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 on platelet function in
patients with coronary arterial disease
A systematic review
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Abstract
Background: Exercise test (ET) may have adverse effects on platelet function and induce acute thrombotic events in patients with
coronary artery disease (CAD). The aim of this study is to investigate the platelet function and evaluate the risk of thrombotic events in
CAD patients during ET.

Methods: Pubmed, Embase, Cochrane Library, and Web of Science were searched for a systematic review from initiation to
October 2019. The inclusion criteria were controlled clinical trails as study design; investigating platelet function in CAD patients
during ET; with ET carried out by treadmill or bicycle ergometer; written in English. Included articles were screened based on title/
abstract and full-text review by 2 independent reviewers. Platelet aggregation (PA), platelet surface expression of CD62p and PAC-1,
plasma levels of platelet factor 4 (PF4) and beta-thromboglobulin (b-TG) were evaluated before and after ET.

Results: Eighteen articles were included out of the 427 references initially identified. In most of the studies included ET was
terminated because of limited symptoms. Prior to ET, no difference in platelet aggregation was observed in CAD patients compared
with healthy controls in majority of the studies, with or without the treatment with Aspirin. Dual anti-platelet therapy suppressed
adenosine diphosphate (ADP)-induced platelet aggregation at rest. After ET, platelet aggregation, the serum levels of
b-thromboglobulin were found unchanged in majority of studies and platelet factor-4 were found unchanged in half of studies.
The expression of platelet surface markers were elevated by ET in a few study.

Conclusion: Symptom-limited exercise test did not affect platelet function in patients with coronary artery disease; however
exercise to higher intensity may induce platelet activation.

Abbreviations: b-TG = beta-thromboglobulin, ADP = adenosine diphosphate, CAD = coronary artery disease, CR = cardiac
rehabilitation, ET = exercise test, PAC-1 = procaspase activating compound 1, PF4 = platelet factor 4.
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1. Introduction

Comprehensive cardiac rehabilitation (CR) is associated
with decreased mortality/morbidity and improved quality
of life in patients with coronary artery diseases (CAD).[1,2]

Long-term exercise training as one of the core components
of CR, plays essential roles on reducing the mortality and
morbidity.[3] However, acute exercise may lead to increased
risk of myocardial infarction or cardiac arrest.[4,5] CAD is a
common type of cardiovascular disease, accounting for
most exercise-related deaths in people aged over 40, in whom
acute coronary artery plaque disruption and thrombotic
occlusion were commonly found.[37] Exercise test (ET) is
commonly performed in CAD patients prior to the participa-
tion in a CR program to evaluate the exercise capacity of
patients and develop an exercise prescription.[9] This process
could raise the concern that acute and sub-maximal/maximal
stimulation during ET may increase thrombotic risk in CAD
patients.
Platelets play crucial roles on the pathogenesis of atheroscle-

rotic diseases during the formation of acute thrombus.[38] Acute
exercise might lead to platelet activation in healthy people and
CAD patients, and activation of platelet could be involved in
exercise-related thrombus formation.[6] A few reviews have
discussed platelet function during exercise, but with no confirm
conclusion.[6,7] The reasons of conflicting results were believed
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lies in lack of standardization across laboratories[6,7] and
spontaneous activation during analyzing procedures.[33]

In addition, former reviews have not distinguished studies
investigating healthy individuals from studies of CAD patients,
which might also contribute to the inconsistent results across
studies. There was evidence that the risk of exercise-induced
cardiac event was relatively higher in patients with CAD than
healthy people.[8] The effects of ET on platelet function in patients
with CAD were not completely elucidated in previous studies,
especially when the individuals were treated with antiplatelet
drugs. Several methods are available to test platelet function, of
which light transmission aggregometry is considered as the
historical gold standard.[39] Flow cytometry for the evaluation of
platelet surface markers is an accurate method to analyze the
activities in individual cells, and was increasingly used to
investigate the effects of antiplatelet drugs.[27] Limited informa-
tion was available on the expression profiles of platelet surface
markers in CAD patients following acute exercise.
In this systematic review, we summarized the evidence of the

effects of ET on platelet function in CAD patients compared with
controls. The aims of this review are as followed:
1.
 To investigate whether platelet function was impaired in CAD
patients as compared with healthy controls before ET;
2.
 To evaluate postET function changes of platelet in patients
compared with controls;
3.
 To examine the influences of anti-platelet drugs on exercise-
induced platelet activation and
4.
 To identify possible factors associated with platelet function
during or shortly after ET.

2. Methods

A systematic literature search was performed using Pubmed,
Embase, Cochrane Library, and Web of Science (dated to 15/10/
2019). The following search keywords were used: “exercise,”
“exercise test,” “blood platelet,” “platelets,” “platelet activa-
tion,” “platelet function test,” “thrombocyte,” “thrombocyte
function,” “thrombocyte activation,” “coronary artery disease,”
and “controlled clinical trial”. A review protocol was created
before the start of this study and the results are reported in
accordance with the PRISMA guidelines.[10] No patients or
public were involved in this study. Ethics and patient consent are
not applicable.

2.1. Study selection

Inclusion criteria were:
1.
 The studies including patients with coronary artery disease;

2.
 The studies investigating the influences of exercise test on

platelet function;

3.
 Original researches;

4.
 Controlled clinical trials and prospective design.

Exclusion criteria were:
1.
 The studies investigating long-term exercise on platelet
function;
2.
 The studies of exercise test carried out other than treadmill or
bicycle ergometer;
3.
 Reviews,

4.
 Animal studies;

5.
 Guidelines;
2

6.
 Letters/comments without original data;

7.
 Book chapters;

8.
 Conference abstracts;

9.
 Protocols;
10.
 Case reports and

11.
 Non English articles.
2.2. Data extraction

After exclusion of duplicates, titles and abstracts of all identified
studies were reviewed by 2 reviewers (Y.W. and C.M.) using data
extraction forms. Full-text articles were screened by the same 2
reviewers. Discrepancies were resolved by consulting a third
reviewer (C.Y.). The risk of bias was assessed for each
randomized controlled trial (RCT), according to the Cochrance
Collaboration’s tool.[18]
2.3. Outcome measures

Platelet function was compared before and shortly after ET:
1.
 Platelet aggregation (PA) tested by light transmission
aggregometry;
2.
 Platelet surface markers of platelet activation: P-Selectin
(CD62p) and activated complexes of integrin aIIbb3 (pro-
caspase activating compound 1, PAC-1);
3.
 Soluble platelet activation markers: plasma levels of platelet
factor 4 (PF4) and beta-thromboglobulin (b-TG).

3. Results

3.1. Study and patient characteristics

The processes of study screening were illustrated in Figure 1. A
total of 427 studies were identified by electronic searches, 67 of
which were duplicates. After reading the title and abstract of the
identified studies, 279 studies were discarded for not fulfilling the
inclusion criteria. The resulting 81 articles were screened by
reading full-text, 63 of which were excluded for not fulfilling the
inclusion criteria. Finally, 18 articles[11–17,19–26,28–30] were
included in this review. Sixteen studies were not randomized
designed, 2 RCTs[11,15] were assessed for the risk of bias. Low
risk in selection bias and unclear risk in reporting bias were
found. A meta-analysis was not able to be conducted.
To investigate platelet function, majority of these studies

examined PA with light transmission aggregometry.[11–17]

Soluble platelet release markers: b-TG,[12,13,19–23] PF4[13,19–
21,23,24] were also wildly used in researches. Some studies
investigatied the expression of P-selectin (CD62p),[15,25,26]

GPIIb/IIIa (CD41)[26] or PAC-1[25] on platelet membrane with
flow cytometry, which provide important information on
individual cells.[27] PFA-100 was also used in few studies.[25,28]

Among the studies, 8 of them used a bicycle ergometer
test,[11,13,15,16,20,21,26,29] starting at a load of 25w-50w and
increased by 20w-25w/2minuts; and ten studies used treadmill
exercise according to standard or modified Bruce proto-
col.[12,14,17,19,22–25,28,30] Limited symptom or heart rate >85%
predicted or ECG change or exhaust was used in most studies as
terminate criteria in patients group, while exhaust was used in
healthy controls. Some studies were performed during drug
treatments, whereas the others were carried out after the
discontinuation of drugs.[20,21,30]
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Figure 1. Flow chart of the study inclusion and exclusion process.
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3.2. The effects of ET on platelet aggregation
Prior to ET, most studies revealed that platelet aggregation was
not different between CAD patients and healthy controls
(Table 1), with or without the treatment with Aspi-
rin.[12,13,17,25,28] One study indicated strengthened platelet
aggregation only in patient group.[14] After ET, platelet
aggregation remained unchanged in 3 studies,[12,17,28] and was
increased in 2 studies,[13,14] and decreased in 1 study[25] within
patients, andwas unchanged in 4 studies[12,17,25,28] and increased
in 2 studies[13,14] within healthy controls. In addition, platelet
aggregation was not different between patients and controls in
most studies after ET.[12,13,17,25,28] The study that revealed
enhanced platelet aggregation in patients prior to ET also
suggested elevated platelet aggregation following ET.[14]

Kitai et al revealed no difference of platelet aggregation
between CAD patients with and without Aspirin treatment prior
to ET (Table 1), and enhanced platelet aggregation in both
groups after ET.[16] Platelet aggregation was significantly
inhibited in CAD patients with dual anti-platelet treatment
(DAPT, Aspirin in combination with Clopidogrel, Prasugrel or
Ticlopidine) compared with mono anti-platelet treatment (Aspi-
rin alone) before and after ET.[11,15,16] In addition, to compare
the postET platelet aggregation to baseline within each group,
Brunner et al indicated an increased tendency both in DAPT and
3

Aspirin alone group[11]; however, Perneby et al revealed no
change in both groups,[15] whereas Kitai et al detected enhanced
aggregation in Aspirin alone group.[16]
3.3. The effects of ET on the levels of b-thromboglobulin
and platelet factor-4

Some studies revealed increased b-TG level in patients before
exercise by compared with healthy controls,[12,20,22] while the
others suggested no difference between experimental
groups[19,21,23] (Table 2). Following exercise, the level of b-TG
was increased in 2 studies,[12,13] and remained unchanged in 5
studies[19–23] in CAD patients. The expression of b-TG was
elevated in 4 studies[12,13,19,20] and unchanged in 3 studies[21–23]

in healthy controls compared to baseline. The level of b-TG
was decreased in patients with CAD in 2 studies,[19,20] increased
in 2 studies[12,22] and unchanged in three studies[13,21,23]

following ET.
Prior to ET, 3 studies revealed increased level of PF-4 in

patients compared with healthy controls[20,21,24] and 3 studies
indicated no difference between the 2 groups[13,19,23] (Table 2).
Compared with baseline after ET, elevated PF-4 was detected in 2
studies within both patient and control groups,[13,19] in 1 study
within patient group alone,[24] and in 1 study within control
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Table 1

Studies on the effects of ET on platelet aggregation in patients with CAD and controls (n=9).

Study population Anti-platelet drugs

Indications for termination of ET

Platelet aggregation

Author, date Group 1, n Group 2, n Group 1 Group 2
Group 1 vs 2 After vs Before ET

Before ET After ET Group 1 Group 2

Mehta et al, 1982[12] CAD, 22 Healthy, 13 - - Severe angina; ST-segment depres-
sion >3 mm;

No No No No

Yoshida et al, 1983[17] CAD, 20 Healthy, 15 - - Severe angina; Significant ST depres-
sion; Exhaustion;

HR reached at least 85% of the
maximal predicted.

No No No No

Wallen et al, 1997[13] CAD, 113 Healthy, 50 ASA - Symptom-limited; Exhaustion. No No Higher Higher
Aurigemma et al, 2007[25] CAD, 26 Healthy, 10 ASA - Angina; ST-segment depression >3

mm; Exhaustion;
Clinically relevant events.

No No Lower No

Pamukcu et al, 2005[28] CAD, 62 Healthy, 20 ASA ASA Symptom limited. No No No No
Kuliczkowski et al, 2007[14] CAD, 40 Healthy,10 ASA ASA Angina; ST-segment depression >2

mm; Exhaustion;
HR of sub-maximal exercise reached.

Higher Higher Higher Higher

Kitai et al, 2001[16] CAD, 16 CAD, 16 ASA - Angina, ST-segment depression >2
mm, Exhaustion;

HR obtaining at least 85% of the
maximal predicted.

No No Higher Higher

Kitai et al, 2001[16] CAD, 16 CAD, 16 ASA+Ticlopidine - Lower Lower No Higher
Perneby et al, 2007[15] CAD, 16 CAD, 15 ASA+Clopidogrel ASA Severe angina, ST-segment depres-

sion>4mm; Exhaustion.
Lower Lower No No

Brunner et al, 2018[11] CAD,10 CAD, 10 ASA+Clopidogrel ASA Moderate-to-severe angina;
ST-segment elevation >1mm or
depression >2mm; Exhaustion.

Lower Lower Higher Higher

Brunner et al, 2018[11] CAD, 11 CAD,10 ASA+Prasugrel ASA Lower Lower Higher Higher

Group 1, test group in each study; Group 2, control group in each study; CAD = coronary heart disease, ASA = Aspirin, No = no significant difference, ET = exercise testing; HR: heart rate; “-”: not used.
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group alone.[20] The expression level of PF-4 was decreased in
CAD patients compared to controls in 2 studies,[19,20] increased
in 1 study[24] and unchanged in 3 studies following ET.[13,21,23]
3.4. The influences of ET on the expression of platelet
surface markers

Aurigemma et al suggested that the mean fluorescence intensity
(MFI) of PAC-1, CD41, and CD62p on the platelet surface were
not different between CAD patients and healthy controls prior to
Table 2

Studies on the effects of ET on b-thromboglobulin and platelet facto

Study population

Author, date Group 1, n Group 2, n Soluble markers o

Stratton et al, 1982[19] CAD, 25 Healthy, 10 b-
Schernthaner et al, 1983[20] CAD, 53 Healthy, 9 b-
Mehta et al, 1982[12] CAD, 22 Healthy, 13 b-
Marcella et al, 1983[21] CAD, 13 Healthy, 10 b-
Hughes et al, 1982[22] CAD, 18 Healthy, 26 b-
Wallen et al, 1997[13] CAD, 113 Healthy, 50 b-
Strauss et al, 1985[23] CAD, 24 Healthy, 9 b-
Stratton et al, 1982[19] CAD, 25 Healthy, 10 P
Schernthaner et al, 1983[20] CAD, 53 Healthy, 9 P
Marcella et al, 1983[21] CAD, 13 Healthy, 10 P
Levine et al, 1984[24] CAD, 84 Healthy, 10 P
Wallen et al, 1997[13] CAD, 113 Healthy, 50 P
Strauss et al, 1985[23] CAD, 24 Healthy, 9 P

CAD = coronary heart disease, b-TG,b-thromboglobulin, PF4 = platelet factor-4, No = no significant

4

ET, and increased only in CAD patients after ET[25] (Table 3).
Lindemann et al revealed reduced rates of CD41+ and CD62p+

platelets in CAD patient compared with controls before and after
ET, while decreased rates of CD41+ and CD62p+ platelets were
detected postET in CAD patients; however, no effects were
observed in healthy controls.[26] Perneby et al compared the
influences of anti-platelet drugs on exercise-induce platelet
CD62p in CAD patients, and the results suggested that DAPT
but not Aspirin suppressed adenosine diphosphate (ADP)-
induced CD62p+ platelet augmentation before and after ET,
r-4 in CAD patients (n=8).

Group 1 vs. 2 After vs. Before ET

f platelet function Before ET After ET Group 1 Group 2

TG No Lower No Higher
TG Higher Lower No Higher
TG Higher Higher Higher Higher
TG No No No No
TG Higher Higher No No
TG No No Higher Higher
TG No No No No
F4 No Lower Higher Higher
F4 Higher Lower No Higher
F4 Higher No No No
F4 Higher Higher Higher No
F4 No No Higher Higher
F4 No No No No

difference, ET = exercise testing.



Table 3

Previous reports on the effects of ET on the levels of platelet surface makers in patients with CAD (n=4).

Study population Anti-platelet drug Group 1 vs 2 After vs. Before ET

Author, date Group 1, n Group 2, n Group 1 Group 2 Surface markers of platelet function Before ET After ET Group 1 Group 2

Aurigemma et al, 2007[25] CAD, 26 Healthy, 10 ASA – CD62p(MFI) No not reported Higher No
Aurigemma et al, 2007[25] CAD, 26 Healthy, 10 ASA – PAC-1(MFI) No not reported Higher No
Lindemann et al, 1999[26] CAD, 12 Healthy, 11 ASA ASA CD62p/CD61 Lower Lower Lower No
Perneby et al, 2007[15] CAD, 16 CAD, 15 ASA+Clopidogrel ASA CD62p/CD42a No No Higher Higher
Sanguigni et al, 1999[29] CAD, 10 CAD,10 Amlodipine – CD62p(% of +cell) No Lower Higher Higher

CAD = coronary heart disease, ASA = Aspirin, No = no significant difference, ET = exercise testing, PAC-1 = procaspase activating compound 1, MFI = mean fluorescence intensity, “-”: not used.
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but both drug regimens failed to decrease the expression of
exercise-induced platelet CD62p, which were in consistence with
the findings within platelet aggregation.[15] In addition, Sanguigni
et al revealed that Amlodipine partially inhibited the exercise-
induced augmentation of CD62p+ platelet in patients with
CAD.[29]
4. Discussion

In this systematic review, we focused on the platelet function
changes in CAD patients during or shortly after ET, and tried to
identify potential risk factors that may affect exercise-induced
platelet activation, which are essential for clinical practice. Our
study found out that following symptom-limited ET, platelet
aggregation, the serum levels of b-TG were found unchanged in
majority of studies and PF-4 were found unchanged in half of
studies, which indicated that the platelet function of CAD
patients were not affected by ET in most cases.
Our result was not totally consistent with a former review[6]

which concluded that acute and strenuous exercise can lead to
platelet activation. The explication may lies in the differences of
study population across researches. The former review[6]

included studies of healthy individuals and athletes, who
performed exhaustive exercise and resulted in significant platelet
activation. For example, one of the study reported significant
increase in platelet aggregation and platelet surface markers
expression by exercise test in football referees who had achieved
mean peak VO2 of 47.33ml/minutes kg.[35] Most studies
included in our review used symptom limitation as terminate
criteria of ET. Patients with CAD was less likely to achieve a
exercise capacity during ET as healthy people or athletes did,
because of pathophysiologic reasons (e.g., myocardial ischemia
during ET), psychological problems (e.g., depression) and the
influence of drugs (e.g., beta-adrenegic receptor blockers) in CAD
patients. It has been revealed that the intensity, duration and
exercise capacity of acute exercise could affect the platelet
response to exercise.[31] Symptom-limited ET did not reached the
intensity to result in platelet activation in CAD patients, and
angina pectoris played a protective role of in this situation.[36]

The treatment with Aspirin exhibited no significant effects on
platelet aggregation in CAD patients compared with patients
without treatment or healthy controls; however, the combination
of Aspirin with Clopidogrel or Prasugrel significantly reduced
ADP-induced platelet aggregation in CAD patients before and
after ET. The underlying mechanisms could be that Aspirin
functions through irreversible inhibition of platelet cyclooxygen-
ase-1 and can not affect ADP-induced platelet aggregation,
whereas inhibitors of platelet ADP receptor P2Y12 that can
significantly influence ADP-induced platelet aggregation.[11]
5

Aspirin alone or in combination with Clopidogrel or Prasugrel
did not attenuate exercise-induced platelet aggregation in CAD
patients; however, the combination of Aspirin with Ticlopidine
significantly suppressed shear ADP-, collagen- and stress-induced
aggregation before and after exercise, and this combination could
work better in preventing thrombotic events during ET in CAD
patients.[16]

Drugs used for secondary prevention of CAD may affect
platelet function during ET. It has been reported that beta-
blockers could reduce basal heart rate and heart response to
exercise, which may decrease heart workload and increase
exercise capacity.[32] Amlodipine also exhibited a favorable effect
on exercise-induced platelet activation within CAD patients.[29]

Additionally, underappreciated differences of drug regime across
various study groups may contribute to the conflicting results,
and more studies of drug effects (e.g., anti-hypertensive and anti-
diabetic drugs, statins, nitrates, etc.) on exercise-induced platelet
activation are required. Moreover, withdrawal of beta-blockers
prior to ET may lead to heart rate rebound and platelet
activation.[32] The drugs were terminated before ET in some
studies[20,21,30] might lead to platelet hyper-reaction and increase
the risk of thrombotic events. The stability and continuation of
drug usage could contribute to well-controlled heart rate, blood
pressure and blood glucose before ET and may be a potential
method to reduce the thrombotic risk in CAD patients.
Augmented platelet count was considered as an independent

risk factor of thrombotic events.[34] ET may induce increased
platelet count in both CAD patients and healthy controls,[11–
13,25] sympathetic stimulation triggered by ET could serve
essential roles in this above-mentioned process.[33] Exercise
can transiently elevate the concentration of epinephrine,
subsequently inducing the release of platelets from the liver,
lungs and spleen and resulting in platelet count augmenta-
tion.[40,41] These processes could rarely be affected by antiplatelet
drugs, and this may explain why antiplatelet was not able to
inhibit exercise-induced enhancement of platelet aggregation.
Platelet density can significantly influence platelet aggrega-
tion.[13] Efforts were made in some study[16] to balance the
platelet count in platelet rich plasma before aggregation, which
could underestimate the post-exercise thrombotic risk.
This study provides a comprehensive review on the influence of

exercise test on CAD patients. It provides detailed information on
study population, evaluation of platelet function, and principle
results on platelet function before and after exercise. However,
there are still some limitations in the present study. This review
indicated a relationship between exercise intensity and platelet
function, however, no quantitative analyze was conducted,
because the information of exercise intensity was not available in
most of these abovementioned studies. There may exist a
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threshold of exercise intensity above which an ET would induce
significant platelet activation, which should be taken into
consideration for further investigations. Only the influences of
ET were investigated in this review, thus the effects of long time
exercise training in CR programs on platelet function were not
evaluated, which need to be ruled out in future investigations.
Few studies examined the influences of drugs on exercise-induced
platelet activation, which fulfills the inclusion criteria, so it is not
possible to determine the effects of drugs on exercise-induced
platelet activation. A meta-analysis could be carried out in future
work due to the heterogeneity of previous studies and the large
number of anti-platelet drugs used across the studies.
5. Conclusion

Symptom-limited exercise test did not affect platelet function in
patients with coronary artery disease, and was relatively safe to
perform, however exercise test to higher intensity may induce
platelet activation. Furthermore, in patients with coronary artery
disease the effects of drugs on platelet function during exercise
test should be taken into consideration for further investigations.
Author contributions

Conceptualization: Chun Yin.
Data curation: Chunhua Mo, Yanhui Wang.
Formal analysis: Chunhua Mo, Yanhui Wang.
Funding acquisition: Chun Yin.
Investigation: Chunhua Mo, Yanhui Wang.
Methodology: Chun Yin.
Project administration: Dayi Hu.
Resources: Zong Yue.
Software: Yanhui Wang, Zong Yue.
Supervision: Dayi Hu.
Validation: Dayi Hu.
Visualization: Dayi Hu.
Writing – original draft: Chunhua Mo, Yanhui Wang.
Writing – review & editing: Chunhua Mo, Yanhui Wang, Chun

Yin.
References

[1] Grace SL, Turk-Adawi KI, Contractor A, et al. Cardiac rehabilitation
delivery model for low-resource settings an international council of
cardiovascular prevention and rehabilitation consensus statement. Prog
Cardiovasc Dis 2016;59:303–22.

[2] Piepoli MF, Corrà U, Adamopoulos S, et al. Secondary prevention in the
clinical management of patients with cardiovascular diseases. Core
components, standards and outcomemeasures for referral and delivery: a
policy statement from the cardiac rehabilitation section of the European
Association for Cardiovascular Prevention & Rehabilitation. Endorsed
by the Committee for Practice Guidelines of the European Society of
Cardiology. Eur J Prev Cardiol 2014;21:664–81.

[3] Kabboul NN, Tomlinson G, Francis TA, et al. Comparative effectiveness
of the core components of cardiac rehabilitation on mortality and
morbidity: a systematic review and network meta-analysis. J Clin Med
2018;7:514doi: 10.3390/7120514.

[4] Mittleman MA, Maclure M, Tofler GH, et al. Triggering of acute
myocardial infarction by heavy physical exertion. Protection against
triggering by regular exertion. Determinants of myocardial infarction
onset study investigators. N Engl J Med 1993;329:1677–83.

[5] AlbertCM,MittlemanMA,ChaeCU, et al. Triggeringof sudden death from
cardiac causes by vigorous exertion. N Engl J Med 2000;343:1355–61.

[6] Heber S, Volf I. Effects of Physical (In) activity on Platelet Function
published online 2015 Oct 18. Biomed Res Int 2015;doi: 10.1155/
165078.
6

[7] Posthuma JJ, van der Meijden PE, Ten CH, et al. Short- and Long-term
exercise induced alterations in haemostasis: a review of the literature.
Blood Rev 2015;29:171–8.

[8] Thompson PD, Franklin BA, Balady GJ, et al. Exercise and acute
cardiovascular events placing the risks into perspective: a scientific
statement from the American Heart Association Council on Nutrition,
Physical Activity, and Metabolism and the Council on Clinical
Cardiology. Circulation 2007;115:2358–68.

[9] Balady GJ, Arena R, Sietsema K, et al. Clinician’s Guide to
cardiopulmonary exercise testing in adults: a scientific statement from
the American Heart Association. Circulation 2010;122:191–225.

[10] David Moher, Alessandro Liberati, Jennifer Tetzlaff, et al. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
Statement. Ann Intern Med 2009;151:264–9.

[11] Brunner S, Rizas K, HammW, et al. Effect of physical exercise on platelet
reactivity in patients with dual antiplatelet therapy. Int J Sports Med
2018;39:646–52.

[12] Mehta J, Mehta P. Comparison of platelet function during exercise
in normal subjects and coronary artery disease patients: potential role
of platelet activation in myocardial ischemia. Am Heart J 1982;103:49–
53.

[13] Wallén NH, Held C, Rehnqvist N, et al. Effects of mental and physical
stress on platelet function in patients with stable angina pectoris and
healthy controls. Eur Heart J 1997;18:807–15.

[14] Kuliczkowski W, Kobusiak-ProkopowiczM, Prajs I, et al. Aspirin failure
course during exercise and its connection with soluble CD40L. Thromb
Res 2007;119:679–86.

[15] Perneby C, Wallén NH, Hofman-Bang C, et al. Effect of clopidogrel
treatment on stress-induced platelet activation and myocardial ischemia
in aspirin-treated patients with stable coronary artery disease. Thromb
Haemost 2007;98:1316–22.

[16] Kitai T, Nishikawa M, Tanigawa T, et al. Inhibition by combined
therapy with ticlopidine and aspirin of enhanced platelet aggregation
during physical exercise in patients with coronary artery disease. Am
Heart J 2001;142:E1doi: 10.1067/116485.

[17] Yoshida T, Hiroki T, Arakawa K. Platelet aggregation studies in patients
with angina pectoris–relationships to types of angina and coronary
pathoanatomy. Jpn Circ J 1983;47:180–7.

[18] Higgins JPT and Thomas J. Cochrane Handbook for Systematic Reviews
of Interventions version 5.1 (updated March 2011). Cochrane, 2011.
Available from www.training.cochrane.org/handbook.

[19] Stratton JR,Malpass TW, Ritchie JL, et al. Studies of platelet factor 4 and
beta thromboglobulin release during exercise: lack of relationship to
myocardial ischemia. Circulation 1982;66:33–43.

[20] Schernthaner G, Mühlhauser I, Böhm H, et al. Exercise induces in vivo
platelet activation in patients with coronary artery disease and in healthy
individuals. Haemostasis 1983;13:351–7.

[21] Marcella JJ, Nichols AB, Johnson LL, et al. Exercise-induced myocardial
ischemia in patients with coronary artery disease: lack of evidence for
platelet activation or fibrin formation in peripheral venous blood. J Am
Coll Cardiol 1983;1:1185–93.

[22] Hughes AS, Ilsley CD, Wilkinson L. Platelet activation during exercise-
induced myocardial ischaemia. Thromb Res 1982;26:425–30.

[23] StraussWE, Cella G, Parisi AF, et al. Serial studies of platelet factor 4 and
beta thromboglobulin during exercise in patients with coronary artery
disease. Am Heart J 1985;110:293–9.

[24] Levine SP, Suarez AJ, Sorenson RR, et al. Platelet factor 4 release during
exercise in patients with coronary artery disease. Am J Hematol
1984;17:117–27.

[25] Aurigemma C, Fattorossi A, Sestito A, et al. Relationship between
changes in platelet reactivity and changes in platelet receptor expression
induced by physical exercise. Thromb Res 2007;120:901–9.

[26] Lindemann S, Klingel B, Fisch A, et al. Increased platelet sensitivity
toward platelet inhibitors during physical exercise in patients with
coronary artery disease. Thromb Res 1999;93:51–9.

[27] Ramström S, Södergren AL, Tynngård N, et al. Platelet function
determined by flow cytometry: new perspectives. Semin ThrombHemost
2016;42:268–81.

[28] Pamukcu B, Oflaz H, Acar RD, et al. The role of exercise on platelet
aggregation in patients with stable coronary artery disease: exercise
induces aspirin resistant platelet activation. J Thromb Thrombolysis
2005;20:17–22.

[29] Sanguigni V, Gallù M, Sciarra L, et al. Effect of amlodipine on exercise-
induced platelet activation in patients affected by chronic stable angina.
Clin Cardiol 1999;22:575–80.

http://www.training.cochrane.org/handbook


Mo et al. Medicine (2021) 100:8 www.md-journal.com
[30] Yilmaz MB, Saricam E, Biyikoglu SF, et al. Mean platelet volume and
exercise stress test. J Thromb Thrombolysis 2004;17:115–20.

[31] Bacon SL, Pelletier R, Lavoie KL. The impact of acute and chronic exercise on
thrombosis in cardiovascular disease. Thromb Haemost 2009;101:452–9.

[32] Frishman WH, Christodoulou J, Weksler B, et al. Abrupt propranolol
withdrawal in angina pectoris: effects on platelet aggregation and
exercise tolerance. Am Heart J 1978;95:169–79.

[33] Chen S, Du C, Shen M, et al. Sympathetic stimulation facilitates
thrombopoiesis by promoting megakaryocyte adhesion, migration, and
proplatelet formation. Blood 2016;127:1024–35.

[34] Giustino G, Kirtane AJ, Généreux P, et al. Relation between platelet
count and platelet reactivity to thrombotic and bleeding risk: from the
assessment of dual antiplatelet therapy with drug-eluting stents study.
Am J Cardiol 2016;117:1703–13.

[35] Peat EE, Dawson M, McKenzie A, et al. The effects of acute dynamic
exercise on haemostasis in fi rst class Scottish football referees. Br J Sports
Med 2010;44:573–8.
7

[36] Milligan ED, Watkins LR. Pathological and protective roles of glia in
chronic pain. Nat Rev Neurosci 2009;10:23–36.

[37] Burke AP, Farb A, Malcom GT, et al. Plaque rupture and sudden death
related to exertion in men with coronary artery disease. JAMA
1999;281:921–6.

[38] Kannan M, Ahmad F, Saxena R. Platelet activation markers in
evaluation of thrombotic risk factors in various clinical settings. Blood
Rev 2019;37:100583.

[39] Pai M, Wang G, Moffat KA, et al. Diagnostic usefulness of a lumi-
aggregometer adenosine triphosphate release assay for the assessment of
platelet function disorders. Am J Clin Pathol 2011;136:350–8.

[40] Schmidt KG, Rasmussen JW. Exercise-induced changes in the in
vivo distribution of 111In-labelled platelets. Scand J Haematol
1984;32:159–66.

[41] Bakovic D, Pivac N, Eterovic D, et al. The effects of low-dose epinephrine
infusion on spleen size, central and hepatic circulation and circulating
platelets. Clin Physiol Funct Imaging 2013;33:30–7.

http://www.md-journal.com

	Influence of exercise test on platelet function in patients with coronary arterial disease
	1 Introduction
	2 Methods
	2.1 Study selection
	2.2 Data extraction
	2.3 Outcome measures

	3 Results
	3.1 Study and patient characteristics
	3.2 The effects of ET on platelet aggregation
	3.3 The effects of ET on the levels of β-thromboglobulin and platelet factor-4
	3.4 The influences of ET on the expression of platelet surface markers

	4 Discussion
	5 Conclusion
	Author contributions
	References


