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Passive Smoking and Heart Disease
Epidemiology, Physiology, and Biochemistry

Stanton A . Glantz, PhD, and William W . Parmley, MD

T he first disease .linked definitively to active
smoking was lung cancer . It is, therefore, not
surprising that the first disease identified as

caused by passive smoking was also lung cancer .,
Before the advent of mass-marketed cigarettes, lung
cancer was a rare disease . Because smoking is the
primary cause of lung cancer, identification of this
link-for both active3 and passive smoking3-was
relatively straightforward. This situation contrasts
with heart disease, which has many risk factors, and
unsurprisingly, the scientific community was longer in
concluding that active smoking caused heart disease!
Once the link between smoking and heart disease
was established, smoking was found to kill more
people by causing or aggravating heart disease than
lung cancer. In fact, smoking is the most important,
preventable cause of coronary disease . Exposure to
environmental tobacco smoke (ETS) has now been
linked to heart disease in nonsmokers .sA

Much of the evidence for this liak has appeared
since 1986, when the US Surgeon Generalt and the
National Academy of Sciences7 reviewed the evi-
dence qn the health effects of ETS . Based on the
information available then, both reports concluded
that the evidence linking ETS and heart disease was
equivocal and that more research was necessary
before any definitive statements could be made.
These conclusions were reasonable in 1986 . How-
ever, in the 4 years since publication of these reports,
considerable information on both the epidemiology
and biological mechanisms by. which ETS causes
heart disease has accvmulated. Most of the results
presented here were published after the 1986 Sur-
geon General and National Aademyof Sciences
reports.

There are now 10 epidetuiologial studies on the
relation between exposure to environmental tobacco
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smoke in the home and the risk of heart disease
death in the nonsmoking spouse of a smoker and five
epidemiological studies that examine nonfatal car-
diac events. All but one of these studies yielded
relative risks or odds ratios greater than 1 .0 . There
are several lines of biological evidence that make this
association plausible . There is evidence that expo-
sure to ETS reduces exercise tolerance of healthy
individuals and people with existing coronary artery
disease . Such reduced exercise capability is one of
the landmarks of acute compromises to the coronary
circulation . There is good evidence, from both hu-
man and animal studies, that exposure to tobacco
smoke, including passive smoking, increases aggrega-
tion of blood platelets . Such increases in platelet
aggregation are an important,step in the genesis of
atherosclerosis. In addition, increasing platelet ag-
gregation contributes to risk of coronary thrombosis,
a cause of acute myocardial infarction . Last, carcino-
genic agents in EIS, including benzo(a)pyrene, have
been shown to injure the endothelial cells that line
arteries. Such injuries are the first step in the devel-
opment of atherosclerosis. Thus, exposure to ETS
can contribute to short- and long-term insults to the
coronary circulation and the heart . It is not surpris-
ing, therefore, that epidemiologial studies have
identified an increase in the risk of coronary artery
disease in nonsmokers living with smokers .

EBects of Primary Smoking
Before reviewing the evidence linking ETS with

coronary artery disease, summarizing the evidence
that links active smoking with coronary artery disease
is worthwhile. This evidence was summarized in the
1983 Surgeon General's Report,• which was devoted
entirely to cardiovaseular disease ; it concluded that
cigarette smoking is one of the three major indepen-
dent heart disease risk factors. It also concluded that
the magnitude of the risk associated with cigarette
smoking is similar to that assodated with the other
two major heart disease risk factors, hypertension
and hypercfwlesterolemia ; however, because ciga-
rette smoking is present in a larger percentage of the
US population than either hypertension or hypercho-
lesterolemia. cigarette smoking ranks as the largest
preventable cause of heart disease in the United
States, Since 1983, an increasing body of evidence
has shown that the polyryclic aromatic hydrocarbons
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Luu I. Epidemiologlul Studiea of Eenronmeeul Tobacco Smoke aod Corvnery Heert Disease Deatb

Deaths 95%

Author Type tacation
or cases

Inl
Relative

nsk
Confidence
inurval

Dose' Po~ert
response' (To)

Males

Gillis et aP (1984) P Scotland 32 1 .3 0 .7-2.6 - 5
Lee et all (1996) C United Kingdom 41 1 .2 0 .5-2.6 - 4
Svendsen et al'^ (1987)= P United States 13 2.1 0 .7-63 Yes 3

Helsinget aW (1998) P Maryland 370 1 .3 1 . I-L6 No 40

Pooled4 1 .3 1 .1-1 .6
Females

Hirayamata (1984) P Japan 494 1 .2 0.9-1 .4 Yes 40
Gillu et aP (1984) P Smtland 21 3 .6 0.9-13 .8 - 2
GGarland et ahs (1985) P California 19 27 0.9-13 .6 - 2

Lee et aP (1986) C United Kingdom 77 0 .9 03-1 .6 - 6

HeHiog et altt (1988) P Idarylasd 988 12 1 .1-1 .4 Yes 2

He (1989)1- C China 34 13 1 .3-1 .8 Yes 3

'

Humble et al0 (1990) P Georgia 76 1 .6 1 .0-2 .6 Yes 8

Butkr14 (1990) P falitotvia 6a 1 .4 03-38 - 4

Pooled 13 1 .2-1 .4

Both seaea combined
Hole et alt' (1969) 1 P Scnrland ge 2.0 12-3 .4 - 10

Pookd3 1 .3 1 .2-1 .4

Controlling (or

Age

!.ge, marital status

Age . blood pressure .
serum cholesterol,
.etght . education,
almhol

Age . marital status,
housing, education

Age, diet

Age

Age, blood pressure,
plasma cholesmrol,
nxight, yean of
maMage

Age, snariul wtus

Age. htwsitq, marital
sutsu, eduotion

Age, rare, -"-_,
oetupatinn,
hyperuruion.famsly
history o( hypenension

, or CFm, alwhd.
eaerdse, hypedipidemia

Age. sesssm eboleaesrut,
blood prcasute, weight

Age

Lge, sez~ sodal dass.
blood preausre,
cEokuetd,sxigat

P. Ptespenire eohorn C . Case wnuol: CHD, mtoeary heart diaeue.
•No entry in this column inditatea tn mmmeat on the presemm br absenoe of dmeKespanse teelatiee&
tPower to detea retative ridt of 12 waa 95% eae6deme.
rHigh•tisk ptspulation; slsemben of Multiple Risk Factor Interventino Ts'uL
}Poofed relative risk aanpued n R .atp (I ., In RJiw,) . w6erc w:-(,r/ln tyY.
I This report is a later follor-up of the population reported in Gillis ei atr
1A11 studies mmbined witbout teeprd far anL wita Gia's es aP erJuded benuse Hde d aP' teport later totb .rtp on the same peopkF

in cigarette smoke can injure the arterial endotha
lium and initiate the atherosclerotic process.

All the mmpounds from rSgarette smoke that have
been implicated as damaging to the ardiavaxvlar
system of active smokers have been identified in EI'S .t.'

Epidemiologital Stttdies on ETS and Heart, Diaeaae
Since 1984, the epidemalogical evidence linking

exposure to ETS with heart disease has rapidly
accumulated. The results of the 10 published smd-
iesa-17 that use death as an end point are summariud
in Table I and Figure 1 ; four studies present data on
men, eight on womett. and one on both seaes com-
bined. Despite minor differences in methodology or
end points (some used death from ischemic heart

disease of any origin, and some were limited to death
from myocardial infarction), the results of these
studies are remarkably eonsistent, All the studies on
men yielded relative risks of death from heart disease
exceeding 1 .0 when a nonsmoking man was married
to a woman who smoked, with an overall risk of 13 .
All but one of the studies on women+ yielded relative
risk5 erceeding 1, with an overall relative risk of 13 .
Five studiegtd.n-teao have also suggested an inaease
in the risk of nonfatal coronary symptoms, induding
angina and myocardial infarctioa Consistency of an
observation across different studies increases the
confidence that a particular association is causal .

Several investigative teams also observed a dose-
response relation between increasing amounts of
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smoking by the spouse and the risk of hean disease in
the nonsmoking spouse,r1-1s-r' which in most cases
was statistically significant . The presence of such
dose-response effects across multiple studies, oon-
dueted in different locations with different criteria,
supports the hypothesis that EIS causes heart dis-
ease in nonsmokers.

While all but one of the studies in Table I and
Figure 1 yielded relative risks greater than 1 .0, the
fact remains that three of the studies in men and five
of the studies in women had 95% confidence inter-
vals for the relative risk of passive smoking for heart
disease that included 1 .0, meatting that the risk was
not statistically significantly elevated above 1 .0 (with
p<0.05) . Of note, the 95% confidence intervals do
not lie symmetrically about 1 .0 but are skewed
toward higher risks. By •n..=+~+ro the confidence
intervals, the conclusion is reached that exposure to
ETS elevates the risk of heart disease (Figure 1) .
Also, the results of these studies may be combined in
a formal analysis to derive a global estimate of the
relative risk and associated 95% confidence interval .
By combining the studies, the sample size and, there-
fore, the power to detect an effect inerwes . WeIW
used then-available studies"ut-13-ta to compute a
pooled relative risk of l3 (9596 confidence interval,
1.1-1.6) for men and 1.2 (95% confidence interval,
1 .2-1 .4) for women. Our analysis on all the studies in
Table 1 yields a combined relative risk of l3 (95%
confidence interval . 1 .2-1.4). -

When interpreting the results of such epidemiolog-
ical studies, it is always important to consider biolog-
ical plausibility and potential coefounding variables
that can explain the results . Aside from noting that
the hydrocarbons in mainstream smoke already im-
plicated in heart disease are also in ETS, we will
defer the discussion of biological plausibility until we
discuss the effects of ETS on platelets and the
atherogenic agents in ETS . For now, we will cottan-
trate on potential confounding variables, which are
particularly important in a disease like heart disease

+ uuervad off rlu rcale of die gmphL

because it is known to be caused by multiple risk
factors.

All the studies controlled for the most important
confounding variable, age, and severalrau-u .rr ron .
tro0ed for known risk factors for coronary artery
disease, in particular levels of serum or plasma
cholesterol, blood pressure, and body mass . Most of
'the studies also included one or more measures of
socioeconomic status, such as housing or education .
Indeed, studies that estimateC the relative risk both
with and without taking these confounding variables
into acowtnt found an increase in risk associated with
ETS after taking the confounding variables into

acenuilLSats Lee31-n suggested that the elevated risk of heart
(and other) disease with passive smoking may be due
to misdassifscation of nonsmokers who are really
smokers. Ln addition, Wald24 noted that some people
who say they live with nonsmokers have detectable
levels of the nicotine metabolite cotinine in their
blood. indicating that they are actually expased to
ETS, either at work or at home . The former type of
misclassification tends to lead to overestimating the
risks associated with ETS and the latter leads to
underestimating the risk. Careful analysis of the
question of misdassification- which applies generally
to studies of ETS, has demonstrated that the ob-
served risk cannot be explained by this problem?-s'-y

The possibiliry always exists that some other con-
founding variable relates to cultural faaors, such as
the nature of housing or employment or the nature of
time spent outside the home. Also, it is possible that
there are other confounden, such as a correlation of
spouses' poor health behaviors (e .g., diet), which are
not controlled for in analysis. The fact that results are
from all over the world in widely varying cultural
settings-induding several regions in the United
States, the United Kingdom, lapan, and China-
argues against this concern .

One ean assess formally the confidence in reaching
a negative conclusion by computing the power of the
study to detect an effect of specified size?9 Table 1
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shows estimates of the power of each of the studies to
detect a 20% increase in risk of heart disease (i .e . . a
relative risk of 1 .2) with the available samples . The
power was computed as described in Muhm and
Olshan,~ using a two-sided test for the relative risk
with a type I risk of 5% (i .e ., requinng the 95%
confidence interval for the relative risk to exclude 1 .0
before concluding a statistically significant elevation
in risk in an individual study) . Most of the studies
have low power . This low power of the individual
studies argues against drawing an overall negative
conclusion concerning the link between ETS expo-
sure and risk of death from heart disease, based on
the individual studies taken one at a time .

Last, and of note, all these studies are based on the
smoking habits of the nonsmoker's spouse and,
therefore, the exposure to ETS at home . Household
exposures to ETS at home are generally much
smaller than exposures at work, where the density of
smokers is generally higher.stX As a result, these
studies generally underestimate the risk and atten-
dant public hea/th burden due to ETS-induced heart
disease . Kawachi et al33 adjusted Wells's relative risks
to account for workplace exposures to ETS and
found that the relative risks increase to 2 .3 (95% CI.
1.4-3.4) for men and 1 .9 (95% CI, 1 .4-2.5) for
women. Thus, any potential confounding of the re-
sults because of exposure to ETS outside the home
will tend to produce underestimates rather than
overestimates of the effea of ETS . l.Aewiae

. estls matcs of public health impact based on risks com-
puted from household exposuress will be lower than
the true public health impact . In addition . Wellss and
Kawaclti et at" indicate that the number of heart
disease deaths due to passive smoking is an order of
magnitude greater than the nttmber of lung cancer
deaths due to passive smoking. Even though the
relative risks for heart disease and lung cancer
caused by ETS are similar (about 1 .3 for both diseas-
es), the attributable deaths for heart disease is
greater because heart disease is much more common
than lung cancer . Of 53,000 annual deaths in the
United States attributed to passive smoking,s 37,000
are attributed to heart disease compared with 3,700
for lung cancer (Figure 2) .

These epidemiological studies demonstrate a con-
nection between ETS exposure and death from heart
disease. We now turn our attention to possible
physiological and biochemical mechanisms that ex-
plain these observations .

Short-term Effects of ETS luposure
Long-term exposure to ETS exerts carcinogenic

effects by increasing the cumulative risk that a nrei-
nogenic molecule from ETS will damage a cell and
then initiate or promote, the carcinogenic process
The situation with heart disease is different . In heart
disease, important long-term changes (i .e ., the devel-
opment of atherosclerotic lesions) and short-term
changes occur . The latter include an increased myo-

Deaths from Passive Smoking
Total Deaths: 53,000
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FIGURE 2. Pit chart of US denthr f.om enwwnmenrnl
tobacco rmokic. The maJoriry of annual deadu an atmbuted
to keart disease. Madifitd from WrRr.H

cardial oxygen demand that may outstrip the oxygen
supply and produce ischemia and an increased plate-
let aggregation that may lead to coronary thrombosis
and acute myoardial infarction .
When the coronary circulation cannot provide

enough oxygen to the myocardium to meet the de•
mand, the result is ischemia, which can be a silent or
an angioal episode . Earlier onset of angina or-hypo-
tension during exercise is a reflection of more severe
heart disease. Oxygen supply can be reduced by
ather'osderotic narrowing or vasoconstriction of the
coronary arteries or by reducing the oxygen-carrying
capacity of the blood because the carbon monoxide in
the E'[5 forms carboryhemoglobin, which, in turn.
reduces the blood's oxygen<anying capacity. Khal-
fen and Klochkovu confirmed earlier work by
Aronowu demonstrating that exposure to ETS sig-
nificaatly reduced both the exercise ability in patients
with coronary artery disease and the rate-pressure
product (heart rate multiplied by systolic blood pres-
sure). In both studies, patients were exposed to
realistic levels of ETS by sitting in a waiting room
while someone was smoking. These effects were
present in smokers and nonsmokers" and regardless
of whether the room was ventilated .x" Exposure to
ETS also increased resting heart rate and systolic and
diastolic blood pressure and resulted in a lower heart
rate at the onset of angina.15 Blood carboxyhemoglo-
bin was inaeased by about 1% after exposure to
ECS.u Thus, short-term exposure to ETS leads to an
imbalance between myocardial oxygen supply and
demand during exercise in patients with coronary
artery disease . While this discussion has concen-
trated on the carbon monoxide in ETS as the active
agent, some other component of the ETS may be
causing or contributing to this effect.

The effects of ETS on cardiac performance are, in
fact, severe enough to affect exercise performance in
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young healthy subjects with no evidence of heart
disease. McMurray et ah" exposed young healthy
women to pure air and air contaminated with ETS
while they exercised on a treadmill . The results were
similar to those observed in patients with coronary
artery disease . Resting heart rate was increased
during exposure to ETS, which increased blood car-
boxyhemoglobin by about 1% . Exposure to ETS
significantly reduced maximum oxygen uptake (by
0.25 Umin) and time to exhaustion (by 2 .1 minutes) .
Exposure to ETS also increased the perceived level
of exertion during exercise, maximum heart rate, and
carbon dioxide output . It also significantly increased
levels of lactate in venous blood (from a mean of 5 .5
mM during the control period to 6.8 mM after
exposure to ET'S). This greater lactate at a lower
oxygen consumption during the passive smoking tri-
als indicates a greater reliance on anerobic metabo-
lism. The combined effects of the reduced oxygen-
carrying capacity and increased lactate resulted in a
reduction in maximal aerobic power and the duration
of exercise . Thus, even in healthy subjects, exposure
to ETS adversely affects exercise performance .
lambt' suggested that at maximal exertion levels, up
to 90% of the oxygen-carrying capacity of the blood
may be needed. Probably because of carbon monox-
ide, ETS reduces this capacity, so the muscle caanot
maintain its high rate of aerobic metabolism unless
cardiac output is further increased; people with heart
disease and reduced ventricular reserve have diffi-
culty meeting this demand . In sum, exposure to E-lS
increases the demands on the heart during exercise
and reduces the capacity of the heart to respond .
This imbalance increases the ischemic stress of eter-
cise in patients with eristing coronary artery disease
and can quickly precipitate symptoms.

Moskowitz et al30 found evidence that adolescent
children of parents who smoked may suffer from
chronic tissue hypoxia such as that observed in
anemia, chronic pulmonary disease, cyanotic heart
disease, or high altitude. These children had signifi-
cantly elevated levels of 2,3diphosphoglycerate
(DPG), even after correcting for age, weight, height .
and sex: DPG acts as a physiological modulator of
hemoglobin oxygen affrnity. it binds to specific amino
acid sites and increases the Pm (lowers the oxygen

the metabolism of cardiac mitochondria . They had
three groups of rabbits: one group was exposed to a
single dose of ETS, one group was exposed to 30
minutes of ETS twice daily for 2 weeks . and one
group was exposed to 30 minutes of ETS twice daily
for 8 weeks. They measured mitochondrial respira-
tion as the consumption of oxygen after adding ADP
to a vessel containing mitochondrial fragments . Us-
ing pyruvate as a substrate . mitochondrial respiration
was reduced significantly compared with control
(pure air) for all doses of ETS, by even a single
exposure, to about half the control value . The oxida-
tive phosphorylation rate was also reduced signifi-
cantly at all exposures by about one third . There were
no significant changes in the coefficient of oxidative
phosphorylation with ETS exposure . Gvozdjakova et
al„ concluded that pyruvate as a substrate was a
sensitive indicator of the toxic action of the ETS on
the oxidative process.

Later, to further isolate where in the process of
mitochondrial respiration the E-1S acted, Gvozdja-
kovi et aY" and Gvozdjak et al4i reported data on
succinate, NADH, and cytochrome oxidase activity in
the mitochondria in the four groups of rabbits .
Exposure to E1S affects the activity of NADH oxi-
dase, sucdnate axidase, and tyytochrome oxidase of
myocardial tnitochondria. The activity of the first two
oxidases exhibited no changes compared with the
control group, neither after a single exposure to E ES
or after exposures to 2 weeks . Cytochrome oxidase
activity decreased both after a single exposure to
ETS and over time, with greater decreases as the
duration of exposure to ETS was extended . The
observation that cytochrome oxidase and not NADH
or succinate oxidase activity was affected by ETS
suggests that the deleterious effects of ETS on myo-
cardial mitodtondrial respiration occur at the termi-
nal segment of the mitochondrial respiration process .
Prolonged exposure to carbon monoxide has been
shown to induce ultrastructural changes in myocar-
dium•a-" and may account for the adverse effects of
E15 exposure on mitochondrial function .

Thus, short-term exposure to ETS not only in-
creases the demand and compromises the supply of
oxygen to the heart, but also reduces the myonrdi-
um's abiliry to use the oxygen to ereate ATP to provtde

affinity), thus making more oxygen available to pe- energy to support the heart's pumping activity .
ripheral tissues. This observation suggests that the Effects on Platelets
body is attempting to compensate for hypoxia by
increasing the DPG level in blood to meet tts,cuc The action of ETS to increase platelet aggregation
oxygen requirements. The changes were dose depen- is another way in which ETS can increase the risk ofPI I rtant for thee un otdent; the greater the exposure to ETS (measured
both in terms of parental smoking and servm thiory-
anate levels in the children), the greater the increase
in DPG .

There is also evidence that short-term exposure to
ETS directly affects respiration of the myocardium at
a cellular level . Gvozdjikovi et al„ exposed rabbits
in a 50 1 child's incubator to the smoke of three

a 30-minute pe-d durinki i ggarettes smo eburn ng c
riod, and they measured several variables related to major role in thrombus formation and embolizanon,
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normal process of hemostasis, to prevent blood loss
after an injury . When blood platelets aggregate inap-
propriately and form a thrombus in the coronary
circulation, they can precipitate a myocardial infarr
tion. Hemostasis depends on complex interactions
among the dynamies of blood flow, components of
the vessel wall, platelets, and plasma proteins . De-
finitive evidence has confirmed that platelets play a
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"LuIE 2. Enert of Passiee and Aed .e Smoking eo Platelet Arareptbn aed Eodot6elisl Cell Damqe

Plarelet aggregate ratio Endothalial cell count

Before After Change Before Aher Change e

Passrve smoking (nonsmoker) 0 .87 0.78 -0 .09 2 .8 3 .7 0.9 10

Tobacco (nonsmoker) 080 065 -0.15 23 4 .8 2.5
20

NomoJaoro cigarette (nonsmoker) 091 1 0.78 -0.03 2 .5 3,0 0.3

Inhale dgarette (smoker) 0 .81 0.68 -0 .13 6 .0 5 .d 1A 24

Not :ntale agueue (nonsmokeQ 0 .82 0.73 -0 .09 3 .3 4,7 14 22

Smoke (smok<r) 0 .85 0.70 -0 .15 4 .4 64 20
17

Snuff (smoker) 0 .82 0.76 -0 .06 7 9 4 .7 0 .8

AII atudies ale paired and reflea asgnificant dlEerences ( P<0.003). Platekt aggregate ratio is the ratio of platelet
count of platelet•nch plasma, prepared immediately after venipunaure with a .dution oontauury edetic acid and
formaldehyde, to that of plasetes-rich plavna prepared in the snne nurrner . euepl for the abrene< of (ormaldehyde .
A deaease in the platelet aggregate ratio reflects an imxeased formahon of platelet ygegatei Endothelial cell couot
is mean number of anudear ceil carcasua in 0 .9•µL chambern Modihed from Daw er at.n.wua

especially in the arterial system . In addition, inaeas-
ing evidence has shown that platelet deposition and
thrombus formation can contribute to the growth and
progression of atherosclerotic plaques .•1•e6 An ane-
rlal thrombus appears to develop in three phases:
platelet adhesion, platelet aggregation, and activat-
ing of clotting mechanisms. Passive smoking in-
creases platelet aggregation and, thus, increases the
likelihood of thrombus formation and myonrdialinfarction

.
Table 2 summarizes the results of several studies

by Davis et ala'-s" on the effects of cigarette smoke on
platelet aggregation and damage to the arterial en-
dothelium . Davis et alsr also measured platelet ag-
gregate ratios and endothelial cell counts in non-
smoken before and after exposure to 20 minutes of
ETS wh0e sitting in a hospital atrium . The platelet
aggregate ratio in these studies is the ratio of the
platelet count of platelet-rich plasma prepared from
blood mixed immediately with EDTA and forn7alde-
hyde to the same mixture without formaldehyde . This
method assumes that platelet aggregates circulating
in blood are 8xed in the EDTA-fortttaldehyde solu-
tion and that they break apart in the EDTA solution.
Thus, a decrease in the platelet aggregate ratio
reflects an increased formation of platelet aggre-
gates . Mean values before and after passive smoking
were 0.87 and 0.78 (p-0.002) for platelet aggregate
ratios and 2 .8 and 3.7 (p-0.002) for counts of
anuclear endothelial cell carcasses in venous blood .
These changes are intermediate between the effects
observed after nonsmokers smoked two tobacco cig-
arettes and the effects observed after smoking two
nontobacco cigarettese7 and similar to the values
observed in nonsmokers who smoked two cigarettes
while trying not to inhale .y These effects were not
correlated with the level of nicotine in the blood of
the experimental subjects in any of these or other•a~
related studies on how drugs modify platelet aggre-
gation and eadothelial cell counts. In particular, the
effecu observed in nonsmokers who smoked ai thout
inhaling were similar to the effects on smokers who
smoked two cigarettes even though the plasma nico-

tine levels in the nonsmokers were five times lower
than those observed in the smokers-r^ Other work in
the same laboratory comparing smoking with snuff
use revealed similar changes in platelet function in
response to these two forms of tobacco ttse.n This
result, combined with the finding that smoking non-
tobaceo cigarettesi7 failed to produce changes in
platelet function as large as observed with tobamo
cigarettes, suggests that nicotine is an important
active agent Berause nontobacco cigarettes also
affected platelet aggregation somewhat, however,
carbon monoxide or other combustion pruducts_may
also influence the platelets .

Sinzinger and Kefalidess3 measured platelet sensi-
tivity to antiaggreptory prostaglattdins (EI, 1, and
D2) before, durint and after 15 minutes of exposure
to ETS in healthy nonsmokers and smokers . Passive
smoking reduced platelet sensitivity to the antiaggre-
gatory prostaglandias Ir and Er significantly (p<0 .01)
by a factor of about 2 by the end of 15 minutes of
ezptuure to ETS among noostnokers, This effect
persisted at 20 minutes after the end of exposure and
oeased by 40 minutes . Platelet response to pros-
taglandin Di changed modestly in a similar pattern
but was not sigttifiant. Among smokers, the control
level of platelet aggregation was higher (p<0 .01),
and the prostaglandins had no significant effects on
platelet aggregation over time during or after eapo-
sure to ETS. Sinzinger and Virgolinis` also showed
that repeated exposure to ETS for I hrfday for 10
days produced lasting changes in platelet function in
nonsmokers similar to those observed in smokers.
Thus, nonsmokers' platelets seem much more sensi-
tive to a single exposure to ETS than do smokers'
platelets, and change in platelet sensitivity to disag-
gregating prostaglandins in nonsmokers exposed to
ETS for short periods is similar to that observed in
smokers.

Further evidence from the same laboratory that
passive smoking increases platelet aggregation comes
from work by Burghuber et al u who studied smokers
and nonsmokers who smoked two cigarettes and also
exposed a different group of smokers and nonsmok-
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reduction in mortality, however, was seen in smokers
and not nonsmokers . This study provides evidence
that blocking the effects of catecholamines (released
by nicotine) was the cause of the reduced mortaliry in
smokers who were receiving metoprolol .

In sum, passive smoking increases platelet aggre-
gation, with a magnitude similar to that observed in
active smoking . Moreover, the response of notumok-
ers to both active and passive smoking appears to be
different from smokers, with nonsmokers being more
sensitive to lower exposures to cigarette smoke than
are smokers. This observation indicates that the
pharmacology of El'S in nonsmokers may be dif-
ferent than in smokers, with nonsmokers being more
sensitive to low doses of SfS. In partLatlar, it inval-
idates attempts to estimate "cigarette equrvalent"
doses of SI'S in nonsmokers or extrapolating from
risks of smoking in smokers to effects of FPS on
ronsmokers.58 The resulting increase in platelet ag-
gregation can contribute to acute thrombus forma-
tion and myocardial infarction .

In addition to the role of platelets in acute throm-
bus formation, platelets are also important in the
development of atherosclerosis.w Once there is dam-
age to the arterial endothelium, either through me-
chanical or chemical factors, platelets interact with or
adhere to subendothelial connective tissue and ini-
tiate a sequence that leads to atherosclerotic plaque .
When platelets interact with or adhere to suben•
docardial connective tissue, they are stimulated to
release their granule contents . Endothelial cells nor-
mally prevent platelet adherence because of the
nonthrombogenic character of their surface and their
capacity to form antithrombotic substances such as
prostacyclin . Once the endothelial cells have been
damaged, the platelets can stick to them . Once the
platelets are bound to the endothelium, they release
mitogens such as platelet-derived growth fac[or,
which encourage migration and proliferation of
smooth muscle cells in the region of the endothelial
injury." If platelet aggregation is increased because
of exposure to E'I'S, the chances of platelets building
up at an endothelial injury will be inc,roased . Thus, in
addition to contributing to short-term effects through
increasing the likelihood of thrombus formation, the
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FIGDnE 3. Plott of efJect of acds¢ (left) and passive (right) smvkvsg on plarelu aggregasion in smokers and norumoken . 7he
sensitiviry indq S! PGIt, is definsd as the inwse of the concenon ion of ptattaglandin 12 necersary to inhibit ADP-udu :ed platele
aggrcgation by 50%. La.e valua of SI PGlt indicate areateeplatelet a,ggregarion Adapta! from f/gwes 3 and 4 of Busghu6rr et aLrt

ers to E1S in an 18 m' room in which 30 cigarettes
had been smoked just before exposing the nonsmok-
ers. They measured the sensitivity of platelets to the
disaggregating substance prostaglandin I= that is re-
leased by endothelium and inhibits platelet aggrega-
tion. Figure 3 shows the results of this experiment . In
smokers, neither smoking nor passive smoking af-
fecced the sensitivity of the platelets to the disaggre-
gating effect of prostaglandin I= . The sensitivity of
platelets in smokers was also significantly lower than
that of nonsmokers. In contrast, platelets were more
sensitive to prostaglandin h in nonsmokers, with both
smoking and passive smoking producing a similar
reduction in platelet sensitivity to prostaglandin It .
'Iltese results suggest that the platelets of smokers
are already desensitized to the antiaggregatory sub-
stance prostaglandin I= so that no further decrease in
aggregation is seen.'iLe significant decrease in plate-
let sensitivity to prostaglandin after short-term expo-
sure to FIS suggests that after E'I'S exposure plate-
lets are more likely to aggregate with adverse
consequences.

Earlier work by Saba and Mason% also indicated
that nicotine increased a variety of measures of
platelet aggregation in nonsmokets and smokers .
Although the in vitro effects of nicotine on platelets
from smokers was greater than that in tonsmoken,
the effect generally did not vary with dose (between
2x 10' and 2x 10" M), suggestfng that the effects of
nicotine on platelets occur at low doses and that the
system saturates quickly. This observation may ex-
plain why passive and active smoking have such
similar effects on platelets.s's>.,a

The probable link between nicotine and adverse
physiological effects is nicotine-induced release of
catecholamines . Catecholamines are then responsi-
ble for increased platelet aggregation . This reasoning
suggests that s-adrenergic receptor blockers may
provide some protection in smokers. This premise is
borne out by a trial comparing the effects of the
S-blocker metoprolol to a thiaride diuretic in the
control of moderate hypertension.n For the same
reduction in blood pressure, the metoprolol-treated
group had a significantly lower mortality rate than
did the thiazide-treated group . Practically all of this
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effects of ETS on platelets also increase the chances
that endothelial injury will lead to arterial plaque .
ETS also plays a role in causing damage to the

endothelium and initiating the atherosclerotic pro-
cess . As discussed above, Davis et als' found that
short-term exposure to ETS, like active smoking•'-N
and use of chewing tobacco,52 leads to a signihcant
inaease (p<0.o02) in the appearance of anuclear
endothelial cell carasses in the blood of people
exposed to ETS (or tobacco product) constituents.
The appearance of these cell carcas,es ndicates darn-
age to the endothelium, which is the initiating step in
the atherosclerotic process. As noted above, the ap-
pearaace of endothelial cells after passive smoking is
almost as great as after primary smoking (Table 2) .
Exposure to ETS has been shown to produce injuries
similar to those observed with exposure to primary
smoke and also affects platelets in a way that increases
the chances that they will bind to the injured area and
promote growth of smooth muscle cells .~

Role of the Polycydie Aromatic Hydrocarbons In ETS
Many atherosclerotic plaques in humans are either

monoclonal or possess a predominantly monoclonal
component,w which indicates that the smooth muscle
cells of each plaque have a predominant cell type .
Several animal studies have also shown that injections
of pofyryclic aromatic hydrocarbons (PAHs), in par-
ticular 7,12-dimethylbenz(a,h)anthracene (DMBA)
and benzo(a)pyrene"-v aecelente the development
of atherosclerosis . Benzo(a)pyrene is an important
element in ETS.t The effects of PAHs or other
carcinogenic or mutagenic elements in ETSM relate
directly to the response to injury theory of atherogen-
esis discussed above .M Changes in the underlyiog
smooth muscle stimulated by these agents can then
initiate the "injury" that leads to platelet aggregation
and plaque formation. Thus, loag-term exposure to
ETS can affect plaque formation through mech•nis^•
similar to those by which long-term exposures produce
cancer in other organs.

Albert et a161 gave chickens weekly inttamusntlar
injections of DMBA and benzo(a)pyrene for up to 22
weeks, then killed the chickens at various times
beginning after 13 weeks and measured the plaque
volume in the chickens' aortas.'Ibey found that both
DMBA and benzo(a)pyrene significantly increased
the volume of plaque compared with control chickens
who had just received injections of the solvent used
to carry these agents. This study provided the hrst
evidence that known carcinogenic chemicals can be
atherogenic as well.

Penn et al"r extended this result in a similar
experiment by showing that the effects of DMBA on
the extent of plaque buildup in chickens was dose
dependent . The median cross-sectional area of
plaques on individual aortic segments and the plaque
volume index (an approximate measure of the total
volume of plaque per aorta) increased in a nearly
linear fashion with DMBA dose . In contrast to the
marked increase in plaque area in the DMBA-

treated animals, the percentage of aortic sections
with plaques in carcinogen-treated animals was only
slightly higher than in controls . Plaques with a small
cross-sectional area were present in all animals .
Lesions of widely differing cross-sectional areas ap-
peared to be similar histologically under the light
microscope .

Together, these data suggest strongly that a major
effect of long-tertn DMBA exposure is to increase the
size of spontaneous aortic lesions. Rather than induc-
ing a cancerlike change in an individual cell that
begins the process that ultimately leads to plaque
formation. Penn et alu suggested that long-term
DMBA exposure causes preferential division of indi-
vidtta) celk or patches of cells within the preexisting
spontaneous lesions. From this perspective, DMBA
and other exogenous compounds would be acting as a
mitogen, siatilar to that released by activated platelets,
to stimulate division of aortic smooth muscle .

Revis et al62 found similar results in White
Carneau pigeons injected with DMBA and ben- .
zo(a)pyrene weekly for 6 months, beginning when the
pigeons were 3 months old . Compared with the work
described above, they found that benzo(a)pyrene had
a greater effea on atherogenesis than did DMBA,
and they also failed to observe a dose-response
relation between the dose given and the amount of
aortic plaque. lbese diHerenas from the work just
described may be related to -species differences,
differences in the carrier used to inject the PAHs
(dimethyl sulfoxide in tbe previous studies compared
with corn oil in this one), of differences in the age of
the pigeons or dosing schedule. They also found an
increase in aortic plaques in pigeons treated with the
PAH 3-metbylcholanthrene but not the carcinogen
2,4,6-tricLtorophend or the PAH benzo(e)pyrene,
which is not considered a carcinogen. This result
suggests that carcinogenic PAHs, tatber than carcin-
ogens or PAHt in general, are impliated in the
atherosclerotic process.

Revis et alG2 also studied the distribution of these
compounds after they had been radiolabeled . Forty-
eight hours after the injection of PAHs, radioactivity
in the liver, aorta, and lung aocaunted for 75% of the
injected dose, whereas in animals injected with 2-4,6-
trichloropbenol, radioaedviry in the liver and kidney
accounted for g096 of the dose. In addition, 80% of
the radioactivity observed in the plasma immediately
after injection of radiolabeled PAHs was associated
with the low density and high density Lipoprotein
cholesterol fractions compared with only 24% of the '
2,3,6-trichlorophenol, suggesting that plasma lipo-
proteins are an important vehicle for transporting
PAHs to their sites of activation in the arteries .

'Ihere is also evidence that ETS directly affects
plasma lipoproteins. Moskowitz et alm showed that
adolescent children whose parents smoked had ele-
vated levels of cholesterol and depressed levels of
high density lipoproteins, even after correcting for
age, weight, height, and sex . These effects were dose
dependen4 the greater the exposure to ETS, the

ASSISTTrtrtninj + July 1993

20 TNWL 0018211

Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/pzhd0080



vlanr : and Pann/ry Passive Smoking and Heart D,seas< 9

greater were the changes in these variables .
Pomerehn et ala' observed similar effects of ETS on
high density lipoprotein in children whose parents
smcked and in children who smoked or chewed
tobacco themselves . High levels of total cholesterol
and low levels of high density lipoprotein are impor-
tant for the development of plaque . Data on total
cholesterol and high density lipoprotein from non-
smokers married to smokers are inconclusive .1"1•

To further elucidate the possible mechanisms by
which PAHs induce atherosclerotic changes, Majesky
et al^s administered a single injection of benzo(a)py-
rene to White Cameau and Show Racer pigeons, then
looked for metabolites of the benzo(a)pyrene in aortic
and hepatic tissues 48 hours later . White Cameau
pigeotu typically develop severe atherosclerosis by 3
years of age, whereas Show Racer pigeons are rela-
tively resistant to aortic atherosclerosis . Aortic prep-
arations of the White Carneau strain exhibited a much
greater inducibility of the microsomal monooxygenase
system than did those of the Show Racer strain,
particularly in young pigeons. Aortic tissues from
White Carneau pigeons aged 6-12 months exhibited a
threefold to 12-fold inducibdiry, whereas aortic tissues
from the same strain at 2-5 years of age exhibited only
minor (maArnum, 3.3-fold) and, for the most part,
statistically insignificant increases. No age differences
in inducibiliry could be detected in the Show Racer
strain . Interestingly, the differences in inducibility
manifest in aortic tissues were greater in aortic tissues
than in hepatic tissues from the same birds . Thus, the
PAHs seem to accelerate any preexisting tendency to
develop athertacletnsis

Regardless of the ultimate mechanism by which
PAHs exhibit atherogenic effects, it seems logical to
suppose that the reactive intermediary metabolites of
these chemicals are the prwtimate atherogenic or
coatherogenic agents because the parent compounds
are relatively inert both chemically and biologically.
Thus bioactivation and inactivation (and regulatory
control of these processes) may be presumed to play
extremely important roles in their atherogenic prop-
erties. Bioactivated chemicals vary in their stabiliry
and reactivity according to four general categories:
1) those that are eatremely unstable and persist only
at the immediate site (enzyme) of bioaetivation,
2) those that persist only within celis in which bioac-
tivation .oocurs, 3) those that persist primarily only
within tissues in which bioactivation oavrs, and 4)
those capable of being transferred in the circulation
from one organ to another. For the first three of
these four categories, biotransfortnation in the aorta
per se (target tissue activation) would be of prime
interest and importance. Thus, it appears that PAHs
could be playing either a mutagenic or mitogenic role
in beginning the atherosclerotic process in suscepti-
ble cells or individuals, depending on how the PAIis
in ETS are metabolized in the aorta .
The finding that enzymes that metabolize DMBA

and benzo(a)pyrene are in the arterywall led Penn et
al"• to search for specific molecular events in plaque

cells that would lead to DNA changes similar to
those previously found in tumors . Identification of
such processes would be supportive of the monoclo-
nal hypothesis of atherogenesis . They obtained hu-
man DNA samples from coronary artery plaques as
well as DNA from normal sections of the coronary
arteries at surgery to remove the plaque . These DNA
samples were tested with the NIH 3T3 ce11 transsec-
tion assay . Foci arose in cells transfected with each of
the DNA samples obtained from the human coronary
plaque, with an efficiency (number of focUµg of
DNA) ranging from 0 .016 to 0.060 (mean, 0 .036) .
The transfection efficiencies for DNA from normal
coronary artery, liver, spleen, lung, kidney, and tra-
chea were all less than 0 .00g . The transformed cells
were also injected into the scalps of nude mice, where
they developed tttmors. These results provide direct
evidence for similarities on the molecular level in the
development of plaques and tumors . Human coro-
nary artery plaque DNA contains sequences rapable
of transforming NIH 3T3 cells, and these trans-
formed cell .t catt cause mmors after injection into
nude mice. Control experiments verified that the
transforming cells did indeed contain human DNA
and that the tumorigenic (or transforming) activity
was not due to the ms oncogene family . Although
these results clearly demonstrate that human plaque
DNA has transforming abiliry, the temporal expres-
sion of this activity in vivo is not known . The plaques
were taken from adult patients in late stages of
vascular disease. Thus, we cannot determine from
these samples whether the manifestation of -transfor-
mation is a«lat'tvely late event in plaque develop-
ment or an early but stable event . Oncogene activa-
tion and expression is an important early event in
transformation and tumor genesis. These results
identify specific molecular events that may underlie
the proliferation of smooth musde celk that is a
hallmark of atherosclerotic plaque development and
demonstrates that plaque cdls exhibit molecular
alterations that had previously only been thought to
be present in cancer-cell transformation and tumori-
genesis. These results provide direct support for the
monoclonal hypothesis.

Randerath et a1W also demonstrated that constit-
uents of cigarette "tar," including benzo(a)pyrene .
are preferentialfy attracted to the heart and damage
DNA there . They studied molecular mechanisms of
smoking-related carcinogenesis by examining the in-
duaion and distribution of covalent DNA damage in
internal organs of the mouse after topical application
of cigarette smoke condensate daily for l, 3, or 6 days
then killed 24 hours later. DNA samples were ob-
tained from skin. lung, heart, kidney, liver, and
spleen. Adducts containing benzo(a)pyrene-derived
moieties were identifted, together with others . At all
three times, the number of adducts in heart and lung
DNA was about five times higher than that in liver
and slightly higher than that in skin . Covalent DNA
damage was estimated to be 6.2 . 5 .7, 3 .9 . and 1 .9
times higher, respeaively, in lung, heart, skin, and
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kidney than in liver, ranging from approximately I
adduct/5 .4x I0° DNA nucleotides in lung to I adducV
3.3x10' DNA nucleotides in liver . Spleen DNA was
practically adduct free . Although the DNA adduct
profiles resembled each other qualitatively among
the different tissues, there were major quantitative
differences between the different tissues, with the
highest DNA binding occurring in the lung and heart .
The reasons for the high incidence of DNA adducts
in the heart are not known but may be related to the
role of plasma lipids in transporting PAHs such as
benzo(a)pyrene and binding of these lipids to coro-
nary arteries .

In sum, there is a growirig body of evidence at a
molecular level supporting the monoclonal hypothesis
of atherogenesis, with compounds in tobacoo smoke
and ECS strongly implicated as agents that stimulate
the development of coronary lesions . Regardless of
whether the ntonoclonal hypothesis proves to be true
(or, more likely, one of several initiatiors of the
atherosclerotic process), there is clear evidence that
components of ETS, in particular PAHs such as
bcnxo(a)pyrene, initiate or accelerate the develop•
ment of plaque. These biochemical findings are con-
sistent with the epidemiological fiqd"mg that chimney
sweeps, who are exposed to high levels of PAHs in
soot, have an increased risk of hean disease (as well as
cancer) and tend to develop these diseases earlier
than do members of other, comparable, otxupations
that are not exposed to PAHafe The PAFis in ETS are
clearly implicated at epidemfologial, physiologfcal,
and biochemical levels in the genesis of beart disease .

Summary
The evidence that EPS increasea risk of death

from hean disease is similar to that which existed in
1986 when the US Surgeon General concluded that
ETS caused lung cancer in healthy nonsmokers .s
There are 10 epidemiologieal studies, conducted in a
variety of locations, that reHect about a 30% increase
in risk of death from ischemle bean disease or
myocardial infarction among nonsmokers living with
smokers. The larger studies also demonstrate a sig-
nifiant dose-response effect, with greater exposure
to E15 associated with greater risk of death from
hean disease .

These epidemiologiol studies are complemented
by a variety of physiological and biochemial data
that show that EI'S advetsely affects platelet function
and damages arterial endotbelittm in a way that
increases the risk of heart disease . Moreover, ETS, in
realistic exposures, also exerts signifiant adverse
effects on exercise capability of both healthy people
and those with heart disease by reducing the body's
ability to deliver and utiliu oxygen. In animal exper-
iments

.
EiS also depresses cellular respiration at the

level of tnitochondria. The polycyclic aromatie hydro-
carbons in ETS also accelerate, and may initiate, the
development of atherosclerotic plaque.

Of note, the cardiovascular effects Of EI'S appear
to be different in nonsmokers and smokers . Non-

smokers appear to be more sensitive to ETS than do
smokers, perhaps because some of the affected phys-
iologial systems are sensitive to low doses of the
compounds in ETS, then saturate, and also perhaps
because of physiological adaptions smokers undergo
as a result of long-term exposure to the toxins in
cigarette smoke . In any event, these findings indicate
that, for cardiovascular disease, it is incorrect to
compute "cigarette equivalents" for passive exposure
to ETS and then to extrapolate the effects of this
exposure on nonsmokers from the effects of direct
smoking on smokers.

These results suggest that heart disease is an
important consequence of exposure to E'IS . The
combination of epidemiological studies with demon-
stration of physiological changes with exposure to
ETS, together with biochemical evidence that ele-
tnents of E'1S have significant adverse effects on the
cardiovascular system, leads to the conclusion that
Ef5 causes heart disease. This increase in risk
translates into about 10 times as many deaths from
ETS-induad heart disease as lung rancer, these
deaths contribute greatly to the estimated 53,000
deaths annually from passive smoking .s This toll
makes passive smoking the third leading preventable
rausp of death in the United States today, behind
active smoking'n and alcohol .'t
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