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Introduction

The Health Consequences of Involuntary Exposure to Tobacco Smoke

A full range of scientificevidence, extending from
the molecular level to whole populations, supports the
conclusion that secondhand smoke causes disease. The
scope of this evidence is enormous, and encompasses
not only the literature on secondhand smoke but also
relevant findings on active smoking and on the tox-
icity of individual tobacco smoke components. The
2004 report of the Surgeon General provides reviews
on biologic considerations in relation to active smok-
ing (U.S. Department of Health and Human Services
[USDHHS] 2004). The guidelines for causal inference
include coherence, which is defined as the extent to
which all lines of scientific evidence converge in sup-
port of a causal conclusion. Beginning with the 1964
Surgeon General’s report on smoking and health
(U.S. Department of Health, Education, and Welfare
[USDHEW] 1964), reports in this series have com-
prehensively evaluated the full scope of evi-
dence supporting causal inference with regard to
particular associations of smoking with disease. This
chapter reviews the evidence relevant to coherence,
and includes the mechanisms relevant to the patho-
genesis of diseases caused by secondhand smoke.

Studies reviewed for this chapter were selected
from Medline and SciFinder literature searches.
Search terms included “carcinogens,” “environmental
tobacco smoke,” “DNA adducts,” “protein adducts,”
“urinary metabolites,” “tobacco smoke,” and the
names of specific carcinogens and their metabolites.
Recent reviews and cited references in recent papers
provided additional sources for this chapter.

This chapter sets out a foundation for interpret-
ing the observational evidence that is the focus of
most of the following chapters. The discussion that
follows details the mechanisms that enable tobacco
smoke components to injure the respiratory tract and

cardiovascular system and to cause nonmalignant
and malignant diseases and other adverse effects.

Composition of Tobacco Smoke

The chemical and physical properties of tobacco
smoke from mainstream (drawn through the cigarette)
and sidestream (released by the smoldering cigarette)
smoke have been reviewed in a number of publica-
tions (Jenkins et al. 2000; Hoffmann et al. 2001; Inter-
national Agency for Research on Cancer [IARC] 2004;
California Environmental Protection Agency [Cal/
EPA] 2005). The IARC (2004) review indicates that
some 4,000 mainstream tobacco smoke compounds
have been identified (Roberts 1988), and the qualita-
tive composition of the components is nearly iden-
tical in mainstream smoke, sidestream smoke, and
secondhand smoke. An assessment by the National
Research Council (1986) of differences in the compo-
sition of mainstream and sidestream smoke indicates
that some compounds are emitted at levels up to
more than 10 times greater in sidestream smoke com-
pared with mainstream smoke (see also Table III-1 in
Cal/EPA 2005). The Cal/EPA (2005) report identified
19 gas-phase and 21 particulate matter compounds in
sidestream smoke with known carcinogenic and non-
carcinogenic health effects (e.g., pulmonary edema,
immune alterations, cardiac arrthythmias, and
hepatotoxic and neurologic effects). The National
Toxicology Program (USDHHS 2000) estimates that at
least 250 chemicals in secondhand smoke are known to
be toxic or carcinogenic. Other published reports have
additional listings of specific chemical compounds
in mainstream and secondhand smoke (Fowles and
Dybing 2003; Cal/EPA 2005).
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Evidence of Carcinogenic Effects from Secondhand Smoke Exposure

Carcinogens in Sidestream Smoke and
Secondhand Smoke

As a result of advances in chemical analyti-
cal techniques and an expanded understanding of
the mechanisms by which environmental agents
are genotoxic, the number of known carcinogens
in tobacco smoke increased to 69 in the year 2000
(IARC 2004). Table 2.1 summarizes representa-
tive levels of carcinogens found in sidestream and
secondhand cigarette smoke, but includes only
30 compounds that have been evaluated by IARC
and that have fulfilled certain other criteria: sufficient
evidence of carcinogenicity in either laboratory ani-
mals or humans and published data on levels found
in sidestream or secondhand smoke. Field studies on
the carcinogenic composition of secondhand smoke
cannot comprehensively evaluate all of the poten-
tial carcinogens in secondhand smoke. Some tobacco
smoke carcinogens that IARC evaluated were not
included in Table 2.1 because there were no published
data on their levels in sidestream or secondhand ciga-
rette smoke (Hoffmann et al. 2001). It is likely, how-
ever, that these carcinogens (which include some
polycyclic aromatic hydrocarbons [PAHs], hetero-
cycles, heterocyclic aromatic amines, nitro com-
pounds, and other miscellaneous organic compounds)
are also present in sidestream and secondhand smoke.
In addition, there may be carcinogens present that
IARC has not yet fully characterized or evaluated.

PAHs are a diverse group of compounds formed
in the incomplete combustion of organic material, and
are potent, locally acting carcinogens in laboratory
animals. PAHs induce tumors of the upper respiratory
tract and lung when inhaled, instilled in the trachea,
implanted in the lung, or administered by other routes
(Shimkin and Stoner 1975), and are found in tobacco
smoke, broiled foods, and polluted environments of
various types. The best known member of this class of
compounds is benzo[a]pyrene (B[a]P), which induces
tumors of the upper respiratory tract and lung when
inhaled, instilled in the trachea, implanted in the lung,
or administered intraperitoneally, intravenously, sub-
cutaneously, or by other routes (Shimkin and Stoner
1975). When administered systemically, B[a]P causes
lung tumors in mice but not in rats (IARC 1973, 1983;
Culp et al. 1998). Workers in iron and steel found-
ries and aluminum and coke production plants are
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exposed to PAHs. These exposures are considered to
be a cause of excess cancers among workers in these
settings (IARC 1983, 1984).

N-Nitrosamines are a large group of carcinogens
that induce cancer in a wide variety of species and
tissues and are presumed to cause cancer in humans
(Preussmann and Stewart 1984). These carcinogens can
be formed endogenously from amines and nitrogen
oxides and are found at low levels in foods (Bartsch
and Spiegelhalder 1996). Tobacco smoke contains vol-
atile N-nitrosamines such as N-nitrosodimethylamine
and N-nitrosopyrrolidine, as well as tobacco-specific
N-nitrosamines such as N’-nitrosonornicotine (NNN)
and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) (Hoffmann and Hecht 1990). Tobacco-
specific N-nitrosamines are chemically related to nic-
otine and other tobacco alkaloids and are therefore
found only in tobacco products or related materials
(Hecht and Hoffmann 1988). In laboratory animals,
many N-nitrosamines are powerful carcinogens that
display a striking organospecificity and affect particu-
lar tissues often independently of the route of admin-
istration (Preussmann and Stewart 1984). For example,
NNN causes tumors of the esophagus and nasal cavity
in rats, while the principal target of NNK in rodents
is the lung; NNK is the only tobacco smoke carcino-
gen that induces lung tumors by systemic administra-
tion in all three commonly used rodent models—rat,
mouse, and hamster (Hecht 1998).

Among the aromatic amines first identified as
carcinogens in dye industrial exposures, 2-naphthyl-
amine and 4-aminobiphenyl are well-established
human bladder carcinogens (IARC 1973, 1974).
These carcinogens are also found in tobacco smoke.
Aromatic amines cause tumors at a variety of sites in
laboratory animals. Some members of this class, such
as 2-toluidine, are only weakly carcinogenic (Garner
et al. 1984).

Formaldehyde and acetaldehyde, weaker car-
cinogens than PAHs, N-nitrosamines, and aromatic
amines, have been measured in sidestream and
secondhand smoke. When inhaled, formaldehyde
and acetaldehyde induce respiratory tract tumors in
rodents (Kerns et al. 1983; IARC 1999). Butadiene and
benzene are volatile hydrocarbons that also occur in
considerable quantities in sidestream and secondhand
smoke. Butadiene is a multiorgan carcinogen that is
particularly potent in mice; benzene causes leukemia
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(3-pyridyl)-1-butanone

Table 2.1 Levels of carcinogens in sidestream and secondhand cigarette smoke
Representative amounts
Sidestream Secondhand (per
Carcinogen (per cigarette) cubic meter [m?]) Study
Polycyclic aromatic hydrocarbons
Benz[a]anthracene 201 nanograms (ng)  0.32-1.7 ng Grimmer et al. 1987; Chuang et al. 1991
Benzo[a]pyrene 45-103 ng 0.37-1.7 ng Adams et al. 1987; Grimmer et al. 1987;
Chuang et al. 1991
Benzo[b]fluoranthene Grimmer et al. 1987; Chuang et al. 1991
Benzo|j]fluoranthene 196 ng 0.79-2.0ng
Benzo[k]fluoranthene
Dibenz[a,h]anthracene NR* 1ng Vu-Duc and Huynh 1989
Indenol[1,2,3-cd]pyrene 51 ng 0.35-1.1 ng Grimmer et al. 1987; Chuang et al. 1991
5-Methylchrysene NR 35.5ng Vu-Duc and Huynh 1989
N-Nitrosamines
N-Nitrosodiethanolamine 43 ng NR Brunnemann and Hoffmann 1981
N-Nitrosodiethylamine 8.2-73 ng 0-20ng Brunnemann et al. 1977; Hoffmann et al. 1987
N-Nitrosodimethylamine 143-1,040 ng 4-240 ng Brunnemann et al. 1977; Hoffmann et al. 1987;
Klus et al. 1992
N-Nitrosoethylmethylamine  3-35 ng NR Brunnemann et al. 1977; Hoffmann et al. 1987
N’-Nitrosonornicotine 110-857 ng 0.7-23 ng Brunnemann et al. 1983, 1992; Adams et al.
1987; Klus et al. 1992
N-Nitrosopiperidine 4.8-19.8 ng NR Adams et al. 1987
N-Nitrosopyrrolidine 7-700 ng 3.5-27.0ng Brunnemann et al. 1977; Hoffmann et al. 1987;
Klus et al. 1992; Mahanama and Daisey 1996
4-(Methylnitrosamino)-1- 201-1,440 ng 0.2-29.3 ng Brunnemann et al. 1983, 1992; Adams et al.

1987; Klus et al. 1992

Aromatic amines

2-Naphthylamine 63.1-128 ng NR Government of British Columbia Ministry of
Health Services 2001
2-Toluidine 3,030 ng NR Patrianakos and Hoffmann 1979
4-Aminobiphenyl 11.4-18.8 ng NR Government of British Columbia Ministry of
Health Services 2001
Aldehydes
Acetaldehyde 961-1,820 268 g Martin et al. 1997; Government of British
micrograms (ug) Columbia Ministry of Health Services 2001
Formaldehyde 233-485 ug 143 ug Martin et al. 1997; Government of British

Columbia Ministry of Health Services 2001
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Table 2.1 Continued
Representative amounts
Sidestream Secondhand (per
Carcinogen (per cigarette) cubic meter [m?]) Study
Miscellaneous organics

Acrylonitrile 42-109 ug NR Government of British Columbia Ministry of
Health Services 2001

Benzene 163-353 ug 4.2-63.7 ug Scherer et al. 1995; Heavner et al. 1996; Martin
et al. 1997; Government of British Columbia
Ministry of Health Services 2001; Kim et al.
2001

Catechol 98-292 ug 1.24 ug Sakuma et al. 1983; Martin et al. 1997;
Government of British Columbia Ministry of
Health Services 2001

Isoprene 668-1,260 ug 657 ug Martin et al. 1997; Government of British
Columbia Ministry of Health Services 2001

1,3-Butadiene 98-205 ug 0.340 ug Heavner et al. 1996; Martin et al. 1997
Government of British Columbia Ministry of
Health Services 2001; Kim et al. 2001

Inorganic compounds

Cadmium 330-689 ng 4-38 ng Wu et al. 1995; Government of British
Columbia Ministry of Health Services 2001

Chromium 57-79 ng NR Government of British Columbia Ministry of
Health Services 2001

Hydrazine 94 ng NR Liu et al. 1974

Lead 28.9-46.6 ng NR Government of British Columbia Ministry of
Health Services 2001

Nickel 51 ng NR Government of British Columbia Ministry of
Health Services 2001

Polonium-210 0.091-0.139 NR Ferri and Baratta 1966

picocurie

*NR = Data were not reported.
Source: Adapted from Hoffmann et al. 2001.

in humans (IARC 1982, 1992, 1999). Metals such as
nickel, chromium, and cadmium are human carcino-
gens that are also present in sidestream smoke (IARC
1990, 1994).

Mainstream cigarette smoke consists of a gas
phase and a particulate phase specifically composed
of several million semiliquid particles per cubic

32 Chapter 2

centimeter (cm®) within a mixture of combustion
gases (Ingebrethsen 1986; Guerin et al. 1992). Side-
stream smoke contains free radicals in about the same
concentrations as does mainstream smoke (Pryor et
al. 1983). Pryor and colleagues (1998) detected reac-
tive yet long-lived radicals in the gas phase; in the
particulate phase, these investigators found a free



radical system that is a mixture of semiquinones,
hydroquinones, and quinones (Pryor et al. 1998).
Whether such agents can induce tumors in laboratory
animals is not known.

Carcinogenicity of Sidestream Smoke
and Secondhand Smoke

Numerous studies have demonstrated that
mainstream cigarette smoke condensate, the solid
materials in the smoke, induces tumors on mouse skin
and, by implantation, in rat lungs (IARC 1986, 2004).
Inhalation experiments with mainstream smoke have
demonstrated that cigarette smoke and its particu-
late phase induce preneoplastic lesions and benign
and malignant tumors of the larynx in Syrian golden
hamsters (IARC 1986). Studies with rats and mice
documented less consistent results (IARC 1986, 2004;
Hecht 1999).

The carcinogenicity of sidestream smoke has
been less extensively investigated. Sidestream smoke
condensate was significantly more carcinogenic than
mainstream smoke condensate when tested on mouse
skin: mice treated with sidestream smoke developed
two to six times more skin tumors than mice treated

The Health Consequences of Involuntary Exposure to Tobacco Smoke

with mainstream smoke (Mohtashamipur et al. 1990).
In a rat model using implanted sidestream smoke par-
ticles, a fraction containing PAHs with four or more
rings produced tumors, while a fraction with semi-
volatiles and a PAH fraction with fewer rings had
little effect (Grimmer et al. 1988). Limited histo-
pathologic changes were observed in rats exposed
to cigarette sidestream smoke aged in the chamber
for 12 months (Haussmann et al. 1998). Research-
ers have carried out a series of investigations on
the effects of secondhand smoke inhalation in A/]J
mice (Witschi et al. 1995, 1997a,b,c, 1998, 1999, 2000;
Witschi 1998, 2000). Table 2.2 summarizes the data
from these studies. Lung tumor multiplicity, the most
sensitive indicator of response in this model, increased
significantly in all experiments, and lung tumor inci-
dence increased in several experiments. The proto-
col involved exposing mice to secondhand smoke
(89 percent sidestream smoke and 11 percent main-
stream smoke) for five months followed by a four-
month recovery period in air. Other experiments have
demonstrated that to observe anincrease inlung tumor
multiplicity, there must be a recovery period. These
same experiments also showed that the response is
due to a gas-phase component of secondhand smoke.

Table 2.2 Inhalation studies of secondhand smoke (89% sidestream smoke and 11% mainstream smoke)
in A/] mice

Exposure (mg/m** Lung tumor multiplicity* Lung tumor incidence?

of total suspended
Study particulates) Filtered air control ~Smoke Filtered air control (%) Smoke (%)
Witschi et al. 1997a 79 0.5+0.1(24) 13+03(26)5 42 58
Witschi et al. 1997b 87 0.5+0.2 (24) 14+02 (24 38 838
Witschi et al. 1998 83 0.9+0.2(29) 1.3+02(33)% 69 73
Witschi et al. 1999 132 0.6 £ 0.1 (30) 21+03(38)s 50 86"
Witschi et al. 2000 137 0.9£0.2 (30) 28+02(38)5 60 1004

137 1.0+0.1 (54) 24+03(28)f 65 894
Witschi et al., 134 1.2+0.2 (25) 23+03(26)F 60 884
unpublished data

*mg/m® = Milligrams per cubic meter.

*Mean + standard error (number of animals is in parentheses).

*Percentage of all animals at risk that had tumors.

SSignificantly different (p <0.05) compared with air controls by Welsh's alternate test.
“Significantly different (p <0.05) compared with air controls by Fisher’s exact test.

Source: Adapted from Witschi 2000.
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Although these results are of interest, there are some
poorly understood features of the model. The ani-
mals lose weight during exposure and never weigh as
much as the air-treated controls even after the recov-
ery period. The consequences of the weight loss are
unknown. The reason for the recovery period require-
ment also is not clear. In addition, the apparent tumor-
inducing effect of the gas phase is inconsistent with
most of the earlier work on mainstream smoke inhala-
tion and with the tumor-inducing properties of side-
stream smoke condensate described above. Finally,
recent data from De Flora and colleagues (2003) some-
what contradict the observations of Witschi and col-
leagues (1995, 1997a,b,c, 1998, 1999, 2000). De Flora and
colleagues (2003) exposed Swiss strain mice to envi-
ronmental tobacco smoke continuously for a period of
nine months without a recovery period and observed
a significant increase in the lung tumor response.

Collectively, these studies suggest the potential
involvement of multiple carcinogens from sidestream
and secondhand cigarette smoke in tumor induction.
The results of the implanted mouse skin and rat lung
carcinogenicity assays demonstrate the importance of
PAHs and other nonvolatile carcinogens. Moreover,
sidestream and secondhand smoke contain potent
lung carcinogens such as NNK. The results of the
mouse inhalation studies indicate that gas-phase con-
stituents of secondhand smoke contribute to tumori-
genesis. Prominent among these constituents could be
formaldehyde, acetaldehyde, butadiene, and benzene
because of their tumorigenic activities and relatively
high concentrations in secondhand smoke.

Human Carcinogen
Uptake from Secondhand Smoke

Tables 2.3 and 2.4 summarize data from bio-
marker studies on human uptake of specific second-
hand smoke carcinogens. These studies demonstrate
that human exposures to secondhand smoke lead to
the uptake of carcinogens, a topic that Scherer and
Richter (1997) have reviewed.

trans,trans-Muconic acid is a urinary metabolite
of benzene, a known cause of leukemia, that has been
widely used to estimate benzene uptake (Scherer et
al. 1998). Studies on the relationship of this metabo-
lite to secondhand smoke exposure have documented
mixed results, with some studies showing some-
what higher levels in persons exposed to second-
hand smoke while others found no effect (Scherer
et al. 1995, 1999; Weaver et al. 1996, Yu and Weisel
1996; Ruppert et al. 1997; Carrer et al. 2000). The
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interpretation of these findings is complicated by dif-
ferences in excretion rates among participants and by
contributions from sources other than benzene, such
as sorbate in food, to levels of this metabolite in urine
(Yu and Weisel 1996; Ruppert et al. 1997; Scherer
and Richter 1997). Benzene itself can be quantified in
exhaled breath. Breath measurements of nonsmokers
who reported secondhand smoke exposures at work
from smokers showed elevated benzene levels, but
nonsmokersliving withsmokers did nothaveincreased
levels (Wallace et al. 1987). A second study detected
higher levels of exhaled benzene in nonsmokers living
with smokers compared with nonsmokers living with
nonsmokers (Scherer et al. 1995). Another study doc-
umented no difference in levels of exhaled benzene
among children living with smokers compared with
children living with nonsmokers (Scherer et al. 1999).
Collectively, the biomarker data discussed here indi-
cate that benzene uptake in humans is not consistently
found to be associated with secondhand smoke expo-
sure, but there are other sources of benzene exposure
that complicate efforts to estimate the contribution of
secondhand smoke to biomarker levels.

Several methods have been used to estimate
PAH uptake by persons exposed to secondhand
smoke. 1-Hydroxypyrene and hydroxyphenan-
threne are urinary metabolites of pyrene and phen-
anthrene, respectively. These metabolites are widely
used as biomarkers of PAH uptake although the par-
ent compounds, pyrene and phenanthrene, are non-
carcinogenic. Exposure to secondhand smoke does not
increase 1-hydroxypyrene and hydroxyphenanthrene
levels in urine (Hoepfner et al. 1987; Scherer et al. 1992,
2000; Van Roojj et al. 1994; Siwiniska et al. 1999). Other
factors such as smoking, occupational exposures,
and diet are significant contributors to urinary levels
of these compounds. Metabolites of B[a]P and other
PAHs form covalent binding products (adducts) with
hemoglobin and serum albumin and have been mea-
sured using a variety of methods, including immuno-
assay and gas chromatography-mass spectrometry
(GC-MS). Studies of adduct formation with hemo-
globin and albumin have given mixed results. Using
an enzyme-linked immunosorbent technique, one
group found increased levels of PAH-albumin adducts
in children exposed to secondhand smoke (Crawford
et al. 1994; Tang et al. 1999), but two other studies did
not find increments in these levels (Autrup et al. 1995;
Nielsen et al. 1996). Using GC-MS as the detection
method, researchers found no effect of secondhand
smoke exposure on B[a]P albumin and hemoglobin
adducts (Scherer et al. 2000). Thus, the evidence that
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Table 2.3 Representative biomarker studies of carcinogens in persons exposed to secondhand smoke
Exposed vs.
unexposed:

Exposure data (if significant

Carcinogen reported) Biomarker levels difference?  Study

Benzene 11.5 ug/m*, personal tt-MA' 92 ug/g creatinine No Scherer et al.
exposure (nonsmokers, 1995
nonsmoking homes,
n=39)

13.6 ug/m® 126 ug/g creatinine

(nonsmokers, smoking

homes, n = 43)

Benzene NR? tt-MA  3.84 + 1.6 ng/uLs in 53 secondhand No Weaver et al.

smoke-exposed children 1996
4.02 £ 1.1 ng/uL in 26 unexposed
children
3.5 + 1.4 ng/uL when urinary Yes
cotinine <44 ng/mL* (n = 39)
4.32 + 1.4 ng/uL when urinary
cotinine >44 ng/mL (n = 39)

Benzene <0.19-22 ug/m?®, tt-MA  34-74 ug excreted on nonexposure Yes Yu and
personal exposure, days Weisel 1996
5 females exposed to
secondhand smoke 42-95 ug excreted on exposure

days

Benzene 2-100 pg/m®, tt-MA was not correlated with benzene; No Ruppert et al.
personal exposure marginal difference in tt-MA of nonsmokers 1997
(n = 69 nonsmokers from smoking homes vs. those from
from smoking nonsmoking homes
and nonsmoking
households)

Benzene 11.5 ug/m?, personal tt-MA 130 pg/g creatinine No Scherer et al.
exposure (children, 1999
smoking homes,
n=24)

19.7 ug/m?® (children, 112 pg/g creatinine
nonsmoking homes,
n=15)

Benzene 16.5 £ 2.3 pg/m?, t-MA 389 +2.4 ug/L Yes Carrer et al.

(geometric personal exposure 2000

means) (nonsmokers, no
secondhand smoke,
n=42)

254 +29 ug/m® 54.7+2.9 ug/L
(nonsmokers,

secondhand smoke,
n=27)

Toxicology of Secondhand Smoke
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Table 2.3 Continued
Exposed vs.
unexposed:
Exposure data (if significant
Carcinogen reported) Biomarker levels difference?  Study
NNK1 75-263 ng/m’in a Significantly increased levels of NNAL** Yes Hecht et al.
16 m® room plus NNAL-Gluc™ in urine of 5 men after 1993
secondhand smoke exposure
NNK NR Significantly increased levels of NNAL- Yes Parsons et al.
Gluc in hospital workers (n = 9) exposed 1998
to secondhand smoke compared with
controls
NNK 2.4-50 ng/m?® in NNAL plus NNAL-Gluc levels correlated ~ Yes Meger et al.
19 rooms where with nicotine on personal sampler in 2000
smoking took place secondhand smoke-exposed persons
NNK NR NNAL plus NNAL-Gluc levels were Yes Anderson et
significantly higher in women (n = 23) al. 2001
who lived with male smokers compared
with women (n = 22) who lived with male
nonsmokers
NNK NR 34% of 204 children with cotinine Yes Hecht et al.
>5 ng/mL urine; 52/54 of these samples 2001
had detectable NNAL plus NNAL-Glug;
NNAL plus NNAL-Gluc levels were
significantly higher in secondhand smoke-
exposed vs. unexposed children
Polycyclic NR 5 nonsmokers exposed to secondhand No Hoepfner et
aromatic smoke from 100 cigarettes (100- al. 1987
hydrocarbons 180 ug/m® cotinine in the room) over
(PAHS) an 8-hour period; no effect on urinary
hydroxyphenanthrenes
PAHs Benzo[a]pyrene No effects on urinary No Scherer et al.
(B[a]P), 21.5 ng/m?; hydroxyphenanthrenes (2.0 vs. 2.2 ug/ 1992
phenanthrene, 6.8 ng/ 24 hours before and after secondhand
m?; pyrene, 17.6 ng/m®  smoke exposure); no effects on urinary
in an experimental 1-HOP* (0.24 ug/24 hours before and after
room with 5 smokers secondhand smoke exposure); no effects
and 5 nonsmokers on ¥P-postlabeling of DNA adducts
PAHs NR No differences in PAH-albumin levels No Autrup et al.
in umbilical cord blood from women 1995
exposed to secondhand smoke (n =49) vs.
unexposed women (n = 54)
PAHs NR No effect of secondhand smoke on PAH- No Nielsen et al.

albumin adduct levels in 73 persons from
Aarhus, Denmark

1996
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Carcinogen

Exposure data (if
reported)

Biomarker levels

Exposed vs.
unexposed:
significant
difference?  Study

PAHs

PAHs

PAH and 4-
aminobiphenyl

4-Aminobiphenyl

4-Aminobiphenyl
and other
aromatic amines

NR

NR

NR

Estimated weekly
average nicotine
concentration

ranged from <0.5 to

22.0 ug/m?

NR

No difference in urinary 1-HOP levels of No
children exposed to secondhand smoke

Siwinska et
al. 1999

from their parents’ smoking (n = 286) vs.

unexposed children (n = 126)

1-HOP: 0.140 pg/24 hours in
19 secondhand smoke-exposed persons
(urinary cotinine 12.3 g/24 hours) vs.

NR Scherer et al.
2000

0.171 pg/24 hours in 23 unexposed persons

(urinary cotinine 2.3 pg/24 hours)

B[a]P-hemoglobin (Hb) adducts:
0.049 fmol/mg$ Hb in secondhand

smoke-exposed persons vs. 0.083 fmol/mg
Hb in unexposed persons (same persons

as above)

B[a]P-albumin adducts: 0.021 fmol/mg

NR

albumin in secondhand smoke-exposed

persons vs. 0.019 fmol/mg albumin in
unexposed persons (same persons as

above)

Significantly higher levels of

Yes Tang et al.

4-aminobiphenyl-Hb adducts and PAH- 1999

albumin adducts in children whose
mothers smoked (n = 23 for
4-aminobiphenyl Hb, n = 44 for PAH
albumin) compared with unexposed

children (n = 10 for 4-aminobiphenyl Hb,

n = 24 for PAH albumin)

Higher 4-aminobiphenyl-Hb adducts
(27.8 pg/g** Hb) in 9 pregnant women
with >2.0 pg/m?® nicotine (personal

Yes Hammond et

al. 1993

exposure) than in pregnant women with

0.5-1.9 pg/m® (n = 20, 20.8 pg/g Hb) or
in pregnant women with <0.5 yg/m?
(n=7,17.6 pg/g Hb)

No relationship of aromatic amine-Hb

No Branner et al.

adducts to reported secondhand smoke 1998
exposure or cotinine/creatinine ratios in

73 pregnant women

Toxicology of Secondhand Smoke
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Table 2.3 Continued
Exposed vs.
unexposed:
Exposure data (if significant
Carcinogen reported) Biomarker levels difference?  Study
4-Aminobiphenyl NR No increase in aromatic amine-Hb adducts  No Richter et al.
and other among 224 children with increased 2001
aromatic amines exposures to secondhand smoke;
exposures were confirmed by cotinine
testing
Unknown NR No effects of secondhand smoke exposure ~ No Holz et al.
on ¥P-postlabeled DNA adducts in 1990
monocytes of 5 nonsmokers exposed for
8 hours
Unknown 5 nonsmokers exposed A marginal, nonsignificant increase in No Scherer et al.
to secondhand smoke  urinary thioethers was observed 1992
in an unventilated
room, 4,091 yg/m?
respirable suspended
particles
Unknown NR No effect of secondhand smoke exposure No Binkovd4 et al.
on ¥P-postlabeled DNA adducts in women 1995
(n =31 exposed, 11 unexposed)
Unknown NR No difference in urinary thioethers No Scherer et al.
between persons exposed to low (n = 23) 1996
and high (n = 23) levels of secondhand
smoke based on plasma cotinine; no
difference in urinary thioethers between
persons exposed to low (n = 20) and high
(n = 19) levels of secondhand smoke
exposures in the home
Unknown NR No difference in placental levels of No Daube et al.
8-OH-dG1? in 10 nonsmokers vs. 1997
9 nonsmokers exposed to secondhand
smoke, validated by plasma and urine
cotinine; no effects of secondhand smoke
on adducts were detected by
#P-postlabeling
Unknown NR Significantly higher (63%) levels of Yes Howard et al.

8-OH-dG in blood DNA of persons
exposed to secondhand smoke in the
workplace (n = 38) than in unexposed

persons, verified by plasma cotinine
(n=36)

1998b
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Table 2.3 Continued
Exposed vs.
unexposed:
Exposure data (if significant
Carcinogen reported) Biomarker levels difference?  Study
Unknown NR No difference in 8-OH-dG levels in No van Zeeland
leukocytes of unexposed adults etal. 1999
(n = 36), adults exposed 1-4 hours/day
to secondhand smoke (n = 35), and adults
exposed >4 hours/day (n = 21)
Unknown NR Among 194 students in Athens and No/yes Geordiadis et

77 persons in Halkida, Greece,

al. 2001

¥2P-postlabeled DNA adducts in
lymphocytes showed no relationship to
secondhand smoke exposure in the entire
group, but did correlate with secondhand
smoke exposure measurements in winter
in a subgroup living in the Halkida

campus area

“ug/m® = Micrograms per cubic meter.
*tt-MA = trans,trans-Muconic acid.
*NR = Data were not reported.

Sng/uL = Nanograms per microliter.
*mL = Milliliter.

INNK = 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone, a tobacco-specific N-nitrosamine.

"NNAL = 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol.

*NNAL-Gluc = A mixture of 4-(methylnitrosamino)-1-(3-pyridyl)-1-(O-f-D-glucopyranuronosyl) butane and
4-(methylnitrosamino)-1-(3-pyridyl-N-/3-D-glucopyranuronosyl)-1-butanolonium inner salt.

#]-HOP = 1-Hydroxypyrene.

$fmol/mg = Femtomoles per milligram.
8pe /g = Picograms per gram.

118-OH-dG = 8-Hydroxydeoxyguanosine.

secondhand smoke exposure significantly increases
human uptake of PAHs is inconsistent.

Aromatic amines such as 4-aminobiphenyl form
adducts with hemoglobin that GC-MS can quantify,
but studies of the effects of secondhand smoke on
4-aminobiphenyl-hemoglobin adducts have provided
mixed results. Hammond and colleagues (1993) dem-
onstrated that adduct levels were elevated in preg-
nant women exposed to secondhand smoke. Maclure
and colleagues (1989) observed slightly higher
levels of 4-aminobiphenyl- and 3-aminobiphenyl-
hemoglobin adducts in persons with confirmed
secondhand smoke exposures compared with
unexposed persons. 4-Aminobiphenyl-hemoglobin
adducts were also elevated in children exposed to
secondhand smoke (Tang et al. 1999). However, two
other studies, including one of pregnant women,

showed no consistent relationship between adduct
levels and secondhand smoke exposures (Bartsch et
al. 1990; Branner et al. 1998). A recent study of German
children also showed no significant increase in aro-
matic amine-hemoglobin adduct levels with increased
secondhand smoke exposures; in fact, there was a sig-
nificant decrease in ortho- and meta-toluidine adducts
(Richter et al. 2001). There is a background level of
aromatic amine-hemoglobin adducts in apparently
unexposed humans. The origin of this background is
unknown, but it could be due in part to the uptake of
corresponding nitro compounds from sources such as
diesel emissions. Levels of aromatic amines in urine
were unaffected by exposures to secondhand smoke
in a study of nonsmokers (Grimmer et al. 2000).
Because tobacco-specific nitrosamines are
found only in tobacco products or in related
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Table 2.4 Relationship of specific biomarkers of carcinogen uptake to secondhand smoke exposure
Carcinogens Association with
in secondhand secondhand
smoke Biomarker smoke exposure  Study
Aromatic amines  Hemoglobin adducts Mixed results Maclure et al. 1989; Bartsch et al. 1990;

Hammond et al. 1993; Branner et al. 1998;
Tang et al. 1999; Richter et al. 2001

Benzene trans,trans-Muconic acid in urine Mixed results Scherer et al. 1995, 1999; Weaver et al. 1996;
Yu and Weisel 1996; Ruppert et al. 1997;
Carrer et al. 2000
NNK* NNAL" and NNAL-Gluc* in urine ~ Consistently Hecht et al. 1993, 2001; Parsons et al. 1998;
increased Meger et al. 2000; Anderson et al. 2001
NNK/NNNS Hemoglobin adducts None Branner et al. 1998
PAHs* 1-Hydroxypyrene in urine None in most Scherer et al. 1992, 2000; Crawford et al.
Hydroxyphenanthrenes in urine studies 1994; Van Rooij et al. 1994; Autrup et al.
Albumin adducts 1995; Nielsen et al. 1996; Siwifiska et al.
Hemoglobin adducts 1999; Tang et al. 1999

*NNK = 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone, a tobacco-specific N-nitrosamine.

NNAL = 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol.

NNAL-Gluc = A mixture of 4-(methylnitrosamino)-1-(3-pyridyl)-1-(O-3-D-glucopyranuronosyl) butane and
4-(methylnitrosamino)-1-(3-pyridyl-N-f-D-glucopyranuronosyl)-1-butanolonium inner salt.

SNNN = N’-Nitrosonornicotine.
“PAHs = Polycyclic aromatic hydrocarbons.
Source: Adapted from Scherer and Richter 1997.

nicotine-containing materials, their adducts or
metabolites should be specific biomarkers of tobacco
exposure. NNK- and NNN-hemoglobin adducts can
be hydrolyzed to release 4-hydroxy-1-(3-pyridyl)-1-
butanone (HPB), which GC-MS can then quantify. In
smokers, levels of HPB-releasing hemoglobin adducts
of NNK and NNN are low compared with hemo-
globin adducts of several other carcinogens, possibly
attributable to the high reactivity of the alkylating
intermediate (Carmella et al. 1990; Hecht et al. 1994).
Considering the relatively low levels of these adducts
insmokers, nonsmokers exposed to secondhand smoke
should not have significantly elevated amounts (Bran-
ner et al. 1998). However, urinary metabolites of NNK
are readily measured in the urine of persons exposed
to secondhand smoke. The metabolite 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and its
glucuronide conjugate (NNAL-Gluc) can be quanti-
fied using GC with thermal energy analyzer (TEA)
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nitrosamine-selective detection (GC-TEA) (Hecht et
al. 1993, 2001; Parsons et al. 1998; Meger et al. 2000;
Anderson et al. 2001). All studies reported to date
show significantly higher amounts of NNAL plus
NNAL-Gluc, or NNAL-Gluc alone, in the urine of
secondhand smoke-exposed participants than in the
urine of unexposed controls (Tables 2.3-2.5). In one
study, the uptake of NNK was more than six times
higher in women who lived with smokers compared
with women who lived with nonsmokers (Anderson
et al. 2001). The amount of NNAL plus NNAL-Gluc
in these secondhand smoke-exposed women was
about 5 percent as great as in their male partners who
smoked. Another study found an uptake of NNK in a
group of economically disadvantaged schoolchildren,
and the range of levels varied approximately 90-fold
(Hecht et al. 2001). Most of the studies demonstrate
a correlation between levels of cotinine and NNAL
plus NNAL-Gluc in urine (Figure 2.1). Cotinine is a



valid biomarker for nicotine uptake in nonsmokers
exposed to secondhand smoke. Therefore, NNAL plus
NNAL-Gluc is a biomarker for the uptake of the
tobacco-specific lung carcinogen NNK in nonsmok-
ers exposed to secondhand smoke. The NNAL plus
NNAL-Gluc biomarker is more directly related to
cancer risk than cotinine is because NNK (but not
nicotine) is carcinogenic. The uptake of NNK by non-
smokers exposed to secondhand smoke thus provides
a biochemical link between secondhand smoke expo-
sure and lung cancer risk.

Studies of secondhand smoke exposure have
also explored several other less specific markers.
8-Hydroxydeoxyguanosine (8-OH-dG) is a widely
used biomarker of oxidative damage to DNA. Two
studies observed no increase in 8-OH-dG levels
in placentas and leukocytes of persons exposed to
secondhand smoke compared with unexposed per-
sons (Daube et al. 1997; van Zeeland et al. 1999). How-
ever, in a study of occupational exposure in Reno,
Nevada, the average 8-OH-dG level in whole blood
DNA of secondhand smoke-exposed workers was
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63 percent higher than in unexposed persons; this
finding represents a significant difference (Howard
et al. 1998b). Urinary 3-ethyladenine is a biomarker of
ethylating agents. In one study, exposure to second-
hand smoke did not increase urinary concentrations of
3-ethyladenine (Kopplin et al. 1995). **P-postlabeling
is a technique that can estimate levels of hydro-
phobic DNA adducts. Four investigations did not
find effects of secondhand smoke exposure on levels
of #P-postlabeled DNA (Holz et al. 1990; Scherer et al.
1992; Binkov4 et al. 1995; Daube et al. 1997). However,
a recent study conducted in Greece did find a rela-
tionship between secondhand smoke exposure and
%2P-postlabeled DNA adducts in lymphocytes from a
subgroup (Georgiadis et al. 2001). Urinary thioethers
are conjugates of carbonyl-containing mutagens.
Thioethers did not significantly increase as a result
of secondhand smoke exposure (Scherer et al. 1992,
1996). 3-Hydroxypropyl mercapturic acid, possi-
bly from acrolein exposure, was identified as a pos-
sible secondhand smoke-related product in urine
(Scherer et al. 1992). Studies investigating the effects

Table 2.5 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and NNAL-glucuronide (NNAL-Gluc*)
in the urine of nonsmokers exposed to secondhand smoke
Mean # standard
deviation pmol/mL*
Correlation (number of samples
Study Population Analyte with cotinine  analyzed) Range* (fold)

Hecht et al. 1993 Men exposed to 0.16 £0.105(n=7) 0.084-0.296 (4)

secondhand smoke
in a chamber

NNALplus  Yes
NNAL-Gluc

Parsons et al. 1998 Hospital workers NNAL-Gluc Yes 0.059 £ 0.028 (n=27)  0.005-0.11 (22)

Meger et al. 2000 Nonsmokers 0.043 £0.044* (n=16)  0.0038-0.148 (39)

exposed to
secondhand smoke

NNAL plus  Yes
NNAL-Gluc

Women married to
smokers

Anderson et al. 2001 NNAL plus  No

NNAL-Gluc

0.050 + 0.068 (n =23)  0.009-0.28 (31)

Hecht et al. 2001 Elementary school- 0.056 +0.076 (n=74)  0.004-0.373 (93)

age children

NNAL plus  Yes
NNAL-Gluc

*NNAL-Gluc = A mixture of 4-(methylnitrosamino)-1-(3-pyridyl)-1-(O-3-D-glucopyranuronosyl) butane and
4-(methylnitrosamino)-1-(3-pyridyl-N-$-D-glucopyranuronosyl)-1-butanolonium inner salt.

*pmol/mL = Picomoles per milliliter.

*Detected values only.

SApproximate, based on the assumption of 1,200 mL of urine excreted per day.

Source: Meger et al. 2000.
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Figure 2.1  The correlation between levels of cotinine plus cotinine 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL) plus NNAL-glucuronide (NNAL-Gluc) conjugates in the urine of 74 school-age
children exposed to secondhand smoke*

100
90 *
80

Total cotinine (ng/mL! urine)

0.00 0.05 0.10 0.15

I 1 1 I 1 1 I 1 1 I 1 1 I
0.20 0.25 0.30 0.35 0.40

Total NNAL plus NNAL-Gluc (pmol*/mL urine)

*r=0.71; p <0.001.

ng/mL = Nanograms per milliliter.

¥pmol = Picomoles.

Source: Hecht et al. 2001. Reprinted with permission.

of secondhand smoke on urinary mutagenicity have
demonstrated conflicting results (Scherer et al. 1992;
Scherer and Richter 1997). In general, there seem to be
small and sometimes significant effects of secondhand
smoke exposure on urinary mutagenicity when diet is
controlled (Scherer et al. 1996; Smith et al. 2000a). In a
recent study of 1,249 Italian women whose husbands
smoked, there was an inverse dose-response relation-
ship between the intensity of the secondhand smoke
and concentrations of plasma beta-carotene and
L-ascorbic acid found in the women. There also was
a significant inverse association between urinary coti-
nine and plasma beta-carotene (Farchi et al. 2001).
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Mechanisms of Carcinogenesis
of Secondhand Smoke

Figure 2.2 presents a framework for considering
mechanisms of secondhand smoke carcinogenesis.
An analogous scheme proposes how cigarette smoke
generally can induce lung cancer (Hecht 1999). The
broad mechanisms of cancer induction from expo-
sures to secondhand and mainstream cigarette smoke
are probably similar because the same carcinogens are
present in both, although in different concentrations.
The major difference is the significantly lower carci-
nogenic dose from inhaling secondhand smoke com-
pared with active smoking.



Exposure to secondhand smoke leads to a small
but measurable uptake of NNK and perhaps other
carcinogens, as discussed in the previous section. Car-
cinogens are enzymatically transformed into a series
of metabolites as the exposed organism attempts to
convert them into compounds that are easily excreted
from the body (Miller 1994), a process called metabolic
detoxification. An unintended consequence of this
detoxification process is that the carcinogen sometimes
converts to a form that is reactive with DNA and other
cellular macromolecules. These reactive forms usually
have an electron-deficient (or electrophilic) center that
is reactive with the electron-rich (or nucleophilic) cen-
ters in DNA. This process, called metabolic activation,
forms adducts in DNA, RNA, and protein.

Because most of the carcinogens in Table 2.1
require metabolic activation to induce cancer, the
metabolism of a carcinogen is in most cases a key com-
ponent of the mechanism of cancer induction. The bal-
ance between metabolic activation and detoxification
will be important in determining individual risks for
cancer upon exposure to carcinogens in secondhand
smoke. The initial enzymatic steps are frequently
catalyzed by cytochrome P-450 enzymes, which are
encoded by the CYP family of genes (Guengerich
1997). These enzymes generally oxygenate the car-
cinogen. Other enzymes, such as cyclooxygenases,
myeloperoxidases, lipoxygenases, and monoamine
oxidases, may also be involved. The oxygenated inter-
mediates formed in the initial reactions may undergo
further transformations by glutathione S-transferases,
uridine-5’-diphosphate-glucuronosyl-transferases,
sulfatases, hydratases, and other enzymes (Arm-
strong 1997; Burchell et al. 1997; Duffel 1997). All of
these enzymes occur in multiple forms with differ-
ent substrate specificity. Some of the forms are poly-
morphic in humans (i.e., they occur in variants with
different types of metabolic activation). For example,
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the glutathione S-transferase form M1 (GSTM1) is null
in 50 percent of the population.

The complexity of carcinogen metabolism is
illustrated for B[a]P and NNK in Figure 2.3 (Hecht
1999). The major metabolic activation pathway
of B[a]P is its conversion to 7,8-diol-9,10-epoxide
metabolites. One of the four enantiomers produced is
highly carcinogenic and reacts with DNA to form an
adduct with deoxyguanosine, BPDE-N2-dG. GSTM1
is one of the enzymes competing for the metaboli-
cally activated intermediates in this pathway. The
major metabolic activation pathways of NNK and
NNAL occur by hydroxylating the carbons adjacent
to the N-nitroso group (a-hydroxylation), resulting in
the formation of a variety of DNA adducts including
7-methylguanine, O°-methylguanine, and pyridyloxo-
butyl adducts (Hecht 1998). No specific carcinogen—
DNA adducts have been detected in nonsmokers
exposed to secondhand smoke, probably because
of the low carcinogenic dose. The characterization
of such adducts in human tissues is difficult even in
smokers, but has been accomplished for a number
of different tobacco smoke carcinogens (Hecht 1999).
The same adducts probably are present in nonsmok-
ers exposed to secondhand smoke, but at considerably
lower levels.

Two studies examined the role of GSTM1 and
glutathione S-transferase form T1 (GSTT1) variants
as modifiers of risk for lung cancer in nonsmokers
exposed to secondhand smoke (Bennett et al. 1999;
Malats et al. 2000). Neither study found an effect of
GSTT1 variants, although opposing results were
obtained for GSTM1 null. One study documented an
increased risk for lung cancer in secondhand smoke-
exposed nonsmoking women (Bennett et al. 1999);
the other found no significant effect in secondhand
smoke-exposed nonsmokers (Malats et al. 2000).

Figure 2.2  Scheme showing the steps linking secondhand smoke exposure and cancer via tobacco smoke

carcinogens
Metabolic
Secondhand Carcinogen | activation DNA [ Persistence »| Mutations and other C
smoke uptake adducts | Miscoding changes in critical genes ancer
exposure
Metabolic :
detoxification Repair
Excretion Normal DNA Apoptosis
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DNA adducts are critical for the induction of
tumors by carcinogens. A great deal of mechanistic
information is now available about the structures of
DNA adducts and their potential to produce muta-
tions (Hemminki et al. 1994; Geacintov et al. 1997).
Cellular repair mechanisms exist to protect the
DNA from persistent adduction. There are five main
mechanisms of DNA repair: direct repair, base excision
repair, nucleotide excision repair, mismatch repair,
and double-strand break repair (Pegg et al. 1995;
Sancar 1996; Singer and Hang 1997). If the adducts
are not repaired, cells with damaged DNA may be
removed by apoptosis (programmed cell death).
When DNA adducts persist they may cause miscod-
ing, resulting in a permanent mutation. Depending on
the DNA polymerase involved, the sequence context,
and other factors, DNA adducts will typically cause
specific mutations. For example, O°-methylguanine
causes mainly G to A mutations, while BPDE-N2-dG
frequently results in G to T mutations (Loechler et
al. 1984; Shukla et al. 1997). If a permanent mutation
occurs in a critical region of a growth control gene, it
can lead to the loss of normal growth control mecha-
nisms and ultimately to cancer. There are six pro-
posed hallmarks of cancer: self-sufficiency in growth
signals, evasion of apoptosis, insensitivity to anti-
growth signals, sustained angiogenesis, tissue inva-
sion and metastasis, and limitless replicative potential
(Hanahan and Weinberg 2000). Virtually all of these
processes are controlled by specific genes that can lose
their normal function when miscoding occurs. The
intricate circuitry of the cell, which involves multiple
pathways of signal transduction, can be subverted
by inappropriate carcinogen-DNA adduction and
miscoding. Multiple events of this type lead to aber-
rant cells with the loss of normal growth control. For
example, lung carcinogenesis involves changes that
include the loss of heterozygosity at 3p, 5q, 8p, 9p,
9q, 11p, 11q, 13q, 17p, and 17q loci, which are known
or possible sites of tumor suppressor genes such as
p53, p16, and others (Sekido et al. 1998; Vihidkangas et
al. 2001).

Although numerous studies describe mutations
in the p53 tumor suppressor gene and K-ras onco-
gene in lung tumors from smokers (Hecht 1999), few
investigations include lung tumors from nonsmokers
with documented exposures to secondhand smoke,
mainly because lung cancer in nonsmokers is rela-
tively uncommon. Two studies have addressed p53
mutations in nonsmokers. In one study, the risk of
mutation in the p53 gene doubled (odds ratio = 2.0
[95 percent confidence interval (CI), 0.5-8.7]) with
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exposure to spousal secondhand smoke only com-
pared with unexposed spouses (Husgafvel-Pursiainen
et al. 2000). The risk was 1.5 (95 percent CI, 0.2-8.8) for
those ever exposed to spousal or workplace second-
hand smoke compared with those who were never
exposed. These estimates are statistically unstable
because of the small numbers of cases. The findings
that G:C to A:T transversions were the most common
among lifetime nonsmokers are in agreement with
other studies. The second investigation reported a
variety of mutations in the p53 gene from tumors of
lifetime nonsmokers exposed to secondhand smoke
(Vahdkangas et al. 2001). Mutations in codons 12 and
13 of the K-ras gene were also observed. The observed
p53 and K-ras gene mutations are plausibly related to
DNA adduct formation from carcinogens in second-
hand smoke. It is difficult to specify which carcinogen
may be responsible for a particular mutation, but the
predominance of G mutations observed in these stud-
ies is consistent with the generally higher reactivity of
G in DNA with metabolically activated carcinogens.

Summary

The evidence indicates that sidestream smoke,
the principal component of secondhand smoke, con-
tains carcinogens. Exposure to secondhand smoke
results in the uptake by nonsmokers of many of these
carcinogens. Although data are sparse on the specific
elements in Figure 2.2 linking secondhand smoke
exposure and tumor induction in humans via expo-
sure to tobacco smoke carcinogens, substantial data
from active smokers support this framework of bio-
logic steps toward cancer. The most plausible mecha-
nisms involved in lung cancer reflect the continuing
exposure of the lungs to DNA-damaging material,
which leads to multiple genetic changes that culmi-
nate in lung cancer. Available evidence points to these
same mechanisms as the cause of lung cancer in per-
sons exposed to carcinogens in secondhand smoke.

Conclusions

1. More than 50 carcinogens have been identified in
sidestream and secondhand smoke.

2. The evidence is sufficient to infer a causal
relationship between exposure to secondhand
smoke and its condensates and tumors in
laboratory animals.
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3. The evidence is sufficient to infer that exposure
of nonsmokers to secondhand smoke causes a
significant increase in urinary levels of meta-
bolites of the tobacco-specific lung carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK). The presence of these metabolites links
exposure to secondhand smoke with an increased
risk for lung cancer.

4. The mechanisms by which secondhand smoke
causes lung cancer are probably similar to
those observed in smokers. The overall risk of
secondhand smoke exposure, compared with
active smoking, is diminished by a substantially
lower carcinogenic dose.

Mechanisms of Respiratory Tract Injury and Disease

Caused by Secondhand Smoke Exposure

Although attention has centered primarily on
secondhand smoke and the risk for lung cancer and
coronary heart disease (CHD), extensive epidemio-
logic data support a broader range of adverse effects,
particularly related to respiratory health. Information
on the underlying mechanisms of these effects is cen-
tral to the interpretation of the epidemiologic data and
in the understanding of the pathogenesis of the non-
malignant related disorders associated with second-
hand smoke exposure. This review focuses primarily
on pathogenetic mechanisms that likely contribute to
secondhand smoke-induced respiratory diseases other
than lung cancer. Respiratory effects of secondhand
smoke exposure include a higher rate, an earlier onset,
and an exacerbation of asthma (Wahlgren et al. 2000);
spirometric indicators of lung impairment (Cook and
Strachan 1999); an increased risk of lower respiratory
tract illnesses in children (Strachan and Cook 1997);
sudden infant death syndrome (SIDS) (Cook and Stra-
chan 1999); and possibly chronic obstructive pulmo-
nary disease (COPD) (Jaakkola 2002). This review also
briefly discusses mechanisms of nonrespiratory dis-
orders affected by secondhand smoke.

The respiratory system is the portal of entry for
secondhand smoke and one of the key systems at risk
for damage by secondhand smoke. Its structure and
function are relevant to understanding the adverse
effects of secondhand smoke. The respiratory tract
includes the upper (nose, pharynx, and larynx) and
lower (trachea, bronchi, and bronchioles) airways and
the alveoli of the lung. Odor and irritant receptors
are found primarily in the nose, but there are irritant
receptors in the upper and lower airways as well. The
airways conduct air to the alveoli where gas exchange
occurs across the alveolar—capillary membrane, with
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oxygen taken up by red blood cells and carbon diox-
ide removed from the bloodstream. In addition, the
upper and lower airways have defense mechanisms
against inhaled particles and gases that impact or are
adsorbed onto the airway walls. The upper airways,
which clean and condition the inhaled air, prevent
most large particles and water-soluble vapors from
reaching the airways of the lower respiratory tract.
The removal of small particles that reach the lower
airways and alveoli is accomplished by mechanisms
that include the mucociliary apparatus, macrophages,
and epithelial cells. This anatomical framework of the
respiratory tract provides a large area for deposition
and adsorption of secondhand smoke components.

Secondhand Smoke and Asthma

Extensive data describe an association that con-
nects secondhand smoke exposure, particularly from
maternal smoking, with asthma in children (Stra-
chan and Cook 1998) (Chapter 6, Respiratory Effects
in Children from Exposure to Secondhand Smoke).
Studies also link secondhand smoke exposure with
asthma in adults (Dayal et al. 1994; Flodin et al.
1995; Hu et al. 1997; Larsson et al. 2001) (Chapter 9,
Respiratory Effects in Adults from Exposure to
Secondhand Smoke). This section considers biologic
mechanisms that could underlie these associations as
they reflect exposures during different points of the
life span.

The biologic basis by which maternal smok-
ing during pregnancy increases the risk of asthma
is not fully understood, but a number of possible
mechanisms have been identified. One mechanism is



the impairment of fetal airway development. A num-
ber of studies have reported that infants of mothers
who had smoked during pregnancy had abnormal
results on lung function tests, including decreased
expiratory flow rates (Hanrahan et al. 1992; Cunning-
ham et al. 1994; Tager et al. 1995) and increased airway
resistance (Dezateux et al. 1999; Milner et al. 1999).
These changes in lung mechanics that result from
in utero tobacco smoke exposures persist through late
childhood (Cunningham et al. 1994) and perhaps into
adulthood (Upton et al. 1998). Also, diminished respi-
ratory function in neonates precedes and is predictive
of wheeze in early childhood (Martinez et al. 1988b;
Dezateux et al. 1999; Young et al. 2000). Alterations
in airway wall structure, particularly increased air-
way wall thickness, were found in infants exposed to
maternal smoking (Elliot et al. 1998). This increased
wall thickness could explain a major effect of mater-
nal smoking on expiratory flow rates because it results
in a smaller airway lumen, thereby increasing airway
resistance. Supporting evidence comes from studies
in rats that also indicated that exposure to smoking
during pregnancy impaired fetal airway development
and function (Collins et al. 1985).

A possible explanation for the impaired airway
development, supported by recent data obtained in
monkeys, is that the changes in airway structure are
attributable to in utero effects of nicotine on extracellu-
lar matrix synthesis (Sekhon et al. 1999, 2002). Nicotine
readily crosses the feto-placental barrier and attains
concentrations in amniotic fluid that are equivalent to
or higher than maternal serum nicotine levels (Luck
and Nau 1984; Luck et al. 1985). At these concentra-
tions, nicotine can exert profound biologic effects by
targeting specific ionotropic channel receptors termed
nicotinic acetylcholine receptors (nAChRs). These
receptors are a family of ligand-gated, pentameric
ion channels. In humans, 16 different subunits have
been identified that form a large number of homo-
pentameric and heteropentameric receptors with
distinct structural and pharmacologic properties
(Leonard and Bertrand 2001). Although the main focus
on this receptor family has been to elucidate its role
in transmitting signals for the neurotransmitter ace-
tylcholine at neuromuscular junctions, recent interest
has included its role in signaling events in nonneuro-
nal cells. In the developing lung, 07 nAChRs are the
most abundant form of nAChRs. Prenatal nicotine
exposure strikingly increases a7 nAChR expression
and binding. Acting through a7 nAChRs, nicotine
markedly affects lung development. For example,
prenatal exposure of primates to nicotine significantly
alters lung structure (Sekhon et al. 1999). Specifically,
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paralleling the increase in 07 expression is a substan-
tial increase in collagen expression surrounding large
airways and vessels (Sekhon et al. 1999). Nicotine also
increases collagen type I and type IIl mRNA expres-
sions (i.e., copies of information carried by a gene on
the DNA) in airways and alveolar walls (Sekhon et al.
2002). Collectively, these studies suggest that nicotine
may be an important component of cigarette smoke
responsible for increasing the airway wall thickness in
infants of mothers who smoke during pregnancy.

A second mechanism that may cause a pre-
disposition to asthma as a result of secondhand
smoke exposure is the induction of bronchial hyper-
reactivity (BHR). Secondhand smoke exposure report-
edly increases BHR in both children and adults.
Martinez and colleagues (1988a) reported an increase
in BHR following exposure to secondhand smoke in
70 percent of nine-year-old children whose mothers
had smoked regularly during pregnancy. Young and
colleagues (1991) reported a modest increase in BHR
from inhaled histamine in infants (mean age four and
one-half weeks) of parents who smoked compared
with unexposed infants. That study was unable to
separate the effects of prenatal and postnatal exposure
to cigarette smoke. Recent results from the multicenter
European Community Respiratory Health Survey
demonstrated that secondhand smoke was also sig-
nificantly associated with BHR in adults (Janson et
al. 2001). This analysis included data from more than
7,800 adults who had never smoked. There were also
significant dose-related trends between secondhand
smoke and BHR. The increase in BHR caused by
secondhand smoke may be attributable, in part, to
cigarette smoke-induced increases of neuroendocrine
cells in the lung. Located in the airway epithelium,
neuroendocrine  cells synthesize and release
bronchoconstrictors, including serotonin, endothelin,
and bombesin. Airways of persons with asthma also
contained a higher number of neuroendocrine cells
(Schuller at al. 2003). In rats, in utero and postnatal
secondhand smoke exposure caused BHR and in-
creased the number of neuroendocrine cells in the
lungs (Joad et al. 1995). That study exposed pregnant
rats to filtered air or to secondhand smoke under con-
trolled conditions from day three of gestation until
birth. The female rat pups were then exposed post-
natally to either filtered air or secondhand smoke for
7 to 10 weeks. Exposure to prenatal and postnatal
secondhand smoke resulted in lungs that were less
compliant and more reactive to methacholine, with a
22-fold increase in the number of pulmonary neuro-
endocrine cells.
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Nicotine may also be responsible for this increase
in neuroendocrine cells. Sekhon and colleagues (1999)
demonstrated that in utero nicotine exposure sub-
stantially increased neuroendocrine cells in the lungs
of monkeys. Studies also suggest that nicotine may
cause the release of bronchoconstrictors. Schuller and
colleagues (2003) recently demonstrated that nicotine
and its nitrosated carcinogenic derivative NNK bind
to a7 nAChRs on pulmonary neuroendocrine cells.
This results in the influx of calcium, the release of
bronchoconstrictors, and the activation of (1) a mito-
genic pathway mediated by protein kinase C, (2) the
serine/threonine protein kinase Raf-1, (3) the mitogen-
activated protein kinase, and (4) the proto-oncogene
c-myc. These findings thus identify a possible effector
cell for the increased BHR resulting from secondhand
smoke exposure and indicate plausible mechanisms.

Researchers have also determined that second-
hand smoke exposure affects the neural control of
airways. In particular, there are extensive studies on
the role of secondhand smoke exposure on the lung
C-fiber central nervous system (CNS) reflex. The
stimulation of sensory nonmyelinated broncho-
pulmonary C-fibers can trigger intense respiratory
responses through local and CNS reflexes. Responses
include bronchoconstriction, mucous secretion, and
increased microvascular leakage, which are all hall-
marks of asthma (Coleridge and Coleridge 1994).
C-fibers are stimulated by components of second-
hand smoke including nicotine (Saria et al. 1988),
acrolein (Lee et al. 1992), and oxidants (Coleridge et
al. 1993). In studies examining the role of secondhand
smoke in neural control, Bonham and colleagues
(2001) exposed one-week-old guinea pigs to filtered
air or secondhand smoke for five weeks. Secondhand
smoke exposure increased the excitability of afferent
lung C-fibers and neurons in the CNS reflex pathway.
This pathway could underline the increased risk for
respiratory symptoms attributable to secondhand
smoke exposure.

Altered immune responses may also play a
role in the increased incidence of asthma in second-
hand smoke-exposed children. Active smoking is
associated with higher concentrations of total serum
immunoglobulin E (IgE) (Sapigni et al. 1998; Oryszc-
zyn et al. 2000). Magnusson (1986) extended these
studies and demonstrated that cord blood IgE con-
centration was elevated significantly in infants whose
mothers had smoked during pregnancy and that
maternal smoking during pregnancy might predis-
pose infants to subsequent sensitization and allergy.
Studies have also associated high serum IgE levels
with secondhand smoke exposure in children (Wjst
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et al. 1994) and in adults (Sapigni et al. 1998; Oryszc-
zyn et al. 2000), although not all studies observed this
association (Janson et al. 2001). Such enhanced IgE
values might predict a later development of allergies
(Marini et al. 1996).

Cigarette smoke exposure may also modify
the balance of immune cells in airways. Studies on
immune cells in airways have primarily addressed
active smoking, and the effects of secondhand smoke
exposure on airway immune cells remain unknown.
Hagiwara and colleagues (2001) examined whether
cigarette smoking could affect the distribution in
the human airway of cells secreting T-helper 1 (Thl)
or Th2 cytokines by identifying and quantifying the
frequencies of cells spontaneously secreting cytokines
in bronchoalveolar lavage fluid (BALF). The research-
ers collected BALF from nonsmokers or heavy
cigarette smokers and performed cytokine assays to
quantify cells secreting interleukin-2 (IL-2), IL-4, and
interferon gamma (IFN-y) with or without phorbol
12-myristate 13-acetate stimulation. No cells sponta-
neously secreting IL-2 were detected in BALF from
smokers, whereas the BALF from most nonsmokers
had detectable cells secreting IL-2. The number of cells
secreting IFN-y also decreased substantially in smok-
ers compared with nonsmokers. Cells secreting IL-4
were not detected in samples from either group. There
were also significant decreases in mitogen-stimulated
Thl cytokine-secreting cells in the airways of smokers.
The frequency of cells secreting IL-2 and the lympho-
cyte CD4/CDS8 ratio in BALF had a weak positive cor-
relation. These results indicate that cigarette smoking
depletes Thl cytokine-secreting cells in the human air-
way and may explain the susceptibility of smokers to
certain airway disorders, including allergic diseases.

Nicotine can impair antigen receptor-mediated
signal transduction in lymphocytes, possibly con-
tributing further to the asthma phenotype among the
huge number of other sensitizing chemicals in tobacco
smoke (Geng et al. 1995). Nicotine can inhibit both
T cell-dependent and T cell-independent antibody
forming cell responses and thus contribute to the
immunosuppression that leads to an increased risk
of respiratory infections, which are common triggers
of BHR.

Nitric oxide (NO) plays an important role in the
physiologic regulation of human airways. Changes
in its production are implicated in the pathophysi-
ology of airway diseases associated with cigarette
smoking (Barnes and Belvisi 1993). Studies show
that NO is a mild bronchodilator in persons with
asthma when administered exogenously (Hog-
man et al. 1993). The inhibition of endogenous NO



synthesis by nitro-L-arginine methyl ester, a NO syn-
thase (NOS) inhibitor, increases BHR in response
to histamine in persons with asthma (Taylor et al.
1998). This reaction suggests that there are protective
effects against bronchoconstriction by the NO that
is released within the airways. Of note, inhalation of
NG-monomethyl-L-arginine, another NOS inhibitor,
increases BHR to bradykinin in patients with mild
asthma (Ricciardolo et al. 1996), but not in those with
more severe asthma (Ricciardolo et al. 1997), indicat-
ing a possible relationship between disease sever-
ity and the bronchodilatory role of endogenous NO.
Several studies have demonstrated that exhaled NO
levels, indicators of endogenous production, were
lower in smokers than in nonsmokers (Persson et al.
1994; Schilling et al. 1994; Kharitonov etal. 1995). Those
studies were more recently extended to secondhand
smoke exposure. Yates and colleagues (2001) dem-
onstrated a rapid (within 15 minutes) fall in exhaled
NO levels during secondhand smoke exposure. The
decreases in exhaled NO were observed at levels of
secondhand smoke exposure frequently experienced
in community settings (Yates et al. 1996). The inhibi-
tory effect of cigarette smoke on exhaled NO has also
been demonstrated in vitro, where cigarette smoke
decreased NO production (Edwards et al. 1999). Thus,
the decreased generation of NO in airways provides
an additional mechanism for the increased BHR in
persons exposed to secondhand smoke.

A number of plausible mechanisms could
account for the decrease in exhaled NO associated
with secondhand smoke exposure. Cigarette smoke
contains high concentrations of oxides of nitrogen,
and the reduction in exhaled NO may be attribut-
able to the decreased production of NOS by a nega-
tive feedback mechanism (Kharitonov et al. 1995).
Other possible mechanisms include an accelerated
uptake of NO following tobacco smoke exposure, or
an increased breakdown or modification of NO by
oxidants in cigarette smoke. NO reacts rapidly with
superoxide anion, yielding the harmful oxidant per-
oxynitrite. This mechanism would be similar to that
observed in cystic fibrosis where nitrite levels, indi-
cators of NO oxidative metabolism, are elevated in
breath condensate of afflicted persons but exhaled NO
is not (Ho et al. 1998).

The induction of BHR following exposure to
secondhand smoke might also result from smoke-
induced inflammation. Lee and colleagues (2002)
demonstrated that airway inflammation markedly
increased BHR. Saetta (1999) demonstrated that
cigarette smoking caused a profound inflammatory
response in airways and lung parenchyma. Cigarette
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smokers had increases in total inflammatory cell
counts and polymorphonuclear leukocyte (PMN)
counts (tested by BAL), and nonsmokers exposed to
secondhand smoke for as little as three hours expe-
rienced an increase in circulating PMNs, enhanced
PMN chemotaxis, and the augmented release of oxi-
dants upon stimulation (Anderson et al. 1991). Air-
way epithelial cells are likely involved in producing
this inflammatory reaction because they line the respi-
ratory tract and interact directly with inhaled ciga-
rette smoke to elaborate proinflammatory cytokines
(Yu et al. 2002). Human bronchial epithelial cell cul-
tures exposed to cigarette smoke extract exhibited sig-
nificantly greater PMN chemotactic activity compared
with the control cell cultures (Mio et al. 1997).

Secondhand Smoke and Infection

The topic of active smoking and host defenses
against infectious agents has been covered in previ-
ous reports of the Surgeon General (USDHHS 1990,
2004). Epidemiologic studies show that secondhand
smoke exposure enhances susceptibility to respiratory
infections and/or worsens infections in both adults
and children (Porro et al. 1992; Strachan and Cook
1997; Jaakkola 2002). Although mechanisms under-
lying the increased risk of infection associated with
secondhand smoke exposure have not been fully eval-
uated, several studies have identified mechanisms that
are likely to be involved. As reviewed earlier (Geng
et al. 1995), secondhand smoke can inhibit antibody
responses that are either T cell-dependent or T cell-
independent, thus contributing to impaired immune
responses. Secondhand smoke hinders macrophage
responsiveness, further impairing the proper func-
tioning of the immune system (Edwards et al. 1999).
It also impairs mucociliary clearance (Wanner et al.
1996), enhances bacterial adherence, and disrupts the
respiratory epithelium (Fainstein and Musher 1979;
Dye and Adler 1994), a critical host defense barrier.
Secondhand smoke exposure may also alter bacterial
flora in pharyngeal mucosa of infants, thus providing
an additional mechanism for enhanced susceptibility
to infection (Kilian et al. 1995).

Secondhand Smoke and Chronic
Obstructive Pulmonary Disease

As a slowly progressive condition, COPD is
characterized by airflow limitation that is largely

irreversible. Characteristic pathologic changes are the
accumulation of inflammatory cells in airways and
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lung parenchyma and the extensive derangement of
the extracellular matrix, resulting in small distinct air-
spaces that coalesce into much larger abnormal ones
(Niewoehner et al. 1974; Cosio et al. 1980; Jeffery 2001).
The inflammatory cells are regarded as the source of
enzymes (e.g., elastases) that cause the matrix destruc-
tion. Oxidative stress is also thought to play an impor-
tant role in the development of COPD. A number of
studies have shown an increased oxidant burden and
consequently increased markers of oxidative stress in
the airspaces, breath, blood, and urine of smokers and
of patients with COPD (MacNee 2001). Sources of the
increased oxidative burden in COPD patients include
cigarette smoke, which contains abundant amounts of
oxygen-based free radicals, peroxides, peroxynitrites,
and phagocytes (Pryor 1992). Alveolar macrophages
and PMN from smokers release increased amounts
of reactive oxygen species under certain conditions
when compared with the same cell types from non-
smokers (Hoidal et al. 1981; Ludwig and Hoidal 1982).
The consequences of oxidative stress may include
oxidative inactivation of antiproteinases, airspace
epithelial injury, and expression of proinflammatory
mediators (MacNee 2001), which are all elements of
the inflammatory process underlying the develop-
ment of COPD.

Although secondhand smoke clearly causes an
increased oxidant burden in the lungs, only a few
publications address secondhand smoke and COPD,
and the magnitudes of the associations observed are
modest. A few studies have suggested an increased
risk of COPD with a high level of exposure (Coultas
1998). One approach investigators have taken to
determine the potential risk of COPD from second-
hand smoke exposure is to examine the relationship
between lung function level and secondhand smoke.
Although longitudinal data on the effects of active or
involuntary smoking and the development of COPD
are not available from childhood through adult-
hood, evidence suggests that COPD in adults may
result from impaired lung development and growth,
the premature onset of a decline in lung function,
and/or an accelerated decline in lung function (Samet
and Lange 1996; Kerstjens et al. 1997). As discussed
earlier in this chapter (see “Secondhand Smoke and
Asthma”), exposure to secondhand smoke in infancy
and childhood and active smoking during childhood
and adolescence contribute to impaired lung growth
(Collins et al. 1985). In general, however, although
studies have identified plausible mechanisms, there
is a need for additional evidence on the relationship
between secondhand smoke and COPD.
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Secondhand Smoke and Sudden Infant
Death Syndrome

Many epidemiologic studies document that
maternal smoking during pregnancy and after
birth is a major risk factor for SIDS (Haglund and
Cnattingius 1990; Klonoff-Cohen et al. 1995; Taylor
and Sanderson 1995). Earlier reports have concluded
that maternal smoking during pregnancy causes
SIDS (USDHHS 2001, 2004). Research has identified
mechanisms in SIDS infants related to arousal failure,
inadequate cardiorespiratory compensatory motor
responses, and sleep apnea that are attributable to
developmental abnormalities in the brainstem and
autonomic nervous system (Avery and Frantz 1983;
Harper 2000; Slotkin 2004; Spitzer 2005; Adgent 2006).
Researchers have studied the potential mechanisms
by which prenatal, perinatal, and postnatal exposures
to secondhand smoke are related to neurodevelop-
mental abnormalities. The data suggest that the potent
neurotoxic effects of nicotine are important (Slotkin et
al. 1997; Onal et al. 2004; Slotkin 2004; Adgent 2006).
Children who die from SIDS have higher concentra-
tions of nicotine in their lungs compared with children
who die of other causes (Milerad et al. 1998; McMartin
et al. 2002). This association holds even when the par-
ents report a nonsmoking environment. The specific
role of nicotine and other tobacco smoke constituents
in the pathogenesis of SIDS is not known. Research,
however, particularly animal exposure models, sug-
gests that many cardiorespiratory control deficien-
cies are associated with nicotinic receptors within the
peripheral and central nervous systems (Neff et al.
1998; Adgent 2006). Animal studies have documented
effects that can be related to several potential mecha-
nisms that could cause SIDS, including the effects of
perinatal exposure to secondhand smoke on increased
nAChR production in brains of monkeys (Slotkin et al.
2002); the disruptions in brain development through
cholinergic mechanisms (Slotkin 2004); and adverse
effects on brain cell development, synaptic develop-
ment and function, and neurobehavioral activity. Peri-
natal exposure to secondhand smoke also has adverse
effects on neurobehavioral development (Makin et al.
1991), and recent studies indicate that perinatal expo-
sure to secondhand smoke induces adenylyl cyclase
(AC) activity and alters receptor-mediated cell sig-
naling in brains of neonatal rats (Slotkin et al. 2001).
In those studies, rats were exposed to secondhand
smoke during gestation or during the early neonatal
period or both. Brains were examined for alterations
in AC activity and for changes in beta-adrenergic and



M2 muscarinic cholinergic receptors and their link-
age to AC. Secondhand smoke exposure induced an
increase in total AC activity, which was monitored
with forskolin, the direct enzymatic stimulant. In the
brain, the specific coupling of beta-adrenergic recep-
tors to AC was inhibited in the groups exposed to
secondhand smoke despite a normal complement of
receptor-binding sites. Because alterations in AC sig-
naling are known to affect cardiorespiratory function,
the results provide a possible mechanistic link to the
action of secondhand smoke, including postnatal
secondhand smoke exposure, in disturbances culmi-
nating in SIDS. Secondhand smoke exposure causes
the same changes in AC signaling seen previously
with prenatal nicotine exposure: increases in AC pro-
duction and the loss of specific receptor coupling to
AC. In a recent independent analysis of perinatal and
postnatal exposure to secondhand smoke in rhesus
monkeys, researchers observed significant neural cel-
lular effects from postnatal exposures alone, includ-
ing specific damage in the occipital cortex, in the
midbrain, and in temporal cortex cell development.
These effects are similar to those previously observed
in other animal models for either prenatal nicotine
or perinatal secondhand smoke exposure, or for con-
tinuous prenatal and postnatal exposures (Slotkin et
al. 2006).

A second possible mechanism for the increased
incidence of SIDS following secondhand smoke expo-
sure relates to earlier cited evidence from a guinea
pig model of postnatal secondhand smoke exposure.
That model demonstrated an increase in the produc-
tion or release of lung C-fiber CNS reflex responses to
secondhand smoke (Bonham etal. 2001). The responses
invoked by the increased excitability of afferent lung
C-fibers and nucleus tractus solitarius (NTS) neurons
in the CNS reflex pathway include changes in breath-
ing patterns, such as prolonged expiratory apnea.
The findings suggest that an increase in secondhand
smoke-induced excitability of NTS neurons augment-
ing C-fiber reflex output may contribute to SIDS.

Findings of a study that used a piglet model
suggest that nicotine interferes with normal autore-
suscitation (Freen et al. 2000). The effect of nicotine
was augmented by the additional administration of
IL-1B, which is released during infections. Studies
with a piglet model also suggest that early involun-
tary, postnatal nicotine exposure may be responsible
for some neuropathologic changes in apoptotic mark-
ers that researchers have observed in SIDS infants
(Machaalani et al. 2005).

Although investigators have not established a
specific role for apnea as a potential cause of SIDS,
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one study of human newborns evaluated this theo-
retical potential of apnea in relation to SIDS (Chang et
al. 2003). A controlled sleeping experiment included
10 infants either prenatally or postnatally exposed
to tobacco smoke and 10 unexposed control infants.
The researchers found that five of the exposed infants
did not have a behavioral arousal response to a stan-
dard sequence of audiology stimuli, whereas all of the
unexposed infants were aroused.

Secondhand Smoke and Nasal
or Sinus Disease

Some studies indicate an association, particu-
larly in children, between secondhand smoke expo-
sure and acute or chronic nasal and sinus symptoms
(Barr et al. 1992; Moyes et al. 1995; Benninger 1999). In
children aged 4 through 11 years, frequent colds and
general sinus symptoms were significantly associ-
ated with maternal smoking (Barr et al. 1992). Normal
healthy persons have also developed nasal conges-
tion, irritation, and increased rhinitis from exposure
to moderate levels of secondhand smoke (Willes et al.
1998). Researchers have examined a number of poten-
tial mechanisms (Samet 2004). Tobacco smokers have
abnormal nasal mucociliary clearance, and a study by
Bascom and colleagues (1995) demonstrated differen-
tial nasal responsiveness to secondhand smoke. Using
the clearance of “™Tc-sulfur colloid as an indicator of
mucociliary function, decreased clearance occurred
in 3 out of 12 persons following exposure. Persons
with delayed clearances all had a history of second-
hand smoke rhinitis (Bascom et al. 1995). In a follow-
up study comparing persons who were not sensitive
with persons who were sensitive to secondhand
smoke, those who were sensitive had more rhinorrhea
following the intranasal administration of capsaicin,
thus suggesting a role for C-fiber stimulation (Bascom
et al. 1991). The researchers observed no changes in
nasal vascular permeability or inflammation follow-
ing secondhand smoke exposure. Studies have also
shown secondhand smoke-induced increases in epi-
thelial permeability to environmental allergens, thus
enhancing allergic reactions to inhaled allergens
(Kjellman 1981; Zetterstrom et al. 1981).

Summary

Cellular, animal, and human studies indicate a
number of mechanisms by which secondhand smoke
injures the respiratory tract. There is extensive infor-
mation on the harm from active smoking as well.
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There are limitations to many of the cited studies.
Most clinical studies base secondhand smoke expo-
sure on self-reports and have not included objective
measurements of exposure, such as salivary, serum,
or urine cotinine concentrations. An additional limi-
tation is that studies of secondhand smoke exposure
frequently use a cross-sectional design and provide
little data on the duration of the exposure. In addition,
mechanistic studies frequently rely on animal models
or in vitro studies. Both have limitations, particularly
in relation to the level and duration of the exposures
and difficulties in simulating human exposures.
There is very little information about the concentra-
tions of specific tobacco smoke constituents following
secondhand smoke exposure in the alveolar milieu
and limited information about the interactions among
the various constituents.

Obviously, the closer a model mimics human
exposure the more relevant this information will be.
In addition to more closely simulating conditions
of human exposure, future studies should focus on
individual susceptibilities. This approach will lead
to the recognition of genetic profiles that influence
susceptibility to adverse effects of secondhand smoke
and will provide insights into the underlying mecha-
nisms of the health consequences.

Animal and human studies indicate several
potential mechanisms by which exposure to second-
hand smoke may affect the neuroregulation of breath-
ing, apneic spells, and sudden infant death. The role
of nicotine and other tobacco smoke constituents in
the pathogenesis of SIDS is not known. However, the
neurotoxicity of prenatal and neonatal exposures to
nicotine and secondhand smoke in animal models
can be related to several potential causal mechanisms,
including adverse effects on brain cell development,
synaptic development and function, and neuro-
behavioral activity.

Conclusions

1. The evidence indicates multiple mechanisms by
which secondhand smoke exposure causes injury
to the respiratory tract.

2. The evidence indicates mechanisms by which
secondhand smoke exposure could increase the
risk for sudden infant death syndrome.

Mechanisms of Secondhand Smoke Exposure and Heart Disease

When the association of CHD with secondhand
smoke was first reported, its plausibility and the mag-
nitude of the observed risk were questioned. The
observed risk for involuntary smoking was thought
to be relatively strong compared with the well-
documented risk of active smoking. In addition, it
was uncertain whether the mechanisms underlying
the association of active smoking with CHD risk were
relevant, considering the lower doses of smoke com-
ponents associated with typical secondhand smoke
exposures. Subsequently, an understanding of the
potential mechanisms associating CHD with involun-
tary smoking has deepened, largely as a result of find-
ings from human and animal experiments involving
secondhand smoke exposure.

Clinical and experimental evidence contin-
ues to accumulate regarding the mechanisms by
which active smoking causes CHD (USDHHS 1990,
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1994, 1998, 2001, 2004). Active smoking promotes
atherogenesis by unfavorably affecting many elements
in the interface of the blood with the arterial wall
and the cellular elements of the artery itself.
Atherosclerosis is, in part, considered an inflamma-
tory process (Ross 1993, 1999), and smoking results in
a potent, systemic inflammatory stimulus (USDHHS
2004). Active smoking is associated with dysfunc-
tional endothelial cells, the cells lining the inner arte-
rial wall that are in contact with the circulating blood.
This dysfunction leads to the secretion of inflamma-
tory cytokines, the adhesion of monocytes and lym-
phocytes and their migration to the endothelium, the
proliferation of smooth muscle cells, and the reduc-
tion of the normal antithrombotic properties of the
endothelium. Compared with nonsmoking controls,
smokers also have less endothelium-dependent vaso-
dilatation (Celermajer et al. 1993).



The balance of the tightly regulated coagulation—
fibrinolytic system is critical to the prevention of
atherothrombotic events such as acute coronary
syndromes, which include unstable angina and myo-
cardial infarction (MI) (Corti et al. 2003). Smoking has
a prothrombotic effect, tipping this system toward
clot formation, which comes from a variety of actions
of smoking including impaired endothelial cell func-
tioning, increased platelet aggregation, and reduced
fibrinolysis (USDHHS 2004).

Smoking is also associated with an adverse
lipid profile (USDHHS 1990, 2004). Smokers tend to
have higher concentrations of total low-density lipo-
protein (LDL) and very low-density lipoprotein and
decreased levels of high-density lipoprotein (HDL).
Smoking also increases oxygen demand while reduc-
ing oxygen-delivering capacity.

This section reviews mechanisms that are con-
sidered to be the basis of the association between
exposure to secondhand smoke and CHD. The fol-
lowing section reviews the relevant body of research
and covers each of the systems affected unfavorably
by active smoking for which there is also research on
secondhand smoke exposure. The discussion also pro-
vides a foundation for considering the observational
evidence in Chapter 8, Cardiovascular Diseases from
Exposure to Secondhand Smoke.
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Platelets

Exposure to secondhand smoke activates
blood platelets (i.e., makes them sticky), and thereby
increases the likelihood of a thrombus. These acti-
vated platelets can damage the lining of the coro-
nary arteries and may facilitate the development
and progression of atherosclerotic lesions (Pittilo et
al. 1982; Sinzinger and Kefalides 1982; Burghuber
et al. 1986; Davis et al. 1989; Sinzinger and Virgolini
1989; Steinberg et al. 1989). Increased platelet activa-
tion is associated with an increased risk for ischemic
heart disease (Elwood et al. 1991). Thus, increases in
platelet activation observed in persons exposed to
secondhand smoke would be expected to have acute
adverse effects.

In one experiment, two groups each smoked
two cigarettes: individuals who by history were non-
smokers and individuals who were reported smokers
(Burghuber et al. 1986). At the beginning of the experi-
ment, the platelets of the chronic smokers were less
sensitive to stimulation by exogenous prostacyclin
than those of the nonsmokers; platelet sensitivity did
not significantly change in the smokers in response to
smoking the two cigarettes (Figure 2.4). In contrast to
these findings, nonsmokers who smoked just two cig-
arettes had a significantly (p <0.01) decreased level of
response to the same stimulus, reaching a level close

Effect of active and involuntary smoking on platelet aggregation in smokers and nonsmokers
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to that of the smokers. The findings indicate differing
acute responses of platelets of nonsmokers and smok-
ers to the toxins in cigarette smoke.

In an experiment more relevant to involun-
tary smoking, the same investigators used the same
platelet assay in another group of smokers and
nonsmokers before and after they sat in a room for
20 minutes where cigarettes had just been smoked
(Figure 2.4) (Burghuber et al. 1986). The researchers
again found no significant change among smokers,
but a significant increase in platelet sensitivity to pros-
tacyclin among nonsmokers brought them to a level
similar to that of the smokers. These data, together
with findings from other human experiments (Davis
et al. 1989), indicate that nonsmokers are sensitive
to secondhand smoke, and even very low levels of
secondhand smoke exposure can have a major impact
on platelet function in nonsmokers. Animal data also
show an effect of secondhand smoke exposure. Bleed-
ing time, another measure of platelet function, is sig-
nificantly shortened by secondhand smoke exposure
(meaning more activated platelet activity) in both rab-
bits (Zhu et al. 1993b; Sun et al. 1994) and rats (Zhu et
al. 1994).

With regard to the mechanisms, studies of
cigarette smoke extract on platelet function suggest
that the toxins in cigarette smoke increase platelet
function by interfering with and degrading platelet-
activating factor acetylhydrolase (PAF-AH) (Miyaura
et al. 1992). Exposure of serum to cigarette smoke
extract reduces the effectiveness of PAF-AH and may
thus increase the concentration of platelet-activating
factor. The reduced efficacy of PAF-AH may explain
the increased serum concentration of platelet-
activating factor in smokers. Nicotine appears to be
one of the active agents in tobacco smoke, but other
specific compounds may also contribute to the effects
of exposure on platelets (Davis et al. 1985; Miyaura et
al. 1992). This in vitro finding complements results of
clinical studies that compared the effects of smoking
and transdermal nicotine on platelets and on hemo-
static function. Benowitz and colleagues (1993) carried
out a crossover trial that compared the effects of ciga-
rette smoking and transdermal nicotine on eicosanoid
formation and hemostatic function. Although both
active smoking and transdermal nicotine produced
similar nicotine levels, there was an increase in the uri-
nary excretion of several markers of platelet function
while smoking cigarettes that was not seen with trans-
dermal therapy (Benowitz et al. 1993).

Some investigators have reported conflicting
findings and have questioned whether platelet
aggregation is an underlying mechanism of the

54 Chapter 2

association between CHD and secondhand smoke
exposure (Smith et al. 2000b, 2001). Smith and col-
leagues (2001) conducted an observational study
that compared secondhand smoke-exposed and
unexposed adult nonsmokers and did not find dif-
ferences in urinary metabolites of thromboxane and
prostacyclin.

Endothelial Function and Vasodilation

Arteries are lined by a cell layer known as the
vascular endothelium. The endothelium plays a criti-
cal role in controlling the ability of arteries to dilate
and constrict as they regulate blood flow. In addition,
damage to the vascular endothelium facilitates the
development of atherosclerosis. Evidence in both ani-
mals (Hutchison et al. 1995, 1996, 1997a,b, 1998, 1999;
Jorge et al. 1995; Zhu and Parmley 1995; Schwarzacher
et al. 1998; Torok et al. 2000) and humans (Celermajer
etal. 1996; Sumida et al. 1998; Otsuka et al. 2001) shows
that secondhand smoke interferes with endothelium-
dependent vasodilation. Moreover, these effects can
be attenuated by increasing the amount of L-arginine,
an amino acid that is a precursor of NO, the mediator
of endothelium-dependent vasodilation (Hutchison et
al. 1996, 1997a, 1998, 1999; Schwarzacher et al. 1998).
Studies in rats have also demonstrated that invol-
untary smoking reduces NOS in the penis (Xie et al.
1997), indicating that secondhand smoke specifically
interferes with the production of NO.

Consistent with other results from animal stud-
ies, most human studies indicate that endothelium-
dependent vasodilation in nonsmokers is sensitive to
secondhand smoke following both chronic (Celerma-
jer et al. 1996; Sumida et al. 1998) and acute (Otsuka et
al. 2001) exposures. Indeed, the effects of secondhand
smoke on endothelium-dependent vasodilation in
human coronary circulation are comparable in mag-
nitude to the effects observed in smokers when com-
pared with nonsmokers (Sumida et al. 1998; Otsuka
et al. 2001).

Celermajer and colleagues (1996) studied
endothelium-dependent vasodilation in 78 healthy
persons aged 15 to 30 years by measuring the extent of
reactive hyperemia in the brachial artery after occlud-
ing it with a blood pressure cuff (with the flow increase
determined by endothelium-dependent vasodilation)
before and after administering nitroglycerine (an
endothelium-independent vasodilator). Involuntary
smokers were classified by self-reported levels of
chronic exposure to secondhand smoke. Investiga-
tors found similar impairments in flow-mediated



dilation in both involuntary and active smokers when
compared with unexposed nonsmoking controls
(Figure 2.5). Among those exposed to secondhand
smoke, there was an inverse relationship between the
intensity of the exposure and flow-mediated dilation
(r = -0.67, p <0.001). Using similar methods, Woo
and colleagues (1997) studied 72 rural Chinese per-
sons and 72 White persons in Australia and England.
These researchers did not find a smoking effect among
adults living in rural China, but the analysis grouped
active with involuntary smokers. An effect of expo-
sure was observed in White participants, but results
were also reported with active and involuntary smok-
ers combined.

The adverse effects of chronic secondhand
smoke exposure may be partially reversible. In a cross-
sectional study of young adults, there was less evi-
dence for arterial endothelial dysfunction in former
involuntary smokers compared with current invol-
untary smokers (Raitakari et al. 1999). Kato and col-
leagues (1999) experimentally tested whether the
reduction in endothelium-dependent vasodilation
from secondhand smoke is an acute phenomenon in
nonsmokers. The experiment included a brief, acute
exposure to secondhand smoke (15 minutes). There
were similar responses before and after exposure
in the brachial artery flow to acetylcholine, which
stimulates endothelium-dependent  vasodilation,
and to nitroprusside, which stimulates endothelium-
independent  vasodilation. ~ The investigators
concluded that the consequences of exposure to
secondhand smoke were attributable to chronic rather
than acute effects on the brachial artery.

Two studies document the effects of second-
hand smoke on human coronary arteries (Sumida et
al. 1998; Otsuka et al. 2001). Sumida and colleagues
(1998) studied 38 women aged 40 to 60 years with no
known risk factors for CHD other than age and expo-
sure to tobacco smoke. The participants included three
groups: nonsmokers who had never smoked and had
never been regularly exposed to secondhand smoke,
nonsmokers with a self-reported history of exposure
for at least an hour a day for at least 10 years, and
active smokers. The study examined the changes in
the diameter of the epicardial coronary artery (proxi-
mal and distal segments of the left anterior descend-
ing and left circumflex coronary arteries) in response
to an intracoronary injection of acetylcholine.
Acetylcholine constricted most coronary arteries in
both exposed nonsmokers and active smokers to
a similar extent and dilated the coronary arteries
in unexposed nonsmokers. This result suggests
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possibly similar levels of coronary endothelial dys-
function among involuntary and active smokers.

Otsuka and colleagues (2001) used ultrasound
in healthy young adult nonsmokers and smokers to
measure coronary flow velocity changes in response
to acetylcholine as a measure of endothelium-
dependent vasodilation (quantified as coronary flow
velocity reserve). The measurements were made
before and 30 minutes after breathing secondhand
smoke for 30 minutes in a hospital smoking room
in Japan. Before the exposure, nonsmokers had a
significantly higher coronary flow velocity reserve
compared with smokers (Figure 2.6). The 30 minutes
of exposure had no effect on the coronary flow veloc-
ity reserve among smokers, but significantly reduced
the reserve in nonsmokers to a level that almost
equaled the level found in smokers (Figure 2.6). This
substantial acute response is similar in magnitude to
the effect observed with chronic exposures on brachial
(Celermajer et al. 1996) and coronary (Sumida et al.
1998) arteries. However, the finding differs from the
lack of effect seen for short-term (15 minutes) acute
exposures on the brachial artery (Kato et al. 1999).
The different findings in these two studies (Sumida
et al. 1998; Otsuka et al. 2001) may be attributable to
the duration of the exposure (30 versus 15 minutes) or
to differences in the responses of the coronary
arteries and the brachial arteries to secondhand
smoke exposure.

An experiment in humans also showed that an
acute exposure to secondhand smoke reduces the
distensibility of the aorta (Stefanadis et al. 1998). In
this study, the nonsmokers were exposed to second-
hand smoke for five minutes at a mean carbon mon-
oxide (CO) level of 30 parts per million; the smokers
smoked one cigarette. The distensibility of the aorta
in nonsmokers exposed to secondhand smoke
for just five minutes was reduced significantly by
21 percent compared with a 27 percent reduction in
the active smokers. There was no change in the sham-
exposed patients.

Human experiments have indicated that even
short-term exposures to active smoking (Pferovsky
and Hladovec 1979) or to other tobacco product con-
stituents significantly increase the number of nuclear
endothelial cell carcasses in the blood (Davis et al.
1989). The presence of these cell carcasses suggests
damage to the endothelium. The number of endo-
thelial cell carcasses (i.e., remains of dead cells) in
nonsmokers after they were exposed to secondhand
smoke was almost as great as the number of carcasses
observed in active smokers.
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Figure 2.5 Flow-mediated (endothelium-dependent) and nitroglycerin-induced
(endothelium-independent) vasodilation in human brachial arteries
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Note: Flow-mediated (endothelium-dependent) vasodilation in human brachial arteries was significantly impaired in
chronically exposed involuntary smokers and in active smokers to a similar degree, compared with the controls, whereas
nitroglycerine-induced (endothelium-independent) vasodilation was similar in all three groups.

Source: Celermajer et al. 1996. Adapted with permission.
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Figure 2.6  Coronary flow velocity changes before
and after secondhand smoke exposure
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Note: Data are mean (standard deviation). Coronary flow
velocity reserve (CFVR) before involuntary smoking was
significantly higher in nonsmokers than in smokers. How-
ever, CFVR after involuntary smoking was reduced signifi-
cantly in nonsmokers, but only slightly among smokers.
Source: Otsuka et al. 2001. Adapted with permission.

Atherosclerosis

Endothelial dysfunction may also contribute to
the development of atherosclerosis. Normal endothe-
lial cells promote vasodilation and inhibit atheroscle-
rosis and thrombosis, in part through the release of
NO (Harrison 1997). Dysfunctional cells, on the other
hand, contribute to vasoconstriction, atherogenesis,
and thrombosis. Risk factors contribute collectively to
endothelial dysfunction. For example, active smoking
interacts with LDL in a way that damages the endo-
thelium (Heitzer et al. 1996). One unifying hypothesis
for the effects of cardiovascular risk factors is a com-
bined action to increase damaging oxidative stress
(Oskarsson and Heistad 1997). Thus, reducing expo-
sure to risk factors may improve endothelial func-
tion and lessen the risk for clinical coronary events.
For example, lipid reduction improves endothelial
function in patients with hyperlipidemia both acutely
(Tamai et al. 1997) and chronically (Treasure et
al. 1995).
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Platelets are also relevant to the development of
atherosclerosis (Ross 1986; Steinberg et al. 1989). Fol-
lowing damage to the arterial endothelium, platelets
interact with or adhere to the subendothelial connec-
tive tissue and initiate a sequence that leads to the
formation of atherosclerotic plaque. When platelets
interact with or adhere to subendothelial connective
tissue, they are stimulated to release their granule
contents.

Endothelial cells normally prevent platelet
adherence because of the nonthrombogenic character
of their surface and their capacity to form antithrom-
botic substances such as prostacyclin (Corti et al. 2003).
However, platelets can stick to damaged endothelial
cells and release mitogens such as platelet-derived
growth factor and chemoattractants, which encour-
age the migration and proliferation of smooth mus-
cle cells in the region of the endothelial injury (Ross
1993). When platelet aggregation increases as a result
of exposure to secondhand smoke, platelet accumu-
lation at the injured site is also expected to increase.
Tobacco smoke exposure has also been associated
with the accumulation of glycosaminoglycans and
glycoproteins in vascular tissues of rats, another early
event in atherogenesis (Latha et al. 1991).

Effects on Children

Adverse cardiovascular effects of secondhand
smoke exposure may begin in childhood. Adolescents
and children whose parents smoked exhibited lower
HDL levels than children who were not exposed to
secondhand smoke (Moskowitz et al. 1990; Feldman
et al. 1991). White and Froeb (1991) reported similar
results among adults exposed at work. These find-
ings indicate a less favorable lipid profile in persons
exposed to secondhand smoke.

Cross-cultural comparisons suggest that genetic
differences may influence how children are affected by
secondhand smoke. There was a small exposure effect
on HDL cholesterol in Japanese children (Misawa et
al. 1989) and no effect in Turkish children (Iscan et
al. 1996), but the LDL cholesterol level and the ratio
of LDL to HDL cholesterol were adversely affected
in Turkish children (Iscan et al. 1996). These effects
were similar to those found in smokers and may be
mediated by inhibiting the activity of the enzyme
plasma lecithin: cholesterol acyltransferase in plasma
and altered clearance of chylomicron remnants by the
liver (Bielicki et al. 1995; Pan et al. 1997). In children
with severe hypercholesterolemia, a lower HDL cho-
lesterol level was associated with parental smoking
(Neufeld et al. 1997).
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Chemical Interactions with Low-Density
Lipoprotein Cholesterol

Several animal studies (Albert et al. 1977; Penn
et al. 1981, 1996; Majesky et al. 1983; Revis et al.
1984; Penn and Snyder 1993, 1996a,b) demonstrated
that PAHs, in particular 7,12-dimethylbenz[a,h]
anthracene and B[4]P, as well as 1,3 butadiene (Penn
and Snyder 1996a,b), accelerate the development of
atherosclerosis. PAHs, including B[4]P and 1,3 buta-
diene, are constituents of secondhand smoke. PAHs
appear to bind preferentially to both LDL and HDL
subfragments of cholesterol and may facilitate the
incorporation of toxic compounds into the cells lining
the coronary arteries. Thus, exposure to PAHs may
contribute to both cell injury and hyperplasia in the
atherosclerotic process. Adults who inhaled second-
hand smoke for only five and one-half hours exhib-
ited compromised antibiochemical defenses and an
increased accumulation of LDL cholesterol in macro-
phages (Valkonen and Kuusi 1998).

Experimental Atherosclerosis

In addition to the studies of single tobacco smoke
components, animal experiments have demonstrated
that exposure to secondhand smoke for only a few
weeks significantly speeds the atherosclerotic process
(Table 2.6). These animal models provide an indica-
tion of the effect of exposure to more than one compo-
nent of tobacco smoke.

Zhu and colleagues (1993b) exposed three groups
of rabbits to a high-cholesterol diet. Two of the groups
were also exposed to 10 weeks of secondhand smoke
from Marlboro cigarettes for six hours a day, five days
a week. One group was exposed to levels compara-
ble to a smoky bar and the other group was exposed
to much higher levels, with a nicotine level 30 times
higher. The high-dose group experienced levels com-
parable to those observed in a car with the windows
rolled up while four cigarettes per hour were smoked
(Ottetal. 1992). With just 10 weeks of exposure (a total
of 300 hours), the fraction of pulmonary artery and
aorta covered with lipid deposits was nearly twice as
high in the high-exposure group compared with the
control animals. There was a smaller increase in the
low-exposure group (Figure 2.7) (Zhu et al. 1993b).

This effect appears to be directly attributable to
components in the cigarette smoke itself, rather than
to an increase in adrenergic tone resulting from the
discomfort associated with the forced breathing of
secondhand smoke. Sun and colleagues (1994) exposed
rabbits to secondhand smoke in an experiment similar
to that of Zhu and colleagues (1993b) and gave half
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of the rabbits the beta-blocking drug metoprolol. As
expected, the animals receiving metoprolol developed
fewer lipid deposits than those receiving a placebo
(saline), but this effect was independent of whether the
rabbits were breathing secondhand smoke. Therefore,
increased levels of catacholamines did not mediate
the effect of secondhand smoke on the development
of atherosclerotic-type lesions in the arteries.

Experiments exposing rabbits to secondhand
smoke from standard (Marlboro) and nicotine-free
cigarettes produced similar levels of lipid deposits.
This finding suggests that nicotine is not the primary
atherogenic agent, and there are other combustion
products in cigarette smoke that may be responsible
for the atherosclerosis (Sun et al. 2001).

Critics have questioned the findings of this rab-
bit model of atherosclerosis because the animals are
fed a high-cholesterol diet in order to develop lesions
within a reasonable time (Wu 1993). This experi-
mental model of atherosclerosis has been used since
1908 (Zhu et al. 1993a). Supporting findings come
from a different model of plaque development that
used young cockerels between the ages of 6 and
22 weeks that were exposed to secondhand smoke for
sixhoursaday, five daysaweek, for 12 weeks (Pennand
Snyder 1993; Penn et al. 1994). The cockerels ate a nor-
mal, low-cholesterol diet and were exposed to lower
secondhand smoke levels than the rabbits were. The
incidence of plaque development was the same in
the cockerels breathing secondhand smoke and those
breathing clean air. However, the growth rate of the
plaques was greater in the exposed animals.

Some specific components have been evaluated
in that same model with effects that are not likely to be
attributable to the CO in the smoke because exposure
of cockerels to high doses of CO (Penn et al. 1992),
to tobacco-specific nitrosamines (Penn and Snyder
1996b), or to the tar fraction of the smoke (Penn et al.
1996) did not produce similar effects. Thus, agents in
the vapor phase of the smoke appear to be the ath-
erogenic agents; 1,3 butadiene (Penn and Snyder
1996a,b) and 7,12-dimethylybenz[a]anthracene (Penn
et al. 1981) did increase the amount of atherosclerotic
plaque in this experimental model.

Gairola and colleagues (2001) studied the effects
of secondhand smoke on apolipoprotein E -/- mice
that were on a high-cholesterol diet, which is another
model for human atherosclerosis. After exposure
to secondhand smoke from University of Kentucky
1R4F research cigarettes for six hours a day, five
days a week, for up to 14 weeks, there was a dose-
dependent increase in the fraction of the aorta that
was covered with atherosclerotic lesions. The exposed



mice had significant increases compared with control
animals on the same diet who had breathed clean air
for just seven days, with the effect increasing over
time. The exposed mice had lesions that were about
twice the size of those found in the clean-air controls;
there were similar increases in the cholesterol content
of the aortas in the exposed mice.

Elements in the smoke rapidly affect the process
of incorporating LDL cholesterol into the linings of
arteries. Roberts and colleagues (1996) used isolated
perfused carotid arteries from rats exposed to second-
hand smoke for two or four hours. The researchers
demonstrated a synergistic effect between second-
hand smoke and LDL that facilitated the binding of
oxidized LDL to the vessel wall (Roberts et al. 1996).
Rats exposed to secondhand smoke for just two hours
had higher rates of incorporation of LDL cholesterol
into their carotid arteries.

Secondhand  smoke  exposure  induces
atherosclerotic-like changes in four different species
of experimental animals after only a few weeks of
exposure to secondhand smoke at levels similar to
those experienced by people in normal day-to-day
life. These findings provide strong support for the
epidemiologic evidence that exposure to secondhand
smoke causes heart disease. The experimental studies
on rabbits, cockerels, mice, and rats were not affected
by potential confounding and support a causal conclu-
sion by showing that atherosclerosis can be induced in
experimental animals exposed to secondhand smoke.

Oxygen Delivery, Processing, and Exercise

Secondhand smoke reduces the ability of the
blood to deliver oxygen to the myocardium. The CO
in secondhand smoke competes with oxygen for bind-
ing sites on hemoglobin and thus displaces oxygen
(USDHHS 1983, 1986; Leone et al. 1991; U.S. Environ-
mental Protection Agency 1991). Children of smoking
parents have elevated levels of 2,3-diphosphoglycer-
ate, a compound that increases in red blood cells to
compensate for reduced oxygen availability (Mos-
kowitz et al. 1990, 1993) and is associated with serum
thiocyanate levels, a measure of secondhand smoke
exposure (Moskowitz et al. 1990).

Evidence from animal studies shows that in
addition to reducing the ability of the blood to deliver
oxygen to the heart, secondhand smoke may reduce
the ability of the heart muscle to convert oxygen into
the “energy molecule” adenosine triphosphate (ATP).
In a rabbit model, there was an approximate 25 per-
cent reduction in cytochrome oxidase activity after a
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single 30-minute exposure to secondhand smoke, and
the activity continued to drop with a prolonged expo-
sure; after eight weeks of exposure for 30 minutes per
day, its activity was 50 percent of the level found in
controls (Gvozdjdk et al. 1987). Thus, not only does
secondhand smoke exposure reduce the ability of the
blood to deliver oxygen to the myocardium, it may
also reduce the ability of the myocardium to effec-
tively use the oxygen it receives (Gvozdjdkovd et al.
1984, 1985, 1992; Gvozdjdk et al. 1987).

Secondhand smoke also significantly increases
the amount of lactate in venous blood with an exer-
cise challenge (McMurray et al. 1985). Eight women
with and without exposure to tobacco smoke through
a mouthpiece (concentration not given) engaged in
exercises. Compared with the unexposed group, the
exposed group documented a lower maximum oxy-
gen uptake and a higher blood lactate. People with
CHD cannot exercise as long or reach a level of exer-
cise as high after breathing secondhand smoke, even
relatively briefly, compared with breathing clean air
(Aronow 1978; Khalfen and Klochkov 1987; Leone
et al. 1991). Another study showed that 10 persons
with a past MI were more likely to develop increased
arrhythmias from exercise following secondhand
smoke exposure (Leone et al. 1992).

Free Radicals and Ischemic Damage

Free radicals are highly reactive oxygen prod-
ucts (Church and Pryor 1985; Ferrari et al. 1991) that
are destructive to the heart muscle cell membrane as
well as to other processes within the cell. Tobacco
smoke contains high levels of activated oxygen spe-
cies, and the inflammatory consequences of tobacco
smoke components in various organs are thought
to be a critical path of injury. Antioxidants provide
protection against the free radicals, but levels of anti-
oxidants, such as beta-carotene and vitamin C, tend to
be lower in active smokers (USDHHS 2004) and pos-
sibly in involuntary smokers (Farchi et al. 2001).

Experiments have demonstrated that exposure
to secondhand smoke worsens the outcome of an
ischemic event in the heart through the activity of free
radicals during reperfusion injury. Animal studies
indicate that low exposures to nicotine or to other ciga-
rette smoke constituents significantly worsen reperfu-
sion injury. Intravenous administration of the amount
of nicotine delivered by just one cigarette doubled the
reperfusion injury in a dog model of MI (Przyklenk
1994). This dose was low and had no effect on heart
rate, blood pressure, regional myocardial shortening,
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Table 2.6 Studies of experimental atherosclerosis in animals exposed to secondhand smoke
Secondhand smoke exposure
Study Species Source Duration Measure
Penn and Cockerel  1R4F research 6 hours/day, 5 days/  Nicotine: 365-414 pg/m>*
Snyder 1993 cigarettes week for 16 weeks co™: 35 ppm?*
Particulates: 8 mgs/m®
Zhu et al. Rabbit Marlboro 6 hours/day, 5 days/ Low exposure
1993a week for 10 weeks Air nicotine: 30 ug/m®
CO: 19 ppm
Particulates: 4 mg/m®
High exposure
Air nicotine: 1,000 pg/m®
CO: 60 ppm
Particulates: 33 mg/m®
Penn et al. Cockerel  1R4F research 1 cigarette/day, Nicotine: 90-130 pg/m®
1994 cigarettes 5 days/week for CO: 4 ppm
16 weeks Particulates: 2.5 mg/m®
Sunetal. 1994 Rabbit Marlboro 6 hours/day, 5 days/  Air nicotine: 1,100 pg/m®
week for 10 weeks CO: 60-70 ppm
Particulates: 38 mg/m®
Roberts et al. Rat Data were not 2 or 4 hours Nicotine: 615 pug/m?®
1996 reported CO: 18 £2 ppm
Particulates: 3 ug/m?
Gairola et al. Mouse 1R4F research 6 hours/day, 5 days/  Blood CO hemoglobin: 10% in secondhand
2001 cigarettes week for 7, 10, and smoke-exposed mice
14 weeks Particulates: 25 mg/m?
Sunetal 2001 Rabbit Standard or 6 hours/day, 5 days/  CO: 45-54 ppm
nicotine-free week for 10 weeks Particulates: 24-35 mg/m®

research cigarettes

*g/m® = Micrograms per cubic meter.

*CO = Carbon monoxide.
fppm = Parts per million.
Smg = Milligram.

ALDL = Low-density lipoprotein.
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End point

Findings

Number and size of plaques in aortic segments

Area of atherosclerotic lesions by planimetry in
aorta and pulmonary artery; bleeding time (to
measure platelet activity)

Number and size of plaques in aortic segments

Area of atherosclerotic lesions by planimetry in
aorta and pulmonary artery; bleeding time (to
measure platelet activity)

Uptake of LDL? cholesterol in isolated perfused
carotid artery

Area of atherosclerotic lesions at several places
in aorta measured by planimetry; cholesterol
content of aortic segments

Area of atherosclerotic lesions by planimetry in
aorta and pulmonary artery

Exposure had no effect on the number of plaques

Plaques in exposed animals were significantly larger (median size
about 1.5 times larger in each aortic segment) than in unexposed
animals

High-exposure secondhand smoke group had dose-dependent lipid
deposits with lesion size about 1.7 times larger than those in the
low-exposure group

Low-exposure group was between the high-exposure and control
groups

Bleeding times were shorter in rabbits that breathed secondhand
smoke

No differences between high-dose and low-dose exposures for
serum triglycerides, cholesterol, and high-lipoprotein cholesterol

Exposure had no effect on the number of plaques

Plaques in exposed animals were significantly larger (median
size about 1.5 times larger in each aortic segment) than those in
unexposed animals

Secondhand smoke exposure was associated with greater lipid
deposits and shorter bleeding times

Metoprolol did not block these effects, indicating that they are not
mediated by increased circulating catecholamines

Rate of LDL uptake more than quadrupled

Increasing lesion size and cholesterol content over time in both
groups

Secondhand smoke-exposed mice had approximately twice the level
of atherosclerosis as controls at any given time

Secondhand smoke increased the area of arteries with lipid deposits
by about 50%

There was no significant difference between nicotine and nicotine-
free cigarette smoke
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Figure 2.7 Secondhand smoke exposure and lipid
deposits in rabbits
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Note: Exposure to secondhand smoke increased lipid
deposits in arteries of rabbits in a dose-dependent manner.
Bars are for controls (clear air), and low doses and high
doses of secondhand smoke exposures. Error bars
represent standard error of the mean.

Source: Zhu et al. 1993b. Reprinted with permission.

or on other hemodynamic measures of cardiac func-
tion that are commonly affected by nicotine in active
and involuntary smokers (Benowitz 1991). After
an ischemic episode from ligation of the left ante-
rior descending coronary artery for 15 minutes, the
regional shortening during reperfusion was reduced
by 50 percent of the pre-ischemic values. When the
dog was exposed to nicotine from just a single ciga-
rette, the regional shortening during reperfusion was
reduced by 25 percent of control values. When the
dog was given a free radical scavenger along with the
nicotine, this effect was obliterated. Thus, exposure to
a very low dose of nicotine doubled the impact of the
reperfusion injury on the myocardium.

The effects of free radicals induced by second-
hand smoke have been explored at the cellular level
(van Jaarsveld et al. 1992a,b). Rats exposed to second-
hand smoke from two cigarettes a day for two months
exhibited severely damaged mitochondrial function
during reperfusion injury. Thus, the ability of car-
diac mitochondrial cells to convert oxygen into ATP
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was more compromised during reperfusion injury
among rats exposed to these low doses than among
control rats.

Secondhand smoke exposure is associated with
lower levels of antioxidant vitamins in nonsmoking
women (Farchi et al. 2001). Despite a similar dietary
intake of beta-carotene, retinol, L-ascorbic acid, and
alpha-tocopherol, women whose husbands smoked
exhibited a dose-dependent relationship between the
extent of exposure and plasma concentrations of beta-
carotene and L-ascorbic acid. These associations per-
sisted even after controlling for daily beta-carotene and
vitamin C intake and for other potential confounders
(vitamin supplementation, alcohol consumption, and
body mass index). A similar dose-response relation-
ship was observed when urinary cotinine was used as
the measure of exposure.

In a mouse model, a 30-minute exposure to
secondhand smoke also produced evidence of oxida-
tive DNA damage in the myocardium assessed by
increased levels of 8-OH-dG (Howard et al. 1998a).
There are also parallel human data. In a cross-
sectional study, persons exposed to secondhand
smoke at work exhibited increased levels of 8-OH-dG
(Howard et al. 1998b). The plasma cotinine levels were
65 percent higher in the exposed group compared
with controls, and increases in 8-OH-dG levels were
similar. In workers exposed to secondhand smoke,
8-OH-dG levels fell after 60 days of antioxidant
supplementation (Howard et al. 1998c).

There is also evidence that smokers are less sen-
sitive to free radical damage from cigarette smoke
than nonsmokers are because of changes in the levels
of enzymes that control free radicals (McCusker and
Hoidal 1990). When hamsters were exposed to second-
hand smoke from six cigarettes a day for eight weeks,
the activity of antioxidant enzymes in their lungs
nearly doubled. Similar changes found in the lungs
of smokers compared with nonsmokers provide fur-
ther evidence that secondhand cigarette smoke may
affect smokers and nonsmokers differently. Chronic
exposures to cigarette smoke appear to increase
the capacity of free radical scavenging systems
in smokers.

In addition, human exposures to secondhand
smoke sensitize lung neutrophils (Anderson et al.
1991). As with platelets, neutrophils are an important
element of the body’s defenses against infection and
damage. Inappropriately activated neutrophils, how-
ever, release oxidants that can play a role in tissue
damage. In a group of nonsmokers exposed to three
hours of sidestream smoke at relatively high levels



(respirable particles >2,000 micrograms/m?), there
were significant increases in circulating leukocyte
counts, in stimulated neutrophil migration, and in the
release of reactive oxidents by neutrophils.

Myocardial Infarction

Several of the effects discussed above would lead
to the expectation that exposure to secondhand smoke
would increase the severity of MIs. Direct animal data
show that secondhand smoke increases tissue damage
following a MI. Dogs exposed to secondhand smoke
for one hour daily for 10 days and then subjected to
a coronary artery blockage developed MIs that were
twice as large as those found in controls breathing
clean air (Prentice et al. 1989). This effect was not due
to elevated circulating levels of nicotine or carboxy-
hemoglobin, because the infarcts were created the day
after the last day of secondhand smoke exposure. Zhu
and colleagues (1994) conducted an experiment in rats
to investigate the effects of secondhand smoke expo-
sure on infarct size. Rats were exposed to secondhand
smoke six hours a day for three days, three weeks,
or six weeks, and then subjected to a left coronary
artery occlusion for 35 minutes followed by reperfu-
sion. There was a dose-dependent increase in infarct
size, with the longest exposure of 180 hours yielding
infarcts nearly twice as large as in the control group
that breathed clean air (Figure 2.8). This effect could
be countered by feeding the animals L-arginine (Zhu
et al. 1996). This finding suggests that the effect of
secondhand smoke in producing an MI comes from
interference with the vascular endothelium. There is
no evidence indicating a threshold level of exposure
that is needed to produce this effect.

Heart Rate Variability

Alterations in heart rates are caused by the
opposing effects of the sympathetic and para-
sympathetic nervous systems on the sino-atrial node
(the pacemaker of the heart) through the elevation
of catecholamines. The sympathetic nervous system
tends to oppose the rate-slowing effects of the para-
sympathetic (vagus) nervous system, and sympathetic
activation reduces heart rate variability. If sympathetic
tone is reduced and vagal activity enhanced, heart
rate variability increases. Clinically, decreased heart
rate variability predicts a higher risk of cardiac death
or arrhythmic events after an acute MI, presumably
reflecting the adverse effects of increased sympathetic
tone (Kleiger et al. 1987; Singh et al. 1996).
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Secondhand smoke exposure and
infarct size in rats

Figure 2.8
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Note: Exposure to secondhand smoke increased infarct
size in rats subjected to a 35-minute occlusion of the left
coronary artery in a dose-dependent manner. There is no
evidence of a threshold effect.

Source: Zhu et al. 1994. Adapted with permission.

Activation of the sympathetic nervous system
would tend to reduce heart rate variability. One exper-
imental study has tested this hypothesis. Pope and
colleagues (2001) measured heart rate variability in
healthy young adults for two hours in the smoke-free
areas of a U.S. airport, followed by two hours in the
smoking area, and then repeated this protocol. When
the experimental participants were in the smoking
area, heart rate variability was 12 percent lower. The
levels of secondhand smoke were not high enough
to affect mean heart rate or blood pressure, but the
secondhand smoke exposure was associated with
altered cardiac autonomic function in a direction con-
sistent with an increased risk of a cardiac event.

Summary

A source of uncertainty in interpreting evidence
on secondhand smoke exposure and heart disease has
been the apparently large size of the effect compared
with active smoking. Active smoking delivers doses
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of the toxins in secondhand smoke that are mark-
edly greater than the doses received by a nonsmoker,
and active smoking approximately doubles, depend-
ing on the amount smoked, the risk of heart disease
(USDHHS 1983). Thus, the effect of secondhand smoke
may appear large for the associated doses of cigarette
smoke components, particularly since secondhand
smoke exposure generally does not produce changes
in systemic physiologic measures such as heart rate or
blood pressure (Celermajer et al. 1996; Hausberg et al.
1997; Sumida et al. 1998; Otsuka et al. 2001). However,
findings of a wide variety of clinical and experimental
studies of various designs demonstrate that the effects
of secondhand smoke on the cardiovascular system
occur at low doses in nonsmokers, with some of the
effects (on platelets and vascular function) similar
to those in active smokers. For this reason, it is not
appropriate to scale from the effects of active smok-
ing in a linear, dose-dependent approach to estimate
the effects of exposure to secondhand smoke based on
comparative doses of smoke components (Howard
and Thun 1999).

Secondhand smoke interferes with the normal
functioning of the heart, blood, and vascular systems
in ways that increase the risk of a cardiac event. For
some of these effects (changes in platelet and vascular
function), the immediate effects of even short expo-
sures to secondhand smoke appear to be as large as

Evidence Synthesis

those seen in association with active smoking of one
pack of cigarettes a day. Some evidence indicates
lower levels of circulating antioxidants associated
with secondhand smoke exposure. The experimental
and observational evidence reviewed in this chapter
supports the plausibility of the findings of the epide-
miologic studies reviewed in Chapter 8 (Cardiovas-
cular Diseases from Exposure to Secondhand Smoke).
The large body of evidence documenting that second-
hand smoke produces substantial and rapid effects
on the cardiovascular system demonstrates that even
a brief exposure to secondhand smoke has adverse
consequences for the heart, blood, and blood vessels
(Glantz and Parmley 2001; Barnoya and Glantz 2005).

Conclusions

1. The evidence is sufficient to infer that exposure to
secondhand smoke has a prothrombotic effect.

2. The evidence is sufficient to infer that exposure
to secondhand smoke causes endothelial cell
dysfunctions.

3. The evidence is sufficient to infer that exposure
to secondhand smoke causes atherosclerosis in
animal models.

This chapter reviews the substantial amount of
data from cellular, animal, and human studies sup-
porting the overall conclusion that exposure to second-
hand smoke causes a broad range of adverse effects
in both children and adult nonsmokers. These data
provide a strong foundation for the biologic plausi-
bility of causal conclusions related to specific diseases
and other adverse health effects that are reviewed
in Chapters 5 through 9. This chapter provides sub-
stantial additional evidence on the underlying patho-
genic mechanisms for major adverse health outcomes
associated with exposure to secondhand smoke.

Secondhand smoke is a complex mixture of
thousands of chemicals emitted from burning tobacco.
The toxicologic profiles of a large number of these
specific chemicals and compounds are well
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established  (http:/ /www.atsdr.cdc.gov /toxpro2.
html). This chemical mixture includes more than 50
carcinogens, and both IARC (2004) and the National
Toxicology Program (USDHHS 2000) have classified
this mixture as a known human carcinogen. Research-
ers have thus concluded that exposure to secondhand
smoke can cause DNA damage and genetic mutations.
For DNA-damaging carcinogens, the occurrence of
permanent mutations implies that there is no level of
exposure that does not pose a risk.

The complex mixture of chemicals in second-
hand smoke also contains a large number of toxicants
harmful to the respiratory and cardiovascular sys-
tems. Evidence from both animal and human studies
indicates that exposures to secondhand smoke can
produce substantial and rapid adverse effects on the



functioning of the heart, blood, and vascular systems
in ways that increase the risk of a cardiac event. Fur-
thermore, many of these acute and chronic changes in
blood and vascular function appear to be as large as
those seen in active smokers. The immediate effects
in some measures of blood and vascular functioning
among nonsmokers from even brief exposures (i.e.,
30 minutes or less) to secondhand smoke are com-
parable in magnitude to the effects observed in
active smokers. Thus, the evidence reviewed in this
chapter supports the biologic plausibility of adverse
cardiovascular health outcomes that are associated
with exposure to secondhand smoke, which are
reviewed in Chapter 8.

As the portal of entry for secondhand smoke,
the respiratory system is the initial site of deposition
for the particulate and gaseous compounds found
in secondhand smoke. This chapter identifies the
multiple mechanisms by which secondhand smoke
exposure can induce both acute and chronic adverse
health effects within the respiratory tract that affect
infants, children, and adults. The evidence for under-
lying mechanisms of respiratory injury from exposure
to secondhand smoke suggests that a safe level of

Conclusions
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exposure may not exist, thus implying that any expo-
sure carries some risk. For infants, children, and adults
with asthma or with more sensitive respiratory sys-
tems, even very brief exposures to secondhand smoke
can trigger intense bronchopulmonary responses
that could be life threatening in the most susceptible
individuals.

Animal and human studies indicate that pre-
natal and postnatal exposure to nicotine and other
toxicants in tobacco smoke may affect the neuroregu-
lation of breathing, apneic spells, and sudden infant
death. Experimental data on the neurotoxicity of
prenatal and neonatal exposure to nicotine and sec-
ondhand smoke in animal models can be related to
several potential causal mechanisms for SIDS, includ-
ing adverse effects on brain cell development, synap-
tic development and function, and neurobehavioral
activity. Finally, studies have documented that expo-
sure to tobacco smoke from active smoking has abroad
effect on immune function and host defenses against
infectious agents. Evidence indicates that exposure to
secondhand smoke appears to also impair immune
function in both children and adult nonsmokers,
which increases susceptibility to infection.

Evidence of Carcinogenic Effects from Secondhand Smoke
Exposure

1. More than 50 carcinogens have been identified in
sidestream and secondhand smoke.

2. The evidence is sufficient to infer a causal
relationship between exposure to secondhand
smoke and its condensates and tumors in
laboratory animals.

3. The evidence is sufficient to infer that exposure
of nonsmokers to secondhand smoke causes a
significant increase in urinary levels of meta-
bolites of the tobacco-specific lung carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK). The presence of these metabolites links
exposure to secondhand smoke with an increased
risk for lung cancer.

4. The mechanisms by which secondhand smoke
causes lung cancer are probably similar to
those observed in smokers. The overall risk of
secondhand smoke exposure, compared with
active smoking, is diminished by a substantially
lower carcinogenic dose.

Mechanisms of Respiratory Tract Injury and Disease
Caused by Secondhand Smoke Exposure

5. The evidence indicates multiple mechanisms by
which secondhand smoke exposure causes injury
to the respiratory tract.

6. The evidence indicates mechanisms by which

secondhand smoke exposure could increase the
risk for sudden infant death syndrome.
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Mechanisms of Secondhand Smoke Exposure and Heart 8. The evidence is sufficient to infer that exposure
Disease to secondhand smoke causes endothelial cell
dysfunctions.

7. The evidence is sufficient to infer that exposure to
secondhand smoke has a prothrombotic effect. 9. The evidence is sufficient to infer that exposure
to secondhand smoke causes atherosclerosis in
animal models.

Overall Implications

The biologic mechanisms reviewed in this chap- of evidence on the toxicology of secondhand smoke
ter underlie a wide range of acute and chronic adverse and on these biologic mechanisms indicates that any
health effects in infants, children, and adults examined exposure to secondhand smoke will increase risk for

in Chapters 5 through 9. This broadly reaching body adverse health outcomes.

66 Chapter 2



References

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Adams JD, O’'Mara-Adams K], Hoffmann D. Toxic
and carcinogenic agents in undiluted mainstream
smoke and sidestream smoke of different types of
cigarettes. Carcinogenesis 1987;8(5):729-31.

Adgent MA. Environmental tobacco smoke and sud-
den infant death syndrome: a review. Birth Defects
Research (Part B) 2006;77(1):69-85.

Albert RE, Vanderlaan M, Burns FJ, Nishizumi M.
Effect of carcinogens on chicken atherosclerosis.
Cancer Research 1977;37(7 Pt 1):2232-5.

Anderson KE, Carmella SG, Ye M, Bliss RL, Le C,
Murphy L, Hecht SS. Metabolites of a tobacco-
specific lung carcinogen in nonsmoking women
exposed to environmental tobacco smoke. Journal
of the National Cancer Institute 2001;93(5):378-81.

Anderson R, Theron AJ, Richards GA, Myer MS, van
Rensburg AJ. Passive smoking by humans sensi-
tizes circulating neutrophils. American Review of
Respiratory Diseases 1991;144(3 Pt 1):570—4.

Armstrong RN. Glutathione-S-transferases. In:
Guengerich FP, editor. Comprehensive Toxicol-
ogy: Biotransformation. Vol. 3. New York: Elsevier
Science, 1997:307-27.

Aronow WS. Effect of passive smoking on angina pec-
toris. New England Journal of Medicine 1978;299(1):
21-4.

Autrup H, Vestergaard AB, Okkels H. Transplacental
transfer of environmental genotoxins: polycyclic
aromatic hydrocarbon-albumin in non-smoking
women, and the effect of maternal GSTM1 geno-
type. Carcinogenesis 1995;16(6):1305-9.

Avery ME, Frantz ID 3rd. To breathe or not to
breathe—what have we learned about apneic spells
and sudden infant death [editorial]? New England
Journal of Medicine 1983;309(2):107-8.

Baird WM, Ralston SL. Carcinogenic polycyclic aro-
matic hydrocarbons. In: Bowden GT, Fischer SM,
editors. Comprehensive Toxicology: Chemical Carcino-
gens and Anticarcinogens. Vol. 12. New York: Else-
vier Science, 1997:171-200.

Barnes PJ, Belvisi MG. Nitric oxide and lung disease.
Thorax 1993;48(10):1034-43.

Barnoya ], Glantz SA. Cardiovascular effects of
secondhand smoke: nearly as large as smoking.
Circulation 2005;111(20):2684-98.

Barr MB, Weiss ST, Segal MR, Tager IB, Speizer FE. The
relationship of nasal disorders to lower respiratory

tract symptoms and illness in a random sample of
children. Pediatric Pulmonology 1992;14(2):91-4.

Bartsch H, Caporaso N, Coda M, Kadlubar F, Mala-
veille C, Skipper P, Talaska G, Tannenbaum SR,
Vineis P. Carcinogen hemoglobin adducts, urinary
mutagenicity, and metabolic phenotype in active
and passive cigarette smokers. Journal of the National
Cancer Institute 1990;82(23):1826-31.

Bartsch H, Spiegelhalder B. Environmental exposure
to N-nitroso compounds (NNOC) and precursors:
an overview. European Journal of Cancer Prevention
1996;5(Suppl 1):11-7.

Bascom R, Kagey-Sobotka A, Proud D. Effect of intra-
nasal capsaicin on symptoms and mediator release.
Journal of Pharmacology and Experimental Therapeu-
tics 1991;259(3):1323-7.

Bascom R, Kesavanathan J, Fitzgerald TK, Cheng
KH, Swift DL. Sidestream tobacco smoke exposure
acutely alters human nasal mucociliary clearance.
Environmental Health Perspectives 1995;103(11):
1026-30.

Bauer E, Guo Z, Ueng Y-F, Bell LC, Zeldin D, Guen-
gerich FP. Oxidation of benzo[a]pyrene by recom-
binant human cytochrome P450 enzymes. Chemical
Research in Toxicology 1995;8(1):136—42.

Bennett WP, Alavanja MCR, Blomeke B, Vihdkan-
gas KH, Castrén K, Welsh JA, Bowman ED, Khan
MA, Flieder DB, Harris CC. Environmental tobacco
smoke, genetic susceptibility, and risk of lung can-
cer in never-smoking women. Journal of the National
Cancer Institute 1999;91(23):2009-14.

Benninger MS. The impact of cigarette smoking and
environmental tobacco smoke on nasal and sinus
disease: a review of the literature. American Journal
of Rhinology 1999;13(6):435-8.

Benowitz NL. Nicotine and coronary heart disease.
Trends in Cardiovascular Medicine 1991;1(8):315-21.

Benowitz NL, Fitzgerald GA, Wilson M, Zhang Q.
Nicotine effects on eicosanoid formation and hemo-
static function: comparison of transdermal nicotine
and cigarette smoking. Journal of the American Col-
lege of Cardiology 1993;22(4):1159-67.

Bielicki JK, McCall MR, van den Berg JJM, Kuypers FA,
Forte TM. Copper and gas-phase cigarette smoke
inhibit plasma lecithin: cholesterol acyltransferase
activity by different mechanisms. Journal of Lipid
Research 1995;36(2):322-31.

Toxicology of Secondhand Smoke 67



Surgeon General’s Report

Binkova B, Lewtas J, Miskové I, Leni¢ek J, Sram R.
DNA adducts and personal air monitoring of car-
cinogenic polycyclic aromatic hydrocarbons in an
environmentally exposed population. Carcinogen-
esis 1995;16(5):1037-46.

Bonham AC, Chen CY, Mutoh T, Joad JP. Lung C-fiber
CNS reflex: role in the respiratory consequences of
extended environmental tobacco smoke exposure
in young guinea pigs. Environmental Health Perspec-
tives 2001;109(Suppl 4):573-8.

Branner B, Kutzer C, Zwickenpflug W, Scherer G,
Heller W-D, Richter E. Haemoglobin adducts from
aromatic amines and tobacco-specific nitrosamines
in pregnant smoking and non-smoking women.
Biomarkers 1998;3(1):35—-47.

Brunnemann KD, Cox JE, Hoffmann D. Analysis of
tobacco-specific N-nitrosamines in indoor air. Car-
cinogenesis 1992;13(12):2415-8.

Brunnemann KD, Hoffmann D. Assessment of the
carcinogenic N-nitrosodiethanolamine in tobacco
products and tobacco smoke. Carcinogenesis 1981;
2(11):1123-7.

Brunnemann KD, Masaryk J, Hoffmann D. Role of
tobacco stems in the formation of N-nitrosamines in
tobacco and cigarette mainstream and sidestream
smoke. Journal of Agricultural and Food Chemistry
1983;31(6):1221-4.

Brunnemann KD, Yu L, Hoffmann D. Assessment of
carcinogenic volatile N-nitrosamines in tobacco
and in mainstream and sidestream smoke from
cigarettes. Cancer Research 1977;37(9):3218-22.

Burchell B, McGurk K, Brierley CH, Clarke DJ. UDP-
glucuronosyltransferases. In: Guengerich FP, edi-
tor. Comprehensive Toxicology: Biotransformation.
Vol. 3. New York: Elsevier Science, 1997:401-36.

Burghuber OC, Punzengruber C, Sinzinger H, Haber
P, Silberbauer K. Platelet sensitivity to prostacy-
clin in smokers and non-smokers. Chest 1986;90(1):
34-8.

California Environmental Protection Agency. Pro-
posed ldentification of Environmental Tobacco Smoke as
a Toxic Air Contaminant. Part B: Health Effects. Sacra-
mento (CA): California Environmental Protection
Agency, Office of Environmental Health Hazard
Assessment, 2005.

Carmella SG, Kagan SS, Kagan M, Foiles PG, Palla-
dino G, Quart AM, Quart E, Hecht SS. Mass spec-
trometric analysis of tobacco-specific nitrosamine
hemoglobin adducts in snuff dippers, smokers, and
nonsmokers. Cancer Research 1990;50(17):5438—45.

Carrer P, Maroni M, Alcini D, Cavallo D, Fustinoni
S, Lovato L, Visigalli F. Assessment through envi-
ronmental and biological measurements of total

68 Chapter 2

daily exposure to volatile organic compounds of
office workers in Milan, Italy. Indoor Air 2000;10(4):
258-68.

Celermajer DS, Adams MR, Clarkson P, Robinson J,
McCredie R, Donald A, Deanfield JE. Passive smok-
ing and impaired endothelium-dependent arterial
dilation in healthy young adults. New England Jour-
nal of Medicine 1996;334(3):150—4.

Celermajer DS, Sorensen KE, Georgakopoulos D,
Bull C, Thomas O, Robinson J, Deanfield JE. Ciga-
rette smoking is associated with dose-related and
potentially reversible impairment of endothelium-
dependent dilation in healthy young adults. Circu-
lation 1993;88(5 Pt 1):2149-55.

Chang AB, Wilson SJ, Masters IB, Yuill M, Williams J,
Williams G, Hubbard M. Altered arousal response
in infants exposed to cigarette smoke. Archives of
Disease in Childhood 2003;88(1):30-3.

Chuang JC, Mack GA, Kuhlman MR, Wilson NK. Poly-
cyclic aromatic hydrocarbons and their derivatives
in indoor and outdoor air in an eight-home study.
Atmospheric Environment 1991;25B(3):369-80.

Church DF, Pryor WA. Free-radical chemistry of ciga-
rette smoke and its toxicological implications. Envi-
ronmental Health Perspectives 1985;64:111-26.

Coleridge HM, Coleridge JC. Pulmonary reflexes:
neural mechanisms of pulmonary defense. Annual
Review of Physiology 1994;56:69-91.

Coleridge JC, Coleridge HM, Schelegle ES, Green JF.
Acute inhalation of ozone stimulates bronchial C-
fibers and rapidly adapting receptors in dogs. Jour-
nal of Applied Physiology 1993;74(5):2345-52.

Collins MH, Moessinger AC, Kleinerman J, Bassi J,
Rosso P, Collins AM, James LS, Blanc WA. Fetal
lung hypoplasia associated with maternal smok-
ing: a morphometric analysis. Pediatric Research
1985;19(4):408-12.

Conney AH, Chang RL, Jerina DM, Wei S-JC. Stud-
ies on the metabolism of benzo[a]pyrene and dose-
dependent differences in the mutagenic profile of
its ultimate carcinogenic metabolite. Drug Metabo-
lism Reviews 1994;26(1-2):125-63.

Cook DG, Strachan DP. Health effects of passive smok-
ing. 10: summary of effects of parental smoking on
the respiratory health of children and implications
for research. Thorax 1999;54(4):357-66.

Cooper CS, Grover PL, Sims P. The metabolism
and activation of benzo[a]pyrene. In: Bridges JW,
Chasseaud LF, editors. Progress in Drug Metabo-
lism. Vol. 7. New York: John Wiley & Sons, 1983:
295-396.



Corti R, Fuster V, Badimon JJ. Pathogenetic concepts
of acute coronary syndromes. Journal of the Ameri-
can College of Cardiology 2003;41(4):75-148S.

Cosio MG, Hale KA, Niewoehner DE. Morphologic
and morphometric effects of prolonged cigarette
smoking on the small airways. American Review of
Respiratory Diseases 1980;122(2):265-71.

Coultas DB. Health effects of passive smoking. 8: pas-
sive smoking and risk of adult asthma and COPD:
an update. Thorax 1998;53(5):381-7.

Crawford FG, Mayer J, Santella RM, Cooper TB, Ott-
man R, Tsai W-Y, Simon-Cereijido G, Wang M,
Tang D, Perera FP. Biomarkers of environmen-
tal tobacco smoke in preschool children and their
mothers. Journal of the National Cancer Institute
1994;86(18):1398-402.

Culp SJ, Gaylor DW, Sheldon WG, Goldstein LS,
Beland FA. A comparison of the tumors induced
by coal tar and benzo[a]pyrene in a 2-year bioassay.
Carcinogenesis 1998;19(1):117-24.

Cunningham J, Dockery DW, Speizer FE. Maternal
smoking during pregnancy as a predictor of lung
function in children. American Journal of Epidemiol-
ogy 1994;139(12):1139-52.

Daube H, Scherer G, Riedel K, Ruppert T, Tricker AR,
Rosenbaum P, Adlkofer F. DNA adducts in human
placenta in relation to tobacco smoke exposure and
plasma antioxidant status. Journal of Cancer Research
and Clinical Oncology 1997;123(3):141-51.

Davis JW, Shelton L, Eigenberg DA, Hignite CE, Wata-
nabe IS. Effects of tobacco and non-tobacco cigarette
smoking on endothelium and platelets. Clinical
Pharmacology and Therapeutics 1985;37(5):529-33.

Davis JW, Shelton L, Watanabe IS, Arnold ]. Passive
smoking affects endothelium and platelets. Archives
of Internal Medicine 1989;149(2):386-9.

Dayal HH, Khuder S, Sharrar R, Trieff N. Passive
smoking in obstructive respiratory disease in an
industrialized urban population. Environmental
Research 1994;65(2):161-71.

De Flora S, D’Agostini F, Balansky R, Camoirano A,
Bennicelli C, Bagnasco M, Cartiglia C, Tampa E,
Grazia Longobardi M, Lubet RA, Izotti A. Modu-
lation of cigarette smoke-related end-points in
mutagenesis and carcinogenesis. Mutation Research
2003;523-524:237-52.

Dezateux C, Stocks J, Dundas I, Fletcher ME. Impaired
airway function and wheezing in infancy: the influ-
ence of maternal smoking and a genetic predisposi-
tion to asthma. American Journal of Respiratory and
Critical Care Medicine 1999;159(2):403-10.

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Duffel MW. Sulfotransferases. In: Guengerich FP, edi-
tor. Comprehensive Toxicology: Biotransformation. Vol.
3. New York: Elsevier Science, 1997:365-83.

Dye JA, Adler KB. Effects of cigarette smoke on
epithelial cells of the respiratory tract. Thorax
1994;49(8):825-34.

Edwards K, Braun KM, Evans G, Sureka AO, Fan
S. Mainstream and sidestream cigarette smoke
condensates suppress macrophage responsiveness
to interferon gamma. Human & Experimental Toxi-
cology 1999;18(4):233-40.

Elliot J, Vullermin P, Robinson P. Maternal cigarette
smoking is associated with increased inner airway
wall thickness in children who die from sudden
infant death syndrome. American Journal of Respira-
tory and Critical Care Medicine 1998;158(3):802—6.

Elwood PC, Renaud S, Sharp DS, Beswick AD, O’Brien
JR, Yarnell JWG. Ischemic heart disease and plate-
let aggregation: the Caerphilly Collaborative Heart
Disease Study. Circulation 1991;83(1):38-44.

Fainstein V, Musher DM. Bacterial adherence to pha-
ryngeal cells in smokers, nonsmokers, and chronic
bronchitics. Infection and Immunity 1979;26(1):
178-82.

Farchi S, Forastiere F, Pistelli R, Baldacci S, Simoni M,
Perucci CA, Viegi G, SEASD Group. Exposure to
environmental tobacco smoke is associated with
lower plasma f-carotene levels among nonsmok-
ing women married to a smoker. Cancer Epidemiol-
ogy, Biomarkers & Prevention 2001;10(8):907-9.

Feldman J, Shenker IR, Etzel RA, Spierto FW, Lilien-
feld DE, Nussbaum M, Jacobson MS. Passive smok-
ing alters lipid profiles in adolescents. Pediatrics
1991;88(2):259-64.

Ferrari R, Ceconi C, Curello S, Cargnoni A, Alfieri
O, Pardini A, Marzollo P, Visioli O. Oxygen free
radicals and myocardial damage: protective role of
thiol-containing agents. American Journal of Medi-
cine 1991;91(Suppl 3C):955-105S.

Ferri ES, Baratta E]. Polonium 210 in tobacco, cigarette
smoke, and selected human organs. Public Health
Reports 1966;81(2):121-7.

Flodin U, Jonsson P, Ziegler ], Axelson O. An epide-
miologic study of bronchial asthma and smoking.
Epidemiology 1995;6(5):503-5.

Fowles ], Dybing E. Application of toxicological risk
assessment principles to the chemical constitu-
ents of cigarette smoke. Tobacco Control 2003;12:
424-30.

Toxicology of Secondhand Smoke 69



Surgeon General’s Report

Friedberg T, Becker R, Oesch F, Glatt H. Studies on
the importance of microsomal epoxide hydrolase in
the detoxification of arene oxides using the heter-
ologous expression of the enzyme in mammalian
cells. Carcinogenesis 1994;15(2):171-5.

Froen JF, Akre H, Stray-Pedersen B, Saugstad OD.
Adverse effects of nicotine and interleukin-1f3 on
autoresuscitation after apnea in piglets: implica-
tions for sudden infant death syndrome. Pediatrics
2000;105(4):e52.

Gairola CG, Drawdy ML, Block AE, Daugherty A.
Sidestream cigarette smoke accelerates atherogene-
sis in apolipoprotein E-/- mice. Atherosclerosis 2001;
156(1):49-55.

Garner RC, Martin CN, Clayson DB. Carcinogenic aro-
matic amines and related compounds. In: Searle CE,
editor. Chemical Carcinogens, Second Edition, Revised
and Expanded. ACS Monograph 182. Vol. 1. Wash-
ington: American Chemical Society, 1984:175-276.

Geacintov NE, Cosman M, Hingerty BE, Amin S,
Broyde S, Patel DJ. NMR solution structures
of stereoisomeric covalent polycyclic aromatic
carcinogen-DNA adducts: principles, patterns,
and diversity. Chemical Research in Toxicology 1997;
10(2):111-4e6.

Gelboin HV. Benzo[a]pyrene metabolism, activation,
and carcinogenesis: role and regulation of mixed-
function oxides and related enzymes. Physiological
Reviews 1980;60(4):1107-66.

Geng Y, Savage SM, Johnson L], Seagrave ], Sopori
ML. Effects of nicotine on the immune response. I:
chronic exposure to nicotine impairs antigen recep-
tor-mediated signal transduction in lymphocytes.
Toxicology and Applied Pharmacology 1995;135(2):
268-78.

Georgiadis P, Topinka ], Stoikidou M, Kaila S, Gioka
M, Katsouyanni K, Sram R, Autrup H, Kyrtopoulos
SA. Biomarkers of genotoxicity of air pollution (the
AULIS project): bulky DNA adducts in subjects
with moderate to low exposures to airborne poly-
cyclic aromatic hydrocarbons and their relationship
to environmental tobacco smoke and other param-
eters. Carcinogenesis 2001;22(9):1447-57.

Glantz SA, Parmley WW. Even a little secondhand
smoke is dangerous [letter]. Journal of the American
Medical Association 2001;286(4):462-3.

Government of British Columbia Ministry of Health
Services. What is in cigarettes?; <http://www.
healthservices.gov.bc.ca/ ttdr/>; accessed:
February 3, 2006.

Grimmer G, Brune H, Dettbarn G, Naujack K-W,
Mohr U, Wenzel-Hartung R. Contribution of poly-

70 Chapter 2

cyclic aromatic compounds to the carcinogenicity
of sidestream smoke of cigarettes evaluated by
implantation into the lungs of rats. Cancer Letters
1988;43(3):173-7.

Grimmer G, Dettbarn G, Seidel A, Jacob J. Detec-
tion of carcinogenic aromatic amines in the urine
of non-smokers. Science of the Total Environment
2000;247(1):81-90.

Grimmer G, Naujack K-W, Dettbarn G. Gaschro-
matographic determination of polycyclic aromatic
hydrocarbons, aza-arenes, aromatic amines in
the particle and vapor phase of mainstream and
sidestream smoke of cigarettes. Toxicology Letters
1987;35(1):117-24.

Guengerich FP. Cytochrome P450 enzymes. In:
Guengerich FP, editor. Comprehensive Toxicol-
ogy: Biotransformation. Vol. 3. New York: Elsevier
Science, 1997:37-68.

Guerin MR, Jenkins RA, Tomkins BA. Mainstream and
sidestream cigarette smoke. In: Eisenberg M, edi-
tor. The Chemistry of Environmental Tobacco Smoke:
Composition and Measurement. Chelsea (MI): Lewis
Publishers, 1992:43-62.

Gvozdjak J, Gvozdjdkovd A, Kucharska J, Bada V.
The effect of smoking on myocardial metabolism.
Czechoslovak Medicine 1987;10(1):47-53.

Gvozdjakovd A, Bada V, Sany L, Kucharska J, Kruty
F, Bozek P, Trstansky L, Gvozdjak ]J. Smoke car-
diomyopathy: disturbance of oxidative process in
myocardial mitochondria. Cardiovascular Research
1984;18(4):229-32.

Gvozdjakovad A, Kucharskd J, Gvozdjdk J. Effect of
smoking on the oxidative processes of cardiomyo-
cytes. Cardiology 1992;81(2-3):81-4.

Gvozdjakovd A, Kucharskd J, Sany L, Bada V, Bozek,
Gvozdjdk J. (The effect of smoking on the cyto-
chrome and oxidase system of the myocardium)
[Slovak]. Bratislavske Lekarske Listy 1985;83(1):10-5.

Hagiwara E, Takahashi KI, Okubo T, Ohno S, Ueda
A, Aoki A, Odagiri S, Ishigatsubo Y. Cigarette
smoking depletes cells spontaneously secreting
Th(1) cytokines in the human airway. Cytokine
2001;14(2):121-6.

Haglund B, Cnattingius S. Cigarette smoking as a risk
factor for sudden infant death syndrome: a popula-
tion-based study. American Journal of Public Health
1990;80(1):29-32. [See also erratum in American
Journal of Public Health 1992;82(11):1489.]

Hammond SK, Coghlin J, Gann PH, Paul M, Taghiza-
deh K, Skipper PL, Tannenbaum SR. Relationship
between environmental tobacco smoke exposure



and carcinogen-hemoglobin adduct levels in non-
smokers. Journal of the National Cancer Institute
1993;85(6):474-8.

Hanahan D, Weinberg RA. The hallmarks of cancer.
Cell 2000;100(1):57-70.

Hanrahan JP, Tager IB, Segal MR, Tosteson TD, Cas-
tile RG, Van Vunakis H, Weiss ST, Speitzer FE. The
effect of maternal smoking during pregnancy on
early infant lung function. American Review of Respi-
ratory Diseases 1992;145(5):1129-35.

Harper RM. Sudden infant death syndrome: a failure
of compensatory cerebellar mechanisms? Pediatric
Research 2000;48(2):140-2.

Harrison DG. Cellular and molecular mechanisms of
endothelial dysfunction. Journal of Clinical Investiga-
tion 1997;100(9):2153-7.

Hausberg M, Mark AL, Winniford MD, Brown RE,
Somers VK. Sympathetic and vascular effects of
short-term passive smoke exposure in healthy non-
smokers. Circulation 1997;96(1):282-7.

Haussmann H-J, Gerstenberg B, Gocke W, Kuhl P,
Schepers G, Stabbert R, Stinn W, Teredesai A, Tewes
F, Anskeit E, Terpstra P. 12-Month inhalation study
on room-aged cigarette sidestream smoke in rats.
Inhalation Toxicology 1998;10(7):663-97.

Heavner DL, Morgan WT, Ogden MW. Determina-
tion of volatile organic compounds and respirable
suspended particulate matter in New Jersey and
Pennsylvania homes and workplaces. Environment
International 1996;22(2):159-83.

Hecht SS. Carcinogenesis due to tobacco: molecular
mechanisms. In: Bertino JR, editor. Encyclopedia of
Cancer. Vol. 1. San Diego (CA): Academic Press,
1996:220-32.

Hecht SS. Biochemistry, biology, and carcinogenic-
ity of tobacco-specific N-nitrosamines. Chemical
Research in Toxicology 1998;11(6):559—603.

Hecht SS. Tobacco smoke carcinogens and lung can-
cer. Journal of the National Cancer Institute 1999;
91(14):1194-210.

Hecht SS, Carmella SG, Murphy SE. Tobacco-specific
nitrosamine-hemoglobin adducts. Methods in Enzy-
mology 1994;231:657-67.

Hecht SS, Carmella SG, Murphy SE, Akerkar S,
Brunnemann KD, Hoffmann D. A tobacco-
specific lung carcinogen in the urine of men exposed
to cigarette smoke. New England Journal of Medicine
1993;329(21):1543-6.

Hecht SS, Hoffmann D. Tobacco-specific nitrosamines,
an important group of carcinogens in tobacco and
tobacco smoke. Carcinogenesis 1988;9(6):875-84.

Hecht SS, Ye M, Carmella SG, Fredrickson A, Adgate

The Health Consequences of Involuntary Exposure to Tobacco Smoke

JL, GreavesIA, Church TR. Metabolites of a tobacco-
specific lung carcinogen in the urine of elementary
school-aged children. Cancer Epidemiology, Biomark-
ers & Prevention 2001;10(11):1109-16.

Heitzer T, Yla-Herttuala S, Luoma J, Kurz S, Mun-
zel T, Just H, Olschewski M, Drexler H. Cigarette
smoking potentiates endothelial dysfunction of
forearm resistance vessels in patients with hyper-
cholesterolemia: role of oxidized LDL. Circulation
1996;93(7):1346-53.

Hemminki K, Dipple A, Shuker DEG, Kadlubar FF,
Segerbdck D, Bartsch H, editors. IARC Monographs
on the Evaluation of Carcinogenic Risks to Humans:
DNA Adducts: Identification and Biological Signifi-
cance. No. 125. Lyon (France): International Agency
for Research on Cancer, 1994.

Ho LP, Innes JA, Greening AP. Nitrite levels in breath
condensate of patients with cystic fibrosis is ele-
vated in contrast to exhaled nitric oxide. Thorax
1998;53(8):680—4.

Hoepfner I, Dettbarn G, Scherer G, Grimmer G,
Adlkofer F. Hydroxy-phenanthrenes in the urine
of non-smokers and smokers. Toxicology Letters
1987;35(1):67-71.

Hoffmann D, Adams JD, Brunnemann KD. A critical
look at N-nitrosamines in environmental tobacco
smoke. Toxicology Letters 1987;35(1):1-8.

Hoffmann D, Hecht SS. Advances in tobacco carcino-
genesis. In: Cooper CS, Grover PL, editors. Handbook
of Experimental Pharmacology. Vol. 94/1. Heidelberg
(Germany): Springer-Verlag, 1990:63-102.

Hoffmann D, Hoffmann I, El-Bayoumy K. The less
harmful cigarette: a controversial issue. A tribute
to Ernst L. Wynder. Chemical Research in Toxicology
2001;14(7):767-90.

Hogman M, Frostell CG, Hedenstrom H, Hedensti-
erna G. Inhalation of nitric oxide modulates adult
human bronchial tone. American Review of Respira-
tory Diseases 1993;148(6 Pt 1):1474-8.

Hoidal JR, Fox RB, LeMarbe PA, Perri R, Repine JE.
Altered oxidative metabolic responses in vitro
of alveolar macrophages from asymptomatic
cigarette smokers. American Review of Respiratory
Diseases 1981;123(1):85-9.

Holz O, Krause T, Scherer G, Schmidt-Preuss U, Riidi-
ger HW. 3 P-postlabelling analysis of DNA adducts
in monocytes of smokers and passive smokers.
International Archives of Occupational and Environ-
mental Health 1990;62(4):299-303.

Howard DJ, Briggs LA, Pritsos CA. Oxidative DNA
damage in mouse heart, liver, and lung tissue due to

Toxicology of Secondhand Smoke 71



Surgeon General’s Report

acute side-stream tobacco smoke exposure. Archives
of Biochemistry and Biophysics 1998a;352(2):293-7.

Howard DJ, Ota RB, Briggs LA, Hampton M, Pritsos
CA. Environmental tobacco smoke in the workplace
induces oxidative stress in employees, including
increased production of 8-hydroxy-2’-deoxyguano-
sine. Cancer Epidemiology, Biomarkers & Prevention
1998b;7(2):141-6.

Howard DJ, Ota RB, Briggs LA, Hampton M, Pritsos
CA. Oxidative stress induced by environmental
tobacco smoke in the workplace is mitigated by
antioxidant supplementation. Cancer Epidemiology,
Biomarkers & Prevention 1998¢;7(11):981-8.

Howard G, Thun MJ. Why is environmental tobacco
smoke more strongly associated with coronary
heart disease than expected: a review of potential
biases and experimental data. Environmental Health
Perspectives 1999;107(Suppl 6):853-8.

Hu FB, Persky V, Flay BR, Richardson J. An epide-
miological study of asthma prevalence and related
factors among young adults. Journal of Asthma
1997;34(1):67-76.

Husgafvel-Pursiainen K, Boffetta P, Kannio A,
Nyberg F, Pershagen G, Mukeria A, Constanti-
nescu V, Fortes C, Benhamou S. p53 Mutations
and exposure to environmental tobacco smoke in
a multicenter study on lung cancer. Cancer Research
2000;60(11):2906-11.

Hutchison SJ, Glantz SA, Zhu B-Q, Sun Y-P, Chou TM,
Chatterjee K, Deedwania PC, Parmley WW, Sudhir
K. In-utero and neonatal exposure to secondhand
smoke causes vascular dysfunction in newborn
rats. Journal of the American College of Cardiology
1998;32(5):1463-7.

Hutchison SJ, Ibarra M, Chou TM, Sievers RE, Chat-
terjee K, Glantz SA, Deedwania PC, Parmley WW.
L-arginine restores normal endothelium-mediated
relaxation in hypercholesterolemic rabbits exposed
to tobacco smoke [abstract]. Journal of the American
College of Cardiology 1996,27(2 Suppl):39A.

Hutchison SJ, Reitz MS, Sudhir K, Sievers RE, Zhu
B-Q, Sun Y-P, Chou TM, Deedwania PC, Chatterjee
K, Glantz SA, Parmley WW. Chronic dietary L-argi-
nine prevents endothelial dysfunction secondary to
environmental tobacco smoke in normocholesterol-
emic rabbits. Hypertension 1997a;29(5):1186-91.

Hutchison SJ, Sievers RE, Zhu B-Q, Sun Y-P, Sudhir
K, Deedwania PC, Parmley WW, Chatterjee K.
Physiological concentrations of testosterone impair
endothelium-dependent vasorelaxation in hyper-
cholesterolemic rabbits exposed to tobacco smoke
[abstract]. Circulation 1995;92(8 Suppl 1):1-68.

72 Chapter 2

Hutchison SJ, Sudhir K, Chou TM, Sievers RE, Zhu
B-Q, Sun Y-P, Deedwania PC, Glantz SA, Parmley
WW, Chatterjee K. Testosterone worsens endothe-
lial dysfunction associated with hypercholesterol-
emia and environmental tobacco smoke exposure
in male rabbit aorta. Journal of the American College
of Cardiology 1997b;29(4):800-7.

Hutchison SJ, Sudhir K, Sievers RE, Zhu B-Q, Sun Y-P,
Chou TM, Chatterjee K, Deedwania PC, Cooke JP,
Glantz SA, Parmley WW. Effects of L-arginine on
atherogenesis and endothelial dysfunction due to
secondhand smoke. Hypertension 1999;34(1):44-50.

Ingebrethsen BJ. Aerosol studies of cigarette smoke.
In: Norman V, chairman. Recent advances in tobacco
science: advances in the analytical methodology of
leaf and smoke. Vol. 12. Symposium of the 40th
Tobacco Chemists” Research Conference; October
13-16, 1986; Knoxville (TN): The Conference, 1986:
54-142.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of Carcinogenic Risk
of the Chemicals to Man: Certain Polycyclic Aromatic
Hydrocarbons and Heterocyclic Compounds. Vol. 3.
Lyon (France): International Agency for Research
on Cancer, 1973.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of Carcinogenic Risk
of Chemicals to Man: Some Aromatic Amines, Hydra-
zine and Related Substances, N-Nitroso Compounds
and Miscellaneous Alkylating Agents. Vol. 4. Lyon
(France): International Agency for Research on
Cancer, 1974.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans: Some Industrial Chemicals
and Dyestuffs. Vol. 29. Lyon (France): International
Agency for Research on Cancer, 1982.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans: Polynuclear Aromatic Com-
pounds, Part 1, Chemical, Environmental and Experi-
mental Data. Vol. 32. Lyon (France): International
Agency for Research on Cancer, 1983.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans: Polynuclear Aromatic Com-
pounds, Part 3, Industrial Exposures in Aluminum Pro-
duction, Coal Gasification, Coke Production, and Iron
and Steel Founding. Vol. 34. Lyon (France): Interna-
tional Agency for Research on Cancer, 1984.



International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans: Tobacco Smoking. Vol. 38.
Lyon (France): International Agency for Research
on Cancer, 1986.

International Agency for Research on Cancer. JARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans: Chromium, Nickel and Welding. Vol. 49.
Lyon (France): International Agency for Research
on Cancer, 1990.

International Agency for Research on Cancer. JARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans: Occupational Exposures to Mists and
Vapours from Strong Inorganic Acids; and Other Indus-
trial Chemicals. Vol. 54. Lyon (France): International
Agency for Research on Cancer, 1992.

International Agency for Research on Cancer. JARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans: Beryllium, Cadmium, Mercury, and Expo-
sures in the Glass Manufacturing Industry. Vol. 58.
Lyon (France): International Agency for Research
on Cancer, 1994.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans: Re-evaluation of Some Organic Chemi-
cals, Hydrazine and Hydrogen Peroxide. Vol. 71. Lyon
(France): International Agency for Research on
Cancer, 1999.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans: Tobacco Smoke and Involuntary Smoking.
Vol. 83. Lyon (France): International Agency for
Research on Cancer, 2004.

Iscan A, Uyanik BS, Vurgun N, Ece A, Yigitoglu
MR. Effects of passive exposure to tobacco,
socioeconomic status and a family history of essen-
tial hypertension on lipid profiles in children. Japa-
nese Heart Journal 1996;37(6):917-23.

Jaakkola MS. Environmental tobacco smoke and
health in the elderly. European Respiratory Journal
2002;19(1):172-81.

Janson C, Chinn S, Jarvis D, Zock JP, Toren K, Bur-
ney P, European Community Respiratory Health
Survey. Effect of passive smoking on respiratory
symptoms, bronchial responsiveness, lung func-
tion, and total serum IgE in the European Commu-
nity Respiratory Health Survey: a cross-sectional
study. Lancet 2001;358(9299):2103-9. [See also erra-
tum in Lancet 2002;359(9303):360.]

Jeffery PK. Remodeling in asthma and chronic obstruc-
tive lung disease. American Journal of Respiratory and
Critical Care Medicine 2001;164(10 Pt 2):528-S38.

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Jenkins RA, Guerin MR, Tomkins BA. Mainstream
and sidestream cigarette smoke. In: Chemistry of
Environmental Tobacco Smoke: Composition and Mea-
surement. 2nd ed. Boca Raton (FL): CRC Press LLC,
2000:49-75.

Jernstrom B, Funk M, Frank H, Mannervik B, Seidel
A. Glutathione S-transferase Al-1-catalysed con-
jugation of bay and fjord region diol epoxides of
polycyclic hydrocarbons with glutathione. Carcino-
genesis 1996;17(7):1491-8.

Joad JP, Bric JM, Pinkerton KE. Sidestream smoke
effects on lung morphology and C-fibers in young
guinea pigs. Toxicology and Applied Pharmacology
1995;131(2):289-96.

Jorge PA, Ozaki MR, Almeida EA. Endothelial dys-
function in coronary vessels and thoracic aorta of
rats exposed to cigarette smoke. Clinical and Experi-
mental Pharmacology & Physiology 1995;22(6-7):
410-3.

Kalyoncu AF, Selcuk ZT, Enunlu T, Demir AU, Coplu
L, Sahin AA, Artvinli M. Prevalence of asthma
and allergic diseases in primary school children
in Ankara, Turkey: two cross-sectional studies,
five years apart. Pediatric Allergy and Immunology
1999;10(4):261-5.

Kato M, Roberts-Thomson P, Phillips BG, Narkie-
wicz K, Haynes WG, Pesek CA, Somers VK. The
effects of short-term passive smoke exposure on
endothelium-dependent and independent vaso-
dilation. Journal of Hypertension 1999;17(10):
1395-1401.

Kerns WD, Pavkov KL, Donofrio DJ, Gralla EJ, Swen-
berg JA. Carcinogenicity of formaldehyde in rats
and mice after long-term inhalation exposure. Can-
cer Research 1983;43(9):4382-92.

Kerstjens HAM, Rijcken B, Schouten JP, Postma DS.
Decline of FEV, by age and smoking status: facts,
figures, and fallacies. Thorax 1997;52(9):820-7.

Ketterer B, Harris JM, Talaska G, Meyer DJ, Pemble
SE, Taylor JB, Lang NP, Kadlubar FF. The human
glutathione S-transferase supergene family, its
polymorphism, and its effects on susceptibility
to lung cancer. Environmental Health Perspectives
1992;98:87-94.

Khalfen ESH, Klochkov VA. Vlianie “passivnogo
kureniia” kureniia na tolerantnost’k fizicheskof
nagruzke u bol'nykh ischemicheskoi bolezn'iu
serdtsa (Effect of passive smoking on physical tol-
erance of ischemic heart disease patients) [Russian].
Terapevticheskii Arkhiv 1987;59(5):112-5.

Toxicology of Secondhand Smoke 73



Surgeon General’s Report

Kharitonov SA, Robbins RA, Yates D, Keatings
V, Barnes PJ. Acute and chronic effects of ciga-
rette smoking on exhaled nitric oxide. American
Journal of Respiratory and Critical Care Medicine
1995;152(2):609-12.

Kilian M, Husby S, Host A, Halken S. Increased pro-
portions of bacteria capable of cleaving IgA1 in the
pharynx of infants with atopic disease. Pediatric
Research 1995;38(2):182—6.

Kim JH, Stansbury KH, Walker NJ, Trush MA, Strick-
land PT, Sutter TR. Metabolism of benzo[a]pyrene
and benzol[a]pyrene-7,8-diol by human cytochrome
P450 1B1. Carcinogenesis 1998;19(10):1847-53.

Kim YM, Harrad S, Harrison RM. Concentrations
and sources of VOCs in urban domestic and public
microenvironments. Environmental Science & Tech-
nology 2001;35(6):997-1004.

Kjellman NI. Effect of parental smoking on IgE levels
in children [letter]. Lancet 1981;1(8227):993—4.

Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ, Multicenter
Post-Infarction Research Group. Decreased heart
rate variability and its association with increased
mortality after acute myocardial infarction. Ameri-
can Journal of Cardiology 1987;59(4):256-62.

Klonoff-Cohen HS, Edelstein SL, Lefkowitz ES,
Srinivasan IP, Kaegi D, Chang JC, Wiley KJ. The
effect of passive smoking and tobacco exposure
through breast milk on sudden infant death syn-
drome. Journal of the American Medical Association
1995;273(10):795-8.

Klus H, Begutter H, Scherer G, Tricker AR, Adlkofer
E. Tobacco-specific and volatile N-nitrosamines
in environmental tobacco smoke of offices. Indoor
Environment 1992;1:348-50.

Kopplin A, Eberle-Adamkiewicz G, Gliisenkamp
K-H, Nehls P, Kirstein U. Urinary excretion of
3-methyladenine and 3-ethyladenine after con-
trolled exposure to tobacco smoke. Carcinogenesis
1995;16(11):2637-41.

Larsson ML, Frisk M, Hallstrom J, Kiviloog ], Lund-
back B. Environmental tobacco smoke exposure
during childhood is associated with increased prev-
alence of asthma in adults. Chest 2001;120(3):711-7.

Latha MS, Vijayammal PL, Kurup PA. Changes in
the glycosaminoglycans and glycoproteins in the
tissues in rats exposed to cigarette smoke. Athero-
sclerosis 1991;86(1):49-54.

Lee BP, Morton RF, Lee LY. Acute effects of acrolein
on breathing: role of vagal bronchopulmonary
afferents. Journal of Applied Physiology 1992;72(3):
1050-6.

74 Chapter 2

Lee LY, Kwong K, Lin YS, Gu Q. Hypersensitivity
of bronchopulmonary C-fibers induced by air-
way mucosal inflammation: cellular mechanisms.
Pulmonary Pharmacology & Therapeutics 2002;15(3):
199-204.

Leonard S, Bertrand D. Neuronal nicotinic recep-
tors: from structure to function. Nicotine & Tobacco
Research 2001;3(3):203-23.

Leone A, Bertanelli F, Mori L, Fabiato P, Bertoncini
G. Ventricular arrhythmias by passive smoke in
patients with pre-existing myocardial infarction
[abstract]. American Journal of Cardiology 1992;19
(3 Suppl A):256A.

Leone A, Mori L, Bertanelli F, Fabiano P, Filippelli
M. Indoor passive smoking: its effect on cardiac
performance. International Journal of Cardiology
1991;33(2):247-51.

Liu Y-Y, Schmeltz I, Hoffmann D. Chemical studies on
tobacco smoke: quantitative analyses of hydrazine
in tobacco and cigarette smoke. Analytical Chemis-
try 1974;46(7):885-9.

Loechler EL, Green CL, Essigmann JM. In vivo muta-
genesis by O°methylguanine built into a unique
site in a viral genome. Proceedings of the National
Academy of Sciences of the United States of America
1984;81(20):6271-5.

Luck W, Nau H. Exposure of the fetus, neonate, and
nursed infant to nicotine and cotinine from mater-
nal smoking [letter]. New England Journal of Medi-
cine 1984;311(10):672.

Luck W, Nau H, Hansen R, Steldinger R. Extent of
nicotine and cotinine transfer to the human fetus,
placenta and amniotic fluid of smoking moth-
ers. Developmental Pharmacology and Therapeutics
1985;8(6):384-95.

Ludwig PW, Hoidal JR. Alterations in leukocyte oxi-
dative metabolism in cigarette smokers. American
Review of Respiratory Diseases 1982;126(6):977-80.

Machaalani R, Waters KA, Tinworth KD. Effects of
postnatal nicotine exposure on apoptotic mark-
ers in the developing piglet brain. Neuroscience
2005;132(2):325-33.

Maclure M, Katz RB-A, Bryant MS, Skipper PL, Tan-
nenbaum SR. Elevated blood levels of carcinogens
in passive smokers. American Journal of Public Health
1989;79(10):1381-4.

MacNee W. Oxidative stress and lung inflammation
in airways disease. European Journal of Pharmacology
2001;429(1-3):195-207.

Magnusson CG. Maternal smoking influences cord
serum IgE and IgD levels and increases the risk
for subsequent infant allergy. Journal of Allergy and
Clinical Immunology 1986;78(5 Pt 1):898-904.



Mahanama KRR, Daisey JM. Volatile N-nitrosamines
in environmental tobacco smoke: sampling, analy-
sis, emission factors, and indoor air exposures. Envi-
ronmental Science & Technology 1996;30(5):1477-84.

Majesky MW, Yang H-Y, Benditt EP, Juchau MR.
Carcinogenesis and atherogenesis: differences in
monooxygenase inducibility and bioactivation of
benzo[a]pyrene in aortic and hepatic tissues of ath-
erosclerosis-susceptible versus resistant pigeons.
Carcinogenesis 1983;4(6):647-52.

Makin J, Fried PA, Watkinson B. A comparison of
active and passive smoking during pregnancy:
long-term effects. Neurotoxicology and Teratology
1991;13(1):5-12.

Malats N, Camus-Radon A-M, Nyberg F, Ahrens
W, Constantinescu V, Mukeria A, Benhamou S,
Batura-Gabryel H, Bruske-Hohlfeld I, Simonato L,
Menezes A, Lea S, Lang M, Boffetta P. Lung cancer
risk in nonsmokers and GSTM1 and GSTT1 genetic
polymorphism. Cancer Epidemiology, Biomarkers &
Prevention 2000;9(8):827-33.

Marini A, Agosti M, Motta G, Mosca F. Effects of a
dietary and environmental prevention programme
on the incidence of allergic symptoms in high atopic
risk infants: three years’ follow-up. Acta Paediatrica
Supplement 1996;414:1-21.

Martin P, Heavner DL, Nelson PR, Maiolo KC, Risner
CH, Simmons PS, Morgan WT, Ogden MW. Envi-
ronmental tobacco smoke (ETS): a market cigarette
study. Environment International 1997;23(1):75-90.

Martinez FD, Antognoni G, Macri F, Bonci E, Midulla
F, De Castro G, Ronchetti R. Parental smoking
enhances bronchial responsiveness in nine-year-
old children. American Review of Respiratory Diseases
1988a;138(3):518-23.

Martinez FD, Morgan W], Wright AL, Holberg
CJ, Taussig LM. Diminished lung function as a
predisposing factor for wheezing respiratory
illness in infants. New England Journal of Medicine
1988b;319(17):1112-7.

McCusker K, Hoidal ]. Selective increase of
antioxidant enzyme activity in the alveolar
macrophages from cigarette smokers and smoke-
exposed hamsters. American Review of Respiratory
Disease 1990;141(3):678-82.

McMartin KI, Platt MS, Hackman R, Klein J, Smialek
JE, Vigorito R, Koren G. Lung tissue concentrations
of nicotine in sudden infant death syndrome (SIDS).
Journal of Pediatrics 2002;140(2):205-9.

McMurray RG, Hicks LL, Thompson DL. The effects
of passive inhalation of cigarette smoke on exercise
performance. European Journal of Applied Physiology
and Occupational Physiology 1985;54(2):196-200.

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Meger M, Meger-Kossien I, Riedel K, Scherer G.
Biomonitoring of environmental tobacco smoke
(ETS)-related exposure to 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK). Biomarkers 2000;5(1):
33-45.

Milerad J, Vege A, Opdal SH, Rognum TO. Objec-
tive measurements of nicotine exposure in vic-
tims of sudden infant death syndrome and in
other unexpected child deaths. Journal of Pediatrics
1998;133(2):232-6.

Miller JA. Research in chemical carcinogenesis with
Elizabeth Miller—a trail of discovery with our asso-
ciates. Drug Metabolism Reviews 1994;26(1&2):1-36.

Milner AD, Marsh MJ, Ingram DM, Fox GF, Susiva C.
Effects of smoking in pregnancy on neonatal lung
function. Archives of Disease in Childhood Fetal and
Neonatal Edition 1999;80(1):F8-F14.

Mio T, Romberger DJ, Thompson AB, Robbins RA,
Heires A, Rennard SI. Cigarette smoke induces
interleukin-8 release from human bronchial epithe-
lial cells. American Journal of Respiratory and Critical
Care Medicine 1997;155(5):1770-6.

Misawa K, Matsuki H, Kasuga H, Yokoyama H,
Hinohara S. (An epidemiological study on the
relationships among HDL-cholesterol, smoking
and obesity) [Japanese]. Nippon Eiseigaku Zasshi
1989;44(3):725-32.

Miyaura S, Eguchi H, Johnson JM. Effect of a cigarette
smoke extract on the metabolism of the proinflam-
matory autacoid, platelet-activating factor. Circula-
tion Research 1992;70(2):341-7.

Mohtashamipur E, Mohtashamipur A, Germann P-
G, Ernst H, Norpoth K, Mohr U. Comparative
carcinogenicity of cigarette mainstream and side-
stream smoke condensates on the mouse skin.
Journal of Cancer Research and Clinical Oncology
1990;116(6):604-8.

Moskowitz WB, Mosteller M, Hewitt JK, Eaves L],
Nance WE, Schieken RM. Univariate genetic analy-
sis of oxygen transport regulation in children: the
Medical College of Virginia Twin Study. Pediatric
Research 1993;33(6):645-8.

Moskowitz WB, Mosteller M, Schieken RM, Bossano
R, Hewitt JK, Bodurtha JN, Segrest JP. Lipoprotein
and oxygen transport alterations in passive smok-
ing preadolescent children: the MCV Twin Study.
Circulation 1990;81(2):586-92.

Moyes CD, Waldon J, Ramadas D, Crane J, Pearce N.
Respiratory symptoms and environmental factors
in schoolchildren in the Bay of Plenty. New Zealand
Medical Journal 1995;108(1007):358-61.

Toxicology of Secondhand Smoke 75



Surgeon General’s Report

National Research Council. Environmental Tobacco
Smoke: Measuring Exposures and Assessing Health
Effects. Washington: National Academy Press,
1986.

Neff RA, Humphrey ], Mihalevich M, Mendelowitz
D. Nicotine enhances presynaptic and postsynaptic
glutamatergic neurotransmission to activate car-
diac parasympathetic neurons. Circulation Research
1998;83(12):1241-7.

Neufeld EJ], Mietus-Snyder M, Beiser AS, Baker AL,
Newburger ]. Passive cigarette smoking and
reduced HDL cholesterol levels in children with
high-risk lipid profiles. Circulation 1997;96(5):
1403-7.

Nielsen PS, Okkels H, Sigsgaard T, Kyrtopoulos S,
Autrup H. Exposure to urban and rural air pollu-
tion: DNA and protein adducts and effect of glu-
tathione-S-transferase genotype on adduct levels.
International Archives of Occupational and Environ-
mental Health 1996;68(3):170-6.

Niewoehner DE, Kleinerman J, Rice DB. Pathologic
changes in the peripheral airways of young ciga-
rette smokers. New England Journal of Medicine
1974;291(15):755-8.

Onal A, Uysal A, Ulker S, Delen Y, Yurtseven ME,
Eving A. Alterations of brain tissue in fetal rats
exposed to nicotine in utero: possible involvement
of nitric oxide and catecholamines. Neurotoxicology
and Teratology 2004;26(1):103-12.

Oryszczyn MP, Annesi-Maesano I, Charpin D, Paty
E, Maccario J, Kauffmann F. Relationships of active
and passive smoking to total IgE in adults of the
Epidemiological Study of the Genetics and Environ-
ment of Asthma, Bronchial Hyperresponsiveness,
and Atopy (EGEA). American Journal of Respiratory
and Critical Care Medicine 2000;161(4 Pt 1):1241-6.

Oskarsson HJ, Heistad DD. Oxidative stress produced
by angiotensin too: implications for hypertension
and vascular injury. Circulation 1997;95(3):557-9.

Otsuka R, Watanabe H, Hirata K, Tokai K, Muro T,
Yoshiyama M, Takeuchi K, Yoshikawa J. Acute
effects of passive smoking on the coronary circula-
tion in healthy young adults. Journal of the American
Medical Association 2001;286(4):436—41.

Ott W, Langan L, Switzer P. A time series model for
cigarette smoking activity patterns: model vali-
dation for carbon monoxide and respirable par-
ticles in a chamber and an automobile. Journal of
Exposure Analysis and Environmental Epidemiology
1992;2(Suppl 2):175-200.

Pan X-M, Staprans I, Hardman DA, Rapp JH.
Exposure to cigarette smoke delays the plasma
clearance of chylomicrons and chylomicron

76 Chapter 2

remnants in rats. American Journal of Physiology 1997;
273(1 Pt 1):G158-G163.

Parsons WD, Carmella SG, Akerkar S, Bonilla LE,
Hecht SS. A metabolite of the tobacco-specific lung
carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone in the urine of hospital workers exposed
to environmental tobacco smoke. Cancer Epidemiol-
o0gy, Biomarkers & Prevention 1998;7(3):257-60.

Patrianakos C, Hoffmann D. Chemical studies on
tobacco smoke LXIV: on the analysis of aromatic
amines in cigarette smoke. Journal of Analytical
Toxicology 1979;3:150-4.

Patten CJ, Smith TJ, Murphy SE, Wang M-H, Lee ],
Tynes RE, Koch P, Yang CS. Kinetic analysis of the
activation of 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone by heterologously expressed human
P450 enzymes and the effect of P450-specific chem-
ical inhibitors on this activation in human liver
microsomes. Archives of Biochemistry and Biophysics
1996;333(1):127-8.

Pegg AE, Dolan ME, Moschel RC. Structure, function,
and inhibition of O%-alkylguanine-DNA alkyltrans-
ferase. Progress in Nucleic Acid Research and Molecu-
lar Biology 1995;51:167-223.

Pelkonen O, Nebert DW. Metabolism of polycyclic
hydrocarbons: etiologic role in carcinogenesis.
Pharmacological Reviews 1982;34(2):189-222.

Penn A, Batastini G, Soloman J, Burns F, Albert R.
Dose-dependent size increases of aortic lesions fol-
lowing chronic exposure to 7,12-dimethybenz(a)
anthracene. Cancer Research 1981;41(2):588-92.

Penn A, Chen LC, Snyder CA. Inhalation of steady-
state sidestream smoke from one cigarette promotes
atherosclerotic plaque development. Circulation
1994;90(3):1363-7.

Penn A, Currie J, Snyder C. Inhalation of carbon mon-
oxide does not accelerate arteriosclerosis in cocker-
els. European Journal of Pharmacology 1992;228(2-3):
155-64.

Penn A, Keller K, Snyder C, Nadas A, Chen LC. The
tar fraction of cigarette smoke does not promote
arteriosclerotic plaque development. Environmental
Health Perspectives 1996,104(10):1108-13.

Penn A, Snyder CA. Inhalation of sidestream cigarette
smoke accelerates development of arteriosclerotic
plaques. Circulation 1993;88(4 Pt):1820-5.

Penn A, Snyder CA. Butadiene inhalation accelerates
arteriosclerotic plaque development in cockerels.
Toxicology 1996a;113(1-3):3514.

Penn A, Snyder CA. 1,3 butadiene, a vapor phase
component of environmental tobacco smoke,
accelerates arteriosclerotic plaque development.
Circulation 1996b;93(3):552-7.



Penning TM, Burczynski ME, Hung C-F, McCoull
KD, Palackal NT, Tsuruda LS. Dihydrodiol dehy-
drogenases and polycyclic aromatic hydrocar-
bon activation: generation of reactive and redox
active o-quinones. Chemical Research in Toxicology
1999;12(1):1-18.

Persson MG, Zetterstrom O, Agrenius V, Thre E, Gus-
tafsson LE. Single-breath nitric oxide measure-
ments in asthmatic patients and smokers. Lancet
1994;343(8890):146-7.

Pittilo RM, Mackie IJ, Rowles PM, Machine SJ, Woolf
N. Effects of cigarette smoking on the ultrastruc-
ture of rat thoracic aorta and its ability to produce
prostacyclin. Thrombosis and Haemostasis 1982;48(2):
173-6.

Pope CA 1III, Eatough DJ, Gold DR, Pang Y, Nielsen
KR, Nath P, Verrier RL, Kanner RE. Acute expo-
sure to environmental tobacco smoke and heart
rate variability. Environmental Health Perspectives
2001;109(7):711-6.

Porro E, Calamita P, Rana I, Montini L, Criscione S.
Atopy and environmental factors in upper respira-
tory infections: an epidemiological survey on 2304
school children. International Journal of Pediatric
Otorhinolaryngology 1992;24(2):111-20.

Prentice RC, Carroll R, Scanlon PJ, Thomas JX Jr.
Recent exposure to cigarette smoke increases myo-
cardial infarct size [abstract]. Journal of the American
College of Cardiology 1989;13(1):124A.

Pferovsky I, Hladovec ]J. Suppression of the desqua-
mating effect of smoking on the human endo-
thelium by hydroxyethylrutosides. Blood Vessels
1979;16:239-40.

Preussmann R, Stewart BW. N-Nitroso carcinogens.
In: Searle CE, editor. Chemical Carcinogens, Second
Edition. ACS Monograph 182. Vol. 2. Washington:
American Chemical Society, 1984:643-828.

Pryor WA. Biological effects of cigarette smoke, wood
smoke, and the smoke from plastics: the use of elec-
tron spin resonance. Free Radical Biology & Medicine
1992;13(6):659-76.

Pryor WA, Prier DG, Church DF. Electron-spin reso-
nance study of mainstream and sidestream ciga-
rette smoke: nature of the free radicals in gas-phase
smoke and in cigarette tar. Environmental Health
Perspectives 1983;47:345-55.

Pryor WA, Stone K, Zang L-Y, Bermtddez E. Fraction-
ation of aqueous cigarette tar extracts: fractions that
contain the tar radical cause DNA damage. Chemi-
cal Research in Toxicology 1998;11(5):441-8.

Przyklenk K. Nicotine exacerbates postischemic con-
tractile dysfunction of stunned myocardium in the

The Health Consequences of Involuntary Exposure to Tobacco Smoke

canine model: possible role of free radicals. Circula-
tion 1994;89(3):1272-81.

Raitakari OT, Adams MR, McCredies R], Celerma-
jer DS. Arterial endothelial dysfunction related
to passive smoking is potentially reversible in
healthy young adults. Annals of Internal Medicine
1999;130(7):578-81.

Revis NW, Bull R, Laurie D, Schiller CA. The effec-
tiveness of chemical carcinogens to induce athero-
sclerosis in the white carneau pigeon. Toxicology
1984;32:215-27.

Ricciardolo FL, Di Maria GU, Mistretta A, Sapienza
MA, Geppetti P. Impairment of bronchoprotection
by nitric oxide in severe asthma. Lancet 1997;350
(9087):1297-8.

Ricciardolo FL, Geppetti P, Mistretta A, Nadel JA, Sapi-
enza MA, Bellofiore S, Di Maria GU. Randomised
double-blind placebo-controlled study of the effect
of inhibition of nitric oxide synthesis in bradykinin-
induced asthma. Lancet 1996;348(9024):374-7.

Richter E, Rosler S, Scherer G, Gostomzyk JG, Grubl A,
Kramer U, Behrendt H. Haemoglobin adducts from
aromatic amines in children in relation to area of
residence and exposure to environmental tobacco
smoke. International Archives of Occupational and
Environmental Health 2001;74(6):421-8.

Roberts DL. Natural tobacco flavor. Recent Advances
in Tobacco Science: Chemical and Sensory Aspects of
Tobacco Flavor 1988;14:49-81.

Roberts KA, Rezai AA, Pinkerton KE, Rutledge
JC. Effect of environmental tobacco smoke on
LDL accumulation in the artery wall. Circulation
1996;94(9):2248-53.

Ross R. The pathology of atherosclerosis—an update.
New England Journal of Medicine 1986;314(8):
488-500.

Ross R. The pathogenesis of atherosclerosis: a perspec-
tive for the 1990s. Nature 1993;362(6423):801-9.

Ross R. Atherosclerosis—an inflammatory disease.
New England Journal of Medicine 1999;340(2):115-26.

Ruppert T, Scherer G, Tricker AR, Adlkofer F.
trans,trans-Muconic acid as a biomarker of non-
occupational environmental exposure to benzene.
International Archives of Occupational and Environ-
mental Health 1997;69(4):247-51.

Saetta M. Airway inflammation in chronic obstructive
pulmonary disease. American Journal of Respiratory
and Critical Care Medicine 1999;160(5 Pt 2):517-S20.

Sakuma H, Kusama M, Munakata S, Ohsumi T, Suga-
wara S. The distribution of cigarette smoke compo-
nents between mainstream and sidestream smoke.
I: acidic components. Beitrige Zur Tabakforschung
International 1983;12(2):63-71.

Toxicology of Secondhand Smoke 77



Surgeon General’s Report

Samet JM. Adverse effects of smoke exposure on the
upper airway. Tobacco Control 2004;13(Suppl 1):
i57-i60.

Samet JM, Lange P. Longitudinal studies of active and
passive smoking. American Journal of Respiratory and
Critical Care Medicine 1996;154(6 Pt 2):5257-5265.

Sancar A. DNA excision repair. Annual Review of Bio-
chemistry 1996,65:43-81.

Sapigni T, Biavati P, Simoni M, Viegi G, Baldacci S,
Carrozzi L, Modena P, Pedreschi M, Vellutini M,
Paoletti P. The Po River Delta Respiratory Epide-
miological Survey: an analysis of factors related to
level of total serum IgE. European Respiratory Jour-
nal 1998;11(2):278-83.

Saria A, Martling CR, Yan Z, Theodorsson-Norheim
E, Gamse R, Lundberg JM. Release of multiple
tachykinins from capsaicin-sensitive sensory nerves
in the lung by bradykinin, histamine, dimethylphe-
nyl piperazinium, and vagal nerve stimulation.
American Review of Respiratory Diseases 1988;137(6):
1330-5.

Scherer G, Conze C, Tricker AR, Adlkofer F. Uptake
of tobacco smoke constituents on exposure to
environmental tobacco smoke (ETS). Clinical
Investigator 1992;70(3—4):352-67.

Scherer G, Doolittle DJ, Ruppert T, Meger-Kossien 1,
Riedel K, Tricker AR, Adlkofer F. Urinary muta-
genicity and thioethers in nonsmokers: role of envi-
ronmental tobacco smoke (ETS) and diet. Mutation
Research 1996;368(3—4):195-204.

Scherer G, Frank S, Riedel K, Meger-Kossien I, Renner
T. Biomonitoring of exposure to polycyclic aro-
matic hydrocarbons of nonoccupationally exposed
persons. Cancer Epidemiology, Biomarkers & Preven-
tion 2000;9(4):373-80.

Scherer G, Meger-Kossien I, Riedel K, Renner T,
Meger M. Assessment of the exposure of children
to environmental tobacco smoke (ETS) by differ-
ent methods. Human & Experimental Toxicology
1999;18(4):297-301.

Scherer G, Renner T, Meger M. Analysis and evalu-
ation of trans,trans-muconic acid as a biomarker
for benzene exposure. Journal of Chromatography B:
Biomedical Sciences and Applications 1998;717(1-2):
179-99.

Scherer G, Richter E. Biomonitoring exposure to
environmental tobacco smoke (ETS): a critical
reappraisal. Human & Experimental Toxicology 1997;
16(8):449-59.

Scherer G, Ruppert T, Daube H, Kossien I, Riedel K,
Tricker AR, Adlkofer F. Contribution of tobacco
smoke to environmental benzene exposure in

78 Chapter 2

Germany. Environment International 1995;21(6):
779-89.

Schilling J, Holzer P, Guggenbach M, Gyurech D,
Marathia K, Geroulanos S. Reduced endogenous
nitric oxide in the exhaled air of smokers and hyper-
tensives. European Respiratory Journal 1994;7(3):
467-71.

Schuller HM, Plummer HK 3rd, Jull BA. Receptor-
mediated effects of nicotine and its nitrosated
derivative NNK on pulmonary neuroendocrine
cells. Anatomical Record 2003;270A(1):51-8.

Schwarzacher SP, Hutchison S, Chou TM, Sun Y-
P, Zhu B-Q, Chatterjee K, Glantz SA, Deedwania
PC, Parmley WW, Sudhir K. Antioxidant diet pre-
serves endothelium-dependent vasodilatation in
resistance arteries of hypercholesterolemic rabbits
exposed to environmental tobacco smoke. Journal of
Cardiovascular Pharmacology 1998;31(5):649-53.

Sekhon HS, Jia Y, Raab R, Kuryatov A, Pankow JF,
Whisett JA, Lindstrom J, Spindel ER. Prenatal
nicotine increases pulmonary o7 nicotinic recep-
tor expression and alters fetal lung development
in monkeys. Journal of Clinical Investigation 1999;
103(5):637-47.

Sekhon HS, Keller JA, Proskocil BJ, Martin EL, Spindel
ER. Maternal nicotine exposure upregulates colla-
gen gene expression in fetal monkey lung: asso-
ciation with a7 nicotinic acetylcholine receptors.
American Journal of Respiratory Cell and Molecular
Biology 2002;26(1):31-41.

Sekido Y, Fong KM, Minna JD. Progress in under-
standing the molecular pathogenesis of human lung
cancer. Biochimica et Biophysica Acta 1998;1378(1):
F21-F59.

Shimada T, Hayes CL, Yamazaki H, Amin S, Hecht SS,
Guengerich FP, Sutter TR. Activation of chemically
diverse procarcinogens by human cytochrome
P-450 1B1. Cancer Research 1996;56(13):2979-84.

Shimkin MB, Stoner GD. Lung tumors in mice: appli-
cation to carcinogenesis bioassay. Advances in Can-
cer Research 1975;21:1-58.

Shou M, Korzekwa KR, Crespi CL, Gonzalez FJ, Gel-
boin HV. The role of 12 cDNA-expressed human,
rodent, and rabbit cytochromes P450 in the metab-
olism of benzo[a]pyrene and benzo[a]pyrene
trans-7,8-dihydrodiol. Molecular Carcinogenesis 1994;
10(1):159-68.

Shukla R, Liu T, Geacintov NE, Loechler EL. The
major, N2-dG adduct of (+)-anti-B[a]PDE shows a
dramatically different mutagenic specificity (pre-
dominantly, G —A) in a 5-CGT-3" sequence con-
text. Biochemistry 1997;36(33):10256-61.



Singer B, Hang B. What structural features determine
repair enzyme specificity and mechanism in chemi-
cally modified DNA? Chemical Research in Toxicol-
ogy 1997;10(7):713-32.

Singh N, Mironov D, Armstrong PW, Ross AM, Langer
A, GUSTO ECG Substudy Investigators. Heart rate
variability assessment early after acute myocardial
infarction: pathophysiological and prognostic cor-
relates. Circulation 1996;93(7):1388-95.

Sinzinger H, Kefalides A. Passive smoking severely
decreases platelet sensitivity to antiaggregatory
prostaglandines [letter]. Lancet 1982;2(8294):392-3.

Sinzinger H, Virgolini I. Besitzen passiv raucher ein
erhohtes thromboserisiko? [Are passive smokers
at greater risk of thrombosis?] [German; English
abstract] Wien Klin Wochenschr 1989;101(20):694-8.

Siwinska E, Mielzyfiska D, Bubak A, Smolik E. The
effect of coal stoves and environmental tobacco
smoke on the level of urinary 1-hydroxypyrene.
Mutation Research 1999;445(2):147-53.

Slotkin TA. Cholinergic systems in brain development
and disruption by neurotoxicants: nicotine, envi-
ronmental tobacco smoke, organophosphates. Toxi-
cology and Applied Pharmacology 2004;198(2):132-51.

Slotkin TA, Pinkerton KE, Auman JT, Qiao D, Seidler
FJ. Perinatal exposure to environmental tobacco
smoke upregulates nicotinic cholinergic receptors
in monkey brain. Brain Research Developmental Brain
Research 2002;133(2):175-9.

Slotkin TA, Pinkerton KE, Garofolo MC, Auman
JT, McCook EC, Seidler FJ. Perinatal exposure to
environmental tobacco smoke induces adenylyl
cyclase and alters receptor-mediated cell signaling
in brain and heart of neonatal rats. Brain Research
2001;898(1):73-81.

Slotkin TA, Pinkerton KE, Seidler FJ. Perinatal environ-
mental tobacco smoke exposure in rthesus monkeys:
critical periods and regional selectivity for effects
on brain cell development and lipid peroxidation.
Environmental Health Perspectives 2006;114(1):34-9.

Slotkin TA, Saleh JL, McCook EC, Seidler FJ. Impaired
cardiac function during postnatal hypoxia in rats
exposed to nicotine prenatally: implications for
perinatal morbidity and mortality, and for sud-
den infant death syndrome. Teratology 1997;55(3):
177-84.

Smith CJ, Bombick DW, Ryan BA, Morgan WT, Doolit-
tle DJ. Urinary mutagenicity in nonsmokers follow-
ing exposure to fresh diluted sidestream cigarette
smoke. Mutation Research 2000a;470(1):53-70.

Smith CJ, Fischer TH, Heavner DL, Rumple MA,
Bowman DL, Brown BG, Morton M], Doolittle
DJ. Urinary thromboxane, prostacyclin, cortisol,

The Health Consequences of Involuntary Exposure to Tobacco Smoke

and 8-hydroxy-2’-deoxyguanosine in nonsmokers
exposed and not exposed to environmental tobacco
smoke. Toxicological Sciences 2001;59(2):316-23.

Smith CJ, Fisher TH, Sears S. Environmental tobacco
smoke, cardiovascular disease, and the nonlinear-
dose-response hypothesis. Toxicological Sciences
2000b;54(2):462-72.

Smith TJ, Guo Z, Gonzalez FJ, Guengerich FP, Stoner
GD, Yang CS. Metabolism of 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanone in human lung and
liver microsomes and cytochromes P-450 expressed
in hepatoma cells. Cancer Research 1992;52(7):
1757-63.

Smith TJ, Stoner GD, Yang CS. Activation of 4-(meth-
ylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in
human lung microsomes by cytochromes P450,
lipoxygenase, and hydroperoxides. Cancer Research
1995;55(23):5566-73.

Spitzer AR. Current controversies in the pathophysi-
ology and prevention of sudden infant death
syndrome. Current Opinion in Pediatrics 2005;
17(2):181-5.

Staretz ME, Murphy SE, Patten CJ, Nunes MG,
Koehl W, Amin S, Koenig LA, Guengerich
FP, Hecht SS. Comparative metabolism of the
tobacco-related  carcinogens  benzo[a]pyrene,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone,
4-(methylnitrosamino)-1-(3-pyridyl)-1-buta-
nol, and N’-nitrosonornicotine in human hepatic
microsomes. Drug Metabolism and Disposition 1997;
25(2):154-62.

Stefanadis C, Vlachopoulos C, Tsiamis E, Diaman-
topoulos L, Toutouzas K, Giatrakos N, Vaina S,
Tsekoura D, Toutouzas P. Unfavorable effects of
passive smoking on aortic function in men. Annals
of Internal Medicine 1998;128(6):426-34.

Steinberg D, Parthasarathy S, Carew TE, Khoo JC,
Witztum JL. Beyond cholesterol: modifications of
low-density lipoprotein that increase its atheroge-
nicity. New England Journal of Medicine 1989;320(14):
915-24.

Strachan DP, Cook DG. Health effects of passive
smoking. 1: parental smoking and lower respira-
tory illness in infancy and early childhood. Thorax
1997;52(10):905-14.

Strachan DP, Cook DG. Health effects of passive
smoking. 6: parental smoking and childhood
asthma: longitudinal and case-control studies. Tho-
rax 1998;53(3):204-12.

Sumida H, Watanabe H, Kugiyama K, Ohgushi M,
Matsumura T, Yasue H. Does passive smoking
impair endothelium-dependent coronary artery

Toxicology of Secondhand Smoke 79



Surgeon General’s Report

dilation in women? Journal of the American College of
Cardiology 1998;31(4):811-5.

Sun Y-P, Zhu B-Q, Browne AE, Sievers RE, Bekker
JM, Chatterjee K, Parmley WW, Glantz SA. Nico-
tine does not influence arterial lipid deposits in
rabbits exposed to second-hand smoke. Circulation
2001;104(7):810-4.

Sun Y-P, Zhu B-Q, Sievers RE, Glantz SA, Parmley
WW. Metoprolol does not attenuate atherosclero-
sis in lipid-fed rabbits exposed to environmental
tobacco smoke. Circulation 1994;89(5):2260-5.

Sundberg K, Widersten M, Seidel A, Mannervik
B, Jernstrom B. Glutathione conjugation of bay-
and fjord-region diol epoxides of polycyclic aro-
matic hydrocarbons by glutathione transferase
M1-1 and P1-1. Chemical Research in Toxicology
1997;10(11):1221-7.

Tager IB, Ngo L, Hanrahan JP. Maternal smoking dur-
ing pregnancy: effects on lung function during the
first 18 months of life. American Journal of Respira-
tory and Critical Care Medicine 1995;152(3):977-83.

Tamai O, Matsuoka H, Itabe H, Wada Y, Kohno
K, Imaizumi T. Single LDL apheresis improves
endothelium-dependent vasodilatation in hyper-
cholesterolemic humans. Circulation 1997;95(1):
76-82.

Tang D, Warburton D, Tannenbaum SR, Skipper P,
Santella RM, Cereijido GS, Crawford FG, Perera FP.
Molecular and genetic damage from environmental
tobacco smoke in young children. Cancer Epidemiol-
ogy, Biomarkers & Prevention 1999;8(5):427-31.

Taylor DA, McGrath JL, Orr LM, Barnes PJ, O’Connor
BJ. Effect of endogenous nitric oxide inhibi-
tion on airway responsiveness to histamine and
adenosine-5"-monophosphate in asthma. Thorax
1998;53(6):483-9.

Taylor JA, Sanderson M. A reexamination of the risk
factors for the sudden infant death syndrome. Jour-
nal of Pediatrics 1995;126(6):887-91.

Tiano HF, Hosokawa M, Chulada PC, Smith PB, Wang
R-L, Gonzalez FJ, Crespi CL, Langenbach R. Retro-
viral mediated expression of human cytochrome
P450 2A6 in C3H/10T1/2 cells confers transform-
ability by 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK). Carcinogenesis 1993;14(7):1421-7.

Torok J, Gvozdjakovd A, Kucharskd J, Balazovjech
I, Kyseld S, Simko F, Gvozdjék ]. Passive smok-
ing impairs endothelium-dependent relaxation
of isolated rabbit arteries. Physiological Research
2000;49(1):135-41.

Treasure CB, Klein JL, Weintraub WS, Talley JD, Still-
abower ME, Kosinski AS, Zhang ], Boccuzzi SJ,
Cedarholm JC, Alexander RW. Beneficial effects of

80 Chapter 2

cholesterol-lowering therapy on the coronary endo-
thelium in patients with coronary artery disease.
New England Journal of Medicine 1995;332(8):481-7.

Upton MN, Watt GC, Davey Smith G, McConnachie
A, Hart CL. Permanent effects of maternal smok-
ing on offsprings’ lung function [letter]. Lancet
1998;352(9126):453.

U.S. Department of Health and Human Services.
The Health Consequences of Smoking: Cardiovascular
Disease. A Report of the Surgeon General. Rockville
(MD): U.S. Department of Health and Human Ser-
vices, Public Health Service, Office on Smoking
and Health, 1983. DHHS Publication No. (PHS)
84-50204.

U.S. Department of Health and Human Services.
The Health Consequences of Involuntary Smoking. A
Report of the Surgeon General. Rockville (MD): U.S.
Department of Health and Human Services, Public
Health Service, Centers for Disease Control, Cen-
ter for Health Promotion and Education, Office on
Smoking and Health, 1986. DHHS Publication No.
(CDC) 87-8398.

U.S. Department of Health and Human Services.
The Health Benefits of Smoking Cessation. A Report
of the Surgeon General. Atlanta: U.S. Department of
Health and Human Services, Public Health Service,
Centers for Disease Control, National Center for
Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health, 1990. DHHS Publi-
cation No. (CDC) 90-8416.

U.S. Department of Health and Human Services. Pre-
venting Tobacco Use Among Young People. A Report
of the Surgeon General. Atlanta: U.S. Department of
Health and Human Services, Public Health Ser-
vice, Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention
and Health Promotion, Office on Smoking and
Health, 1994.

U.S. Department of Health and Human Services.
Tobacco Use Among U.S. Racial/Ethnic Minority
Groups— African Americans, American Indians and
Alaska Natives, Asian Americans and Pacific Island-
ers, and Hispanics. A Report of the Surgeon General.
Atlanta: U.S. Department of Health and Human
Services, Centers for Disease Control and Preven-
tion, National Center for Chronic Disease Preven-
tion and Health Promotion, Office on Smoking and
Health, 1998.

U.S. Department of Health and Human Services.
9th Report on Carcinogens. Research Triangle Park
(NC): US. Department of Health and Human
Services, Public Health Service, National Institutes
of Health, National Institute of Environmental



Health Sciences, National Toxicology Program,
2000.

U.S. Department of Health and Human Services.
Women and Smoking. A Report of the Surgeon General.
Rockville (MD): U.S. Department of Health and
Human Services, Public Health Service, Office of
the Surgeon General, 2001.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking: A Report of the Sur-
geon General. Atlanta: U.S. Department of Health
and Human Services, Centers for Disease Control
and Prevention, National Center for Chronic Dis-
ease Prevention and Health Promotion, Office on
Smoking and Health, 2004.

U.S. Department of Health, Education, and Welfare.
Smoking and Health: Report of the Advisory Commit-
tee to the Surgeon General of the Public Health Service.
Washington: U.S. Department of Health, Educa-
tion, and Welfare, Public Health Service, Center for
Disease Control, 1964. PHS Publication No. 1103.

U.S. Environmental Protection Agency. Air Quality
Criteria for Carbon Monoxide. Research Triangle Park
(NC): U.S. Environmental Protection Agency, 1991.
Publication No. EPA 800/8-90/045F.

Vihidkangas KH, Bennett WP, Castrén K, Welsh JA,
Khan MA, Blémeke B, Alavanja MCR, Harris CC.
p53 and K-ras mutations in lung cancers from
former and never-smoking women. Cancer Research
2001;61(11):4350-6.

Valkonen M, Kuusi T. Passive smoking induces ath-
erogenic changes in low-density lipoprotein. Circu-
lation 1998;97(20):2012-6.

van Jaarsveld H, Kuyl JM, Alberts DW. Antioxidant
vitamin supplementation of smoke-exposed rats
partially protects against myocardial ischaemic/
reperfusion injury. Free Radical Research Communi-
cations 1992a;17(4):263-9.

van Jaarsveld H, Kuyl JM, Alberts DW. Exposure of
rats to low concentration of cigarette smoke
increases myocardial sensitivity to ischaemia/
reperfusion. Basic Research in Cardiology 1992b;87(1):
393-9.

Van Rooij JGM, Veeger MMS, Bodelier-Bade MM,
Scheepers PTJ, Jongeneelen FJ. Smoking and
dietary intake of polycyclic aromatic hydrocarbons
as sources of interindividual variability in the base-
line excretion of 1-hydroxypyrene in urine. Inter-
national Archives of Occupational and Environmental
Health 1994;66(1):55-65.

van Zeeland AA, de Groot AJL, Hall J, Donato F.
8-Hydroxydeoxyguanosine in DNA from leuko-
cytes of healthy adults: relationship with cigarette
smoking, environmental tobaccosmoke, alcoholand

The Health Consequences of Involuntary Exposure to Tobacco Smoke

coffee consumption. Mutation Research 1999;439(2):
249-57.

Vu-Duc T, Huynh C-K. Sidestream tobacco smoke
constituents in indoor air modelled in an experi-
mental chamber—polycyclic aromatic hydrocar-
bons. Environment International 1989;15:57—64.

Wabhlgren DR, Hovell MF, Meltzer EO, Meltzer SB.
Involuntary smoking and asthma. Current Opinion
in Pulmonary Medicine 2000;6(1):31-6.

Wallace L, Pellizzari E, Hartwell TD, Perritt R, Ziegen-
fus R. Exposures to benzene and other volatile com-
pounds from active and passive smoking. Archives
of Environmental Health 1987;42(5):272-9.

Wanner A, Salathe M, O’Riordan TG. Mucocili-
ary clearance in the airways. American Journal
of Respiratory and Critical Care Medicine 1996;154
(6 Pt 1):1868-902.

Weaver VM, Davoli CT, Heller PJ], Fitzwilliam A,
Peters HL, Sunyer J, Murphy SE, Goldstein GW,
Groopman JD. Benzene exposure, assessed by uri-
nary frans,trans-muconic acid, in urban children
with elevated blood lead levels. Environmental
Health Perspectives 1996;104(3):318-23.

White JR, Froeb HF. Serum Lipoproteins in non-
smokers chronically exposed to tobacco smoke in
the workplace [abstract]. 8th World Conference on
Tobacco or Health (March 30-April 3, 1992). Buenos
Aires (Argentina), 1991:118.

Willes SR, Fitzgerald TK, Permutt T, Proud D, Haley
NJ, Bascom R. Acute respiratory response to pro-
longed, moderate levels of sidestream tobacco
smoke. Journal of Toxicology and Environmental
Health Part A 1998;53(3):193-209.

Witschi H. Tobacco smoke as a mouse lung carcino-
gen. Experimental Lung Research 1998,;24(4):385-94.

Witschi H. Successful and not so successful chemo-
prevention of tobacco smoke-induced lung tumors.
Experimental Lung Research 2000;26(8):743-55.

Witschi H, Espiritu I, Maronpot RR, Pinkerton KE,
Jones AD. The carcinogenic potential of the gas
phase of environmental tobacco smoke. Carcinogen-
esis 1997a;18(11):2035-42.

Witschi H, Espiritu I, Peake JL, Wu K, Maronpot RR,
Pinkerton KE. The carcinogenicity of environmental
tobacco smoke. Carcinogenesis 1997b;18(3):575-86.

Witschi H, Espiritu I, Uyeminami D. Chemopreven-
tion of tobacco smoke-induced lung tumors in A/J
strain mice with dietary myo-inositol and dexa-
methasone. Carcinogenesis 1999;20(7):1375-8.

Witschi H, Espiritu I, Yu M, Willits NH. The effects
of phenethyl isothiocyanate, N-acetylcysteine and
green tea on tobacco smoke-induced lung tumors

Toxicology of Secondhand Smoke 81



Surgeon General’s Report

in strain A/] mice. Carcinogenesis 1998;19(10):
1789-94.

Witschi H, Joad JP, Pinkerton KE. The toxicology of
environmental tobacco smoke. Annual Review of
Pharmacology and Toxicology 1997¢;37:29-52.

Witschi H, Pinkerton KE, Coggins CRE, Penn A, Gori
GB. Environmental tobacco smoke: experimental
facts and societal issues. Fundamental and Applied
Toxicology 1995;24(1):3-12.

Witschi H, Uyeminami D, Moran D, Espiritu I
Chemoprevention of tobacco-smoke lung carcino-
genesis in mice after cessation of smoke exposure.
Carcinogenesis 2000;21(5):977-82.

Wijst M, Heinrich J, Liu P, Dold S, Wassmer G, Merkel
G, Huelsse C, Wichmann HE. Indoor factors and
IgE levels in children. Allergy 1994;49(9):766-71.

Woo KS, Robinson JTC, Chook P, Adams MR, Yip
G, Mai Z], Lam CWK, Sorenson KE, Deanfield
JE, Celermajer DS. Differences in the effect of
cigarette smoking on endothelial function in Chi-
nese and white adults. Annals of Internal Medicine
1997;127(5):372-5.

Wu JM. Increased experimental atherosclerosis in
cholesterol-fed rabbits exposed to passive smoke:
taking issue with study design and methods of
analysis [letter]. Journal of the American College of
Cardiology 1993;22(6):1751-3.

Wu D, Landsberger S, Larson WM. Evaluation of
elemental cadmium as a marker for environmental
tobacco smoke. Environmental Science & Technology
1995;29(9):2311-6.

Xie Y, Garban H, Ng C, Rajfer J, Gonzalez-Cadavid
NF. Effect of long-term passive smoking on erectile
function and penile nitric oxide synthase in the rat.
Journal of Urology 1997;157(3):1121-6.

Yamazaki H, Inui Y, Yun C-H, Guengerich FP, Shi-
mada T. Cytochrome P450 2E1 and 2A6 enzymes
as major catalysts for metabolic activation of
N-nitrosodialkylamines and tobacco-related nitro-
samines in human liver microsomes. Carcinogenesis
1992;13(10):1789-94.

Yates DH, Breen H, Thomas PS. Passive smoke inhala-
tion decreases exhaled nitric oxide in normal sub-
jects. American Journal of Respiratory and Critical Care
Medicine 2001;164(6):1043-6. [See also comments in
American Journal of Respiratory and Critical Care Med-
icine 2002;165(8):1188.]

Yates DH, Havill K, Thompson MM, Rittano AB,
Chu J, Glanville AR. Sidestream smoke inhalation
decreases respiratory clearance of 99mTc-DTPA
acutely. Australian and New Zealand Journal of Medi-
cine 1996,26(4):513-8.

82 Chapter 2

Young S, Arnott ], O’Keeffe PT, Le Souef PN, Landau
LI The association between early life lung function
and wheezing during the first 2 yrs of life. European
Respiratory Journal 2000;15(1):151-7.

Young S, Le Souef PN, Geelhoed GC, Stick SM, Turner
KJ, Landau LI The influence of a family history of
asthma and parental smoking on airway respon-
siveness in early infancy. New England Journal of
Medicine 1991;324(17):1168-73. [See also erratum in
New England Journal of Medicine 1991;325(10):747.]

Yu M, Pinkerton KE, Witschi H. Short-term exposure
to aged and diluted sidestream cigarette smoke
enhances ozone-induced lung injury in B6C3F1
mice. Toxicological Sciences 2002;65(1):99-106. [See
also comments in Toxicological Sciences 2002;65(1):
1-3.]

Yu R, Weisel CP. Measurement of the urinary benzene
metabolite trans,trans-muconic acid from benzene
exposure in humans. Journal of Toxicology and Envi-
ronmental Health 1996;48(5):453-77.

Yun CH, Shimada T, Guengerich FP. Roles of human
liver cytochrome P4502C and 3A enzymes in the 3-
hydroxylation of benzola]pyrene. Cancer Research
1992;52(7):1868-74.

Zetterstrom O, Osterman K, Machado L, Johansson
SG. Another smoking hazard: raised serum IgE
concentration and increased risk of occupational
allergy. British Medical Journal (Clinical Research Edi-
tion) 1981;283(6301):1215-7.

Zhu B, Sun Y, Sievers RE, Shuman JL, Glantz SA,
Chatterjee K, Parmley WW, Wolfe CL. L-arginine
decreases infarct size in rats exposed to environ-
mental tobacco smoke. American Heart Journal
1996;132(1 Pt 1):91-100.

Zhu BQ, Parmley WW. Hemodynamic and vascular
effects of active and passive smoking. American
Heart Journal 1995;130(6):1270-5.

Zhu B-Q, Sun Y-P, Sievers RE, Glantz SA, Parmley
WW, Wolfe CL. Exposure to environmental tobacco
smoke increases myocardial infarct size in rats. Cir-
culation 1994;89(3):1282-90.

Zhu B-Q, Sun Y-P, Sievers RE, Isenberg WM, Glantz
SA, Parmley WW. Increased experimental athero-
sclerosis in cholesterol-fed rabbits exposed to pas-
sive smoke: taking issue with study design and
methods of analysis [reply to letter]. Journal of the
American College of Cardiology 1993a;22(6):1752-3.

Zhu BQ, Sun YP, Sievers RE, Isenberg WM, Glantz
SA, Parlmey WW. Passive smoking increases
experimental atherosclerosis in cholesterol-fed
rabbits. Journal of the American College of Cardiology
1993b;21(1):225-32.



