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Kumar A, Kar S, Fay WP. Thrombosis, physical activity, and acute coronary
syndromes. J Appl Physiol 111: 599–605, 2011. First published May 19, 2011;
doi:10.1152/japplphysiol.00017.2011.—Acute coronary syndromes (ACS) are
common, life-threatening cardiac disorders that typically are triggered by rupture or
erosion of an atherosclerotic plaque. Platelet deposition and activation of the blood
coagulation cascade in response to plaque disruption lead to the formation of a
platelet-fibrin thrombus, which can grow rapidly, obstruct coronary blood flow, and
cause myocardial ischemia and/or infarction. Several clinical studies have exam-
ined the relationship between physical activity and ACS, and numerous preclinical
and clinical studies have examined specific effects of sustained physical training
and acute physical activity on atherosclerotic plaque rupture, platelet function, and
formation and clearance of intravascular fibrin. This article reviews the available
literature regarding the role of physical activity in determining the incidence of
atherosclerotic plaque rupture and the pace and extent of thrombus formation after
plaque rupture.
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ACUTE CORONARY SYNDROMES (ACS) are a group of life-threat-
ening cardiac diseases characterized by acute, regional reduc-
tions in coronary blood flow, myocardial ischemia, or infarc-
tion, and pain in the chest, neck, or arms. The ACS are divided
into the clinical diagnoses of unstable angina pectoris, non-ST
segment myocardial infarction (NSTEMI), and ST segment
elevation myocardial infarction (STEMI). The vast majority of
ACS are triggered by disruption of an atherosclerotic plaque,
which converts coronary atherosclerosis from a chronic disease
to an acute medical emergency. Thrombosis plays a critical
role in the pathogenesis of ACS, as disruption of an athero-
sclerotic plaque exposes flowing blood to subendothelial col-
lagen, tissue factor, and other procoagulant molecules that
trigger activation of platelets and formation of fibrin within the
vessel lumen (Fig. 1). If the thrombotic response to plaque
disruption is limited, coronary blood flow is not altered signif-
icantly and the plaque disruption remains clinically silent.
However, if platelets and fibrin amass in sufficient quantity to
obstruct coronary blood flow, clinical presentation ensues.
Physical activity has been linked to vascular changes that affect
the propensity of atherosclerotic plaques to rupture. Physical
activity also has been shown to regulate platelet function and
the cellular and molecular pathways that govern fibrin forma-

tion and clearance. Hence, physical activity appears to be an
important determinant of the incidence and outcomes of ACS.
This article will review currently available studies regarding
the relationship between physical activity and ACS. Emphasis
will be placed on the mechanisms by which physical activity
regulates atherosclerotic plaque rupture and the function of
blood platelets, the blood coagulation cascade, and the fibrino-
lytic system.

PATHOPHYSIOLOGY OF CORONARY PLAQUE RUPTURE

Atherosclerosis is a chronic vascular disease that is charac-
terized by endothelial dysfunction, intimal hyperplasia, inflam-
mation, smooth muscle proliferation, and deposition of lipids
and formation of microvessels within the vascular wall. The
focal nature of atherosclerosis results in formation of discrete
plaques. Key components of the plaque include a fibrous cap,
composed of smooth muscle cells and fibroblasts, an overlying
layer of endothelial cells, and an internal core that contains
cholesterol and other lipids, macrophages, foam cells (which
are derived from macrophages), other inflammatory cells, and
extracellular matrix. Some plaques are more vulnerable to
rupture than others. Important characteristics of the vulnerable
plaque include a thin fibrous cap, a large, lipid-rich, hypocel-
lular core, and the presence of leukocytes, which produce
metalloproteinases (MMPs) and other factors that trigger ex-
tracellular matrix degradation and apoptosis, within the fibrous
cap (Fig. 1). Rupture of the fibrous cap is not the only
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mechanism by which thrombosis overlying an atherosclerotic
plaque can be triggered, e.g., plaque erosion (without fibrous
cap rupture) can initiate thrombosis (14). However, fibrous cap
rupture is the only from of plaque disruption that has been
linked mechanistically to physical exercise (4).

BRIEF SUMMARY OF PLATELET AGGREGATION, BLOOD
COAGULATION, AND FIBRINOLYSIS

Atherosclerotic plaque disruption triggers platelet activation
by multiple pathways. Endothelial disruption exposes suben-
dothelial collagen, which activates platelets by binding glyco-
protein VI (GPVI) and integrin �2�1 on the platelet surface
(46). After plaque rupture plasma von Willebrand factor (vWF)
binds to collagen, and platelets adhere to immobilized vWF via
GPIb-GPV-GPIX and integrin �IIb�3 (GPIIb/IIIa) (20). GPIIb/
IIIa also binds fibrinogen, which drives platelet aggregation
and thrombus growth. Adenosine diphosphate (ADP) and

thromboxane A2 bind to specific receptors on platelets to
amplify their aggregation after plaque rupture (38). Platelets
express alpha-2 adrenergic receptors, which likely play an
important role in mediating effects of physical exercise on
platelet function (13, 55).

The primary activator of the blood coagulation system is
tissue factor (TF), a cell-membrane-anchored protein that is
abundant in the adventitia of normal blood vessels and the
intima and media of atherosclerotic arteries. In response plaque
disruption, plasma factor VIIa (“a” denotes the activated form
of the blood coagulation proteins) binds TF to produce a
complex that converts factor X to factor Xa (Fig. 2). Factor Xa,
in complex with factor Va, calcium, and phospholipid, con-
verts prothrombin to thrombin. In addition to activating plate-
lets and clotting fibrinogen, thrombin activates factor XIII,
which cross-links fibrin monomers. The contact activation
pathway, consisting of prekallikrein, high-molecular-weight
kininogen, factor XI, and factor XII, produces factor IXa,
which, in complex with factor VIIIa, activates factor X, i.e.,
factor X can be activated by both the TF and contact activation
pathways. While the TF pathway is the dominant initiator of
hemostasis and thrombosis, the contact activation pathway
plays an important amplification role (2).

Accretion of fibrin within the vasculature depends not only
on the activity of the coagulation cascade, but also the fibrino-
lytic pathway (Fig. 3), which degrades fibrin. The central
protein of the fibrinolytic system is plasminogen, which circu-
lates in plasma and is activated by plasminogen activators
(PAs). Urokinase (u-PA) and tissue-type PA (t-PA) are the two
main endogenous PAs. t-PA, which is released by vascular
endothelial cells, is the main PA in plasma. Activated plasmin-
ogen (i.e., plasmin) cleaves fibrin into soluble degradation
products, thereby dissolving the fibrin clot. Antiplasmin, which
inhibits plasmin, and plasminogen activator inhibitor-1 (PAI-1),
which inhibits t-PA and u-PA, are the main endogenous inhib-
itors of the fibrinolytic system.

EPIDEMIOLOGICAL DATA LINKING PHYSICAL ACTIVITY
TO ACS

Several studies have examined the relationships between
physical activity, performed repetitively over prolonged peri-
ods of time, on the incidences of total and cardiac mortality and
nonfatal ACS. The most comprehensive data arise from meta-
analyses of predominantly male patients with established cor-
onary artery disease (CAD) who received 2–6 mo of super-
vised exercise training within a cardiac rehabilitation program,
after which patients exercised regularly in an unsupervised
fashion (36, 37). Analysis of 8,440 patients with established
CAD participating in 51 randomized, controlled trials revealed
chronic physical exercise, assessed over a mean of 2.4 years,
was associated with a 27% reduction in total mortality (P �
0.05) and a 31% reduction in cardiac mortality (P � 0.05) (21).
However, this study did not find that regular physical activity
significantly reduced the rate of nonfatal myocardial infarction
or sudden cardiac death, events mechanistically linked to
atherosclerotic plaque rupture and thrombosis. Reduction in
death without a reduction in nonfatal myocardial infarction or
sudden cardiac death raises the possibility that exercise training
reduces the risk of fatal ventricular arrhythmias and/or the
extent of myocyte necrosis associated with myocardial infarc-

Fig. 1. Atherosclerotic plaque rupture and thrombosis. A: coronary athero-
sclerotic plaque with thin-walled fibrous cap and thrombogenic necrotic
core. B: plaque rupture. C: thrombotic response. If thrombus formation is
not extensive (black thrombus), there is no obstruction to blood flow and
event does not cause clinical symptoms. If thrombus formation is extensive
(gray thrombus), blood flow is obstructed and acute coronary syndrome
develops.
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tion, without actually reducing the incidence of coronary
plaque rupture or the intensity of ensuing thrombosis.

Despite the recognized benefits of chronic physical exercise
on cardiovascular health (16, 44), acute vigorous physical
exercise can trigger coronary thrombosis and ACS, particularly
in individuals who follow a sedentary lifestyle (9, 30, 45, 51,
52). The relative risk of sustaining an acute myocardial infarc-
tion (AMI) during physical exercise has been estimated to be
20- to 30-fold greater than the risk of developing an AMI while
at rest (17). However, the actual incidence of exercise-induced
AMI is low—estimated to be only one annual event per
593–3,852 apparently healthy middle-aged men (50). In addi-
tion, habitual vigorous exercise has been shown to diminish the
risk of sudden death during vigorous exertion (1, 9).

PHYSICAL ACTIVITY CAN TRIGGER ATHEROSCLEROTIC
PLAQUE RUPTURE

Burke et al. (4) performed histological studies of 141 men
with severe coronary artery disease who died suddenly, includ-
ing 116 individuals who died while at rest and 25 who died
during strenuous activity or emotional stress. Of note, 21/25 of
the individuals who died during physical or emotional stress
were considered to be physically deconditioned. The incidence
of plaque rupture was 68% in men dying during exertion or
emotional stress vs. 23% in men dying while at rest (P �
0.001). Hemorrhage into the plaque was significantly more
frequent in the exertional-death group than in the rest-death

group. Men dying during exertion/emotional stress had a sig-
nificantly higher mean ratio of total cholesterol to high-density-
lipoprotein cholesterol than those dying at rest. In multivariate
analysis, both exertion and the ratio of total cholesterol to
high-density-lipoprotein cholesterol were independently asso-
ciated with acute plaque rupture. The authors concluded that in
physically inactive men with severe CAD, acute physical
exertion and/or emotional stress are independent risk factors
for fatal atherosclerotic plaque rupture. The authors also ob-
served that plaques that ruptured during exercise/emotional
stress were characterized by a thin fibrous cap, extensive vasa
vasorum, and rupture in the midportion of the cap. In contrast,
the site of plaque rupture in patients who died suddenly while
at rest was most often in the shoulder region (i.e., junction of
the cap with the normal wall). The authors postulated that
changes in vasomotor tone during physical exercise triggers
plaque rupture, and that the thinness of the fibrous cap is a key
determinant of exercise-induced plaque rupture.

Tanaka et al. (49) assessed morphology of plaque rupture in
ACS patients using optical coherence tomography (OCT), a
catheter-based imaging technique that allows characterization
of plaque composition in living patients. This study assessed
43 consecutive men with ACS who were found to have plaque
rupture after undergoing cardiac catheterization with OCT
analysis. Patients were divided into those that were resting at
the onset of ACS (n � 28) and those whose ACS symptoms
began during physical activity (n � 15). Physical activity was
defined as exertion requiring expenditure of �4 metabolic
equivalent of task (MET) units, i.e., an activity level similar to
that of walking 4 miles/h on the level. In contrast to the study
by Burke et al. (4), the study by Tanaka et al. (49) found that
1) the culprit plaque ruptured at the shoulder more frequently
in the exertion group (93% of patients) than in the rest group
(57% of patients; P � 0.014), and 2) the broken fibrous cap
was significantly thicker in the exertion group than in the
rest-onset group (P � 0.001). These data suggested that
plaques with thin fibrous caps can rupture during rest or usual
day-to-day activities, while rupture of plaques with thick (i.e.,
70–140 �m) fibrous caps may depend on mechanical factors
generated during strenuous physical activity. In fact, the au-

Fig. 2. Blood coagulation cascade. The tissue factor and
contact activation pathways converge at factor X, whose
activation initiates the common pathway. HMWK, high-
molecular-weight kininogen.

Fig. 3. Fibrinolytic system. Actions of fibrinolysis inhibitors are indicated by
dashed lines. PA, plasminogen activator; PAI-1, PA inhibitor-1.

Review

601THROMBOSIS, PHYSICAL ACTIVITY, AND ACUTE CORONARY SYNDROMES

J Appl Physiol • VOL 111 • AUGUST 2011 • www.jap.org



thors estimated that �30% of all plaque ruptures occur in
thick-capped atheroma.

MECHANISMS LINKING PHYSICAL ACTIVITY AND PLAQUE
RUPTURE

Preclinical studies have examined the mechanisms that un-
derlie the relationships between physical activity and plaque
rupture. In hyperlipidemic mice, chronic physical exercise, in
conjunction with metabolic treatment (antioxidants and L-argi-
nine), reduced spontaneous atherosclerotic plaque rupture (35).
In this study, moderate physical exercise (swimming) in-
creased plasma levels of nitric oxide, suggesting increased
nitric oxide expression as a mechanism underlying the benefi-
cial effect of chronic physical exercise on plaque rupture.
Consistent with these data, McAllister et al. (29a) showed that
chronic treadmill exercise increased endothelial nitric oxide
synthase expression in rats, and Lu et al. (28) demonstrated that
long-term exercise increases nitric oxide production by murine
macrophages.

Kadoglou et al. (22) examined the effects of exercise on
atherosclerotic plaque composition in mice. Apolipoprotein
E-deficient mice (n � 90; males 50%) were fed high-fat chow
for 16 wk, at which point 30 mice were euthanized and served
as a control group. Remaining mice were changed to normal
chow, which they received for 6 wk, during which 30 mice
performed daily treadmill exercise (up to 60 min daily at 15
m/min and 5% grade), and 30 mice remaining in their cages
without access to exercise equipment. Atherosclerotic plaque
burden, assessed within the aortic root, was 30% lower in the
exercise group than in the control and sedentary groups.
Collagen and elastin content of atherosclerotic plaques were
significantly higher in the exercise group than in the sedentary
and control groups, changes that would be anticipated to
reduce the incidence of plaque rupture. Compared with the
control and sedentary groups, concentrations of matrix MMP-9
(MMP-9) and macrophages within atherosclerotic plaques
were significantly lower in the exercise group, while the
concentration of tissue inhibitor of metalloproteinase-1
(TIMP-1) was significantly higher in plaques of exercised
mice. The changes in plaque MMP-9 expression and macro-
phage content induced by exercise would be expected to reduce
plaque rupture, as expression of active MMP-9 by macro-
phages significantly increases atherosclerotic plaque rupture in
a murine model (15).

EFFECTS OF PHYSICAL EXERCISE ON PLATELET FUNCTION

The extent of the thrombotic response to atherosclerotic
plaque rupture or erosion is a critical determinant of whether
vascular occlusion occurs or not. Hence, physical activity
could regulate the development of ACS via effects on platelet
function. Several studies have shown that acute physical exer-
cise increases platelet reactivity, typically assessed by in vitro
aggregation assays, in both healthy individuals and in patients
with cardiovascular disease (8, 17, 25, 26, 40, 43). The effects
of chronic exercise training and physical deconditioning on
platelet function also have been studied. Wang et al. (56, 57)
demonstrated that sustained periods of exercise training sup-
press platelet adhesion and aggregation in healthy sedentary
men and women. In these studies healthy though sedentary
men and women were randomly divided into training and

control groups. The trained subjects exercised on a bicycle
ergometer at 60% of maximal oxygen consumption for 30
min/day, 5 days/wk for 8 wk. Thereafter, subjects underwent a
12-wk period of physical deconditioning. A progressive exer-
cise test was performed on trained subjects at baseline and
every 4 wk, and blood samples were drawn before and after
this exercise test. The same progressive exercise test, with
blood drawn before and after exercise, was performed on
control subjects at baseline and 8 wk later. Platelet adhesion
was measured using a tapered parallel-plate chamber. Platelet
aggregation was induced by ADP and evaluated by the %re-
duction in single platelet count. The studies showed that
platelet adhesion and aggregation were enhanced by acute
strenuous exercise, but that the enhancement of platelet reac-
tivity by acute exercise was significantly blunted in physically
trained subjects compared with control, nonexercised subjects.
Furthermore, the effects of exercise training on platelet func-
tion were lost after 12 wk of physical deconditioning. Another
study showed that acute, strenuous treadmill exercise upregu-
lated platelet reactivity in healthy, sedentary individuals, but
not in healthy individuals who were habitually physically
active (24). The beneficial effects of chronic physical exercise
on platelet activation in hypertensive patients without known
atherosclerosis was studied by de Meirelles et al. (10). In this
study, 13 sedentary hypertensive patients underwent 60 min of
aerobic exercise three times a week, while 6 sedentary hyper-
tensive patients served as the control group. After 12 wk,
platelet reactivity, assessed at rest by in vitro aggregometry,
was significantly lower in the exercise group than in the
sedentary group, while platelet NO synthase activity and
cGMP levels were significantly higher in the exercise group.
This beneficial effect of reduced basal platelet aggregability
with chronic physical exercise has also been demonstrated in
normotensive, healthy subjects (56, 57). Some studies have
assessed the impact of different levels of physical activity on
platelet reactivity. In healthy individuals, acute, moderate-
intensity physical activity was found to exert less of a stimu-
latory effect or no significant effect on platelet function,
compared with strenuous physical activity (5, 18, 58, 59).

Overall, the effects of acute exercise and sustained physical
training on platelet reactivity are consistent with the epidemi-
ological studies, cited above, that examined the risk of devel-
oping AMI during exercise, and the modulation of this risk by
prolonged physical training; i.e., acute physical activity in-
creases platelet reactivity, while sustained physical training
blunts this effect. However, the molecular pathways by which
physical activity regulates platelet function remain poorly de-
fined. Increased plasma catecholamine levels during exercise
appear to play an important role in mediating the effects on
platelet reactivity. Epinephrine activates platelets, though one
study suggested that norepinephrine, rather than epinephrine, is
the main determinant of exercise-induced upregulation of
platelet reactivity (19). Consistent with the role of cat-
echolamines in platelet activation during exercise, aspirin ther-
apy, which inhibits thromboxane-induced platelet activation,
does not inhibit the effect of acute exercise on platelet reac-
tivity in patients with CAD (7, 39). However, one study found
no linear correlation between plasma catecholamine concen-
trations and in vivo platelet activation in high-endurance ath-
letes during acute exercise (31), suggesting that factors other
than catecholamines mediate the enhanced platelet reactivity
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observed during and immediately following physical exercise.
Acute physical exercise does not alter platelet intracellular free
calcium concentration, a determinant of platelet reactivity (3).
Protein kinase C plays a key role in regulating platelet activa-
tion. Sustained physical activity was found to inhibit the
decline in platelet protein kinase C activity that occurs with
aging, suggesting a potential molecular mechanism by which
exercise training alters platelet reactivity (54). Platelets and
other cell types can shed phospholipid membrane blebs from
their surface, termed microparticles, which play important
roles in hemostasis and thrombosis by supporting thrombin
generation. Acute strenuous physical exercise has been shown
to increase the release of procoagulant microparticles from
platelets and shear-induced thrombin generation (6). While
acute physical exercise increases platelet reactivity, it also is
associated with activation of pathways that reduce platelet
activation, perhaps as a compensatory mechanism. For exam-
ple, acute vigorous exercise promotes release of nitric oxide
from platelets (23). In addition, thrombin-induced expression
of GPIIb/IIIa by platelets decreases in response to acute phys-
ical exercise, while the inhibitory of effect of prostacyclin on
platelets is potentiated by exercise (27).

EFFECTS OF PHYSICAL ACTIVITY ON BLOOD
COAGULATION AND FIBRINOLYSIS

TF present in the core of atherosclerotic plaques plays a
critical role in initiating thrombosis after plaque rupture. Ex-
ercise training decreases TF content of atherosclerotic plaques
in apolipoprotein E-deficient mice (41). In addition to its
presence in atherosclerotic plaque, TF is expressed by circu-
lating leukocytes, particularly monocytes, and is present in
plasma microparticles. Although the vast majority of circulat-
ing TF appears to exist in an encrypted, nonfunctional form,
emerging evidence suggests that circulating TF promotes
thrombosis. Induction of TF activity in circulating blood cells
by bacterial endotoxin is reduced in athletes compared with
less active individuals, suggesting that exercise training de-
creases circulating TF expression (29). However, Weiss et al.
(60) concluded that the TF pathway does not account for the
induction of thrombin activity in blood by intense physical
exercise. One study found no significant effect of exercise
training on plasma factor VIII concentration (53), although
another study involving patients who had sustained a myocar-
dial infarction found that 4 wk of physical training significantly
lowered plasma factor VIII activity and antigen (61). Nagy et
al. (34) evaluated the association between chronic, self-re-
ported exercise level and plasma levels of selected hemostasis
factors in 292 middle-aged women who had sustained an ACS.
Exercise capacity had a statistically significant, inverse rela-
tionship with plasma levels of factor VII and vWF antigens.
The authors concluded that reduced levels of physical activity
after ACS are associated with a prothrombotic plasma profile.
In a study of 109 patients with well-controlled hypertension
without a past history of thrombotic events, self-reported
physical activity levels were used to compare physically active
(more than 30 min/day or held manual labor jobs) with seden-
tary patients (33). Physically active subjects had lower levels
of prothrombin fragment F1�2 (a sensitive marker of thrombin
formation) compared with sedentary individuals, suggesting
that chronic exercise may reduce the tendency for thrombosis.

Elevated plasma fibrinogen level is associated with increased
risk of ischemic cardiovascular events. Three months of aero-
bic exercise training was shown to significantly reduce plasma
fibrinogen levels in patients with coronary artery disease (63).

Effects of acute exercise on hemostasis factors have also
been reported. Two exercise sessions performed 4 h apart
significantly increased inducible TF expression by blood
monocytes (11). Studies examining the effects of high-inten-
sity exercise on coagulation markers have shown transient
increases in vWF, factor VIII, D-dimer (a breakdown produce
of cross-linked fibrin), and antithrombin III in patients with and
without established atherosclerotic disease (32, 42).

Reduced activity of the fibrinolytic system has been associ-
ated with increased risk of thrombosis. Physically trained
healthy subjects exhibited significantly higher postexercise
plasma t-PA activity and lower PAI-1 levels compared with
untrained subjects (48). Stratton et al. (47) studied the effects
of 6 mo of endurance training on t-PA and PAI-1 activity. No
effects of exercise were seen in 10 younger patients. However,
in the 13 older subjects statistically significant increases in
plasma t-PA activity and decreases in plasma PAI-1 activity
were observed in physically trained individuals. DeSouza et al.
(12) found that healthy postmenopausal women who were
physically active had lower plasma fibrinogen levels, t-PA
antigen, PAI-1 antigen, and higher t-PA activity levels than
healthy postmenopausal women who were sedentary. These
finding suggest that physical training attenuates the age-asso-
ciated functional decreases in the endogenous fibrinolytic sys-
tem seen in sedentary women. Womack et al. (62) assessed the
effects on intensity and duration of acute exercise on fibrino-
lysis. Fifteen healthy males performed cycle ergometer exer-
cise at levels below and above their lactate thresholds (LT).
Exercise below LT was associated with a significant increase in
plasma t-PA antigen and significant decrease PAI-1 activity.
However, exercise above LT elicited an even greater effect,
suggesting that exercise intensity is an important determinant
of the fibrinolytic response to acute physical activity.

While traditionally considerate as separate systems, the
blood coagulation and fibrinolysis pathways function in an
integrated fashion to regulate fibrin formation and stability. As
a whole, available data suggest that sustained exercise training
dampens the activity of the blood coagulation system, while
acute episodes of intense physical activity can transiently upregu-
late circulating levels of some coagulation factors. The activity of
the fibrinolytic system, assessed in terms of net t-PA activity,
appears to be upregulated by both acute physical activity and
sustained physical training. While the overall activities of both
the blood coagulation and fibrinolysis systems appear to in-
crease in response to acute physical exercise, the balance
between the systems, which is an important determinant of
fibrin stability, appears to be maintained (25).

SUMMARY AND FUTURE RESEARCH DIRECTIONS

Acute physical activity increases the relative risk of ACS,
although the absolute risk of ACS during or immediately after
physical activity is low. Increased risk of ACS and coronary
thrombosis during and immediately after physical exercise
results from the enhancing effects of exercise on atheroscle-
rotic plaque rupture, platelet reactivity, and blood coagulation.
The risk of an adverse cardiovascular event during exercise is
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greatest in sedentary individuals with established coronary
artery disease and other coronary risk factors, particularly
hyperlipidemia. In contrast, sustained physical training reduces
platelet reactivity and promotes changes in the blood coagula-
tion and fibrinolytic systems that inhibit fibrin formation.
However, sustained physical activity has not been established
to reduce the risk of coronary plaque rupture or ACS.

While much has been learned about the effects of physical
activity on ACS and coronary thrombosis, the currently avail-
able literature is predominantly observational. Furthermore,
available research has focused more on the effects of exercise
on surrogate markers (e.g., platelet reactivity in vitro, coagu-
lation factor levels in plasma), than on clinically relevant
endpoints, such as atherosclerotic plaque rupture, kinetics of
thrombus formation, and the incidence of ACS.

Areas in need of additional research include 1) development
of clinically relevant animal models of atherosclerotic plaque
rupture and arterial thrombosis; 2) determination of the effects
of sustained physical activity on the susceptibility of athero-
sclerotic plaques to rupture and the intensity of the ensuing, in
situ thrombotic response; 3) elucidation of the molecular path-
ways by which physical training alters platelet function;
4) determination of the molecular and cellular pathways by
which sustained physical activity alters the activities of the
blood coagulation and fibrinolytic systems; 5) better definition
of the impact of exercise type (e.g., resistance vs. aerobic),
duration, and intensity of ACS and coronary thrombosis; and
6) understanding of the impact of physical exercise on the
efficacies of medications used to treat or prevent ACS, such as
aspirin, thienopyridines, anticoagulant and fibrinolytic agents,
and angiotensin-converting enzyme inhibitors.
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