Chapter 8.1 Environmental tobacco smoke

General description

Environmenta tobacco smoke (ETS) is generated by the combustion of tobacco products. It is
composed of sdestream smoke (SS), emitted from the smouldering tobacco between puffs, and
exhded maingream smoke (MS) from the smoker. When a cigarette is smoked, roughly haf of the
smoke generated is SS and the other haf MS.

ETS, SS and MS are complex mixtures of over 4000 compounds. These include more than 40
known or suspected human carcinogens, such as 4-aminobiphenyl, 2-naphthylamine, benzene,
nickel, and a variety of polycyclic aromatic hydrocarbons (PAHSs) and N-nitrosamines. A number of
irritants, such as ammonia, nitrogen oxides, sulfur dioxide and various ddehydes, and cardiovascular
toxicants, such as carbon monoxide, nicotine and some PAHS, are also present.

While ETS, SS and MS are qudlitatively smilar with respect to chemica composition, the absolute
and relative quantities of the condituents can differ subgtantiadly (1,2). A maor quantitative
difference is that ETS is a diluted mixture of SS and exhded MS. In addition, because SS is
produced at lower temperatures and under more reducing conditions than MS, many carcinogens
and other toxicants are generated in grester amounts in SS than in MS. For example, N-
nitrosodimethylamine, a potent animal carcinogen, is emitted in quantities 20100 times greeter in SS
than in MS (3), and SSMS ratios of about 7-30 for the known human carcinogens 4-
aminobiphenyl and 2naphthylamine have been measured (4). These quantitetive differences are
consgtent with anima and genotoxicity studies, suggesting thet SS is more potent than MS per unit
of tobacco smoked (5,6).

There are dso differences between MS and ETS in the physica date of various congtituents. For
example, nicotine is present primarily in the particulate phase in MS and in the vapour phasein ETS,
Also, as ETS “ages’ over time, condtituents of the particle phase shift to the vapour phase (2,7).
Furthermore, particle szesare smdler in ETS (0.01-1.0 pm) thanin MS (0.1-1.0 um).

The differences between ETS and MS in redive quantities of toxic agents, physicd dates of
condtituents and particle sizes, coupled with differences in breathing patterns between passive and
active smokers, imply that te regiona didribution and depostion of smoke congtituents in the
respiratory tracts of passve and active smokers will aso differ. Therefore, while the toxic potentia
of ETS can be quditatively inferred from the effects of active smoking based on chemicd amilarities,
the quantitative potency of ETS to dicit hedth effects cannot be directly extrapolated from the
potency of MS (1,8).

Concerns about the hedth effects of ETS generdly focus on the unsolicited exposures of

nonsmokers. Although active smokers are likely to be the most heavily exposed to ETS, and a
portion of their smoking-attributable excess hedth risks may actudly result from heavy ETS
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exposures, the added risk to smokers from passve smoking is expected to be rdatively inggnificant
compared to thelr voluntary risk from active smoking.

Sour ces and occurrencein indoor air

The sole source of ETS is the combustion of tobacco products. ETS is nearly ubiquitous in most
societies. Exposure occurs in indoor ar wherever there is smoking of tobacco products — in homes,
workplaces, vehicles and public places. The degree of exposure depends on the number of smokers
and the amount of tobacco smoked, as well as size and ventilation characteridtics of the indoor
gpace and the duration of exposure.

Since ETS is a complex mixture of thousands of compounds, in particulate and vapour phases, it
cannot be directly measured as a whole. Ingtead, various environmental and biologica marker
compounds are used to determine and quantify exposure. Questionnaires and population surveys are
aso used to dicit surrogate exposure data, for example smoking by household members or co-
workers. Time—activity surveys can be used to determine the amount of time spent in different
exposure environments.

While various ETS-related compounds can be measured above background levels in indoor
environments (eg. PAHs and carbon monoxide), most are not practicd markers of ETS ether
because they have many sources in addition to tobacco smoke and/or because they are difficult or
expensve to measure. The most widely used marker compounds for assessing the presence and
concentration of ETS in indoor air are vapour-phase nicotine and respirable suspended particle
(RSP) mass.

Nicotine has the advantages of being specific b tobacco smoke and of being present in large
quantities in ETS. A potentid drawback is thet it has a high affinity for interior surfaces and, under
certain circumstances, measurements could lead to an underestimate of the levels of other ETS
condituents. Similarly, nicotine can be later re-emitted from surfaces, after other ETS condtituents
have been removed. None the less, many studies have demondrated that nicotine is a reliable
marker of ETS levels (Fig. 1) and that it correlates well with other exposure indices, such as RSPs
and reported number of smokers (9).

RSPs are ds0 present in large quantities in ETS, and levels in indoor air are a useful marker for the
particulate phase of ETS. However, RSPs in indoor air are not unique to ETS, and background
levels from other sources must be accounted for when usng RSPs as a marker for ETS.

In the United States, nicotine concentrations in homes where smoking occurs typicaly range from
less than 1 pg/n™ to over 10 pg/nt (1). Concentrations in offices where smoking occurs typicaly
range from near zero to over 30 pg/nt. Leves in restaurants, and especialy bars, tend to be even
higher, and concentrations in confined spaces like automobiles can be higher gill. Measurements of
ETS-associated RSPs in homes where smoking occurs range from afew pg/nt to over 500 pg/nt’,
levelsin offices are generdly less than 100 pg/nT, and those in restaurants can exceed 1 mg/n™. ETS
levels are directly related to smoker dengty; in countries with a higher smoking prevdence, average
ETSleves could be higher than those given here.
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Biologicad markers of ETS exposure provide evidence of uptake of appreciable quantities of ETS
condtituents by nonsmokers. The most widdly used biomarker of ETS exposure is cotinine, the
magor metabolite of nicotine. Cotinine is specific to tobacco, can be measured in sdiva, blood, or
urine, and has an dimination haf-life of about aday, or longer in children (1).

Many population studies have demondrated the association of cotinine levels in saiva, serum and
urine with reported exposure to ETS, including a number of European sudies (10-12). A10-
country study conducted by the International Agency for Research on Cancer (IARC) collected
data for nonsmoking women from 13 cities, including 5in Europe (13,14). For dl 13 centres
combined, regresson analyses generated mean urinary cotinine/creatine levels of 6.2 ng/mg for ETS
exposure from husband's smoking, 2.4 from workplace exposure, 9.0 ng/mg from husband and
workplace, and 3.1 ng/mg from public places and other sources. A study of sdivary cotinine levels
in over 4000 children aged 5—7 years in England and Wales reported geometric mean levels of 0.29
ng/ml in children with no reported exposure, 4.05 ng/ml in households where both parents smoked,
and 9.03 ng/ml if both parents smoked over 20 cigarettes per day (15).

Surveys and other studies can provide data on the prevalence of ETS exposure in various
environments. In the United States, where an estimated 28% of men and 23% of women were
current smokers in 1990 (16), two nationa surveysin 1988 reveded that roughly 40% of employed
adults worked in locations where smoking was dlowed (17), and about 42% of children aged 5
years and under lived in households with current smokers (18). Countries with higher smoking
prevaences and fewer smoking redtrictions are likely to have a greater proportion of the population
exposed and higher levels of ETS exposure. In the early 1990s, reported smoking prevaences in
Europe ranged from about 26% (Sweden) to 77% (Latvia) in men and from 1% (Uzbekigtan) to
47% (Denmark) in women (19). A German analysis based on a 1987 nationd survey in the Federa
Republic of Germany estimated that about 59% of children under 2 years of age, 50% of children
aged 2-5 years and 68% of children aged 6-13 years lived in households with &t least one smoker
(20). Other European data suggest that about 60% of households in the Netherlands and Romania,
and 65% in Poland have at least one smoker (19). Cook et a. (15) reported that 53% of the
children they studied in England and Waes were exposed to ETS, while Forastiere et d. (21)
reported that 70-73% of children aged 711 were exposed to parenta smoking in their Itdian
sudy. In alarge Swiss study, Leuenberger et d. (22) observed that 70% of nonsmoking maes and
52% of nonsmoking females were exposed to ETS at work.

Routes of exposure
The only route of exposure of concern for ETS isinhdation.

Toxicokinetics

The many compounds in ETS will have different toxicokinetic and metabolic pathways. Vapour and
particulate phases of congtituents will aso have different patterns of absorption and retention. Highly
soluble gases, such as formadehyde, will be dmost completely absorbed in the upper respiratory
tract, especidly during nasa bresthing, while those with low solubility, such as carbon monoxide, will
be dowly absorbed from the aveoli (23). Diffuson in the aveolar region of the lung is the mgor
deposition mechanism for amd| particlesin the Sze range of those in ETS; the deposition efficiency is
estimated to be about 10% for ETS particles (24).
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Some compounds may dicit hedth effects without metabolic activation, while others may require
activation. Carbon monoxide, for example, can directly bind to haemoglobin and decrease the
oxygen-carrying capacity of the blood. Nicotine can dso directly affect the cardiovascular system.
Carcinogenic tobacco-specific N-nitrosamines, on the other hand, require metabolic activation (25).

The uptake and metabolism by ETS-exposed nonsmokers of three mgor classes of carcinogens
found in tobacco smoke, aromatic amines, nitrosamines and PAHS, has been eucidated in recent
publications. Hammond et d. (26) reported that levels of haemoglobin adducts of the aromatic
amine 4-aminobiphenyl in nonsmokers increased sgnificantly with increesing ETS exposure and that
nonsmokers in the highest exposure quartile had adduct levels that were about 18% of those in
snokers. Such high rdative levels are consgent with observations that  4-aminobiphenyl
concentrations are up to 30 times greater in SSthanin MS (4).

Hecht e a. (27) examined levels of metabolites of the tobacco-specific nitrosamine 4-
(methylnitrosamino)-1- (3-pyridyl)- 1-butanone (NNK) in the urine of nonsmokers exposed to
Sdestream smoke. They demondrated that mean levels of specific metabolites in the urine of
nonsmokers were sgnificantly higher after ETS exposure than at basdline.

Crawford et d. (28) observed that PAH-abumin adducts were sgnificantly higher in young children
of amoking mothers than in those of nonsmoking mothers. Children whose mothers smoked had
roughly 40% of the excess adduct levels (i.e. above the levds in subjects with no smokers in the
household) of their smoking mothers. PAHS are not specific to tobacco smoke; however, Crawford
et d. dso found, usng limited measures of dietary, resdentid and occupational sources of PAHS,
that ETS was the most important contributor to PAH-abumin adduct levels in nonsmokers.

Excretion of tobacco smoke components is predominantly through ventilation and urinary and fecd
excretion. Some sudies have shown that the mutagenic potentia of urine is increased by ETS

exposure (29).
Health effects

Effectson experimental animalsand in vitro test systems

Carcinogenic effects

The carcinogenicity of tobacco smoke has been demondrated in a number of lifetime anima
bioassays: inhdaion sudies in the hamger, intrgpulmonary implantations in the rat, and skin-painting
in the mouse (24,30).

The Syrian golden hamgter has been the mogt useful animd inhdation modd for sudying smoking-
induced carcinogenesis. The hamder is refractory to the induction of lung tumours by known
carcinogens, however, inhdation of MS induces carcinomas of the larynx in a dose-related manner
(32). Thereare no lifetime animd inhadation sudiesof ETS or SS.
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Mutagenic effects

Tobacco smoke is genotoxic in virtudly every in vitro system tested (30,32), providing strong
supportive evidence for its carcinogenic potentia. IARC (30) concluded that there was “sufficient”
evidence in short-term tests for genetic activity (mutation and chromosomd effects) for both
cigarette smoke and cigarette smoke condensate. Whole SS (33) and extracts of ETS collected
from indoor ar (34) have aso been shown to be mutagenic in Salmonella typhimurium. Claxton et
d. (6) found that SS accounted for gpproximately 60% of the totd S. typhimurium mutagenicity
per cigarette, 40% from particulates and 20% from semivolatiles.

Cardiovascular effects

Subchronic and acute exposures to tobacco smoke and various tobacco smoke congtituents have
been shown to dicit awide variety of cardiovascular effects in several anima species. These effects
have been comprehengvely reviewed by Glantz & Pamley (35,36), and include promotion of
atherosclerogs, activation of platelets and leukocytes, exacerbation of ischaemialreperfusion injury,
and reduction of respiration by myocardiad mitochondria.

The development of atherosclerosis in response to exposure to tobacco smoke, as well asto some
individua congtituents of tobacco smoke (e.g. PAHS), has been demonstrated in a number of animal
modds (35). Penn et d. (37) exposed young cockerels intermittently for 16 weeks to SS levels
equivdent to ETS exposures under heavy smoking conditions. The number (not datisticaly
ggnificant) and dze (datidicdly sgnificant) of plague-containing abdomina aorta segments in the
exposed animals was increased over control levels, suggesting that short-term ETS exposures are
aufficient to enhance plague development. Furthermore, the increase in plague size was not as great
as that observed under higher exposure conditions (38), suggesting the existence of an exposure—
response relationship.

Zhu et d. (39) aso demonstrated that ETS increases atherosclerogsin the lipid- and cholesterol-fed
rabbit model. The percentage of arterid surface area that was covered by aherosclerotic plagues
was increased by ETS in an exposure-rdlated manner in the aorta and pulmonary artery; the
increase was independent of serum triglyceride, cholesterol and high-dengty lipoprotein (HDL)
cholesteral levels.

Anima studies also indicate that exposure to tobacco smoke increases platelet activation, which can
contribute to the development of atherosclerosis and thrombosis (40). Sunet d. (41) and Zhu et d.
(39) reported significantly shorter bleeding times in rabbits exposed to tobacco smoke compared
with control rabbits. Both groups dso reported that bleeding times were reduced by a smilar
magnitude for dl exposure groups, suggesting a saturation of the effect of tobacco smoke on
platelets.

Tobacco smoke has aso been shown to increases leukocyte activation, which can aso contribute to
the development of atherosclerosis. Lehr et d. (42) exposed hamsters to the smoke of one cigarette
and observed leukocyte adhesion to the endothelium and promotion of the formation of aggregates
of leukocytes and plateletsin exposed animals.

Other anima dudies suggest that ETS causes exacerbation of ischaemiareperfuson injury.
Increased myocardid infarct size has been observed in rats in an ischaemialreperfusion modd (43)
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and dogs (44). Zhu e d. (43) dso demondrated that infarct Sze increased dgnificantly with
increasing duration of SS exposure, and that more of the SS-exposed rats died from ventricular
fibrillation during the procedure than control animas, dthough the difference was not datisticaly
ggnificant.

Thereis dso evidence that tobacco smoke causes a reduction in the myocardium'’s ability to process
oxygen to adenosine triphosphate for celular energy (45,46).

Other toxicological effects

Other toxicologica effects observed in experimenta animas include reproductive and immune
gysem effects. For example, Rgini e d. (47) exposed pregnant rats intermittently to SS and
observed samdl but sgnificant reductions in mean pup weight in the resulting litters. A study of
immune system effects (48) reveded both a reduction in the number of aveolar macrophages with
phagocytic activity and a decrease in the phagocytic efficiency of these activated macrophages in
mice after acute exposure to the smoke of just one cigarette.

Effects on humans

Epidemiologicd studies of ETS and chronic diseases such as lung cancer and heart disease are
faced with the difficulties of discriminating between exposed and unexposed subjects and estimating
past exposures. Never-smoking women are the most common subjects of these studies, because the
prevaence of smoking in women has higoricaly been less than that of men. Furthermore, most
researchers consder the smoking status of the husband to be the best single surrogate of past ETS
exposure for adult femae never-smokers. In genera, home exposure has been found to be the
grestest gngle source of exposure contributing to tota ETS exposure (13). Other exposure
surrogates used, such as exposure a work or during childhood, tend to be less reiable because
workplace exposure is less stable and the exposure sources are more difficult to recal over time,
especidly when proxy interviews are the source of exposure information (49,50).

Two forms of exposure misclassfication exert a downward bias on reative risk estimates in ETS
epidemiology studies and make ETS-redated hedth effects difficult to detect. In the firgt, an individud
classfied as “exposed” based on spousad smoking status may actudly receive little exposure; in the
second, an “unexposed” person may receive condderable exposure from sources other than the
spouse (e.g. workplace or socid exposures). In most Western societies, ETS is so ubiquitous that
recruitment of a truly “unexposed” group is impossible. Spousd or home exposure is generdly a
better surrogate of total ETS exposure in more traditiona societies such as Greece and Japan, with
higoricdly high male and low femade smoking prevaences. Such countries may offer the best
opportunities for studying the effects of long-term exposure to ETS.

A potentia source of upward bias, known as smoker (atus) misclassification bias, arises because
some current or former smokers will be misclassfied as people who have never smoked (never-
smokers). Smokers thus misclassified would be more likely to develop lung cancer and to be
married to smokers (i.e. classfied as “exposed’ in ETS sudies) than true never-smokers. Smoker
misclassfication rates reported from population survey studies suggest thet this bias, if it exists in the
lung cancer udies, could explan an increase in risk of 10-15% in some studies. This bias,
however, is not sufficient to explain the observed increases in the high-qudity United States study of
Fontham et d. (51), the larger risks obsarved in studies in countries with higoricaly low femde
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smoking prevaence, the average increase of 70-100% observed in the highest exposure groups in
the individud sudies after adjustment for smoker misclassfication, or the congstent exposure—
response trends (1,52).

For some ETS-associated hedth effects, lifestyle differences (e.g. diet) and other factors that
correlate with socioeconomic status must be considered potentid confounders. However, positive
exposure—response trends for hedth effects from ETS exposure provide evidence aganst
confounding. Also, the congstently observed increasesin risk for lung cancer, for example, in studies
from a number of different countries, with very different diets and other lifestyle factors, provide
further evidence againgt confounding as an explanation for observed associations.

Dexpite the known difficulties of sudying the chronic hedth effects related to ETS, the
epidemiologica database is quite extendve for lung cancer and, to a lesser extent, heart disease.
Information on other cancers, however, is very limited. There is aso a substantial database on a
variety of non-cancer respiratory effects and reduced birth weight, and there are a few recent
studies on sudden infant death syndrome. Each of these hedlth effectsis discussed below.

Lung cancer

The evidence on ETS and lung cancer has been assessed by many hedlth organizations, dl of which
concluded that exposure to ETS increases the risk of lung cancer (1,23,24,30,53). The US
Environmentd protection Agency (EPA) declared ETS to be a known human lung carcinogen based
on the tota weight of evidence @) Smilarities in chemica compodtion between ETS and MS,
including over 40 known or suspected human carcinogens, () the known lung carcinogenicity of
MS, with clear exposure-response relationships down to low levels and no evidence of athreshold;
(c) supporting evidence from animd bioassays axd genotoxicity tests, (d) measured exposure to,
and bodily uptake of, ETS condtituents; and (€) the consistent exposure-related increases in risk
seen in S0 many epidemiologica studies from different countries usng different designs.

The 30 epidemiologicd studies andysed by EPA examined the lung cancer risks of never-smoking
women with smoking and nonsmoking husbands. Other studies examining lung cancer risks from
ETS exposure a work or during childhood, and/or in never-smoking men were aso avalable, but
these databases are smdler and the studies generdly less reliable (see above). The datidticaly
ggnificant pooled average relative risk (RR) estimates due to ETS from smoking by spouses in such
varied countries as Greece (RR = 2.0, two studies), Japan (RR = 1.4, five studies) and Hong Kong
(RR = 1.5, four studies), where smoking by spouses is consdered to provide alarger proportion of
total adult exposure, are higher than the 20% increases observed in western Europe and the United
States. Generdly, the increases were not large — about 30% overdl, and about 70-100% for
women whose spouses smoked the most — but they were consstent across studies of different
desgn from severd different countries and, despite most dudies being of smdl sze, severd
increases were ddidicdly dgnificant. Furthermore, the congstency seen in risks in the highest
exposure groups and in the positive exposure—-response trends is highly persuasive.

The largest and best designed case—control study (51), with 665 cases and a large percentage of
direct case interviews, found satidicaly significant overdl increases and exposure-response trends
for never-smoking United States women exposed to spousal (30% excess risk), workplace (40%
excess risk) and socid (50% excess risk) ETS. Current nonsmoking status was confirmed in a
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subsample of the study population using cotinine measures. An index of total adulthood ETS
exposure produced exposure-response trends with the highest level of gatistical sgnificance.

Another study, the Dutch nested case—control study of de Waard et d. (54) is noteworthy because,
dthough it conssted of only 212 nonsmoking femaes (23 cases and 191 contrals), past nonsmoking
satus and ETS exposure were determined by biomarker measurement (cotinine levd in a 12-hour
urine sample taken up to 15 years prior to case ascertainment) rather than on the bass of
guestionnaire responses as in the other ETS-lung cancer epidemiology studies. The results, dthough
not gatisticaly sgnificant, yield an odds ratio (OR) of about 2.6 for lung cancer from ETS exposure.

A recent meta-andlyss (55) looked at 37 published epidemiologica studies of nonsmokers who did
and did not live with smokers. The excess risk of lung cancer was 24% (95% confidence intervd
(CI) 13-38%, P <0.001) in nonsmokers who lived with a smoker. The excessrisk, adjusted for the
effects of bias and dietary confounding, was 26% (7—47%). The dose—response relaionship for the
risk of lung cancer with the number of cigarettes smoked by the spouse and with the duration of
exposure were sgnificant.

Other cancers

A recent review by Tredanid et d. (56) evauated the limited epidemiologica evidence from sudies
of ETS and sinonasal, bladder, breast and uterine cervix cancers in adults, and afew other stesfor
which the evidence is very sparse. They concluded that there was suggestive evidence of an
association with snonasal cancer, no evidence of an association with bladder cancer, and equivocal
evidence of associations with breast and cervica cancer.

The concluson with respect to snonasal cancer was based on two postive studies of Japanese
femae never-smokers with strong exposure-response relationships but only about 60 casesin total.
More recently, a third studying the United States has aso reported a satistically sgnificant increased
risk for never-smoking men with wives who smoked (OR = 3.0, 95% CI = 1.0, 8.9), based on 28
cases (57). Conddering these consstent exposure—elated responses and the strong supportive
evidence, including the known causal association of active smoking and sinonasa cancer, the known
causd associaion of ETS and lung cancer, and the fact that the nasal Snuses are generdly the site of
fird contact of ETS; there is strong suggestive evidence that ETS is causdly associated with
snonasa cancer.

It has been suggested that bladder cancer may be associated with ETS exposure. However, the
epidemiologica evidence from the two studies reviewed by Tredanid et d. (56) and athird study by
Hirayama (58) is equivocd. An association between ETS and cervicd cancer has dso been
suggested, but the few exigting studies provide contradictory findings. The two studies of never-
smokers reviewed by Tredaniel et d. are generdly podtive, a third study found no consgtent
increases (59), while a Japanese cohort study reported a RR estimate of about 1.3 for nonsmoking
wives of heavily smoking husbands (58).

Widls (60) reviewed data from two epidemiologica sudies suggesting that there may be an
association between ETS exposure and breast cancer in nonsmokers. Two other studies have dso
found evidence of an association (61,62), with RR estimates ranging from about 1.3 to 2.4, but no
consistent association between active smoking and breast cancer has been established.
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Non-cancer respiratory health effects

Children. Acute respiratory illnesses are one of the leading causes of morbidity and mortdity during
infancy and childhood. They may aso wesaken the lung and predispose it to asthma and other
chronic respiratory diseases and lower levels of respiratory function later in life (1). Congdering the
known adverse acute and chronic effects of active smoking on the respiratory system, it is plausible
that exposure to ETS could smilarly adversdly affect he immature system of infants, and that
continued exposure could be amgor risk factor in disease development throughout life.

Nearly dl studies of ETSin children focus on the level of parentd, and especialy maternd, smoking.
Parentd smoking is generdly a very good surrogate for totd ETS exposure in young children,
athough exposure misclassfication could be an important source of downward bias in Sudies of
older children (63).

In many Western countries, overdl cigarette smoking prevaence has declined. However, the
proportion of smokers of lower educational status, and especidly of young, poor women has
increased. Lower socioeconomic status is dready associated with a higher prevaence of childhood
respiratory diseases, poorer children are often a ill higher risk from parenta smoking (after
adjugting for this). The effect can sart prenatdly if the mother smokes during pregnancy (1). As
most studies do not distinguish pre- from post-natd smoking, however, maternd smoking during
pregnancy should be conddered a potentid effect modifier for ETS effects in children.

At least 150 epidemiologicd studies on ETS and non-cancer respiratory hedth effects in children
have been published in the last 25 years. Severd reviews (1,23,24,64) have already assessed the
database, and there is strong consensus that ETS affects the developing respiratory system and
causes an increased risk of the following hedth effects

lower respiratory tract infections (e.g. bronchitis, bronchiolitis and pneumonia) in infants and
young children;

chronic middle-ear effuson in young children;

increased frequency and severity of asthma attacks in asthmatic children;

irritation of the upper respiratory tract; and

reduced lung function.

Severa recent studies on espiratory effects in children are especialy noteworthy because they
ascertain biomarker evidence of ETS exposure, in addition to questionnaire data such as asthma
(65), middle ear effusons (66), bronchitis (67) and reduced lung function (68). The biomarker data
corrdate well with the questionnaire data and the various respiratory effects, vaidating the use of
guestionnaire data and also supporting the direct association between recent ETS exposure and
non-cancer respiratory hedth effects.

Adults. A number of reviews (1,22,64) have concluded that adult nonsmokers exposed to ETS may

experience smdl reductions in lung function and an increased frequency of respiratory symptoms. A
review by Tredanid et d. (69) found no consstent evidence for an association between ETS and
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chronic respiratory symptoms or chronic obstructive pulmonary disease, including asthma, athough
decreased lung function from ETS exposure was noted

Other studies have reported symptoms of acute irritation of the eyes and respiratory tract associated
with ETS exposure (23,24,70). More recently, Bascom et d. (71) observed symptoms of eye and
nose irritation, odour perception and headache in subjects exposed to SS under controlled
conditions. They aso reported increased nasa congestion in the highest exposure group. Most of
the field and laboratory studies of annoyance and acute irritation effects of ETS have focused on
adults, however, these effects are likely to occur in children as well, since they are even more
sengtive than adults to other non-cancer respiratory effects of ETS (see above).

Decreased birth weight

It is wel established that maternd smoking during pregnancy is causdly associated with low birth
weight, in an exposure-reated manner (40). Materna smoking has been reported to cause an
average decrease in birth weight of 150-200 g (72). This is supported by evidence from anima
sudies (47).

The most widdy accepted hypothesis for this effect on fetd development is that smoking induces
fetd hypoxia, probably mediated, at least in part, by carbon monoxide and/or nicotine (73). Carbon
monoxide is known to decrease the oxygen-carrying capacity of haemoglobin. Fetad haemoglobin

has a higher affinity for carbon monoxide than adult haemoglobin, and the impact on the &tusis
more severe than on the mother as fetd tissues recelve even less oxygen. Nicotine is a
vasocondtrictor and is believed to decrease placentd perfusion, which could also lead to low fetd

tissue oxygenation.

A number of studies have shown that pregnant nonsmokers exposed to ETS aso have an increased
risk of ddivering babies with lower birth weights. While most of the decreases in birth weight are of
smal magnitude and do not achieve datistica sgnificance, the sudies demondrate a consstent
pattern, even after adjusting for mgor potential confounders and considering potentiad smoker
misclassfication bias. The decrease in mean birth weight associated with ETS exposure generdly
ranges from 10 g to 110 g, with an average decrease of about 35 g. Increased cotinine levels have
been measured in the amniatic fluid of pregnant nonsmokers exposed to ETS, as well asin the urine
of their newborn infants on the first day of life (74), confirming that the fetus is exposed to ETS
congtituents.

Some noteworthy studiesinclude the large prospective sudies of Haddow et d. (75), Eskenazi et d.
(76) and Rebagliato e d. (77). These sudies of pregnant nonsmokers used biomarker
measurements to categorize ETS exposure and vdidate smoking status, and dl three studies
adjusted for a variety of potentid confounders. Haddow et . (N = 1231) observed a sgnificant
108-g deficit in mean birth weight associated with a serum cotinine leve of 1.0-9.9 ng/ml compared
to <0.5 ng/ml; Eskenazi et d. (N = 2243) reported a mean birth weight reduction of 45 g for a
serum cotinine level of 2-10 ng/ml compared to <2 ng/ml; and Rebagliato et a. (N = 710) observed
a sgnificant decrease in mean birth weight of 87 g for the highest sdivary cotinine quintile (>1.7
ng/ml) compared to the lowest quintile (<0.5 ng/ml).
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In summary, the weight of evidence provided by the consistent results of numerous studies of ETS
and birth weight from a variety of countries, the finding of ETS condtituents in the urine of newborn
infants of nonsmoking mothers, and the established causal association between active materna
smoking and reduced birth weight leads to the conclusion that ETS exposure in nonsmoking women
during pregnancy causes a smdl reduction in birth weight. Because most of the ETS studies were
designed to gauge the effects of exposure to maternal smoking, one possbility that cannot be ruled
out is that paternal smoking has reproductive effects on the father that are respongble for the
observed reductions in birth weight. The hedth implications of a smal reduction in birth weight are
uncertain; however, if the entire birth weight distribution is shifted downwards, a large number of
infants dready at risk are placed at greater risk.

Sudden infant death syndrome (SDS)

Sudden infant death syndrome (SIDS) is the sudden, unexpected and inexplicable degth, usudly
during deep, of infants aged 1 month to 1 year. In developed countries, this is the most common
cause of post-neonata desth. Maternd smoking has been consgtently shown to be a mgor risk
factor, independent of low birth weight and other potentiad confounders (78). The etiology is, by
definition, unknown; however, one of the proposed mechanisms by which tobacco smoke may
contribute to SIDS involves the reduction o infants hypoxia tolerance (79,80). Milerad et d. (81)
observed that nicotine administration decreased the hyperventilatory response to hypoxia in young
lambs.

Early sudies did not adequately distinguish between postnatal ETS exposure and maternal smoking
during pregnancy, so that the direct effects of infant exposure to ETS on the risk of SIDS could not
be assessed. More recent studies, however, examine the effects of ETS exposure. One reported a
crude OR of 1.39 for paternd smoking for infants born to mothers who did not smoke during
pregnancy (82), while another found no effect of paterna smoking when the mother did not smoke
(131 cases, 1081 controls) (83). The latter did, however, report an OR of 1.65 (95% ClI, 1.20-
2.28) for maternd smoking adjusted for maternal smoking during pregnancy, breaest-feeding, and
other potentia confounders, adthough few smoking mothers did not smoke during pregnancy. In a
further sudy, a datisticaly sgnificant OR of about 2, adjusted for various potentid confounders,
was reported for infants born to mothers who stopped smoking during pregnancy but resumed after
the birth versus those born to mothers who did not smoke at dl (84). Findly, sgnificant increases
were obsarved in the risk of SIDS for materna smoking after pregnancy (OR = 2.3), paternd
smoking (OR = 3.5) and smoking by other household members (OR = 2.2), dl adjusted for
maternd smoking during pregnancy, breast-feeding and various other potentid confounders (85).
These authors dso reported exposure—response relationships for ETS exposure of the infant,
amilarly adjusted for maternd smoking during pregnancy and other factors. In other studies, infant
bed- sharing was reported to be associated with an increased risk of SIDS when the mother was a
smoker (86) and 70% of 24 consecutive cases were found to have high levels of caotinine in
pericardid fluid (87). Overal, the evidence suggests that ETS exposure isarisk factor for SIDS.

Cardiovascular effects

A number of recent reviews have assessed the evidence on ETS exposure and cardiovascular
disease and concluded that ETS causes such disease in nonsmokers (35,36,53,88-91). One (89)
aso derived quantitative risk estimates of 35 000 to 40 000 ETS-attributable heart disease desaths
per year for never-smokers and long-term former smokers in the United States.
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Mechanigtic studies have shown that there is evidence of cardiovascular effects in humans of acute
ETS exposures. The mgor effects include decreased oxygencarying cgpacity resulting in
decreased exercise aility and, potentidly ischaemia, as well as increased platdlet activation,
endothdlid damage, dtered lipoprotein levels and increased arteria wall thickness, which can
promote aheroscleross and, in the case of pladet activation, thromboss. Ischaemia,
atherosclerosis and thrombosis increase the risk of myocardid infarction and other serious
cardiovascular effects.

A number of studies report evidence of decreased oxygen-carrying capacity and decreased exercise
ability in both hedlthy subjects and people with existing heart disease, resulting from ETS exposure.
Carbon monoxide and nicotine may be important in causng these effects. Aronow (92)
demondtrated that ETS exposure significantly increased resting heart rate and blood pressure in
angina paients, and dgnificantly decreased the duration of exercise until the onset of angina in an
exposure-related manner. Aronow also observed premature ventricular beatsin 3 of the 10 patients
after ETS exposure at the highest ETS exposure level. Leone et a. (93) smilarly demongrated
decreased exercise ability in men with previous myocardid infarction, while Aimm & d. (94) and
McMurray et d. (95) observed evidence of effects, both resting and during exercise, in hedthy
subjects exposed to ETS. McMurray et d. aso reported that exposure significantly increased blood
lactate levels, indicating a greater reliance on anaerobic metabolism as a result of decreased oxygen
carrying capacity. Similar changes have been reported following exposure of men with pre-existing
cadiovascular disease to carbon monoxide done, dthough levels were higher than in passve
smoking conditions (96). Overdl, these exercise sudies suggest that ETS affects cardiac
performance, epecidly in people with a history of heart disease.

Other evidence that ETS causes sgnificant decrements in oxygen-carrying cgpacity comes from
observations by Moskowitz et d. (97) that blood 2,3-diphosphoglycerate, which increases the
oxygen affinity of haemoglobin, was Sgnificantly higher in pre-adolescent twins with smoking
parent(s) and was correlated with the number of cigarettes smoked daily by the parent(s).

Increased platelet activation, which could increase the risk of atherosclerosis and thrombosis, has
also been observed in lumans. Decreases in plaidet aggregate ratio (98,99), sengtivity to anti-
aggregatory prostaglandins (eg. PGE1, PGI2, PGD2) (100,101) have been reported. Greater
effects were noted in nonsmokers compared to smokers. Ozdemir et d. (102) found that platelets of
nonsmokers were more sendtive to acute tobacco smoke exposures than those of chronic smokers,
which appeared to be “exhausted’. These results are consgstent with the results of studies of ETS
exposures in animas, which demondrate that ETS increases platelet activity and that the effect of
tobacco smoke on platelets appears to saturate at low doses (See the anima section above).

Some of these studies d o investigated endothdid damage which is thought to be a prdiminary step
in the devdopment of atheroscleross. Increased counts of anuclear endothelid cdls (99) and
increased plasma leves of factors released by activated endothdlid cells (102) have been reported.
Further evidence of ETS-associated endothdlid damage comes from Cdermger et d. (103), who
reported sgnificantly impaired endothelid-dependent dilatation in both active and passve smokers,
while endothelid-independent dilatation was smilar in dl groups. The imparment was not
ggnificantly different between passve and active smokers, dthough there was an exposure-
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response relationship for passve smokers based on duration of daily ETS exposure. The
investigators concluded that these results suggest early arterid damage from ETS exposure in hedthy
young nonsmokers. Other effects observed in humans exposed to ETS that might result in increased
endothdid damage include sendtization of circulaing neutrophils, increasing the risk of oxidant-
mediated tissue damage (104), and reduced levels of plasma ascorbic acid (105).

Other indications that ETS can increase the risk of cardiovascular disease comes from evidence of
dtered lipoprotein levels in ETS-exposed children and adults. Significantly lower HDL cholesterol
levels have been reported in children exposed to ETS (97,106) and adults exposed to ETS at work
(207). 1t should be noted that if ETS is affecting HDL or other cholesterol levels, adjusting for
cholesteral in the epidemiologica studies may not be gppropriate. In addition, ETS exposure found
to be associated with arterid wadl thickening (108,109) provided further evidence that ETS
contributes to atherosclerosis.

Epidemiologica sudies have clearly edtablished that active smoking is causaly associaied with
cardiovascular disease (110). Studies of ETS and cardiovascular disease morbidity and mortaity in
nonsmokers vary with respect to the disease outcome (e.g. fata and/or nonfatal events), sex and
surrogate measures for ETS exposure (e.g. spousal smoking, cohabitant smoking, work exposure).
They dso vary subgtantidly in sze and in potentia confounders examined.

As with other epidemiologica studies, exposure misclassification and publication bias are potentia
sources of downward bias. Consultants for the tobacco industry have suggested that because of
publication bias, published studies overestimate the association of ETS and cardiovascular disesse,
and have conducted their own analyses of three large, publicly available databases for which results
on ETS and cardiovascular disease were previoudy unavailable (111,112). They conclude that there
IS no evidence of an association between ETS and cardiovascular disease from any of the three
databases. A more sophisticated assessment of two of the databases conducted by Steenland and
the American Cancer Society (113) contradicts this concluson, reporting RR estimates of 1.22
(95% CI, 1.07-1.40) in never-smoking men and 1.10 (0.96-1.27) in never-smoking women
married to current smokers compared to those married to never-smokers, adjusted for many
cardiovascular disease risk factors for one database and inadequate quality of the data on smoking
gatus and ETS exposure for the second. The third database is by far the largest, but was not
specificaly designed to sudy ETS or cardiovascular disease. A careful and cautious reassessment of
this database is warranted.

A large cohort study (114) reported RR estimates for death from arteriosclerotic disease from
household ETS exposure of 1.31 for men and 1.24 for women, adjusted for arange of confounding
factors. A dgnificant exposure-response rdaionship was seen for women but not for men. This
study did not adjust for important cardiovascular disease risk factors such as hypertension, diet, and
serum cholesterol. A second large study (115,116) observed a smdl increased risk of coronary
heart disease desth and a significant exposure—response trend from spousa smoking in women.
Both studies suggest that the increased reative risks may be greater in younger age groups, as
observed for active smoking. Smadler cohort sudies (117—120) reported overal increased risks for
anumber of fata and nonfata cardiovascular disease endpoints, from marriage or cohabitation with
a smoker after adjusting for a variety of confounders. Svendsen et d. (118) reported adjusted RR
estimates of 2.23 (95% CI, 0.72—6.92) for death from coronary heart disease and 1.61 (95% Cl,
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0.96-2.71) for fatal or nonfatal coronary heart disease events from wife's smoking and postive
exposure-response trends for both deaths (P<0.05) and events.

Case—control studies (121-123) have dso examined a large number of cardiovascular disease risk
factors. Odds ratios of 1.21 (95% CI, 0.57-2.52) for acute myocardia infarction from marriage to
acurrent smoker for both sexes combined; 1.50 (95% CI. 1.28-1.77) for coronary heart diseasein
women, and 1.85 (95% ClI, 0.86-4.00) for nonfatal incident cases of the disease in women from
exposure at work and 1.24 (95% ClI, 0.56-2.72) from husband's smoking have been reported.
Furthermore, positive exposure trends were a so reported.

In addition to the cohort and case—control studies, there is a cross-sectiond study examining
cadiovascular disease morbidity and ETS (124). Statidicdly sgnificant exposure-response
relaionships were observed for sdf-reported exposure and al coronary heart disease groupings.
Serum cotinine showed a strong relationship only with diagnosed coronary heart diseese.

In summary, overdl increased risks and increasing exposure—response trends are consistent across
the different Sudies from different countries. These increased risks for both fatal and nonfatal
cardiovascular disease events were observed from actual environmentd levels of ETS, despite the
likelihood that exposure misclassfication resulting from other sources of ETS exposure obscures
some of the effect. Although most of these results did not individudly achieve Satigticd significance,
the increased risks persst when the risk estimates are adjusted for other mgor cardiovascular
disease risk factors. Findly, the condastency of results across countries with different lifestyles and
diets and the positive exposure-response relationships suggest that the observed increases are not
due to confounding.

These findings are confirmed in a recent meta-andyss (125) of 19 epidemiologicd sudies of lifdong
nonsmokers living with a smoker, which reported a rddive risk of ischaemic heart disease
associated with exposure to ETS of 1.30 (95% CI, 1.22-1.38) a 65 years of age. Detalled
andyses indicated that dietary confounding muld account for an excess risk of 6%, revisng the
excessrisk dueto ETS from 30% to 23%.

Evaluation of human health risks

Exposur e evaluation

ETS is a dynamic complex mixture of thousands of compounds in particulate and vapour phases,
and cannot be measured directly as a whole. Instead, various marker compounds, such as nicotine
and respirable suspended particulates (RSPs), are used to quantify environmental exposure. In the
United States, nicotine concentrations in homes where smoking occurs typicaly range from less than
1 pg/nT to over 10 pg/nt (1). Concentrations in offices where people smoke typicaly range from
near zero to over 30 ug/nt. Levels in restaurants, and especialy bars, tend to be even higher, and
concentrations in confined spaces such as cars can be higher still. Measurements of ETS-associated
RSPs in homes where people smoke range from a few pg/nt to over 500 pg/n?, while levesin
offices are generdly less than 100 pg/n™ and those in restaurants can exceed 1 mg/nt. ETS levels
are directly related to smoker dengty; in countries with a higher smoking prevaence, average ETS
levels could be higher.
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In Western societies, with adult smoking prevaences of 30-50%, it is estimated that over 50% of
homes are occupied by at least one smoker, resulting in a high prevdence of ETS exposure in
children and other nonsmokers. A large percentage of nonsmokers are smilarly exposed a work.

Health risk evaluation

ETS has been shown to increase the risks for a variety of hedth effects in nonsmokers exposed at
typicd environmenta levels. The pattern of hedth effects from ETS exposure produced in adult
nonsmokers is congstent with the effects known to be associated with active cigarette smoking.
Chronic exposures to ETS increase lung cancer mortdity. In addition, the combined evidence from
epidemiology and studies of mechanisms leads to the conclusion that ETS increases the risk of
morbidity and mortdity from cardiovascular disease in nonsmokers, especidly those with chronic
exposure. ETS dso irritates the eyes and respiratory tract. In infants and young children, ETS
increases the risk of pneumonia, bronchitis, bronchialitis and fluid in the middle ear. In asthmatic
children, ETS increases the severity and frequency of asthma attacks. Furthermore, as with active
smoking, ETS reduces birth weight in the offspring of nonsmoking mothers.

Other hedth effects have dso been associated with ETS exposure, but the evidence is not as
conclusive. In adults, there is strong suggestive evidence that ETS increases mortaity from sinonasd
cancer. In infants, recent evidence suggedts that ETS is a risk factor for sudden infant death
syndrome.

Populations a specid risk for the adverse hedth effects of ETS are young children and infants,
asthmatics, and adults with other risk factors for cardiovascular disease. Levels of exposure where
these effects have been obsarved are indicated by nicotine levels of 1-10 pg/n? (nicotine has been
demongtrated to be ardiable marker of ETS levels).

Because of the extensve prevaence of ETS exposure and the high incidence of some of the hedlth
effects associated with ETS exposure, such as cardiovascular disease in adults and lower respiratory
tract infectionsin children, even samdl increases in reaive risks can translate into substantia mortdity
and morbidity on a population basis.

Based on the combined evidence from severd studies, WHO has estimated that some 9-13% of dll
cancer cases can be attributed to ETS in a nonsmoking population of which 50% are exposed to
ETS. The proportion of lower respiratory illness in infants attributed to ETS exposure can be
estimated at 15-26%, assuming that 35% of the mothers smoke a home. Those estimates, when
goplied to the European population, will result in gpproximately 30004500 cases of cancer in
adults per year, and between 300 000 and 550 000 episodes of lower respiratory illness in infants
per year, which are expected to be related to ETS exposure (19).

Comparable results were caculated for nonsmokers in the United States (1). The EPA recently
estimated that ETS causes 3000 lung cancer desths in adult nonsmokers (roughly 100 million never-
smokers and long-term former smokers) in the United States each year. The EPA dso estimated
that ETS is responsible for between 150 000 and 300 000 lower respiratory tract infections annually
in the roughly 5.5 million children under 18 months of age, and thet it exacerbates asthma in about
20% of asthmatic children. These estimates are based on a large quantity of human data from actud
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exposure leveds and involve no high-to-low-dose or anima-to-human extrgpolations, thus
confidence in these estimates is consdered high.

Quantitative population estimates for cardiovascular disease mortdity are less certain than those for
lung cancer. The main reasons for greater quantitetive uncertainty in estimates for cardiovascular
disease are that (a) there are fewer epidemiologica data availadle (in particular, there are few data
for maes, which is especidly criticd because mdes have a very different basdine risk of
cardiovascular disease than femdes), and (b) there are more risk factors for cardiovascular disease
that need to be adjusted for to obtain a reliable risk estimate. In generd, the relative risk estimates
for cardiovascular disease from ETS exposure are smilar to those for lung cancer; however, the
basdine risk of death from cardiovascular disease in nonsmokersis at least 10 times higher than the
risk of lung cancer. Therefore, the population risks could be roughly 10 times higher as well. Thus,
while there is more confidence in the presented estimates for lung cancer, the public hedth impact of
ETS is expected to be substantialy greater for cardiovascular disease.

Guiddines

ETS has been found to be carcinogenic in humans and to produce a substantial amount of morbidity
and mortality from other serious hedlth effects at leves of 1-10 pg/nT nicotine (taken as an indicator
of ETS). Acute and chronic respiratory hedth effects on children have been demondrated in homes
with smokers (nicotine 1-10 pg/nt) and even in homes with occasional smoking (0.1-1 pg/nt).
There is no evidence for a safe exposure leve. The unit risk of cancer associated with lifetime ETS
exposure in a home where one person smokes is approximately 1~ 10°,
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Fig. 1. Week-long nicotine concentrations measured in the main living area of 96
residences compared with the number of questionnaire-reported cigarettes smoked
during the air-sampling period

Source: Leaderer & Hammond (9).
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