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THESIS ABSTRACT
SHORT-TERM CHANGES IN HEALTH STATUS AFTER CIGARETTE SMOKING

AND MODERATE INTENSITY EXERCISE

Ayddin Reisi

Master of Science, December 16, 2005
(B. S., Shiraz University of Medical Sciences, 2000)

86 Typed Pages

Directed by Dr. Peter W. Grandjean

The combined effects of cigarette smoking and moderate-intensity aerobic exercise
on physiological, inflammatory and blood clotting factors were examined in 12 casual
smokers. Apparently healthy males between the ages of 19 and 35 years who self-
reported that they smoked no more than 7 cigarettes per day were recruited to undergo
each of three experimental conditions in randomized order: 1) a single bout of moderate-
intensity aerobic exercise, 2) cigarette smoking, and 3) cigarette smoking just prior to a
single bout of exercise. Blood samples were drawn prior to, immediately after and 10, 20
and 40 minutes after completing each condition. One additional blood sample was
obtained again 24-hours after completing each condition. Data were analyzed using 3

(condition) x time (depending on the variable of interest) ANOVA. Simple main effects



and Duncan New Multiple Range tests were used to follow-up significant ANOVA
findings. Smoking prior to exercise increased heart rate during moderate-intensity
exercise and in the immediate period of recovery after exercise to a greater level than
exercising or smoking alone. Systolic blood pressure was higher with smoking compared
to exercise and diastolic blood pressure was significantly elevated after smoking.
Pulmonary function was not significantly altered in any of the experimental conditions.
White blood cell (WBC) count increased in all three conditions with a greater magnitude
and duration in the exercise and combined smoking and exercise conditions versus
smoking alone. C-reactive protein (CRP) was not significantly altered by smoking,
exercise or the combination of the two conditions. Blood fibrinogen concentrations were
greater with smoking and fibrinogen concentrations decreased similarly after each
experimental condition. Smoking prior to exercise prolonged the elevation in platelet
counts that occur after smoking or exercise alone. Activated partial thromboplastin time
(APTT) was significantly greater with smoking and decreased after each condition; yet,
prothrombin time (PT) was elevated similarly after each condition. We conclude from
these results that smoking increases cardiovascular stress at rest, during exercise and
recovery from exercise and smoking prolongs elevations in platelet counts that occur
after exercise. However, smoking prior to exercise does not transiently alter
inflammatory markers or appear to influence changes in blood clotting characteristics that

are observed after exercise.
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INTRODUCTION

Brief Review of the Related Literature

Cigarette smoking is considered to be a major risk factor for carotid
atherosclerosis, coronary heart diseases (1-5) chronic obstructive pulmonary disease and
cancers of the upper digestive tract and lung (6). Current cigarette smokers have a risk of
coronary heart disease death 52% higher than nonsmokers, ex-smokers, or pipe and cigar
smokers (7). Even very light cigarette smoking considerably increases the risk of
coronary heart disease in middle-age men (8). Cigarette smoking is associated with a high
degree of elevated risk of mortality from all causes (9-12) and current cigarette smokers
have a death rate from all causes, which is twice that of those who have never smoked.
(13). According to the report of U.S. Surgeon General, more than 12 million Americans
have died from smoking since 1964 and another 25 million Americans alive today will
most likely die of a smoking-related illness. Although smoking-related mortality rates are
declining, current statistics indicate that smoking kills an estimated 440,000 Americans
each year and on average, men who smoke cut their lives short by 13.2 years, and female
smokers lose 14.5 years (14).

The deleterious physical effects of inhaled cigarette smoking are well
characterized. For example, it has been shown that there is a strong association between
chronic smoking and various markers of systemic inflammation (15, 16). Chronic

inflammation, as indicated by elevated C - reactive protein (CRP) (17-22) and white
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blood cell (WBC) count (21, 23-25), is observed with greater prevalence and to a greater
degree in smokers and is thought to increase the risk of coronary artery disease in those
who smoke cigarettes (15, 16, 26-28). Elevated blood coagulation that is observed with
chronic smoking is also thought to contribute to smokers’ greater risk for coronary artery
disease as well as other diseases (29). An elevated fibrinogen level (21, 24, 30), which is
an indicator of blood coagulation, may predict cardiovascular disease and play a role at
the early stages of the atherosclerotic process - as well as thrombosis and acute coronary
syndromes. Smokers have lower baseline blood fibrinolytic activity, which appears to be
a leading determinant of ischemic heart disease, compared to non-smokers(31-35). The
lower baseline blood fibrinolytic activity in smokers could be attributed to a lower
baseline level in tissue-type plasminogen activator (t-PA) (32) or elevated levels in its
main inhibitor plasminogen activator inhibitor 1 (PAI-1) which are released from the
endothelial cells of the vessel wall (33-36). Respiratory health disorders can also be
identified among smokers, who as a group tend to have lower lung function test values
compared to age-matched non-smokers (37, 38).

Part of the short-term deleterious physical effects of smoking may be attributed to
its acute effects on inflammatory markers (CRP, WBC count), and blood coagulation
factors as measured by fibrinogen concentrations, fibrinolytic activity, activated partial
thromboplastin time (APTT), prothrombin time (PT), and platelet count (16, 26, 39).
Smoking two cigarettes in succession increases WBC count (40) and chronic smokers
have significantly higher values for CRP (16, 26, 32, 41), but the acute effect of smoking
on CRP is currently uncharacterized. Although cigarette smokers tend to have elevated

levels of fibrinogen (16, 26) and platelet count compared to non-smokers (42, 43),
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fibrinogen remains unchanged after acute smoking (39, 40, 44) and no changes in platelet
count are observed (40). The results of acute smoking and fibrinolytic activity are
conflicting; cigarette smoking may elicit an increase in fibrinolytic activity due to an
increase in t-PA (45) or it may not stimulate any changes in the level of t-PA and PAI-1
(35, 39). The acute effect of smoking on APTT and PT which are indicators of blood
coagulation is not known; however, PT and APTT are lower among current cigarette
smokers compared to nonsmokers (29, 46).

Likewise, smoking may also have acute detrimental effects on measures of
cardiorespiratory function such as heart rate, blood pressure and pulmonary function.
Acute smoking increases resting heart rate and blood pressure (44, 47-50) which are both
indicative of increased cardiovascular stress. Smoking influence on pulmonary function
is less consistent as lung function measurements can decrease or remain unchanged
following acute smoking (37, 38). Combined with increased inflammation and risk of
coagulation, smoking-related elevation in heart rate and blood pressure may acutely
increase risk of an adverse cardiovascular outcome such as ischemia, myocardial
infarction or sudden death.

The role of regular physical activity in the prevention of coronary heart disease
has been well documented (51). However, an acute bout of physical exertion may elevate
the risk of adverse cardiovascular events during and shortly after the exercise bout (52-
54). As with cigarette smoking, acute exercise can influence inflammatory, blood
coagulation and physiological parameters (36, 52, 55-58). Acute exercise is associated

with a significant increase in WBC count (58, 59) and following triathlon and marathon



races, CRP markedly increases (58, 60). However, the short term changes in CRP after
moderate-intensity exercise of short duration have not been characterized.

There are conflicting results on the effect of acute exercise on fibrinogen as
fibrinogen can increase during acute exercise in healthy individuals after a marathon race
(60). On the other hand, fibrinogen has remained unchanged following submaximal and
maximal exercise tests (52, 61) or it may decrease in healthy adults immediately after a
marathon race (62). Acute dynamic exercise increases fibrinolytic activity (52-54, 61, 63)
and decreases APTT (52-54, 64). During strenuous physical exercise, increases in
coagulation (shortening of APTT) and fibrinolytic activity (increase in t-PA activity)
proceed in parallel (52). However, during recovery, while there is a sustained increase in
coagulation, fibrinolytic activity demonstrates a sharp fall, which suggests a more
favorable situation for clot formation after exercise. This phenomenon could constitute an
enhanced risk for coronary artery thrombosis, which may contribute to exercise-related
cardiovascular events (52-54). No significant changes in PT are observed after 60
minutes of aerobic exercise (65), but following a maximal exercise test, a decrease in PT
has been observed (64). Both acute maximal and submaximal exercises increase platelet
count significantly (64-67).

Blood pressure is typically lower than pre-exercise values following an acute bout
of exercise (55, 56, 68, 69) and heart rate can remain above rest during the first 20 or 30
minutes of recovery (55, 56). In general a decrease in pulmonary function can be seen
after maximal and submaximal exercise (57, 70) as forced vital capacity (FVC) is
significantly reduced at 5 and 10 min post-exercise(57, 71, 72). However, there are

conflicting results for forced expiratory volume in one second (FEV) which can decrease
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significantly (71), or remain unchanged following maximal and submaximal exercise (57,
72).

It is estimated that 21.6 % of U.S. adults currently smoke cigarettes (73) and many
of these individuals smoke occasionally (in social settings and/or periodically on any
given week). In some instances smoking and manual labor, modest physical exertion
and/or recreational physical activity occur simultaneously. Because of the detrimental
cardiovascular and biochemical effects of smoking and the heightened risk of untoward
cardiovascular events during or shortly after moderate-intensity exercise, it stands to
reason that many people are regularly and unwittingly putting themselves at risk for an
untoward cardiovascular event when they combine cigarette smoking and physical
activity. The independent effects of cigarette smoking on the aforementioned physiologic
and biochemical markers have been characterized - as have the effects of aerobic
exercise. However, the combined effects of these activities have not been investigated.
The purpose of this study is to determine the combined influences of smoking and
moderate-intensity aerobic exercise on physiological, inflammatory, and blood

coagulation responses in young healthy casual smokers.

Hypotheses
Ho. Smoking prior to a single session of exercise will result in no difference in
inflammatory, coagulation and physiological parameters compared to either the

smoking or exercise conditions.



Ha:

Smoking prior to exercise will increase markers of inflammation and coagulation,
elevate cardiovascular stress as indicated by heart rate and blood pressure, and

reduce lung function versus smoking or exercise alone.

Acute smoking increases WBC count (40) and chronic smokers have
significantly higher values for CRP versus non-smokers (16, 26, 32) but at
present there is no study on the effect of acute smoking on CRP. Acute exercise is
associated with a significant increase in WBC count (58, 59, 64) and following
triathlon and marathon races, CRP markedly increases (58, 60). However, the short
term changes in CRP after moderate-intensity exercise of short duration have not
been characterized.

Following acute smoking fibrinogen (39, 40, 44), and platelet count (40)
remain unchanged and the results of acute smoking on fibrinolytic activity are
conflicting (35, 39, 45), but based on the strongest evidence, it will remain
unchanged (35, 39). The acute effect of smoking on APTT and PT is not known;
however, PT and APTT are lower among current cigarette smokers compared to
nonsmokers (29, 46). Acute exercise increases fibrinolysis (52-54, 61, 63),
platelet count (64-67) and decreases APTT (52-54, 64). There are
conflicting results on the effect of acute exercise on fibrinogen (52, 60-62) and
PT (64, 65), but based on the strongest evidence fibrinogen (52, 61) and PT (65)
will not change.

Acute smoking increases heart rate and blood pressure (44, 47-50)
and reduces the ability to exhale forcefully as indicated by a reduction in FEV;,
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however, there are conflicting results for FVC and peak expiratory flow rate
(PEFR) as they can decrease or remain unchanged following acute smoking (37,
38). Following acute exercise, heart rate increases above rest during the first 30
minutes (55, 56), and blood pressure decreases (55, 56, 68, 69). FVC is significantly
reduced at 5 and 10 min post-exercise (57, 71, 72). However, there are conflicting
results for FEV, which can decrease significantly (71) or remain unchanged

following maximal and submaximal exercise (57, 72).

Limitations

The limitations to this study are as following:

1. Female participants will not be recruited in order to eliminate the potentially
confounding effects related to gender on the inflammatory and blood coagulation markers
(differences in body fat, body fat distribution, menstrual cycle fluctuations and potential
influence of various birth control drugs).

2. Daily physical activity and dietary record and pre-blood draw questionnaire will be
quantified, but not controlled. Participants will fast for at least 6 hour, abstain from
smoking for 12 hour and from physical activity for 72 hour prior to the blood draw.

3. Only a single session of exercise will be studied.

Delimitations
The delimitations of this study are listed below:
1. The subjects will be recruited from Auburn University and the surrounding

communities in Auburn-Opelika, Alabama.



2. Participants will consist of a minimum of twelve healthy male casual smokers
(smoking no more than 7 cigarettes per day) between the ages of 19 and 35, and with a
body mass index (BMI) less than 30 Kg/m’.

3. Each participant will undergo three protocols: a single bout of moderate-intensity
aerobic exercise, smoking two cigarettes, and smoking two cigarettes just prior to a single
bout of exercise.

4. Participants will smoke 2 cigarettes of the same brand (Marlboro Light 100's
containing 0.8 mg of nicotine each) within a 1/2-hour time period.

5. Experimental blood draws for each condition will be taken at baseline, immediately

after, 10, 20, 40 minute and 24 hour after the end of the protocol.

Significance of the Study

The independent effects of cigarette smoking on the aforementioned physiologic and
biochemical markers have been characterized - as have the effects of aerobic exercise;
however, this is the first study that is being done on the combined influences of smoking
prior to exercise in casual smokers. It is anticipated that this study will provide unique
information on the combined influences of smoking and exercise on blood markers of
clotting and inflammation and physiologic function (pulmonary and cardiovascular
stress). The results may be used to reinforce what is known about the deleterious effects
of smoking and to characterize the added physical risks, if any, that are taken when
moderate physical exertion occurs with cigarette smoking. Also the acute changes in
important health parameters consequent to cigarette smoking and physical exertion will

be reported to scientific and clinical information outlets. These results may provide
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additional rationale for smoking cessation programs - especially when physical activity is

being recommended for improving health and positively changing lifestyles.



REVIEW OF LITERATURE

Introduction

This review of literature will begin with a discussion of atherosclerosis. The
deleterious effects of chronic cigarette smoking will then be discussed. The next section
will cover the acute effects of smoking on blood markers and physiological variables.
The last section of this review will be about the effects of an acute bout of aerobic

exercise on blood markers and physiological variables.

Overview of Atherosclerosis

Coronary atherosclerosis is the leading cause of death in all industrialized
countries (74). Coronary atherosclerosis may result in the clinical syndromes of ischemic
heart disease, angina pectoris, myocardial infarction, sudden cardiac death, and chronic
heart failure. In the United States, each year approximately 1.5 million persons have
myocardial infarction and 500,000 deaths occur (74). Each year more than 600,000
coronary artery bypass surgeries and more than 500,000 coronary angioplasties are
performed (74).

Numerous studies on the pathophysiology of atherosclerosis in humans and
animals led to the formulation of the response-to-injury hypothesis, which proposed
endothelial dysfunction as the first step in atherosclerosis (75). According to the

“response-to-injury” model, hemodynamic forces and chemical agents induce alterations
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in the endothelium causing “injury” to the tissue layer (75, 76). Next monocytes attach to
injured endothelium, migrate to intima (layer of connective tissue beneath endothelium)
and take up cholesterol. Following that, platelets adhere to the endothelium and release
growth factors. The adhesiveness of the endothelium with the monocytes, lipids and
platelets results in the eventual formation of plaques (77). Endothelium dysfunction and
injury induces the endothelium to have coagulant properties instead of anticoagulant (77).
Platelet adhesion to injured endothelium and small blood clots (thrombi) may result in the
initiation and generation of atherosclerosis (76). Platelets can adhere to dysfunctional
endothelium, exposed collagen, and macrophages. When activated, platelets release
growth factors that may contribute to the migration and proliferation of smooth muscle
cells and monocytes. Activated platelets can accumulate onthe walls of arteries and
recruit additional platelets into an expanding thrombus (75). Plaque rupture and
thrombosis are notable complications of advanced lesions that lead to unstable coronary
syndromes or myocardial infarction (75). Possible causes of endothelial dysfunction
leading to atherosclerosis include chemical agents introduced into the blood stream by
cigarette smoking, hypertension, elevated and modified low-density lipoproteins, diabetes
mellitus, infectious microorganisms and combinations of these or other factors (75).

The vascular inflammation that results from endothelial injury and plaque
formation plays a key role in atherosclerosis and coronary artery disease (74, 75, 78).
Inflammatory markers predict cardiovascular disease in the general population (78).
Results from several epidemiologic studies provide compelling evidence to support
associations between inflammatory markers, such as CRP and WBC count, with coronary

heart disease (21). Several prospective studies have demonstrated a direct association

11



between circulating CRP levels and the risks of developing cardiovascular disease (17-
22). Baseline levels of CRP predict the risk of future myocardial infarction, stroke, and
peripheral atherosclerosis among apparently healthy middle-aged men (79) and women
(19), even after adjustment for other known cardiovascular risk factors. WBC count,
which rises during infections and inflammatory illnesses, also predicts coronary heart
disease morbidity and mortality independent of traditional cardiovascular risk factors (21,
23-25).

Clotting factors are also implicated in the development of atherosclerosis (77). An
elevated fibrinogen level is a predictor of cardiovascular disease and plays a role at the
early stages of the atherosclerosis process (21, 24, 30). Kannel et al. (30) measured
fibrinogen level in 1315 participants who were free of cardiovascular disease. During 12
years, cardiovascular disease developed in 165 men and 147 women. For both sexes, the
risk of cardiovascular disease was correlated positively to higher fibrinogen levels.

Fibrinolytic activity, a process which breaks down clots, is related to the
atherosclerosis process (31). Low fibrinolytic activity due to increased plasma levels of
plasminogen activator inhibitor 1 (PAI-1) or reduced tissue plasminogen activator (t-PA)
which are released from the endothelial cells of the vessel wall, plays a role at the early
stages of the atherosclerotic process (80-82). Hamsten et al. (80) compared fibrinolytic
activity in 71 patients who had survived a myocardial infarction with 50 healthy subjects
of similar age, three years after the infarction. The reduced fibrinolytic activity in patients
compared to controls could explain the role of fibrinolysis in atherosclerosis. The reduced

fibrinolytic activity in patients was due to low tPA and mostly high levels of PAI-1.
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Chronic Cigarette Smoking

Cigarette smoking increases the risk of stroke, peripheral vascular disease,
chronic obstructive pulmonary disease (COPD), lower bone density, reproductive
problems and many types of cancer, including cancers of the lip, oral cavity, and
pharynx, esophagus, pancreas, larynx, lung, uterine cervix, urinary bladder, and kidney
(83). More deaths are caused each year by tobacco use than by all deaths from human
immunodeficiency virus (HIV), illegal drug use, alcohol use, motor vehicle injuries,
suicides, and murders combined (83). Current cigarette smokers have a death rate from
all causes which is twice that of those who have never smoked (13). The adverse health
effects from cigarette smoking account for 440,000 deaths, or nearly 1 of every 5 deaths,
each year in the United States. Although smoking-related mortality rates are declining,
current statistics indicate that smoking kills an estimated 440,000 Americans each year
and on average, men who smoke cut their lives short by 13.2 years, and female smokers
lose 14.5 years (14). More specifically, cigarette smoking is considered to be an
independent factor for carotid atherosclerosis, and coronary heart diseases (1-5).
Smokers’ risk of developing coronary heart disease is 2 to 4 times that of nonsmokers

(84).

Chronic Smoking and Cardiovascular Disease

Following twenty-three years of follow up on 1,603 male and female smokers, 73
cases of coronary heart disease developed. In addition, coronary heart disease occurred
more frequently in those who smoked > 10 cigarettes per day than in those who never

smoked (4). Likewise, following a six-year follow-up on 119,404 female nurses who
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were 30 to 55 years of age, 65 of the women died of fatal coronary heart disease and 242
had a nonfatal myocardial infarction (3). Results from this epidemiologic study showed
that the number of cigarettes smoked per day was strongly associated with the risk of
fatal coronary heart disease, nonfatal myocardial infarction, and angina pectoris. Even
smoking 1 to 4 or 5 to 14 cigarettes per day was associated with a twofold to threefold
increase in the risk of fatal coronary heart disease or nonfatal infarction (3).

The deleterious physical effects of inhaled cigarette smoking are well
characterized, but the mechanisms by which cigarette smoking may initiate or accelerate
atherosclerosis are not fully understood. Smoking affects various markers of systemic
inflammation (15, 16). Therefore, smoking-related cardiovascular events may be due to
elevated inflammatory markers in chronic cigarette smokers. Chronic inflammation, as
indicated by elevated CRP and WBC count, is observed with greater prevalence and to a
greater degree in smokers and is thought to increase the risk of coronary artery disease in
those who smoke cigarettes (16, 26-28). The total WBC count increases in cigarette
smokers (15) and decreases after smoking cessation (85). In 2003, Frohlich (16)
measured CRP and WBC count in 2,305 men and 2,211 women, age 25-74 years. In men,
current smokers showed significantly higher values for CRP and WBC count, compared
to individuals who reported never smoking, with intermediate, but only slightly increased
values for ex-smokers and for occasional smokers. Pack-years of smoking was positively
associated with markers of inflammation. Conversely, duration of abstinence from
smoking was inversely related to these markers. No such associations were found for
CRP in women, but WBC count was increased in female cigarette smokers (16).

Likewise, in a study comparing current smokers, former smokers and individuals who
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had never smoked, CRP was higher among current smokers versus the other groups. In
addition, a significant dose-response relationship was observed between cigarette
smoking (cigarettes per day, pack-years) and CRP concentration (26).

Chronic exposure to cigarette smoke has been repeatedly demonstrated to cause
alterations in blood coagulation factors, fibrinogen, platelet function and fibrinolytic
activity, which may increase the risk of a cardiovascular event (86). Cigarette smokers
tend to have elevated levels of fibrinogen compared to non-smokers (26, 39, 87) which
may increase the risk of a cardiovascular event (21, 24, 30). Bazzano et al. (26) examined
the relationship between cigarette smoking and fibrinogen in 4,187 current smokers,
4,791 former smokers, and 8,375 never-smokers 18 years of age and older. Cigarette
smoking was related to elevated levels of fibrinogen and there was a positive and
significant dose-response relationship between cigarettes per day and pack-years with
levels of fibrinogen.

Faster blood coagulation observed with chronic smoking is thought to contribute
to smokers’ greater risk for coronary artery disease (29). Activated partial thromboplastin
time (APTT) and prothrombin time (PT), which are measures of blood clotting time, are
lower in chronic cigarette smokers, increasing the blood coagulation (29, 46). Yarnell and
coworkers (29) reported a consistent decrease in APTT among smokers. The relation of
PT with smoking has been evaluated in 3,604 white and 514 black males, aged 31-45
years. The mean prothrombin time was significantly shorter (0.2 seconds) among current

cigarette smokers than among men who had never smoked (46).
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Cigarette smokers tend to have elevated platelet counts compared to non-smokers
(42, 43). Aghaji and coworkers (43) observed an elevated level of platelet count in male
smokers versus non-smokers.

Not only are smokers more likely to form clot as indicated by elevated fibrinogen
levels and lower APTT and PT, but also they have a lower tendency to break down clot
(32-35, 39). The lower blood fibrinolytic activity in smokers could be attributed to a
lower baseline level in t-PA (32, 39) or elevated levels of its main inhibitor, PAI-1 (33-
36). In 1997, Simpson and coworkers (33) reported fibrinolytic activity in healthy
individuals divided by smoking habit into current smokers, former smokers and non-
smokers. PAI-1 antigen was significantly higher in smokers than in non-smokers with
intermediate levels in former smokers, indicating an impaired fibrinolysis in smokers. In

addition PAI -1 antigen and activity were correlated with pack-years of smoking.

Chronic Smoking and Pulmonary Disease

Ninety percent of all lung cancer deaths and approximately 80 to 90 percent of
COPD (emphysema and chronic bronchitis) mortality rates are related to smoking (88).
Even among smokers who have quit chronic lung disease accounts for 50 percent of
smoking-related pulmonary conditions (88). In 1999, Iribarren and colleagues (6)
followed 1546 men who smoked cigars and 16,228 who did not smoke over a 24 hour
period, from 1971 through the end of 1995 for a first hospitalization or death from
COPD, and through the end of 1996 for a diagnostic cancer. Cigar smokers, as compared
with nonsmokers, were at higher risk for COPD, and cancers of the upper digestive tract

and lung, with evidence of dose-response effects (cigars smoked per day).
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Cigarette smoking during adolescence appears to reduce the rate of lung
development and the level of maximum lung function that can be achieved. A consistent
trend toward reduced pulmonary function was observed among chronic smokers versus
nonsmokers (37). De (38) examined pulmonary function tests on 89 smokers. Pulmonary
function test parameters including FVC, FEV,, FEV|/FVC and PEFR were reduced in
chronic smokers in comparison to those of age-matched non-smokers. Further, it was
noted that there is a dose-response relationship between the number of cigarettes smoked

per day and these measures of lung function.

Summary

Cigarette smoking elevates inflammatory markers (CRP and WBC count), and
enhances blood coaguability, which both could increase the risk of coronary heart disease
in cigarette smokers. In addition cigarette smoking reduces lung function, which may

increase the risk of COPD and cancer.

Acute Cigarette Smoking

Part of the deleterious physical effects of smoking may be attributed to its acute

effects on inflammatory markers, blood coagulation factors, and physiological variables.

Inflammatory Markers

Chronic smokers have significantly higher values for CRP (16, 26, 32, 41). The
acute effects of smoking on CRP are currently uncharacterized, however the free radical

oxidative stress which could arise from the gas or tar phase of cigarette smoke, can
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initiate endothelial dysfunction and increase inflammatory responses on the vessel wall
and contribute to the development of atherosclerosis (86). Blann et al. (40) observed a
transient rise in WBC count following smoking two cigarettes in sequence, and in some
individual smokers, the WBC count level peaked at 10 minutes or 30 minutes after

smoking.

Blood Coagulation Markers

Although cigarette smokers tend to have elevated levels of fibrinogen compared
to non-smokers (16, 26, 39), fibrinogen appears to remain unchanged after acute smoking
(39, 40, 44). In a study reported by Blann and coworkers (40), immediately after, and at
10 and 30 min after smoking two cigarettes in sequence, there were no changes in
fibrinogen concentration. Belch and coworkers (39), reported no changes in fibrinogen 10
minutes after smoking 3 cigarettes. Although cigarette smokers tend to have elevated
levels of platelet count compared to non-smokers (42, 43), immediately, 10 and 30
minutes after smoking two cigarettes in sequence, there were no changes in platelet count
(40). The acute effect of smoking on APTT and PT is not known; however, smoking is
associated with an accelerated blood coagulation mechanism as manifested by a
shortening of PT and APTT compared to nonsmokers (29, 46). APTT measures clotting
time in the extrinsic pathway and PT is used to measure the clotting time in the intrinsic
pathway. The decrease of both APTT and PT in chronic smokers shows that chronic
smoking could affect both intrinsic and extrinsic pathways.

Although chronic smokers have lower baseline blood fibrinolytic activity, the

results of acute smoking and fibrinolytic activity are conflicting (32-35, 39, 44). Kimura
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et al. (44) reported changes in fibrinolysis after smoking two cigarettes in a 10-minute
period. Blood samples were taken immediately and 15 minutes after smoking.
Fibrinolytic activity was markedly increased after smoking as indicated by an increase in
tPA antigen and activity, and remained higher than baseline even 15 minutes after
smoking. No significant changes were observed in PAI-1 antigen.

Belch and coworkers (39) observed that 10 minuets after smoking three cigarettes,
no changes were observed in PAI-1. Haire et al. (35) reported that smoking two cigarettes
did not alter fibrinolysis, as it neither stimulated t-PA nor PAI, in healthy male cigarette

smokers.

Physiological Variables

Different studies have shown an increase in resting heart rate and blood pressure
following smoking one or two cigarettes (44, 47-50). Kool et al. (47) reported that after
smoking one cigarette containing 1.3 mg of nicotine, systolic and diastolic blood pressure
and heart rate increased significantly. Failla and coworkers (48) evaluated changes in
heart rate and blood pressure over a 5-minute period immediately after smoking.
Smoking caused increases in systolic and diastolic blood pressure and heart rate, which
occurred soon after the beginning of smoking and persisted throughout the smoking and
for 5-minutes after smoking. On average, smoking increased systolic blood pressure by
14%, diastolic blood pressure by 10% and heart rate by 27%.

Chronic smokers tend to have lower pulmonary function values compared to age-
matched non-smokers (37, 38); however, changes in pulmonary function with acute

smoking are less consistent, as lung function measurements can decrease or remain
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unchanged following acute smoking (37, 38). Prokhorov and coworkers (37) indicated a
reduction in FEV, and PEFR, but no significant changes were observed in FVC, and
FEV,/FVC. De et al. (38) evaluated pulmonary function in 89 smokers, 30 minutes after
the smokers smoked two cigarettes. FEV; and FVC were reduced after smoking, but no

changes were observed in PEFR.

Summary

Acute smoking increases WBC count. The changes in blood coaguability after
acute smoking are different, as platelet count and fibrinogen concentration do not appear
to change significantly and fibrinolytic activity may remain unchanged or increase. Acute
smoking increases cardiovascular stress as indicated by an elevation in heart rate and

blood pressure and reduces FEV.

Acute Moderate Aerobic Exercise
A single bout of physical exertion can elevate the risk of an adverse
cardiovascular event during and shortly after exercise by modulating physiological,

inflammatory and blood coagulation parameters.

Inflammatory Markers

Acute exercise increases WBC count (58, 59) and CRP (58, 60). Nieman and
colleagues (59) reported that walking on a treadmill at 60% VOaumay for 45 minutes is
associated with a significant, but moderate, increase in WBC count immediately after and

up to 3-hours post exercise.
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Taylor et al. (58) examined the inflammatory markers on 18 athletes before and
after a 160-km triathlon involving canoeing, cycling, and running. WBC count increased
immediately after the event and remained elevated for 30 minutes after the race and CRP
increased by nearly 300% at the 24 hour post-exercise measurement.

In 1991, Weight and colleagues (60) examined the effect of a 42-km marathon
race on CRP concentration in male and female distance athletes. Blood samples were
drawn before, and up to 6 days after the race. CRP was markedly increased both 24 and

48 hours after the marathon and returned back to baseline at day 6.

Blood Coagulation Markers

There are conflicting results regarding the effect of acute exercise on fibrinogen.
Fibrinogen levels were increased following a 42-km marathon race and remained
elevated for up to 6 days after the race (60).

On the other hand, Rankinen et al. (61) reported no changes in fibrinogen
concentrations after a maximal exercise test, a 30-minute submaximal exercise test at
50% VOamax (acrobic threshold) or a 30-minute submaximal exercise test at 78% VOamax
(anaerobic threshold). Likewise, in a study by Van den Burg and colleagues (52), twenty-
nine sedentary males underwent a maximal cycle ergometer test. Fibrinogen
concentration remained unchanged throughout the exercise (0, 10, 15, 20, and 25
minutes) and during a 25-minute recovery period.

But on the other hand, after a marathon race, well-trained long-distance male
runners displayed a significant decrease of fibrinogen which was still decreased 24 hours

later, although 48 hours after the competition fibrinogen was back to baseline (62).
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Both acute maximal and submaximal exercise increase platelet count significantly
(64-67). Prothrombin time appears to decrease (64) or not change (65) after aerobic
exercise. Ferguson and coworkers (64) reported increases in platelet count and decreases
in PT immediately, and one hour after a standardized maximum exercise test on a
treadmill. PT was shortened immediately after the exercise test, but was not different
from baseline measurements within one hour of recovery. Likewise, platelet counts
increased significantly after exercise, but returned back to normal in one hour of
recovery.

Drygas (65) examined PT and platelet count changes following various models of
exercise including a submaximal 18-minute, a prolonged submaximal 60-minute and a
maximum stepwise bicycle ergometer test. None of the models caused a significant
change in PT. Following the 18-minute exercise, a slight but significant increase in
platelet count was observed, but the prolonged 60-minute exercise and the maximum
exercise test caused a significant increase in platelet count.

Different studies have shown a decrease in APTT (54, 64) and an increase in
fibrinolytic activity (54, 63) following an acute bout of exercise.

Van den Burg et al. (52) reported changes in fibrinolytic activity and APTT after
a standardized cycle ergometer test. Blood samples were obtained at two exercise levels,
70% VOamax (submaximal), 100% VOomax (maximal) and during 25 minutes of recovery.
Both during submaximal and maximal performance, fibrinolytic activity increased as tPA
antigen and activity were increased. But during the 25 minutes of recovery as tPA
activity decreased, fibrinolytic activity demonstrated a rapid decline. During submaximal

and maximal exercise a decrease in APTT was observed. This decrease was sustained
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during the recovery and at the end of recovery; it was shorter than observed during
exercise.

Hegde and coworkers (53) examined fibrinolytic activity and APTT changes
following a run at 70-75% VOapay or walk at 1.2 mph for 30 minutes in a random order.
Blood was obtained at rest, immediately after, and every 20 minutes during a one hour
recovery. Walking did not alter the activity of either tPA or APTT as compared with rest.
But immediately after the run, tPA was significantly increased; however it demonstrated
a negative slope during the one hour recovery time. APTT was significantly decreased
after the run and remained at this level during the one hour recovery.

Rankinen et al. (61) reported fibrinolytic activity after a maximal exercise test, 30
minutes of submaximal exercise at 50% VOomax (acrobic threshold) and 30 minutes of
submaximal exercise at 78% VOamax (anaerobic threshold). Blood samples were drawn
before, immediately, and 24 hour after each test. TPA activity increased immediately
following all three tests. PAI-1 activity decreased during maximal and anaerobic
threshold test, but not during the aerobic threshold test. The 24 hour post-exercise
fibrinolytic activity values were all back to normal.

During strenuous physical exercise, increases in coagulation (shortening of
APTT) and fibrinolytic activity (increase in t-PA activity) proceed in parallel (52).
However, during recovery, while there is a sustained increase in coagulation, fibrinolytic
activity demonstrates a sharp fall, which suggests a more favorable situation for clot
formation after exercise. This phenomenon could constitute an enhanced risk for
coronary artery thrombosis, which may contribute to exercise-related cardiovascular
events (52-54).
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Physiological Variables

Following an acute bout of aerobic exercise, heart rate can remain above rest
during the first 20 or 30 minutes of recovery (55, 56) and different studies have reported
that blood pressure is typically lower than pre-exercise values with a decrease in systolic
blood pressure and no change in diastolic blood pressure (55, 56, 68). One study found
that following a 30 minute bout of cycle ergometer exercise at 50 or 75 % of VOaumax,
diastolic blood pressure was lower during 45 minutes of recovery compared with before
exercise (69).

Brown et al. (55) measured heart rate and blood pressure changes in 12
normotensive males. Subjects completed a 45 minute cycle exercise at 50% VOamayx and
heart rate and blood pressure were measured in the last 1 minute of exercise and at 5, 15,
20, 40, and 60 minutes of recovery. Systolic blood pressure after exercise was
significantly lower than rest at most measurement intervals except for a nonsignificant
increase and decrease at 5 and 60 minutes of recovery, respectively. Systolic blood
pressure was lowest from 15 to 40 minutes of recovery where it was 5-8 mmHg below
the resting value. Diastolic blood pressure did not change during and after exercise. Heart
rate during recovery was above rest and the differences were significant only from 5 to
20 minutes of recovery.

In general a decrease in pulmonary function can be seen after maximal and
submaximal exercise (57, 70-72). Coast and coworkers (57) examined FVC and FEV,
immediately after, and 5, 10 and 15 minutes following a maximal cycle ergometer test.
FVC was decreased immediately following exercise, but it returned to near original levels

within 5 minutes post exercise and FEV, was not altered following exercise.
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O'Kroy et al. (71) have investigated changes in FVC and FEV, following three
different intensities and durations of treadmill running on active runners. The experiment
included a graded maximal test to exhaustion, a 7 minute test at 90% of VOzmax, and a 30
minute test at 60% of VOamax. FVC and FEV, were measured pretest, 5, 10, and 30
minutes post exercise. FVC was different between times but not between intensities. FVC
was decreased at 5 and 10 minutes post-test compared with pre and 30 minutes. FEV;
was significantly reduced at 5 and 10 minutes post-test, with no differences found
between intensities. FEV| had returned to near baseline values by 30 minutes post-test in
the 60% intensity while the maximal and 90% intensities remained lower than pretest
values. FVC recovery trends were similar to FEV) in that the higher intensity decrements
remained depressed from pretest values while the lower intensities returned to near
pretest values.

Cordain and colleagues (72) performed two bouts of exercise on separate days;
one to maximal heart rate and one to 85% of maximal heart rate for 20 minutes. FVC and
FEV, were measured prior to, and at 5, 15, 30, 60 and 120 minutes post-exercise. FVC
decreased significantly at 5, 15, 30, and 60 minutes following both maximal and
submaximal exercise, however the changes between the two exercise bouts were not
significantly different from one another. FEV, generally remained unchanged and

showed no difference between the two exercise bouts.

Summary

A single bout of aerobic exercise is associated with a significant increase in WBC
count. Although following a triathlon and marathon race, CRP markedly increases, the
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short-term changes in CRP after moderate-intensity exercise of short duration have not
been characterized. Acute exercise increases blood coaguability, as platelet count
increases and APTT decreases. There are conflicting results on the effect of acute
exercise on fibrinogen and PT, with differences in the exercise protocols, training status
and the analytical methods used for the blood analysis probably being responsible for the
reported inconsistencies. Fibrinolytic activity increases during and immediately after
exercise, but it demonstrates a sharp fall within the recovery period. Heart rate remains
above rest during the first 30 minutes of exercise recovery, systolic blood pressure

decreases and a reduction in FVC is observed immediately post-exercise.

Conclusion

The combined risk of coagulation, increased inflammation and cardiovascular
stress following smoking and exercise, may acutely increase risk of an adverse
cardiovascular outcome such as ischemia, myocardial infarction or sudden death, and will
reduce lung function values. Therefore, it was the purpose of this study to determine the
combined influences of smoking and moderate-intensity aerobic exercise on
physiological, inflammatory and blood coagulation responses in young healthy casual

smokers.
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METHODS

Overview

Apparently healthy young male casual smokers will undergo each of three
conditions in a randomized order: 1) a single bout of moderate-intensity aerobic exercise,
2) cigarette smoking, and 3) cigarette smoking just prior to a single bout of exercise.
Blood samples will be drawn prior to, immediately after, 10, 20, 40 minutes and 24 hours
after completing each condition. A pre- and post-pulmonary function test will be
performed, and heart rate and blood pressure will be monitored continuously throughout
each condition. The protocol will span approximately eight visits (~10 hours) and
consists of three 5-day dietary and physical activity interventions. A general experimental

timeline is presented in Figure 1.

Participants

Twelve male volunteers between the ages of 19 and 35 years, who self-reported
that they smoked no more than 7 cigarettes per day were recruited from Auburn
University, Auburn-Opelika, AL, and surrounding communities through flyers and verbal
invitations. All participants had a BMI less than 30 kg/m” and were apparently healthy.
Apparently healthy is defined as no known cardiovascular, pulmonary or metabolic
disease, no blood disorders, no signs or symptoms suggestive of underlying

cardiovascular disease and currently free of any physical condition that may elevate
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markers of immune system function (colds, allergies, musculoskeletal problems,
infections, skin abrasions, etc.) and not currently taking medications known to influence

the dependent variables of interest in this study.

Physiological
Testing

Week 1 Week 2 Week 3
l I l
Experimental Experimental Experimental
Condition 1 Condition 2 Condition 3

Randomized Cross-over Design

Experimental
Condition

72 48 24 0 PFT 1P PFT 10 20 40 24
| | | | | | | | | J
Start 5 Day ﬁ Blood Draws f f f f f
Dietary &
PA Record

Figure 1. General Experimental Timeline. Physiological measurements consist of
anthropometric measurements, pulmonary function test, physician exam and a graded
exercise test. Participants will undergo 3 conditions in a randomized order: 1) a single
bout of moderate-intensity aerobic exercise, 2) cigarette smoking, and 3) cigarette
smoking just prior to a single bout of exercise. A 5-day physical activity (PA) and dietary
record will be kept for each condition 3 days prior to, the day of and the day following

the experimental condition. Blood samples will be drawn prior to, immediately post (IP),
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10, 20, 40 minutes and 24 hours after completing each condition and a pre- and post-

pulmonary function test (PFT) will be performed.

Preliminary Screening

Volunteers were asked to come to the Auburn University Exercise Technology
Lab and were fully informed about the study. They read and signed an IRB-approved
informed consent document. Next, they completed Health History and Physical Activity
Questionnaires. All volunteers who met entry criteria for the study were evaluated for
preliminary physiological assessment and further screening which included: 1) a
physician exam and review of self-reported health history to determine each volunteer's
appropriateness and safety for participation in the graded exercise test, 2) height, weight,
BMI, waist and hip circumferences and relative body fat, 3) lung volumes and pulmonary
function measures, 4) a maximal graded treadmill test (stress test), with heart rate, blood
pressure and 12-lead electrocardiographic tracings. A physician was present and
available during all of the physiological assessments.

Relative body fat was measured by using Lange® Skinfold Calipers to measure
skin folds at seven different sites (1, 89). Pulmonary function was tested via an
automated open-loop spirometer (Breeze 6.1 software, Medical Graphics Corp., St Paul,
MN). The maximal graded exercise test was performed on a motor driven treadmill using
the Bruce Protocol to determine each participant’s maximal oxygen consumption
(VOamay). Participants’ respiratory gases [oxygen consumption (VO,) and carbon dioxide
production (VCO,)] were measured using an automated breath-by-breath system
(Medical Graphics CardiO, Integrated Metabolic System, Med Graphics Corp., St. Paul,
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MN). Standard gases were used to calibrate both analyzers before each test. Heart rate
and blood pressure were taken following five minutes of supine rest, during the final 60
seconds of each stage, and at one, three, and five minutes during active recovery using a
Polar® Heart Rate Monitor and their blood pressure was taken manually using a mercury
sphygmomanometer. Rate of perceived exertion (RPE) was obtained during the final 30
seconds of each stage. The graded exercise test was considered a maximal effort if the
participant met any two of the following criteria: the respiratory exchange ratio (RER)
was >1.1, the subject’s maximum heart rate was no more than 10 beats below his age-
predicted maximum, or the participant experienced volitional fatigue.

Following completion of all the screening tests, the physician reviewed the
exercise test results in order to determine the appropriateness and safety for participation
in this study. All eligible participants were given 5-day dietary and physical activity

record forms, and instructed on how to appropriately complete these forms.

Experimental Procedures

Participants underwent each of three experimental conditions in a randomized
order: 1) a single bout of moderate-intensity aerobic exercise, 2) cigarette smoking, and
3) cigarette smoking just prior to a single bout of exercise. Each experimental condition
was separated by at least one week to eliminate the influence of the previous condition on
the dependent variables of interest. All data were collected in a standard format for all
three conditions. Participants reported to the Exercise Technology Lab after a 6 to 8 hour
fast (limited to water intake only), after abstaining from alcohol or tobacco for the

previous 12 hours and moderate-to-vigorous-intensity physical activity for the previous
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72 hour period. Participants were weighed, fitted with a heart rate monitor and then sat
upright and quietly for 5 minutes in a phlebotomy chair. After 5 minutes of seated rest,
blood pressure and heart rate were measured. Next an indwelling venous catheter was
inserted into an antecubital vein and a baseline blood sample was drawn. Then
participants underwent a baseline pulmonary function assessment (a forced vital capacity
maneuver - FVC) until two maneuvers met American Thoracic Society standards and
were within 5% of each other.

The exercise condition included treadmill walking / jogging at 60 to 70% of
maximal exertion until 500 kcals were expended (~40 to 60 minutes). The cigarette
smoking condition consisted of smoking 2 cigarettes of the same brand (Marlboro Light
100's containing 0.8 mg of nicotine each) within a 1/2-hour time period. All cigarette
smoking occurred in a designated outdoor smoking area while the participant was seated.
Investigators monitored smoking from a distance sufficient to avoid second-hand smoke
inhalation. The combined condition included cigarette smoking immediately followed by
treadmill walking/jogging.

While exercising on the treadmill, participant’s VO, were measured at different
time points by using the automated breath-by-breath system to calculate caloric
expenditure. We multiplied participants VO2 (L/min) by five to calculate the total kcals
expended during different intervals of the exercise. To calculate the time remaining we
subtracted the total kcals expended from our goal of 500 kcal and then divided it by the
current kcals/min rate.

Blood samples were drawn immediately after and 10, 20 and 40 minutes after

completing each condition. The indwelling catheter was removed after the 40 minute
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blood sample. A post-condition pulmonary function test was performed between the
immediately post and 10-minute post blood samples. Heart rate was monitored
continuously and blood pressure obtained at regular intervals after each condition.
Participants were requested to remain in the laboratory until their heart rate returned to 60
to 100 beats per minute, blood pressures approximated baseline values and the participant
indicated being capable of leaving safely.

One additional blood sample was obtained 24-hours after completing each
condition. Participants were asked to fast for 6 to 8 hours, and abstain from smoking,
alcohol consumption and outside moderate-intensity physical activity until after their 24-
hour post-condition blood sample was obtained. Participants submitted their dietary and
physical activity logs for each week after completing the 24-hour condition. All
experimental data collection occurred during the weekday and during early afternoon-

evening hours (between 3 and 7 pm).

Blood Sampling

An indwelling venous catheter (20-gauge x 1 1/2" teflon-coated) was inserted into
an antecubital vein, capped with a multi-sample injection port and secured with medical
tape. For the baseline blood draw, we obtained ~ 21.5 mL of blood (14 mL into two red-
top tubes, 4.5 mL into a blue-top tube and 3 mL into a purple-top tube). After this and
subsequent blood samples (except the final sample), we introduced ~1.5 mL of heparin-
saline flush in order to maintain catheter patency. For the immediately after and 10, 20
and 40 minutes blood draws, each time we obtained ~ 7.5 mL of blood (4.5 mL into a
blue-top tube and 3 mL into a purple-top tube). One additional 17 mL blood sample (14
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mL into two red-top tubes and 3 mL into a purple-top tube) was obtained by needle 24-
hours after completing each condition. The total volume of blood drawn for each
condition was ~68.5 mL (~51.5 mL on the first day and ~17 mL 24 hours later). CRP was
analyzed from the samples in the red-top tubes. Blood clotting variables (fibrinogen,
PAI-1, APTT and PT) were measured in the samples in the blue-top tubes and purple top
tube samples were used for the analysis of platelet count, WBC count, hemoglobin and

hematocrit.

Biochemical Analysis

High sensitivity CRP was analyzed using an enzyme-linked immunosorbent assay
(ELISA) according to the MP Biomedicals instructions (High sensitivity C-reactive
protein enzyme immunoassay kit). WBC count, platelet count, hemoglobin and
hematocrit were analyzed in duplicate by using the CELL-DYN 1700 autoanalyzer
(Abbott Diagnostics, Abbott Park, IL). WBC count analysis was determined by using the
electrical impedance method, which passes through an aperture of the Von Behrens WBC
Transducer (90). This transducer has a known size and the cells are counted by changes
in electrical resistance as they pass through the transducer. The Von Behrens WBC
Transducer also determines the size of the WBCs (neutrophils, lymphocytes, basophils,
and eosinophils). The amplitude of the impulse is proportional to the size of the cell that
passes through the transducer. Platelet count was measured by using the electrical
impedance method (90). The whole blood is analyzed after a 1:12801 dilution is made.
The diluted specimen enters the Von Behrens RBC (red blood cell)/Platelet transducer
through an aperture by means of a vacuum. The red blood cells and platelets are
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measured by electrical impedance. The amplitude of the impulse is proportional to the
size of the cell that passes through the transducer. The hematocrit (HCT) is determined
by using the ratio of RBC to plasma and it is expressed as a percentage of the whole
blood. The HCT is calculated from the red blood cell count and the mean corpuscular
volume (MCV). The following equation is used: HCT = (RBC x MCV)/10. The
hemoglobin measurement is obtained by using the Modified Cyanomethemoglobin
Method. This colorimetric assay is read by the instrument using a filtered photodetector
with a wavelength of 540 nanometers. Relative plasma volume shifts at each blood
sampling time were calculated from hemoglobin and hematocrit.

Fibrinogen, APTT and PT were analyzed using the STA Compact (Diagnostica
Stago, Parsippany, N.J.) coagulation instrument according to the manufacturer’s
instructions (STA-R Operators Manual). All of the results were run in duplicate within
four hours. The instrument uses an electromagnetic mechanical clot detection system.
The cuvette contains a steel ball and when the patient specimen and reagents are added, a
clot will form and the steel ball will stop moving and the time will be recorded in
seconds. The PT was measured by adding 50 pL of patient sample in sodium citrate to
50 pL of STA-Neoplastin CI Plus 10. The specimen and reagent are mixed to allow the
clot to form. The APTT was measured by adding 50 PL of patient sample to 50 pL of

CaCl,, then after a short incubation, 50 UL of PTT reagent is added so that the analysis

can begin. The fibrinogen was measured by adding 100 UL of patient sample to

fibrinogen reagent to make a 1:20 final dilution.
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Dietary and Physical Activity Record

In order to reduce the possible confounding influence of dietary nutrients and
outside physical activity on changes in the inflammatory markers and blood clotting
factors, participants were asked to record their food intake 3 days prior to and throughout
each experimental condition. In order to familiarize each participant with dietary record
keeping and the dietary requirements of the study, a dietary record example was given to
each participant. Caloric intake and the percentages of carbohydrate, fat and protein were
assessed from individual dietary records. The dietary records were analyzed by using a
commercially available software package (Food Processor v. 7.4, ESHA Research,
Salem, OR).

Participants were also asked to avoid any strenuous exercise 3 days prior to and
throughout each of the experimental conditions. This was verified verbally and by using
a self-reported 5-day physical activity questionnaire for each of the experimental

conditions (91).

Statistical Analysis

The dependent variables of interest were the inflammatory (CRP and WBC
count), blood coagulation (fibrinogen, APTT, PT, PAI-1, platelet count), cardiovascular
(heart rate and blood pressure), and the pulmonary variables (FVC, FEV,, FEV,/FVC,
PEFR, FEF;5.759,). The independent variables were the experimental conditions (a single
bout of exercise, smoking and acute smoking prior to a single bout of exercise) and time

(depending on the variable of interest).
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Data were analyzed using 3 (condition) x variable times (depending on the
variable of interest) repeated measures analysis of variance (ANOVA). Among the blood
samples, fibrinogen, APTT, and PT were analyzed by 3 x 5, platelet count and WBC
count by 3 x 6, and finally CRP by 3 x 2 ANOVA. Heart rate and blood pressure were
analyzed by 3 x 5 and pulmonary variables by 3 x 2 ANOVA. Simple main effects and
Duncan New Multiple Range tests were used to follow up significant ANOV A findings.
CRP was analyzed by change score CRP (CRPpost — CRPpre) using a Non-parametric
Sarage Test, since CRP values were not normally distributed (92). The comparison wise

error was set at p < 0.05 level.
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RESULTS

The purpose of this study was to determine the combined influences of smoking
and moderate-intensity aerobic exercise on physiological, inflammatory and blood
coagulation responses in young healthy casual smokers. The results of this study are
presented in the following order: 1) participant characteristics; 2) physiological responses
to smoking and exercise; 3) pulmonary responses to smoking and exercise; 4)

biochemical responses to smoking and exercise.

Participant Characteristics

Twenty participants agreed to participate in this study. Eight participants dropped
out of the study due to physical issues, unrelated to our intervention, that precluded
participation (e.g., developed heart dysrhythmia requiring medication, a liver condition
requiring medication, and one had severe vasovagal response to venipuncture) and time
conflicts. As a result, twelve participants met the criteria and finished the study. Of the
twelve participants, seven were Asian-Indians, four were South Korean and one was

Turkish. Participants’ baseline physiological characteristics are summarized in Table 1.
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Age (yrs) 25+4 19 - 34

Height (inches) 69.5 +2 65.5-73
Weight (Ibs) 167.0 + 18.9 127.0 - 188.3
BMI (kg/m?) 24.6 +2.7 20.1 -28.3
Waist (inches) 32.5+3.1 26.0 —36.5
% Fat 20.0+5 9-25
VOamax (mlkg " 'min™) 39.2+5.7 31.9-48.1

Table 1. Baseline physiological characteristics. BMI= body mass index; % Fat = body fat
expressed as percentage of body weight; VOama= maximal oxygen consumption. All

values are presented as group means + 1 standard deviation with the group range.

Physiological Responses to Smoking and Exercise

Physiological Changes during Exercise

The exercise sessions were designed to expend 500 kcals of energy at 60-70% of
each participant’s VOomax. As expected, the average exercise VO,, RER, rate of caloric
expenditure and RPE were similar for both exercise sessions (p > 0.05 for all). In both of
the exercise trials, the participants reached the target energy expenditure in 39 to 60
minutes of treadmill walking/jogging. The average steady state exercise heart rate was
significantly higher in the SE (smoke and exercise condition) versus the EX (exercise
condition) condition (p = 0.0342, F; ;= 5.84). The average steady state physiological

measurements during exercise are summarized in Table 2.
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VO, EX 1.99 + 0.30 1.63 —2.62
SE 1.99 + 0.34 1.66 —2.62
RER EX 0.96 +0.05 0.86 —1.02
SE 0.95+0.03 0.92-0.99
HR EX 153+9 136 - 167
SE 159+ 11 149 — 185
RPE EX 12.7+ 1.1 11-14
SE 124+14 11-15
Tkcals EX 506 +3 502 - 511
SE 506 + 14 492 - 549
Time EX 51.9+7.2 39-62
SE 51.9+73 39 -60

Table 2. Steady state physiological measurements during exercise. EX = exercise
condition; SE = smoke and exercise condition; VO, = oxygen consumption (L'min™);
RER = respiratory exchange ratio (VCO,/VO,); HR = heart rate (beats.min™); RPE =
Borg rating of perceived exertion-classical scale (6-20); Tkcals = total kcals expended
with exercise; Time = duration of exercise (minutes). All data are presented as means + 1

standard deviation with the range value.

Changes in Heart Rate and Blood Pressure with Smoking and Exercise

Post-condition heart rates at 10, 20, and 40 minutes were significantly different

after smoking and exercise (SE) than with smoking (SM) or exercise (EX) alone.
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Post-condition heart rates remained higher with SE as compared with EX alone and heart
rates after EX were significantly greater versus SM (p < 0.0001, F g gs= 15.29). Post-

condition heart rate responses are presented in Table 3.

HR Baseline IPS IPE 10-min 20-min 40-min
SM 73+ 7° 82+ 11° ) 72+7° 71+7° 70 + 7°
EX 73 + 9? ) 133 + 10° 93 + 7° 88+9 81 +8%

SE 72 + 8§° 87 +7° 132+20° 100+ 114 94+7d" 89 +8°f

Table 3. Post-condition heart rate (HR) responses (beats.min™). SM = smoking
condition; EX = exercise condition; SE = smoke and exercise condition; IPS =
immediately post smoking; IPE = immediately post exercise; 10-min = 10 minutes post
condition; 20-min = 20 minutes post condition; 40-min = 40 minutes post condition. All
values are presented as means + 1 standard deviation. Means with similar lower-case
superscripts are similar; * = significantly different from smoking condition;

1 = significantly different from smoking condition and exercise condition.

The average systolic blood pressure in the smoking condition was significantly
greater than exercise, but not significantly different from the average systolic blood
pressure observed with the smoking and exercise combination (p = 0.0144, F, ,,=5.17).

See Figure 2.
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Figure 2. Systolic blood pressure (SBP) changes across conditions. SM = smoking
condition; EX = exercise condition; SE = smoke and exercise condition. All values are
condition main effects (average for each condition across time) + 1 standard deviation. *

= significantly different from exercise condition.

Systolic blood pressure increased similarly immediately after smoking (SM),

exercise (EX), and the combined (SE) conditions and returned to baseline values within

Condition

10 minutes of recovery (p < 0.0001, Fs_ss= 14.82). See Figure 3.

41




SBP (mmHg)

Figure 3. Systolic blood pressure (SBP) changes across time. Base = baseline; [PS =
immediately post-smoking; IPE = immediately post-exercise; 10-min = 10 minutes post-
condition; 20-min = 20 minutes post-condition; 40-min = 40 minutes post-condition;

means with similar lower-case superscripts are similar. All values are time main effect
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means (average at each time across conditions) + 1 standard deviation.

0.05). However, diastolic blood pressure significantly increased immediately after

smoking when compared to baseline, and post-exercise recovery values (p = 0.0071,

The average diastolic blood pressures were not different between conditions (p >

Fs ss=3.58). See Figure 4.
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Figure 4. Diastolic blood pressure (DBP) changes across time. Base = baseline; I[PS =
immediately post-smoking; IPE = immediately post-exercise; 10-min = 10 minutes post-
condition; 20-min = 20 minutes post-condition; 40-min = 40 minutes post-condition;
means with similar lower-case superscripts are similar. All values are time main effects

(average at each time across conditions) + 1 standard deviation.
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Pulmonary Responses to Smoking and Exercise

not change from baseline values in any condition (p > 0.05 for all). Measures of

Measures of pulmonary function were not different between conditions and did

pulmonary function are summarized in Table 4.
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Variable

Pre-Condition

Post-Condition

FvC SM 4.51 4+ 0.60 4.58 +0.54
EX 4.50 + 0.63 4.54 + 0.60
SE 4.554+0.59 4.59 +0.60
FEV, SM 3.80 +£0.49 3.86 +£0.50
EX 3.81+£0.52 3.83 £0.50
SE 3.82+0.50 3.85+0.47
FEV/FVC SM 84+6 84+6
EX 85+5 85+6
SE 84 +5 84+6
PEFR SM 9.36 +1.78 9.04 +1.98
EX 9.34+1.69 9.08 + 1.86
SE 9.51 +£2.06 9.23+1.89
FEF)5.759, SM 4.09 +0.87 4.08 +0.92
EX 4.07 +£0.80 3.97+0.77
SE 4.04 + 0.86 4.11+0.10

Table 4. Pulmonary changes following smoking and exercise. FVC = forced vital
capacity (L); FEV, = forced expiratory volume in one second (L); FEV, / FVC = the ratio
of FVE, /FVC (%); PEFR = peak expiratory flow rate (L/min); FEF,s.s,, = forced
expiratory flow rate during the middle 50% of exhalation (L/sec); SM = smoking
condition; EX = exercise condition; SE = smoking and exercise condition. All values are

presented as means + 1 standard deviation.
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Biochemical Responses to Smoking and Exercise

Changes in Inflammatory Markers Following Smoking and Exercise

WBC increased immediately post-intervention in all three conditions. However,
the WBC increase was of greater magnitude and duration with EX and SE versus
smoking alone (p < 0.0001, Fjo, 108 = 4.31). The WBC remained elevated up to 40 minutes
after the intervention with EX and SE but not with smoking. WBC returned to baseline
levels in 24 hours in all three conditions. Changes in WBC following smoking and

exercise are summarized in Table 5.

WBC Baseline IPC 10-min 20-min 40-min 24-hr

SM  6.1+06* 69+09° 62+05 6.1+07° 63+0.7° 6.3+08
EX 61+09 7.7+15° 7.0+15" 71+15" 83+23 6.0+0.7

SE  62+12* 79+1.1% 71+11 72+13% 79+1.6" 63+0.9°

Table 5. Changes in WBC (white blood cell) count (x 10°/L) following smoking and
exercise. SM smoking condition; EX = exercise condition; SE = smoke and exercise
condition; IPC = immediately post-condition; 10-min = 10 minutes post-condition; 20-
min = 20 minutes post-condition; 40-min = 40 minutes post condition; 24-hr = 24 hours
post-condition; means with similar lower-case superscripts are similar; * = significantly
different from smoking condition. All values are presented as means + 1 standard

deviation.
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For CRP, median and range values are presented since CRP concentration was not
normally distributed. A Non-parametric Savage Test on change values indicated changes
in CRP between conditions was not significant (p > 0.05). The changes in CRP have been

summarized in Table 6.

D_CRP Median Range
SM -0.013 -0.667 —1.726
EX -0.001 -1.144 - 2.063
SE 0.074 -0.185-0.802

Table 6. Changes in C-reactive protein (CRP mg/L) following smoking and exercise.
D CRP = CRP measured 24 hours post-intervention — CRP measured at baseline; SM =

smoking condition; EX = exercise condition; SE = smoke and exercise condition.

Changes in Clotting Factors Following Smoking and Exercise

The average fibrinogen concentration in the smoking condition was significantly
greater than exercise alone and smoking and exercise combined (p = 0.0073,

F»,22=6.20). See Figure 5.
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Figure 5. Fibrinogen changes across conditions. SM = smoking condition; EX = exercise
condition; SE = smoke and exercise condition. All values are condition main effects
(average for each condition across time) + 1 standard deviation. * = significantly

different from EX and SE condition.

The acute fibrinogen response across time was similar in all three conditions.

Fibrinogen was lower 10 minutes post-condition and continued to decrease up to 40

minutes after each of the interventions (p < 0.0001, F4 44= 12.36). See Figure 6.
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Figure 6. Fibrinogen changes across time. Base = baseline; IPS = immediately post-
smoking; IPE = immediately post-exercise; 10-min = 10 minutes post-condition; 20-min
= 20 minutes post-condition; 40-min= 40 minutes post-condition; means with similar
lower-case superscripts are similar. All values are time main effects (average at each time

across conditions) + 1 standard deviation.

Platelet counts increased significantly immediately post-intervention in all three
conditions. With smoking, platelets returned to baseline levels within 10 minutes after
smoking the last cigarette, decreased below baseline levels at 20 and 40 minutes post-
intervention and returned to baseline counts in 24 hours. The same pattern was evident
after EX; however, the increase in platelet count immediately post-exercise was of
greater magnitude than after SM. The platelet count response after SE was similar to that

of EX and SM except that platelet counts remained elevated up to 10 minutes
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post-intervention (p = 0.0045, Fo, 108 = 2.77). Changes in platelet count are summarized

in Table 7.

Platelet Baseline IPC 10-min 20-min 40-min 24-hr
SM  256+52% 260+52° 235+49%° 229+50° 217+58° 248 +46°
EX 253 +48" 284 +50° 247+50° 230+57 221 +62% 248 +54%
SE 249 +57° 295+ 57% 256 +49% 234 +46° 225+38° 249 + 55°

Table 7. Changes in platelet count (x 10°/L) following smoking and exercise. SM =

smoking condition; EX = exercise condition; SE = smoke and exercise condition; [PC =

immediately post-condition; 10-min = 10 minutes post-condition; 20-min = 20 minutes

post-condition; 40-min = 40 minutes post-condition; 24-hr = 24 hours post-condition;

means with similar lower-case superscripts are similar; *= significantly different from

smoking condition. All values are presented as means + 1 standard deviation.

The average APTT in the smoking condition was significantly greater than EX

and SE conditions (p = 0.0141, F, 2, =5.21). See Figure 7.
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Figure 7. APTT (activated partial thromboplastin time) changes across conditions. SM =
smoking condition; EX = exercise condition; SE = smoke and exercise condition. All
values are condition main effects (average for each condition across time) + 1 standard

deviation. * = significantly different from EX and SE condition.

Post-condition APTT decreased similarly across time in all three conditions.

APTT was shorter immediately after each condition and in 40-minutes, decreased up to 5

seconds from baseline measurements (p < 0.0001, F4 44=77.47). See Figure 8.
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Figure 8. APTT (activated partial thromboplastin time) changes across time. Base =
baseline; IPS = immediately post-smoking; IPE = immediately post-exercise; 10-min =
10-minutes post condition; 20-min = 20 minutes post-condition; 40-min = 40 minutes
post-condition; means with similar lower-case superscripts are similar. All values are

time main effects (average at each time across conditions) + 1 standard deviation.

PT was not different between conditions (p > 0.05). However, the PT in all three
conditions responded similarly by increasing significantly at 10 minutes post-intervention
and returning back to baseline values after 40 minutes of recovery (p = 0.0024,

F4 44=4.89). See Figure 9.
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Figure 9. PT (partial thromboplastin time) changes across time. Base = baseline; IPS =
immediately post-smoking; IPE = immediately post-exercise; 10-min = 10 minutes post-
condition; 20-min = 20 minutes post-condition; 40-min = 40 minutes post-condition;
means with similar lower-case superscripts are similar. All values are time main effects

(average at each time across conditions) + 1 standard deviation.
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DISCUSSION

This is the first study to examine the combined influences of smoking and
moderate-intensity aerobic exercise on physiological, inflammatory, and blood
coagulation responses in young healthy casual smokers. Combination of smoking and
exercise appears to increase cardiovascular stress during moderate-intensity exercise and
in the immediate period of recovery after exercise. In addition, systolic and diastolic
blood pressures were both elevated after smoking. Pulmonary function was not
significantly altered by smoking, exercise or the combination of the two conditions.
Blood fibrinogen concentrations are also elevated with smoking, but smoking does not
appear to alter the fibrinogen or WBC responses to exercise. Smoking and exercise
together prolongs the elevation in platelet counts that occur after smoking or exercise
alone. However, changes in these clotting factors after smoking did not have a
significantly negative impact on clotting times as measured by activated partial
thromboplastin time (APTT) or prothrombin time (PT) after exercise. In addition, CRP
was not significantly altered by smoking, exercise or the combination of the two
conditions. We conclude from these results that smoking increases cardiovascular stress
at rest, during exercise and recovery from exercise. Greater fibrinogen concentrations
occur with smoking and smoking prolongs elevations in platelet counts that occur after

exercise. However, smoking prior to exercise does not transiently alter inflammatory
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markers or appear to influence changes in blood clotting characteristics that are observed
after exercise.

The participants in our study were all casual smokers who self reported that they
smoked less than seven cigarettes per day. The participants in this study were not
involved in regular exercise activities. They kept a moderate lifestyle activity with most
of their physical activity limited to walking within the campus. The participants’ average
BMI categorized them in the 40th percentile of the same age and gender in the
population. The mean body fat percentage puts the participants in the 30th percentile
(below average) of the population based on age and gender (Institute of Aerobics
Research, Dallas, TX, 1994). The average VOaumax for the participants was below average
which ranks their cardiorespiratory fitness among the 30™ percentile of the same age and
gender in the population (Institute for Aerobics Research in Dallas, TX, 1994).

The WBC count, CRP, fibrinogen, platelet count, APTT and PT were all within
normal range in our participants. However, chronic smokers averaging 12-20 cigarettes
per day tend to have elevated levels of WBC count, CRP (16), fibrinogen (26), and
platelet count (43), and lower level of APTT (29) and PT (46) compared to non-smokers.
The young age of our participants and the fact that they were casual smokers, could
explain the normality of their baseline inflammatory and clotting variables.

The higher heart rate during exercise in the SE condition versus the EX condition
is supported by the previous studies. Heart rate increases after smoking (45, 48-51) which
supports the finding of having higher levels of heart rates during exercise in the SE

condition versus exercising alone.
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The observed increase in heart rate after smoking is consistent with the results
reported in previous studies in which smoking one to two cigarettes increases heart rate
(45, 48-51). The significantly higher heart rate levels within the recovery period in the SE
condition, versus the EX condition, is supported by previous studies. Following smoking,
heart rate increases (45, 48-51), which causes the SE condition to elicit higher heart rates
within the recovery period compared to the EX condition alone.

The elevation in systolic blood pressure after smoking is supported by previous
studies indicating an increase in systolic blood pressure immediately after smoking one or
two cigarettes (45, 48-51). Since the systolic blood pressure is lower in the recovery
period for the SE condition compared to the SM, exercise seems to attenuate the increase
in systolic blood pressure that is observed with smoking alone.

The observed increase in diastolic blood pressure immediately after smoking is
consistent with other studies reporting an elevation in diastolic blood pressure
immediately following smoking (48, 49). Diastolic blood pressure remained unchanged
after exercise which is supported by studies indicating no change in diastolic blood
pressure following an acute bout of aerobic exercise (55, 56, 68). However the average
diastolic blood pressures were not different between the three conditions.

In this study, exercise and smoking did not alter the pulmonary function values.
However, other researchers have reported a reduction in some of the pulmonary function
values following smoking or exercising alone (38, 39, 58, 72, 73). The decrease observed
in FEV, after smoking one or two cigarettes in other studies was mostly measured in
heavy smokers (38, 39); however, our participants were all casual smokers. The studies

that showed a reduction in FVC following an acute bout of exercise were on either active
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runners (72) or were measured after a maximal bout of exercise (58) which are different
from our study that included inactive individuals undergoing a submaximal bout of
aerobic exercise. It does not appear that smoking one or two cigarettes or moderate-
intensity-exercise affects acute changes in pulmonary function in healthy young casual
smokers.

The increase observed in WBC count immediately post-intervention in all of the
conditions is supported by other studies. Following an acute bout of exercise (59, 60) and
immediately after smoking two cigarettes (41), an increase in WBC count is observed.
Since the increase in WBC count is greater in the SE and EX condition compared to the
SM condition, smoking does not appear to influence the WBC count responses to
exercise.

Measures of CRP were not different between conditions and did not change from
baseline values after smoking and exercise. There is limited evidence for the effect of
acute smoking and exercise on CRP. Following a triathlon and marathon race, CRP
markedly increases (59, 61); however, the short term changes in CRP after a short
duration aerobic exercise and following acute smoking have not been reported before.

The increase observed in fibrinogen level in the smoking condition versus the EX
and the SE condition, indicates that smoking affects fibrinogen but does not affect
fibrinogen responses to exercise. The decrease observed in fibrinogen responses across
time in all of the three conditions is highly variable with other studies. Following
smoking two to three cigarettes, fibrinogen remains unchanged (40, 41) and the results of

acute exercise on fibrinogen are not consistent which may increase following a marathon
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race (61), remain unchanged after a maximal and submaximal exercise test (53, 62), or
decrease following a marathon race (62).

The increase observed in platelet count immediately post-intervention in all of the
conditions is observed in other studies after acute exercise, but not following smoking.
Both acute maximal and submaximal exercise increase platelet count (65, 66), but after
smoking two cigarettes in sequence, no changes in platelet count were observed (41). The
greater increase in platelet count in the SE condition versus the smoking indicates that
smoking prolongs elevations in platelet counts that occur after exercise.

The lower APTT in the EX and SE condition compared to the smoking condition,
indicates that acute smoking does not negatively affect APTT. The decrease observed in
APTT across time is consistent with studies indicating a decrease in APTT within and
during recovery of a single bout of aerobic exercise (53, 54). APTT response with
smoking and exercise (SE) is similar to what was observed with exercise and no
additional influence is observed.

The increase in PT at 10 minutes post-intervention in all the conditions is not
consistent with other studies. Following a maximal exercise test PT decreases and there
are no changes observed in PT after a submaximal exercise test (65, 66). Up to now no
study has been reported on the effect of acute smoking on PT, but chronic smokers have
lower levels of PT (47). At present, there is no clear explanation for this observed
increase in PT across time.

APTT measures clotting time in the extrinsic pathway and PT is used to measure

the clotting time in the intrinsic pathway. The decrease of APTT in the extrinsic and
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increase of PT within the intrinsic pathway will even each other, indicating no significant
changes in clotting time following smoking and exercise in all of the three conditions.

In summary, smoking prior to exercise increases cardiovascular stress as indicated
by an elevation in heart rate during and after exercise, however it does not affect
pulmonary function measures. Smoking prior to exercise does not appear to influence
changes in inflammatory markers and blood clotting characteristics that are observed
after exercise. Young casual smokers could start an exercise program without increasing

their risk of an untoward cardiovascular event with exercise.
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