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ABSTRACT

Exposure to passive smoking is usually associated with heavy changes in both function and structure of the cardiovas-
cular system at different levels: coronary circulation, heart metabolism, myocardial muscle. These changes may be
transient but may have characteristics of irreversibility. Major determinant of cardiovascular alterations is hypoxia due
to tobacco products of the environment although a large number of alterations affect immune t-cells and antibody re-
sponse. All infectious diseases which involve cardiovascular system, including some tropical patterns, particularly
Chagas disease, are adversely influenced as a consequence of a continuous although irregular exposure to passive
smoking, which worsens the degree of cardiac muscle alterations at different levels like myocardium, coronary arteries
and both these structures. Therefore, exposure to passive smoking must be avoided for those individuals suffering from

infectious diseases of the heart whatever factor can be responsible.
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1. Introduction

Exposure to passive smoking is a strong hazard for car-
diovascular system [1-22] since it is able to cause a large
series of disorders either of functional or structural type
as well as to impair cardiac function in those patients
affected by tropical diseases which can involve heart and
blood vessels [23-25].

Apart from by direct interference of passive smoking
with the coronary circulation, which is often involved
also by protozoan, the development of cardiovascular al-
terations can also be regularly seen in experimental find-
ings as a consequence of cardiotoxic chemicals of toba-
cco smoke in humans and animals.

Estimating the morphological features of cellular da-
mage of myocardium induced by passive smoking could
give confusion in terminology and definition of lesion
since other factors can cause similar alterations. For ex-
ample, the term necrosis may be used to define morpholo-
gically damage due to coronary circulation involvement,
whereas the same term does not recognize a circulatory
mechanism when it is due to a directly toxic action on
myocardial cells. Moreover, peculiar alterations can be
superimposed to those linked with specific alterations
caused by tropical agents. Therefore, establishing clearly
the meaning of each pathologic pattern observed as well
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as the mechanism that may be responsible is worthy to be
done in an attempt to identify the exact features of car-
diac alterations.

This report will describe particularly the main changes
that irregular but frequent exposure to passive smoking
causes on myocardial and coronary artery cells as well as
their possible relationship with those changes caused by
tropical agents, particularly restrictive cardiomyopathies.

2. Passive Smoking and Cardiovascular
Damage

Of the thousands of toxic chemicals which are contained
into environmental tobacco smoke, some of these, pri-
marily, play their adverse effects on cardiovascular system.

Four main smoking compounds (Table 1) are usually
identified as indicators of passive smoking exposure in
different epidemiological surveys [26,27]. They are nico-
tine and its metabolites, carbon monoxide, thiocyanate and
polycyclic aromatic substances.

These components, when are absorbed into the blood,
act like free or bound plasma constituents and have a
different half-life that is about 5 hours for carbon mon-
oxide when it is bound to hemoglobin, 16 hours for coti-
nine, and 6.5 days for thiocyanates or other alicyclic sub-
stances.
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Although inhaled after tobacco manufacturing and bur-
ning but not in fresh leaves, carbon monoxide plays a
basic role in long-term damage from both active smoking
and passive smoking. Nicotine intoxication may occur
acutely and depends from both fresh tobacco leaf expo-
sure and exposure to active or passive smoking. Thiocy-
anate toxicity is too hard to establish since different
foods, which are rich in these substances, may adulterate
and confuse obtained responses.

Many other chemicals, as already said, may influence
adversely heart and blood vessels, but their action is lim-
ited when compared to that due to carbon monoxide, ni-
cotine and thiocyanate. On the contrary, these other che-
micals, such as ammonia, benzene, 2-naphtylamine, ni-
trosamines, benzoanthracene and benzopyrene [28] con-
tained in a greater amount in passive smoking—sidestream
smoke—have prevailingly heavy carcinogenic effects.

Three main phases characterize passive smoking (Ta-
ble 2): sidestream smoke which is defined as the smoke
that drifts from the end of the lit cigarette, mainstream
smoke, which is the smoke inhaled directly through the
burning cigarette by the smokers, and then exhaled,
mainstream smoke which is the smoke breathed out by
the smoker from their lungs. Also the composition of
mainstream smoke and exhaled mainstream smoke can
likely differ since some of the compounds in smoke are
retained by the smokers or otherwise altered by the pro-
cess of combustion.

Table 1. Chemical compounds of passive smoking deter-
mining cardiovascular damage.

Chemicals Site

Fresh tobacco leaf, Sidestream
smoking

Environmental tobacco,
Burned cigarette

Fresh tobacco leaf, Passive
smoking

1) Nicotine and its metabolites
(particularly Cotinine)

2) Carbon monoxide
3) Thiocyanate

4) Polycyclic substances Environmental tobacco

Table 2. Main phases of passive smoking.

Type of smoking Characteristics

1) Sidestream
smoke

the smoke that drifts from the end of the lit ciga-
rette (Carbon monoxide, Nicotine, Carcinogens)

2) Mainstream
smoke

the smoke inhaled by smoked cigarette (Nicotine,
Carbon monoxide, Aromatic amines)

3) Exhaled main- smoking breathed out by smoker (Carbon mon-
stream smoke oxide, Carcinogens)
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A large series of clinical and experimental studies
conducted in both humans and animals after exposure to
environmental tobacco smoke permits to define the type
of damage that may affect cardiovascular system.

Observations about passive smoking as a factor, which
causes cardiovascular damage, have appeared in the last
thirty years. Indoor atmosphere and confined spaces of-
ten are polluted by tobacco smoke which is inhaled in-
voluntarily by both smokers and non-smokers. The smo-
kers increase, although slightly, the damage caused by
their active smoking, whereas the nonsmokers are dam-
aged heavily against their will.

Experimental and clinical studies conducted on hu-
mans and animals following acute or chronic exposure to
environmental tobacco smoke allow explaining the har-
mful effects on the heart and blood vessels.

Acute exposure to passive smoking (from 20 minutes
to 8 hours) can result in a decrease in platelet sensitivity
to prostacyclin, leading to increased occurrence of throm-
bosis, a strong effect of carboxyhemoglobin on blood
oxygen transport, which induce significant myocardial
and endothelial damage [28]. Also cardiac performance
with diminished exercise tolerance [29] during acute ex-
posure to environmental tobacco smoke was impaired in
both healthy individuals and individuals suffering from a
pre-existing myocardial infarction, although with differ-
ent responses. Healthy individuals showed prolonged
time to recovery pre-exercise heart rate, whereas survi-
vors of an acute myocardial infarction had prolonged
time to recovery pre-exercise heart rate but also a sig-
nificant reduction of peak exercise power and ventricular
arrhythmias. Higher post-exercise concentration of plasma-
carbon monoxide and markedly lower expired-carbon mo-
noxide concentration characterized post-myocardial infar-
ction patients.

Endothelium-dependent coronary artery dilation is
impaired in passive smoker women [30]. That should
prove that the well characterized endothelial dysfunction
in active smokers may occur in passive smokers as well.

Another acute effect of passive smoking on heart func-
tion is mediated by a complex set of events due to carbon
monoxide inhalation. Indoor polluted by carbon monox-
ide from passive smoking has a level of this gas usually
ranging from 3 ppm (part per million air) to 25 ppm, and ex-
posure to 10 ppm over 8 hours results in 1.4% of the blood
hemoglobin occupied as carboxyhemoglobin. Carbon mo-
noxide diminishes the transport of blood oxygen, increa-
ses heart rate to maintain an adequate oxygen supply, can
cause lifethreatening arrhythmias, and worsens the degree
of myocardial ischemia [1,22]. Moreover, chronic expo-
sure to environmental tobacco smoke included a large
series of studies [31-33] that prove undoubtedly negative
effects on cardiovascular system, particularly due to the
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levels of carboxyhemoglobin. The great majority of pa-
tients examined in these studies showed important im-
pairment of those symptoms which characterized their
disease, particularly chest pain from angina pectoris and
pre-existing myocardial infarction. Such impairment well
correlated to carboxyhemoglobin levels as well as artery
endothelial dysfunction that are recognized to initiate the
development of an atherosclerotic plaque.

Finally, passive smoking increases blood viscosity and
hematocrit because of the activation of inflammatory me-
chanisms and relative hypoxia induced by chronic carbon
monoxide exposure [34-37]. In addition, some factors of
coagulation fibrinolysis cascade, particularly fibrinogen,
increase their blood concentration [36,37] activating the
via-thrombus formation.

Also other experimental studies conducted on animals
exposed to environmental tobacco smoke showed an in-
creased cardiovascular damage.

Prolonged exposure of animals to carbon monoxide
has been shown to induce ultrastructural changes in myo-
cardium with mitochondria damage, focal areas of myo-
cardial necrosis at a different stage, interstitial fibrosis,
perivascular infiltrates and punctate hemorrhage. Auto-
phagocytosis and pigmented deposits were also described
[38].

Four types of cardiovascular damage are a consequ-
ence of acute or chronic exposure to passive smoking as
Table 3 shows [39]. A functional damage, usually fol-
lowing acute exposures, is transient and recognizes
autonomic system involvement as the main pathogenetic
factor. Some cardiovascular parameters rather than others
are interested negatively by functional damage: heart rate,
systolic blood pressure, exercise tolerance, cardiac rhythm
with possible development of ventricular arrhythmias.
Also the increased levels of catecholamines share to mai-
ntain the damage. Functional damage is especially harm-
ful for those subjects suffering from cardiovascular dis-
ease as well as for those who undergo chronic exposure,
being autonomic system and catecholamines factors, in
themselves, able to have spontaneously detrimental ef-
fects on heart and blood vessels.

Table 3. Types of cardiovascular damage caused by passive
smoking exposure.

Functional damage
Clinical damage
Anatomical damage

Combined damages

Clinical damage affects particularly those individuals undergone chronic
exposure.
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They primarily can show symptoms of myocardial is-
chaemia. Clinical damage is often associated with an ana-
tomical damage that may act as an underlying disease.
Also the association with a transiently functional damage,
which may appear after acute environmental tobacco
smoke exposure of subjects chronically exposed, worsens
clinical damage of those individuals with symptoms re-
lated to coronary and cerebrovascular disease.

Finally, anatomical damage is the final and unavoid-
able result of chronic exposure to passive smoking. Its
development is usually late but progressive untill to rea-
ch the characteristic of irreversibility.

The factor supporting anatomical damage is a progres-
sion of atherosclerotic alterations with, initially, endothe-
lial dysfunction, inflammatory processes and hypoxia.
The two latter factors, when they are associated, increase
the adverse effects on the heart caused by tropical dis-
eases.

3. Cardiovascular Damage from Tropical
Diseases

Cardiac involvement due to tropical diseases varies for
type and extension depending on etiologic agent, its
virulence and health status of affected individual and
functional or anatomical characteristics of cardiac muscle.
Some factors, as will be widely described, may influence
the relationship that exists between passive smoking ex-
posure and tropical diseases.

Commonly defined, tropical diseases are a wide spec-
trum of alterations that are characterized by a geographi-
cal distribution and, usually, vectorial transmission [40-
42]. They develop primarily, but often uniquely, in tro-
pical or subtropical regions around a circled area involv-
ing American, Asian, Australian and African continents
as well as Pacific and Indian oceans.

In a large majority of observations tropical diseases
are caused by protozoa and metazoa. Table 4 lists the
main tropical diseases which may be frequently associ-
ated with cardiovascular involvement.

The biological relationship between parasitic agents
and their host is yet far to be completely clarified al-
though, usually, unicellular protozoa multiply more rap-
idly than multicellular parasites and so doing cause in-
volvement of a lot of organs of the body.

Cardiac damage depends on several factors partly re-
lated to parasitic activity and partly to heart itself. Usu-
ally cardiac muscle is affected by focal or diffuse altera-
tions of inflammatory type that cause an acute or less
frequent a chronic myocarditis the most severe and dif-
fuse in the south America is that due to Trypanosoma
cruzi, better known as Chagas disease [43,44]. However,
whatever etiologic factor acts on the myocardium, the
type of cardiac response is an inflammatory reaction that

1JCM



Passive Smoking and Infectious Disease: A Serious Hazard for Cardiovascular System 553

Table 4. Main tropical diseases with cardiovascular involve-
ment and etiologic agent.

Disease Etiologic agent

American Trypanosomiasis

(Chagas” disease) Trypanosoma cruzi
Limphatic filariasis Filaria
Malaria Plasmodium

African Trypanosomiasis Trypanosoma brucei

Leishmaniasis Leishmania
Toxoplasmosis Toxoplasma condii
Pneumocystosis Pneumocystis carinii

Amebiasis Entamoeba histolytica

is, usually, worsened by those all factors able to deter-
mine hypoxia since oxygen availability is the major de-
terminant of a correct heart function.

A further observation needs to explain either why
tropical diseases are more frequent in tropical areas than
in other or why some of these may be associated with
more markedly cardiovascular impairment. Indeed there
exists a strong relationship between climate and tropical
diseases in the sense that tropical climate is characterized
by heavy rains with formation of stable floods where
vector insects may reproduce easily and then transport
pathogenic agents.

Yet, socioeconomic status of some population in tro-
pical areas may favour cardiovascular localizations since
cardiovascular system strongly feel poor nutrition and hy-
giene.

Finally, biochemical factors able to cause poor oxygen
availability and reduced immuno-response may explain
sudden cardiovascular impairment in individuals affected
by tropical diseases.

4. Factors Relating Tropical Diseases to
Passive Smoke

Two main factors link passive smoking exposure and
tropical diseases associated with cardiac involvement:
hypoxia and immuno-inflammatory phenomena.

Hypoxia is one of the major mechanisms of cardiac
muscle damage since metabolic steps of myocardium oc-
cur in aerobiosis. Therefore poor oxygen availability ad-
versely influence cardiac muscle structure and function
worsening myocardial performance particularly when an
underlied heart disease exists.

Moreover, oxygen availability is strictly related to the
level of oxygen saturation.
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All those pathologic events that influence directly or
indirectly the mechanisms of oxygen saturation must be
estimated since different percentages of oxygen saturation
determine different responses to chemical compounds of
passive smoking. Therefore, a large series of diseases as
well as those subclinical conditions which need an im-
provement in oxygen saturation can be impaired as a
response to passive smoking.

Particularly, carbon monoxide and all those smoke
components defined generically as carcinogens influence
oxygen saturation and then some specific diseases. On
the contrary, nicotine and cotinine which are those smoke
metabolites specifically used to determine environmental
tobacco smoke exposure [45] of people are mainly re-
lated to functional cardiovascular events.

Adverse effects due to main compounds of passive
smoking concern respiratory system, blood, immune
function with regard to T-cells and antibody response
which feel particularly the alterations in oxygen satura-
tion and metabolism [46,47]. Specifically, respiratory
system and blood immune response are closely related to
oxygen saturation.

Exposure to tobacco smoke is one of the major causes
of both developing and triggering an asthma attack.
Moreover, further studies are showing an impaired lung
function in those exposed people when they are com-
pared to never smokers not exposed to environmental
tobacco [48,49]. There is evidence that all respiratory
changes characterized by impaired oxygen saturation
influence adversely heart function throughout.

Three mechanisms act: alterations of respiratory chan-
ges into the lungs, increased levels of carboxyhaemoglo-
bin due to carbon monoxide of environmental smoke,
and, then, reduced concentration of oxyhemoglobin into
the blood as a consequence of the stronger linkage be-
tween carbon monoxide and haemoglobin.

Inflammatory mechanisms triggered by frequent al-
though irregular exposure to passive smoking worsen
heart function of those individuals who suffer from a
tropical disease that involves this organ.

Immuno T-cells and antibody response [47] are the
main factors that are depressed in cardiovascular diseases
as an effect of passive smoking exposure.

5. Conclusions

Exposure to passive smoking should be considered as a
hazard for those people affected by tropical diseases par-
ticularly when cardiac muscle is involved by the parasitic
alterations.

Passive smoking causes hypoxia that worsens cardiac
function and also has depressant effects on immunologic
system.
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