
Exercise prescription and thrombogenesis

Jong-Shyan Wang*
Graduate Institute of Rehabilitation Science and Center for Gerontological Research, Chang Gung University,
259 Wen-Hwa 1st Road, Kwei-Shan, Tao-Yuan, 333, Taiwan

Received 28 August 2005; accepted 14 July 2006

� 2006 National Science Council, Taipei

Key words: acute exercise, coagulation, deconditioning, exercise training, fibrinolysis, platelets

Summary

Lifestyle habits, such as exercise, may significantly influence risk of major vascular thrombotic events. The
risk of primary cardiac arrest has been shown to transiently increase during vigorous exercise, whereas
regular moderate-intensity exercise is associated with an overall reduced risk of cardiovascular diseases.
What are the mechanisms underlying these paradoxical effects of vigorous exercise versus exercise training
on thrombotic modification? This review analyzes research regarding effects and their underlying mecha-
nisms of acute exercise, endurance training, and deconditioning on platelets, coagulation, and fibrinolysis.
Evidence suggests that (i) light, acute exercise ( £ 49% VO2 max) does not affect platelet reactivity and
coagulation and increases fibrinolytic activity; (ii) moderate, acute exercise (50�74% VO2max) suppresses
platelet reactivity and enhances fibrinolysis, which remains unchanged in the coagulation system; and, (iii)
strenuous, acute exercise ( ‡ 75% VO2max) enhances both platelet reactivity and coagulation, simulta-
neously promoting fibrinolytic activity. Therefore, moderate exercise is likely a safe and effective exercise
dosage for minimizing risk of cardiovascular diseases by inducing beneficial anti-thrombotic changes.
Moreover, moderate-intensity exercise training reduces platelet reactivity and enhances fibrinolysis at rest,
also attenuating enhanced platelet reactivity and augmenting hyper-fibrinolytic activity during strenuous
exercise. However, these favorable effects of exercise training on thrombotic modification return to a pre-
training state after a period of deconditioning. These findings can aid in determining appropriate exercise
regimes to prevent early thrombotic events and further hinder the cardiovascular disease progression.

Benefits and risks associated with exercise

in cardiovascular diseases

Increased physical activity [1] and cardiorespiratory
fitness [2] are associated with a reduced risk of
fatality from coronary heart disease, as well as other
causes. Moreover, increased studies have demon-
strated that regular moderate-intensity physical
activity is associated with health benefits, even
when aerobic fitness (e.g., maximal oxygen uptake,
VO2max) remains unchanged [3]. For sedentary

persons at risk for cardiovascular disease, adopting
a moderately active lifestyle can induce important
health benefits, such as reducing blood pressure [4],
prothrombotic factors [5], and lipid peroxidation
[6], increasing high-density lipoprotein levels [6],
fibrinolytic activity [7], and vasodilatation [8], which
represent more attainable goals than high VO2max.

Conversely, clinical investigations conferred
that strenuous, acute exercise can enhance risk of
major vascular thrombotic events and transiently
increase incidence of primary cardiac arrest [9, 10].
The incidence of cardiovascular complications
during exercise is substantially greater for those
with cardiovascular disease than for healthy
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adults. In the largest study to date, comprising
over 1 million exercise tests, no fatal and nonfatal
complications occurred in athletes, whereas coro-
nary patients had morbidity and mortality rates of
1.4 and 0.2 per 10,000 tests, respectively [11]. For
patients with coronary artery disease, relative risk
of cardiac arrest during vigorous exercise was over
100-fold greater than what might be expected to
occur spontaneously [12]. Moreover, the relative
risk of acute myocardial ischemia in these patients
was also 2–6 times higher during strenuous phys-
ical exertion (>6 METs) compared with during
mild-to moderate-intensity activities; however, the
risk varies greatly depending on the patient’s usual
frequency of physical activity [13, 14]. Therefore,
physical exercise seems to be able to protect
individuals against cardiovascular disease on the
one hand and to provoke sudden cardiac death on
the other hand, and according to reactions reliant
on the intensity of exercise.

Exercise prescriptions aim to enhance physical
fitness, promote health by reducing risk factors for
chronic diseases, such as cardiovascular disease,
and ensure safety during exercise. The principal
components of a systematic, individual exercise
prescription comprise an appropriate mode, inten-
sity, duration, frequency, and progression of
exercise [15]. According to recommendations by
the Center for Disease Control and Prevention
(CDC) and the American College of Sports
Medicine (ACSM), exercise intensity is the pri-
mary factor when prescribing an exercise regimen
to protect individuals against cardiovascular dis-
ease [3]. The optimal exercise prescription for an
individual is based on an objective evaluation of
the individual’s response to exercise, including
heart rate (HR), rating of perceived exertion
(RPE), VO2max, and metabolic equivalents

(MET) during a graded exercise test [15]. Table 1
presents the classifications for activity intensity
and recommended quantity and quality of exercise
for developing and maintaining health-related
physical fitness in healthy adults based on ACSM
guidelines for exercise prescriptions [15].

This review summarizes and evaluates research
into the effects of acute exercise, endurance train-
ing, and deconditioning/disability on thrombotic
modification, particularly on platelet reactivity,
coagulation, and fibrinolysis, and their underlying
mechanisms. By elucidating the relationship be-
tween physical activity and thrombogenesis, this
study attempts to provide a strategy for developing
suitable exercise regimens that prevent early
thrombotic events, further retarding the progres-
sion of cardiovascular disease.

Exercise and changes in platelet reactivity

Effects of acute exercise

Pathological and clinical studies have indicated
that platelets are critical to pathogenesis and
progression of cardiovascular disease [16]. Various
studies identified increased platelet counts of
18–80% immediately after treadmill or bicycle
exercising [17]. Moreover, the degree to which
platelet counts were enhanced by acute exercise
was related to exercise severity [18]. Increased
platelet count induced by acute exercise can be
attributed to the release of platelets from the
spleen’s vascular beds, bone marrow, and intra-
vascular pool of pulmonary circulation [17].
Recent studies also demonstrated that platelet
adhesion and aggregation by physical shear forces
and chemical agonists was affected by acute

Table 1. Classification of physical activity intensity.

Intensity %VO2max %HRmax Category RPE scale MET

Very light <30 <35 <10 <3

Light 30–49 35–59 10–11 3–4

Moderate 50–74 60–79 12–13 5–6

Strenuous 75–84 80–89 14–16 7–8

Very strenuous >85 >90 >16 >8

VO2max = maximal oxygen consumption; HRmax = maximal heart rate; PRE = rating of perceived exertion; MET = metabolic
equivalents. (1 MET is considered equivalents to a VO2 of 3.5 ml/min/kg and represents an energy expenditure of approximately
1.2 kcal/min for a 70 kg person).
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exercise in intensity manner [18–25]. Additionally,
physically active and sedentary subjects respond
differently to the same exercise regimen. According
to previous studies by the author, strenuous
exercise (exercise up to VO2max) increased platelet
adhesiveness on fibrinogen-coated surface and
ADP-induced aggregation; whereas moderate
exercise (60% VO2max for 30 min) desensitized
the platelet reactivity in healthy males and male
patients with stable angina [18]. Exercise effects
were also more pronounced in sedentary than in
the active males. Kestin et al. also demonstrated
that strenuous exercise promoted platelet hyper-
activity in sedentary men, as assayed by the
presence of activation-associated surface antigens
on platelet. However, for physically active sub-
jects, exercise did not produce consistent changes
in platelet activity [26].

Notably, platelet activation induced by shear
forces in a stenosed coronary artery is one of the
mechanisms of coronary thrombosis [27]. Shear
stress levels in stenotic arteries reach from 60 to
3300 dynes/cm2 [28]. By simulating flow conditions
in stenotic arteries using a rotational viscometer,
measurement results from previous studies by the
authors demonstrated that strenuous exercise (80%
VO2max for 40 min) enhanced platelet aggregation
under high shear stress (100 dyne/cm2), possibly by
improving the ability of von Willbrand factor
(vWF) binding to platelets and, subsequently,
activating glycoprotein IIb/IIIa (GPIIb/IIIa) and
P-selectin expression on platelets [29]. Furthermore,
a clinical investigation also displayed that shear-
induced platelet aggregation in patients with effort
angina enhanced after strenuous treadmill exercise
[30]. Conversely, moderate exercise (60% VO2max

for 40 min) suppressed agonist-and shear-induced
platelet aggregation via reduced vWF binding to
platelets and down-regulation of platelets GPIIb/
IIIa activation and P-selectin expression [31].

Both b-thromboglobulin (b-TG) and platelet
factor 4 (PF4) are released from platelet a granules
during in vivo platelet activation. Although both
b-TG and PF4 are present in similar amounts in
platelets and are released in similar quantities,
plasma levels of bT-G exceed those of PF4 due to
rapid removal of PF4 in circulation [32]. Addi-
tionally, artifacts resulting from blood sampling
and handling can induce elevated b-TG and PF4
levels in plasma [32]. Although investigations
showed that b-TG and PF4 concentrations

increased following acute exercise [33, 34], other
studies did not identify significant changes in the
ratio of b-TG to PF4 after exercise [18]. Therefore,
this finding suggests that platelet secretion in vivo
was not directly activated by exercise.

What are the mechanisms underlying the
opposing effects of strenuous and moderate exer-
cise on platelet reactivity? Augmentation of shear-
induced platelet aggregation during strenuous
exercise is likely related to increased endogenous
release of epinephrine. Strenuous exercise pro-
motes the release of epinephrine [35], which can
induce the release of vWF from endothelial cells
[36] and enhance shear-induced platelet aggrega-
tion via activating platelet a2-adrenergic receptors
[37]. Epinephrine can synergize with hear stress to
induce platelet aggregation, and this synergistic
response depends on both vWF–GPIb interaction
and functional GPIIb/IIIb complexes [38]. An
early study indicated that strenuous exercise
improved performance of platelet a2-adrenergic
receptors by increasing endogenous release of
epinephrine, thereby promoting activation of
fibrinogen receptors (as GP IIb/IIIa complex)
and fibrinogen binding to platelet fibrinogen
receptors [20]. Additionally, strenuous exercise
also enhanced a2-adrenergic receptor-mediated
platelet [Ca2+]i elevation, suggesting that exocy-
tosis of a-granules and subsequent translocation of
P-selectin in platelet may be increased by strenu-
ous exercise [20, 29]. Therefore, the endogenous
release of epinephrine and activation of platelet
a2-adrenergic receptor induced by strenuous exer-
cise can be partially explained by enhanced shear-
induced platelet aggregation via the vWF–GPIb
interaction, GPIIb/IIIa activation, and P-selectin
expression during strenuous exercise. Compared
with strenuous exercise, moderate exercise induced
lower levels of catecholamines and a higher release
of nitric oxide (NO) from vascular endothelial cells
[23]. Nitric oxide inhibits thrombus formation
under high shear flow and attenuates agonist-
induced upregulation of P-selectin and the GPIIb/
IIIa complex by negatively regulating the cGMP in
platelets [39, 40]. By increasing NO release, mod-
erate exercise can decrease the performance of
adhesion molecules on platelets, thereby reducing
platelet activation induced by shear stress.

To determine the effects of acute exercise on
platelet functional behavior in women, the authors
performed an experimentation using female subjects
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without knowing at which point of their menstrual
cycle when the exercise was executed; measure-
ment results showed that both strenuous exercise
and moderate exercise did not affect platelet
reactivity. When based on menstrual cycle phases,
platelet adhesion and aggregation were enhanced
by strenuous exercise and suppressed by moderate
exercise in the mid-follicular menstrual phase and
no platelet functions were impacted by these two
exercises during the mid-luteal menstrual phase
[22]. Moreover, these exercise-induced platelet
functional changes were mediated by NO [22].
Epidemiological investigations have demonstrated
that pre-menopausal women have a low incidence
of cardiovascular disease [41]. The unresponsive-
ness of platelets to acute exercise in the luteal
menstrual phase can partially explain why pre-
menopausal women have a lower incidence of
cardiovascular diseases than do men.

Although strenuous exercise enhances platelet
reactivity, whether it has a negative feedback
pathway acting against this platelet-related throm-
botic risk evoked by exercise is unclear. Findings
from a recent study for to the exercise effects on
platelet-leukocyte interaction may provide a novel
clue explaining the negative feedback pathway for
exercise-induced platelet reactivity [21]. Reciprocal
modulation of platelet and polymorphonuclear
leukocyte (PMN) activities is important to throm-
botic pathogenesis [42]. Platelet activation under
pathological vascular conditions, such as fissured
atheromas or growing thrombi, can stimulate
PMN activity, amplifying the thrombotic process
by activating platelets [43]. However, PMN also
exerts an anti-thrombotic influence by inhibiting
platelet activation, such as PMN-derived NO [44,
45], whereas platelet activation also counterbal-
ances the harmful effects of excessive PMN stim-
ulation by increasing substances, such as soluble
P-selectin (sP-selectin), released upon platelet acti-
vation [46]. Some studies demonstrated that plate-
let-leukocyte aggregation enhanced after exercise
gradually increased in intensity until exhaustion
under a lack of shear flow control or static
conditions [47]. More recently, Wang et al. further
demonstrated that although sustained strenuous
exercise (80% VO2max for 40 min) increased the
number of platelets binding to PMNs under a flow
condition mimicking a venous circuit (5 dyne/
cm2), platelet–PMN interactions under high shear
stress mimicking normal arterial (10–30 dyne/cm2)

or stenotic arterial ( ‡ 80 dyne/cm2) flow were
suppressed. Moreover, strenuous exercise was also
associated with increased PMN-derived NO
metabolite levels and PMN-dependent inhibition
of platelet activation [21]. Therefore, the paradox-
ical effects of shear-mediated platelet–PMN inter-
action induced by strenuous exercise may be the
negative feedback pathway against the risk of
exercise-induced platelet-related thrombosis. On
the other hand, moderate exercise increased
plasma and PMN-derived NO levels, enhanced
PMN-dependent inhibition of platelet activation,
and suppressed shear-induced platelet activation
and subsequent adhesion of PMNs to platelets
deposited at sites of vascular injury under flow
[31], thereby reducing risk of vascular thrombosis
and inflammation.

Effects of exercise training and physical
deconditioning

The beneficial effects of exercise training are med-
iated by several factors, including physiological
improvement to the advocated haemostatic equi-
librium, such as suppressed pro-thrombogenetic
factors and enhanced anti-thromobogenetic fac-
tors. Previous studies have suggested that risk of
primary cardiac arrest increases transiently during
vigorous exercise [14], whereas regular physical
exercise is associated with overall reduced risk of
primary cardiac arrest [13].An animal study showed
that exercise training reduced the tendency toward
thrombosis induced by laser injury to blood vessels
[48]. Some studies have identified that a moderate-
intensity exercise training (60% VO2max for 30 min
per day, 5 days/week for 8 weeks) reduced resting
and strenuous exercise-induced platelet aggregation
and platelet adhesion under shear flow in men [19],
and in women in a mid-follicular menstrual phase
[23], which were accompanied by decreased vWF
binding to platelets and expression of P-selectin on
platelets [49]. Several mechanisms potentially
explain why exercise training reduced the extent of
shear-induced platelet activation. First, exercise
training decreases resting and strenuous exercise-
induced plasma catecholamine levels [35, 50] and
down-regulates platelet a2-adrenergic receptor per-
formance [51], thereby reducing vWF-platelet inter-
action andplatelet P-selectin expressionunder shear
flow. Second, exercise training enhances substantial
NO release fromplatelets and the endothelium, thus
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increasing platelet cGMP level and reducing the
capacity of adhered platelets to withstand shear
stress [23]. Additionally, regularmoderate-intensity
exercise reduces the susceptibility of low-density
lipoprotein (LDL) to undergo oxidation [52], and
suppresses the oxidized LDL-promoted capacity of
adhered platelets to withstand shear stress via
enhancing anti-oxidative activity [53–55]. There-
fore, exercise training suppresses oxidative modifi-
cation of lipid profiles by increasing antioxidant
release or production to attenuate oxidative stress-
promoted platelet activation under the pathological
shear flow condition.

Suppressed resting platelet reactivity induced
by exercise training, which may, in turn, reduce
risk of thrombotic events. This mechanism may
explain, at least partially, why regular exercise
protects against cardiovascular diseases. More-
over, the platelet activity enhanced by strenuous
exercise diminished after exercise training. This
diminishment may reduce risk of primary cardiac
arrest during vigorous exercise in trained
subjects.

Conversely, reduced daily activity, such as in
sedentary lifestyles, physical deconditioning, and
limb immobilization and paralysis (e.g., spinal
cord injury (SCI)), decreases cardiopulmonary
fitness and increases risk for major thrombotic
events, leading to further cardiovascular and
haemostatic disorders. In physical deconditioning,
studies have demonstrated that although resting
and strenuous exercise-induced platelet adhesive-
ness and aggregability were reduced by 8 weeks of
exercise training, deconditioning for 4–8 weeks
returned platelet reactivity to a pre-training state
[19, 23, 49]. Under physical disability, individuals
with SCI had more extensive basal and arm crank
exercise-induced platelet activation and sP-selectin
release than non-disabled subjects. Moreover,
strenuous exercise, which enhanced release of
prostacyclin and NO in healthy subjects, failed to
so in those with SCI. Both prostacyclin and NO
are potent anti-platelet agents [24]. Several mech-
anisms potentially explain why physical decondi-
tioning/disability enhanced the extent of platelet
reactivity. A previous study indicated that SCI
patients were hypersensitive to platelet a2-adreno-
receptors [56]. That study showed that platelet
aggregation by epinephrine was higher in SCI
subjects than in healthy subjects [56]. Individuals
with SCI may have decreased blood flow and even

stasis resulting from lack of muscle pumping
action in immobilized lower limbs. Early studies
by Langille and O’Donnell demonstrated that
chronically decreased blood flow caused a reduc-
tion in blood vessel diameter, which was likely
mediated by low levels of endothelium-derived
relaxing factors (EDRFs), such as prostacyclin
and NO [57]. Additionally, previous investigations
demonstrated that the reduced peripheral vascular
resistance and the enhanced blood flow during
exercise training attenuated after a deconditioning
period, simultaneously accompanied by decreased
plasma NO metabolite level [53, 58]. Therefore, we
propose that either suppression of prostacyclin
and NO productions or up-regulation of platelet
a2-adrenoreceptor by physical deconditioning/dis-
ability promotes platelet reactivity and facilitates
formation of hemostatic platelet plugging.

On the other hand, although resting and
exercise-induced Ox-LDL-promoted platelet reac-
tivity and plasma lipid peroxidation were
decreased by exercise training [53, 54], this anti-
oxidative effect of exercise training was reversed by
deconditioning to the per-training state [55]. Addi-
tionally, individuals with SCI had more extensive
resting and exercise-enhanced Ox-LDL-promoted
platelet reactivity and greater lipid peroxides levels
than those without SCI [24]. Therefore, supple-
mental therapy or intervention with anti-oxidants
may be necessary for those with sedentary life-
styles and physical deconditioning, especially
during strenuous exercise.

Exercise and changes in coagulation and fibrinolysis

Effects of acute exercise

Blood haemostasis is a complex interaction among
platelets, coagulation, and fibrinolysis. According
to the previous discussion, the intensity of acute
exercise is a critical factor affecting blood platelet
function [18, 22]; i.e., moderate exercise desensi-
tizes platelets, whereas strenuous exercise potenti-
ates platelets. The coagulatory and fibrinolytic
responses to acute exercise may also be intensity-
dependant, illustrating that moderate exercise
(68% VO2max) enhances plasmin formation and
fibrinolytic activity without correspondingly
increasing markers of blood coagulation activa-
tion [59]. Strenuous exercise (83% VO2max),
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conversely, activates blood fibrinolysis and coag-
ulation simultaneously [59]. Strenuous exercise-
induced hyper-coagulability as reflected by an
increasing of FVIII concentration and shortening
of activated partial thromboplastin time (APPT)
[60, 61] suggests that this activation occurs though
the intrinsic, but not the extrinsic coagulation
pathway. The b-adrenergic pathway has been
implicated as a pathway potentially mediating an
exercise-induced increase in FVIII levels as
b-blockade blunts this increase [62]. Some inves-
tigations showed that aerobic and anaerobic exer-
cise increases plasmin formation, possibly by
increasing plasminogen activator (t-PA) and
reducing plasminogen activator inhibitor (PAI-1)
[34, 63], thereby accelerating the blood fibrinolysis
rate and enhancing fibrin degradation. Although
b-adrenergic receptor blocking by propranolol
partially reduces normal fibrinolytic response to
strenuous exercise [64], t-PA release occurs prior to
an increase in blood catecholamine concentration,
suggesting that the initial release of t-PA induced
by exercise is mediated by another non-adrenergic
mechanism – possibly vasopressin [65].

Effects of exercise training and physical
deconditioning

The effects of exercise training on blood coagula-
tion and fibrinolysis have seldom been studied. A
cross-sectional investigation showed no significant
difference in prothrombin time (PT) and APPT at
rest and post-exercise among sedentary subjects,
joggers, and marathon runners [66]. Moreover,
resting levels of FVIII activity and antigen in
sedentary individuals [67] and endurance-trained
athletes [68] do not change through training.
However, a clinical investigation demonstrated

that post-myocardial patients achieved lowered
resting levels of FVIII activity and antigen after
4 weeks of physical training [7]. As data for the
effects of exercise training on blood coagulation
are incomplete and fragmented, further investiga-
tion is required.

Conversely, available cross-sectional data indi-
cates that enhanced fibrinolysis in response to
exercise is related to the training status of an
individual: higher t-PA release and lower PAI-1
activity were identified in physically trained subjects
than untrained subjects following exercise [69, 70].
Measurement results in longitudinal investigations
also demonstrated that young and elderly individ-
uals had increased t-PA release anddecreasedPAI-1
activity and antigen following various training
programs [67, 71].However, 3 months of detraining
tended to reverse favorable reductions in PAI
activity observed post-training [72]. Therefore,
exercise training reduces thrombi development
and enhances blood clot degradation, likely by
increasing plasmin formation and, subsequently,
accelerating the rate of blood fibrinolysis.

Conclusion

Regulation of thrombogenesis is complex, involv-
ing various mechanisms, each of which can poten-
tially be mediated by various regulatory factors or
pathways. A number of thrombotic modifications
have been reported in acute exercise, exercise
training, and physical deconditioning/inactivity.
Based on research to date, this study attempted to
summarize the effects of acute exercise on platelets,
coagulation and fibrinolysis as follows: light, acute
exercise (i.e., £ 49%VO2max, £ 59%HRmax, £ 11
on the RPE scale, £ 4MTEs) does not sufficiently

Table 2. Effects of exercise intensity on platelet function, coagulation, and fibrinolysis.

Platelet function Coagulation Fibrinolysis

Light exercise N N + a

Moderate exercise ) b N ++ c

Strenuous exercise + d + e ++ c

+, increase; ) , decrease; N, no change.
a>50% HRmax [59].
b50–60% VO2max [18, 22, 31].
c70–90%Wmax [59].
d>80% VO2max [18, 20–22, 29].
e>83% VO2max [61].
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influence platelet reactivity and coagulation, but
increases fibrinolytic activity at intensity over
>50% HRmax; moderate, acute exercise (i.e., 50–
74% VO2max, 60–79%HRmax, 12–13 on the RPE
scale, 5–6 METs) suppresses platelet reactivity and
enhances fibrinolysis, but does not change coagula-
tory activity; and, strenuous, acute exercise (i.e.,
‡ 75% VO2max, ‡ 80% HRmax, ‡ 14 on the RPE
scale, ‡ 7) enhances platelet reactivity and coagula-
tion, simultaneously promoting fibrinolytic activity
(Table 2).

Abnormal hemostatic profiles are known to
have clinical and prognostic relevance in cardio-
vascular disease. Enhanced platelet reactivity and
coagulation in short-term vigorous exercise may
accelerate the formation of hemostatic clot plug-
ging, in turn causing thrombosis, and thus increas-
ing the risk of cardiac arrest. Conversely,
moderate-intensity exercise can plausibly be con-
sidered safe and effective exercise for minimizing
thrombotic complications by eliciting anti-platelet
and hyper-fibrinolytic effects. Moreover, long-
term moderate exercise training (e.g., 60% VO2max

for 30 min per day, 5 day/week for 8 weeks)
reduces the prothrombotic state at rest and limits
risk of thrombosis evoked by strenuous exercise.
This phenomenon may explain, at least partially,
why life habits with regular exercise protect
individuals against cardiovascular disease and
reduced this risk of cardiac arrest during vigorous
exercise. Nevertheless, these favorable effects of
exercise training on thrombotic modification
reverse back to a pre-training state after a period
of deconditioning and, hence, regular moderate
exercise is critical maintaining its benefits.
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