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Abstract

Venous thromboembolism (VTE) is the third most common cause of cardiovascular disease. Connection between high level
of physical activity (PA) and the onset of VTE is unknown. We searched the literature on the possible association between PA
level, especially high levels, and the risk of VTE. A systematic review was carried out to identify relevant articles on the rela-
tion between PA level and VTE. The initial search was conducted together with the Karolinska Institutet University Library
in February 2018, with follow-up searches after that. In total, 4383 records were found and then screened for exclusion of
duplicates and articles outside the area of interest. In total, 16 articles with data on 3 or more levels of PA were included. Of
these, 12 were cohort and 4 were case-control studies. Totally 13 studies aimed at investigating VTE cases primarily, while
three studies had other primary outcomes. Of the 16 studies, five found a U-shaped association between PA level and VTE
risk, although non-significant in three of them. Two articles described an association between a more intense physical activity
and a higher risk of VTE, which was significant in one. Nine studies found associations between increasing PA levels and a
decreasing VTE risk. Available literature provides diverging results as to the association between high levels of PA and the
risk of venous thromboembolism, but with several studies showing an association. Further research is warranted to clarify
the relationship between high level PA and VTE.

Keywords Physical activity - Venous thromboembolism - Deep venous thrombosis - Pulmonary embolism - Upper
extremity venous thrombosis - Gender
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40,000 medical visits within outpatient care are due to VTE
[4].

VTE can express itself in various ways, from a completely
asymptomatic thrombosis to a massive lung embolization
with fatal outcome. Anticoagulant treatment is effective in
preventing recurrence but can cause bleeding complications
[5]. There are also models to predict recurrent VTE, above
all the Vienna model [6], with a higher recurrent risk among
men, patients with proximal DVT or PE, and higher D-dimer
levels.

Physical activity and its positive effects on good health
and well-being are well established. A total of 150 min of
physical activity of at least moderate intensity per week,
or at least 75 min of high intensity, is recommended by the
Public Health Agency of Sweden which is consistent with
that from the World Health Organisation (WHO) [7]. Low

levels of physical activity are associated with an increased
risk of cardiovascular morbidity [8]. As regards VTE, bed
rest is a known risk factor for VTE, and a sedentary life-
style also seems to be associated with an increased VTE
risk [9-11].

Notwithstanding the positive health effects, there are also
health risks associated with PA, in particular when strenu-
ous exercise is concerned. The occurrence of cardiovascu-
lar events and also sudden cardiac death in, for example,
long-distance running is documented [12]. In a Danish study
on jogging, a U-shaped association between dose of jog-
ging and all-cause mortality was described [13]. However,
it is unclear whether this type of association also applies to
PA and the risk of VTE. In particular, it is unclear whether
highly intense exercise, as practiced today by a growing
number of recreational athletes up to high age, is a protecting
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factor or a risk. Furthermore, it is unclear whether VTE con-
tributes to the momentarily increased risk of cardiovascular
events during highly intense exercise, and whether such risk
is related to specific sports/modes of exercise. Two earlier
reviews on the association between high and low levels of
PA and VTE risk concluded, that higher PA level showed
lower VTE risk [9, 11], but did explore the possible higher
risk of VTE with highest PA levels.

The aim of this review was to assess current knowledge
on the risk of venous thromboembolism in association with
high levels of physical activity as described in the literature.

Method

Figure 1 describes the process of article inclusion. We
searched without restrictions in terms of year, or publication
type in the following databases: Medline (Ovid), Embase
(embase.com), and Web of Science (Clarivate Analytics),
to identify relevant articles and references. The searches
were conducted by two librarians at the Karolinska Insti-
tutet University Library in February 2018. The complete
search strategies are available as a supplementary file. The
extensive search strategy included both free-text and MeSH
terms and was initially created in Medline and later adapted
to the other databases with corresponding vocabularies. Ref-
erence lists of included articles were also searched for find-
ing relevant papers, and articles citing the already included
studies were identified in further Google Scholar searches. In
the end it remained 32 possible articles, which we have read
carefully and finally included 16 articles in our systematic
review. In additional search the last four articles were found
[9, 14-16]. If in doubt whether an article would be included,
HDM and PW discussed how to judge it.

An inclusion criterion was that physical activity (PA)
should be categorized at least into three levels, in order to
be able to quantify risk of VTE in strenuous activity level.
Thus, 5 articles with only dichotomization of PA level were
excluded, and besides another 11 not quantifying PA level
at all were also excluded, leaving 16 articles left. A Flow
chart on inclusion and exclusion of articles is shown in sup-
plementary files.

We also assessed the quality of the review [17], as well as
the included articles. In general, the included articles were
of good quality according to both reviewers. As these were
observational studies, both cohort and case-control studies
were found and included. We excluded one article on venous
thrombosis in the upper extremity owing to low quality, as it
only showed the frequency of strenuous activity among men
and associated incident thrombosis [18]. In the review by
Evensen et al. original follow-up data from the Tromsg study
was presented [9], i.e. 1994-2013, which extends results
presented in an earlier article (1994-2007) [19]. We decided

@ Springer

to include both these papers although review articles were
otherwise excluded.

Results

This systematic review included 16 articles (Table 1). Out
of these, 12 were cohort and 4 were case-control studies. A
total of 13 studies aimed at study VTE cases primarily, while
in three other studies this was a secondary aim [20-22].

Of the studies, two found a statistically significant
U-shaped association between physical activity level and
VTE risk [20, 21], while three studies showed a non-signif-
icant U-shape, i.e. two from the Norwegian Tromsg study
[9, 19], and another by Wattankit et al. [22]. One study found
an association between increased level of PA and a greater
risk of VTE [1].

In the article by Tsai et al. [23], two measures of physical
activity were applied because of two pooled cohorts, the
ARIC (Atherosclerosis Risk In Communities) study used
a score and the CHS (Cardiovascular Health Study) assess-
ing kcal/week. We choose the latter measure allowing for
a better discrimination of different PA levels. In the CHS
cohort (> 65 years) an increased level of physical activ-
ity was non-significantly associated with an increased VTE
risk. However, in the article by van Stralen et al. [21], using
the same CHS cohort, a significant U-shaped association
was found. Different cut-offs for physical activity level were
used in the analyses, and the definition of strenuous activity
seemed stricter in the article by von Stralen et al. [21], than
in the study by Tsai et al. [23].

Seven studies found that an increasing physical activity
level was associated with a decreasing VTE risk [15, 16,
24-28], and one showed a non-significant association [29].
One study found divergent results for men and women, with
a non-significant lower risk among women but a similar risk
as the reference group among men [2].

A special topic is the possible association between strenu-
ous arm activity and VTE. Two studies showed a slightly
elevated risk of upper extremity thrombosis with strenuous
muscular activity of the upper extremity [18, 30], although
both studies were non-significant. However, these studies
were later excluded from the review because of the insuf-
ficient graded levels of PA.

Discussion

The main finding of this systematic review is that the lit-
erature reports conflicting results regarding the association
between different levels of PA and the associated risk of
VTE, and especially regarding the potential risk of VTE
with exercise on a high level.
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While most of studies described a significantly decreasing
VTE risk with increasing physical activity [15, 16, 24-28],
also one with a non-significant association [29], another
study found quite the opposite [1]. Some studies demon-
strated or suggested a U-shaped association [9, 19-22]. One
study found a different pattern between men and women [2],
and one study found no association between PA level and
VTE risk. However, as VTE may occur a long time after an
exercise, a causal association and the identification of risk
predictors may be difficult to establish.

Regarding levels of PA, this can be assessed in different
ways, e.g. with the EPIC-PAQ suggested as suitable as a
standardized measurement with 4 levels of PA [31]. For our
concern a definition of strenuous levels of PA is warranted,
and thus a more differentiated scale would be useful, e.g. the
NOPAC with 10 categories [32], in order to be able to study
the possible association between strenuous PA and incident
VTE. In the study by Armstrong et al. [23], women report-
ing a strenuous exercise daily only comprised 3.2% of the
population [33]. Categorizing samples into tertiles, quartiles
or quintiles might not catch the group with the highest rate
of strenuous physical activity.

There are possible mechanisms that could explain the
association between strenuous PA and incident VTE. A
review concluded, that long and vigorous extreme exer-
tion causes hypercoagulability together with an augmented
fibrinolysis [34], but the fibrinolytic parameters return to
baseline quickly, whereas the procoagulant parameters
remain elevated longer.

There are limitations with this study. Other reviews
including a meta-analysis on the association between PA
levels and VTE have been performed [11, 35]. However,
these reviews compared low and high levels of PA in general
regarding VTE risk, and not specifically very high PA levels
in relation to VTE risk. We did not perform a meta-analysis,
as the defined levels of PA differed largely across the stud-
ies, and especially the highest level of PA, with an obvious
heterogeneity. The studies might not have identified a risk
group with a very high level of physical activity and a higher
VTE risk. The studies did measure physical activity level in
different ways, why it could be hard to compare the differ-
ent results. We decided to include different kind of studies,
as our intention was to include all studies on the possible
association between high levels of PA and incident VTE.

There are also several strengths. We performed a sys-
tematic search for relevant articles, and the findings in the
earlier published review support that we have found relevant
articles.

In conclusion, it is possible that high levels of PA could
be a risk factor for VTE, but with the diverging results in
the review the evidence for this is still unclear. More studies
to analyse the association between high PA levels and VTE
risk are needed, including an attempt to quantify possible

risk level of high PA, and to try to use more standardized
measurements of PA activity. Concerning the possible asso-
ciation between high level of PA and incident VTE a gap of
evidence still remains.
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