
Vol.:(0123456789)1 3

European Journal of Epidemiology (2020) 35:431–442 
https://doi.org/10.1007/s10654-019-00579-2

META-ANALYSIS

Physical activity and risk of venous thromboembolism: systematic 
review and meta‑analysis of prospective cohort studies

Setor K. Kunutsor1,2   · Timo H. Mäkikallio3 · Samuel Seidu4,5 · Claudio Gil Soares de Araújo6 · Richard S. Dey7 · 
Ashley W. Blom1,2 · Jari A. Laukkanen8,9,10

Received: 26 March 2019 / Accepted: 5 November 2019 / Published online: 14 November 2019 
© The Author(s) 2019

Abstract
The inverse association between physical activity and arterial thrombotic disease is well established. Evidence on the asso-
ciation between physical activity and venous thromboembolism (VTE) is divergent. We conducted a systematic review and 
meta-analysis of published observational prospective cohort studies evaluating the associations of physical activity with VTE 
risk. MEDLINE, Embase, Web of Science, and manual search of relevant bibliographies were systematically searched until 26 
February 2019. Extracted relative risks (RRs) with 95% confidence intervals (CIs) for the maximum versus minimal amount 
of physical activity groups were pooled using random effects meta-analysis. Twelve articles based on 14 unique prospective 
cohort studies comprising of 1,286,295 participants and 23,753 VTE events were eligible. The pooled fully-adjusted RR 
(95% CI) of VTE comparing the most physically active versus the least physically active groups was 0.87 (0.79–0.95). In 
pooled analysis of 10 studies (288,043 participants and 7069 VTE events) that reported risk estimates not adjusted for body 
mass index (BMI), the RR (95% CI) of VTE was 0.81 (0.70–0.93). The associations did not vary by geographical location, 
age, sex, BMI, and methodological quality of studies. There was no evidence of publication bias among contributing studies. 
Pooled observational prospective cohort studies support an association between regular physical activity and low incidence 
of VTE. The relationship does not appear to be mediated or confounded by BMI.
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Introduction

Physical activity has several health benefits and its inverse 
and dose–response relationship with cardiovascular disease 
(CVD) (arterial thrombotic disease) is well established 
[1–3]. Physical activity may reduce vascular risk by exerting Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s1065​4-019-00579​-2) contains 
supplementary material, which is available to authorized users.
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beneficial effects on physiological and metabolic processes 
through (1) improvements in endothelial function and levels 
of cardiovascular risk factors such as body weight, blood 
pressure, natriuretic peptides, lipid profiles, glucose toler-
ance, hemostatic factors, and cardiac troponin T [4–6]; (2) 
anti-inflammatory effects [7, 8]; and (3) enhancement of 
cardiac function [9, 10]. Venous thromboembolism (VTE) 
[comprising deep vein thrombosis (DVT) and pulmonary 
embolism (PE)], is closely linked with arterial thrombotic 
disease [11–13], and represents a growing public health 
burden due to increased morbidity, premature mortality, 
hospitalization, and associated healthcare costs [14–17]. 
The literature suggests both conditions may share some 
common risk factors such as obesity and cigarette smok-
ing [18–20]. Factors implicated in the pathogenesis of VTE 
include inflammation, endothelial dysfunction, alterations 
in blood flow, immobilization, and hypercoagulable states 
[21–23] and physical activity is known to exert beneficial 
effects on some of these states [7, 24, 25]. Given the over-
all evidence, it is arguable that physical activity may lower 
the risk of VTE. Over the last decades, several studies have 
reported on the prospective associations of physical activ-
ity with the risk of VTE, but the results have been diver-
gent. Some studies have reported decreased VTE risk with 
increased physical activity [26–28], whereas others have 
shown increased VTE risk with increased physical activity 
[29, 30] or no significant evidence of associations [31–33]. 
In a recent narrative review of existing observational pro-
spective evidence, the authors evaluated and concluded that 
there may be a small beneficial effect of physical activity on 
the risk of incident VTE, but this did not appear to be con-
sistent with a dose–response relationship [34]. A number of 
randomised controlled trials and observational studies have 
assessed the benefits and risks of physical activity on VTE, 
but these were based in patients or populations with acute or 
previous DVT [35]. A quantitative assessment of the asso-
ciation between physical activity and incident VTE using a 
systematic meta-analysis of the overall evidence has not yet 
been undertaken. Due to the wide uncertainty in the avail-
able evidence on this topic, we sought to evaluate in detail 
the prospective nature of the association between physical 
activity and future VTE risk using a systematic review and 
meta-analysis of all published observational prospective 
cohort studies conducted on the topic.

Methods

Data sources and searches

This systematic review and meta-analysis was registered 
in the PROSPERO prospective register of systematic 
reviews (CRD42019125869) and was conducted based on 

a predefined protocol and performed following PRISMA 
and MOOSE guidelines [36, 37] (Appendix 1–2 in ESM). 
We searched MEDLINE and Embase from inception to 26 
February 2019. The computer-based searches used a com-
bination of terms related to physical activity and VTE. 
There were no restrictions on language. Further details on 
the search strategy are presented in Appendix 3 in ESM. 
Titles and abstracts of studies retrieved from the databases 
were initially screened to assess their suitability for inclu-
sion, after which we acquired potentially relevant articles 
for detailed full text evaluation. Two reviewers (SKK and 
SS) independently conducted full text evaluation using the 
inclusion criteria and any disagreements regarding eligibility 
of an article was discussed, and consensus reached with a 
third author (JAL). Reference lists of identified studies and 
relevant review articles were manually scanned and citing 
references were also checked in Web of Science, for addi-
tional eligible studies.

Study selection

Observational population-based prospective (cohort, case 
cohort, or nested case–control) studies were eligible for 
inclusion if they had at least 1 year of follow-up and exam-
ined the relation of regular physical activity with the risk of 
first VTE in adult general populations. Case–control study 
designs were not included.

Data extraction and quality assessment

One author (SKK) initially abstracted data from eligible 
studies using a standardized predesigned data collection 
form. A second reviewer (SS) independently checked these 
data with that in original articles. Any disagreements were 
discussed, and consensus reached with involvement of 
a third author (JAL). We extracted data on the following 
study characteristics: geographical location, period, design, 
participants (age, sex), sample size, duration of follow-up, 
assessment of physical activity, ascertainment of VTE case 
definition, number of participants developing VTE, and mul-
tivariate-adjusted relative risks (RRs), hazard ratios (HRs), 
or odds ratios (ORs) of VTE [and corresponding 95% confi-
dence interval (CIs)]. Given emerging evidence that obesity 
(as measured using body mass index, BMI) is likely to reside 
in the causal pathway between physical activity and VTE, 
we also extracted data on the degree of adjustment for poten-
tial confounders (defined as ‘+’ minimally adjusted analy-
sis, i.e. age and/or sex; ‘++’ as adjustment for established 
risk factors without BMI, i.e. age and/or sex plus cancer, 
socioeconomic status, smoking, or hypertension; and ‘+++’ 
as adjustment for established risk factors including BMI). 
To avoid double counting of a cohort, study selection was 
limited to a single set of most comprehensive results when 
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there were multiple publications involving the same cohort. 
The priority for selection was the most up-to-date compre-
hensive study (longest follow-up or analysis covering the 
largest number of participants). We assessed the quality of 
studies on the basis of the nine-star Newcastle–Ottawa Scale 
(NOS) [38], which uses pre-defined criteria namely: selec-
tion (population representativeness), comparability (adjust-
ment for confounders), and ascertainment of outcome. Nine 
points on the NOS reflects the highest study quality.

Data synthesis and analysis

Summary measures were presented as RRs with 95% CIs. 
Following Cornfield’s rare disease assumption [39], HRs 
and ORs were assumed to approximate the same measure of 
RR. The majority of studies divided subjects into 2 or more 
groups on the basis of occupational physical activity, leisure-
time physical activity, intensity of physical activity, or total 

or any physical activity. To enable a consistent approach 
to the meta-analysis and enhance comparison and interpre-
tation of the findings, the extreme groups (i.e. maximum 
vs minimal amount of physical activity) were used for the 
analyses. When the highest physical activity group was the 
referent, we converted the reported risk estimate into its 
reciprocal. When a risk estimate was reported as a continu-
ous measure (e.g., per unit change), this was transformed to 
a top versus bottom quantile using standard statistical meth-
ods [40] described previously [41]. When a study assessed 
types of physical activity in addition to total or any physical 
activity, we only used risk estimates for total or any physical 
activity in the pooled analysis. When studies published more 
than one estimate of the association according to subgroups 
(e.g., by sex), we obtained a within-study summary estimate 
using a fixed effect meta-analysis. To minimize the effect 
of between-study heterogeneity, RRs were pooled using 
a random effects model [42]. Quantification of the extent 

757 Potentially relevant citations identified

From MEDLINE, Embase, and Web of 

Science

738 excluded on the basis of title 
and/ or abstract

7 Articles excluded due to:
3 Duplicates
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Fig. 1   PRISMA flow diagram
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of statistical heterogeneity across studies employed stand-
ard Chi square tests and the I2 statistic [43, 44]. The 95% 
prediction intervals were also estimated to determine the 
degree of heterogeneity, as they provide a region in which 
about 95% of the true effects of a new study are expected 
to be found [45, 46]. To ensure the robustness of our find-
ings, we performed sensitivity analyses by omitting studies 
(one at a time) that could have influenced the pooled RR 
(e.g., study with the largest sample size, study that assessed 
physical activity exposure retrospectively, and study with 
participants recruited from a clinical trial) and calculated a 
pooled estimate for the remainder of the studies. Study-level 
characteristics including geographical location, sex, average 
age at baseline, average duration of follow-up, number of 
cases, type of VTE, degree of adjustment (with or without 
adjustment for BMI), and study quality were pre-specified 
as characteristics for assessment of heterogeneity, which was 
conducted using stratified analysis and random effects meta-
regression [47]. To assess the potential for publication bias, 
we constructed and visually inspected Begg’s funnel plots 
[48] and performed Egger’s regression symmetry test [49]. 
All analyses were conducted using Stata version 15 (Stata 
Corp, College Station, Texas).

Results

Study identification and selection

Figure 1 illustrates the study selection process. Our initial 
search and manual screening of citations identified 757 
potentially relevant citations. After screening of titles and 
abstracts, 19 articles remained for full text evaluation. We 
reviewed and excluded 7 articles because (1) they dupli-
cated a previous publication using the same cohort (n = 3); 
(2) they were review articles (n = 2); (3) was a case–control 
design (n = 1); and (4) exposure was not relevant (n = 1) In 
total, we included 12 articles [26–30, 33, 50–55] based on 14 
unique cohort studies comprising of 1,286,295 participants 
and 23,753 VTE events.

Study characteristics and quality

Table 1 summarises characteristics of the 14 eligible studies 
on the association between physical activity and VTE. All 
14 studies were based on prospective cohort study designs; 
however, one study was based on a prospective cohort fol-
low-up of trial participants after the trial had been terminated 
[30]. For studies providing these data, the average age and 
BMI of participants at baseline ranged from approximately 
46–65 years and 25.0–29.3 kg/m2 respectively; the weighted 
means were 52.1 years and 25.8 kg/m2 respectively. Four 

studies enrolled women only, two only men, and the rest 
enrolled both genders. Sample size of included cohorts 
ranged from 1766 to 992,228, with the number of VTE 
cases ranging from 171 to 14,550. The majority of studies 
(n = 9) included US populations, with five studies includ-
ing European populations from Sweden, Norway, Den-
mark, and UK. Average duration of follow-up ranged from 
5.0 to approximately 38.0 years, with a weighted mean of 
9.6 years. All studies assessed physical activity through a 
questionnaire, but the categorisation of physical activity 
varied across studies. The diagnosis of VTE (DVT or PE) 
was based on a variety of methods which included duplex 
ultrasound, venogram, computed tomography, ventilation-
perfusion scan, pulmonary angiogram, x-ray phlebography, 
and autopsy. Ascertainment of VTE was mostly based on 
self-reports, patient registries, hospital records, autopsy 
reports, or death registries. The degree of covariate adjust-
ment varied, but majority of studies adjusted for risk factors 
such as age, sex, and BMI. Overall quality scores of studies 
ranged from 5 to 8.

Physical activity and incident VTE risk

The pooled fully-adjusted (including BMI) RR (95% 
CI) of VTE comparing the most physically active versus 
the least physically active groups was 0.87 (0.79–0.95) 
(Fig. 2). The 95% prediction interval for the pooled RR 
was 0.64–1.17%, suggesting that the true RR for any single 
new study will usually fall within this range. There was 
evidence of heterogeneity between the contributing studies 
(I2= 73%, 53–84%; p < 0.001), which was not explained by 
any of the study level characteristics prespecified for sub-
group analysis (Fig. 3). On exclusion of the study which 
reported physical activity as a continuous measure and 
was initially designed as a clinical trial [30], the RR (95% 
CI) of VTE comparing the most physically active versus 
the least physically active groups was 0.84 (0.77–0.92), 
with evidence of heterogeneity between the contribut-
ing studies (I2= 69%, 45–82%; p < 0.001). On exclusion 
of the largest study which was made up of only women 
[28], the RR (95% CI) of VTE was 0.85 (0.75–0.95) with 
heterogeneity of (I2= 72%, 51–83%; p < 0.001). Further-
more, on exclusion of the study which assessed physical 
activity retrospectively [50], the RR (95% CI) of VTE was 
0.88 (0.80–0.96) with heterogeneity of (I2= 72%, 51–84%; 
p < 0.001).

In pooled analysis of 10 studies (288,043 participants 
and 7069 VTE events) that reported risk estimates not 
adjusted for BMI, the RR (95% CI) of VTE was 0.81 
(0.70–0.93) (Appendix 4 in ESM).
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Publication bias

A funnel plot of the 14 studies reporting on the associations 
between physical activity and VTE risk showed visual evi-
dence of symmetry (Appendix 5 in ESM) which was consist-
ent with Egger’s regression symmetry test (p = 0.065). We 
also found no evidence of such selective reporting when 
studies were grouped by size in meta-regression analysis 
(Fig. 3).

Comments

Summary of main findings

Given the uncertain evidence on the prospective relation-
ship between physical activity and VTE risk as well as the 
absence of any quantitative evidence summarizing the exist-
ing literature, we have conducted the first meta-analysis of 
population-based prospective cohort studies to evaluate 
the association between regular physical activity and VTE. 
In pooled analysis of 14 studies, regular physical activity 
was significantly associated with a lower risk of VTE when 

compared with a sedentary or less active lifestyle. In con-
trast to previous studies, the association did not appear to be 
mediated or confounded by BMI. Furthermore, the inverse 
association between physical activity and VTE risk was not 
modified by geographical location, sex, age, duration of 
follow-up, degree of adjustment, and methodological qual-
ity of studies.

Comparison with previous work

To the best of our knowledge, there have been no pre-
vious efforts to aggregate existing data on the relation 
between physical activity and future VTE risk quantita-
tively. Being the first comprehensive meta-analysis on the 
topic, the findings cannot be directly compared to previ-
ous work. Though there has been overwhelming evidence 
showing that regular physical activity is associated with 
reduced risk of arterial thrombotic disease [1–3], findings 
on the relationship between physical activity and VTE 
risk have been mixed in the absence of a pooled analysis. 
In a recently published narrative review that evaluated 
the existing epidemiological evidence on the association 
between physical activity and VTE risk, Evensen and 
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Fig. 2   Prospective studies of physical activity and risk of venous 
thromboembolism included in meta-analysis. The summary estimate 
presented was calculated using random effects models and was based 
on fully adjusted estimates (including body mass index) where rele-

vant; sizes of data markers are proportional to the inverse of the vari-
ance of the relative ratio; CI, confidence interval (bars); PA, physi-
cal activity; RR, relative risk; VTE, venous thromboembolism; study 
abbreviations are listed in Table 1
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colleagues concluded that there might be a modest benefi-
cial effect of physical activity on incident VTE risk [34]. 
However, the evidence was hampered by the variance in 
the assessment and definition of the exposure variable—
physical activity. By combining the available evidence in 
a systematic and quantitative manner, we have shown that 
regular physical activity is also associated with a reduced 
risk of VTE compared with physical inactivity. In contrast 
to evidence from some individual studies [26, 53], the 
association did not appear to be mediated or confounded 
by BMI. Though there was no statistically significant 
evidence of effect modification by age on the associa-
tion, there was a suggestion that the beneficial effect of 
physical activity on VTE risk was stronger in the elderly, 
a finding which is consistent with previous evidence [53].

Possible explanations for findings

To date, obesity and smoking have consistently been dem-
onstrated to be associated with VTE risk [18–20, 26]. The 
current findings suggest that another common lifestyle factor 
shared by VTE and atherosclerotic CVD could be physical 
inactivity. Both disease states share common characteris-
tics such as coagulation and platelet activation, hence they 
may have common pathophysiological mechanisms [56]. On 
the contrary, atherosclerotic CVD and VTE have histori-
cally been viewed as two distinct diseases [57] and based 
on findings that traditional risk factors for VTE and arterial 
thrombotic disease are not similar, it is generally believed 
that their pathogenesis differ [31, 58]. The pathophysiologi-
cal mechanisms underlying the association between regular 
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Fig. 3   Relative risks for venous thromboembolism comparing maxi-
mal versus minimal amount of physical activity, grouped according 
to several study characteristics. The summary estimates presented 
were calculated using random effects models; CI, confidence inter-
val (bars); PA, physical activity; RR, relative risk; VTE, venous 
thromboembolism; *, p value for meta-regression; **, defined as ‘+’ 
minimally adjusted analysis (age and/or sex); ‘++’ as adjustment for 

established risk factors without body mass index (age and/or sex plus 
cancer, socioeconomic status, smoking, or hypertension); and ‘+++’ 
as adjustment for established risk factors including body mass index; 
†, number of cases and participants are not equal across all the sub-
groups because not all studies reported data on these study character-
istics
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physical activity and reduced VTE risk may relate to the 
ability of physical activity to (1) improve levels of potential 
risk factors such as body weight, hypertension, and lipids; 
[59] (2) decrease systemic inflammation; [7, 8] and (3) 
decrease plasma viscosity [25] and platelet aggregation [60], 
all of which are involved in VTE pathophysiology. Increased 
muscular activity of the lower limbs as a result of regu-
lar physical activity could also increase venous return and 
decrease VTE risk [61]. Mechanistic conclusions underlying 
the association between physical activity and VTE cannot be 
drawn from observational epidemiological studies and need 
further specific studies to clarify these pathways.

Implications of findings

The potential association between regular physical activity 
and decreased VTE risk may have clinical implications with 
respect to VTE prevention. Just like CVD, physical activity 
may represent an important approach for VTE prevention, 
for instance in the areas of screening of individuals at risk of 
VTE, recommending lifestyle modification, as well as fur-
ther management. Though there is no clinical trial evidence 
showing regular physical activity can reduce the incidence of 
VTE, RCT evidence shows physical activity to be associated 
with reduced severity of VTE complications such as post 
thrombotic syndrome [35]. The health benefits associated 
with regular PA, cannot be overemphasized. The Physical 
Activity Guidelines Advisory Committee Scientific Report 
recommends 150–300 min/week of moderate-intensity or 
75–150 min/week of vigorous-intensity aerobic PA/exercise 
for adults, as this is associated with substantial health ben-
efits in most people; [62] however, a substantial proportion 
of the population do not achieve these recommended levels. 
For example in the United States, only 46% of adults meet 
the general physical activity recommendations [63]. Though 
there are still some unanswered questions such as the nature 
of the dose–response relationship between physical activity 
and VTE risk and the optimal physical activity intensity, fre-
quency, and duration for VTE prevention, it is recommended 
that physically inactive adults should engage in some regular 
physical activity to improve their overall vascular health. 
Even standing, which is the least active behaviour, has been 
reported to be associated with health benefits compared with 
sitting [64].

Strengths and limitations

Given the inconsistent evidence on the topic, this study rep-
resents the first attempt at summarising the overall evidence 
using a systematic meta-analysis. We employed a compre-
hensive search strategy across multiple databases with 
no language restrictions and undertook manual reference 
scanning; which made it unlikely that we had missed any 

relevant study conducted on the topic. Other strengths were 
the comprehensive analyses which included exploration of 
heterogeneity using stratification by several study level char-
acteristics and several sensitivity analyses. Finally, formal 
tests showed no evidence of publication bias or selective 
reporting. However, despite the lack of strong evidence of 
publication bias, we cannot completely rule out the influ-
ence of selective reporting; since tests for publication bias 
have low statistical power. There were important limitations 
to this review and these were all inherent to the included 
studies. The included studies examined different types of 
physical activity and categorised the amount of physical 
activity differently, hence comparisons could only be made 
between the most and least active and there was difficulty 
in combining data across studies to assess a dose–response 
relation between physical activity and VTE. The effect of the 
different types/modalities of physical activity could not be 
explored because of the limited number of studies consist-
ently reporting on the same type of physical activity. There 
was the potential for misclassification bias because physical 
activity was self-reported and its classification was study-
specific. Studies did not report risk estimates for the specific 
endpoints of DVT and PE and therefore their associations 
could not be evaluated. There was substantial heterogeneity 
between contributing studies which could not be explained 
by several clinically relevant study level characteristics, 
suggesting that other factors might be at play. One study 
based on only women contributed about 77% of the overall 
sample size, however, exclusion of this study in sensitivity 
analysis did not change the overall estimate. Pooled analysis 
was based on variably adjusted data reported by the eligible 
studies, therefore prone to confounding by unmeasured fac-
tors. Finally, estimated prediction intervals of the pooled 
RRs of the associations contained values on both sides of 
the null and so, although on average there was evidence of 
an association of regular physical activity with VTE risk, 
this may not always be the case in other studies. The find-
ings should therefore be interpreted with caution given these 
limitations. To address the issues with standardization of 
physical activity, consistent adjustment for confounding, 
exploration of dose–response relationships and assessment 
of heterogeneity, we propose an individual participant data 
meta-analysis of these prospective cohort studies.

Conclusion

New evidence based on a comprehensive meta-analysis of all 
observational prospective cohort studies support an associa-
tion between regular physical activity and low incidence of 
VTE. In contrast to previous evidence, the potential protec-
tive effect of physical activity on VTE does not appear to 
be mediated or confounded by BMI. These findings should 
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stimulate further efforts to further clarify the relationship 
between physical activity and VTE risk.
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