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We are thrilled to bring you this cross-disciplinary special
issue of Seminars in Thrombosis and Hemostasis. This issue
focuses on two specific aspects of hemostasis and exercise:
(1) how exercise affects the hemostatic system in healthy
individuals, including professional and well-trained athletes,
and (2) the effects of exercise on patient groups with hemo-
static abnormalities, including thrombotic and bleeding
disorders, in improving overall health and lifestyle. Para-
doxically, the issue’s focus on healthy and trained athletes
explores the risks of hemostasis associated with exercise,
while for patient groups, it is the benefits of exercise that
unites the authors in this issue, with constructive recom-
mendations for promoting exercise participation in these
groups.

It is well known that physical activity is beneficial for
health and can lower the risk of cardiovascular disease'3;
however, vigorous exercise is associated with thromboem-
bolic and sudden cardiac events, particularly in untrained
individuals. Exploring the concept of transitioning from risk
to benefit, in the first review of this issue (by van der Vorm
et al),* the authors provide an overview of existing literature
on how training programs and training status influence
hemostasis in healthy individuals. Furthermore, pilot study
data are presented describing the effects of repetitive sub-
maximal intensity cycling on procoagulant and anticoagu-
lant processes in physically fit individuals.

This is followed by a series of chapters focusing on
hemostatic issues in well-trained or professional athletes.
Traditional “at-risk” groups such as those with malignancy,
genetic, and acquired risk factors are often at risk due to one
or more contributing factors identified from Virchow’s
triad.” Similarly, athletes are also exposed to various training,
competition, and career-related challenges that might con-
tribute to the risk factors identified by Virchow.” Zadow et al
initially reviews the acquired thrombotic risk factors that are
specific to the athlete.® Various repetitive forms of exercise,
dehydration, and prolonged travel, especially in combina-
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tion, represent significant athlete-dependent risk factors to
athletes, particularly in the development of venous throm-
boembolism (VTE).

Anabolic androgenic steroid (AAS) use is suggested by
Zadow et al® as one of the risk factors for athletes, so it is
fitting that the next review by Chang et al’ critiques the
potential associations between AAS abuse and risk of throm-
bosis. The side effects of AAS are well described®'%; how-
ever, there are limited studies that describe the effects on the
hemostatic system by these agents. From those studies that
have been published, there is evidence to suggest that AAS
abuse is associated with a significant risk of thrombosis,
although improvements in study design to establish a clear
causal relationship between AAS abuse and risk of throm-
bosis are required. How future prospective studies are
designed, particularly in consideration of human ethics, to
further explore these affects will be challenging.

The first full original study in this issue (by Lippi et al)'
investigated the acute effects of middle-distance endurance
running (half-marathon: 21.1 km) on blood coagulation
parameters in 33 middle-aged male athletes. The study
investigated changes to hemostasis before, immediately after
the run, and 3 hours after run completion. Several prothrom-
botic changes in blood coagulation markers were observed
after the run, including increases in prothrombin time, D-
dimer, von Willebrand factor antigen, and factor VIII (FVIII),
as well as a significant reduction in the activated partial
thromboplastin time. These changes implicate an increased
risk of thrombotic events in participants undertaking a half
marathon.

Following on from the study of the effects of running on
hemostasis, the next review by Kupchak'? explores more
deeply another factor that may impact on the risk of throm-
bosis in athletes, air travel. Exercise'>~'> and air travel'®'”
have independently been shown to increase the risk of
thrombosis; however, few studies have investigated these
in combination. The amount of air travel undertaken by
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competitive athletes, including long-haul flights (> 6 hours
duration), have risen considerably in the last few decades,
alongside increasing reports in the popular press of VTE
occurring in athletes. The combination of exercise and air
travel along with other risk factors such as dehydration,
repetitive trauma, and injury, compounded by other factors
such as use of oral contraceptives in females, or hereditary
thrombophilia, may be a considerable contributing factor to
VTE occurrence in a small number of susceptible athletes
who regularly travel to train or compete.”'w'17

In contrast to the potential risk presented for higher
trained competitive athletes, Evensen et al'® review the
effects of regular physical activity on overall risk of VTE
and VTE-related complications. Despite a considerable
amount of published research, the authors suggest that a
clear association between physical activity and risk of inci-
dent VTE has yet to be thoroughly established, with evidence
suggesting that physical activity has a beneficial effect on the
risk of VTE, but not in a dose-dependent manner. The authors
suggest that this may be due to methodological challenges
related to research on physical activity, such as standardized
assessment of physical activity, and sources of bias in pre-
vious studies, but also raises the question as to whether
higher levels of training undertaken by elite and professional
athletes may be an additional thrombotic risk factor not
often considered.

Beyond a focus on the risk of VTE in athletic populations,
the general consensus is that physical activity should be
promoted for maintenance of health and disease; however,
the risk of adverse events such as sudden death still exists.
The review in this issue of the journal by Lippi et al'® high-
lights that although the overall risk of sudden death in
athletes is low, and comparable to the general population,
up to 20% of sudden deaths occur during exercise. Frustrat-
ingly, recent research highlights the difficulty of identifying
all at-risk individuals with underlying disorders such as
hypertrophic cardiomyopathy and coronary artery disease,
despite routine electrocardiographic and echocardiography
screening.20 However, the authors of this review recommend
that individuals, particularly those at risk, who want to
undertake moderate to high-intensity exercise undergo pre-
participation screening and regular follow-up with their
general practitioner or an accredited exercise physiologist
to help reduce this risk wherever possible.

The next series of reviews focus on the use and role of
exercise in patient groups with hemostatic disorders, includ-
ing recommendations for safe and beneficial participations.
The first is by Zetterberg et al,”! who discuss the advantages
and disadvantages of exercise in people with hemophilia.
Traditionally, exercise has not been recommended for these
individuals; however, randomized trials suggest that people
with hemophilia do benefit from exercise through improved
muscle function, endurance, and, very importantly, quality of
life. Furthermore, there is evidence to suggest that exercise
increases FVIII:C levels in healthy controls and patients with
mild and moderate hemophilia, and that this increase was
correlated with exercise intensity, further justifying poten-
tial benefits.
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If exercise is likely to be beneficial for people with
hemophilia, then what about other bleeding disorders?
The next review by Franchini et al?? explores the impact
of exercise in people with other congenital bleeding dis-
orders, with a focus on the rarer causes. Although there are
limited studies investigating the impact of exercise in rare
congenital bleeding disorders, it is likely that a similar
approach be applied to these individuals as for those with
hemophilia. This needs to be considered with caution as
these disorders are less well studied, are heterogeneous in
terms of clinical phenotype (compared with hemophilia),
have a higher incidence of hemarthrosis in some and not
others, and do not necessarily have prophylaxis that is
practicable or available.

The next chapter from Hvas?® reviews evidence of the
influence of exercise on platelet function in patients at risk of
arterial diseases. There are conflicting findings in various
studies with some reporting patients having increased pla-
telet aggregation and/or activation, some with no change,
and others with decreased platelet aggregation following
exercise, compared with healthy controls. These findings
echo the argument presented previously in the issue by
Evensen et al'® in that there is a need for more structured
measurement and prescription of physical activity (intensity
and duration) in this area of research. It is clear that well-
designed, controlled studies on the effect of regular long-
term low-intensity exercise are needed to determine the
long-term effects of exercise on platelet function.

The final chapter of this issue, by Nazha et al,>* reviews the
current VTE treatment guidelines from the perspective of
treating elite athletes. An opinion on the individualized
approach to the use of direct oral anticoagulants according
to both the pharmacokinetic properties of these drugs as well
as the athlete’s competitive requirements is also provided.
The authors suggest that their proposed risk management
approach will allow mitigation against the recurrence of VTE
while simultaneously reduce the chance of bleeding asso-
ciated with injuries due to competition. This helps balance
the need of the clinician to protect the athlete but at the same
time enable the athlete’s need to return to training and
competition.

Finally, we thank all the authors of this issue who have
shared their expertise across a range of professional and
personal experiences. It has been a most interesting and
rewarding cross-disciplinary exercise to bring the topics of
this issue together. We hope that readers will similarly find
something new, interesting, topical, and/or thought-provok-
ing with regard to the effects of exercise on hemostasis, from
patients to elite athletes.
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