not
detected in the milk of nonsmoking women; for samples in which these
compounds were detected, nicotine concentrations ranged from 1 to 7
ng/ml (Hardee et al., 1983) and cotinine concentrations from 2 to 277
ng/ml (Hardee et al., 1983; Schulte-Hobein et al., 1992).

The transfer of nicotine from blood into breast milk is very rapid,
with milk concentrations approximately three times higher than in serum
(Luck and Nau, 1984; Dahlstrom et al., 1990). The half-life of nicotine in
milk is approximately the same as that in blood (Luck and Nau, 1987). For
cotinine, the reported milk/serum ratio ranges from 0.78 to 1 (Luck and
Nau, 1984; Dahlstrom et al., 1990). In general, the concentration of coti-
nine in milk has been found to increase with increasing nicotine consump-
tion (Woodward et al., 1986; Labrecque ef al., 1989; Schulte-Hobein et al.,
1992).

The exposure of a nursed infant to nicotine depends on the daily
intake of breast milk as well as the smoking pattern of the mother, includ-
ing the number of cigarettes she consumes daily, the extent to which she
inhales, her smoking frequency prior to nursing, and the time interval
between nursing and the last cigarette smoked (Luck and Nau, 1987).
Because of the relatively short half-life of nicotine, diurnal milk concentra-
tions are highly variable; 5- to 10-fold increases in the concentration of
nicotine were observed in milk samples collected during the day, as com-
pared to samples collected in the early morning after night time smoking
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Table 2.7

Concentrations of Nicotine and Cotinine in Mothers’ Milk

Concentration (ng/ml)

Study Constituent Mean (SD) Range Study Population Comments
Nonsmokers
Hardee et al. Nicotine -- 1-7 Samples from 10 nonsmoking Detected in 3 women reporting work-
(1983) women. place exposure to ETS
Caotinine --
Schulte-Hobein Cotinine 0 0-277 Samples from 69 nonsmoking Detected in 7 women who lived with
et al. (1992) women. partners who smoked.
Smokers
Ferguson et al. Nicotine 91 20-512 28 samples from 9 women were col- Concentrations of nicotine varied great-
(1976) lected. Most subjects smoked 0.5- ly in samples from the same donor
1.5 packs/day. taken at different times of the day.
Hardee et al. Nicotine -- 20-150 Samples from 3 women
(1983) Cotinine -- 50-300
Luck and Nau Nicotine -- 2-62 44 samples from 23 women were
(1984) Cotinine -- 12-222 collected. The number of cigarettes
smoked per day ranged from 5-40.
The time between the last cigarette
smoked and the collection of sam-
ples ranged from 0.25 to 4.0 hours.
Woodward et al.  Nicotine 8.3 (x13.0) -- Samples from 20 women smoking
(1986) Cotinine 84.4 (£93.3) -- 1-20 cigarettes 48 hours prior to
sample collection.
Nicotine 32.6 (£26.6) -- Samples from 7 women smoking
Cotinine 234 (+110.8) -- >21 cigarettes 48 hours prior to

sample collection.
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Table 2.7 (Continued)

Study Constituent Mean (SD) Range Study Population Comments
Luck and Nau Nicotine 8.3 (x 16) - Samples from all nursing periods within ~ Determinants of milk nicotine levels were
(1987) 24 hours. the number of cigarettes consumed dur-
Cotinine 76 (= 33) - Samples from 10 women smoking 1-10  ing the period immediately prior to nurs-
cigarettes/day. ing and the time interval between the last
cigarette smoked and nursing.
Nicotine 28 (x 21) - Samples from 11 women smoking 11-20
cigarettes/day.
Cotinine 125 (+ 60) -
Nicotine 48 (+ 25) - Samples from 13 women smoking 21-40
cigarettes/day.
Cotinine 230 (= 62) -
Labrecque etal.  Cotinine 195 (x 122) 28-256  Samples from 33 mothers smoking on Cotinine levels were significantly related
(1989) average 9.8 cigarettes in the previous to the number of cigarettes smoked by
24 hours. the mother in the previous 24 hours (r =
0.69, p = 0.0002).
Schulte-Hobein Cotinine 264 0-738  Samples from 69 mothers who smoked  Cotinine concentrations were dependent
et al. (1992) more than 5 cigarettes per day during on nicotine consumption as reported by
pregnancy and continued smoking after  mothers (r = 0.56, p = 0.0001)
childbirth. Samples (total = 238) were
collected at monthly intervals for 1 year.
Dahlstrom et al. Nicotine 5.16 0.9-17.3 Samples from 22 mothers abstaining
(1990) from cigarettes for 12 hours
Caotinine 112 18-388
Nicotine 55 10-140 Samples from 21 mothers 30 minutes
after smoking at least 1 cigarette
Caotinine 136 31-467
Schwartz- Cotinine 91-322 41-580 Samples from 6 mothers smoking <20 Range of median concentrations meas-
Bickenbach cigarettes/day. ured 1 week to 6 months postpartum
etal. (1987) Cotinine 305-439 0-635  Samples from 15 mothers smoking >20  Range of median concentrations meas-

cigarettes/day.

ured 1 week to 6 months postpartum
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abstinence (Luck and Nau, 1987; Dahlstrom et al., 1990). Because of the
longer half-life of cotinine, its concentrations in milk are relatively con-
stant.

No information was available on the levels of other ETS con-
stituents in breast milk, although it is possible that other compounds would
also be transferred to breast milk. Their relative concentrations in milk
would depend on a number of factors, including their concentrations in
mainstream (or sidestream) smoke, biological half-life, and lipid solubility.

Cotinine has also been detected in the amniotic fluid of ETS-
exposed pregnant women and in the urine of their neonates (Jordanov,
1990). Mean concentrations of cotinine in amniotic fluid collected at par-
turition were 15 pmol/l in unexposed nonsmokers (women not living with
a smoker), 25 pmol/l in exposed nonsmokers (smoker resided in house-
hold), and 111 ymol/l in active smokers. Cotinine was also detected in the
urine, collected on the first day of life, of their neonates. Neonates of non-
smokers exposed to ETS had significantly higher concentrations of urinary
cotinine than neonates of unexposed nonsmokers (p < 0.01).

2.4.3 Biomarkers: Carbon monoxide, both in exhaled alveolar air and as
Carbon Monoxide and carboxyhemoglobin in blood, originates from endoge-
Carboxyhemoglobin nous processes as well as from environmental sources. In

addition to cigarette smoke, common environmental sources include vehi-
cle exhaust, gas stoves and furnaces, and kerosene space heaters. Although
carbon monoxide and carboxyhemoglobin have been used to distinguish
smokers from nonsmokers (Ohlin et al., 1976; Sillett et al., 1978; Jarvis et al.,
1983 and 1987), they are generally not good indicators of ETS exposure
because of their lack of sensitivity and specificity. In nonsmokers exposed
to environments heavily polluted with ETS, elevated levels of exhaled car-
bon monoxide and carboxyhemoglobin in blood have been detected when
measured within 30 minutes following cessation of exposure. However,
several studies of more typical exposure situations did not find significant
differences in the carboxyhemoglobin levels in subjects reporting no, low,
or high levels of ETS exposure (Jarvis et al., 1983; Jarvis and Russell, 1984;
see Table 2.4).

2.4.4 Biomarkers: Present in the vapor phase of tobacco smoke, hydrogen cyanide

Thiocyanate is metabolized in the liver, yielding thiocyanate (SCN").
Thiocyanate levels in blood, urine, and saliva have been used to distinguish
smokers from nonsmokers, or in combination with assays for nicotine or
cotinine, to distinguish smokers from individuals using smokeless tobacco
or other nicotine-containing products (Haley et al., 1983; Hauth et al., 1984;
U.S. DHHS, 1986; Jarvis et al., 1987). Sources of thiocyanate are also pres-
ent in the diet, particularly cruciferous vegetables (Haley et al., 1983); thus,
levels of thiocyanate in body fluids are not specific to exposure to tobacco
smoke. In studies examining the use of thiocyanate as a biomarker of ETS
exposure, it was not possible to distinguish between ETS-exposed and unex-
posed nonsmokers (Hauth et al., 1984; Jarvis and Russell, 1984; See Table
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2.4). For this reason, thiocyanate is not very useful as a biomarker of ETS
and has not been widely used for monitoring ETS exposure.

2.4.5 Biomarkers: Protein and DNA adducts represent both markers of exposure
Protein and DNA and measures of a biochemical effect. One of the more com-

Adducts
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mon protein adducts measured is the hemoglobin adduct of 4-
aminobiphenyl. Tobacco smoke is the primary source of environmental 4-
aminobiphenyl. Because of the relatively long half-life of these adducts,
their levels reflect exposures occurring over the previous four months.
Levels of 4-aminobiphenyl in ETS-exposed nonsmokers compared to those
of active smokers present an interesting contrast to cotinine levels meas-
ured in these two groups. The levels of 4-aminobiphenyl adducts in non-
smokers are approximately 10 percent to 20 percent of the levels measured
in smokers. Although this finding appears to be inconsistent with the
results for urinary cotinine, for which levels in ETS-exposed nonsmokers are
about 1 percent of those in smokers, the results may be explained by the
available information on the relative levels of emission of nicotine and 4-
aminobiphenyl into mainstream and sidestream smoke (see U.S. EPA, 1992:
Table 3-1). Approximately twice as much nicotine is emitted in sidestream
as in mainstream smoke, whereas about 31 times as much 4-aminobiphenyl
is emitted in sidestream as in mainstream smoke, and as a result, the smok-
er/nonsmoker ratio for 4-aminobiphenyl is about 15 times higher than that
for cotinine.

Another group of protein adducts which have been measured are
the albumin adducts of polycyclic aromatic hydrocarbons (PAHs). Multiple
PAHs are present in tobacco smoke. Crawford et al. (1994) analyzed PAH-
albumin levels in peripheral blood of 87 mothers and their preschool chil-
dren (2-5 years of age; discussed in more detail in Chapter 7, Carcinogenic
Effects, Section 7.1.2.1). They found PAH-albumin levels were significantly
higher in the children whose mothers smoked than in the children of non-
smoking mothers (p < 0.05). Among the nonsmoking mothers, regression
of PAH-albumin against total ETS exposure also showed a significant associ-
ation with cotinine (2 = 0.25; p = 0.04).

DNA adducts of tobacco smoke constituents can also be measured.
The distribution of DNA adducts of benzo[a]pyrene diol epoxide, the ulti-
mate carcinogenic metabolite of benzo[a]pyrene, a PAH present in tobacco
smoke, has been analyzed by Denissenko et al. (1996) in the P53 tumor sup-
pressor gene. These authors reported that exposure of human bronchial
epithelial cells to benzo[a]pyrene diol epoxide resulted in strong and selec-
tive DNA adduct formation within the P53 gene at mutational hotspots
identified in non-radon associated human lung cancer tissues obtained
from smokers. This mapping of DNA adduct formation to mutational
hotspots provides a direct etiological link between a specific tobacco smoke
carcinogen and human cancer.
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2.4.6 Biomarkers:  Testing for other compounds in body fluids and for the muta-

Other Approaches genicity of those fluids has been conducted to identify other
approaches to assessing tobacco smoke exposure which are potentially more
relevant to health endpoints of concern (e.g., cancer). In a recent study by
Hecht et al. (1993), five male nonsmokers were exposed to sidestream ciga-
rette smoke generated by machine smoking for 180 minutes on each of two
days, six months apart. The air concentrations of nicotine to which the
men were exposed were reported to be comparable to levels found in a
heavily smoke-filled bar. The mean concentrations of 4-(methylni-
trosoamino)-1-(3-pyridyl)-1-butanol (NNAL) and its glucuronide were signit-
icantly higher after exposure than at baseline (33.9 versus 8.4 ng per 24-
hour urine sample). The compound NNAL and its glucuronide are metabo-
lites of 4-(methylnitrosoamino)-1-(3-pyridyl)-1-butanone (NNK), a potent
lung carcinogen in rodents (IARC, 1985). NNAL is also a lung carcinogen
in rodents (Castonguay et al., 1983; Rivenson ef al., 1988). NNK is formed
by the oxidation and nitrosation of nicotine during the curing (drying) and
smoking of tobacco (IARC, 1985).

Body fluids from active smokers and ETS-exposed nonsmokers have
been assayed for genotoxic activity in a number of studies, primarily using
the Ames Salmonella test. While the mutagenicity of the urine of cigarette
smokers has been confirmed in a number of studies (IARC, 1986), the
results using the urine from ETS-exposed nonsmokers have been less con-
clusive. Bos et al. (1983) reported that mutagenic activity of the urine of
nonsmokers was significantly higher (p < 0.02) in samples collected follow-
ing exposure to ETS than in samples collected prior to exposure, when test-
ed in the Salmonella assay. In other studies, however, no increases or
insignificant increases in mutagenic activity were reported (Sorsa et al.,
1985; Husgafvel-Pursiainen ef al., 1987; Mohtashamipur et al., 1987; Scherer
et al, 1987). Limitations of some of these studies include small numbers of
subjects tested and lack of consideration of dietary factors, which have been
shown to influence urinary mutagenicity (Sasson et al., 1985).

2.5 EXPOSURE Epidemiologic studies typically evaluate exposure to ETS

MEASUREMENT: USE  using questionnaires in which the subject reports his or her

OF QUESTIONNAIRES own exposure history and smoking status. In studies using
questionnaires alone to assess ETS exposure, misclassification of true expo-
sure status can result from a number of factors, including: limited questions
(e.g., spousal smoking status only); possible deception in reporting spousal
smoking status; or inadequate recall of exposure (e.g., parental smoking sta-
tus; lack of awareness of contemporary exposure). Many studies cited in
this report recognized the possibility of misclassification bias and took
appropriate steps to minimize its impact or adjusted the analysis to account
for this source of error. This section summarizes the results of a number of
studies that have examined the reliability and validity of information col-
lected using questionnaires regarding ETS exposure and smoking status.
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2.5.1 Reliability of Studies employing a “test-retest” design have been used
Questionnaire Responses to assess the reliability of information obtained in ques-
on ETS Exposure tionnaires on past exposures to ETS. Coultas et al.

2.5.1.1 Reliability: Test-retest
of the Same Subject

(1989) interviewed a sample of 149 adult nonsmokers
on two occasions, 6 months apart, with regard to
whether their parents had smoked during their child-
hood. Concordance was 94 percent for mothers’ smoking, 93 percent for
fathers’ smoking, and 85.9 percent for maternal smoking during pregnancy.
However, information provided by the subjects on the amounts smoked
(i.e., number of cigarettes or hours of smoking per day) was found to be less
reliable.

In a study of similar design, Pron et al. (1988) interviewed 117 sub-
jects (controls in a case-control study of lung cancer) on two occasions sep-
arated by an average of 6 months. Agreement of responses with regard to
the subjects’ residential exposure (i.e., if the subject ever resided in the same
household as a regular smoker) was generally good (kappa = 0.66 for all
subjects combined). Smoking by spouses was reported with high reliability
(kappa = 0.89 for both husband and wife). Response agreement for expo-
sure at work (kappa = 0.46 for both sexes) was lower than for residential
exposure. Similar to the findings of the preceding study by Coultas et al.
(1989), quantitative measures of exposure (i.e., number of cigarettes smoked
and duration of exposure) were less reliably reported.

2.5.1.2 Reliability: Self A number of studies have examined the quality of
Versus Surrogate Respondents information provided by surrogate respondents. Use of
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surrogate respondents occurs frequently in studies of ETS exposure. Studies
examining the effects of exposure to spousal or household smoking often
ask subjects to report on the smoking habits of members of their house-
holds. In retrospective studies of adult health risks from exposures occur-
ring early in life, subjects who are now adults are questioned concerning
parental smoking habits.

The quality of parental smoking histories was evaluated in a North
Carolina study of cancer risk from childhood exposure to ETS (Sandler and
Shore, 1986). A total of 1,036 subjects (cases and controls, aged 15 to 59
years) were asked about parental smoking habits during the subject’s child-
hood and prior to the subject’s birth. Parents or siblings of 70 percent of
the study subjects were also interviewed to obtain the same information.
Interviews were conducted with 355 mothers, 33 fathers, and 261 siblings.
Concordance of subjects and their mothers was greater than 93 percent on
questions concerning mothers’ smoking and 85 percent regarding fathers’
smoking. The study found that the responses were less accurate for infor-
mation provided about dates or the number of cigarettes smoked. When
extent of smoking was categorized as none, less than one pack, one pack, or
greater than one pack, agreement between mothers and subjects was 82 per-
cent with respect to mothers’ smoking.
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Similar findings were reported by McLaughlin ef al. (1987) in a
study of the reliability of surrogate information. The responses of children
about smoking by their deceased parents agreed closely with information
given 10 years previously by the parents themselves, with the level of agree-
ment ranging from 80 to 96 percent.

Of the study populations examining the quality of information on
smoking habits provided by surrogate respondents, most consisted of hus-
band-wife pairs, although other family members were included in some
studies (Rogot and Reid, 1975; Kolonel et al., 1977; Pershagen, 1984;
Lerchen and Samet, 1986; McLaughlin et al., 1987). Information was
obtained directly from interviews with both members of the pair or from an
interview with one individual and the medical history of the other. These
studies consistently found good agreement in responses concerning spousal
smoking status, ranging from 90 to 100 percent. However, similar to the
findings of studies on parental histories, quantitative information on the
number of years or cigarettes smoked was less accurate.

In summary, the results of these studies indicate that information
on childhood exposure to ETS provided by individuals who are now adults
is of good quality, particularly with regard to qualitative information.
Similarly, qualitative information on spousal smoking is of good quality.
However, in both cases, quantitative information on the number of years of
smoking, dates of smoking, or number of cigarettes smoked per day is
sometimes less reliably provided.

2.5.2 Validity of Questionnaire A number of the early epidemiologic studies clas-
Responses on ETS Exposure sified an individual’s exposure to ETS solely on

2.5.2.1 Validity of ETS Exposure
Status Based on Spousal / Household

Smoking

the basis of spousal smoking. Information pre-
sented in Sections 2.6.2 and 2.6.3 indicates that
in California and nationwide, locations outside
the home are also important sources of ETS
exposure. The validity of ETS exposure status based on spousal or house-
hold smoking has been examined in a number of studies (Friedman et al.,
1983; Coultas et al., 1987; Coghlin et al., 1989; Cummings et al., 1990).
Methods used to validate exposure status include: gathering information on
the extent to which nonsmokers report exposure outside the home; com-
parison of ETS biomarker levels of those with smoking and nonsmoking
spouses; and comparison of indoor air levels of nicotine in houses with
members who do and do not smoke. Results from these studies indicate
that misclassification may occur when smoking by a spouse or other house-
hold member is the basis for determining ETS exposure.

In a study by Friedman et al. (1983), married couples were asked
about their smoking habits and weekly exposure to ETS. Over 90 percent of
nonsmokers married to nonsmokers reported no weekly exposure to ETS in
the home; however, 40 percent of the nonsmoking females and 49 percent
of the nonsmoking males reported ETS exposures outside the home.
Conversely, substantial percentages of nonsmokers married to smokers (47
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percent of women, 39 percent of men) reported no weekly exposure to ETS
in the home. These studies indicate that classifying an individual’s expo-
sure to ETS on the basis of spousal smoking habits may result in misclassifi-
cation.

Biomarker studies have shown that a proportion of subjects report-
ing no exposure to ETS have measurable biomarker concentrations, indicat-
ing that the subject either forgot or was not aware of his ETS exposure. In a
study of 663 nonsmokers attending a cancer-screening clinic, Cummings et
al. (1990) reported that 84 percent of subjects not living with a smoker had
detectable urinary cotinine levels. In an unpublished analysis of only those
subjects who were currently employed nonsmokers in this study, 76 percent
of those reporting no exposure to ETS at home reported exposure at work
(Cummings, 1994). Coultas et al. (1987) reported that in 727 households,
approximately 35 percent of adults and children not living with a smoker
had detectable levels of salivary cotinine (these studies are described in
Section 2.6.3).

Comparison of reported exposures and questionnaire responses has
also been examined using results from air monitoring of nicotine. Coghlin
et al. (1989) questioned 37 nonsmokers with nonsmoking spouses and 15
nonsmokers with smoking spouses about their weekly exposure to ETS at
home, work, in public places, and in vehicles. Personal nicotine monitors
were worn by study participants to obtain measurements of actual expo-
sure. Of the nonsmokers with nonsmoking spouses, 22 percent had person-
al nicotine levels similar to those measured for smokers, while 13 percent of
nonsmokers with smoking spouses had low nicotine levels. In addition, 88
percent of nonsmoking women with nonsmoking spouses reported work-
related exposure and 80 percent reported social exposure.

In a study by Leaderer and Hammond (1991), measurable concen-
trations of nicotine were detected in 13 percent of residences reporting no
smoking in the home, while nicotine was not detected in 28 percent of the
households with occupants who smoked. For the latter, smoking could
have occurred in rooms other than the primary activity room in which
samples were taken.

In summary, studies have consistently shown that subjects are mis-
classified with regard to their ETS exposure status when the sole basis for
classification is the smoking status of other household members. The over-
all impact of misclassification would be an underestimation of the health
impacts of ETS exposure.

2.5.2.2 Validity of Self- Biomarkers have been used to examine the quantitative

Reported ETS Exposure: relationships between the degree of ETS exposure self-

Biomarker Concentrations reported on questionnaires and concentrations of nicotine
in ambient air (Coultas et al., 1989; Haley et al., 1989; Cummings et al.,
1990; Riboli ef al. 1990). Depending on the study design and the endpoints
examined, the reported correlations among the various exposure indices
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ranged from moderate to high. Because of the many limitations of these
studies, inconsistencies among studies is not unexpected.

Significant differences in uptake, distribution, metabolism, and
excretion of nicotine are found among individuals (Benowitz et al., 1982),
and thus cotinine levels in biological fluids vary among individuals exposed
under identical conditions. In those studies in which urinary cotinine is
used as the measure of exposure, cotinine concentrations are often assessed
from a single urine sample, which may not adequately represent the expo-
sure period in question. For studies in which ambient air concentrations of
nicotine serve as the exposure measure, it has been shown that air concen-
trations vary within the same room; intake will depend on the location of
the individual relative to the smoker, the exposure duration, and the physi-
cal characteristics of the exposed individuals (e.g., activity level and corre-
sponding breathing rate).

2.5.3 Reliability and In a test-retest study of the reliability of subjects’ reports
Validity of Self-Reported of their own smoking habits, Lee (1987) found that
Smoking Status responses from 93 percent of 166 subjects regarding cur-

rent or past smoking status were consistent with responses to the same
questions asked five years earlier.

A number of studies have used biomarkers to validate self-reported
smoking status (Coultas et al., 1989; Haley et al., 1989; Cummings et al.,
1990; Riboli ef al. 1990; Perez-Stable et al., 1992). Self-reported nonsmokers
who appear to be smokers on the basis of biochemical measurements are
generally considered “deceivers” of their true smoking status. In a summa-
ry of 11 studies in which questionnaire responses regarding smoking status
were compared with cotinine or nicotine measurements (Perez-Stable et al.,
1992), the estimated misclassification rates (self-reported nonsmokers with
elevated cotinine or nicotine levels indicative of active smoking) ranged
from zero in a small study to nearly 10 percent in a sample of nonsmokers
from a clinical setting. These studies are summarized in Table 2.6.
Misclassification of an individual who is a smoker as a nonsmoker may
increase the apparent relative risk of smoking-related diseases in nonsmok-
ers. However, Perez-Stable et al. (1992) suggest that most smokers misclassi-
fied as nonsmokers are very light smokers or occasional smokers who binge.

2.6 EXPOSURE PREVALENCE Because the various health endpoints reviewed in
AND DETERMINANTS other chapters of the overall ETS assessment may be
. the result of either acute or chronic exposures, both
2.6.1 Introduction present and past patterns of exposure are of inter-
est, and information on both is included here. Studies of the prevalence of
ETS exposure and its demographic and social determinants summarized
below (Sections 2.6.2 and 2.6.3) should be considered representative only of
the general time periods covered by the study. Smoking prevalence, smok-
ing behaviors, and other factors contributing to exposure to ETS have con-
tinued to change as smoking customs have changed in the U.S., with a
number of important changes occurring within the past few years. Thus, it
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is expected that the number of individuals exposed to ETS and the patterns
of exposure have also changed over time (see Section 2.6.4).

For California, information is available from population-based sur-
veys in which self-reported exposure to ETS was assessed (Friedman et al.,
1983; Phillips et al., 1991; Wiley et al., 1991a & b; Burns and Pierce, 1992;
Jenkins et al., 1992; Pierce et al., 1994). With one exception (Friedman et
al., 1983), these studies relied solely on self-reported exposure and did not
validate questionnaire responses using biomarker data. A certain amount of
misreporting occurs in studies relying on self-reported exposure; several
studies have been conducted to evaluate the relationship among self-report-
ed exposure and other exposure indices (e.g., ambient air concentrations of
ETS constituents and cotinine levels in biological fluids), and these studies
are discussed in Section 2.5.

For areas outside of California, information on exposure prevalence
is available from a variety of studies, using either self-reported exposure or
the presence of biological markers as the measure of exposure (Coultas et
al., 1987; Greenberg et al., 1989; Chilmonczyk et al., 1990; Cummings et al.,
1990; Overpeck and Moss, 1991; CDC, 1993b; Pirkle et al., 1996). In gener-
al, only limited comparisons can be made between the findings on expo-
sure prevalence for California and those available for other areas, primarily
because of important differences in study objectives and study design.
However, indirect indicators of ETS exposure suggest that the prevalence of
ETS exposure in California is less than that of the rest of the U.S. popula-
tion. A discussion of these indicators and other factors in California
expected to affect trends in exposure prevalence are discussed in Section
2.6.4. The studies presented in the following sections are summarized in
Tables 2.8 and 2.9.

Taken as a whole, the various studies discussed below indicate that,
within California and the United States, exposure to ETS was widespread
during the time period of the studies (1979 through 1992). Analyses of ETS
exposure within California indicated that the workplace, home, and other
indoor locations contributed significantly to the exposure of adults; for
children, the home was the most important single location contributing to
ETS exposure. In all studies using both self-reporting and a biological mark-
er (cotinine level) as measures of exposure, prevalence was higher when
determined using the biological marker.

2.6.2 Prevalence of ETS In one early study, the prevalence and extent of weekly
Exposure in California exposure to ETS was assessed from questionnaire

Friedman et al. (1983)
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responses of 37,881 nonsmokers and ex-smokers receiv-
ing multiphasic health checkups in 1979 and 1980
(Friedman et al., 1983). The population consisted of members of the Kaiser-
Permanente Medical Care Program in Oakland and San Francisco.
Altogether, 63.3 percent of the respondents reported some exposure to ETS,
with 28.8 percent reporting exposure durations of between 1 and 9 hours
per week, 18.6 percent reporting exposure durations of between 10 and
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39 hours per week, and 15.9 percent reporting exposure durations of 40 or
more hours per week. The reported locations of exposure were the home
(23.8 percent), other small areas (40.4 percent, defined in the study as “such
as airplane, office, or car, etc.”) or a large indoor area (46.5 percent, defined
in the study as “such as restaurant, hotel lobby, lecture hall, etc.”).

Exposure was strongly related to age, with 78.2 percent of those in
their twenties reporting exposure, decreasing to 13.9 percent of those aged
80 and over. Serum thiocyanate and expired-air concentrations of carbon
monoxide were determined for 267 persons who completed the question-
naire. The correlations between self-reported ETS exposure and the bio-
markers were all positive, but small. While the correlations of thiocyanate
levels with non-home small area, large area, and total exposure were at, or
close to, the p < 0.05 level of statistical significance, for CO, no correlation
approached statistical significance. These findings are not surprising given
that sources of thiocyanate and carbon monoxide in addition to tobacco
smoke are present in the environment. More recent studies indicate that, in
general, they are not suitable as markers of ETS exposure (see Sections 2.4.2

and 2.4.3).
Wiley et al. (1991a & b)  In the late 1980s, the California Air Resources Board (ARB)
Phillips et al. (1991) funded a statewide survey to obtain information on activity
Jenkins et al. (1992) patterns of Californians and on their use of and proximity

to air pollutant sources, including ETS (Wiley et al., 1991a; Jenkins et al.,
1992). The study consisted of telephone interviews with 1,579 English-
speaking adults and 183 adolescents (12 to 17 years of age) who were mem-
bers of households with telephones in California. The interviews were con-
ducted over four seasons—from October 1987 through September 1988.
The participants completed a verbal recall diary of their activities and loca-
tions of the previous day, and for each activity and location, were asked
whether anyone smoking a cigarette was present.

In a second study of similar design (i.e., telephone interviews with
English-speaking individuals) conducted from April 1989 through February
1990, information was obtained on the activity patterns of 1,200 children
(Phillips et al., 1991; Wiley et al., 1991b). In this study, children from 9 to
11 years old were interviewed directly. For children 6 to 8 years of age, the
interview was conducted with a parent or guardian who was encouraged to
consult with the child, and for younger children, the interview was con-
ducted with the adult household member having spent the most time with
the child on the diary day. Because exposure to ETS was not the primary
focus of either the adult or childhood study, the ETS responses had not
been fully analyzed. At the request of the Office of Environmental Health
Hazard Assessment, additional unpublished analyses of the responses on
ETS exposures were conducted by the ARB for inclusion in this report
(Jenkins, 1992 & 1994, personal communication; Lum, 1994a & b, 1994,
personal communication).
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Table 2.8

Studies with Information on ETS Exposure Prevalence in California and the United States:

Adults and Adolescents

Year/ Measure of Exposure
Study Location Description Exposure Prevalence (Age) Comments
California
Friedman et al. 1979-1980 37,881 nonsmoking Self-report 63.3% (=18yrs) Exposed individuals
(1983) Oakland and adults from the defined as those
San Francisco, Kaiser-Permanente reporting an average
California Medical Care Program. exposure to ETS of one
or more hours per week.
Wiley et al. 1987-1988 1,579 English-speaking  Self-report 43% (=18 yrs) Activity-pattern
(1991a) California adult members of house- (interview) study. Exposed
Jenkins et al. (statewide) holds with telephones. 64% (12-17 yrs) individuals defined as
(1992) those reporting exposure
to ETS on the day
preceding the interview.
Prevalence given for
nonsmokers.
Burns and 1990-1991 Telephone interviews Interview 36.5% (12-17 yrs) Exposed individuals
Pierce (1992) California with 32,135 English- defined as those living
(statewide) and Spanish-speaking in a household with at

households

least one smoker.
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Table 2.8 (Continued)

Year/ Measure of Exposure
Study Location Description Exposure Prevalence (Age) Comments
Other U.S. areas
Coultas et al. 1984-1985 698 nonsmoking adults  Salivary 39% (=18 yrs) Exposed individuals
(1987) Albuquerque, from 727 randomly cotinine defined as those with
New Mexico selected Hispanic 48% (13-17 yrs) salivary cotinine con-
households. centrations ranging from
0.78-20 ng/ml.
Cummings 1986 663 nonsmoking adults  Self-report 76% (=18 yrs) Exposed individuals
et al. (1990) Buffalo, attending a cancer- (interview) defined as those
New York screening clinic reporting any exposure
to ETS during the 4-day
period preceding the
interview.
Urinary 91% (>18 yrs) Exposed individuals
cotinine defined as those with
detectable concentrations
of cotinine (detection
limit not given).
Centers for 1988-1992 800 nonsmoking indivi-  Serum 100% (----)2 Exposed individuals
Disease United States duals, ages 4-91 years, cotinine defined as those with

Control (1993b)

from 81 U.S. counties.

detectable concentrations
of cotinine. Interpretation of
the study results limited by
the preliminary nature of the
report and the sensitive
method for analyzing for
cotinine (see text).

a Exposure prevalence reported for entire study population
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Table 2.9

Studies with Information on ETS Exposure Prevalence in California and the U.S.:
Infants and Children

Year/ Measure of Exposure
Study Location Description Exposure Prevalence (Age) Comments
California
Phillips et al. 1989-1990 1,200 children Surrogate 40% (6-11yrs) Exposed individuals
(1991) California (O to 11 years old) Report defined as those reporting
Wiley et al. (statewide) from households with 36% (0-5 yrs) exposure to ETS
(1991b) telephones and an on the day preceding the
English-speaking adult interview.
Burns and 1990-1991 Telephone interviews Surrogate 32.2%(6-11 yrs) Exposed individuals
Pierce (1992) California with 32,135 English- Report defined as those living
(statewide) or Spanish-speaking 32.2% (0-5 yrs) in a household with one
households or more smokers.
Other U.S. areas
Coultas et al. 1984-1985 Hispanic children Salivary 45% (6-12 yrs) Exposed individuals
(1987) New Mexico participating in a cotinine defined as those with
population-based 54% (0-5 yrs) salivary cotinine con-
survey of respiratory centrations ranging from
disease 0.78 to 20 ng/ml.
Greenberg 1986-1987 433 healthy infants Surrogate 42% (8-51 days) Exposed individuals
et al. (1989) Central North Report defined as those exposed
Carolina to ETS during the
preceding week.
Surrogate 55% (8-51 days) Exposed individuals
Report defined as those living

in a household with one
or more smokers.
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Table 2.9 (Continued)

Year/ Measure of Exposure
Study Location Description Exposure Prevalence (Age) Comments
Greenberg 1986-1987 433 healthy Urinary 60% (8-51 days) Exposed individuals
et al. (1989) Central North infants cotinine defined as those with
(continued) Carolina detectable concentrations
of urinary cotinine.
Chilmonczyk 1988 518 infants Surrogate 41% (6-8 wks) Exposed individuals
et al. (1990) Portland, Report defined as those living
Maine in a household with one
or more smokers.
Urinary 80% (6-8 wks) Exposed individuals
cotinine defined as those with
detectable concentrations
of urinary cotinine.
Overpeck 1988 5,356 children Surrogate 48.8% (0-5 yrs) Exposed individuals
and Moss United States from a cross- Report defined as those living
(1991) sectional survey in a household in which
of household one member smoked
populations regularly at any time
since the child’s birth.
Surrogate 42% (0-5 yrs) Exposed individuals
Report defined as those currently

living in a household with
one or more smokers.
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Figure 2.3
Percent of Nonsmokers in California Reporting ETS Exposure*
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Source: Jenkins et al., 1992; Lum, 1994b

* Smoking status of 6 to 11 year olds not determined in the study. Data from 1989 to 1990.

Figure 2.4
Reported Average Daily ETS Exposure Duration* in California
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* Exposure duration is the average value for individuals reporting ETS exposure. For adults, values

are for nonsmokers only. For adolescents, values are for both smokers and nonsmokers. The smoking
status of 6 to 11 year olds was not determined. Data from 1989 to 1990.
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Figures 2.3 and 2.4 show the percentage of nonsmokers in
California reporting exposure to ETS and the average daily duration as
determined in this study. Of adult nonsmokers, 43 percent reported expo-
sure to ETS, as did 64 percent of nonsmoking adolescents (Jenkins et al.,
1992). For smokers and nonsmokers combined, approximately 61 percent
of adults and 70 percent of adolescents (age 12 through 17) reported expo-
sure to ETS at some time during the day (at the time of the survey, 22.5 per-
cent of the population reported active smoking on a given day). The
groups with the lowest percentage reporting exposure were children, and
infants and preschoolers, ranging from 35 percent to 45 percent, as a func-
tion of age and sex. About 38 percent of children under age 12, statewide,
were exposed to ETS at some time during a typical day. Among those
infants and preschoolers who were exposed to ETS, the average duration of
their exposure was as long as that of adults (about four hours); children
aged 6-11 years who were exposed had an average exposure duration of
three hours (Lum, 1994a & b, 1994, personal communication).

A separate analysis of the survey data was conducted to determine
the relative proportion of the population’s ETS exposure duration (meas-
ured in person-minutes) occurring in different locations (Lum, 1994a & b,
1994, personal communication). The various locations identified in the
study were grouped into three or four mutually exclusive categories for each
population subgroup and the mean duration of reported exposure to ETS
while in those locations was determined. For adults, the categories were
home, work, other indoor, and outdoor; for adolescents and children,
home, school, other indoor, and outdoor; and for infants and preschoolers,
home, other indoor, and outdoor. The relative person-minutes of reported
exposure at each location (i.e., the product of the number of individuals
reporting ETS exposure and the average reported exposure duration, divided
by the total number of person-minutes of reported ETS exposure at all loca-
tions) was then calculated to provide a crude index of the relative impor-
tance of each exposure location.

Although the concentration of ETS at each location is also an
important parameter in estimating exposure, measurements of ETS concen-
trations were not obtained in this study, which focused primarily on time-
activity patterns. In other studies (see Section 2.3.3), home and workplace
concentrations of nicotine (as an indicator of ETS) fall within the same gen-
eral range. Thus, this location/duration index provides a rough estimate of
the relative extent of the population’s exposure at these locations.

However, ETS concentrations at locations grouped as other indoor (e.g.,
bars, restaurants, banks, or hospitals) are highly variable, and little informa-
tion is available on concentrations in outdoor environments (e.g., at parks
or bus stops). Overall, the index provides an indication of the locations at
which exposure occurs, but not of the relative dose incurred at each loca-
tion.

The results of the analysis are shown in Figure 2.5. For adult male
nonsmokers, the highest exposure index was estimated for the workplace
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(46 percent), with the index at other locations (i.e., the home, other indoor,
and outdoor) ranging from 15 to 23 percent. For female nonsmokers, the
highest indexes were for the workplace (35 percent) and other indoor loca-
tions (31 percent), followed by the home (20 percent) and outdoor loca-
tions (13 percent). Somewhat different patterns were found for adult smok-
ers reporting exposures to ETS from someone else’s smoking. For male
smokers, the exposure index was similar at all locations, ranging from 21 to
29 percent. For female smokers, the highest index was for the home (53
percent), ranging from 12 to 22 percent at other locations. Different pat-
terns were observed for adolescents and children. For adolescents, the
exposure index was approximately the same for home and other indoor
locations (41 to 42 percent), followed by outdoor locations (13 percent) and
school (4.5 percent). (It should be noted that the values for adolescents are
based on a small sample size of 183.) Not unexpectedly, for children (6 to
11 years old) and infants and preschoolers (0 to 5 years old) the highest
exposure index (54 percent and 62 percent, respectively) was for the home.

Workplace exposures to ETS were also examined (Jenkins, 1994, per-
sonal communication). Approximately 40 percent of nonsmokers working
outside the home reported exposure to ETS in the workplace. While fewer
nonsmoking working females (30 percent) reported exposure than non-
smoking working males (47 percent), their average exposure duration at
work was somewhat longer (females, 5.8 hours; males, 5.2 hours). The pro-
portion of the total daily reported exposure duration occurring in the work-
place for these nonsmoking workers was 51 percent for males, and 38 per-
cent for females.

Burns and Pierce (1992)  Limited information on exposure to ETS is also available from
Borland et al. (1992) a survey on tobacco use in California, conducted between
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June 1990 and July 1991 (Burns and Pierce, 1992). Using a stratified ran-
dom-digit dialing technique, the head of household in 32,135 homes was
surveyed briefly (in either English or Spanish) to enumerate household
members and determine the smoking status of each household member.
From this information, all adult household members who were reported as
having smoked within the past five years were scheduled for an in-depth
interview, as were 28 percent of nonsmokers. The prevalence of active
smoking, as reported in this study, was 22.2 percent, with males (25.5 per-
cent) smoking more than females (19.1 percent). Information was obtained
on household ETS exposure of children up to 18 years of age. The study
found that 32.2 percent of children under 5 years of age live in homes with
one or more smokers. Similar values were reported for children 6 to 11
years old (32.2 percent) and 12 to 17 years old (36.5 percent).

Using data collected in the California tobacco-use survey (Burns and
Pierce, 1992) described above, Borland et al. (1992) examined the extent of
exposure of nonsmoking workers to ETS according to type of work-site
smoking policy, work area, workplace size, and demographic characteristics.
The analysis reported by Borland et al. is for weighted population estimates
and differs slightly from that in the original report of Burns and Pierce
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Figure 2.5 (Figure continues on next page)
Relative Person-Minutes of ETS Exposure* in Different Environments
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29% Home

53%
Source: Lum, 1994a,b

* Percentages may not add to 100 due to rounding errors. Data from 1989 to 1990.

(1992). The sample consisted of 7,301 nonsmokers from the larger study
who reported that they worked primarily indoors. Workplace ETS exposure
of these individuals was assessed by asking the question, “During the past
two weeks has anyone smoked in the area in which you work?” Additional
questions were not asked to define the frequency and extent of exposure.
Overall, 31.3 percent of the nonsmoking workers reported workplace ETS
exposure at least once in the preceding two weeks. Examined as a function
of work-site smoking policy, workplace exposure of nonsmokers was 9.3
percent for those working in a smoke-free worksite, 23.2 percent for those
working where there was a work-area smoking restriction, 46.7 percent for
those working where the smoking policy did not include the work area, and
51.4 percent for those working where there was no work-site smoking poli-
cy. The study also found that a greater percentage of male workers reported
exposure than did female workers (35.8 percent versus 22.9 percent); that
more workers under 25 reported exposure than did older workers (41.9 per-
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Figure 2.5 (Continued)
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* Percentages may not add to 100 due to rounding errors. Data from 1989 to 1990.

cent versus 26.4 percent); and that the number of workers reporting expo-
sure decreased with increasing level of education, from 43.1 percent of
those with less than 12 years of education to 18.6 percent of those with a
college education.

California Department of Health  The California Department of Health Services (CDHS)

Services (1995 and 1996) conducts annual telephone surveys of a representative
Pierce et al. (1994 and 1996, sample of Californians-the California Adult Tobacco
personal communication) Survey (CATS). The 1995 survey interviewed over

4,000 adults about their smoking behavior. According to 1995 data from
the California Adult Tobacco Survey and an additional survey (Behavioral
Risk Factors Survey), CDHS estimated that 16.7 percent of the adult popula-
tion in California smokes.

Survey results from 1994 and 1995 indicate increasing percentages

of nonsmoking and smoking California adults reporting that smoking is
prohibited at their work sites (1994: 84 percent (nonsmokers) and 75 per-
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cent (smokers); 1995: 89 percent (nonsmokers) and 78 percent (smokers)).
Similarly, the percentages of nonsmoking and smoking adults in California
reporting that smoking is prohibited in public areas of their work has also
increased (1994: 74 percent (nonsmokers) and 63 percent (smokers); 1995:
82 percent (nonsmokers) and 85 percent (smokers)). The percentages of
adults reporting a complete ban of smoking in their own homes has also
increased (1994: 64 percent (nonsmokers) and 24 percent (smokers); 1995:
80 percent (nonsmokers) and 34 percent (smokers)).

The California Adult Tobacco Surveys in 1990, 1992, and 1993 were
conducted for CDHS by Pierce et al. (1994) at the University of California,
San Diego, who sampled relatively large numbers of Californians: 8,224 to
30,716 adults (18 years and older) and 1,789 to 5,040 teenagers (12-17 years
of age, CDHS, 1996). From the results of those surveys, prevalence of active
smoking and ETS exposure for various subpopulations can be estimated.

For example, of the 2,047 women interviewed in 1992 who were pregnant
over the previous S years, 15.1 percent smoked prior to pregnancy, and of
these, 37.5 percent quit during the pregnancy; thus, a prevalence estimate
of 9.4 percent for California women smoking throughout pregnancy can be
obtained. Regarding ETS exposure of women of child-bearing age, Pierce et
al. (1996, personal communication) estimated that in 1993 of the 6,513,891
women aged 18-44 in California, 634,028 were nonsmokers exposed to ETS
at home, 564,411 were nonsmokers exposed indoors through their work,
and 46,083 were exposed at both work and home. From this, the propor-
tion of nonsmoking women in California of child-bearing age who are ETS-
exposed is estimated to be 22.1 percent. Regarding childhood exposures,
the 1993 survey suggests 19.6 percent of those age 17 and under and 17.7
percent of those under age 5 may be exposed to ETS in their homes (Pierce
et al., 1994).

2.6.3 Prevalence of Historically, the main focus of large population-based stud-

ETS Exposure in the ies of tobacco smoke exposure has been on active smoking,

United States with little or no information obtained on exposure to ETS.
More recently, several studies in the U.S. have addressed various aspects of
ETS exposure, including exposure prevalence in various population sub-
groups. The measures of exposure used in these studies include both ques-
tionnaire responses and measured levels of biological markers (primarily
cotinine). As previously noted, self-reporting can result in some degree of
misclassification. The use of biomarkers can also result in some misclassifi-
cation, however, in that it is not always possible to distinguish between a
nonsmoker heavily exposed to ETS and a very light smoker; another con-
cern is that, in some studies, the timing of sample collection relative to
exposure may not have been appropriate. In addition, most biomarkers
reflect exposures occurring within the past few days, whereas the exposure
period of interest for many studies extends over a time period of many
years. These factors are discussed in Section 2.4.1. For those studies sum-
marized below in which prevalence was assessed using biomarkers, the bio-
marker levels detected in biological fluids are mentioned. The use of bio-
markers as an exposure measure is discussed in detail in Section 2.4.
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2.6.3.1 General As part of the Third National Health and Nutrition
Population Studies Examination Survey (NHANES III), the National Centers for

Environmental Health and the National Center for Health

Centers for Disease Control  Statistics of the Centers for Disease Control (CDC) meas-
(CDC, 1993b; ured serum levels of cotinine to assess exposure to tobacco
Pirkle et al., 1996) of persons in the United States aged 4 years and older. The

study was conducted from 1988 through 1994; preliminary information
was available in 1993 (CDC, 1993b), and final results of the 1988 to 1991
survey were recently published (Pirkle et al., 1996). In the 1988 to 1991
survey, 14,269 persons aged 4 years and older were interviewed; of those,
12,678 were examined, and of those examined, 10,642 had serum cotinine
measurements taken. Reported data on ETS exposure in the home were
available for 3,185 children aged 2 months to 3 years, 3,011 aged 4 to 11
years, and 878 aged 12 to 16 years. Serum cotinine levels were available on
737 adolescents and 7,740 adults with complete information on tobacco
use and ETS exposure.

Of US children 11 years and younger, 43 percent lived in homes of
at least one smoker, as did 37 percent of adult non-tobacco users. Serum
cotinine levels, however, indicated more widespread exposure to nicotine,
with 87.9 percent of non-tobacco users with detectable levels of serum coti-
nine. Both the number of smokers in the home and the hours exposed at
work were significantly and independently associated with increased serum
cotinine levels (p < 0.001, multiple regression f test). Identified groups with
higher exposure to ETS were children, non-Hispanic blacks, and males.
Dietary variables showed no consistent association with serum cotinine lev-
els, and dietary contributions, if any, appeared to be extremely small.

Cummings et al. (1990) Cummings et al. (1990) assessed the prevalence of ETS
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exposure of 663 nonsmokers and ex-smokers who attended the Roswell
Park Memorial Institute cancer-screening clinic in Buffalo, NY in 1986.
Both self-reported exposure and measured urinary cotinine were used as
measures of exposure. An interviewer questioned subjects about their expo-
sure over the 4-day period preceding the interview and a single urine sam-
ple was collected on the day of the interview. A total of 76 percent of the
subjects reported some exposure to ETS during the 4 days preceding the
interview. The average number of exposures over the 4-day period was 3.3
(range: O to 21), and for those exposed, the average daily reported exposure
was 2 hours (range: <1 to 13.25 hours/day). The reported exposure loca-
tions were work (28 percent), home (27 percent), restaurants (16 percent),
private social gatherings (11 percent), car or airplane (10 percent), and pub-
lic buildings (8 percent). Cotinine was detected in the urine of 91 percent
of samples (detection limit not given), suggesting that individuals are not
always able to recall exposures or are not aware that exposure has occurred.
It is also possible that for some subjects, cotinine was detected as a result of
exposures that preceded the 4 days reported in the interview. The meas-
ured cotinine levels for self-reported nonsmokers ranged from 0O to 85
ng/ml (average, 8.84 ng/ml), with 92 percent of the values less than 20
ng/ml.
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In a recent additional (unpublished) analysis of this study,
Cummings (1994) examined ETS exposure at work among currently
employed nonsmoking subjects (n = 339) who did and did not report expo-
sure to tobacco smoke in the home. Of currently employed nonsmokers,
substantial percentages (81 percent and 76 percent, respectively) reported
ETS exposure at work, both among those who were exposed at home (n =
122) and those who were not (n = 217). Overall, exposure to ETS at home
was not predictive of being exposed to ETS at work. Mean urinary cotinine
values for employed nonsmoking subjects in the study were analyzed by
self-reported exposure to tobacco smoke at work and at home. Subjects
exposed both at work and at home had mean urinary cotinine (12.8 ng/ml)
very similar to those exposed at home but not at work (11.0 ng/ml), with
those exposed at work and not at home showing lower mean cotinine (7.5
ng/ml). As noted by the author, many of the subjects took time off work to
attend the clinic where the study was conducted, and thus a stronger influ-
ence of home exposure on mean urinary cotinine is not surprising.

Subjects reporting no exposure at work or at home had a mean urinary coti-
nine level (8.7 ng/ml), which is indicative of exposure to ETS.

Coultas et al. (1987) Coultas et al. (1987) conducted a population-based household
survey of respiratory disease in 2,029 Hispanic children and adults in New
Mexico, in which salivary cotinine was measured for 1,360 nonsmokers and
ex-smokers. Nonsmoking status was ascertained on the basis of self-report-
ed smoking status and a salivary cotinine concentration of less than 20
ng/ml; the reported detection limit in this study was 0.78 ng/ml saliva.
Exposure prevalence, estimated using data presented in the report, was: 39
percent for adults (18 years and older), 48 percent for adolescents (13-17
years), 45 percent for children (6-12 years), and 54 percent for infants and
preschoolers (5 years of age and under). The mean salivary concentrations
in the various age groups ranged from O (not detected) to 6.0 ng/ml.

The prevalence of a detectable level of cotinine was about 35 per-
cent for those living in a nonsmoking household and increased with the
number of cigarettes smoked by household members. In a multiple logistic
regression model, the major determinants of a detectable level of cotinine
in children were mother’s smoking (odds ratio (OR) = 3.2), father’s smoking
(OR = 2.1), and the smoking of other household members (OR = 4.0); the
other household smokers were primarily grandparents (41 percent), siblings
(26 percent), or aunts and uncles (15 percent). Among adults, the effects of
spouse’s smoking were smaller, with ORs of 1.3 and 1.4 for husband’s and
wife’s smoking, respectively.

2.6.3.2 Studies of Infants and young children are particularly susceptible to the

Infants and Children adverse effects of ETS (See chapters on Developmental and
Reproductive Effects of Exposure to ETS, and Respiratory Health Effects of
Exposure to ETS). A number of studies have examined exposures of this pop-
ulation group (Greenberg et al., 1989; Chilmonczyk et al., 1990; Overpeck
and Moss, 1991).
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Overpeck and Moss (1991) In 1988 the National Center for Health Statistics collected

information on household exposure to ETS for a sample of 5,356 children 5
years of age and under (Overpeck and Moss, 1991). The information was
obtained as part of the National Health Interview Survey, a continuous
cross-sectional survey representing the household population of the United
States (the authors report that the sample is representative of 86 percent of
U.S. children in this age group). Overall, the survey found that about one-
half of all U.S. children S years of age and under are exposed to tobacco
smoke constituents due to prenatal maternal smoking and/or are exposed
to ETS from household members after birth. Of the total sample, 28 per-
cent had both prenatal and postnatal exposure, 21 percent were exposed
only after birth, with 1.2 percent exposed prenatally only.

Forty-two percent of the children were currently living in a house-
hold with a smoker. Of these children, a disproportionately high number
lived in homes comprising the lower income and educational categories.
Children in families at the lowest income level category were almost twice
as likely to live in a home with a current smoker (58 percent) compared to
children in families at the highest income level (30 percent). More than
twice as many children whose mothers had not completed high school (61
percent) were currently exposed to household smoke as compared to chil-
dren whose mother had completed one year or more of college (28 per-
cent).

Greenberg et al. (1989) In a study of infant exposure to ETS, Greenberg et al. (1989)

obtained detailed information on household smoking habits from mothers
of 433 infants from a representative population of healthy neonates in cen-
tral North Carolina during 1986 and 1987; infant urine samples were also
collected. Approximately 55 percent (239) of the study infants lived in a
household with at least one smoker. As determined from the questionnaire
responses, 42 percent of the infants were exposed to ETS during the week
preceding data collection, where exposure was defined as the production of
smoke in the same room or vehicle as the infant. As in other studies,
prevalence was higher when the metric of exposure was cotinine. Of the
433 infants, cotinine was detected in 60 percent of the urine samples.
Measured concentrations ranged from 6 to 2,273 ng/mg creatinine, with a
median concentration of 121 ng/mg creatinine (see Section 2.4.2.1 for a dis-
cussion of cotinine to creatinine ratios).

Chilmonczyk et al. (1990) In a large population-based study of infants receiving rou-
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tine well-child care in private physicians’ offices in the greater Portland,
Maine area, Chilmonczyk et al. (1990) collected urine samples from 518
infants, 6- to 8-weeks of age, and obtained information on household
smoking habits. Forty-one percent of the study population lived in house-
holds in which at least one household member smoked. Of the total sam-
ple, 80 percent had detectable urinary cotinine concentrations (concentra-
tions less than 1 pg/L were reported as not detected), with concentrations
greater than 2 pg/L in 64 percent of the samples. In the 305 households
where no smoking was reported, 8 percent of the infants’ urinary cotinine
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values were equal to or greater than 10 pg/L (on the basis of data in the
study, the authors defined the concentration of 10 pg/L as a reasonable esti-
mate of significant ETS absorption). Corresponding rates of urinary coti-
nine >10 pg/L were 44 percent in infants living in the 96 households where
a member other than the mother smoked, 91 percent for those in the 43
households where only the mother smoked, and 96 percent for those in the
74 households where both the mother and another household member
smoked.

2.6.4 Factors Influencing  Because data are not available to quantify trends in

Exposure to ETS ETS exposure in California, this section examines
trends in the prevalence of smoking, the results of legislative efforts to limit
smoking, and other factors contributing to ETS exposure of the nonsmoker.
Indirect evidence (e.g., smoking prevalence trends) suggests that exposure to
ETS in California is declining and that ETS exposure prevalence in
California may be lower than elsewhere in the U.S.

2.6.4.1 Smoking Prevalence Data from 1965 to 1985 show that there has been a

Trends: California versus U.S.  continual decline in smoking prevalence among U.S.
adults, with an annual rate of decline of 0.5 percent over that time period
and a 1.1 percent annual decrease between 1987 and 1990 (U.S. DHHS,
1989; CDC, 1992). In a 1991 survey of a representative sample of the U.S.
civilian population (18 years and older), 49.8 percent of the population
were ever-smokers and 25.7 percent were current smokers (CDC, 1993a).
Comparative data for the U.S. and California indicate that both smoking
prevalence and cigarette consumption are lower in California than in the
rest of the U.S., and that the annual rate of decline in California has been
somewhat more rapid over the last decade (Figures 2.6 and 2.7; Burns and
Pierce, 1992; Pierce et al., 1994; CDHS, 1996). Limited information is avail-
able to determine whether there have been corresponding decreases in ETS
exposures of nonsmokers, either nationwide or in California. Although
smoking prevalence is clearly related to ETS exposures, other factors associ-
ated with smoking behavior that contribute to exposure of nonsmokers
(e.g., location of smoking) must also be considered.

2.6.4.2 Smoking Prevalence Although overall trends in smoking prevalence and

Trends in Subpopulations other factors suggest that ETS exposure is decreasing,
this may not be true for all population subgroups, in addition, the rate of
decline may differ among different groups. Patterns of cigarette smoking in
the U.S. have shifted over the years among sex, race, educational, and
socioeconomic groups (Fiore et al., 1989; Pierce et al., 1989; U.S. DHHS,
1989; Overpeck and Moss, 1991), with differential impacts on ETS exposure
of the nonsmoker. As one example, although the overall prevalence rates
of smoking have declined among men and women during the last decade,
smoking has decreased at a slower rate among women. In 1991, it was
reported that the onset of smoking for females is occurring at younger ages
and until recently, smoking initiation was increasing for the least educated
females. As a result, the differential risk of ETS exposure of infants and
children may have changed because of the smoking patterns among
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women with higher than average birth rates and those who spend more
time with the developing child (Overpeck and Moss, 1991).

Teenagers are another important example of a population subgroup
with smoking prevalence trends that differ from overall trends. Smoking
prevalence among 16- to 18-year-olds declined fairly steadily from 1975
through 1981, and again from 1984 through 1988. After 1988, this trend
was reversed and smoking prevalence among California adolescents began
to increase; however, data for 1992 and 1993 indicate that the rising trend
may not be continuing (Pierce et al., 1994). This trend is significant
because the teen years are the time when most people who become smokers
start smoking. The age of smoking initiation in the U.S. has been declining
and now peaks among 16- to 18-year-olds (Pierce et al., 1994).

Hammond et al. (1995) measured occupational exposures to ETS in
25 diverse settings in Massachusetts, including offices and production areas,
to evaluate the effectiveness of smoking restrictions in the workplace.
Average weekly concentrations of nicotine, measured by 15 to 25 passive
samplers in each worksite, were used to indicate ETS exposure. The
researchers found that worksite smoking policies had a major effect on the
ETS exposure, with median nicotine concentrations lowered by a factor of 6
by smoking restrictions and by a factor of 30 by smoking bans in open
offices at worksites. Non-office worksites were similarly affected, with
restrictions lowering exposure by a factor of 3 and bans by a factor of 10.

2.6.4.3 Factors Affecting ETS  Within the last several years, there has been a major
Exposure in California: public health effort in California to reduce smoking
Proposition 99 Efforts prevalence and ETS exposure of the nonsmoker. These
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efforts are due, in part, to the Tobacco Tax and Health Protection Act
(Proposition 99) passed in 1988 by voters in California. The measure raised
the tax on cigarettes by 25 cents per pack, providing funding for a statewide
health education program to reduce tobacco use. Funds from this measure
have also supported the collection of data on smoking behavior; telephone
surveys of California households have been conducted using both cross-sec-
tional and longitudinal designs. These California Tobacco Surveys (CTS) as
analyzed by Pierce ef al. (1994) were the main sources used to estimate the
prevalence trends described below.

Analyses of CTS data to evaluate the effectiveness of programs
implemented as a result of the passage of Proposition 99 suggest that these
programs have been effective in reducing smoking prevalence (Burns and
Pierce, 1992; Pierce et al., 1994). Among adults, smoking prevalence in
California for the year before the tax increase (i.e., 1987) was 26.8 percent;
the 1990 estimate was 22.2 percent, a 17 percent decline in 3 years (Burns
and Pierce, 1992); the 19935 estimate is 16.7 percent (CDHS, 1996; Figure
2.6). More recent information indicates that the prevalence of smoking
among adults 20 years and older has dropped even further, to an estimated
19.1 percent in 1993, while for adolescents 16 to 18 years old, prevalence is
estimated to be 7.75 percent (based on 1990 data; Pierce et al., 1994). If the
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Figure 2.6
Adult Smoking Prevelance: California and the United States, 1965 to 1995
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Figure 2.7
Linear Trend in Per Capita Consumption of Cigarettes in California Before and After
Proposition 99 and Taxation Program
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decline in smoking prevalence observed in California between 1988 and
1993 continues through the 1990s, smoking prevalence among Californian
adults will be 10.2 percent by the year 1999. This rate of decline in smok-
ing prevalence will not achieve the California Department of Health
Services (CDHS) Tobacco Control Program’s legislatively set goal of a 75 per-
cent reduction in smoking prevalence (to 6.5 percent) by the year 1999
(Pierce et al., 1994). Although the decline in smoking may fall short of the
set goal, the program has been successful in reducing smoking prevalence
among adults; the 1993 prevalence level was 16 percent lower than it
would have been had the 1984 through 1988 pre-program trend continued.

A decline in per capita consumption of cigarettes in California has
also been observed from 1980 through 1993 (Figure 2.7). Similar to the
observations with respect to smoking prevalence, a sharp acceleration in
the rate of decline in tobacco consumption was observed at the time of the
Proposition 99 tax increase. As shown in Figure 2.7, the rate of change of
per capita consumption appears to have leveled off following an initial
rapid decline (Burns and Pierce, 1992). More recent information on ciga-
rette consumption indicates that per capita consumption in 1992 was 5.34
packs per month, 13.82 percent lower than the 6.23 packs per month pre-
dicted if consumption trends before the passage of Proposition 99 had con-
tinued through 1992 (Glasscock et al., 1992-93). Per capita cigarette con-
sumption dropped even lower in 1993 to 4.84 packs per month (Pierce et
al., 1994). These declines have been attributed to the 1988 tax increase and
subsequent tobacco education efforts.

Children have been a priority of the CDHS Tobacco Control
Program’s efforts to reduce ETS exposure and its associated health costs.
The home is the primary location of exposure of young children and efforts
have been made to reduce exposure at this location. Data available for the
last 2 years suggest that exposure of children is decreasing—in 1992, 75.5
percent of children 18 years of age and younger lived in a smoke-free
household; in 1993, this proportion had increased significantly to 80.4 per-
cent (p < 0.05; Pierce et al., 1994).

As indicated in Section 2.6.2, the workplace represents an important ETS

2.6.4.4 Factors Affecting ETS  exposure location in California. Over the last several
Exposure in California: years, an increasing number of workplaces have adopt-
Smoking Laws and Ordinances ed policies restricting smoking, and studies have
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shown that reported nonsmoker exposure to ETS decreases with increasing
degree of worksite restriction on smoking (Borland et al., 1992; Pierce et al.,
1994). More specifically, it is estimated that the percentage of indoor work-
ers with smoke-free workplaces (i.e., smoking is prohibited in all areas) near-
ly doubled in California, from 35 percent in 1990 to 65 percent in 1993; in
1993, the proportion of workers covered by at least a work-area ban on
smoking (i.e., smoking is prohibited in the work area) was 87.3 percent
(Pierce et al., 1994). Recent legislation (discussed below) can be expected to
further lower these numbers. Thus, the relative importance of the work-
place as an exposure location is expected to decline in California as more
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workplace restrictions are imposed through the enactment of new laws or
implementation of smoking policies by the private sector.

Data available for California and the United States suggest that
workplace exposure in California is less than in the country as a whole,
although the different time periods for which the data are available and the
rapid change in workplace smoking policies limit the conclusions that can
be made. Approximately 36 percent of workers (smokers and nonsmokers)
in California worked in a smoke-free worksite (data for 1990), as compared
to only 3 percent of workers in the U.S. population as a whole (data for
1986). Further, 71.3 percent of indoor workers in California reported some
type of work-site smoking policy in 1990, compared with only 45 percent
nationally in 1986 (Pierce and Hatziandreu, 1986).

In California, smoking in state-owned buildings and leased space,
state prisons and hospitals, and state-owned passenger vehicles was banned
in 1993 by Executive Order (W-42-93), with full compliance required by
December 31, 1993 (Gov. Code, Section 19994.30). Restrictions on smok-
ing in a wide range of workplaces in California went into effect on January
1, 1995, as the result of legislation (AB13 - Friedman) passed in 1994 and
signed by Governor Pete Wilson. This addition to the California Labor
Code (Section 6404.5) provides that “no employer shall knowingly or
intentionally permit, and no person shall engage in, the smoking of tobac-
co products in an enclosed space at a place of employment.” All restau-
rants are included under the statute. Private residences are not included
under the statute, except for those licensed as family day care homes, in
which case, the statute applies during the hours of operation and in those
areas where children are present. The law specifies other “places of employ-
ment” which are not covered, including (for example): portions of hotels
(designated lobby areas, guest rooms, and meeting rooms); bars and tav-
erns; cabs of trucks; warehouses; and certain places of employment where
tewer than five persons work. This workplace smoking prohibition could
have substantial impact on ETS exposures in California.

In addition to limitations on smoking in the workplace, an increas-
ing number of cities and counties in California have placed various types of
restrictions on smoking. These include restrictions on smoking in city- and
county-owned facilities, restaurants, workplaces, and other public locations;
also included are restrictions on the sale or promotion of tobacco products,
typically by restricting the location of vending machines, advertising, or
sampling activities. As of July 1994, 77 cities and 16 counties in California
have local ordinances which require all workplaces and all restaurants to be
100 percent smoke-free (Americans for Nonsmokers’ Rights, 1994). An
additional 72 California cities have ordinances requiring 100 percent
smoke-free workplaces, and 91 have ordinances requiring 100 percent
smoke-free restaurants (California Smoke-free Cities, 1994).

Smoking has also been prohibited in all day care centers and in pri-
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vate residences licensed as family day care homes during hours of operation
(ARB 615, 1993). A similar law, called the Pro-Children Act of 1994, was
passed on the national level which prohibits smoking in any health care,
day care, or early development services facility, and in facilities providing
kindergarten, elementary or secondary education, or library services to chil-
dren (HR 1804, Section 1041, 1994).

Finally, other less quantifiable changes in smoking

2.6.4.5 Other Factors Affecting behavior may also be contributing to changing pat-
ETS Exposure in California terns of ETS exposure of the nonsmoker. For exam-

ple, increased awareness of the potential health effects of ETS exposure and
increased willingness of nonsmokers to object to smoking in their presence
may result in changes in smoking behavior; for example, smokers may
refrain from smoking in the presence of children, or may confine smoking
to outdoor areas, even at home. Recent data indicate that half of all
Californians surveyed voluntarily made their homes smoke-free by 1993,
and 20 percent had some household smoking restrictions, where smoking
was permitted only in certain rooms or at certain times. The number of
smokers reporting a smoke-free home increased from 18.8 percent of those
surveyed in 1992 to 27.1 percent of those surveyed in 1993 (Pierce et al.,
1994). Smokers who had young children living in the home were more
likely than smokers living without children to report a smoke-free home.

ETS can be a major source of indoor air contaminants

2.7 CHAPTER SUMMARY in environments where smoking occurs. Composed of
AND CONCLUSIONS both sidestream and mainstream smoke, ETS contains
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over 50 compounds identified as carcinogens and five identified as develop-
mental and reproductive toxicants (under Proposition 65). Although
changes in cigarette design (e.g., filters) have had substantial impact on the
composition of mainstream smoke, these changes have had little impact on
the composition of sidestream smoke, the principal contributor to ETS.

In many indoor environments that have been monitored, ETS has
been detected, and studies consistently show that concentrations of a num-
ber of toxic and carcinogenic constituents (e.g., PAHs, nitrosamines) are ele-
vated in environments where smoking is allowed as compared to those
where it is not. Levels of ETS encountered by exposed nonsmokers, includ-
ing infants and children, during their daily activities are sufficiently high
that ETS constituents have been detected in their urine, blood, and saliva.

Although the presence of cotinine (and other biomarkers) in the flu-
ids of nonsmokers provides evidence of the degree of exposure to ETS, the
ratio of cotinine levels in ETS-exposed nonsmokers to those in smokers may
not be indicative of the exposure ratio for other ETS constituents. The ratio
of sidestream to mainstream emissions is not constant for all constituents,
and indoor air measurements suggest that different constituents are
removed from air at differing rates. In addition, differences exist in the
uptake and metabolism of individual constituents.
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Although nicotine and cotinine are typically used as markers of
exposure to ETS, a limited number of studies have examined other biomark-
ers more directly related to a biological effect. For example, hemoglobin
adducts of 4-aminobiphenyl (a human carcinogen) have been used as bio-
markers of exposure in some epidemiologic studies. More work is needed to
expand the use of biomarkers such as hemoglobin adducts of 4-amino-
biphenyl, which have relevance to the health effects under study.

Questionnaires, widely used in assessing ETS exposure, provide
accurate qualitative information on self-reported exposure to spousal,
parental, or other household smoking, although quantitative information is
less reliable. Because of the importance of the workplace and other indoor
locations for adult exposures, misclassification may occur when exposure
status is based solely on exposure at home. In addition, biomarker studies
have shown that a proportion of subjects reporting no exposure to ETS (at
work or at home) have measurable biomarker concentrations, indicating
that the subject either forgot or was not aware of actual exposure. Thus,
biomarker measurements may be useful in validating the questionnaire-
based exposure status of ETS-exposed subjects.

Californians spend a major portion of their time indoors, where
most exposure to ETS occurs. Estimates from surveys conducted in the late
1980s indicated that 43 percent of the nonsmoking adult population was
exposed to ETS on any given day. In these surveys, ETS exposure was
reported for approximately 40 percent of all children under the age of 12,
and for approximately 64 percent of nonsmoking adolescents. The most
significant location of exposure for adult nonsmokers was the workplace,
although other locations (home, other indoor, and outdoors) were also
important. For infants and children, the home was the most significant
exposure location. Thus, at the time of these surveys, a significant propor-
tion of the California population was exposed to ETS.

Overall trends in smoking prevalence and other factors, including
an increasing number of restrictions on smoking in the workplace and pub-
lic locations, suggest that exposure to ETS is decreasing in California. These
decreases can be attributed, in part, to programs implemented under
California’s Proposition 99, passed in 1988; further decreases are expected
due to the passage of AB 13, effective in January 1995, which restricts
smoking in most workplaces. Lower rates of smoking and per capita con-
sumption of cigarettes in California as compared to the entire U.S. suggest
that exposure to ETS is lower in California than nationwide. However, cer-
tain subpopulations (e.g., low income women, teenagers) may be experienc-
ing different smoking trends that may affect ETS exposure rates of others
(e.g., infants). Because the teen years are the time when most people who
become smokers start smoking, continued surveillance of this subspopula-
tion is needed to identify public health efforts which will further reduce
ETS exposures in California.
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Despite the decreasing prevalence of ETS exposure of California
nonsmokers due to increasing restrictions on smoking in the workplace and
public locations, exposure of young Californians, especially infants and
young children, is of continuing public health concern. The timing and
routes of infants’ exposure to tobacco smoke constituents are unique in
that infants can be exposed prenatally if the mother smokes or is exposed
to ETS during pregnancy; postnatal exposure may occur directly through
inhalation and indirectly from ingestion of breast milk. Studies of nursing
infants indicate that mother’s milk contributes significantly to urinary coti-
nine levels in nursing infants. It is possible that other ETS constituents are
also present in breast milk and ingested by the infant. Persons exposed as
infants to potentially large doses (relative to their small bodyweight) of the
carcinogenic constituents in ETS may face a relatively higher risk due to
this early exposure. Those exposed in utero and in early life to the develop-
mental toxicants found in ETS may be at higher risk for a number of nega-
tive health outcomes. With the home as the most significant ETS exposure
location for these age groups, educational efforts for women who are preg-
nant (or plan to become pregnant) and their partners about reducing their
children’s ETS exposure are warranted.

The potential adverse health effects resulting from these exposures
are addressed in the other chapters of this assessment.
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Developmental Toxicity 1:
Perinatal Manifestations

3.1 INTRODUCTION This chapter reviews the evidence on the impact of ETS expo-
sure during pregnancy on: 1) fetal growth, including decreased birthweight,
growth retardation, or prematurity; 2) fetal loss, including spontaneous
abortion and perinatal mortality; and 3) congenital malformations. The
review of each of these three categories of outcome begins with a brief dis-
cussion of studies which assessed the effect of active smoking by the moth-
er during pregnancy. Although the impact of active smoking on develop-
ment is not the topic of this document, it provides a context within which
to consider the possible effects of ETS exposure. The brief discussion of
active smoking effects is followed by detailed descriptions of epidemiologic
studies relating ETS exposure to the specific outcome. Pertinent animal
studies are then described. Each review concludes with a discussion of the
overall evidence from animal and epidemiological studies for adverse
impacts of ETS.

3.2 FETAL GROWTH By far the majority of epidemiologic studies on perinatal
effects of ETS exposure have investigated fetal growth, and most of these
studies have focused on birthweight. Technically, fetal growth should be
measured by comparing size at a number of time intervals. However, meas-
ures at birth are commonly used as surrogates. Those measures include
mean birthweight, low birthweight (LBW, <2500 grams), and intra-uterine
growth retardation (IUGR), which is defined as less than the tenth per-
centile of weight for gestational age. The LBW category includes infants
that are growth retarded or small for their gestational age, as well as infants
who are not growth retarded but were born prematurely. These outcomes
may result from different etiologies, therefore some investigators examine
LBW (or IUGR) in term births only; pre-term births are also examined as a
separate category. Examining IUGR over the range of gestational ages (22-
42 weeks) provides more power than examining only LBW at term. Because
a portion of the “normal” population will fall into the IUGR category, how-
ever, there is some question as to what extent this categorization measures
“abnormality” (Stein and Susser, 1984).

3.2.1 Overview of Fetal Smoking by the mother during pregnancy has long

Growth and Maternal been considered an important independent risk fac-

Smoking During Pregnancy tor for decreased infant birthweight. The association
was first reported in 1957, and the weight of evidence indicates a causal
effect (Stillman et al., 1986; U.S. DHHS, 1980). Infants of active smokers
typically have a mean birthweight 150-200 grams less than those of non-
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smokers and are twice as likely to be of low birthweight. The reduction in
birthweight does not appear to be due to more pre-term births; rather,
infants are growth retarded at all gestational ages. There is evidence that
other growth measures, such as length and head circumference, are also
reduced in infants of smokers.

The effect of smoking may result primarily from exposure to carbon
monoxide and nicotine. Carbon monoxide can cause fetal hypoxia, for
which the fetus is physiologically unable to adequately compensate
(Stillman et al., 1986; U.S. DHHS, 1980). Nicotine leads to decreased utero-
placental perfusion and also crosses the placenta to affect the fetal cardio-
vascular system as well as the gastrointestinal and central nervous systems
(Stillman et al., 1986). Other constituents of cigarette smoke (e.g., toluene,
cadmium) have been shown to produce fetal growth deficits (Donald et al.,
1991; OEHHA, 1996). All of these compounds are also present in ETS.

3.2.2 Human Studies Many of the early epidemiological studies of ETS exposure
of Fetal Growth and and fetal growth did not adjust for confounders. When
ETS Exposure examining fetal growth, a number of co-variables should be

considered initially, including: maternal age, race, parity or prior reproduc-
tive history, maternal smoking, socioeconomic status, and/or access to pre-
natal care. Few studies have information on maternal stature or weight
gain, but these are also important determinants of fetal weight, as are cer-
tain illnesses, complications of pregnancy, and gender of the infant.
Gestational age at delivery is the strongest predictor of birthweight.
Multiple births are much more likely to result in lower birthweights, so
study populations are often limited to singleton births. Although many
factors may be related to birthweight, their distribution by ETS exposure
status must vary in order for them to confound an association of ETS and
birthweight. A confounder in one study population is not necessarily a
confounder in another.

The descriptions of the epidemiological evidence on fetal growth
are presented by exposure measure (i.e., home exposure, home and work
exposure, biomarkers). The numerous studies on exposure to ETS in the
home are presented in two different subsections, one on mean birthweight,
the other on growth retardation or prematurity.

3.2.2.1 Home ETS Exposure  All but one of the studies of the impact of ETS exposure
and Mean Birthweight in the home on mean birthweight found a decrement
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in mean birthweight, although in about half, the decrement was small
(Table 3.1; Figure 3.1, top). A few early studies found little effect, but none
of them controlled for confounders or performed much statistical analysis.
Of the studies conducted in the last decade, seven found decrements rang-
ing from 30 to 200 grams while four found very little association with
paternal smoking, and weight decrements of less than 20 grams. Two of
the four which found little association were based on selected populations
(e.g., offspring of twins); this may have introduced some bias and affected
the generalizability of the results (Magnus et al. 1984; MacArthur and Knox,



Chapter 3

Table 3.1

Studies of Birthweight and ETS Exposure Defined by Paternal Smoking Status

Authors (year)
Country

Study Design

Difference in Mean Birthweight
by Exposuret!

MacMahon et al. (1966)
U.S. (Massachusetts)

Comstock & Lundin (1967)
U.S. (Maryland)

Underwood et al. (1967)
Worldwide

Borlee et al. (1978)
Belgium

Magnus et al. (1984)
Norway

Rubin et al. (1986)
Denmark

MacArthur & Knox (1987)
England

Retrospective mail
guestionnaire

(12,192 white singletons)
(5,935 maternal nonsmokers)

Special census linked to vital
records (448 births)

Naval records of labor and
delivery; cross-sectional
(48,505 singletons with
24,674 maternal nonsmokers)
Retrospective interview (175
normal live births,

202 malformed)

Retrospective interview of
twins (parents of offspring stud-

ied)
(3,130 families; 5,188 births)

Interview at delivery
(500 term live births >2,000g)

Unknown
(180 mothers who quit smoking
in pregnancy)

-22g (-57-13) females
-20g (-55-15) males

-28g for pipe/cigar (ns)
no consistent effect by amount
-42g (no statistics provided)

-7 to -3g, by amount smoked

-228g (-429.0 to -26.7) crude
(p = 0.06 for paternal smoking
impact analysis that controlled for
maternal smokers)?
Regression for categories of
about 10 cigs/day:
crude: -48g (-65 to -31)
adjusted for maternal
smoking?: -5g (-23-13)
Adjusted for maternal smoking:
-6.1g/cig (-12 to -0.2)?

-120g/pack
-14g crude

not significant in an analysis for
the effect of paternal smoking

1 All effect measures assessed in nonsmoking mothers unless otherwise specified (e.g., "smoking
adjusted”). All 95 percent confidence intervals calculated by reviewers from available data. ns =
not statistically significant (p > 0.05).
2 Control for at least some confounders (see text discussion of studies).
3 Based on living with a household smoker, not only the spouse.
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Table 3.1 (Continued)

Authors (year)
Country

Study Design

Difference in Mean Birthweight
by Exposuret!

Schwartz-Bickenbach et al.
(1987)
Germany

Campbell et al. (1988)
England

Brooke et al. (1989)®
England (London)

Chen et al. (1989)3
China (Shangai)

Saito (1991)
Japan

Mathai et al. (1990)?
England (Liverpool)

Mathai et al. (1992)
India (Vellore)

Zhang & Ratcliffe (1993)
China (Shangai)

Martinez et al. (1994)
U.S. (Arizona)

Interview at delivery

(54 pairs-smoke and not,
followed while breast-feeding)
Interview 1 month post-delivery
(518 white singles)

Prospective interview
(1,513 white births with

1,018 nonsmokers)

Retrospective mail
questionnaire (1,058 births)

Interview at infant care visit
(3,000 couples)

Prospective interview
(285 white singles)

Interview
(994 singletons)

Interview post-delivery
(1,785 singleton term births)

Interview at delivery
(1,219 births, 907 nonsmokers)

-205g (-440-30.1), crude

-113g (-216 to -8)2
(from regression after adjusting
for maternal smoking)
-18g or 0.5% reduction
(p = 0.56)

-11g (-81.9-64.1)
paternal smoking <10/day

-15g (-94.5-64.5)
any other smokers =10/day
adj made no difference?
no dose effect
Smoke any: -33.4g (-66.3 to -0.5)

For 40 cigs/day:
-111g (-191.0 to -31.7), crude

-669g (-213.0-81.1), crude

-63g (-114g to -12)?

-30g (-66-7)2
-62g for 15-19 cigs/day
but +32 for >20/day

-34g (-63 to -5)? per 10 cigarettes

1 All effect measures assessed in nonsmoking mothers unless otherwise specified (e.g., "smoking
adjusted”). All 95 percent confidence intervals calculated by reviewers from available data. ns =
not statistically significant (p > 0.05).
2 Control for at least some confounders (see text discussion of studies).
3 Based on living with a household smoker, not only the spouse.

1987). Similarly, one which found the greatest weight decrement also stud-
ied a select population (Schwartz-Bickenbach et al., 1987). The studies are
described in chronological order below.

MacMahon et al. (1966)

MacMahon et al. (1966) studied a large sample of live births

by sending their mothers a questionnaire to ascertain parental smoking
habits during the calendar year in which the pregnancy started. Overall,
the study found an 86.8-gram decrement associated with any paternal
smoking for female infants, with a slightly lower decrement for male
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Figure 3.1
Summary of Differences in Mean Birthweight and 95% Confidence Intervals Between
ETS-Exposed and Unexposed Pregnancies by ETS Definition and Study Size*
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infants (-78 grams). Limiting the analysis to nonsmoking mothers, a crude
22-gram decrement for female infants was associated with paternal smoking
and a 20-gram decrement for males (Table 3.1). There was no evidence of a
dose-response effect. Paternal pipe or cigar smoking was associated with
similar decrements, on the order of 20-30 grams.

Comstock and Lundin (1967)  In a study of Maryland vital records, Comstock and

Lundin (1967) noted that the mean birthweight of infants with smoking
fathers and nonsmoking mothers was 42 grams less than that of infants
whose parents both did not smoke. In addition to a lack of statistical
analysis, this study ascertained smoking status from a special census and
thus was not specific to the pregnancy.

Underwood et al. (1967) Underwood et al. (1967) published a large study of newborns

Borlee et al.

delivered in naval installations worldwide. The greatest limitation of this
study is the unusual ascertainment of smoking status; it was obtained from
the physician attending the birth in the various labor and delivery rooms.
Examining infants whose mothers did not smoke, the authors found that
mean birthweight was decreased only 3-7 grams depending on the amount
smoked by the father. However, from a figure in the report it appeared that
heavy (>30 cigarettes/day) paternal smoking had a greater effect on birth-
weight in infants born before 35 weeks (about a 100-gram decrement),
although the authors did not comment on this. No confounders were con-
sidered in this analysis.

(1978)  Borlee et al. (1978) examined birthweight and body measurements
of infants from a hospital-based, case-control study of congenital malforma-
tions conducted in Belgium. The authors appear to include the malformed
children in most of the analyses, which may make the results less generaliz-
able. Mean birthweight of infants born to nonsmoking mothers was
decreased by 228 grams if the father smoked before conception. Among
infants of smoking mothers, those with smoking fathers were heavier than
those with nonsmoking fathers, but this finding is based on only 14 infants
with nonsmoking fathers and smoking mothers, so is not reliable. Length
and head circumference varied little by paternal smoking status. Using the
entire study group for an analysis of variance with a few co-variables (mal-
formation, prematurity, maternal tobacco use), there was an association
between paternal smoking and birthweight (p < 0.06), but the adjusted dit-
ference was not presented. Other important potential confounders identi-
fied by the authors were not taken into account. The magnitude of effect of
ETS exposure seems implausibly large, but the decrement in mean birth-
weight associated with active maternal smoking, among infants of non-
smoking fathers, was much greater still (e.g., -561 grams, crude difference).

Magnus et al. (1984) Magnus et al. (1984) studied causes of variations in birthweight
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in offspring of adult twins in Norway. This is a select population (offspring
of parents who are twins), and the generalizability of the results is unclear.
The authors assumed that smoking status at interview reflected habits dur-
ing childbearing years. There are few data on this topic, for fathers in par-
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ticular. However, some decrease in smoking during the 10-15 years since
some of the study births would be expected. Fathers who smoked during
the target pregnancy but not at the later interview, would be included as
nonsmokers, diluting any effect. In a bivariate regression, paternal smoking
was associated with a 48-gram decrement in birthweight (p < 0.01). Ina
multiple regression analysis that included maternal smoking and some
other covariates, paternal smoking was only associated with a 5-gram decre-
ment (Table 3.1). Maternal smoking remained significantly associated with
birthweight decrements.

Karakostov (1985) In a study conducted in Bulgaria, Karakostov (1985) reported an

Rubin et al.

84-gram weight decrement in infants of women exposed to ETS during
pregnancy compared to infants whose parents were both nonsmokers. The
measure of variability in birthweight is unclear; it is presented as the stan-
dard deviation, but because it is so small (i.e., 60 to 80 grams) it appears to
be the standard error. Assuming the latter, the confidence interval is wide
(95% CI = -280 to 111). Mean length was decreased by about one-half cen-
timeter. No confounders were controlled.

(1986) In 1986, Rubin et al. reported a positive association between birth-
weight and paternal smoking which spurred many of the subsequent stud-
ies. Five hundred Danish women were interviewed shortly after delivery
regarding smoking by fathers and other household members. Births were
all greater than 2,000 grams and 35 weeks gestation, so they represent a rel-
atively healthy group a priori. Maternal and paternal smoking were highly
correlated; both variables were examined together in regression models.
Adjusting for many co-variables (but not maternal height or weight), the
independent decrement in birthweight per cigarette (or cigar or pipe bowl)
smoked daily by the father was 6.1 grams (p < 0.03). This yields about a
120-gram decrement for smoking a pack of cigarettes each day. The associa-
tion appeared to be greatest in the lower social classes, although no interac-
tion terms were included in the regression models. The decrement seen
with maternal smoking was 9.2 grams per cigarette per day (adjusted for
paternal smoking and other variables).

MacArthur and Knox (1987) A second study with a highly selected sample was report-

ed in a letter to Lancet. MacArthur and Knox (1987) focused on 180
women who reported that they stopped smoking during pregnancy, a group
unlikely to be representative of nonsmokers. Some data related to paternal
smoking were provided, but not information about the study from which
the data were derived or the statistical methods used. As maternal and
paternal smoking are usually correlated, it was somewhat surprising that
there was no reported difference in the mean amount smoked before preg-
nancy by women whose partners smoked compared to women whose part-
ners did not. The authors found only a 14-gram decrement in mean birth-
weight if the father smoked. They indirectly standardized the birthweight
distributions of each paternal smoking group for maternal height and pari-
ty, and for sex and gestational age of the infant, and noted a 123-gram
excess if the father smoked. However, both groups had an “excess” birth-
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weight (100 grams among infants of nonsmoking fathers and 223 grams
among those of smoking fathers) relative to an unspecified comparison
group. The excess in both groups may indicate that women who stop
smoking adopt other healthy behaviors that contribute to a healthier out-
come, or that this group of women is not comparable to the general popu-
lation.

Schwartz-Bickenbach et al. (1987)  Schwartz-Bickenbach et al. (1987) reported on a

small study in Berlin of mothers who intended to breast feed their infants;
they compared infant development in pairs where one mother smoked dur-
ing pregnancy and the other did not. Among the nonsmoking women (n =
54), about half had a spouse who smoked. Those infants with smoking
fathers and nonsmoking mothers weighed on average 205 grams less than
infants whose parents did not smoke (Table 3.1). This is a large decrement
in weight, but the decrement associated with maternal smoking was on the
order of 400 grams. There was no statistical comparison of these weight
differences. Assuming that the variability index in the published table is
the standard deviation, the p-value for a f test of the weight decrement
associated with exposure to ETS would be 0.095. There was no difference in
head circumference by parental smoking habits but there were slight differ-
ences in body length. The magnitude of effect of paternal smoking was
about half that of maternal smoking at 1.1 cm (95% CI = -2.3-0.1). This
population was highly selected, and no confounding variables were con-
trolled.

Campbell et al. (1988)  Campbell et al. (1988) examined the effect of ETS exposure in

a population-based sample of births that occurred in Southampton,
England. The mothers were interviewed one month after delivery. In
infants of maternal nonsmokers, the authors found a crude weight differ-
ence of -73 grams associated with paternal smoking. In a multiple regres-
sion analysis adjusting for maternal smoking, age, alcohol consumption,
and social class, current paternal smoking status was associated with a 113-
gram decrement in birthweight, about one-half the effect of maternal smok-
ing (-253 grams) in all births (Table 3.1). The greatest decrement in weight
was seen when both parents smoked. This appears to be a well-conducted
study, but the inclusion of maternal smokers in the regression analysis com-
plicates its interpretation.

Brooke et al. (1989)  Brooke et al. (1989) reported a thorough prospective study of fac-
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tors influencing birthweight, which was conducted in London. Smoking
habits were ascertained at registration for prenatal care and at 28 and 36
weeks gestation. The ETS exposure variable was defined as any smokers
(other than the mother) in the household. Birthweight was expressed as a
ratio of observed birthweight to expected mean birthweight for gestational
age. That ratio was then adjusted for parity, maternal height, and infant
sex. In infants of nonsmoking mothers, those with ETS exposure had a 0.5
percent reduction in the birthweight ratio; among infants of smoking
mothers with ETS exposure, there was a one percent reduction. This corre-
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sponded to a difference in mean birthweight (adjusted to 40 weeks) associ-
ated with ETS exposure of 18 grams in nonsmokers and 39 grams in smok-
ers.

Chen et al. (1989) Chen et al. (1989) reported a retrospective study of all births
occurring during a 6-month period in 1981 in an area of Shanghai, China.
One advantage of this study is that none of the interviewed mothers were
smokers; disentangling the correlation of spousal smoking habits is there-
fore not an issue. ETS exposure estimates were based on the daily cigarette
consumption by the spouse and other family members. The proportion of
mothers exposed to ETS (72 percent) was higher in this study than in most
other studies. Mean birthweight was decreased only 9-11 grams, depending
on the amount smoked by the spouse (1-9 or 210 cigarettes/day; F = 0.3, p =
0.74) and was decreased 4-15 grams, depending on the amount smoked by
all family members (F = 0.7, p = 0.92). The authors stated that adjusting for
multiple confounders (gender, parity, education, maternal age, and income)
did not change the results. Two potential confounders not available were
maternal height and weight, which may not be as variable in China as in
the U.S.

Saito (1991) A study from Japan (Saito, 1991) examined the smoking habits of
about 3,000 couples who brought their infants into a large Tokyo medical
center for care during 1987. The majority of women did not smoke during
their pregnancy and about half the fathers smoked. Among infants whose
father smoked but whose mother did not smoke during pregnancy, there
was a decrement in mean birthweight of 33.4 grams (p < 0.05) compared to
infants of nonsmoking parents (Table 3.1). Among infants whose parents
both smoked, the mean birthweight was further decreased 66 grams (or
about 100 grams total). The author found a dose-response effect by amount
the father smoked, with a weight decrement of 111 grams (p < 0.01) among
infants of fathers who smoked 40 or more cigarettes per day. In this later
analysis, the author appears to include couples in which the mothers also
smoked. Such couples do not comprise a large portion of the sample (per-
haps 8 percent), but nevertheless, a direct effect of maternal active smoking
may have influenced the dose-response results. The author further found
that the weight decrement was slightly greater among female (126.5 grams)
than among male infants (94.3 grams) of heavily smoking fathers. This
gender differential was even more striking for weight decrements seen with
active maternal smoking. In addition to including smoking mothers in
some analyses, this study is limited because it did not control for any con-
founders, despite reporting that smoking levels varied by age, education,
and paternal occupation.

Mathai et al. (1990 and 1992)  Mathai et al. (1990 and 1992) conducted two studies
in different populations and obtained similar results (Table 3.1). The first
study was conducted prospectively among 285 white women attending a
prenatal clinic in Liverpool, England in 1987 (Mathai ef al., 1990). Fifty-
four women (19 percent) were nonsmokers who lived with a smoker and
were thus considered exposed to ETS. Their infants had a mean weight
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decrement of 66 grams compared to non-exposed nonsmokers; this differ-
ence was not statistically significant, but it was based on small numbers.
No confounders were controlled in the analysis. A subsequent, improved
study (Mathai et al., 1992), designed specifically to examine ETS exposure in
a population with few women smokers, included 994 mothers of singletons
born in 1990 in Vellore, India. The timing of interview was not specified,
but appears to be after delivery. None of the women used tobacco, but 52
percent lived with smokers and were considered to be exposed to ETS. ETS
exposure was crudely associated with a 55-gram decrement in mean birth-
weight. Adjusting for multiple confounders (maternal age, height, parity,
social class, gestation, and infant sex), the mean decrement was 63 grams (p
=0.015). No information on a dose-response relationship was available.

Zhang and Ratcliffe (1993) Zhang and Ratcliffe (1993) examined the effects of pater-

nal smoking on live births who had served as controls in a study of birth
defects. Among singleton term births of nonsmoking women in Shanghai,
there was a crude weight decrement of 26 grams associated with paternal
smoking. Adjustment for parity, maternal age, gestational age, and moth-
er’s occupation by multiple linear regression yielded a decrement of 30
grams (95% CI = -66-7). There was a nonlinear trend by amount smoked,
with greater adjusted weight decrements seen up to 19 cigarettes/day, but
an increase in weight at higher levels (20 or more cigarettes/day, Table 3.1).
The confidence interval at the higher level of paternal cigarette consump-
tion overlapped with the decrements estimated at lower smoking levels.
The non-monotonic trend in dose-response may be due to chance, inaccu-
racy in reporting of paternal amount by their spouses, or a confounding
variable not taken into account. The paternal smoking ascertained appeared
to reflect usual smoking status, not necessarily that during pregnancy.

Martinez et al. (1994)  Martinez et al. (1994) studied enrollees of the Tucson
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Children’s Respiratory Study, conducted in a large health maintenance
organization in Tucson, Arizona. Information (including birthweight) was
obtained by nurses while the mothers were in the hospital following the
births. Each parent was given a questionnaire to answer about his or her
own smoking habits, and the person’s current smoking habit was used to
estimate the amount smoked during pregnancy; this was possible because
the current status was obtained so soon after delivery. Among the 992 non-
smoking mothers, infant birthweight significantly decreased with increas-
ing paternal smoking; infants whose fathers smoked more than 20 ciga-
rettes per day had a mean weight decrement of 88 grams. Maternal smok-
ing of more than 20 cigarettes per day was associated with an average 273-
gram decrement. In a multiple regression analysis adjusting for gestational
age, gender, race, parity, education, and maternal age, paternal smoking was
associated with a 34-gram decrement for each additional 10 cigarettes
smoked per day (coded as an ordinal variable: O = none, 1 = one to ten, 2 =
11 to 20, 3 = greater than 20 cigarettes per day; Table 3.1). Duration of
pregnancy was not affected by the smoking habits of either parent.
Cotinine measured in cord blood for a subsample indicated that perhaps
1.5 percent of the women were smokers misclassified as nonsmokers. The
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two women thus misclassified had nonsmoking spouses, so it is not clear
that such misclassification would necessarily lead to finding a greater
weight decrement with ETS exposure, which is a common criticism of stud-
ies of ETS. Detection of cord blood cotinine was reported to be strongly
correlated with the number of cigarettes smoked by the father. Minor limi-
tations of this study are the lack of information on other potential con-
founders such as alcohol consumption, and the use of smoking habits
reported after delivery to represent smoking during pregnancy; however, it
is unlikely that women who smoked during pregnancy would quit after
delivery.

3.2.2.2 Home ETS Exposure Several of the studies mentioned above, as well as some

and Low Birthweight, additional ones, examined the impact of spousal smoking
Growth Retardation or status on low birthweight, growth retardation, or prema-
Prematurity turity (Table 3.2; Figure 3.2, top). These studies are

described below. Low birthweight was defined as less than 2,500 grams in
all but one study. For the most part, odds ratios or similar measures indi-
cating ETS impacts were of a magnitude of 1.5 or less; some studies found
evidence of dose-response trends.

Underwood et al. (1967) 1In a large study of births in naval institutions (discussed

above), information on parental smoking status was obtained from the
attending physician (Underwood et al., 1967). The authors reported little
difference in rates of LBW or prematurity (<36 weeks) by amount smoked
by the father, among births of nonsmoking mothers (Table 3.2). Based on
the data provided, odds ratios were calculated as 0.9 for any paternal smok-
ing and 1.05 for smoking over 30 cigarettes per day for either LBW or pre-
maturity (Table 3.2). The reliability of the smoking information is unclear,
particularly given the means of ascertainment of smoking status and the
number of institutions involved. However, the finding of a dose-response
relationship for maternal smoking and LBW, as expected, provides some
confidence in the classification of smoking status. No confounders were
controlled.

Terris and Gold (1969) A study (Terris and Gold, 1969) sometimes cited in the litera-

ture has not been included in the tables or figures. It was a case-control
study of LBW among black births, with controls matched by infant sex and
birth order as well as by maternal age and marital status. The main prob-
lem with the study is that no separation or control of maternal smoking
was attempted in considering paternal smoking. Smoking was more fre-
quent among mothers of LBW cases, but paternal smoking status varied lit-
tle between cases and controls.

Yerulshalmy (1971)  Using data from the large, prospective Child Health and

Development Studies conducted among members of the Kaiser Foundation
Health Plan, Yerulshalmy (1971) examined the effect of parental smoking
on fetal growth. He found that the proportion of LBW infants from preg-
nancies in which the husband smoked was increased significantly com-
pared to those in which the husband did not smoke. When stratified by
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Table 3.2
Studies of Fetal Growth and Exposure at Home, Defined by Paternal Smoking Status
Study Odds Ratios (with 95% CI)*

Authors (year) Study Design Low Birth Weight (LBW) IUGR/SGA Preterm
Location
Underwood et al. (1967)* Naval records of labor and delivery 0.9 (0.8-1.0) any - 0.9 (0.8-1.0) any
Worldwide (24,674 nonsmoking mothers) 1.05 (0.82-1.3) >30 cigs 1.05 (0.8-1.3) >30 cigs
Yerulshalmy (1971)* Prospective study of Kaiser 0.9 (n.s.) mother nonsmoker -- -
US (N. California) members (9,793) 1.4 (p < 0.05) mother smoker
Mau & Netter (1974)! Prospective interview 1.4 (1.0-1.9) 1.2 (0.9-1.7) 1.2 (0.9-1.6)
Germany (5,183; 3,696 nonsmokers) >10 cigs/day >10 cigs/day  >10 cigs/day
Nakamura et al. (1988)  Prospective interview 1.4 (0.9-2.2)° 1.2 (0.8-2.0) 1.2 (0.8-1.8)
Japan (Osaka) (2:371 nonsmokers) In non-working women:

1.7 (1.0-2.9)° 1.4 (0.8-2.4) 1.1 (0.7-1.8)
Chen et al. (1989)2 Retrospective, self-administered 1.5 (0.75-3.2) -- -
China (Shanghai) (1.163)
Saito (1991)! Retrospective interview -- 1.3(1.1-1.5) 1.0 (0.8-1.3)
Japan (Osaka) (3,000 couples)
Mathai et al. (1992)!2 Interview, but timing unclear 1.0 (0.4-2.3) - 1.6 (0.8-2.9)
India (994) (LBW defined as <2,000g)
Zhang & Ratcliffe (1993) Interview post-delivery - 1.1 (0.83-1.5) -
China (Shanghai) (1,785 term births of nonsmokers)

1 Odds ratio and/or confidence intervals estimated from published data, not published by original authors.
2 Based on any household smoker, instead of only paternal smoker.
3 Controlled for confounders.
4 “n.s.” indicates lack of statistical significance at p = 0.05
IUGR—Intrauterine Growth Retardation;, SGA—Small for Gestational Age; LBW measured at term.
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Figure 3.2
Odds Ratios and 95% Confidence Intervals for the Association of Low Birthweight
(or IUGR) and ETS, by ETS Definition and Study Size*
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maternal smoking status, this association was apparent only among preg-
nancies in which the mother also smoked; the highest rates of LBW
occurred where both parents smoked during pregnancy. Calculating a rate
ratio for LBW and paternal smoking yielded 1.4 among smoking mothers
(reported p < 0.05) and around 1.0 among nonsmoking mothers. The raw
data were not presented in this paper, nor was there any control for con-
founding.

Mau and Netter (1974)  Mau and Netter (1974) reported data on parental smoking

and a number of fetal growth parameters from a large, prospective study
conducted in Germany. They examined rates of [IUGR, prematurity, and
LBW by amount smoked by the father among 3,696 pregnancies of non-
smoking mothers. About 44 percent of these pregnancies were exposed to
paternal smoking. The investigators found slight increases in each outcome
among infants of fathers who smoked more than 10 cigarettes per day, but
none of the chi-square tests for the distribution of amount of paternal
smoking by each pregnancy outcome was statistically significant. The
authors standardized the “value of expectation” for paternal age, so it is not
clear whether the rates and numbers in the tables represent raw data and
can be used for confidence interval calculations (as we did in Table 3.2).
Nevertheless, focusing on the fathers who smoked more heavily, the rate
ratios were 1.2 for IUGR and prematurity and 1.4 for LBW (Table 3.2). No
confounders other than paternal age were controlled in these analyses.

Nakamura et al. (1988)  Nakamura et al. (1988) conducted a prospective study of

pregnancies during 1984-1986 in Osaka, Japan. The authors noted that the
percentage of males who smoked (67 percent) was one of the highest in the
developed world, whereas few females smoked (13 percent), so the rate and
intensity of ETS exposure may be greater than elsewhere. They examined
the rates of LBW, LBW at term (also referred to as small for gestational age,
or SGA), and prematurity. Focusing on nonsmoking mothers only, the
crude rates for positive paternal smoking status were increased for LBW (OR
= 1.5), and slightly for pre-term and SGA births (OR = 1.2). The investiga-
tors adjusted for a variety of potential confounders in a logistic regression
model. The adjusted relative risk for LBW was 1.4 (95% CI = 0.9-2.2; Table
3.2). Because they had no information on ETS exposure at work, the inves-
tigators also performed an analysis in non-working women so that exposure
would be less likely to be misclassified. The adjusted relative risk for home
exposure and LBW in this group was significantly elevated: 1.7 (95% CI =
1.0-2.9). The authors noted that residence size was small in this area,
which may have resulted in ETS exposures of relatively high intensity.

Chen et al. (1989)  The retrospective study reported by Chen et al. (1989) discussed
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above, which was conducted in Shanghai, also reported a high prevalence
of male smokers (58 percent) and no female smokers. The authors found
no evidence of a dose-response relationship of amount smoked by the
father or by all household members to rates of LBW, nor did consideration
of a few confounders change the results (adjusted data not presented).
Combining results across all categories of paternal smokers, a crude odds
ratio of 1.5 (95% CI = 0.75-3.2) was calculated for LBW.
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Saito (1991)

In the study of Japanese couples discussed above, Saito (1991) exam-
ined the rate of “small for dates” (SFD), which was defined as a weight less
than 1.5 standard deviations below an established population mean. The
rates of SFD were slightly increased among infants of smoking fathers and
nonsmoking mothers (calculated OR = 1.3; p < 0.05; Table 3.2). The only
stratified analysis conducted was by paternal education, which appeared to
confound slightly the relationship of SFD and paternal smoking. Paternal
smoking of 20 or more cigarettes per day increased the rate of SFD within
both categories of paternal education, by about 40 percent (p < 0.05), com-
pared to infants of fathers who smoked less or not at all. The rate of pre-
maturity did not vary by paternal smoking status.

Mathai et al. (1992) The Mathai et al. (1992) study of 994 East Indian births in

Vellore discussed above also examined prematurity and LBW by whether
the mother lived with a smoker. The authors reported that 52 percent of
births were thus exposed to ETS. The outcome variable was limited to
lighter (<2,000 grams) babies than the usual definition for LBW, and the
authors found no difference in these rates of LBW by mother’s ETS expo-
sure (Table 3.2). The rate of prematurity was increased somewhat with ETS
exposure (OR = 1.6, 95% CI = 0.82-2.9). No confounders were considered
in the analysis of these outcomes.

Zhang and Ratcliffe (1993)  In the Zhang and Ratcliffe study (1993) of infants of non-

smoking Chinese women discussed previously, the rates of LBW at term
and IUGR were similar whether the father was a smoker or a nonsmoker
(crude RRs = 1.07 and 1.11, respectively; Table 3.2). No consistent dose-
response trend was seen with amount smoked. No confounders were con-
sidered in this analysis.

3.2.2.3 Home and Work  Fewer studies have examined fetal growth in relation to ETS
ETS Exposure and Fetal ~ exposures defined by something other than paternal smok-

Growth

ing status, so all outcomes are grouped together in this sub-
section. All of these are recent and thus tend to reflect today’s higher
methodologic standards. Four studies published in 1995 are reviewed as an
addendum at the end of this section. Generally, these studies found associ-
ations between ETS exposure and fetal size of smaller but more consistent
magnitudes than the paternal smoking studies (Table 3.3).

Martin and Bracken (1986) In 1986, Martin and Bracken published results from a

widely cited prospective study of 3,891 pregnancies ending in livebirths
between 1980-82 in Connecticut (Table 3.3). Passive smoking (ETS expo-
sure) was defined as being exposed to someone else’s cigarette smoke for at
least 2 hours per day, either at home or at work. However, it is not clear
whether this was asked as a “yes/no” question or whether data were pooled
from a few questions. Among all infants of nonsmokers, ETS exposure was
crudely associated with a 61-gram decrement in mean birthweight (p =
0.005) and a slightly increased rate of LBW (RR = 1.3). These associations
with ETS exposure were not seen in infants of active maternal smokers.
There was no association of prematurity with ETS exposure. Stratifying by
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gestational age, there was a significant association in nonsmokers who had
term pregnancies (OR for LBW: 2.7, weight decrement: 85 grams), which
the authors interpreted as indicating an effect on growth retardation.
Adjustment for confounders by multiple regression yielded a mean weight
decrement of 24 grams (p = 0.20) and an odds ratio for LBW of 2.2 (95% CI
= 1.1-4.5) among term births.

One criticism of this paper has been that the authors included only
confounders that were significant at the p = 0.1 significance level in a step-
wise regression model. This approach is now considered inappropriate
because confounding should not be assessed by a significant association
with the outcome variable, but by the magnitude of change in the odds
ratio if that co-variate is not taken into account (Rothman, 1986).
Nevertheless, the variables usually considered important were included (i.e.,
maternal age, parity, and ethnicity). The authors also included gestational
age in the models, even though they were only examining term births. The
authors stated that maternal weight gain was not included because it was
missing for about 25 percent of respondents. In an analysis of those for
whom the information was available, this variable did not appear to con-
found the relationship with ETS exposure. Therefore, there is little evi-
dence that important confounders were excluded. No association was seen
with ETS exposure and prematurity in the regression analyses. The authors’
interpretation that their data is indicative of an effect of ETS exposure dur-
ing pregnancy leading to growth retardation rather than to preterm deliv-
ery appears justified.

Ogawa et al. (1991) Ogawa et al. (1991) examined ETS exposure in a study of almost
7,000 women who delivered a singleton in 1987 in Aichi Prefecture, Japan.
Women were interviewed by medical staff before or soon after delivery.
Each woman was asked about her smoking habits and those of her husband
before and during pregnancy, as well as about the average length of ETS
exposure per day during pregnancy at home, at work, or elsewhere.

Overall, about 15 percent of women smoked before pregnancy, but only 6
percent of women continued to smoke during pregnancy. Among all
women, 62 percent reported some ETS exposure and 65 percent had hus-
bands who smoked. Among women who had never smoked, there was a
24-gram decrement in mean weight of term births with exposure to ETS for
2 or more hours per day. Adjusting for a number of confounders yielded a
weight decrement of 10.8 grams, which was noted as non-significant. The
crude and adjusted odds ratio for LBW at term did not indicate any
increased risk with ETS exposure (Table 3.3). Interestingly, the adjusted
weight reduction associated with active smoking of 10 cigarettes per day
was only 56 grams, compared to the 200 grams found in many other stud-
ies. The data on husband-only smoking status in association with pregnan-
cy outcome were not presented.

Lazzaroni et al. (1990)  Lazzaroni et al. (1990) examined data from a multi-center, hos-

pital-based study of about 1,000 pregnant women in Italy. The analysis is
based on questionnaires administered to women within 5 days of delivery
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of a newborn during 1989. Newborns born before 36 weeks and weighing
less than 2,000 grams were excluded, so prematurity and LBW could not be
examined. ETS exposure was ascertained by asking the number of hours of
exposure at home and work; anyone reporting a minimum of 1 hour per
day was considered exposed (about 25 percent of the respondents fell into
this category). Nonsmokers with ETS exposure were compared to those
without, but both categories could include women that quit smoking dur-
ing pregnancy. Almost 30 percent of women were considered active smok-
ers during pregnancy. Mean birthweight of infants of women exposed to
ETS was reduced 51 grams, which was not statistically significant.
Adjusting for a number of important potential confounders by multiple
regression indicated a weight decrement of 16.9 grams per hour of ETS
exposure (p = 0.07), or about 38 grams for any (versus no) exposure among
nonsmoking women with term births (Table 3.3). Excluding women only
exposed one hour per day yielded a greater decrement in weight of 61
grams (95% CI = -149.3-26.8), indicating that highly exposed women are at
greater risk. The authors further noted that the mean birthweight of
infants of women heavily exposed to ETS (=5 hours/day) was less than that
of infants of light active smokers. The adjusted overall decrease in infant
length was not significant (0.26 cm, 95% CI = -0.56-0.03).

Ahlborg and Bodin (1991) Ahlborg and Bodin (1991) conducted a prospective study
of 4,701 Swedish women reporting for prenatal care in 1980-1983. They
examined prematurity and LBW at term among nonsmoking women
exposed to ETS, which was defined as living with a smoker during pregnan-
cy or spending most of the time at work in rooms where other people were
smoking. In an attempt to separate the effects of home and work exposure,
the authors further limited the sample to working women. The adjusted
odds ratio for term LBW and ETS exposure only in the home was 0.7 (95%
CI = 0.21-2.3) and for prematurity was 0.5 (95% CI = 0.23-1.1). These fig-
ures are based on very small numbers of affected births in the exposed
group (n = 3 and 7, respectively).

The manner in which the question to ascertain work exposure was
asked would tend to identify a fairly heavily exposed group. The adjusted
relative risk for workplace ETS exposure and prematurity was 1.3 (95% CI =
0.7-2.3) and for LBW at term was 1.1 (95% CI = 0.33-3.6; Table 3.3). The
women could also be exposed to ETS at home; further limiting the analysis
to those with a nonsmoking partner increased the ORs (1.8 for prematurity
and 1.2 for term LBW). The authors stratified the association (with any
workplace exposure) by whether the work was full-time or part-time, in an
attempt to examine a dose-response relationship. The adjusted relative
risks among infants of full-time workers were increased somewhat for pre-
maturity (RR = 1.5, 95% CI = 0.87-3.0) and for term LBW (RR = 1.4, 95% CI
=0.33-5.9). The authors also examined mean birth weight. Among these
working women, home exposure was associated with a 34-gram decrement
in mean birthweight, but workplace exposure was not associated with a
birthweight reduction (Table 3.3). As noted earlier, these analyses must
have been based on extremely small numbers.
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Table 3.3
Studies of Fetal Growth and ETS Exposure of Maternal Nonsmokers
from Multiple ETS Sources

Results?

IUGR/LBW?
OR (95% Cl)

Study

Authors (year) ETS Level
Country (study size?) (% Exposed)

Difference in Mean
Weight

Martin & Bracken (1986) =2 hr/day at home
U.S.—Connecticut or work (34%)
(n= 2,473)

Prospective interview

Ogawa et al. (1991)
Japan (n= 5,336)
Interview around delivery

-249g adjusted (-60-13)
-85g (p < 0.002) crude

2.2 (1.1-4.5) LBW

=2 hr/day at home, -10.8g (n.s.)
work or elsewhere (35%) -24g (-47 to -2) crude

1.0 (0.7-1.5) LBW

Lazzaroni et al. (1990) 21 hr/day at home
Italy (n = 648; examined or work (25%)
births >2,000g,

>37wks gestation)

Interview postpartum

-38g (-106.9-30.7) -
-17g/hr (-35-1.3)

Ahlborg & Bodin (1991) Home exposure -34g (-82-15) 0.7 (0.21-2.3) LBW
Sweden (n= 2,461 only (16%) (based on 3 affected
employed) infants)

Interviewed during month Most time at work in 209 (-37-77) 1.1 (0.33-3.6) LBW

2 or 3 of pregnhancy

rooms with smokers
(11%)

1.4 (0.33-5.9) LBW
if worked full-time

Fortier et al. (1994)3 Home only

(13%) 0.98 (0.67-1.44) IUGR
Canada—Quebec Work only 1.18 (0.90-1.56) IUGR
(n= 4,644 nonsmokers) (28%)

Interview within few
months post partum

Home and Work
(8%)

0.94 (0.60-1.49) IUGR

This study offers a lot of data, but there are some difficulties with its
analysis of fetal growth. First, the number of pregnancies included in each
analysis was unclear. There were 4,701 pregnancies that were not excluded
or lost to follow-up, but information was only available about the father’s
smoking for 4,075 (87 percent) of these. Further reductions were made to
examine only nonsmoking women and working women, although the
numbers presented in the tables do not appear consistent. In addition, it is
not known if mean birthweight was determined in all livebirths or only in
term births, as was the case for LBW. Secondly, the proportion of non-
smoking women living with a smoker seems low at about 15 percent, par-
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Table 3.3 (Continued)

Study

Authors (year)
Country (study size')

ETS Level
(% Exposed)

Results?

Difference in Mean
Weight

IUGR/LBW?
OR (95% ClI)

Mainous and
Hueston (1994)
U.S.—nationwide
(n= 3,253)
Retrospective survey

Chen and Petitti (1995)
U.S. — California

(n = 111 cases,

124 controls, whites)
Retrospective interview

Roquer et al. (1995)
Spain (n= 129)
Interview at delivery

Rebagliato et al. (1995a)
Spain (n= 710)
Interview in 3rd trimester

Categorized as:
never (23%)
occasional (46%)
often (17%)
always (13%)

Assessed in 4 locations
and as average hours
per week

Any exposure (54%)

>30 hours/wk (7%)

"Significant" defined
as exposed to
>20 cigarettes/day

Assessed hours per
week from 4 sources
Any exposure (88%)
=42 hours/week (22%)

-84g (-150 to -18) for
highest exposure, crude
No decrement at lower
levels

-192 (-365 to -19), crude

Any: -85g, crude

Any =42 hours/wk: -41g
(-144-61)

Spouse =42hrs/wk: 31g
(-103-165)

1.6 (0.92-2.7) LBW
with high exposure
(p < 0.01 dose-
response trend)

=30 hrs/week:

0.5 (0.14-1.7) IUGR
Work only:

1.0 (0.39-2.6) IUGR
Home only:

0.5 (0.13-1.8) IUGR

1.9 (0.57-6.1)
1.10 IUGR
1.11 crude

1 The study size (n) presented is for term births to nonsmokers, not the total study size.
2 Effect measure adjusted for a number of confounders, unless otherwise indicated as "crude."

Abbreviations: LBW - low birth weight, IUGR - intrauterine growth retardation.

3 The analysis adjusted for LBW in previous births. This may result in substantial underestima-

tion of effect.

ticularly because 37 percent of women overall reported smoking in the first
trimester, calling into question the validity of the reporting of paternal
smoking habits. With respect to the results, a weight reduction with ETS
exposure at home, but not in the workplace seems inconsistent. On the
other hand, ETS exposure among full-time workers may be slightly associat-
ed with term LBW. When the authors attempted to look at possible con-
founders to explain this (lifting, stress, etc.), they found little change in the
association. The true association may be diluted in this study by the focus
on only women highly exposed at work, so that those less exposed may fall
into the comparison group. The authors did note an increased risk of pre-
maturity and term LBW with maternal smoking.

Fortier et al. (1994)

A large study from Quebec, Canada also ascertained exposure at
home and work (Fortier et al., 1994). Women who had singleton livebirths
in 1989 were interviewed by phone, on average, 6 weeks after delivery.
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Questions about ETS exposure included whether the subject resided with
smokers and how much they smoked in her presence, as well as hours and
intensity of exposure at work. Of the over 7,000 respondents, 4,644 non-
smokers were available for analysis, of which nearly half (49 percent) were
exposed to ETS at home and/or work. The crude OR for any ETS exposure
and IUGR was 1.3, but decreased to 1.1 (95% CI = 0.85-1.4) with adjust-
ment for maternal weight, parity, previous LBW, and caffeine intake (Table
3.3). ETS exposure at home only was not associated with [UGR (adjusted
OR = 0.98), nor was there a dose-response trend. The risk of IUGR associat-
ed with workplace-only exposure was slightly greater (adjusted OR = 1.2)
and showed evidence of a slight dose-response trend with heavier exposure,
even when controlled for potential confounding by job characteristics.
However, women exposed both at home and at work had IUGR rates more
similar to the home-only exposed women (adjusted OR = 0.94).
Adjustment for previous LBW may be over-controlling, as such LBW may
have been associated with ETS exposure as well. ETS exposure at any loca-
tion was not associated with pre-term birth. The authors noted that the
odds ratios of IUGR in the nonsmokers most heavily exposed to ETS at
work (1.30-1.36) were similar to those found in light smokers (1-5 ciga-
rettes/day) in their study population.

Mainous and Hueston (1994) Mainous and Hueston (1994) analyzed data from the

1988 National Health Interview Survey (NHIS), a household interview con-
ducted on a nationwide sample, examining pregnancies occurring in the
past 6 years (mean was 2 years). ETS exposure was determined by asking
respondents to categorize their contact with smokers (friends, coworkers or
family members) as “occasional, often, always, or never” during pregnancy.
There was little difference in the frequency of LBW infants among ETS
exposed versus unexposed women. However, when examined by categories
of increasing exposure, there was a trend towards increasing rates of LBW (p
< 0.01). Controlling for race, parity, income, and maternal age, the adjust-
ed odds ratio was about 1.6 for the highest exposure category (Table 3.3)
and was greater among non-whites (OR = 2.3, 95% CI = 1.1-5.0).
Comparing mean birthweight, women in the highest exposure category had
infants that weighed on average 84 grams less than infants in the very low
exposure category (Table 3.3). No dose-response trend in mean birthweight
was noted for lower levels, which the authors interpreted as evidence for a
threshold effect. The weight decrements were unadjusted, and informa-
tion was not included about other potential confounders of the relationship
with LBW. Further, this study may be subject to some recall error, as preg-
nancies could have occurred up to six years earlier and the measure of out-
come (as well as exposure) was obtained from the women themselves. The
qualitative measure of exposure used may be less subject to recall error than
a more quantitative measure would have been. The main advantage of the
study is its large, population-based sample.

Chen and Pettiti (1995) Chen and Pettiti conducted a case-control study of IUGR
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California. Controls were non-growth-retarded, non-malformed infants
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identified from birth certificates. ETS exposure was ascertained by first ask-
ing about location (work, home, car, other) and then the total number of
hours per week exposed to ETS for each trimester. The small sample of
nonsmokers is a major limitation of the study, as well as the fairly low com-
pletion rate (50-55 percent). By quintiles of average hours of exposure over
all trimesters, there was no indication of an increased risk of term IUGR
with greater exposure. Most women reported exposure in “other” places,
but none of the locations considered showed evidence of increased risk of
term IUGR. Adjusting for a variety of variables showed a decreased risk
with exposure but very wide confidence intervals with home exposure or
home and elsewhere (ORs about 0.5); work and car exposure had odds
ratios around one. In addition to low power and a fairly high refusal rate,
this study may be hampered by recall error, although subjects were inter-
viewed fairly soon after delivery (mean was 8 months).

Roquer et al. (1995) Roquer et al. (1995) conducted a small study of Spanish women
presenting for labor and interviewed them after delivery. ETS exposure was
defined as “significant” if the woman was exposed to the smoke of 20 or
more cigarettes per day at work or home; that is, exposure to one smoker
who smoked a pack or more per day or two smokers who each smoked a
half-pack per day. A major problem with the design is that the interviewer
measured the infant within four hours after birth, so outcome determina-
tion was not blinded with respect to exposure. The mean birthweight of
infants whose mothers were exposed was 192 grams less than that of
infants whose mothers were unexposed, and was comparable to the weight
decrement in infants of women who smoked 1 to 9 cigarettes per day.
Infants of mothers who smoked heavily had weight decrements of over 450
grams. No confounders were considered, but parity and employment status
were similar in ETS-exposed and unexposed women. The rate of IUGR was
about doubled with ETS exposure, again similar to that seen in infants of
light smokers, but was not statistically significant (Table 3.3). ETS exposure
was associated with a reduction of one centimeter in length (calculated 95%
CI =-1.8 to -0.2). This study is limited by its small size and lack of adjust-
ment for confounders, as well as by the possible measurement bias
(although weight is subject to less measurement error than length).

Rebagliato et al. (1995a) In the best of the new studies, Rebagliato et al. (1995a)
conducted a prospective cohort study (also in Spain) of nonsmoking preg-
nant women. Subjects were interviewed in their third trimester of pregnan-
cy, and a saliva sample was collected for cotinine analysis. The investiga-
tors asked extensive questions about exposure from four sources and on dif-
ferent days of the week to calculate an average weekly exposure during
pregnancy. Of the 710 nonsmoking women, 88 percent reported some
exposure; their infants were on average 85 grams lighter than those of
unexposed nonsmokers. However, no dose-response trend was evident and
results were not consistent by source, with exposure at home not resulting
in a birthweight decrement. In a multiple regression model which adjusted
for a number of covariates including gestational age (but not alcohol use),
the highest exposure category was associated with a 41-gram decrement in
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birthweight (Table 3.3), while other categories had decrements ranging from
26 to 77 grams. Because of the small numbers of subjects in these cate-
gories, none of the weight decrements were statistically significant. More
women were exposed at home, and for longer periods of time, so the incon-
sistent results are difficult to explain. However, exposures at work may be
more intense, with more smokers present.

3.2.2.4 Fetal Growth and There has been an effort in the past 10-15 years to vali-
Biomarkers of ETS date tobacco smoke exposures using biomarkers, and a

few studies have examined biomarkers in relation to pregnancy outcome in
that time, with two additional studies published in 1995 (Table 3.4).
Cotinine is the preferred biomarker because of its specificity to tobacco
smoke exposure and longer half-life (20-30 hours in plasma) than nicotine
(see chapter on Exposure Measurements and Prevalence). Nevertheless, coti-
nine only reflects relatively recent exposures, and there is much inter-indi-
vidual variation in its metabolism. Thiocyanate, a detoxification product of
cyanide, has a longer half-life than cotinine (3-14 days) but is not as specif-
ic to tobacco smoke.

Hauth et al. (1984) Hauth et al. (1984) looked at thiocyanate concentrations as a

biomarker of ETS exposure in 163 women who had had a term pregnancy,
by drawing maternal serum at the time of admission to labor and delivery.
Thiocyanate (SCN) levels were compared among three groups, defined as
smokers (10-40 cigarettes/day), passive smokers (live or work with a smok-
er), and nonsmokers. Umbilical cord blood was obtained immediately after
birth. Maternal and cord blood SCN levels were significantly greater in
smokers than in the other two groups, but the levels in passive smokers
were only slightly greater than those in nonsmokers. There was a signifi-
cant inverse relationship between umbilical cord SCN level and birthweight
in infants born to smokers (published r = 0.74, p < 0.001), but not in
infants of passive or nonsmokers. The authors reported that infants of pas-
sive smokers had similar birthweights to those of nonsmokers, but the data
were not presented. No confounders were assessed in this analysis.
Another problem is that blood obtained at the time of labor may not accu-
rately reflect exposure earlier in pregnancy, particularly if a woman exposed
to ETS at work has left her job near the end of pregnancy.

Haddow et al. (1988) In the largest biomarker study to date, Haddow et al. (1988)
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analyzed blood sampled during the second trimester of 1,231 pregnancies
of nonsmoking white women in Maine. The authors defined ETS exposure
as a cotinine level between 1.1 and 9.9 ng/ml, with lower levels split into
two groups: those 0.5-1.0 ng/ml and those less than 0.5 ng/ml, which was
the lower limit of detection. Women who had levels of 10 ng/ml or greater
(n = 29) were excluded. The authors found a crude decrement of weight
between the highest and lowest groups of 107 grams, or 108 grams after
adjustment for a number of important confounders (p < 0.001). Compared
to the group with cotinine levels of 0.5-1.0 ng/ml, the ETS-exposed group
had an adjusted weight decrement of 104 grams (95% CI = -173 to -35;
Table 3.4). The authors also examined cotinine level as a continuous vari-
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able and found a weight decrement of 28 grams per ng/ml of cotinine (p =
0.04). The mean level of cotinine was 2.14 ng/ml in the ETS-exposed
group, which would predict about a 60-gram deficit overall. This, com-
bined with data on active smoking, led the authors to suggest that the rela-
tionship of cotinine to birthweight may not be linear. However, the dis-
crepancy may also be due to inter-individual variations in cotinine metabo-
lism. The authors also mentioned that LBW was increased 29 percent in
the ETS-exposed group, but no further data were provided.

Overall, this appears to be a well-conducted study. While the
authors reported that in their previous work cotinine levels correlated well
with self-reported exposure, data on self-reported ETS exposures unfortu-
nately were not available for comparison to the cotinine levels. Because
data were obtained from birth certificates, one variable not included in the
analysis was alcohol consumption. However, nonsmokers are unlikely to be
heavy drinkers, or at least not heavy enough to explain the observed
results. Another variable not mentioned was gestational age—a strong pre-
dictor of weight—so it is not possible to determine whether the weight
decrement seen is due to prematurity or growth retardation.

Ueda et al. (1989) A study from Japan (Ueda et al., 1989) reported finding an associ-
ation of ETS exposure (as well as active smoking) with lowered birthweight,
based on an analysis of cotinine levels. Women attending prenatal clinics
(n = 257) were interviewed, and samples of blood and urine were obtained.
The authors classified women into seven categories of exposure based on
their self-reported active smoking and exposure to ETS at home and else-
where. Of the nonsmokers, most (84 percent) reported some ETS exposure.
Cotinine levels in maternal urine appeared to differentiate those exposed to
ETS from those not exposed. Mean cotinine levels were lowest in women
who reported no exposure (3.98 £ 3.2 ng/ml), intermediate in women who
reported exposure only at home (10.9 + 39 ng/ml) or only outside the
home (11.1 £ 20 ng/ml), and highest among those exposed in both places
(55.5 £ 135 ng/ml). For comparison, the mean in active smokers was 228.4
+ 214.6 ng/ml. Cotinine levels in maternal serum were not well correlated
with self-reported exposure.

Despite the relatively high urinary cotinine levels in exposed non-
smokers, relative birthweight did not appear to vary by self-reported ETS
exposure category. Relative birthweight (RBW) was calculated by compar-
ing the true birthweight to a national standard, by gestational age. The
investigators plotted cotinine levels by RBW and found a “correlation/rela-
tion” that was significant by the chi-square test (p < 0.01). However, this is
an unconventional statistical method for examining a correlation, and nei-
ther the magnitude of the correlation nor the slope of a regression line was
provided. The authors compared the RBW in two groups of women defined
by whether their urinary cotinine levels were above or below 9 ng/ml,
which represented the mean +1.5 standard deviations of the unexposed
group’s level. The RBW of infants of women with higher cotinine levels (n
= 46) was lower (96.2 £ 12.9 percent) than that of infants of women with
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Table 3.4
Studies of Fetal Growth and ETS Exposure Determined by Biomarkers
Study Results
Authors (year) Design Biomarker Weight Low Birth
Location (size) Levels Difference Weight
Hauth et al. Maternal serum Mean in ETS = Correlation of wt. and -
(1984) at labor 26 £2.5 pumol/L SCN =-0.74 in smok-
U.S.—Texas Cord blood SCNvs. 23 +1.5in ers (p<0.001) vs.
at delivery nonsmokers’ cord r=0.02in
(163; 134 blood (ns) ETS exposed,
nonsmokers) r=0.15in
nonsmokers
Haddow et al. Serum drawn early 1-10 ng/ml cotinine -104 g (adj.) "rate +29%"
(1988) in 2" trimester vs. <0.5in (-173 to -35) (e.g., OR : 1.29)
U.S.—Maine (1,231 non- nonsmokers no statistics
smokers) -28 g/ng/ml or numbers
cotinine provided
(Cl = -55 to -2))
Mathai et al. Urine at 16 weeks Mean in ETS = -25 g/ug cotinine/mg -
(1990) (285; 184 non- 0.85 +2.8 vs. creatinine (p < 0.001)
England smokers) 0.29 1.4 g (includes smokers)
cotinine/mg creati-
nine in non-
smokers
Eskenazi et al. Serum in 2M 2-10 ng/ml cotinine  -45g (adj.) (-126, 36) 1.35 (0.60, 3.0)
(1995) trimester, stored  versus <2 ng/ml inclding smokers: crude
U.S.—California for 25 years continuous cotinine  1g per ng/ml cotinine
(3,578; 2,292 non- level (adj.) (-1.14 to -0.79)
smokers)
Rebagliato etal.  Saliva in 3% <0.5 = unexposed  Any: -35g, crude. -
(1995a) trimester Quintiles of cotinine Highest quintile
Spain (n =710 non- (Mean in ETS (>1.7ng/ml):
smokers) exposed = 1.2 -87¢g, (adj.)
ng/ml) (-174 to -1)

Abbreviations: SCN—Thiocyanate;, Cl—Confidence Interval; OR—Odds Ratio;
r—Correlation Coefficient; ns—not statistically significant
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lower cotinine levels (n = 127, 102.4 £ 10.1 percent; p < 0.001). However,
it is not clear whether active smokers were excluded. Although active
smokers represent only a small proportion (6.6 percent) of the total group,
they may account for a fairly large proportion of those with elevated coti-
nine levels. The results of this study are difficult to evaluate due to insuffi-
cient information and unusual methods. The lack of consistency between
cotinine levels in maternal urine versus serum is difficult to explain.

Mathai et al. (1990) In one of the studies of Mathai et al. (1990) previously men-
tioned, the investigators obtained maternal urine to measure cotinine levels
at 16 and 32 weeks of pregnancy, and at delivery. Data from 285 women
were included, of which about 47 percent were nonsmokers, 19 percent
were nonsmokers who lived with a smoker, and 34 percent were active
smokers at study entry. Cotinine levels increased across the exposure
groups, as well as slightly with increasing gestational age, although whether
these differences were statistically significant was not specified. Infant
birthweight was regressed against a number of co-covariates, with exposure
in one model included as both the number of cigarettes smoked actively
and exposed to passively at 16 weeks, as well as a separate model with coti-
nine levels replacing self-reported exposure. Alcohol was not included as
one of the variables. There was a 25-gram decrease in birthweight with
every ug cotinine/mg creatinine (creatinine is used as a measure of the con-
centration of the urine). The mean cotinine level of passive smokers was
0.85 pg/mg creatinine; hence only a very small weight decrement would be
predicted, rather than the 66-gram decrement observed. This measure also
underestimated the decrement seen with active smoking, again indicating a
non-linear effect. Cotinine levels explained slightly more of the variation
in birthweight than did self-reported tobacco exposure. This study would
have been more valuable for assessing an association of ETS exposure (as
measured by cotinine) and birthweight if smokers were excluded, particular-
ly if there is a non-linear relationship. The fact that cotinine was detected
in the urine of some of the nonsmokers who did not report living with a
smoker (mean = 0.29 pg/mg creatinine) indicates that some of them are
probably exposed to ETS. This confirms the problem inherent in studies
that base ETS exposure status only on reported household exposure. If this
misclassification of exposure is nondifferential, it tends to bias effect esti-
mates toward the null.

Eskenazi et al. (1995) Eskenazi et al. (1995) used data from the Child Health and
Development Studies in California (as did Yerulshalmy, 1971) to look at
birthweight in relation to cotinine measured in stored serum samples.
Interviews were conducted and sera were collected around the 27-28th
week of pregnancies that occurred between 1964 and 1967. The infants of
women who had never smoked during pregnancy experienced an average
weight decrement of 45 grams (Table 3.4). This figure was similar both
unadjusted and in a multiple-regression model that included women who
were active smokers, as well as a number of co-variates including gestation-
al age. The authors reported that alcohol and caffeine consumption were
considered, but did not improve the model. The crude mean birthweight
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of ETS-exposed infants was similar to that of infants of light smokers, but
there was a 30-gram difference after adjustment. The highest cotinine level
(>165 ng/ml, e.g. active smoking) was associated with a 230-gram weight
decrement. Examining cotinine as a continuous variable (including smok-
ers), there was a 1-gram weight decrement for each nanogram per milliliter
increase in cotinine. This is based on a linear model, which may not be
appropriate. The authors also found a slight increase in LBW associated
with ETS exposure (Table 3.4), but found no effect on gestational age or pre-
maturity (unadjusted).

The definition of ETS exposure in this population may be problem-
atic, as the reported exposure rate of only 5 percent is so low, especially for
the 1960’s. Of those considered unexposed based on cotinine level, 50 per-
cent reported having a spouse who smoked, so the reference group may
have included exposed women who were not identified by the relatively
high detection limit (2 ng/ml). Of reported nonsmokers with detectable
cotinine levels, one-third had levels greater than 10, and were excluded.
These may in fact have been nonsmokers who were more highly exposed,
as there would have been fewer reasons to misreport smoking status in that
time period (as the authors themselves suggest). Use of current cotinine
levels to define ETS exposure (versus active smoking) may not be appropri-
ate for these older samples and an assay that was apparently less sensitive.
Another problem with exposure assessment in this study may have been
the age (25 years old) of the samples.

Rebagliato et al. (1995a) As noted in Section 3.2.2.2, Rebagliato et al. (1995a) studied
ETS exposure in 710 nonsmoking women using a questionnaire and sam-
pling saliva for cotinine. The investigators examined birthweight by quin-
tiles of cotinine levels less than 14 ng/ml, with subjects having cotinine lev-
els of 0 to 0.5 ng/ml serving as the reference group. In the highest quintile
(>1.7 ng/ml), there was a crude weight decrement of 98 grams, which was
reduced slightly to 87 grams after adjustment for co-variates (Table 3.4).
There was little evidence for a dose-response trend as subjects in the fourth
quintile had a slight weight increment, but the highest category examined
does not represent a particularly high ETS exposure level. For comparison
to Haddow et al. (1988), the weight decrement associated with any cotinine
level greater than 0.5 ng/ml was 35 grams. The adjusted weight decrement
found with high cotinine level was greater than that found with high self-
reported exposure. However, in a separate analysis of exposure measures
(Rebagliato et al., 1995b), the authors reported that duration of recent expo-
sure to each source of ETS (as self-reported) and the summary measure at all
locations were significantly correlated with cotinine levels (Spearman’s r =
0.52 for all locations). The apparent inconsistency may be due to differ-
ences in the way women report their own exposure, so that some misclassi-
fication results.

3.2.3 Animal Studies of A number of studies of the effects of tobacco smoke
Fetal Growth and Tobacco on intrauterine growth in rodents have been reported
Smoke Exposure in the literature. The majority of available studies

attempted to simulate active smoking by using mainstream smoke (MS),
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and some delivered the smoke in bursts or “puffs.” Of 10 such studies
reviewed (see Table 3.7, page 118), five reported significant group differ-
ences in intrauterine growth retardation ranging from 4 to 31 percent rela-
tive to controls. In two other studies, pup weights were lower (6-16 per-
cent) in the groups exposed to tobacco smoke, but group differences were
not significant. Pup weights were determined at the end of gestation after
removal of pups by hysterotomy or after spontaneous birth. The phrase
“fetal weight at term” rather than “birth weight” is used to describe the
results of the animal studies. Premature delivery is rare in laboratory
rodents, so that weight for gestational age is not an issue.

In addition to these studies of mainstream smoke, three recent stud-
ies in rats (see Table 3.7, page 118) which used exposures characterized as
“sidestream smoke” (SS) are described below.

Leichter (1989) Leichter (1989) used a 2-hour daily exposure throughout pregnancy

and found a statistically significant 9 percent reduction in mean fetal
weight at term relative to controls. Fetal weights in the SS-exposed group
were also significantly smaller than in a pair-fed group which was included
to control for effects of sidestream smoke on food intake. The smoke was
not characterized chemically in this study.

Witschi et al. (1994)  Witschi et al. (1994) used a 6-hour exposure on days 3-10 of ges-

Rajini et al.

tation and found identical fetal weights at term in the SS-exposed group
and in controls. However, litter size was significantly lower in the side-
stream smoke group. Reduced litter size can sometimes be viewed as offset-
ting an effect on intrauterine growth, due to a greater availability of nutri-
ents for each fetus when there are fewer fetuses per litter (Romero et al.,
1992). Also, exposures in this study did not extend into the fetal period of
gestation when weight gain is most rapid.

(1994)  Rajini et al. (1994), from the same research group as Witschi et al.
(1994), used exposures on days 3, 6-10, and 13-17 of gestation and found a
statistically significant 7 percent reduction in mean fetal weight at term in
the SS-exposed group relative to controls. In this study there was no side-
stream smoke effect on litter size; further, the exposure period extended
into the fetal period of gestation. There were no group differences in
maternal weight gain during pregnancy in this study.

3.2.4 Discussion More than 25 epidemiologic studies of the relationship
and Conclusions between fetal growth and ETS exposure have been reviewed.

All but one of the studies that examined mean birthweight have shown a
decrement with ETS exposure, although some of the weight differences
were small (Figure 3.1). Only a few studies examined fetal length, and
though results were in the direction of a small decrement with ETS expo-
sure (0.25-1.1 cm), two were unadjusted, so conclusions cannot be reached.
Fifteen studies have examined low birthweight or “small for gestational
age” as shown in Figure 3.2. The figure indicates that the majority of stud-
ies which have examined these outcomes have shown a slightly elevated
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risk with ETS exposure. The area of overlap of the confidence intervals is
consistent with up to a 1.4- or 1.5-fold increased risk of small fetal size;
however, it is also consistent with there being no association. Only a few of
the findings were statistically significant on their own. Taken together,
however, they support a slight increase in LBW or IUGR in association with
ETS exposure. There was little evidence found for an association with pre-
term birth.

The biomarker studies, in particular Haddow et al. (1988), provide
the most convincing evidence of an effect on growth (or weight). The
Haddow et al. study is based on measurement of biomarkers, addressing
exposure assessment issues; it has adequate control of confounders, and it
has a large study population. As such, the findings of a 100-gram weight
deficit must be considered strong evidence, but in need of replication. The
biomarker data of Ueda et al. (1989) and Mathai et al. (1990) add some sup-
portive evidence, but are not comparable to the Haddow study because
analyses were not limited to nonsmokers. The weight decrement found by
Haddow et al. is about half the magnitude of that seen with active smoking
and is thus greater than might be expected based on cotinine levels meas-
ured in those exposed to ETS compared to active smokers. Nevertheless,
this magnitude of effect relative to that of active smoking was reported in a
number of other studies based on self-reported ETS exposure (Borlee et al.,
1978; Rubin et al., 1986; Schwartz-Bickenbach et al., 1987; Campbell et al.,
1988; Martin and Bracken, 1986; Lazzaroni et al., 1990). Furthermore, the
Haddow et al. (1988) data suggest that the association with birthweight is
not linear with “dose” as measured by cotinine level. The two newer bio-
marker studies confirm Haddow et al.’s results but found lower weight dif-
ferences. In Eskenazi ef al.’s (1995) study, only a small proportion of the
study subjects were found to be exposed, as defined by cotinine level, and
this lack of exposure did not correspond with self-reporting; these results
raise the possibility of misclassification and the dilution of an effect.
Rebagliato et al. (1995), like Haddow et al. (1988), found a statistically sig-
nificant effect for any ETS exposure and a similar magnitude (88-105g) of
birthweight decrements with higher exposures (defined by cotinine level).

The second strongest evidence comes from studies that attempted to
ascertain total ETS exposure from multiple sources, with adequate control
of confounding. The four such studies published before 1994 (Table 3.3)
showed small decrements in mean birthweight after adjustment (20-40
grams). Three (and perhaps four) of these studies examined term births
only; weight differences in this group would be less variable than in all
births and are thus not comparable to the majority of studies. In addition,
the studies were not comparable in their definition of exposure, and some
of the risk measures may be diluted by inclusion of less-exposed pregnan-
cies in the reference groups, particularly in Ogawa et al. (1991), and
Ahlborg and Bodin (1991). The studies published in 1994 and 1995 (Table
3.3) found more variable weight differences, but some of the measures pre-
sented were unadjusted or were in the highest exposure subgroup only, and
thus are not entirely comparable to the earlier studies’ results. Two of the
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studies indicated that more highly exposed women may be more greatly
affected (Lazzaroni et al., 1990; Mainous and Hueston, 1994). However,
Rebagliato et al. (1995) did not find a consistent dose-response trend with
self-reported exposure; this was due in part to a finding of no effect with
home exposure, only with exposure outside the home. Based on these
studies, an average weight decrement of 25-50 grams appears plausible, and
is closer to what might be expected based on relative cotinine levels in
those exposed to ETS versus active smokers.

Among the studies which ascertained ETS exposure from multiple
sources, only one found a strong association with growth retardation
(Martin and Bracken, 1986). The Martin and Bracken study has been criti-
cized (Hood, 1990) because of its low rate (2 percent) of LBW. However, the
rate of LBW at term is expected to be much less than overall rates of LBW:
Ogawa et al. (1991) found a rate of 3 percent and Ahlborg and Bodin (1991)
observed a rate of only 1.5 percent. Two of the newer studies also found
similarly elevated risks, although one was unadjusted and based on small
numbers (Roquer et al., 1995), and the other found an increased risk only
with high exposure (Mainous and Hueston, 1994, Table 3.3). Two studies
(Ahborg and Bodin, 1991; Fortier et al., 1994) found greater associations
with workplace than with home exposures; associations with work exposure
increased with increasing number of hours worked. The case-control study
by Chen and Pettiti (19995) also found some differences between work and
home exposure, with no effect at work but a slightly protective effect at
home. However, in each of these three studies which examined home and
work exposure separately, the confidence intervals were wide and over-
lapped, so the effects of exposure at home and at work may not be truly dif-
ferent. Some studies have found that subjects were more likely to be
exposed at work than at home (Fortier ef al., 1994) or that they were
exposed longer at work than at home (Lazzaroni et al. 1990); however, this
may vary by culture, as Ogawa et al.(1991) found more women were
exposed at home. Workplace exposure may also differ from that at home
due to the number of smokers contributing to ETS and to the influence of
environmental conditions (e.g., air exchange rates, temperature).

Overall, the weight differences observed in the studies based on
exposure to spousal or household smokers vary greatly, from a decrement of
3 to over 200 grams (Table 3.1 and Figure 3.1). The studies are difficult to
compare because of their many differences, including: when they were con-
ducted (over a 25-year timespan); the location and nationality of study pop-
ulations; the range of sample size and sample selection; the extent to which
confounders were controlled; and the analytic methods used. Furthermore,
the crude assessment of exposure in most studies allows for a great varia-
tion in the actual “amount” of exposure being compared. The two studies
with the highest birthweight decrements provided only crude estimates,
unadjusted for potential confounders, and neither included population-
based samples.
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Of these studies of mean birthweight and exposure to household
smokers, the highest quality studies—based on study design, sample size,
and control of confounders (Brooke et al., 1989; Chen et al., 1989; Rubin et
al., 1986; Campbell et al., 1988; Mathai et al., 1992; Zhang and Ratcliffe,
1993)—found weight decrements ranging from 15 to 100 grams. Martinez
et al. (1994), the only one of the new studies in this category, found a statis-
tically significant adjusted weight difference in the same range. Two of
these studies (Campbell et al., 1988; Rubin et al., 1986) did not exclude
active maternal smokers, but rather adjusted for them. Four of these studies
reported examining the data for a dose-response relationship; such a rela-
tionship was observed by Rubin et al. (1986) and Martinez et al. (1994),
while the two studies from Shanghai reported no or an inconsistent trend
(Chen et al. 1989; Zhang and Ratcliffe, 1993). In addition to these studies,
the Saito (1991) study, which was the largest but did not control for con-
founders, also found a mean weight decrement in the same range and
demonstrated a dose-response relationship. These studies provide further
evidence for a decrement in birthweight associated with ETS exposure.

The studies based on paternal or household ETS exposure tended to
show slight (or no) increases in the risk of LBW or IUGR. The best, and the
most recent studies (conducted in the past decade, see Table 3.2), were all
from Asia and reported ORs ranging from 1.1 to 1.7. Two of these showed
no indication of a dose-response trend (Chen et al., 1989; Zhang and
Ratcliff, 1993), whereas two others showed some evidence of a trend
(Nakamura et al., 1988; Saito, 1991).

In general, the results of animal studies support an effect of side-
stream smoke exposure during pregnancy on intrauterine growth. In par-
ticular, the recent study by Rajini et al. (1994) demonstrated an effect on
intrauterine growth in the absence of an effect on maternal weight gain in
a situation using well-characterized sidestream smoke exposures. The
extent of growth retardation in the animals studied was greater than that
reported in infants of ETS-exposed women, but the exposure levels were
also higher (e.g., concentrations of total suspended particulates were about
10 times higher than the average exposure caused by indoor cigarette smok-

ing).

Although it is difficult to separate out the possibility of uncon-
trolled confounding or misclassification in an individual study with a rela-
tive risk of 1.2-1.4, the consistency of the association found in these studies
from different countries strengthens the evidence for causality, as do the
corresponding effects seen in animal studies. Furthermore, there is some
evidence that higher exposures may have effects approaching those expect-
ed in light smokers. Additional studies might help clarify any differences
between chronic, low-level exposure and shorter, higher exposures.

Lending further support in terms of a biological basis for these find-
ings from epidemiologic and animal studies are the well-established rela-
tionships, first, between active smoking and fetal growth retardation in
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humans, and second, between constituents of tobacco smoke (e.g., nicotine,
carbon monoxide, toluene, cadmium) and fetal growth retardation in ani-
mals. There appears to be sufficient evidence that ETS is associated with a
decrement in birthweight (and fetal growth retardation), based on all
sources of data with primary emphasis on the high quality epidemiologic
studies. The effect is of a small magnitude (perhaps 25-50 grams) that may
not be clinically significant for an individual infant at low risk. Yet, if the
entire birthweight distribution is shifted lower with ETS exposure, as it
appears to be with active smoking, infants who are already compromised
may be pushed into even higher risk categories. Low birthweight is associ-
ated with many well-recognized problems for infants and with perinatal
mortality. A meta-analysis of studies conducted up to mid-1994 was
reported (Windham et al., 1995a), which pooled results of the studies into a
summary estimate based on a weighted average (with the weight equal to
the square of the inverse of the standard error of the estimate of each study,
as in Greenland, 1987). Studies which did not provide an error measure-
ment (or confidence interval) could not be included in the summary. If
study results appeared heterogeneous (p-value for homogeneity chi-square
>0.10), an influence analysis was conducted by removing studies individu-
ally to see which had the greatest effect on the results. The weighted aver-
age for difference in mean birthweight was -28 grams (95% CI = -40 to -16)
among studies limited to nonsmoking women (e.g., with and without ETS
exposure, n = 12). The summary odds ratio for low birthweight at term or
IUGR studies was 1.2 (95% CI = 1.1-1.3, n = 8) and for LBW was 1.4 (95%
CI=1.1-1.8, n = 4). The latter excludes the Underwood et al. (1967) study,
which appeared to be an outlier but had a large influence due to its high
sample size, and had numerous methodological limitations as described ear-
lier.

3.2.4.1 Risk Attributable Low birthweight affects 6-7 percent of the births in the

to ETS Exposure United States (U.S. DHHS, 1996), and thus, of the 551,226
births in California in 1995 (California Department of Finance, 1996)
approximately 36,000 may have been of low birthweight. Both active
smoking and ETS exposure are risk factors for low birthweight, and esti-
mates of attributable cases due to ETS exposure are more accurate when
active smoking prevalence is taken into account. From the equations used
by U.S. EPA (1992) for estimating attributable lung cancer risks, attributable
risk (a) for low birthweight due to ETS exposure can be estimated by using
the following formula:

a=(1-P)P,(R;-1)/[(1-P)P,R; - 1)+ P(R(PR, +1-P)) +1]

where P is the prevalence of smokers in the population, P, the prevalence
of ETS-exposed nonsmokers, R, the relative risk of low birthweight in smok-
ers relative to nonsmokers, and R, the relative risk of low birthweight in
ETS-exposed nonsmokers relative to non-ETS-exposed nonsmokers. The
above expression assumes that there is no tobacco-related impact on birth-
weight among those characterized as nonexposed. In the event that this is
incorrect, the expression above is biased in the direction of underestimating
ETS-related attributable risk.

105



Smoking and Tobacco Control Monograph No. 10

The prevalence of exposure can be estimated from the results of the
1993 California Tobacco Survey reported by Pierce ef al. (1994, 1996, per-
sonal communication): 9.4 percent of women who are pregnant are active
smokers; 21.2 percent of pregnant nonsmokers are exposed to ETS, based
on the proportion of 18-44 year-old nonsmoking women exposed at home
or work. This estimate may understate the prevalence of ETS exposure of
pregnant women because those exposed in other indoor locations have not
been included. To estimate the relative risk of low birthweight due to
active smoking and ETS exposure, we use ORs (which we take to be approx-
imations of the relative risk) of 2 and 1.2 to 1.4, respectively. Applying
these values to the equation given above, the proportion of all low birth-
weight newborns in California that may be associated with ETS exposure is
estimated to be 3.3 to 6.2 percent, which corresponds to 1,200 to 2,200
newborns in California in 1995 with low birthweight associated with ETS
exposure.

3.3 SPONTANEOUS In this section, studies evaluating the effect of ETS on
ABORTION AND spontaneous abortion and perinatal mortality are
PERINATAL MORTALITY  described. For the purposes of this discussion, perina-

tal mortality is defined as death in the period from 20 weeks gestation to 28
days post-delivery. Perinatal mortality includes stillbirths (fetal death from
20 weeks to term) and neonatal deaths (death between birth and 28 days of
life). Relatively few studies have assessed the effect of ETS exposure on peri-
natal mortality. Spontaneous abortion or miscarriage is currently defined as
pregnancy loss in the first 20 weeks of gestation, but was defined as loss up
to 28 weeks in older reports. Some authors have combined spontaneous
abortions with stillbirths to look at prenatal and perinatal deaths.

Perinatal death encompasses a wide variety of causes or diagnoses
(e.g., abruptio placenta, premature rupture of membranes (PROM), severe
malformation) that may result from different etiologic factors.
Identification of confounders is particularly complex. As prematurity and
LBW are risk factors for neonatal death, birthweight and gestational age
should be considered when studying perinatal mortality. When examining
spontaneous abortion, maternal age, prior history of pregnancy loss, and
socioeconomic status indicators at a minimum should be considered as
potential confounders.

3.3.1 Overview of The literature on the association of active maternal
Human Studies of smoking during pregnancy and fetal loss is not as defini-
Spontaneous Abortion  tive as it is for birthweight. Many studies have found an
and Perinatal Mortality association with perinatal mortality (Stillman et al.,

and Maternal Smoking  1986; Kleinman et al., 1988). The 1980 report of the
During Pregnancy Surgeon General states that the risk of mortality
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“increases directly with increasing levels of smoking during pregnancy,”
and that the effect is greater in women with other risk factors (U.S. DHHS,
1980). Furthermore, the increased risk appears to be related to problems of
pregnancy and prematurity rather than to abnormalities of the neonate.
Some of the perinatal mortality has been found to have resulted from pla-
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centa praevia, in which the placenta separates from the uterine wall. This is
consistent with the changes associated with exposure to carbon monoxide
and nicotine described earlier in Section 3.2.1.

Active maternal smoking is often cited as a risk factor for sponta-
neous abortion in descriptive overviews (Stillman et al., 1986; Pirani, 1978;
Kline and Stein, 1984), but the data are not consistent. Studies which
reported an association found odds or rate ratios of 1.5-2.0, particularly
with heavier smoking (Kline et al., 1977). Not all of these studies adjusted
for confounders such as alcohol consumption. Several studies, including
some discussed below (Windham et al., 1992; HemminkKki et al., 1983), did
not find substantial associations. Inconsistencies may be due to the fact
that the study populations were from different backgrounds in different
time periods, in which the pattern of active smoking during pregnancy may
have varied. As smoking during pregnancy becomes less prevalent, fewer
women are exposed and an association becomes more difficult to detect. If
there is an association of perinatal mortality with active smoking, it appears
more likely to occur with later fetal losses (U.S. DHHS, 1980; Kallen, 1988).

3.3.2 Human Studies of Eight studies were reviewed. Two recent studies
Spontaneous Abortion and  suggest a link between ETS and spontaneous abor-
Perinatal Mortality and ETS tion, but a third does not. Several earlier studies

Exposure

also suggested an increased risk of neonatal death
associated with paternal smoking. Studies of stillbirth did not suggest
increased risk.

Comstock and Lundin (1967) In an early study (Table 3.5), Comstock and Lundin

(1967) examined stillbirth and neonatal death rates in relation to parental
smoking. The sample consisted of 376 live births in Maryland between
1953 and 1963, and 476 stillbirths or neonatal deaths in the same time
period. Smoking status was determined from a special population census
conducted in the study area and could not be specifically related to the
pregnancy under study. The authors reported “no significant differences”
in the rates of stillbirth by paternal smoking status, but no data were
shown. Neonatal death rates, adjusted for infant gender and paternal edu-
cation, were elevated in infants with nonsmoking mothers and smoking
fathers (17.2 per 1,000) compared to infants with no parental smokers (11.9
per 1,000). Neonatal death rates were highest when both parents smoked
(26.5 per 1,000). There was no statistical testing of the differences in the
adjusted rates. Because the adjusted rates were very similar to the crude
rates, we calculated a crude odds ratio and 95 percent confidence interval
for the association of neonatal death and paternal smoking (OR = 1.45, 95%
CI =0.9-2.4). The authors noted that neonatal mortality rates were also
increased among a small group of infants whose mothers did not start
smoking until after pregnancy. This could reflect ETS exposure of the
infant. Only a few confounding factors were addressed in this study, and
the possibility that birthweight could be the mediating factor in neonatal
mortality was not considered.
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Tokuhata (1968) Tokuhata (1968) used data from a case-control study of reproduc-

tive cancers in Tennessee to examine infertility and fetal losses in relation
to the smoking experience of couples. The results showed that husbands’
smoking status was unrelated to fetal loss (RR = 1.1). This study is limited
in several ways. First, information about miscarriage and stillbirth was
obtained from a next of kin long after the events in question had occurred.
This delay makes the ascertainment of miscarriage particularly unreliable.
Second, the entire reproductive period was included: some subjects had had
multiple pregnancies, and the observed events were not independent.
Third, lifetime smoking history was used, which may not pertain to specific
pregnancies. Information on amount smoked or potential confounders was
not addressed.

Yerushalmy (1971) Yerushalmy’s (1971) analysis of data from the comprehensive

Child Health and Development Studies conducted in 1960-1967 included
an examination of neonatal mortality rates among low birthweight infants
only, a select group. He found higher mortality rates among LBW births to
couples in which the father was a smoker, particularly among blacks. The
data presented in a figure in the study report indicate about a 10 percent
increase in the rates among whites and a 35 percent increase among blacks.
This pattern was seen whether the mother was a smoker or not. No raw
data were presented for estimating an effect measure or confidence interval,
nor were confounding variables considered.

Mau and Netter (1974) In their report of a large prospective study in Germany (see
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Section 3.2.2.1), Mau and Netter (1974) examined the association of pater-
nal smoking with perinatal mortality (the definition of which was not stat-
ed). The authors found an increased rate of perinatal mortality among
pregnancies where the father smoked 10 or more cigarettes per day, both
for all women and for nonsmoking women (p < 0.01). There was not a
monotonic dose-response relationship with the amount the husband
smoked (there was a slightly lower mortality rate for infants of lighter
paternal smokers (1-10 cigarettes per day) than for infants of nonsmokers).
Calculating a crude rate ratio for the heavier smoking category yields an
approximate measure of 1.5 (p < 0.05), (Table 3.5). Stillbirth rates were
identified separately and were also included in the perinatal mortality rates.
Stillbirth rates increased only slightly with heavier paternal smoking among
infants of all women (RR = 1.2), with no further information provided on
nonsmoking women. Mau and Netter (1974) noted that the rate of miscar-
riage in women whose husbands smoked more than 10 cigarettes per day
was slightly higher than among those whose husbands did not smoke (9.3
percent versus 8.2 percent). This difference was not statistically significant
and no further data were presented.

The small (or lack of ) association of paternal smoking with either
stillbirth or miscarriage indicates that the association with perinatal mortal-
ity may be due to increased neonatal mortality. The authors examined vari-
ous confounding factors and judged that they had little effect on the associ-
ation of paternal smoking with perinatal mortality, but the factors were not
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adjusted for simultaneously. The authors apparently did not adjust for
birthweight, because they did not find a significant association of low birth-
weight with paternal smoking in their study. They did exclude births with
congenital malformations and found that the increase in perinatal mortali-
ty persisted.

Koo et al. (1988) In a small study of nonsmoking female controls (n = 136) from a
lung cancer study in Hong Kong, Koo et al. (1988) compared life-history
variables by the husband’s smoking status. The authors reported that
women whose husbands had ever smoked were 40 percent more likely to
have had a miscarriage or abortion and twice as likely to have had a dila-
tion and curettage (D & C) than wives of nonsmokers. The results were sta-
tistically significant (p < 0.03) for D & C only, and the authors claimed that
most of those pregnancy losses would have been spontaneous rather than
induced abortions, but that claim was not substantiated. Wives of smokers
also tended to have more pregnancies, which was not accounted for in
comparing the percentage of women (versus pregnancies) with one or more
pregnancy losses, nor were potential confounding factors considered.

Lindbohm et al. (1991) A case-control study from Finland, designed to examine the
effect of paternal lead exposure on spontaneous abortion, also reported
paternal smoking habits (Lindbohm et al., 1991). The crude odds ratio for
spontaneous abortion associated with any paternal smoking was 1.3 (95%
CI =0.9-1.9) (Table 3.5). Maternal smoking had an OR of 1.5 (95% CI =
0.9-2.4), but was not taken into account in the association with paternal
smoking. This study may not be generalizable because it targeted men who
had been identified through a blood lead monitoring service.

Ahlborg and Bodin (1991) The previously described study of Ahlborg and Bodin
(1991) had information about ETS exposure at home as well as in the work-
place, ascertained in a prospective study of about 4,700 pregnancies in
Sweden. ETS exposure (any versus none) was not found to be associated
with excess risk for hospital-ascertained intrauterine deaths (spontaneous
abortions plus stillbirths) among nonsmoking mothers. However, there was
an excess risk among working women with workplace exposure, with an
adjusted rate ratio of 1.5 (95% CI = 0.98-2.4; Table 3.5). This risk did not
vary much by whether the woman worked full- or part-time, or by whether
or not her partner smoked. When a distinction was made on the basis of
whether the loss was early (<12 weeks) or later in pregnancy, the association
with workplace exposure appeared limited to early losses (RR = 2.2, 95% CI
= 1.2-3.8) rather than later losses (RR = 1.1). Among working women, expo-
sure only in the home was not associated with intrauterine death.

This study has several strengths, including its ascertainment of mul-
tiple sources of exposure, its use of adequate numbers of pregnancies for
assessing fetal loss and its thorough control of known confounders.
However, the fetal loss rate was low and first trimester losses before prenatal
care began were probably under-ascertained. Several of the findings were
somewhat inconsistent, such as an association only with workplace expo-
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Table 3.5

ETS Exposure in Relation to Spontaneous Abortion and Perinatal Death'

Authors (year)
Location

Design
(study size)

Exposure
Definition

Results

Comments

Comstock & Lundin 1967)?
U.S.—Maryland

Mau & Netter (1974)?
Germany

Lindbohm et al. (1991)
Finland

Ahlborg and Bodin (1991)
Sweden

Windham et al. (1992)
U.S.—California

Sample from special cen-
sus, vital records

(n= 234 still births,

158 neonatal)

Interview in early
pregnancy (n = 5,183)

Case-control study of
SABs in lead-monitored
men and wives (n = 213
SABs, 300 controls)

Prospective questionnaire
(n= 4,687 pregnancies)

Case-control (n= 626
SABs, 1,300 births)

Paternal smoking (non-
smoking mother)

Paternal smoking by
amount (>10 cigs/day)

Paternal smoking status

“Live with smoker."
Most time at work with
smokers
(nonsmoking mother)

=1 hr/day (yes/no) in first
20 weeks.

Paternal smoking (non-
smoking mother)

RR = 1.45 (0.9-2.4) for NM.

No effect on SB. (noted
increased NM in small
group where mom started
smoking after pregnancy).

RR of perinatal death =
15 (Cl=1.1-2.3)

RR for SB = 1.2 (ns)
RR for SAB = 1.1 (ns)

OR for SAB = 1.3 (0.9-1.9)

RR for SAB + SB and ETS
at home = 1.0

at work = 1.5 (0.98-2.4)
RR = 2.2 (1.2-3.8) for
early SAB and work ETS.

OR for SAB = 1.6 (1.2-2.1)
late SAB (>12 wks)
OR =1.9 (1.4-2.7)

Adjusted for infant sex and
patient education only.
Exposure not specific to
pregnancy. Completeness
of FD records?

Considered confounders,
but RR not adjusted.
Methods sketchy.

No dose response.

Not adjusted. Includes
maternal smokers.
Generalizability?

Adjusted. Work exposure
more intense.

Adjusted. No effect of
paternal smoking when
adjusted.

OI "ON YdpiSoUoW 103100 029DqO] puv SUIYOULS

1 Includes stillbirth or fetal death and neonatal mortality.

2 Odds ratios and confidence intervals calculated from data, not by original authors.

Abbreviations: SAB—Spontaneous Abortion;, SB—Stillbirth; NM—Neonatal Mortality; FD—Fetal Death; RR—Rate Ratio, OR—Odds Ratio;,
ns—not statistically significant.
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sure and not with home exposure. The question format, however, would
tend to yield a more highly exposed group at work than at home (e.g. “Do
you spend most of your time at work in rooms where other people are
smoking?” versus “Do you live with a person who smokes inside your
home?”). It might have been helpful if the authors had examined the
hours of exposure at home or the amount smoked by the household smok-
er. Secondly, the association of ETS exposure at work with intrauterine
deaths in this study is on the same order or greater than the association
found for active smoking and intrauterine death. Lastly, in contrast to the
ETS findings, the association with active smoking is more striking in later
rather than early pregnancy losses.

Windham et al. (1992) Windham et al. (1992) examined ETS exposure in a large
case-control study of spontaneous abortion conducted in California. Cases,
which were confirmed by medical records, were compared to live-born con-
trols frequency matched (to cases) by hospital and date of mother’s last
menstrual period. The ascertainment of exposure included a question on
the amount smoked by the “father of the pregnancy,” as well as a separate
question on whether the subject was regularly exposed to cigarette smoke
for an hour or more per day during the first 20 weeks of her pregnancy.
The adjusted odds ratio for self-reported ETS exposure of one hour or more
per day among nonsmokers was 1.6 (95% CI = 1.2-2.1), with a somewhat
greater association among second trimester than first trimester losses (Table
3.5). The association varied little with the woman’s employment status. For
amount smoked by the father, the adjusted odds ratios were all close to
unity. However, among women reporting ETS exposure, the association
was slightly greater if her partner smoked (OR = 2.0) than if he did not (OR
= 1.5), potentially indicating heavier ETS exposure.

This study lends some support to the findings of Ahlborg and Bodin
(1991) of an increased risk of fetal death associated with ETS exposure. Of
turther note is that the Windham et al. (1992) study also found a lower
association of spontaneous abortion with active smoking than with ETS
exposure, even when active smokers were compared to nonsmokers with no
ETS exposure (OR = 1.3). An inconsistency is that Windham et al. (1992)
found a slightly greater association with later abortions, while Ahlborg and
Bodin (1991) found a greater association with earlier spontaneous abor-
tions. However, in the Swedish study, the late pregnancy losses also
included stillbirths. Recall bias may be a concern with a retrospective
study, although the questions about ETS exposure were embedded in a
series of questions about other exposures and were not the main hypothesis
of the Windham et al. study.

Windham et al. (1995b)  In a recently reported prospective study (Windham et al.
(1995b), unpublished symposium presentation), the finding of an associa-
tion between ETS exposure and spontaneous abortion was not confirmed.
In that study, pregnant women were interviewed in the first trimester
regarding the number of hours per day of ETS exposure at home or work,
from which a daily total for each woman was calculated. Among the more
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than 4,000 nonsmokers in the study, there was no association with any
measure of ETS exposure, including paternal smoking, nor was there any
dose-response relationship (adjusted OR for any ETS = 1.0, 95% CI = 0.80-
1.3). However, among women who consumed moderate amounts of alco-
hol (greater than or equal to three drinks per week) or caffeine (greater than
300 mg/day), there was evidence of an association with ETS (adjusted OR
around 3), indicating the possibility of interaction or a more susceptible
subgroup.

3.3.3 Animal Studies of  [nformation on perinatal mortality in animals is pro-
Perinatal Mortality and vided by endpoints such as: numbers of resorptions,
Tobacco Smoke Exposure number of live and dead fetuses at term (in studies

with term hysterotomy), and litter size (in studies with spontaneous birth).
Studies using mainstream smoke (see Table 3.7, page 120) were not general-
ly supportive of effects on these parameters.

In the three available studies using sidestream smoke (Table 3.7),
one study (Witschi et al., 1994) found statistically significant effects of SS
exposure on both the number of implantation sites per litter and the num-
ber of live pups per litter; this suggests that the primary effect was on
implantation. The other two studies (Leichter, 1989; Rajini et al., 1994) did
not find effects of SS exposure on variables related to perinatal mortality.

3.3.4 Discussion Relatively few studies have examined the association of ETS
and Conclusions exposure and perinatal death. Two early studies (Comstock
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and Lundin, 1967; Mau and Netter, 1974) that examined neonatal mortality
rates by paternal smoking status suggested an increased risk on the order of
50 percent. A third study (Yerulshalmy, 1971) did not present enough data
for satisfactory interpretation, but suggested a possible effect of paternal
smoking on neonatal death rates in LBW infants. The data with respect to
stillbirth are even more sparse, but are not indicative of an association.

Two more recent studies of spontaneous abortion and ETS exposure
(Windham et al. 1992; Ahlborg and Bodin, 1991) offer better data, although
the exposure assessments were still somewhat crude and were based only on
questionnaire responses. Both studies reported an association of sponta-
neous abortion with ETS exposure, also on the order of 50 percent,
although in one study the association was observed only with workplace,
not home, exposure. One consideration in examining the relationship of
fetal loss to paternal smoking is that it could reflect a direct effect of smok-
ing on the sperm (if losses are due to fetal abnormalities), rather than an
effect of ETS exposure to the mother and fetus. The two more recent stud-
ies of spontaneous abortion were based not only on paternal exposure, but
also included other sources of ETS exposure. The finding in these two stud-
ies of a similar association of spontaneous abortion with ETS exposure as
with active smoking may be difficult to reconcile with a causal association,
given the lower levels of biomarkers measured in nonsmokers exposed to
ETS and the fact that active smokers are also exposed to ETS. However,
Remmer (1987) has suggested that enzyme induction of mono-oxygenase
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systems among active smokers leads to detoxification of toxic compounds;
because such enzyme induction would probably not occur with the lower
exposures of those exposed only to ETS, their fetuses are less protected.

In the three animal studies of the effects of sidestream smoke on
variables related to perinatal mortality, results are indicative of an effect in
only one (Witschi et al. 1994); studies using mainstream smoke were not
generally supportive of an effect on these variables. Based on this limited
information, it appears that measures reflecting perinatal mortality in ani-
mals are not particularly sensitive to gestational tobacco smoke exposure.

In conclusion, there is some epidemiologic evidence that ETS expo-
sure may play a role in the etiology of spontaneous abortion, which is con-
sistent with some but not all studies of active smoking. More work is need-
ed because of the few studies available and the inconsistent findings.

3.4 CONGENITAL Congenital malformations include a wide variety of diagnoses,

MALFORMATIONS such as neural tube defects (e.g., anencephaly, spina bifida),
cleft palate, and defects of the genitourinary and the cardiovascular sys-
tems, among others. About 2 to 3 percent of births are generally considered
affected. However, this may vary across studies, because some defects are
not detectable at birth and thus would not be included in studies that did
not ascertain defects later in infancy. Some studies limit cases to major
malformations, whereas others use a broader definition of anomaly. There
is some controversy about how to categorize diagnoses, e.g., by organ sys-
tem or embryologic origin. Potential confounding variables are not well
defined, but maternal age, prior reproductive history, and socio-economic
status should be considered.

3.4.1 Overview of The literature on the relationship of active maternal smok-
Human Studies of ing to congenital malformations is inconsistent. Some stud-
Congenital ies have found associations with defects (Kelsey et al., 1978;

Malformations and Himmelberger et al., 1978), including tube defects (Little

Maternal Smoking and Elwood, 1990) and oral clefts (Saxen, 1974; Khoury et

During Pregnancy al., 1987), but others have not (Werler et al., 1990; Kallen,
1989; Seidman et al., 1990). The 1980 Surgeon General’s report found there
was insufficient data to support a judgment about whether parental smok-
ing increases the risk of malformations (U.S. DHHS, 1980). A number of
the papers cited above (and below) were published subsequent to that
report, but do not present a stronger case, except perhaps for oral clefts.

3.4.2 Human Studies of A half dozen studies have examined the potential
Congenital Malformations association of prenatal ETS exposure and congenital
and ETS Exposure malformations (Table 3.6); all published studies were

based on paternal smoking status only. Thus, any association seen may be
due to a direct effect of smoking on sperm, rather than due to ETS exposure
of the mother. Some studies have suggested that active smoking might
cause genetic damage to the sperm as reflected by alterations in sperm
parameters (Evans et al., 1981; Marshburn et al., 1989). Although little
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work has been done associating sperm parameters with pregnancy outcome,
genetic damage could theoretically lead to a birth defect. Given the contro-
versial nature of the data on the association of maternal active smoking and
congenital malformations, we also present those results with the studies
reviewed that looked at both maternal and paternal smoking.

Mau and Netter (1974) Mau and Netter (1974) looked at the incidence of malforma-

tions in their prospective study of pregnancy and child development (see
Section 3.3.2). The rates of severe malformations among all newborns
increased with amount smoked by the father: rates were 0.8 percent among
those whose fathers did not smoke, 1.4 percent among those whose fathers
smoked 1-10 cigarettes per day, and 2.1 percent among those whose fathers
smoked more than 10 cigarettes per day (p < 0.01). A crude odds ratio of 2.6
(95% CI = 1.5-4.7) was calculated for infants of fathers smoking more than
10 cigarettes per day (Table 3.6). The authors stated that the increase in risk
was similar in surviving children and independent of maternal or paternal
age, socioeconomic status, and the participating clinic. No association was
found with maternal smoking; deleting maternal smokers from the analysis
did not change the results for paternal smoking. The increased risk was
observed for specific categories of defects, namely, facial clefts (RR = 7.0),
neural tube defects (RR = 1.7), and cardiac defects (RR = 1.9). These cate-
gories included very small numbers, and only the elevated risk of clefts was
statistically significant. An increased risk was also observed for multiple
malformations (RR = 3.3).

Holmberg and Nurminen (1980) A case-control study of central nervous system

defects designed to examine occupational factors (Holmberg and
Nurminen, 1980) also reported on parental smoking. Cases were identified
from the Finnish Register of Congenital Malformations for the years 1976-
1978, and controls comprised the live birth immediately preceding the case
born in the same district. A questionnaire was administered to mothers of
cases and controls within a few months of delivery. Based on a matched
analysis, an odds ratio of 1.3 (95% CI = 0.74-2.5) was calculated for paternal
smoking, restricted in the interview to “the time when the woman became
pregnant.” Maternal smoking showed a greater association (OR = 2.1, 95%
CI = 1.0-4.4), but the authors reported that this association was diminished
when adjusted for solvent exposure. No confounders were considered in
the analysis of paternal smoking, including maternal smoking.

Hearey et al. (1984) In a very small case-control study of neural tube defects initiated
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to investigate an identified cluster, Hearey et al. (1984) examined a wide
variety of possible risk factors. Both mothers (n = 36) and fathers (n = 25)
were interviewed. Paternal smoking was the only variable found signifi-
cantly associated with the defects. The odds ratio for paternal smoking dur-
ing the 6 months before conception or the first trimester was 16.0 (95% CI
=1.1-230.7). No adjustment for other factors, including maternal smoking,
was made. The authors noted that the association was not significant in
the matched analysis, nor in the time period restricted to only the 6
months before conception. The latter observation may actually make a



Table 3.6

ETS Exposure and Congenital Malformations

Authors (year)
Location

Design
(study size)

Exposure
Definition?

Results

Comments

Mau & Netter (1974)?
Germany

Holmberg &
Nurminen (1980)
Finland

Hearey et al. (1984)
California

Seidman et al.
(1990)?
Israel

Savitz et al. (1991)
California

Zhang et al. (1992)2
China

Interview in early
pregnancy
(n= 5,183)

Case-control, registry
based (n =120 CNS

anomalies & 120 cntrls)

NTD cluster, case-cntrl
(n = fathers of 8 cases

and 17 controls)

Retrospective interview

Interview post-partum

(n = 17,152 infants)

Prospective in HMO

members (Child Health
& Development Study)

(n = 14,685 births)

Case-control interview

in hospital
(n= 1,012 cases,
1,012 controls)

Paternal smoking
by amount
(>10/day)

Paternal smoking
at conception

Father smoke
periconceptional
(father inter-
viewed)

Paternal smoking
(amount)

Paternal smoking
at prenatal inter-
view

Paternal smoking

RR for severe BD = 2.6 (1.5-4.7)
RR for facial clefts = 7.0 (p < 0.05)
Cardiac defects = 1.9 (ns)

NTDs = 1.7 (ns)

OR = 1.3 (0.74-2.5)

OR =16.0 (p < 0.05) unmatched

RR =1.45 (0.73-2.8)
for >30 cigs/day? and major BDs.
RR = 1.1 (0.85, 1.5) for minor BDs.

OR = 2.4 (ns) for hydrocephalus
OR = 2.0 for VSD and urethral
stenosis (ns)

OR = 1.7 for CLP (ns)

OR = 0.6 for NTDs (ns)

RR = 1.2 (1.0-1.5) for all BD.
Numerous types elevated, but ns
RR = 1.6 for CP

RR <1.5 for hydrocephalus

RR <1.0 for VSD

RR = 2.0 (1.1, 3.7) for NTDs

Looked at some confounders, but not
adjusted. Little information on meth-
ods. (Appears to include maternal
smokers).

Not adjusted.
Includes maternal smokers.

Not adjusted.

(Includes maternal smokers.)
n.s. in matched analysis.
Small numbers.

Multivariate adjustment (results not
shown). Little dose-response.

Multivariate adjustment includes
smoking mothers.

Multiple comparisons. Little dose
response.

Not adjusted but low-risk subgroup.
Greater association with multiple vs.
single defects. No dose-response.
Multiple comparisons.

1 Among nonsmoking women unless otherwise specified. Exposure ascertained from mother unless otherwise specified.

2 Confidence interval calculated by reviewer.

Abbreviations: BD = birth defects, NTD = neural tube defects, CNS = central nervous system, VSD = ventricular septal defect,
CLP = cleft lip and/or cleft palate, CP = cleft palate, ns = not significant or p > 0.05.
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stronger case for an ETS effect, because if the excess is associated with pater-
nal smoking during pregnancy (rather than prior to conception), the possi-
bility of an effect on sperm is precluded.

Seidman et al. (1990) Seidman et al. (1990) examined parental smoking and con-

genital malformations using data from the Jerusalem Study of Oral
Contraceptive Use. Over 15,000 women who delivered between 1974 and
1976 were interviewed within a few days postpartum. Focusing on only the
results for nonsmoking mothers, the authors noted nonsignificant increases
in rates of minor and major malformations associated with heavy paternal
smoking. The odds ratio we calculated for paternal smoking of greater than
30 cigarettes per day shows only a very slight elevation in the rates of
minor malformations and a moderately elevated association with major
malformations (Table 3.6). The authors reported that a multiple regression
analysis revealed no significant associations with paternal smoking, but did
not publish the results. In the regression analysis, maternal smoking was
not associated with the incidence of either major or minor malformations.
However, among older women (35 years) the malformation rates were ele-
vated two-fold in smokers. The rates of some specific defect categories
(spina bifida and genitourinary system defects) were non-significantly ele-
vated among infants of maternal smokers, but data were not presented by
defect category for paternal smoking.

Savitz et al. (1991) Savitz et al. (1991) analyzed data from the large Child Health

and Development Studies of Kaiser Births from 1959-1966 with respect to
the influence of paternal variables on the incidence of congenital anom-
alies. Congenital anomalies were broadly defined and were ascertained up
to 5 years after birth. The association with paternal smoking was examined
for over 30 categories of defects, so some were based on small numbers.
Prevalence odds ratios (POR) adjusted for maternal variables were greater
than 1.5 for four diagnoses: cleft lip with or without cleft palate; hydro-
cephalus, a nervous system defect; ventricular septal defect, a cardiovascular
system defect; and urethral stenosis (Table 3.6). All of the confidence inter-
vals were wide and included unity. A dose-response relationship for smok-
ing one pack or more per day was suggested only for the clefts and urethral
stenosis. A number of diagnoses had associations with a POR less than 0.7,
including neural tube defects and patent ductus arteriosus, a cardiovascular
defect. In these analyses, maternal smokers were not excluded, but this
variable was controlled in the logistic regression model. Unfortunately, the
number of unaffected births by exposure status was not provided, thus
defects could not be grouped into broader diagnostic categories or by organ
system for comparison to other studies.

Zhang et al. (1992) Zhang et al. (1992) examined data on paternal smoking from a
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case-control study of birth defects conducted in Shanghai from 1986-1987.
Birth defects were ascertained within the first week of life or from patholo-
gy exams of perinatal deaths; controls were normal live births. Only two
mothers reported smoking; they were excluded. Other confounders (e.g.,
age, paternal drinking, and chemical exposures) were not adjusted because
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their occurrence was rare (<5 percent). The overall odds ratio of birth
defects and paternal smoking was slightly elevated with little evidence of a
dose-response effect (Table 3.6). Among 25 defect categories, elevated odds
ratios were seen for pigmentary anomalies of the skin (3.3, 95% CI = 0.9-
1.8), diaphragmatic hernia (2.3, 95% CI = 0.7-8.4), anencephaly (2.1, 95%
CI = 0.9-4.9), spina bifida (1.9, 95% CI = 0.7-5.4), and varus or valgus defor-
mities of feet (1.8, 95% CI = 0.97-3.3). As can be seen, some confidence
intervals were rather wide. The odds ratios for most other categories were
greater than one. Exceptions were ventricular septal defect and other heart
anomalies, polydactyly or syndactyly, hypoplasia of lung, or hypospadias;
none of these were significantly below unity. For neural tube defect diag-
noses (e.g., anencephaly and spina bifida) alone, and in combination with
other central nervous system defects (e.g., hydrocephalus and micro-
cephalus), we calculated ORs of 2.0 (95% CI = 1.1-3.7) and 1.6 (95% CI =
1.0-2.6), respectively. For some of the defects with elevated rates there was
an indication of a dose-response relationship (e.g., spina bifida, diaphrag-
matic hernia, and the pigmentary anomalies). Classifying defects as isolat-
ed or multiple (in the affected individual) revealed a slightly greater associa-
tion with multiple malformations, but no dose-response effect. The authors
felt that confounding or reporting bias were unlikely to explain the
observed results.

Shaw and Wasserman (1993) A study recently reported at a scientific meeting (Shaw et

Wasserman et al. (1994) al., 1993) provided some data on parental smoking as
well as other sources of ETS exposure. This case-control study of oral clefts
found a dose-response association with amount of maternal smoking.
Paternal smoking also appeared to show such an association, but not when
maternal smokers were excluded. Thus, paternal smoking appeared to
interact with maternal smoking. Exposure to others’ smoke at work, or at
places other than home, led to slightly increased risks among infants of
maternal nonsmokers (OR = 1.5, 95% CI = 0.95-2.2, and OR = 1.3, 95% CI =
0.88-1.8, respectively), as well as among smokers. These data are prelimi-
nary and are not adjusted for co-covariates (and thus are not included in
the tables). The findings for home (e.g., paternal smoking) and workplace
exposure are inconsistent, but the latter are indicative of a slight association
with ETS.

A more recent presentation from the same investigators (Wasserman
et al., 1994) provided data on parental smoking and neural tube and
conotruncal heart defects. An increase in the ORs for the heart defects was
seen when both parents smoked (crude ORs ranged from 1.4 to 2.0 by
amount smoked), but not when only one parent smoked. Little consistent
pattern of risk with parental smoking was noted with neural tube defects, in
contrast to the published studies discussed above. Information on work-
place exposure was not presented.

3.4.3 Animal Studies of Malformations in animals are detected in term

Congenital Malformations fetuses by gross examination, soft tissue examina-

and Tobacco Smoke Exposure tion via dissection, and skeletal examination after
staining; a complete teratology study includes all three exams. Of seven

117



Smoking and Tobacco Control Monograph No. 10

Table 3.7

Animal Studies of Tobacco Smoke Exposure and Fetal Growth

Mainstream or Unidentified Type of Smoke

Authors (year) Species Exposure Period Fetal Weight at Term

Essenberg et al. (1940) rats mating through "2/3 under weight"
lactation (no statistics)

Younoszai et al. (1969) rats day 3-22 gestation -16%

Wagner et al. (1972) mice day 11-16 days -16% (not significant)
gestation

Haworth & Ford (1972) rats day 3-20 gestation -19%

Reckzeh et al. (1975) rats day 1-18 gestation -6% (not significant)

Reznik & Marquard (1980) rats day 0-21 gestation -31%

Peterson et al. (1981) mice day 6-17 gestation -4% (not significant)

Bertolini et al. (1982) rats day 1-20 gestation -9% (not significant)

Tachi & Aoyama (1983) rats day 0-21 gestation -30%

Bassi et al. (1984) rats day 5-20 gestation -21%

Amankwah et al. (1985) mice day 0O-birth -4%

Rogers & Kuehl (1988) baboons "throughout -17% (no statistics)
pregnancy”

Sidestream Smoke

Leichter (1989) rats day 1-20 gestation -9%

Witschi et al. (1994) rats day 3-10 gestation 0% (not significant)

Rajini et al. (1994) rats day 3, 6-10 and -7%
13-17 gestation

Mohtashamipur et al. (1987) rats "1st, 2nd and 3rd "significant losses"

(abstract)

week of pregnancy"

no statistics

studies of mainstream smoke using one or more of these techniques, four
did not find any effects (Wagner and Chouroulinkov, 1972; Reznik and
Marquard, 1980; Peterson, 1981; Bassi ef al., 1984) and three mentioned
limited findings (Schoeneck, 1941; Tachi and Aoyama, 1983; Amankwah ef
al., 1985) but did not provide enough information for evaluation or for
characterization of defects.

Of the three available sidestream smoke studies, one (Witschi et al.,
1994) did not examine malformations. Using gross examination only,

3.4.4 Discussion
and Conclusions
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Leichter (1989) reported no effects. Rajini et al. (1994) reported finding no
effects using gross and skeletal examinations, but did no soft tissue exami-
nation. Thus, no complete teratology study has been conducted with side-
stream smoke.

Although the epidemiologic studies reviewed suggest a moder-
ate association of severe congenital malformations with pater-
nal smoking (with odds ratios from 1.2-2.6 for all malformations combined,
or for major malformations), none presented compelling evidence that ETS
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exposure causes congenital malformations. The use of paternal smoking sta-
tus as a surrogate for ETS exposure means that a direct effect of active
smoking on the sperm cannot be ruled out. Several studies found greater
associations with specific defects, but the defects implicated differed in dif-
ferent studies. The most consistent association appears to be with central
nervous system or neural tube defects; this association was observed in all
but one study (Savitz et al., 1991) of the five that provided sufficient data.
Due to the limitations in assessing exposure in the existing studies, it is not
possible to determine whether there is an association of ETS exposure with
birth defects.

None of the studies currently published had information on ETS
exposure from multiple sources (e.g., home and work), nor did any include
measurement of a biomarker. Thus, an association will be more difficult to
detect if there is misclassified exposure such that the comparison group
includes pregnancies exposed to ETS from sources other than the spouse.
Given that the results of studies of active smoking have been inconsistent, a
teratogenic effect of ETS is unlikely to be strong; it would be very difficult
to detect a significant association of a weak teratogen which occurs at such
low levels with outcomes as rare as specific birth defects. Furthermore,
because of the relative dearth of information on causes of malformations, it
is difficult to determine whether confounding variables have been ade-
quately controlled. Several of the studies did not exclude maternal smok-
ers, and only one of those adjusted for maternal smoking (Savitz et al.,
1991).

In animals, the three available sidestream smoke studies found no
effects; however, no complete teratology study has been conducted. Results
of only three of seven studies of mainstream smoke suggest an association
(Shoeneck, 1941; Tachi and Aoyama, 1983; Amankwah et al., 1985). Based
on this limited information, measures of congenital malformations in ani-
mals do not appear to be sensitive to tobacco smoke exposure.

In conclusion, it is not possible at this time to determine whether
there is an association of ETS exposure with birth defects.

3.5 CHAPTER SUMMARY  More than 25 epidemiologic studies of the relation-

AND CONCLUSIONS ship between fetal growth and ETS exposure were
reviewed. All but one of the studies that examined mean birthweight
found a decrement with ETS exposure, although some of the weight differ-
ences were small. A few early studies found little effect, but none of them
controlled for confounders or performed rigorous statistical analyses. The
majority of studies which examined the endpoints “low birth weight” or
“small for gestational age” have shown a slightly elevated risk (20-40 per-
cent) with ETS exposure. Current epidemiologic studies, with support from
animal studies and the known association with active smoking, provide suf-
ficient evidence that ETS exposure adversely affects fetal growth. The pri-
mary effect is a reduction in birthweight that is of a small magnitude (25-50
grams) and may not be clinically significant for an individual infant at low
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risk. Yet, if the entire birthweight distribution is shifted lower with ETS
exposure, as it appears to be with active smoking, infants who are already
compromised may be pushed into even higher risk categories. Low birth-
weight is associated with many well-recognized problems for infants and is
strongly associated with perinatal mortality.

Of the relatively few studies that have examined the association of
ETS exposure and perinatal death, early studies suggest an increased risk of
neonatal mortality rates associated with paternal smoking. The data with
respect to stillbirth are more sparse, but are not indicative of an association.
Two modern studies reported an association of spontaneous abortion and
ETS exposure from multiple sources, although in one study the association
was observed only with workplace, not home, exposure. These, as well as
two weaker studies, provide some epidemiologic evidence that ETS exposure
may play a role in the etiology of spontaneous abortion, but further work is
needed, particularly as a recent report did not confirm these findings.

Although the epidemiologic studies reviewed suggest a moderate
association of severe congenital malformations (birth defects) with paternal
smoking, none presented compelling evidence that ETS exposure causes
congenital malformations. The use of paternal smoking status as a surro-
gate for ETS exposure means that a direct effect of active smoking on the
sperm cannot be ruled out. Several studies found associations with specific
defects, but the defects implicated differed in different studies. The most
consistent association appears to be with central nervous system or neural
tube defects; this association was observed in all but one of the five studies
that provided sufficient data. Due to the limitations in assessing exposure
in the existing studies, it is not possible to determine whether there is an
association of ETS exposure with birth defects.
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Developmental Toxicity 11
Postnatal Manifestations

4.1 INTRODUCTION In this section we examine associations between ETS expo-
sure and three outcomes occurring after the neonatal period: Sudden Infant
Death Syndrome (SIDS), neuropsychological development, and physical
growth.

The discussion of each outcome begins with a brief review of studies
that assessed the effect of active smoking by the mother during pregnancy.
Although reviewing active smoking effects is not the purpose of this docu-
ment, the review of these studies provides a context within which to con-
sider the results of the studies of ETS exposure.

The brief review of active smoking effects is followed by detailed
descriptions of epidemiologic studies of ETS exposure and their outcomes.
Pertinent animal studies are then described. The section concludes with a
discussion of overall evidence on the impact of ETS exposure and the end-
point.

4.1.1 Confounding in Studies The issue of adequate control of confounding is

of Child Development central in attempting to identify causal factors in
child development. Smokers as a group appear to differ from nonsmokers
in many ways that may influence child development (Broman et al., 1987).
For example, smokers are more likely to be of lower socioeconomic status,
to be less educated (Fiore et al., 1989; Pierce et al., 1989; Escobedo et al.,
1990), to drink alcohol (Kuzma and Kissinger, 1981), and are less likely to
breast-feed their infants (Goodine and Fried, 1984) than are nonsmokers.
Differences between smokers and nonsmokers with respect to personality
and emotional tone have also been observed (Waal-Manning and de
Hammel, 1978; Haines et al., 1980; Frerichs et al., 1981). Fried and
Watkinson (1988) have reported that the home environments of smokers
are on average less conducive to optimal child development. These associ-
ations may confound the relationship between ETS exposure and child
development.

Adjustment for potential confounders must be done carefully or
incomplete control may result. For example, Rantakallio (1983) discovered
that within each social class stratum used in her analysis, mothers who
smoked were more disadvantaged in terms of employment, family intact-
ness, and health status than were nonsmoking mothers. Conversely, a
smoking effect may be concealed through adjustment for intervening vari-
ables. For example, adjusting for birthweight could obscure an effect attrib-
utable to smoking, if smoking exerts the effect through lowered birth-
weight.
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The above-mentioned factors make it very difficult to examine the
association between ETS exposure and developmental outcomes in children.
Nevertheless, postnatal ETS exposure of the child may be an important or
even the most relevant route of exposure to tobacco smoke components for
some outcomes. Identifying an adverse outcome associated with exposure
to ETS could have significant implications for public health. Using data
from the 1988 National Health Interview Study, Overpeck and Moss (1991)
estimated that 49 percent of all U.S. children under S years of age are regu-
larly exposed to tobacco smoke after birth by their mother or another mem-
ber of their household. It is important to distinguish the effects of prenatal
and postnatal exposure to tobacco smoke components because approxi-
mately two-thirds of women who quit smoking while they are pregnant
restart after the birth of the child (Gillies et al., 1988). Identification of any
adverse developmental effects due solely to postnatal ETS exposure may
help motivate women who quit smoking during pregnancy to remain non-
smokers after their babies are born.

4.2 SUDDEN INFANT  Sudden Infant Death Syndrome (SIDS) is generally defined
DEATH SYNDROME as the sudden death of any infant which is unexpected by

history and in which a thorough postmortem examination fails to demon-
strate an adequate cause of death (Beckwith, 1970). The diagnosis of SIDS
is usually restricted to infants aged 1 month to 1 year, but investigators
sometimes expand the age-at-death criterion. In the United States and
other developed countries, SIDS is the most common cause of post-neonatal
death. Maternal risk factors that have been identified include young age,
high parity, low socioeconomic status, cigarette smoking, and illicit drug
use; risk factors in the infant include male sex, black or American Indian
race, prematurity, low birthweight, a history of recent illness, having a
“near-miss SIDS episode,” having a sibling who died of SIDS, not breast
teeding, and sleeping in the prone position; other risk factors include the
winter season (Kraus and Bulterys, 1991; Guntheroth and Spiers, 1992).

4.2.1 Overview of Active maternal smoking during pregnancy has been
Human Studies of SIDS  consistently found to be a significant risk factor for SIDS
and Maternal Smoking  with odds ratios (for any versus no maternal smoking)
During Pregnancy ranging from 1.6 to 4.4. Many studies, particularly the
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earlier ones, did not adequately control for potential confounders (Steele
and Langworth, 1966; Schrauzer et al., 1975; Naeye et al., 1976; Bergman
and Wiesner, 1976; Lewak et al., 1979); others had problems with potential
selection bias (Bergman and Wiesner, 1976) or incomplete assessment of
maternal smoking status (Rintahaka and Hirvonen, 1986). However, there
have been two case-control studies (Hoffman et al., 1987 and 1988; Mitchell
et al., 1991 and 1992) and two population-based cohort studies (Malloy et
al., 1988; Haglund and Cnattingius, 1990) that have been large and reason-
ably well controlled, adjusting for at least maternal age, parity, race, and
socioeconomic status or maternal educational level. In these studies, mater-
nal smoking during pregnancy remained a significant independent risk fac-
tor for SIDS with adjusted ORs ranging from 1.8 to 2.5. The effect of mater-
nal smoking on risk of SIDS is independent of birthweight, as demonstrated
by Hoffman et al. (1987), Malloy et al. (1988), Kraus et al. (1989), Wierenga



Chapter 4

et al. (1990), and Li and Daling (1991). Some investigators have suggested
that the residual effect of maternal smoking during pregnancy after adjust-
ing for birthweight could represent an effect of postnatal ETS exposure to
the child (Kraus et al., 1989; Dwyer and Ponsonby, 1992).

Several investigators (Steele and Langworth, 1966; Naeye et al.,
1976; Kraus et al., 1989; Bulterys et al., 1990; Haglund and Cnattingius,
1990; Malloy et al., 1992) have noted an increase in SIDS risk with increas-
ing levels of maternal smoking during pregnancy. The exception (a re-
analysis of the Hoffman case-control study described in Malloy et al. (1992))
had used maternal smoking during the first trimester as its measure of
exposure. It may be that the risk of SIDS associated with maternal active
smoking varies depending on the timing and duration of exposure.

4.2.2 Human Studies of No studies were found that specifically examined the
SIDS and ETS Exposure  relationship of ETS exposure of the mother during preg-
4.2.2.1 ETS Exposure of the nancy to the subsequent risk of SIDS in the infant.

Mother During Pregnancy Ten studies were found that examined the relationship
between SIDS and postnatal ETS exposure (Table 4.1).
Some of these studies were reviewed by the U.S.
Environmental Protection Agency (1992).

4.2.2.2 Postnatal ETS
Exposure

Bergman and Wiesner (1976)  Bergman and Wiesner (1976) conducted a small case-
control study of SIDS in King County, Washington. Cases and controls
were matched on date of birth, sex, and race; there was no adjustment for
other co-variates. Exposure was ascertained retrospectively by a mailed
questionnaire. The study’s case participation rate was poor (56 of 100 iden-
tified cases versus 86 of 100 identified controls) with non-responding moth-
ers more likely to be young and to live in poor neighborhoods. This proba-
bly led to an underestimation of the proportion of smokers among the
cases. The authors ascertained the level of maternal smoking both during
and after pregnancy and the level of paternal smoking (timing unspeci-
fied). They found an overall crude OR for any maternal smoking during
pregnancy of 2.2 (95% CI = 1.0-4.5), and for any maternal smoking after
pregnancy of 2.4 (95% CI = 1.2-4.8). There was a large degree of overlap
between the “smoking during” and “smoking after” groups: of the smoking
mothers, the mothers of only one case and four controls did not smoke
both during and after pregnancy. The effect of maternal smoking after
pregnancy was independent of level of maternal education, but was present
only among mothers <25 years old. Among the infants of these young
mothers, there was evidence of a dose-response effect, with ORs of 3.8 (95%
Cl=1.2-11.8) and 7.7 (95% CI = 1.4-52.4) for <20 cigarettes and >20 ciga-
rettes per day, respectively. Paternal smoking had an OR of 1.5 (95% CI =
0.7-3.2). Maternal smoking was not controlled for in the analysis of pater-
nal smoking.

McGlashan (1989) McGlashan (1989) conducted a case-control study of virtually all
unexplained infant deaths in Tasmania from 1980 to 1986. Parents of the
167 cases were interviewed as part of routine grief counseling by public
health nurses. Two controls were matched to each case by date of birth and
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Table 4.1

Sudden Infant Death Syndrome (SIDS) Studies that Assessed some Source of Postnatal ETS Exposure

Exposure Group Comparison

Authors (year) Odds Ratio
Location Study Size Exposure Group? (95% ClI) Comments
Bergman & Wiesner 56 cases, * Any vs. no MS 2.2 (1.0-4.5) Matched on sex, race. Poor study par-
(1976) 86 controls during pregnancy ticipation. Virtually all mothers who
United States * Any vs. no MS after 2.4 (1.2-4.8) smoked in pregnancy also smoked
(King County, pregnancy afterwards.
Washington) * Any vs. no PS 1.5(0.7-3.2)
McGlashan (1989) 167 cases, e Any vs. no MS 1.9 (1.2-2.9) Matched on sex; no other adjustment.
Tasmania 334 controls during pregnancy ORs were calculated from table; author
* Any vs. no MS in 1.9 (1.2-2.9) presented results of a matched analysis
child's first year that were different. Virtually all mothers
* Any vs. no PS "significantly who smoked in pregnancy also smoked
increased" afterwards.
Mitchell et al. (1991) 128 cases, e Any vs. no MS 2.7 (crude) Controlled for many demographic and
New Zealand 503 controls during pregnancy social factors, breastfeeding, season,
(subset of Mitchell  (from medical records) and sleeping position. Strong dose-
et al. (1993)) * Any vs. no recent MS 3.0 (crude) response noted in crude analysis.

Nicholl & O'Cathain
(1992)
United Kingdom

242 cases,
251 controls

(from interview)

¢ Any vs. no MS
during pregnancy
* Any vs. no PS

1.8 (1.0-3.3; adj)

2.1 (1.5-3.1)

1.6 (1.1-2.4)

Virtually all mothers who smoked in
pregnancy also smoked afterwards.

Matched for date and place of birth.
Controlled for spousal smoking only.
Effect of PS increased as infants' ages
increased.
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Table 4.1 (Continued)

Exposure Group Comparison

Authors (year) Odds Ratio
Location Study Size Exposure Group? (95% ClI) Comments
Schoendorf & Kiely 435 cases, * Any vs. no MS during White Black  Restricted to infants with birth weights

(1992)

United States

(U.S. National Maternal
and Infant Health
Survey)

Mitchell et al. (1993)
New Zealand

6,000 controls

485 cases,
1,800 controls

and after pregnancy
* Any vs. no MS after
pregnancy only
* Other household
smokers (vs. no other
household smokers)

* Any vs. no recent
MS

* Any vs. no PS

* Any vs. no other
household smokers

* MS cigs/day:

3.1 3.1 22,500 g. Controlled for maternal age,
(2.3-4.2) (2.2-4.3) education, and marital status. Smokers
1.8 2.3 in "during and after" category were
(1.0-3.0) (1.5-3.7) heavier smokers than smokers in the
1.4 0.9 "after only" category
(1.0-1.9) (0.7-1.3)

1.7 (1.2-2.3) The first 3 ORs are adjusted for region
season, breastfeeding, and bed shar-
1.4 (1.0-1.8) ing; mother’s marital status, SES, age,
1.2 (0.8-1.6) and smoking during pregnancy; infant’s
age, sex, birthweight, race, and sleep-
No PS PS ing position; and where appropriate,
1.0 1.0 smoking by the mother, father, and

(ref) (0.6-1.6) other household numbers.
2.6 4.4

(1.7-3.8) (3.3-6.0)
34 7.4

(2.0-5.8) (4.9-11.1)

1 Abbreviations: MS-maternal smoking; PS-paternal smoking; asterisk (*) denotes proxy measurement for ETS exposure;
bullet (¢) denotes non-ETS exposure.
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Table 4.1 (Continued)

Exposure Group Comparison

Authors (year) Odds Ratio
Location Study Size Exposure Group'? (95% ClI) Comments
Klonoff-Cohen et al. 200 cases, Unadjusted Adjusted Adjusted ORs were con-
(1995) 200 controls * Any MS 3.1 (1.8-5.6) 2.3 (1.0-5.0) trolled for birth weight, rou-
United States * Any same-room MS 6.2 (2.6-14.6) 4.6 (1.8-11.8) tine sleep position, med-
(Southern California) * Any PS 3.5 (2.0-6.3) 3.5 (2.0-6.3) ical conditions at birth,
* Any same-room PS 9.2 (3.7-23.2) 8.5 (3.3-21.6) prenatal care, breast feed-
* Any household smoking 3.8 (2.3-6.4) 3.5(1.8-6.8) ing, and maternal smoking
* Any same-room during pregnancy.
household smoking 6.2 (3.3-11.7) 5.0 (2.4-11.0)
Total number of
household smokers:
1 3.1 (1.8-5.5) 3.0 (1.5-6.0)
2 5.2 (2.5-10.7) 5.3 (1.9-14.5)
3 8.1(1.5-44.5) 5.1 (0.7-36.6)
Total cig exposure/day:
1-10 2.3 (1.1-4.7) 2.4 (1.1-5.4)
11-20 3.5 (1.7-7.1) 3.6 (1.5-8.8)
>21 12.6 (4.3-37.1) 22.7 (4.8-107.2)
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Table 4.1 (Continued)

Exposure Group Comparison

Authors (year) Odds Ratio
Location Study Size Exposure Group? (95% ClI) Comments
Blair et al. (1996) 195 cases, * Any vs. no PS 2.5(1.5-4.2) Matching by age and region. First OR
United Kingdom 780 controls * PS/no MS vs. 3.4 (2.0-5.9) is adjusted for maternal age, marital
no PS or MS status, SES, maternal smoking, drug
and alcohol use, gestational age, sleep-
* Household cigs/day: ing position, and breast feeding.
0 1.0

1-19 2.5 (1.3-4.7)

20-39 4.0 (2.4-6.6)

240 7.6 (4.0-14.3)

1 Abbreviations: MS-maternal smoking; PS-paternal smoking; asterisk (*) denotes proxy measurement for ETS exposure;

bullet (¢) denotes non-ETS exposure.

2 All odds ratios are for postnatal exposure and are relative to infants with no smoke exposure.
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sex. Parents of controls were interviewed much later after pregnancy than
were parents of cases, introducing a potential source of recall bias. The lev-
els of maternal smoking during pregnancy and throughout the baby’s first
year of life, as well as levels of paternal smoking, were ascertained. As in
the Bergman and Wiesner (1976) study, there was virtually complete over-
lap between the women who smoked during pregnancy and who smoked
during the infants’ first year of life, with ORs for both forms of maternal
smoking of 1.9 (95% CI = 1.2-2.9). No clear dose-response relationship was
seen. The author also stated that cases were significantly more likely than
controls to have a father who smoked, or to have either a mother or father
who smoked, but the actual data were not presented. There was no adjust-
ment for co-variates.

Mitchell et al. (1991)  Results from the first year of a 3-year case-control study of SIDS

in New Zealand were reported in Mitchell ef al. (1991). The interim report
included 128 SIDS cases and 503 controls. Cases were well-defined and
study participation was over 80 percent. Information regarding all major
risk factors for SIDS except for maternal illicit drug use was either obtained
through an interview with the parents (conducted on average one month
after the death of the case infant) or abstracted from medical records.
Maternal smoking status was assessed two ways: as a yes/no variable
abstracted from the obstetric record and as the average number of cigarettes
smoked per day in the two weeks prior to interview. Neither of these
approaches are ideal—the first method would underestimate exposure if a
smoking history was not consistently obtained, and the second method
might overestimate smoking among mothers of cases if they were smoking
more due to the stress of recently losing a baby. Nevertheless, both meth-
ods resulted in very similar crude ORs of 2.7 and 3.0, respectively. In a
multivariate analysis incorporating most known risk factors for SIDS except
maternal smoking during pregnancy, any maternal smoking in the 2 weeks
prior to interview had an OR of 1.8 (95% CI = 1.0-3.3). There was no data
presented regarding smoking by the father or other family members.

Nicholl and O’Cathain (1992) Nicholl and O’Cathain (1992) conducted a study of 242
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SIDS cases and 251 controls drawn from a larger study of post-neonatal
mortality in the United Kingdom. The authors calculated independent
risks of SIDS for maternal smoking during pregnancy and for smoking by
the mother’s partner. Smoking by the partner was associated with an OR of
1.6 (95% CI = 1.1-2.4) whereas smoking (during pregnancy) by the mother
was 2.1 (95% CI = 1.5-3.1). This analysis controlled for spousal smoking
but did not control for any other potential confounders. In the subset of
infants whose fathers smoked and whose mothers were nonsmokers, the
OR for paternal smoking was 1.4 (95% CI = 0.8-2.4). The researchers did
not ascertain maternal smoking status after pregnancy, nor did they distin-
guish partner’s smoking level during and after the pregnancy. In a second-
ary analysis, the infants were divided into four subgroups by age at death of
the case-infant. As the infants’ ages increased, the independent ORs associ-
ated with partners’ smoking increased, from 1.5 at <8 weeks to 2.6 at >24
weeks. Conversely, the ORs associated with maternal smoking decreased
(from 4.0 to 1.4) as infants’ ages increased (confidence intervals were not
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given). The authors suggested that this pattern implies that prenatal expo-
sure to maternal active smoking components may be more important for
younger infants, and postnatal ETS exposure more important for older
infants. Their finding that maternal smoking was less important than part-
ner’s smoking in infants >24 weeks of age is problematic, since most moth-
ers who smoked during pregnancy presumably also exposed their infants to
ETS by continuing to smoke after delivery. However, the numbers in each
age category were small and the point estimates are probably imprecise.

Schoendorf and Kiely (1992) The first study to independently examine maternal
smoking during and after pregnancy was published by Schoendorf and
Kiely (1992). They performed a case-control analysis of data from the 1988
National Maternal and Infant Health Survey. Within this dataset, 201 black
and 234 white autopsied SIDS cases were identified from death certificates;
approximately 3,000 controls for each race were used. The analysis was
restricted to infants weighing >2,500 grams at birth. Mothers were ques-
tioned regarding their level of cigarette consumption during pregnancy and
at the time of interview, and from their responses categorized as nonsmok-
ers, smokers after pregnancy only, or smokers during and after pregnancy.
After adjustment for maternal age, education, and marital status, maternal
smoking only after pregnancy had an OR of 1.8 (95% CI = 1.0-3.0) for
whites and 2.3 (95% CI = 1.5-3.7) for blacks. The risk of SIDS among
infants of women who smoked both during and after pregnancy was 3.1
(95% CI = 2.3-4.2) and 3.1 (95% CI = 2.2-4.3) for whites and blacks respec-
tively. The ORs for “passive” (postnatal) and “combined” (pre- and postna-
tal) exposure were not directly comparable, as mothers who smoked during
and after pregnancy tended to smoke more cigarettes per day than mothers
who smoked only after pregnancy. The authors also examined the risk of
SIDS in relation to the presence of other smokers in the household. In
whites, household smoking was significantly associated with SIDS (OR =
1.4, 95% CI = 1.0-1.9), but no relationship was seen in blacks (OR = 0.9,
95% CI = 0.7-1.3). This latter analysis controlled for mother’s smoking sta-
tus only.

Mitchell et al. (1993)  Final results from the New Zealand case-control study were pub-
lished in Mitchell et al. (1993). The study’s catchment area covered 78 per-
cent of all live births in New Zealand during the 3-year study period. Four
hundred eighty-five SIDS cases were compared to 1,800 controls. Case
infants were much more likely than were control infants to have mothers
who had smoked in the 2 weeks prior to interview (OR = 4.1, 95% CI = 3.3-
5.1). The OR decreased to 1.7 (95% CI = 1.2-2.3) but was still significant at
the p = 0.05 level after adjusting for region, season, breastfeeding, and bed
sharing; mother’s marital status, socioeconomic status, age, and smoking
during pregnancy; infant’s age, sex, birthweight, race, and sleeping posi-
tion; and smoking by the father and other household members. Although
results were adjusted for maternal smoking during pregnancy, less than 10
percent of the mothers changed their smoking behavior through pregnancy
and the first year of the infant’s life. There was a strong dose-response rela-
tionship observed between amount smoked by the mother and risk of SIDS
(these ORs were not adjusted for any co-variates). The researchers also
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found a significant relationship between recent paternal smoking and SIDS,
with a crude OR of 2.4 (95% CI = 1.9-3.0) and an adjusted OR of 1.4 (95%
CI = 1.0-1.8; adjusted for maternal smoking as well as the other co-variates
listed previously). They did not see a dose-response relationship for pater-
nal smoking. Among infants whose mothers did not smoke (131 cases and
1,081 controls), there appeared to be no difference in SIDS risk between
infants whose fathers smoked and those with non-smoking fathers (OR =
1.0, 95% CI = 0.6-1.6). However, having a smoking father appeared to sub-
stantially increase the risk of SIDS among infants whose mothers smoked.
The authors speculated that non-smoking mothers may be more likely than
smoking mothers to insist that fathers smoke away from the child.

Mitchell et al. also looked at the relationship between the number
of smokers in the household and the risk of SIDS. Having any other smok-
ers in the household—excluding the parents—resulted in a crude OR of 1.5
(95% CI = 1.2-2.0) and an adjusted OR of 1.2 (95% CI = 0.8-1.6). When
parents were included, there was a strong dose-response relationship
between the number of household smokers and the risk of SIDS.

Milerad et al. (1994) Milerad et al. (1994) published a small case-report study of

autopsied SIDS cases. Sixteen consecutive cases with no other positive his-
tological or other findings at post-mortem had pericardial fluid tested for
cotinine, a nicotine metabolite often used to quantify exposure to tobacco
smoke. Nine of the 16 (56.3 percent) cases had pericardial cotinine levels
indicative of moderate to heavy ETS exposure (cotinine 2.2-156.9 ng/ml).
Swedish national surveys report that 18 percent of Swedish women smoke
after having a baby, thus more of the autopsied SIDS cases were exposed
than would be expected using national data. This small descriptive study
has a number of limitations, including the lack of information on the actu-
al smoking practices of the SIDS cases’ family members, and the lack of
controls. However, to date this is the only study to look at a biomarker of
tobacco exposure in SIDS.

Mitchell et al. (1995)  Mitchell et al. (1995) describes a follow-up study to the New
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Zealand case-control SIDS study (Mitchell ef al., 1991) designed to examine
the risk of maternal smoking by considering where the smoking took place.
As location of smoking had not been determined in the original interview,
a questionnaire was mailed to all participants. Mothers who smoked were
asked whether they had usually, sometimes, or never smoked in various
parts of their home. Non-Europeans had a poor response rate and were
excluded. Of the European participants, 60.3 percent of the case parents
and 76.9 percent of the control parents responded. Non-respondents were
more likely than respondents to be smokers, younger, and of a lower occu-
pational group. There was no discernible pattern in risk between locations
or between smoking frequency, with ORs associated with maternal smoking
ranging from 1.7 to 3.0. Mothers who smoked but claimed they never did
so in the house had a higher risk of SIDS (OR = 5.1; 95% CI = 1.5-15.4) than
did mothers who smoked in the house (OR = 2.2; 95% CI = 1.4-3.5), but the
number of women in the group who never smoked in the house was very
small (n = 18). There was no control for potential confounders. The
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authors felt that the increased risk even among women who did not smoke
in the home suggested that risk was primarily from in utero exposure.
However, this conclusion was driven by a very small group of women, and
there was no accounting for the smoking habits of other family members.
The authors themselves cautioned that there may be societal pressures for
smokers to report not smoking in the home; also, in previous analyses of
their own data, they saw an effect of paternal smoking. Thus, they stated
that their results should not be interpreted to mean that ETS exposure after
birth is not important.

Haglund et al. (1995)  Although the study by Haglund ef al. (1995) did not measure
postnatal ETS exposure, it is included here because the authors felt it had
implications for the issue of pre- versus postnatal exposure. The authors
linked the Swedish death register to the Medical Birth Register to create a
cohort of over 800,000 infants, of whom 749 died of SIDS. Maternal smok-
ing (yes/no) at the first prenatal visit was included in the birth registry. The
authors found that the winter season and maternal smoking were both
independent risk factors for SIDS, but that the excess risk due to smoking
did not vary by season (i.e., risks for the winter season and smoking were
simply additive). The excess relative risk of smoking was approximately 3.5
for early SIDS deaths (7-90 days) and 2.5 for late SIDS deaths (91-364 days).
They speculated that exposure to ETS would be likely to vary by season,
and thus stated that “possibly the effect of smoking is prenatal rather than
the result of passive smoking after birth.” They did not have any direct
information about the infants’ exposure to tobacco smoke after birth, nor
did they present any evidence that ETS exposure would vary significantly
by season.

Klonoff-Cohen et al. (1995)  Klonoff-Cohen et al. (1995) conducted a large case-control
study (200 SIDS cases and 200 controls) that had the most extensive assess-
ment of exposure to tobacco smoke of any SIDS study to date. The investi-
gators assessed quantitatively the amount smoked by the mother during
each trimester of pregnancy and after birth, by the father during and after
pregnancy, and by other live-in adults and day-care providers;they also
assessed the proximity of these individuals to the infant as they smoked.
They also inquired about smoking and breastfeeding practices. Results were
adjusted for several potential confounders including maternal smoking dur-
ing pregnancy, birthweight, sleep position, breastfeeding, and medical con-
ditions. Every measure of ETS exposure was associated with increased SIDS
risk. The adjusted OR for postnatal maternal smoking was 2.3 (95% CI =
1.0-5.0). Paternal smoking had an adjusted OR of 3.5 (95% CI = 1.9-6.3).
Although the OR for paternal smoking was higher than the OR for maternal
smoking, the high correlation between maternal smoking during and after
pregnancy probably resulted in an underestimate of the effect of maternal
smoking after pregnancy when adjusting for smoking during pregnancy.
Increased risk was also seen with increasing number of household smokers
and with total cigarette exposure per day (see Table 4.1). Furthermore, the
risk associated with smoking increased when the comparison was restricted
to smoking in the same room as the infant. For example, the adjusted OR
for postnatal maternal smoking increased from 2.3 to 4.6 (95% CI = 1.8-
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11.8) when restricted to same-room exposure. Similarly, the adjusted OR
for any household smoking increased from 3.5 (95% CI = 1.8-6.8) to 5.0
(95% CI = 2.4-11.0). The authors concluded, “These data suggest that expo-
sure to tobacco smoke after birth, after adjusting for prior fetal exposure, is
associated with an increased risk of SIDS.”

Klonoff-Cohen et al. also examined the interaction between breast-
feeding and maternal smoking. As expected, breastfeeding was protective
for SIDS among nonsmokers (adjusted OR = 0.4, 95% CI = 0.2-0.8). No pro-
tective effect of breastfeeding was seen among the smokers, although there
were only 22 women who both smoked and breastfed their infants (adjust-
ed OR = 1.4, 95% CI = 0.2-12.0).

Blair et al. (1996) A recently published case-control study by Blair et al. (1996) corrob-

orated the findings of Klonoff-Cohen et al. The study documented signifi-
cant, dose-related increases in SIDS risk for the three main measures of
household smoke that were examined: the number of smokers in the
household, the hours of smoke exposure to the infant daily, and the num-
ber of cigarettes smoked daily in the household. The latter variable yielded
results quite similar to those of Klonoff-Cohen et al., with ORs for 1-19, 20-
39, and 240 cigarettes per day of 2.5, 4.0, and 7.6, respectively. They also
demonstrated elevated risk in families where the mother was a nonsmoker
and either the father (OR = 3.4, 95% CI = 2.0-5.9) or another family mem-
ber (OR not given but p = 0.007) smoked. These analyses were unadjusted
for potential confounders. In a multivariate analysis that controlled for
sleep position, breast feeding, socioeconomic status indicators, maternal
smoking, and other factors, paternal smoking remained an independent risk
factor (OR = 2.5, 95% CI = 1.5-4.2). The authors calculated that the popula-
tion-attributable risk for SIDS associated with smoking by at least one par-
ent was 61 percent (this included the effect of smoking by the mother dur-
ing pregnancy). An interesting feature of this study was that it was con-
ducted in England after the 1991 “Back to Sleep” campaign. This cam-
paign, which sought to reduce the prevalence of risk factors for SIDS, partic-
ularly putting infants to sleep in the prone position, had been associated
with a fall in the incidence of SIDS in the United Kingdom (Wigfield and
Fleming, 1995).

4.2.3 Animal Studies There is no established animal model for SIDS. However,
of SIDS and Tobacco  Slotkin et al. (1995) proposed a rat model for SIDS based
Smoke Exposure upon changes in neurochemical function and increased
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hypoxia-induced mortality of rat pups prenatally exposed to nicotine.
According to the model, prenatal exposure to nicotine causes lasting neuro-
chemical changes, which in turn place an infant at greater risk for cardio-
respiratory failure during neonatal apneic episodes. A direct link between
specific nicotine-induced neurochemical changes and the observed increase
in hypoxia-induced mortality has not yet been established. However, in
other studies (Milerad et al., 1995), nicotine was found to attenuate the
ventilatory response to hypoxia in neonatal lambs, suggesting that neuro-
chemical effects of nicotine could alter either the sensitivity of the carotid
body to carbon dioxide or the central processing of chemo-receptor input
in the brain.
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4.2.4 Discussion Existing data indicate a causal relationship between maternal

and Conclusions smoking in general and risk of SIDS. Numerous studies have
consistently found maternal smoking to be a significant predictor of SIDS,
with ORs from well-controlled studies ranging from 1.8 to 3.1. A meta-
analysis performed by DiFranza and Lew (1995) on studies of SIDS among
offspring of women who smoked and who did not smoke during pregnancy
(regardless of smoking status after pregnancy) found a pooled OR of 2.98
(95% CI = 2.51-3.54). Several investigators (but not all) have found clear
dose-response relationships between the number of cigarettes smoked per
day during pregnancy and SIDS risk. Although the etiology of SIDS is not
tully understood, a favored current hypothesis is that chronic fetal hypoxia
impairs development of the fetal central nervous system, leading to abnor-
mal control of cardio-respiratory activity (Harper and Frysinger, 1988).
Maternal smoking during pregnancy promotes fetal hypoxia through pla-
cental insufficiency or by increasing the concentrations of carbon monox-
ide and carboxyhemoglobin in the fetus (U.S. DHHS, 1980). In support of
this hypothesis is the finding by Bulterys et al. (1990) that low hematocrit
during pregnancy becomes an important predictor of SIDS as the level of
maternal smoking increases. Exposure to nicotine may also alter an infant’s
catecholamine metabolism and response to hypoxia (Milerad and Sundell,
1993), an effect recently demonstrated in rats (Slotkin et al., 1995).

Ten epidemiologic studies have attempted to specifically examine
the relationship between ETS exposure and SIDS. These studies have looked
at smoking by the mother after pregnancy, paternal smoking, household
smoking, and smoking during different seasons. In three studies that
looked at maternal postnatal smoking (Bergman and Wiesner, 1976;
McGlashan, 1989; Mitchell et al., 1991), extensive overlapping between
women smoking during and after pregnancy precluded any attempt to
identify an independent relationship to ETS exposure. Haglund et al.

(19995) speculated that because the risk associated with maternal smoking
did not rise in the winter, when indoor ventilation might be poorer, prena-
tal tobacco exposure might be more important than postnatal exposure.
They did not, however, measure postnatal maternal smoking, nor did they
provide evidence that ETS exposure is greater in the winter. In Mitchell et
al. (1993), a significant association between postnatal maternal smoking
and SIDS remained after adjustment for smoking during pregnancy and
other co-variates. However, the number of smokers who had not smoked
during pregnancy was very small. Mitchell ef al. later attempted to refine
their assessment of maternal smoking by reinterviewing their subjects about
location of smoking (Mitchell et al. 1995). Although the authors interpret-
ed their finding that never smoking inside the home did not reduce the risk
of SIDS as implying that prenatal exposure is more important than postna-
tal exposure, the numbers in this group were very small. In addition, they
did not link location of smoking to the location of the infant. Schoendorf
and Kiely (1992) took advantage of the recent trend for women who are
smokers to quit smoking during pregnancy by comparing infants of women
who smoked primarily only after pregnancy with infants of non-smoking
mothers. Their adjusted OR (1.8) was quite similar to the adjusted OR (1.7)
calculated by Mitchell et al. (1993). Bulterys (1993) pointed out that most
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of the women who smoked “after pregnancy only” also smoked during the
first few weeks of pregnancy; thus, it was possible, though not likely, that
the increased risk was due to ETS exposure or to maternal active smoking
early in pregnancy. Klonoff-Cohen et al. (1995), in a fairly large study with
detailed exposure assessment and good control of potential confounding,
reported an adjusted OR for postnatal maternal smoking of 2.3. This value
is also consistent with the ORs seen in Mitchell et al. (1993) and Schoendorf
and Kiely (1992). In addition, Klonoff-Cohen et al. (1995) found that the
risk associated with maternal smoking increased when the exposed group
was restricted to those women who smoked in the same room as their
infant, implying that more concentrated exposure increased risk.

Six papers examined the association between paternal smoking and
SIDS. Two (Bergman and Wiesner, 1976; McGlashan, 1989) found that
crude ORs for paternal smoking were slightly elevated, but no adjustment
for maternal smoking had been made. The third paper to examine paternal
smoking (Nicholl and O’Cathain, 1992) found a significantly elevated risk
of SIDS independent of maternal smoking. The risk associated with pater-
nal smoking increased with the age of the infant, suggesting that passive
exposure of the infant was important. They also found an increased risk of
SIDS in families where the father but not the mother smoked, although the
confidence interval included unity (OR = 1.4, 95% CI = 0.8-2.4). Lack of
control for potential confounders somewhat reduces confidence in their
findings. Mitchell et al. (1993) looked extensively at smoking among
fathers. Overall, paternal smoking remained associated with SIDS even after
controlling for maternal smoking and a number of other co-variates.
However, the risk did not vary with the amount smoked by the father, and
in families where the mother did not smoke, the presence of a smoking
father did not appear to increase SIDS risk. The authors presented a plausi-
ble explanation for this pattern of results, namely that in families where the
mother does not smoke, the father may be less likely to smoke near the
infant; however, this speculation remains to be confirmed. Klonoff-Cohen
et al. (1995) found an increased risk of SIDS associated with paternal smok-
ing independent of maternal smoking. Their OR (3.5) was somewhat high-
er than Nicholl and O’Cathain and Mitchell et al. (1.6 and 1.4 respectively),
but this difference could have been due to differences in the time fathers
spent with their children. Klonoff-Cohen et al. found some evidence of a
dose-response in that the risk increased substantially when the analysis was
restricted to those fathers who smoked in the same room as their infant.
Blair et al. (1996) was able to demonstrate significantly increased SIDS risk
in families where the father smoked but the mother was a nonsmoker (OR
= 3.4, compared to families were neither parent smoked). In a fully adjust-
ed model, any paternal smoking conferred an OR of 2.5, which was
between the ORs reported by Mitchell et al. and Klonoff-Cohen et al.

Four studies looked at household smoke exposure and SIDS.
Schoendorf and Kiely (1992) found that among white infants there was an
increased risk of SIDS associated with the presence of smokers other than
the mother in the household; no such association was seen among black
infants. With the information available to them, Schoendorf and Kiely
(1992) were not able to explain why no association was seen among blacks.
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Mitchell et al. (1993) found a dose-response relationship (unadjusted)
between the number of smokers in a household and the risk of SIDS. The
adjusted OR for the presence of any smokers other than the parents in the
household was small (1.2) and the confidence interval included unity.
These non-parental smokers might have spent less time with the infant,
however. Klonoff-Cohen et al. (1995) looked extensively at household
smoke exposure, measuring it as total number of household smokers, and
as total cigarette exposure per day. A dose-response relationship between
ETS and SIDS was seen with both these measures: adjusted ORs for 1-10, 11-
20, and >21 cigarettes/day were 2.4, 3.6, and 22.7, respectively. Blair et al.
(1996) found very similar dose-related risks for household cigarette expo-
sure, although their results were unadjusted for possible confounding.

One study in Sweden, Milerad et al. (1994), examined cotinine lev-
els in the pericardial fluid of a small number of consecutively autopsied
SIDS cases. They found cotinine levels indicating ETS exposure in over half
of the cases, a proportion approximately three times higher than would be
expected given the percentage of Swedish women who report smoking post-
natally. Although limited, this study provides further corroboration of the
association between ETS and SIDS seen in other studies.

There is some evidence that suggests a relationship between ETS and
SIDS is biologically plausible. Hoppenbrouwers et al. (1981) found an asso-
ciation between air pollution levels and incidence of SIDS, suggesting that
airborne contaminants may play a role in the etiology of SIDS. Since tobac-
co smoke is a major contributor to indoor air pollution, ETS could influence
SIDS risk through mechanisms similar to those of other air pollutants. ETS
may impair respiratory control through chronic carbon monoxide (Watkins
and Strope, 1986) and nicotine exposure (Milerad and Sundell, 1993), and
ETS can directly affect lung function (U.S. DHHS, 1986). Finally, exposure
to ETS increases the likelihood of respiratory tract infections in infants (as
discussed in the chapter Respiratory Health Effects) which in turn may
increase the risk of SIDS. These hypotheses remain to be confirmed.

In conclusion, the strength of the Klonoff-Cohen ef al. and Blair et
al. studies, their consistency with two earlier well-conducted studies
(Mitchell et al., 1993; and Schoendorf and Kiely, 1992), and the identifica-
tion of dose-response relationships provide sufficient evidence that postna-
tal ETS exposure of the child is an independent risk factor for SIDS.

4.2.4.1 Risk Attributable In a large epidemiological study that addressed several

to ETS Exposure potential confounders (Klonoff-Cohen et al., 1995), an OR
of 3.5 (1.8-6.8) was found for ETS exposure resulting from any household
smoking. Pierce ef al. (1994) estimated that, in 1993, 17.3 percent of chil-
dren under the age of five were exposed to ETS in California households.
Following DiFranza and Lew (1996), from the proportion exposed to ETS (p)
and relative risk (R, which is approximated by the OR), the proportion of
cases attributable (a) to ETS exposure can be estimated:

a=pR-1)/(PpR-1)+1)
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Thus, of the 398 cases of SIDS in California occurring in 1995, 30
percent—or 120 cases—may be attributed to ETS exposure. Nationally, 40-
55 percent of children may live in households with ETS exposure (Pirkle et
al., 1996; Overpeck and Moss, 1991; Greenberg et al., 1989), and 4,669 cases
of SIDS occurred in 1993 (U.S. Bureau of the Census, 1996). Thus, 50-58
percent of SIDS cases nationally (1,868-2,708 deaths in 1993) may be attrib-
uted to ETS exposure.

4.3 COGNITION AND The determinants of cognitive ability and behavior in
BEHAVIOR IN CHILDREN children are extremely complex. A wide array of genet-

ic, social, and environmental factors are thought to influence neuropsycho-
logical development, including parental intellectual and emotional make-
up, socioeconomic status, nutritional status, quality of the home environ-
ment, number and spacing of siblings, birth order, sex, and maternal intake
of alcohol during pregnancy. Many of these factors do not act independ-
ently of each other, but instead create a web of influence that can be very
difficult to untangle.

4.3.1 Cognition and Behavior A number of epidemiological studies have exam-
in Children whose Mothers ined the association between active maternal
Smoked During Pregnancy smoking during pregnancy and cognition and

behavior in children. These have been reviewed

4.3.1.1 Studies of Children whose in Rush and Callahan (1989), Rush (1992), and
Mothers Smoked During Pregnancy Tong and McMichael (1992). In the following
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summary of the literature, studies of cognition in infants, pre-schoolers,
and older children are discussed, followed by a review of behavioral studies.

Infant neuropsychological development is often assessed using the
Bayley Scales of Infant Development, an administered test that includes
mental, psychomotor, and behavioral components (Bayley, 1969). Garn et
al. (1980) examined the Bayley scores of over 43,500 infants enrolled in the
National Collaborative Perinatal Project and found that the proportion with
low mental and motor scores increased as maternal cigarette consumption
increased. The association was very small until maternal consumption
exceeded 20 cigarettes per day; there was no control for potential con-
founders. Streissguth et al. (1980) failed to find significant relationships
between maternal smoking (converted to a nicotine score) and Bayley
scores after adjusting for gestational age and maternal education, parity,
alcohol and caffeine intake. Whether non-significant relationships existed
could not be determined from the data presented. Gusella and Fried (1984)
found modest negative correlations between nicotine consumption and
psychomotor, verbal comprehension, and fine motor indices (the range of
Pearson correlation coefficients (r) was -0.11 to -0.22), controlling only for
father’s education. Only the relationship with verbal comprehension was
significant (exact p-values were not calculable from data presented).

Fried and Watkinson (1988) studied a larger sample from the same
cohort studied by Gusella and Fried (1984), weighted so that children with
heavier exposure to prenatal tobacco and alcohol would be over-represent-
ed. They found that after adjustment for the quality of the home environ-
ment (assessed by the Home Observation for Measurement of the
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Environment (HOME) test), maternal alcohol use, and various demographic
factors, differences between 2-year-old children of smokers and nonsmokers
diminished to nearly nil (the HOME test measures a variety of characteris-
tics of the home environment and maternal-child interaction and is strong-
ly correlated with many measures of child development (Siegel, 1982)).
Thus, this study suggests that most, if not all, of the negative association
between maternal smoking during pregnancy and scores on the Bayley
exam can be explained by confounding by other variables.

Two studies have evaluated pre-school children using the McCarthy
Scales of Children’s Abilities. The McCarthy is an administered test with
verbal, perceptual, quantitative, general cognitive, memory, and motor sub-
scales, and is a good predictor of school performance (Kaufman and
Kaufman, 1977). Fried and Watkinson (1990) found negative correlations
between nicotine consumption during pregnancy and all subscales, particu-
larly the verbal subscale (approximate 10 percent decrement among chil-
dren of heavy smokers). These differences were adjusted for HOME score
only. The investigators also found comparable decreases in Peabody Picture
Vocabulary Test scores (a test of receptive vocabulary) and the expressive
language component of the Reynell Developmental Language Scales.
Sexton et al. (1990) compared children born to women who quit smoking
during pregnancy with children of persistent smokers. One-third of the
mothers were “quitters” and two-thirds of the mothers had smoked
throughout pregnancy. Children of persistent smokers had adjusted scores
that were 2 to 4 percent lower than scores of children of quitters; the effect
was most pronounced in the verbal and general cognitive indices. Control
variables included a variety of demographic factors, family characteristics,
maternal use of alcohol during pregnancy, maternal smoking after pregnan-
cy, and the child’s birthweight, gestational age, and health status. Similar
results were seen using the Minnesota Child Development Inventory. Thus,
in both studies of pre-schoolers there was a pattern of decreased McCarthy
scores, especially in the verbal subscale.

Conversely, two studies that used data from the Kaiser Permanente
Child Health and Development Studies, Bauman ef al. (1991) and Eskenazi
and Trupin (1995), failed to find an association between smoking during
pregnancy and lowered scores on the Peabody Picture Vocabulary Test and
the Raven Colored Progressive Matrices Test. Bauman et al. defined smok-
ing status using interview data, whereas Eskenazi and Trupin used serum
cotinine levels measured in mid-pregnancy. These studies were large (over
1,500 subjects) and well-controlled, including adjustment for postnatal
smoke exposure.

The association between maternal smoking during pregnancy and
impairments of cognition and school achievement in older children are
generally consistent, although the decrements are small and not always sta-
tistically significant. A longitudinal study of 17,000 British children found
modest but statistically significant dose-related delays in reading, math, and
general ability at 7, 11, and 16 years, and a lower level of educational
attainment at age 23 (Davie et al., 1972; Butler and Goldstein, 1973;
Fogelman, 1980; Fogelman and Manor, 1988). The decrements were
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approximately halved after adjusting for a variety of demographic factors
and birthweight. In studies derived from the National Collaborative
Perinatal Project, Hardy and Mellits (1972) and Naeye and Peters (1984)
found adjusted decrements of two to four percent among children of smok-
ers on the spelling and reading sections of the Wide Ranging Achievement
Test; Naeye and Peters (1984) also found an increasing effect with number
of cigarettes smoked. Nichols and Chen (1981) found a 25 percent
increased risk (unadjusted) of learning difficulties among children of heavy
smokers (>20 cigarettes per day). In their crude analysis, risk varied with
dose; however, the association between maternal smoking and learning dif-
ficulties diminished to non-significance in the final multivariate model. In
an uncontrolled analysis, Dunn et al. (1977) found that children of mothers
who smoked during pregnancy scored approximately 3 percent lower on
the Wechsler Intelligence Scale than did children of nonsmokers.

None of these studies of older children controlled for maternal alco-
hol intake during pregnancy, parental intelligence, quality of the home
environment, or current smoking status of the child or family members. In
an attempt to control for unassessed genetic and environmental factors,
Naeye and Peters (1984) also conducted a sibling pair comparison, balanced
for birth order, in which the mother smoked during one pregnancy and not
the other. This study again found achievement test scores 2-5 percent
lower among children of smoking mothers. Changes in marital status or
outside employment did not explain the association.

Behavioral problems such as hyperactivity have been inconsistently
reported in studies of children with prenatal exposure to maternal active
smoking. Dunn et al. (1977) found that male children of mothers who
smoked during pregnancy were judged by their teachers to have more prob-
lems with behavior, social development, and temperament (uncontrolled
analysis; proportions were not given). In their work with the large National
Collaborative Perinatal Project, Nichols and Chen (1981) found that school-
aged children of women who smoked more than 20 cigarettes per day dur-
ing pregnancy had a 28 percent increased risk of hyperkinetic-impulsive
behavior. Naeye and Peters (1984) found that children’s attention span
decreased and level of activity increased as the number of cigarettes smoked
per day by the mother during pregnancy increased, even after adjustment
for demographic factors, gestational age, and breast feeding. Similar results
were found in the sibling pair comparison.

The findings of Landesman-Dwyer et al. (1981) did not support an
association between maternal active smoking during pregnancy and hyper-
active behavior. They scored 4-year-olds on a large number of behaviors
during a 3-hour observation period in the children’s homes. There were no
differences noted between children of smokers and children of nonsmokers
after adjustment for sex, birth order, maternal alcohol use, and HOME
score. However, smoking mothers rated their children as “intense”, “per-
sistent”, and “willing to approach strangers” more often than did nonsmok-
ing mothers. Similarly, in a large, well-controlled study, Eskenazi and
Trupin (1995) failed to find an association between smoking during preg-
nancy and “active” behavior as reported by the mother. Unlike the other
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studies, this study also adjusted for the child’s exposure to tobacco smoke
after birth. Thus, of all the studies described in this section, their results are
the only ones likely to represent the effect of prenatal exposure alone.

Three groups of investigators have used computer-controlled “vigi-
lance tasks” to evaluate attention, impulsivity, and reaction time in chil-
dren. Poor vigilance performance is related to childhood hyperactivity
(Porrino et al., 1983). Streissguth et al. (1984), controlling for birth order
and maternal education, nutrition, and caffeine and alcohol intake, found
that maternal nicotine consumption in pregnancy was significantly associ-
ated in a dose-related manner with poorer attention span. Kristjansson et
al. (1989) found that increased activity levels were more common in chil-
dren of mothers who smoked during pregnancy, even after adjustment for
age, sex, income, maternal education, alcohol and marijuana use, and post-
natal smoke exposure. In a larger sample drawn from the same cohort as
Kristjansson et al. (1989), Fried et al. (1992) found that vigilance parameters
reflecting impulsiveness and attention, as well as the McCarthy memory
subscale, significantly discriminated between children whose mothers were
non-, light, and heavy smokers in a discriminant function analysis.
Smoking mothers were also more likely to report impulsive and hyperactive
behavior in their children, but the difference was not significant (p > 0.10).
No adjustments for co-variates were made, as the authors stated that no
potentially confounding variables were associated with both smoking and
the outcome variables.

4.3.1.2 Discussion of Most studies of cognitive development demonstrated
Evidence from Studies in small decrements, especially in language skills, in chil-
Children whose Mothers dren whose mothers smoked during pregnancy. Where
Smoked During Pregnancy data were presented to make the calculation possible,

differences associated with maternal smoking ranged from about 2 to 5 per-
cent (Sexton et al., 1990; Hardy and Mellits, 1972; Naeye and Peters, 1984;
Rantakallio, 1983). In most studies that found an association, dose-
response relationships were also noted. Studies of infants tended not to
show effects after adjustment for co-variates, whereas studies of older chil-
dren tended to show significant effects. The relative lack of association
seen in studies of infants may reflect the fact that studies of infants tended
to be better controlled than studies of older children. This hypothesis is
supported by the results of Baghurst et al. (1992), Bauman et al. (1991), and
Eskenazi and Trupin (1995), all well-controlled negative studies of older
children. Alternatively, effects of active maternal smoking during pregnan-
cy may become more “measurable” as children mature, and their intellectu-
al functions become more complex.

Eight of ten studies of behavior and active maternal smoking during
pregnancy have shown increased activity level and decreased attention span
in children of smokers. Of the four studies with good control of potential
confounders (Landesman-Dwyer et al., 1981; Weitzman et al., 1992; Naeye
and Peters, 1984; Eskenazi and Trupin, 1995), Weitzman et al. (1992) and
Naeye and Peters (1984) found significant behavioral impairments in chil-
dren of smokers. However, Weitzman’s outcome measure was based on
mothers’ reports, making it possible that the effect of smoking was due to
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differences in mothers’ interpretations of their children’s behavior, rather
than differences in the actual behavior of the children. This possibility is
supported by Landesman-Dwyer et al. (1981) who reported no differences in
objective measures of children’s behavior related to maternal smoking dur-
ing pregnancy, but found smoking-related differences in mothers’ assess-
ments of their children’s behavior.

It is biologically plausible that smoking during pregnancy could
eventually lead to neuropsychological deficits. One hypothesis is that
chronic hypoxia impairs fetal brain development. There are several mecha-
nisms by which maternal smoking can make the fetus hypoxic. Maternal
smoking exposes the fetus to both nicotine and carbon monoxide.

Nicotine reduces uteroplacental blood flow and carbon monoxide produces
carboxyhemoglobin, both of which reduce oxygen delivery to fetal tissues
(Lehtovirta and Forss, 1978; Cole et al., 1972). Supporting this hypothesis
is the finding by Naeye and Peters (1984) that among children of smoking
mothers, those with behavioral abnormalities had had significantly higher
neonatal hemoglobin levels (a sign of chronic fetal hypoxia) than had chil-
dren with normal behavior. Furthermore, nicotine has been shown to have
direct adverse effects on the developing brain (Lichtensteiger et al., 1988).
Although the few animal studies of exposure to mainstream or sidestream
smoke that have been reported do not provide supportive data, the large lit-
erature on the effects on animals of prenatal exposure to carbon monoxide
and nicotine do suggest that adverse impacts of these agents on postnatal
neurobehavior is biologically plausible.

In summary, there is some evidence from reasonably well-controlled
studies that maternal smoking during pregnancy is adversely associated
with measures of cognition and behavior in children. Dose-response rela-
tionships were demonstrated in several studies, and an adverse effect is bio-
logically plausible. However, most of the studies that found significant rela-
tionships failed to control for smoke exposure after birth, thus it is difficult
to determine if the findings are truly related to smoking during pregnancy,
or are in fact related to smoking after pregnancy. Studies that did control
for postnatal smoke exposure tended to find no association between prena-
tal smoke exposure and cognition or behavior. Furthermore, smoking is
also known to be strongly associated with many social and environmental
characteristics that adversely influence neuropsychological development
(Overpeck and Moss, 1991; Fried and Watkinson, 1988). That fact, along
with the small size of the associations seen between maternal smoking and
neuropsychological outcomes, makes it particularly difficult to rule out the
possibility of a spurious effect due to undercontrolled confounding.

4.3.2 Cognition and Two papers that addressed ETS exposure of the moth-
Behavior in Children whose er during pregnancy were identified.
Mothers were Exposed to

ETS During Pregnancy Makin et al. (1991) administered an extensive neu-

ropsychological test battery to children of women
who were active smokers, exposed to ETS, and not
exposed to ETS during pregnancy. Assessment of
exposure to ETS was prospective but imprecise, as it was ascertained by ask-

Makin et al. (1991)
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ing subjects during pregnancy “Are you regularly exposed to a smoke-filled
environment?” There were less than 35 children in each exposure group.
Measures of language, intelligence, and attention were outcomes that signif-
icantly distinguished non-exposed, ETS-exposed, and active-smoking moth-
ers in a discriminant function analysis. Scores of children of ETS-exposed
mothers tended to fall between scores of children of non-exposed and
active-smoking mothers. No adjustment was made for potential con-
founders, as the authors stated that none were related to both tobacco
smoke exposure and outcome.

Eskenazi and Trupin (1995) The Child Health and Development Studies were con-
ducted from 1959 to 1967 among women and children who received their
health care at the Kaiser Permanente Medical Center of Oakland, California.
Pregnant women were interviewed and gave serum samples, which were
stored. The children of these pregnancies were administered various neu-
robehavioral tests at ages 5, 9-11, and 15-17 years. Eskenazi and Trupin
(1995) measured cotinine, a nicotine metabolite, in the stored serum sam-
ples and examined the results in relation to the 5-year neurobehavioral
scores. There were a total of 2,124 mother/child pairs included in this
analysis, of whom 1,348 were considered to have no tobacco exposure dur-
ing pregnancy (nonsmokers with cotinine levels <2 ng/ml) and 68 were
classified as having ETS exposure during pregnancy (nonsmokers with coti-
nine levels from 2-10 ng/ml). The remainder were classified as either active
smoking during pregnancy only, active smoking after pregnancy only, or
active smoking during and after pregnancy. Forty-three women were
excluded because of cotinine levels that did not correspond to their self-
reported smoking status. There have been some questions raised about the
validity of the definition of ETS exposure used in this study (see discussion
of Eskenazi et al., 1995 in Section 3.2.2.4). The neurobehavioral tests exam-
ined in this study included the Peabody Picture Vocabulary Test (PPVT), the
Raven Colored Progressive Matrices Test (tests of vocabulary and nonverbal
reasoning, respectively), and the child’s activity level as rated by the moth-
er. Children whose mothers were exposed to ETS during pregnancy did not
have Raven or PPVT scores that differed significantly from the scores of
children with no smoking exposure, even after adjustment for race, birth
order, preschool attendance, parents’ education, socioeconomic status, and
other factors. The OR for “active” behavior among children whose mothers
were exposed to ETS during pregnancy was somewhat elevated (adjusted OR
= 1.5), but the confidence interval included unity (95% CI = 0.7-3.1).

4.3.3 Cognition and Of seven studies of neuropsychological development

Behavior in Children that have assessed effects of some measure of postna-

Exposed to ETS Postnatally tal ETS exposure, four focused on cognitive ability
and two focused on behavioral outcomes. One examined both. These
seven studies are reviewed below and summarized in Table 4-2.

4.3.3.1 Studies of Cognition  Rantakallio (1983) conducted a nested exposure-con-
and Postnatal ETS Exposure trol study within the Finnish Cohort Study. Women
who had smoked through the second month of preg-
Rantakallio (1983) nancy (n = 1,819) were matched on age, parity, marital
status, and residence to nonsmoking pregnant women. When their off-
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spring were 14 years of age, information regarding the children’s health and
school performance and the fathers’ smoking status was obtained by a
mailed questionnaire. As an outcome measure Rantakallio devised a six-
point score based on school performance in “theoretical subjects.” The
method by which this score was derived was not explained. The magnitude
of the association seen with maternal smoking during pregnancy was com-
parable to other studies of prenatal exposure, with an adjusted difference in
mean performance score between children of heavy smokers and nonsmok-
ers of approximately 2.5 percent (this is an estimate from a figure, data were
not presented). In a regression analysis that included social class, family
size, maternal age and education, and sex of the child as co-variates, both
maternal and paternal smoking were significant predictors of the school
performance score. Paternal smoking was a slightly stronger predictor of
score (standardized coefficient = -0.068) than maternal smoking during
pregnancy (standardized coefficient = -0.049). It was unclear if paternal
smoking represented current smoking status or smoking at the time of the
pregnancy. The smoking status of the mother after the second month of
pregnancy, and the current smoking status of the child or other family
members were not ascertained.

Bauman et al. (1989) Bauman and coworkers conducted two studies that looked at
current smoking by the parents and other family members. The first study
(Bauman et al., 1989) was a re-analysis of data collected in 1980 to investi-
gate social and psychological determinants of smoking among eighth-
graders in one North Carolina school district. The students had been inter-
viewed regarding their own smoking behavior, and their mothers had been
given a questionnaire which ascertained the total number of cigarettes
smoked per day by all family members. Smoking status of the students and
mothers was validated by analysis of breath samples for carbon monoxide.
For this study, the analysis was restricted to the 973 students who denied
being smokers themselves and who had alveolar carbon monoxide levels of
<9 ppm. The students were later routinely administered the California
Achievement Test (CAT) by their school. In the crude analysis, scores for
the total battery and each of the four subtest scores (math, language, read-
ing, and spelling) decreased as family smoking increased over four cate-
gories (zero, 1-19, 20-39, and >40 cigarettes per day). The differences by
smoking level were all statistically significant (p < 0.001). After adjustment
for eight co-variates, including age, sex, race, and parents’ educational level,
generally consistent inverse relationships between family smoking and test
scores remained. However, the associations between the math and reading
subscores were no longer significant at the p = 0.05 level. The magnitude of
difference in scores was not large. For example, the mean adjusted total
CAT score was 618.8 for children of nonsmoking families and 602.9 for
children in the heaviest family smoking category—a ditference of about 3
percent of the range for these test scores. The language subscores also dif-
fered by approximately 3 percent, whereas the spelling subscores differed by
about 6 percent. There was no adjustment for maternal smoking status dur-
ing pregnancy.

Bauman et al. (1991)  The second study (Bauman et al., 1991) was done using data
from the examinations of children at ages 5, 9-11, and 15-17 years (referred
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to as the 5, 10, and 16-year examinations) enrolled in the Kaiser
Permanente Child Health and Development Studies. This dataset allowed
the authors to control for maternal smoking during pregnancy, as well as a
number of other pertinent co-variates. Sample sizes for each of the exami-
nations ranged from 2,020 (the 16-year exam) to 4,939 (the S-year exam).
Parental smoking status was obtained by periodic interviews with the moth-
ers, but fathers’ smoking had to be interpolated for the 5- and 16-year
examinations. Twelve to thirty percent of the children had missing parental
smoking information and were excluded from the analysis. Cognitive tests
performed at the S-year exam included the Peabody Picture Vocabulary Test
(PPVT), the Raven Colored Progressive Matrices Test (a test of reasoning
ability), the Quick Test (another test of receptive vocabulary), and the
Goodenough-Harris Draw-A-Man test of intellectual maturity. Ten-year-olds
were administered the PPVT and Raven test, and the 16-year-olds were
administered the PPVT only.

The authors first examined mean test scores by mother’s prenatal
smoking (yes/no) and current smoking (yes/no). For all Raven and PPVT
exams, mean scores were 3-10 percent lower in children of current smokers,
independent of maternal smoking status during pregnancy (p < 0.001).
Conversely, there was little difference in mean scores by prenatal smoking
status after stratification by current parental smoking (No difference by
smoking status was seen in the Quick Test or Draw-A-Man, and the authors
did not consider these tests further). The investigators then examined the
effect of current parental smoking after adjustment for multiple con-
founders, including mothers’ smoking during pregnancy, age, sex, race, low
birthweight, and parents’ education, occupation, and income. For the 16-
year exam, active smoking by the child was also included in the regression.
Again, current parental smoking had a negative effect on PPVT and Raven
scores whereas the mother’s smoking during pregnancy had a negligible
effect.

The results were significant only at the 10-year examination, where
a 3-S5 percent decrement in test scores was seen. The authors speculated
that the loss of significance at the 5- and 16-year exams may have been
related to their method of interpolating smoking status, which would have
biased results toward the null. The adjusted scores for the 10-year PPVT
and Raven examinations displayed a dose-response relationship over four
categories of parental smoking (p < 0.01 for linear trend).

Baghurst et al. (1992)  Baghurst et al. (1992) conducted a longitudinal study that
examined maternal smoking during and after pregnancy. Their study
cohort had been assembled for the primary purpose of assessing the effect
of lead exposure upon cognition. Of the 723 infants enrolled in the study
at birth, 548 were still enrolled at the age of 4 years. Each child was admin-
istered the Bayley exam at age 2 and the McCarthy exam at age 4. One
hundred and sixty children had been exposed to prenatal maternal smok-
ing, and 232 were exposed postnatally to ETS (most of these were also
exposed prenatally). In the crude analysis, both prenatal and postnatal
maternal smoking were associated with lower scores on all Bayley and
McCarthy subscales. The decrements in scores seen with postnatal smoking
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Table 4.2

Cognition in Children: Studies that Assessed some Source of Postnatal ETS Exposure

Authors (year)
Location

Design (n)

Age at Follow-up

Outcome
Assessment

Tobacco Exposure Comparison*?

Exposure Group

Results

Comments

Rantakallio (1983) Prospective
Finland (1,763 prenatally
exposed, 1,781
controls)
14 year olds

Bauman et al. Prospective
(1989) (973)
United States 8th graders
(North Carolina)

Bauman

et al. (1991)
United States
(California)

Prospective
(1,500-2,800)

5,10,16 year olds

School ability in
theoretical sub-
jects

California
Achievement
Test

PPVT
RAVEN

* MS during
pregnancy:
<10 cig/day vs. 0
>10 cig/day vs. O
* Any vs. no PS

* Cig/day smoked
by family:
0
1-19
20-39
>40

* Any vs. no parental

smoking at age:
5
10
16

Change in score:

-1.8%
'2.5% NANN\
Inverse association

Mean total score:
618.8

610.0

606.8

602.9 "

Score difference:

PPVT RAVEN
-0.06 -0.14
-1.55"M~  -0.89"
-0.92

MS adjusted for sex, maternal age,
parental height, SES, and family
size. PS also adjusted for prenatal
exposure and maternal education.

Nonsmoking children only (con-
firmed by breath CO). Adjusted for
age, sex, parental education,
some psych characteristics.

No control for SES, prenatal
exposure.

Up to 30% had missing values for
parental smoking. Father's smok-
ing interpolated at ages 5 and 16.
Adjusted for age, sex, race, birth
weight, SES, income, parental
education, prenatal exposure, and
(in 16-year-olds) active smoking.
Dose-response seen with PPVT
scores in 10-year-olds.
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Table 4.2 (Continued)

Tobacco Exposure Comparison?'?

Authors (year) Design (n) Outcome
Location Age at Follow-up Assessment Exposure Group Results Comments
Baghurst et al. Prospective (548) Bayley * Any vs. no maternal Score difference: Adjusted for SES, maternal 1Q,
(1992) 2 and 4 year olds (at 2 years) postnatal smoking Bayley MDI -0.55 and HOME score. No control for
Port Pirie, Australia McCarthy McCarthy prenatal exposure. Adjustment
(at 4 years) GClI -0.45 caused score differences to drop
verbal -0.17  65-90% and lose statistical signifi-

Eskenazi and

California

Prospective
Trupin (1995) (2,124)
5 year olds

PPVT
RAVEN

* No smoke exposure

* Maternal ETS during
pregnancy

* MS during pregnancy

* MS after pregnancy

* MS both during and
after pregnancy

* Current cig/day
smoked by mother:
1-9
10-19
>20

perceptual  -0.67
quantitative  -0.21

Mean score:

PPVT RAVEN
50.7 10.7
51.9 10.8
52.5" 11.37
49.9 10.4
50.8 10.6

Score difference from

cance.

Adusted for parents’ education,
socioeconomic status, race, birth
order, preschool attendance, and
other factors.

Adjusted for above factors as well

children of nonsmoking as prenatal exposure

mothers

PPVT RAVEN
-1.5n -0.5n
-1.3 -0.3
-1.3 -0.6"

1 Abbreviations: MS-maternal smoking, PS-paternal smoking; asterisk (*) denotes proxy measurement for ETS exposure; bullet (0) denotes
on-ETS exposure; PPV T-Peabody Picture Vocabulary Test; RAVEN-Raven Colored Progressive Matrices Test,; MDI-Mental Development
Index of the Bayley Scales of Infant Development; GCI-General Cognitive Index of the McCarthy Scales of Children's Abilities; HOME-Home
Observation for Measurement of the Environment.
2 ns = not significant (p>0.05), "p<0.05, “p<0.01, “'p<0.001, n = study size.
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were consistent with other studies (ranging from 2.4-4.1 percent) and were
generally statistically significant. In contrast, differences associated with
prenatal maternal smoking were smaller and not statistically significant. A
dose-response relationship was seen between level of maternal smoking
after pregnancy and the Mental Development Index of the Bayley exam.
There was no attempt to calculate the effect of postnatal maternal smoking
independent of prenatal maternal smoking. When the analysis of postnatal
smoking was adjusted for socioeconomic status, HOME score, and the
mother’s intelligence quotient, test score differences dropped by 65-90 per-
cent to near nil and lost statistical significance. In the final regression
model (which also included sex, birthweight, number of siblings, and
breast- versus bottle-feeding), neither maternal nor paternal smoking was
associated with any subscale score.

Eskenazi and Trupin (1995)  Similar to Bauman et al. (1991), Eskenazi and Trupin
(19935) also conducted a re-analysis of data from the Child Health and
Development Studies to examine the relationship between cognition and
postnatal ETS exposure. Although Eskenazi and Trupin used serum cotinine
levels during pregnancy to determine ETS exposure of the mother (see sec-
tion 4.3.2), interview information was used to classify smoking status at the
child’s 5-year examination. In addition to categorizing children as being
exposed to active maternal smoking during pregnancy only (prenatal expo-
sure), after pregnancy only (postnatal exposure), or during and after preg-
nancy, the number of cigarettes smoked by the mother per day at the time
of the 5-year examination was evaluated. Unlike Bauman et al., paternal
smoking was not considered, and results from the 10- and 16-year examina-
tions were not included. Raven and PPVT scores for children with prenatal
or postnatal exposure only were not significantly lower than scores for chil-
dren with no smoking exposure. In contrast, Raven and PPVT scores for
children with both pre- and postnatal exposure were lower (p < 0.05) than
those for children with no exposure; however, the differences in mean
scores disappeared after adjustment for parent’s education, socioeconomic
status, race, birth order, preschool attendance, and other factors. When the
number of maternal cigarettes smoked per day was examined, mean scores
on both the Raven and the PPVT among children of smoking mothers were
generally lower than the mean scores among children of nonsmoking
mothers; this was true whether the model was unadjusted, adjusted for pre-
natal exposure only, or adjusted for prenatal exposure and a variety of other
co-variates. However, no clear dose-response relationship was seen in any
of the models (see Table 4.2). Because of the lack of a dose-response rela-
tionship, the authors felt that the effect seen in children of smoking moth-
ers could potentially be explained by uncontrolled social and environmen-
tal factors.

4.3.3.2 Studies of Behavior Denson et al. (1975) conducted a small case-control
and Postnatal ETS Exposure study comparing 20 hyperkinetic children with dyslexic
and normal controls, matched for sex, age, and social
Denson et al. (1975) class (Table 4.3). Parental cigarette consumption at the
time of interview and during pregnancy was ascertained by interview with
the mother. The mean number of cigarettes smoked per day during preg-
nancy was greater in mothers of cases than in mothers of normal controls
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(14.3 vs. 6.3 cigarettes/day, p < 0.05). The difference was more pronounced
when consumption at the time of interview was compared (23.3 vs. 8.2 cig-
arettes/day, p < 0.001). Sixteen of the twenty case mothers smoked during
pregnancy (80 percent), but the number of control mothers who smoked
was not given (thus ORs cannot be calculated). The fathers of cases smoked
slightly more than fathers of controls, both during pregnancy (22.2 vs. 18.5
cigarettes/day) and at interview (21.3 vs. 20.7 cigarettes/day), but the differ-
ences were not significant. There was no control for confounding other
than matching, and there was no attempt to separate pre- and postnatal
exposure.

Weitzman et al. (1992)  Weitzman et al. (1992) attempted to examine the separate
contributions of pre- and postnatal exposure. The investigators examined
children of women who had been enrolled in the National Longitudinal
Survey of Youth in 1979. A total of 2,256 children aged 4 to 11 years were
studied. Maternal smoking was categorized as none, only during pregnancy
(there were only 132 children in this group), only after pregnancy, and dur-
ing and after pregnancy. Since the smoking categories were derived from
the mother’s smoking status during pregnancy and in 1984, exposure mis-
classification among the smokers probably occurred. Thus, some mothers
in the “only during pregnancy” group may have smoked in pregnancy and
for several years afterwards as long as they quit before 1984. Mothers com-
pleted a Behavior Problem Index (BPI) survey regarding their children’s
activities and social relationships. A large number of potential confounders
were included in the analysis, including demographic factors, birthweight,
current health status of mother and child, HOME score, and maternal edu-
cation, intelligence, use of alcohol during pregnancy, self-esteem, and
employment. Paternal or family smoking was not assessed.

The investigators found that smoking was associated with BPI score
in a dose-related manner in two groups of children with mothers who
smoked: children whose mothers smoked after pregnancy only, and chil-
dren whose mothers smoked both during and after pregnancy. In the small
group of children whose mothers smoked during pregnancy only, smoking
1-20 cigarettes per day was also associated with higher BPI scores, but not
significantly so (p = 0.13). The adjusted differences in BPI score were fairly
comparable across the three categories of exposure. A similar pattern of
results was seen when odds ratios for extreme scores on the BPI were calcu-
lated. Since the outcome measure was assessed by the mother, differences
in BPI may have reflected different perceptions of behavior by smoking
mothers rather than altered behavior of the child.

Eskenazi and Trupin (1995) In addition to examining the effects of tobacco smoke
during and after pregnancy on cognition, Eskenazi and Trupin (1995) used
data from the Child Health and Development Studies to examine the rela-
tionship between behavior and postnatal ETS exposure. Their measure for
“active” behavior was based on three questions from a 42-item behavioral
inventory completed by the mother at her child’s 5-year examination. If
the mother felt that her child had more energy than most, hated to sit still,
and disliked playing quietly, the child was rated as “active.” Overall, 17.3
percent of the children were rated as active by their mothers. Analyses
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Table 4.3

Behavior in Children: Studies that Assessed some Source of Potential ETS Exposure

Authors (year)
Location

Design (n)

Age at Follow-up

Outcome

Assessment

Tobacco Exposure

Comparison?

Results

Comments?

Denson et al. (1975)

Saskatchewan

Weitzman et al.
(1992)

US National
Longitudinal

Survey of Youth

Retrospective
(20 cases,

40 controls)
5-15 year olds

Prospective
(2,256)
4-11 year olds

Hyperactivity

Behavior Problem
Index >14 (rating

by mother)

* MS during pregnancy
* PS during pregnancy

* Current MS
* Current PS

MS in cig/day:

» Pregnancy only:
<20vs. 0
>20vs. 0

* Post-preg only:
<20vs. 0
>20vs. 0

* Both:

<20vs.0
220vs. 0

Parents of cases
smoked more cig/day
than parents of controls.
p < 0.05 only for MS.

OR (95% Cl):

1.6 (1.0-2.5)
0.4 (0.1-1.6)

1.2 (0.9-1.7)
2.0 (1.3-3.1)

1.4 (1.1-1.8)
1.5 (1.1-2.2)

Matched by age,sex, and
minimally by SES, no
other adjustment for
potential confounders.
ORs could not be calculat-
ed from data presented.

Only 19 women in high-
dose pregnancy-only cate-
gory thus estimate unsta-
ble. Adjusted for age, sex,
race, birth weight, health,
HOME, income, and
maternal education, intelli-
gence, self-esteem, mari-
tal status, alcohol use in
pregnancy, employment.
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Table 4.3 (Continued)

Authors (year)  Design (n) Outcome Tobacco Exposure  Results Comments?
Location Age at Follow-up Assessment Comparison? OR (95% CI)
Eskenazi and Prospective Rated "active" Unadjusted Adjusted Adjusted for parents’ education,
Trupin (1995) (2,124) by mother * No smoke exposure 1.0 1.0 socioeconomic status, race,
California Five year olds * Maternal ETS birth order, preschool atten-
during pregnancy 1.6 (0.7-3.3) 1.5(0.7-3.1) dance, and other factors.
* MS during
pregnancy only 1.1 (0.6-2.0) 1.0 (0.5-1.9)
* MS after
pregnancy only 1.4 (0.8-2.7) 1.2 (0.6-2.2)
* MS during and
after pregnancy 1.6 (1.2-2.1) 1.2 (0.9-1.7)
* Current cig/day
smoked by mother: Unadjusted Adjusted Adjusted for above factors as
1-9 1.2 (0.7-1.9) 1.0 (0.6-1.7) well as prenatal exposure
10-19 1.5(0.9-2.3) 1.1(0.8-2.0)
>20 1.8 (1.2-2.6) 1.6 (0.9-2.8)

1 Abbreviations: MS-maternal smoking; PS-paternal smoking, asterisk (*) denotes proxy measurement for ETS exposure;
bullet (¢) denotes non-ETS exposure; HOME-Home Observation for Measurement of the Environment-Short Form, n-study size.
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analogous to those described in the previous section on cognition were per-
formed. The OR for active behavior was somewhat elevated among chil-
dren with postnatal exposure only, and with prenatal and postnatal expo-
sure, although the effect diminished with adjustment for co-variates (unad-
justed OR for pre- and postnatal exposure = 1.6, 95% CI = 1.2-2.1; adjusted
OR =1.2,95% CI = 0.9-1.7). When maternal cigarettes/day were examined,
the ORs for active behavior increased with increasing exposure. This dose-
response relationship was seen whether the model was unadjusted, adjusted
for prenatal exposure only, or adjusted for prenatal exposure and a variety
of other co-variates. However, the effect diminished and lost statistical sig-
nificance in the full model (see Table 4.3). Despite the presence of a mod-
est dose-response relationship, the authors felt they could not rule out
uncontrolled confounding as an explanation for their findings.

4.3.4 Animal Studies of Behavioral teratology studies in animals examine post-
Cognition and Behavior natal behavioral function after developmental exposures
and Tobacco Smoke to toxicants. Bertolini et al. (1982) reported an enhanced

Exposure

rate of learning of an active avoidance task in offspring
of rats exposed to mainstream tobacco smoke daily during gestation.
Studies using sidestream smoke have been reported only in abstract form
(Lindsay et al., 1985; Mactutus et al., 1993) and do not present enough
information for evaluation. There is a large literature concerning the effects
of prenatal exposure to nicotine and carbon monoxide on postnatal behav-
ior; these data are discussed in a recent review (Mactutus, 1989).

4.3.5 Discussion and The evidence that ETS exposure of a nonsmoking pregnant
Conclusions woman can result in neuropsychologic deficits in the child,
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though very limited, is inconclusive. One small study (Makin et al., 1991)
found an association between ETS exposure of nonsmoking mothers during
pregnancy and decrements in their offspring’s test scores. However, a much
larger study that used a biomarker to ascertain ETS exposure (Eskenazi and
Trupin, 19995) failed to find any associations between ETS exposure during
pregnancy and three measures of cognition and behavior.

The five studies that have looked at postnatal ETS exposure and cog-
nitive endpoints in children have shown inconsistent results. Four of the
studies (Rantakallio, 1983; Bauman et al., 1989 and 1991; Eskenazi and
Trupin, 1995) found modest decrements in performance by ETS-exposed
children, even after adjustment for a variety of other factors. Dose-response
relationships were reported in the two Bauman et al. studies, but were not
seen in Eskenazi and Trupin. The findings of Bauman ef al. (1991) were
internally inconsistent in that associations were not seen at all ages, and
results differed for two tests of receptive language (the PPVT and the Quick
Test). None of these studies adjusted for parental intelligence or character-
istics of the home environment. In the fourth study, Baghurst et al. (1992),
in their crude analysis, also found decrements in test scores associated with
maternal smoking after pregnancy. However, these decrements disappeared
after adjustment for several powerful confounders, including socioeconomic
status, HOME score, and maternal IQ.

Of the three studies that examined postnatal ETS exposure and chil-
dren’s behavior, Denson et al. (1975) was too small and poorly conducted to
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allow any conclusions to be drawn. On the other hand, Weitzman et al.
(1992) conducted a large, well-controlled study that enabled prenatal expo-
sure to maternal active smoking and postnatal ETS exposure to be exam-
ined independently. They found significant, dose-related associations
between most categories of postnatal maternal smoking and a behavior
problem index. Eskenazi and Trupin (19995) also found modest, dose-related
asociations between postnatal ETS exposure and “active” behavior. Both
studies used a mother-reported outcome; thus, they were unable to deter-
mine if maternal smoking was associated with differences in the children’s
behavior or in the mothers’ perceptions.

Proposed mechanisms through which ETS could affect a child’s neu-
ropsychological development include a direct effect of nicotine (a stimu-
lant) upon the central nervous system, and adverse impacts of chronic
exposure to carbon monoxide. Exposure to ETS increases concentrations of
carboxyhemoglobin in the blood (Huch et al., 1980; Jarvis et al., 1983), and
increased ambient carbon monoxide levels adversely affect mental func-
tioning in humans (National Research Council, 1977; World Health
Organization, 1979). As noted above, the large literature on the effects on
animals of prenatal exposure to carbon monoxide and nicotine suggest that
adverse impacts of these agents on postnatal neurobehavior is biologically
plausible.

In conclusion, there are very few studies that have examined the
relationship of neuropsychological development to postnatal ETS exposure
of the child, independent of prenatal exposure to maternal active smoking.
Two studies of behavior (Weitzman et al., 1992; Eskenazi and Trupin, 1995)
did a reasonably good job of separating postnatal from in utero exposure
and also controlled for other pertinent co-variates. These studies found
adverse relationships associated with childhood ETS exposure. With respect
to cognitive development, one well-controlled study showed no association
with ETS, but four other fairly well controlled studies showed modest decre-
ments associated with ETS. No conclusions regarding causality can be
made on the basis of these studies, but they do provide suggestive evidence
that ETS exposure may pose a neuropsychological developmental hazard.

4.4 POSTNATAL PHYSICAL When evaluating studies of postnatal physical devel-
DEVELOPMENT opment, it should be kept in mind that growth

varies not only with genetic influences (e.g., sex and parental height) and
nutrition, but also with social factors such as socioeconomic status, birth
order, and family size (Goldstein, 1971).

4.4.1 Postnatal Physical  Active maternal smoking during pregnancy can cause
Development of Children significant decreases in birthweight (U.S. DHHS, 1980).
whose Mothers Smoked There is also evidence that body length at birth is

During Pregnancy atfected by smoking during pregnancy (Persson et al.,
1978). Birthweight, which is also a significant predictor
4.4.1.1 Studies of Children of physical development, may be an intervening vari-
whose Mothers Smoked able between prenatal exposure to tobacco smoke and
During Pregnancy growth. There may also be an effect of prenatal expo-

sure to tobacco smoke independent of birthweight. A review of the topic is
contained in Rush and Callahan (1989).
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Several studies, some involving thousands of children, have exam-
ined the relationship between maternal smoking during pregnancy and
height, and have found that children of smokers are slightly shorter than
children of nonsmokers. The largest height decrements were seen in stud-
ies by Dunn et al. (1976) and Naeye (1981). Dunn et al. (1976), in an
uncontrolled study, reported differences of 1.6-2.0 cm for normal birth-
weight children aged 4-6.5 years. Naeye (1981), in a sibling pair compari-
son, found the offspring of smoke-exposed pregnancies were 1.7 cm shorter
than their non-exposed siblings. Among studies of pre-pubertal children
that controlled for a variety of social factors, height decrements for off-
spring of maternal heavy smokers (at least 10 cigarettes per day) ranged
from 0.7-1.0 cm (Hardy and Mellits, 1972; Goldstein, 1971; Butler and
Goldstein, 1973; Wingerd and Schoen, 1974; Eskenazi and Bergmann,
1995). The last four papers reported mean heights of children whose moth-
ers were moderate smokers to be intermediate between those of children
whose mothers were heavy smokers and nonsmokers.

Fox et al. (1990) compared 3-year-old children of women who
smoked throughout pregnancy with children of women who had quit and
also found an adjusted height difference of 1.0 cm. Studies of the British
National Child Development Study cohort at 16 and 23 years of age have
shown that the effect of maternal smoking during pregnancy appears to
persist beyond puberty, although the size of the effect is not consistent
(Fogelman, 1980; Fogelman and Manor, 1988). The sole exception to this
pattern was reported by Fried and O’Connell (1987), who failed to find a
significant negative correlation between children’s height and mothers’
smoking status during pregnancy. The point estimate was not presented, so
the direction of the association is not known. However, a subsequent larger
study taken from the same cohort found children of heavy smokers to be
significantly shorter than children of nonsmokers (Fried and Watkinson,
1988). The presentation of data did not allow a specific height difference to
be identified.

The effect of adjusting height differences for birthweight has been
explored in four study populations. Goldstein (1971), and Fogelman and
Manor (1988), using data from the National Child Development Study,
found that adjusting for birthweight reduced height differences by 30-60
percent. Fox et al. (1990) corroborated this finding, calculating a 50 percent
reduction of effect. The studies by Hardy and Mellits (1972) and Eskenazi
and Bergmann (19935) reported that differences in height were virtually
eliminated when birthweight was taken into account.

Hardy and Mellits (1972), Dunn et al. (1976), Naeye (1981), Fried
and Watkinson (1988) and Fox et al. (1990) also examined prenatal expo-
sure to maternal smoking and children’s weight. All five studies found
small negative associations with maternal smoking, but the effect was sig-
nificant only in Naeye’s sibling pair comparison. Both Fox et al. (1990) and
Hardy and Mellits (1972) reported that the effect disappeared when birth-
weight was controlled.
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4.4.1.2 Discussion of Evidence Investigators have consistently observed a height
from Studies on Physical decrement of 0.7-1.0 cm among children of
Development in Children whose women who smoked at least 10 cigarettes per day

Mothers Smoked During Pregnancy during pregnancy. Fox et al. (1990) demonstrated
a similar effect when comparing children of quitters and persistent smokers.
Dose-response relationships have also been consistently observed.

Although very small, the effect appears to be independent of sex, parental
height, socioeconomic status, birth order, and family size. One study
(Eskenazi and Bergmann, 1995) also controlled for postnatal exposure to
ETS. This, together with the lack of evidence associating ETS exposure with
height growth (see below) and Berkey et al.’s (1984) finding that ETS expo-
sure was not related to rate of growth, suggests that the effect is specifically
associated with in utero exposure to maternal active smoking.

Half or more of the effect on height appears to be related to reduc-
tions in birthweight among offspring of smokers. As maternal smoking is
known to cause reductions in birthweight, and as birthweight is a predictor
of height (Goldstein, 1971), it is plausible that in utero exposure to maternal
active smoking could result in small reductions in height growth.

Five poorly controlled studies have found small inverse relation-
ships between maternal smoking during pregnancy and children’s postnatal
weight growth. More work is required before any conclusions can be drawn
regarding the effect of active smoking during pregnancy and children’s
weight.

In summary, the evidence suggests that the relationship between
active maternal smoking during pregnancy and impaired height growth of
approximately one centimeter in the pre-adolescent child may be causal.
Dose-response relationships have been repeatedly demonstrated, and there
are plausible mechanisms to explain the association.

4.4.2 Postnatal Physical One study was found that examined the relationship
Development of Children  of ETS exposure of the mother to the height of the
Exposed to ETS child at S years of age.

4.4.2.1 ETS Exposure of the Eskena;i and Bergmann (1'995) reanalyzed data from
the Kaiser Permanente Child Health and Development
Studies that were conducted in Oakland, California
Eskenazi and Bergmann (1995) ~ from 1959 to 1966. The authors measured cotinine, a
nicotine metabolite, in stored serum samples taken
from women in mid-pregnancy. Of the 2,622 women included in this
study, 1,610 were considered to have no tobacco exposure during pregnan-
cy (nonsmokers with cotinine levels <2 ng/ml) and 77 were classified as
having ETS exposure during pregnancy (nonsmokers with cotinine levels
from 2-10 ng/ml). The children’s heights were measured within 6 months
of their fifth birthday; the measurements were then extrapolated using lin-
ear regression to their height at exactly 5 years. Children of ETS-exposed
pregnancies were on average 0.4 cm higher than non-smoke-exposed chil-
dren (95% CI = -0.5-1.4) after adjustment for birth weight, gestational age,
race, sex, birth order, and maternal height, body mass index, education,
and age.

Mother During Pregnancy
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4.4.2.2 Postnatal ETS  Six studies have evaluated the association between some indi-

Exposure

cator of postnatal ETS exposure and height (Table 4.4). No
studies were found of ETS exposure and children’s postnatal weight growth.

Rona et al. (1981 and 1985) Three studies have been conducted by Rona and col-
Chinn and Rona (1991) leagues using cross-sectional data from the ongoing

Rantakallio

Berkey et al.
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British National Study of Health and Growth. In their initial study of 4,961
primary school children in England and Scotland, Rona et al. (1981) found
an inverse association between the number of people smoking more than
five cigarettes per day at home and the standardized height of the child.
Height differences could not be calculated from the data presented. Results
remained significant after adjustment for birthweight, age, sex, social class,
and parental height. Prenatal exposure to tobacco smoke was not assessed.

Rona et al. (1985) refined their exposure assessment by ascertaining
the total number of cigarettes per day smoked at home by both parents.
Forty-three percent of fathers, and 34 percent of mothers smoked in this
sample. After adjusting for prenatal exposure to maternal smoking,
parental height, infant birthweight, age, sex, degree of overcrowding, and
number of siblings, children of smokers were still slightly but significantly
shorter than non-exposed children (p < 0.01). The adjusted height decre-
ment was small—approximately 0.2 cm for every 10 cigarettes smoked at
home. Father’s smoking, mother’s current smoking, and smoking during
pregnancy were all independently associated with height.

In Chinn and Rona (1991), the study was varied by using an even
larger cohort of over 11,000 school children and including more co-variates
in the analysis, including social class, ethnicity, and receiving school meals.
No association was seen between number of cigarettes smoked at home and
height. The investigators then repeated the analysis using their 1985 data-
base and found that the height difference, although still negative, dimin-
ished by a third and was no longer statistically significant. They concluded
that postnatal ETS exposure has no effect on children’s height.

(1983)  Rantakallio (1983) studied over 2,800 Finnish 14-year-olds, evenly
divided as to prenatal exposure status. The adjusted height decrement asso-
ciated with maternal smoking during pregnancy was approximately -0.9 cm
(estimated from a figure), consistent with estimates calculated by other
investigators. In a regression analysis that included demographic and
socioeconomic factors, prenatal exposure status, and maternal height, pater-
nal smoking status was negatively related to children’s height (p = 0.07).
The size of the standardized coefficients for maternal smoking during preg-
nancy and paternal smoking were roughly equivalent. There was no adjust-
ment for birthweight.

(1984)  Berkey et al. (1984) examined height and height growth rate in a
longitudinal study of 9,273 children aged 6-11 years (the same study is also
described in Ferris et al., 1985). The study’s main intent was to examine the
health effects of air pollution. The authors found a very significant dose-
related decrease in height with increasing current maternal cigarette con-
sumption. Children of mothers who smoked >10 cigarettes per day were
0.7 cm shorter than children of nonsmokers, after adjusting for age, sex,
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parent’s education, and use of gas for cooking in the home. There was no
adjustment for prenatal exposure to maternal smoking or birthweight, thus
it is likely that the effect associated with current maternal smoking actually
reflected the effect of smoking during pregnancy. The similarity of the
height decrement to decrements seen in studies of maternal smoking dur-
ing pregnancy supports this interpretation. A nonsignificant association
was seen with paternal smoking, with an adjusted height decrement of 0.1
cm among children of fathers smoking >10 cigarettes per day. Over an
average of 4 years of observation per child, there was no association of
either mother’s or father’s smoking with the child’s rate of growth, which
led the authors to suggest that the height differences were due to in utero or
early life exposure.

Eskenazi and Bergmann (1995)  As described in the previous section, Eskenazi and
Bergmann (1995) used data from the Child Health and Development
Studies to examine the relationship between maternal smoking and height
of the child at age 5 years. They used information from interviews with the
mothers during pregnancy and at their child’s 5-year examination to cate-
gorize smoke exposure as prenatal only, postnatal only, and pre- and post-
natal. Children with prenatal exposure only, and those with pre- and post-
natal exposure were 0.3 cm and 0.5 cm shorter than children of nonsmok-
ers, respectively (prenatal exposure, 95% CI = -1.1-0.5; pre- and postnatal
exposure, 95% CI =-0.9 to -0.1; adjusted for race, sex, birth order, and
maternal education, age, height, and body mass index). These differences
diminished to -0.01 and -0.02 cm after also controlling for birthweight and
gestational age. In contrast, children with postnatal exposure only were on
average 0.5 cm taller than children of nonsmokers, though this difference
was not statistically significant (95% CI = -0.3-1.3). The authors concluded
that any height decrements seen in children of smokers were probably
related to in utero exposure rather than postnatal exposure.

4.4.3 Animal Studies of No studies on this topic that used mainstream smoke

Postnatal Physical were located. One study (Tachi and Aoyama, 1988b)

Development and purports to deal with the effects of “sidestream” tobacco

Tobacco Smoke Exposure smoke on postnatal growth in rats. Exposures began at
weaning (21 days postnatal) and continued through adulthood (54 days of
age). Rats mature sexually at 35-45 days of age. Reduced growth rates in
smoke-exposed animals were reported within a few days of initiation of the
exposure. Growth was determined by daily weighing during the study and
determination of organ weights at the conclusion of the study. A control
group was exposed to carbon monoxide levels comparable to those experi-
enced by the group exposed to tobacco smoke. However, no pair-fed con-
trols were included. Pair-fed controls are important in establishing that the
exposure protocols did not lead to reduced food intake due to disruption of
normal feeding routines or general malaise.

4.4.4 Discussion Using paternal smoking as a proxy for postnatal ETS exposure,

and Conclusions Rantakallio (1983) and Berkey et al. (1984) found very small,
nonsignificant negative correlations with height after adjusting for mater-
nal smoking. Berkey et al. (1984) found no association between current
maternal or paternal smoking and the rate of growth, suggesting that
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Table 4.4

Height Growth in Children: Studies that Assessed some Source of Postnatal ETS Exposure

Authors (year)
Location

Design (n)
Ages at Follow-up

Source/Amount of
Tobacco Exposuret

Height Difference
incm

Comments

Rona et al. (1981)
United Kingdom

Rona et al. (1985)
United Kingdom

Chinn & Rona
(1991)
United Kingdom

Rantakallio (1983)
Finland

Berkey et al.(1984);
Ferris et al. (1985)
United States

Cross-section
(4,961)
5-11 year olds

Cross-section
(5,903)
5-11 year olds

Cross-section
(11,224)
5-11 year olds

(1,763 prenatally ex-
posed, 1,781 controls)
14 year olds

Longitudinal cohort
(9,273)
6-11 year olds

*Number of people
smoking >5 cig/day
at home

*Every 10 cig/day
smoked at home
by parents

*Total cig/day smoked
at home by parents

*MS during pregnancy:

<10 cig/day vs. 0
>10 cig/day vs. O
*Any vs. no PS

Current cig/day:

*MS <10vs. 0
>10vs. 0

*PS >10vs. 0
>10vs. 0

Inverse association
(p < 0.05)

-0.2 (p < 0.01)

No significant
association

-0.6
-0.9 (p < 0.05)
Inverse association (ns)

-0.5

-0.7 (p < 0.001)

-0.04

-0.1 (ns)

No association between
MS or PS and rate of
growth

Adjusted for age, sex, parental
heights, # sibs, SES, birth weight.
No control for prenatal exposure.

Adjusted for age, sex, location,
parental heights, # sibs, prenatal
exposure, birth weight.

Adjusted for same covariates as
above, plus SES, ethnicity, school
meals.

MS adjusted for sex, maternal age,
parental height, SES, and family
size. PS also adjusted for prenatal
exposure and maternal education.

Adjusted for age, sex, location,
parental education, gas cooking.
No control for parental height,
prenatal exposure, birth weight.
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Table 4.4 (Continued)

Authors (year) Design (n) Source/Amount of Height Difference Comments
Location Ages at Follow-up Tobacco Exposure! incm
Eskenazi and Prospective Model | Model I Model | adjusted for race, sex,
Trupin (1995) (2,622) *Maternal ETS during birth order, and maternal edu-
California 5 year olds pregnancy 0.5 (-0.5-1.4) 0.4 (-0.5-1.3) cation, age, height, and body
*MS during pregnancy mass index.
only -0.3 (-1.1-0.5)  -0.01 (-0.8-0.8)
*MS after pregnancy Model Il adjusted for the above
only 0.5 (-0.3-1.3) 0.5 (-0.3-1.3)  factors and birth weight and
*MS during and after gestational age.
pregnancy -0.5 -0.02 (-0.4-0.4)
(-0.9t0-0.1)

1 Abbreviations: MS-maternal smoking, PS-paternal smoking, asterisk (*) denotes proxy measurement for ETS exposure;

bullet (¢) denotes non-ETS exposure; n-study size.
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height decrements seen in children of smokers reflect differences that exist
at birth. In corroboration of this interpretation, Eskenazi and Bergmann
(19995) found no height decrement among children with postnatal ETS
exposure only; they also found that the height decrement seen among chil-
dren whose mothers smoked during and after pregnancy disappeared after
controlling for birth weight and gestational age.

In Rona et al. (1985) and Chinn and Rona (1991), a reasonably good
measure of ETS exposure was obtained (number of cigarettes smoked at
home by parents), and analyses were controlled for prenatal exposure to
maternal active smoking. These studies found an extremely small ETS
effect (-0.2 cm) and no effect, respectively. When the 1985 data were rean-
alyzed using the same methods employed for the 1991 data, the height
decrement diminished by a third and lost statistical significance. These
results imply that if any effect of ETS exposure on height exists, it is vanish-
ingly small.

Although there are plausible mechanisms through which ETS expo-
sure could impact postnatal height growth (e.g., impairment of appetite,
increased frequency of illness), there is little to no epidemiological evidence
that ETS exposure has a significant effect on height growth of children. A
single animal study of postnatal sidestream smoke exposure did find
reduced growth rates in exposed animals; however, the lack of pair-fed con-
trols in this study limits the conclusions which can be drawn from its
results.

4.5 RESPIRATORY The impact of ETS exposure on the respiratory tract has been
DEVELOPMENT reviewed by a number of authoritative bodies (U.S. DHHS,
AND FUNCTION 1986; NRC, 1986; U.S. EPA, 1992). Several acute and chronic

non-cancer respiratory health effects of ETS have been observed, including
exacerbation of childhood asthma, acute lower respiratory tract illness, mid-
dle ear infection, and chronic respiratory symptoms in children. Also,
while the results from all studies are not wholly consistent, there is substan-
tial evidence that childhood exposure to ETS affects lung growth and devel-
opment, as measured by small but statistically significant decrements in
pulmonary function tests. Drawing on the above-mentioned reviews, as
well as more recent literature, these impacts are discussed at length in the
Chapter entitled Respiratory Health Effects of Exposure to Environmental
Tobacco Smoke.

4.6 CHAPTER Interest in Sudden Infant Death Syndrome (SIDS) stems from
SUMMARY AND numerous studies demonstrating that infants of smoking mothers
CONCLUSIONS have an increased risk of SIDS. There is adequate epidemiological
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evidence of a causal relationship between maternal smoking in general and
risk of SIDS. In most of the studies examining the relationship between
ETS exposure and SIDS, it was not possible to separate the effects of postna-
tal ETS exposure from those of prenatal exposure to maternal active smok-
ing. Recent findings of elevated risk of SIDS associated with postnatal ETS
exposure independent of maternal smoking in reasonably well controlled
epidemiological studies provide compelling evidence that postnatal ETS
exposure of the child is an independent risk factor for SIDS.
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Although studies have shown fairly consistently that maternal
smoking during pregnancy is adversely associated with measures of cogni-
tion and behavior in children, very few studies have examined these effects
in relation to children’s postnatal ETS exposure. One study of behavior
which did a reasonably good job of separating postnatal from in utero expo-
sure and controlled for other pertinent co-variates found significant adverse
relationships associated with childhood ETS exposure. With respect to cog-

nitive development, the best controlled study showed no association with
postnatal ETS exposure, but three other fairly well-controlled studies
showed modest decrements associated with postnatal ETS exposure. A sin-
gle small study of nonsmoking pregnant women found an association of
ETS exposure during pregnancy with decrements in their offspring’s test
scores. While conclusions regarding causality cannot be made on the basis
of these studies, they do suggest that ETS exposure may pose a neuropsy-

chological developmental hazard.

While small but consistent effects of active maternal smoking dur-
ing pregnancy on physical growth of offspring have been demonstrated in a
number of studies, there is no epidemiological evidence that postnatal ETS
exposure has a significant effect on the height growth of children after con-
trolling for prenatal exposure to maternal active smoking. Although a rela-
tively small number of studies have addressed this issue, to date there is no
evidence that postnatal ETS exposure is an independent and significant
hazard to height growth in humans.

Further evidence of developmental toxicity of ETS exposure on res-
piratory outcomes is provided in Chapter 6, which presents substantial evi-
dence that childhood exposure to ETS affects lung growth and develop-
ment, exacerbates childhood asthma, and causes acute lower respiratory
tract illness, middle ear infection and chronic respiratory symptoms in chil-

dren.
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