Chen et al. BMC Cardiovascular Disorders (2023) 23:362 BMC Ca rd iovascu Iar Disorders
https://doi.org/10.1186/512872-023-03395-5

: L ®
Leisure sedentary behaviour increases o
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Abstract

Background Venous thromboembolism (VTE) is a substantial contributor to the global burden of disease. Observa-
tional studies have suggested that leisure sedentary behaviours (LSB) are related to the risk of VTE; however, the causal
role of LSB in VTE remains unclear.

Methods Using data obtained from genome-wide association studies in the UK Biobank (N=422,218), we identified
84,21, and 4 single nucleotide polymorphisms (SNPs) related to sedentary television (TV) watching, computer use,
and driving, respectively. These SNPs were employed as instrumental variables. Summary statistics for SNP-VTE asso-
ciations was obtained from the FinnGen study (5,403 cases and 130,235 controls). Two-sample Mendelian randomisa-
tion (MR) analyses were performed using inverse-variance weighted (IVW), MR-Egger,weighted median, and weighted
mode approaches. Sensitivity analyses were conducted to ensure robustness of the results.

Results The main IVW approach demonstrated a positive association between the genetically predicted sedentary
TV watching and the risk of VTE [odds ratio (OR):1.35, 95% confidence interval (Cl):1.02—1.80, P=0.039]. However,

no significant association was observed for genetically predicted sedentary computer use or driving and VTE risk. The
results from our series of sensitivity analyses, including Cochran’s Q test, MR-Egger intercept test, and MR-Pleiotropy
RESidual Sum and Outlier method, further supported these findings.

Conclusion This study provides evidence of an association between genetically predicted sedentary TV watching
and the risk of VTE. Further studies are required to elucidate the underlying causal mechanisms.
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Background

Venous thromboembolism (VTE), comprising deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is globally the third most frequent acute cardiovascu-
lar syndrome after myocardial infarction and stroke.
It is also an important factor contributing to the global
burden of cardiovascular disease [1-3]. VTE affects
approximately 10 million people worldwide every year
[4, 5]. PE, causing up to 300,000 deaths per year in the
United States, is among the main causes of cardiovascu-
lar-related deaths [4]. In addition to recurrent VTE and
bleeding caused by anticoagulant use, clinical sequelae
after VTE include post-thrombotic and post-pulmonary
embolism syndromes [6-8]. These clinical conditions
greatly reduce the quality of life and result in a serious
economic healthcare burden; their estimated burden on
the European Union-28’s healthcare systems is EUR 8.5
billion [9, 10]. Considering the high prevalence and dis-
ease burden of VTE, it is necessary to investigate the
potential modifiable risk factors for this disease and tailor
feasible intervention strategies for primary and second-
ary preventions.

Leisure sedentary behaviours (LSB) refer to any wak-
ing activity encompassing an energy expenditure of less
than 1.5 metabolic equivalents of task (METs) in a seated,
reclined, or lying posture, such as sedentary television
(TV) watching, computer use, and driving [11]. LSB are
among the leading modifiable risk factors for cardiovas-
cular disease and related mortality worldwide [12-14],
and prolonged sedentary time is associated with common
cardio-metabolic and inflammatory biomarkers [15].
Furthermore, the association between LSB and VTE risk
has been increasingly reported. Meta-analyses of obser-
vational prospective cohort studies have demonstrated
an association between prolonged TV watching and
increased risk of VTE [16, 17], and similar associations
have been observed for other LSB, such as computer
use and driving [18-20]. However, the epidemiological
conclusions remain contradictory. For instance, a pro-
spective study with a large biracial US cohort reported
no association between TV watching and the risk of
VTE, independently of physical activity [21]. Addition-
ally, conventional epidemiological studies show several
limitations, including deficient statistical robustness
owing to small sample size, confusing results from biases
or reverse causality, and varying result interpretations.
Consequently, whether LSB is associated with VTE risk
remains unclear.

Mendelian randomisation (MR), which uses genetic
variants and follows the law of independent assort-
ment, can assess the causality of an observed association
between a modifiable exposure or risk factor and a clini-
cally relevant outcome [22, 23]. MR analysis minimises
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confusion and avoids deviation caused by reverse causal-
ity. In MR, the evaluation of genotypes determines pre-
disposition, precedes the onset of diseases, and is free
from the impact of lifestyle and environment factors
[24]. As an extension of the MR method, the two-sample
MR analysis allows the use of summary-level statistics
of genome-wide association studies (GWASs) without
requiring direct analysis of individual-level data. Based
on available data from GWASs in the UK Biobank [25],
the genetic variants associated with LSB can be set as
instrumental variables (IVs) to explore the impact of LSB
on VTE, excluding confounders such as physical activ-
ity and smoking status from the analysis. In this study,
we performed a two-sample MR study to elucidate the
potential impact of LSB (sedentary TV watching, com-
puter use, and driving) on VTE.

Methods

Data sources

Data on the association between single nucleotide poly-
morphisms (SNPs) and LSB were acquired from large-
scale GWAS meta-analyses in the UK Biobank. This
cohort was composed of 422,218 community-dwelling
adults of European ancestry. The three phenotypes of
LSB considered in this study were TV watching, com-
puter use (except that at work), and driving. The seden-
tary time spent in each LSB had been ascertained in an
interview. At the time of the first assessment (interview),
45.7% of the participants were male, and the average age
was 57.4 (SD 8.0) years. Mean reported daily leisure time
spent on each LSB was 2.8 h (SD 1.5) for TV watching,
1.0 h (SD 1.2) for computer use, and 0.9 h (SD 1.0) for
driving. Further details of this study have been previously
described [25]. LSB associated with genetic variants were
adjusted for age, sex, body mass index, smoking status,
hypertension, diabetes, Townsend deprivation index,
physical activity levels, alcohol use per week, and years
of education.

Summary statistics for SNP-VTE associations were
retrieved from the FinnGen study, which comprised
5,403 VTE patients and 130,235 control cases. Details
on the participating biobank/cohorts, genotypes, and
methods of data collection and analysis are available
on the FinnGen website (https://finngen.gitbook.io/
documentation/).

Ethical approval

This study was conducted using publicly available de-
identified data from participants in studies with appro-
priate approvals from ethical committees regarding
human experimentation. No additional ethical approval
was required for this study.
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Selection of genetic instruments

The MR approach was based on a few core assump-
tions regarding the genetic variants used as IVs: they
are associated with LSB exposure [26], are independent
of the potential confounders of the association between
LSB exposure and VTE outcome, and only affect VTE
outcome through LSB exposure. Therefore, SNPs were
considered IVs only if they satisfied these three core
assumptions as independent genetic predictors. Rigorous
filtering procedures were conducted to ensure SNP qual-
ity prior to MR analysis [27]. More specifically, we used
summary estimations of 152, 37, and 4 significant SNPs
(P<1x107®) for TV watching, computer use, and driv-
ing, respectively, that were identified using the original
GWAS:s. Selected SNPs were grouped with a 10,000 kb
window, and SNPs with larger P values at a threshold of
linkage disequilibrium (LD) R? over 0.001 were excluded
from the analysis. Additionally, 50 SNPs were excluded
from TV watching and 13 from computer use using the
LD analysis. SNPs which were significantly associated
with VTE outcome (at the genome-wide significance
threshold P<5x107%) were then excluded. For any spe-
cifically required SNP missing from the VTE datasets, we
used proxies with strong LD (R®>>0.8) to replace them.
The strength of the genetic instruments used as I'Vs was
further evaluated using F-statistics, where SNPs with an
F <10 were excluded. Additionally, ambiguous and palin-
dromic SNPs (EAF >0.42) were excluded with harmoniz-
ing processes. Detailed information relative to excluded
SNPs is shown in Supplementary Table 1. The final IV
dataset was composed of 84, 21, and 4 SNPs for sedentary
TV watching, computer use, and driving, respectively.

Mendelian randomisation analyses

Two-sample MR analysis was performed using the
inverse-variance weighted (IVW) method with multipli-
cative random effects, set as the main analysis for causal
effect estimation. This approach assumes non-associated
and independent effects of multiple genetic variants [28].
The estimated results of genetically predicted LSB expo-
sure on VTE outcome were calculated using the Wald
ratio method. Furthermore, complementary sensitiv-
ity analyses were conducted to verify the validity and
robustness of the calculated effects. More explicitly, the
weighted median approach was applied, which provided
a robust and consistent effect estimation if at least half of
the information in the analysis comes from SNPs that are
valid instrumental variables [29]. MR-Egger analysis was
also conducted to provide an effect estimate where whole
genetic variants exhibit pleiotropic effects not related
to the variant-exposure association [30]. Nevertheless,
the IVW and MR-Egger analyses commonly show low
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precision (wider confidence intervals). The weighted
mode method was thus implemented; it showed the most
intuitive validity conditions that are important for trian-
gulating point estimates. Power calculations were also
conducted (http://cnsgenomics.com/shiny/mRnd/) [31].
The calculation was post hoc, and the related parameters
in the website were set as follows (outcome type: binary
outcome, sample size: 135,638 [5,403+130,235]), type-I
error rate: 0.05, proportion of cases in the study: 0.0398
[5,403/135,638], true odds ratio of the outcome vari-
able per standard deviation of the exposure variable: 1.35
[result of IVW method for sedentary TV watching], pro-
portion of variance explained for the association between
the SNP and the exposure variable: 0.0105).

Effect heterogeneity was evaluated using the Cochran’s
Q test, and P<0.05 was defined as significantly het-
erogeneous. To detect the pleiotropic effects of the IVs,
MR-Egger was used with the Egger intercept, where a sig-
nificant deviation of from zero suggests a horizontal plei-
otropy. Additionally, directional pleiotropy was detected
through asymmetry and precision in funnel plots of the
MR estimate. Leave-one-out analysis was conducted
to evaluate the sensitivity of each genetic variant and
to determine whether the estimated results of the IVW
approach were biased by any specific SNP. The risk esti-
mates of each SNP for the LSB outcome were calculated
and presented as forest plots. Furthermore, the MR-Plei-
otropy RESidual Sum and Outlier (MR-PRESSO) method
was applied to eliminate SNPs with potential pleiotropy
(horizontal pleiotropy <50%).

To exclude the biases caused by potential risk con-
founders, we manually scanned potential secondary phe-
notypes related to our selected SNPs using PhenoScanner
(www.phenoscanner.medschl.cam.ac.uk), a platform with
extensive data on associations between genotype and
phenotype [32]. SNPs with any association (P<1x107°)
with these potential confounding factors at genome-wide
significance were excluded. The potential risk factors
considered included obesity, high-density lipoprotein
cholesterol (HDL), triglycerides, smoking, and cardiovas-
cular disease.

Because these sedentary behaviours are social expo-
sures, the likelihood of a violation of the independence
assumption becomes greater owing to confounding fac-
tors [33]; thus, conducting subsequent sensitivity analyses
is important. We used hair colour as negative control for
population structure, which is publicly available for the
UK Biobank through OpenGWAS (https://gwas.mrcieu.
ac.uk/datasets/ukb-d-1747_5/) [34, 35]. Furthermore,
the within-family consortia GWAS of physical activity
(https://gwas.mrcieu.ac.uk/datasets/ieu-b-4859/)  was
used as a control exposure to further validate our find-
ings. Owing to the small sample size, a more indicative
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p-value (5% 107°) was chosen to select IVs. Subsequently,
after the same population assumption test of FinnGen
and UK Biobank cohorts was performed using MRSame-
PopTest [36], a meta-analysis of the two populations was
conducted as another sensitivity analysis.

Statistics

All analyses were conducted using the Two-Sample MR
package (version 0.4.25) and MR-PRESSO (version 1.0) in
the R software (version 3.6.1). Statistical significance was
defined as a two-sided p-value <0.05.

Results
We identified 145, 36, and 4 SNPs as IVs for leisure TV
watching, computer use, and driving, respectively, using
data from GWASs in the UK Biobank study. After group-
ing, 95, 23, and 4 SNPs, respectively, remained for fur-
ther screening. Following overall screening, 84, 21, and
4 SNPs were obtained as IVs for sedentary TV watching,
sedentary computer use, and sedentary driving, respec-
tively. Supplementary Table 2 presents summary infor-
mation of our chosen SNPs for the three LSB in this MR
study. For SNPs that failed to overlap between the LSB
and VTE datasets, proxy SNPs were used. No outlier
SNPs were detected with MR-PRESSO analyses (P> 0.05,
Supplementary Table 3). All included SNPs showed
E-statistics > 10, indicating weak instrument bias (Supple-
mentary Table 4).

As shown in Table 1, genetically predicted leisure TV
watching was positively associated with VTE risk [odds
ratio (OR):1.35, 95% confidence interval (CI):1.02—1.80,

Table 1 MR estimates of the causal relationship between leisure
sedentary behaviors and the risk of VTE

Exposure Methods VTE
OR (95% Cl) Pvalue
Television watching VW 1.35(1.02, 1.80) 0.039
WM 148 (0.99,2.23) 0.056
MR-Egger 2.85(0.71,1142) 0.144
Weighted mode 1.95 (0.71, 5. 33) 0.196
Computer use VW 0.97 (0.57,1.65) 0919
WM 1.28(0.61,2.65) 0513
MR-Egger 0.21(0.003, 14.46) 0481
Weighted mode 1.41(0.42,4.79) 0.584
Driving VW 21(0.16,9.08) 0.855
WM 2.08(0.44,9.95) 0357
MR-Egger 2376.18 (0.0001, 0451
3.18x10'9)
Weighted mode 3.38(0.52,21.84) 0.291

MR Mendelian randomisation, VTE Venous thromboembolism, VW Random-
effect inverse variance weighted, WM Weighted median, OR Odds ratio, C/
Confidence interval
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P=0.039, calculated using IVW]. Furthermore, the MR-
Egger intercept (-0.012, Table 2) provided weak evidence
of horizontal pleiotropy in the analyses (P;ercept =0.287),
and non-significant heterogeneity in the IVW estimates
from the results of the Cochran’s Q test (P=0.089). Addi-
tionally, no outlier SNPs were identified in the scatter
plot, leave-one-out, and funnel analyses for the three LSB
phenotypes (Supplementary Figs. 1-9). The scatter plots
of the associations between SNPs-LSB and SNPs-VTE
showed that the heterogeneity of genetic IVs was bal-
anced at near zero, and no violation was caused by hori-
zontal pleiotropy (MR-Egger intercept passed through
zero). The leave-one-out analysis indicated that the three
sedentary phenotypes of LSB and the VTE risk remained
consistent after exclusion of one SNP at a time, which
identified no outlying variants. The MR regression fun-
nel plots were symmetrical, implying a minimal deviation
from directional pleiotropy.

Nevertheless, little evidence supported the causal effect
of genetically predicted sedentary computer use and driv-
ing on the risk of VTE. Comprehensive sensitivity analy-
ses showed little heterogeneity or pleiotropy-biased MR
estimates. Heterogeneity was observed with Cochran’s Q
test (P=0.047) in the sensitivity analysis of leisure driv-
ing, which was acceptable as we used the random effects
IVW as the main approach [37]. Forest plots for leisure
TV watching, computer use, and driving are shown in
Supplementary Figs. 10-12. Furthermore, through man-
ual scanning of each selected SNP to determine whether
the potential risk factors violated the significance estima-
tion in PhenoScanner, rs13107325 and rs749671 were
identified. After excluding these SNPs, the estimates
remained consistent with previous results (OR: 1.34,
95% CI: 1.00—1.79, P=0.048), indicating that the cau-
sality between LSB and the risk of VTE was not biased
by potential risk confounders. However, we had limited
power (73%) to test causal effects of these behaviours on
VTE risk. Two additional sensitivity analyses, including
black hair colour as negative control and physical activity
as control exposure, further supported our findings (Sup-
plementary Table 5). Although there was no significant
result from the physical activity group, the beta value

Table 2 Sensitivity analysis of the associations between LSB and
the risk of VTE

Outcome Exposure Cochran’s Qtest MR-Egger

Qvalue Pvalue Intercept P value
VTE Television watching 100.801 0.089  -0.012 0.287
Computer use 14227 0819 0024 0485
Driving 7.940 0.047 -0.117 0457

LSB Leisure sedentary behaviors, MR Mendelian randomisation, VTE
Venous thromboembolism
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was generally in the opposite direction to that of seden-
tary behaviours. Additionally, the MRSamePopTest of
the FinnGen and UK Biobank cohorts showed no differ-
ence in the LSB effects between the two populations (all
P>0.05) (Supplementary Table 6). The risk trend of the
meta-analysis was consistent with our findings, although
without statistical significance (Supplementary Fig. 13).

Discussion

To the best of our knowledge, this is the first large-scale
MR analysis to assess the causal relationship between
sedentary TV watching, computer use, and driving and
the risk for VTE using extensive genetic data from avail-
able databases. As demonstrated through our results,
genetically predicted sedentary TV watching is positively
associated with the risk of VTE. However, no evidence
was found to support causality between sedentary com-
puter use or sedentary driving and VTE.

The findings of our study are in agreement with those
from several observational studies. Prospective research
with the Atherosclerosis Risk in Communities (ARIC)
cohort reported that a higher frequency of watching
TV during leisure time was associated with increased
VTE risk independently of physical activity and obe-
sity [38]. The determination of TV watching frequency
in the ARIC cohort was qualitative ("never or seldom",
"sometimes", "often, or "very often"), not defining the
duration. However, qualitative frequency can be posi-
tively associated with the amount of time spent watch-
ing TV from a practical perspective. The JACC (Japan
Collaborative Cohort) study showed that time spent
watching TV is associated with the risk of PE mortal-
ity, with multivariable hazard ratios of 1.7 (95% CI:
0.9—3.0) for those watching TV for 2.5 to 4.9 h/d, and
2.5 (95% CI: 1.2—5.3) for those >5 h/d, compared with
individuals watching TV for<2.5 h/d [39]. Conversely,
a recent study with a large US cohort showed that TV
watching is not associated with VTE risk, with no dif-
ference in association when adjusting for physical activ-
ity levels [21]. Nevertheless, several limitations of these
observational studies should be considered. Although in
these prospective cohort studies several potential con-
founding factors were adjusted to reduce bias, residual
confounders were difficult to adjust and had different
impacts on the results, such as air pollution, diet, and
genetic risk factors, that could drive sedentary behav-
iours or induce VTE events [40, 41]. Furthermore, rough
estimates of sedentary TV watching time were mainly
conducted through questionnaires (mostly self-reported
assessments), which might have skewed the results with
reduced accuracy [42]. Additionally, the main popula-
tion, inclusion criteria, and loss of follow-up in these
studies were distinct. Furthermore, inclusion in the
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study primarily relied on voluntary participation, which
may have resulted in selection bias [43, 44].

Other studies support our conclusion, suggesting
that prolonged TV watching could promote venous
stasis, elevating the tendency of thrombosis by influ-
encing the levels of circulating haemostatic and inflam-
matory factors. However, the underlying mechanisms of
these observations remain poorly understood. In a lon-
gitudinal cohort study conducted by Hamer et al., there
was an association between TV watching (a major part
of sedentary behaviour) and increased white blood cell
counts and fibrinogen concentration, after adjustment
for covariates. Additionally, at follow up, increased TV
watching was related to increased C-reactive protein lev-
els and white blood cell count [45]. Considering that high
fibrinogen concentration is an important risk factor for
thrombotic diseases, and that inflammation is implicated
in VTE, the elevation of these acute-phase reactants and
coagulation markers could be related to an increased
risk of vascular diseases, particularly VTE [45-47]. Fur-
thermore, several studies have suggested cross-sectional
associations between TV watching or objective sedentary
time and markers of low-grade inflammation [48, 49]. A
randomised controlled trial conducted by Howard et al.
suggested that uninterrupted sitting during sedentary
time increases fibrinogen levels and reduces plasma vol-
ume, with concomitant increases in haemoglobin levels
and haematocrit, which have procoagulant effects and
contribute to increased risk of thrombosis [50]. Geneti-
cally predicted endogenous haemoglobin is a key red
blood cell trait causing VTE with a detrimental effect
on the general population. Therefore, increased haemo-
globin levels promoted by prolonged sedentary sitting
could increase the risk of thromboembolic events [51].
In addition, TV watching occurs primarily in the evening
after the main meal. This might lead to repetitive nega-
tive effects of postprandial blood sugar and lipid levels
on cardiovascular structures, increasing the metabolic
risk for VTE, especially if the duration of TV watching
is increased by prolonged sitting [52—-54]. Moreover, evi-
dence suggests that the vascular and metabolic conse-
quences of physical activity are mainly regulated through
peripheral tissues and cells, including muscle, adipose
tissues, and endothelial and inflammatory cells [13, 55].
Physical inactivity (mainly sedentary TV watching) may
cause VTE through a complex network of reactions.
More research on animal or human models is required to
determine the pathophysiological changes caused by sed-
entary TV watching, which could lead to new preventive
and therapeutic options.

The main finding of our study is that genetically pre-
dicted sedentary TV watching is associated with an
increased risk of VTE. Moreover, we found little evidence
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for a causal relationship between sedentary computer use
or driving and the risk of VTE. The large difference in the
sedentary time spent on each of these three behaviours in
the selected population could partly explain these differ-
ences. The average sedentary TV watching time is almost
three times higher than that of sedentary computer use
or driving (mean daily sedentary TV watching time was
2.8 h [SD 1.5], whereas that of leisure computer use was
1.0 h [SD 1.2] and that of driving time was 0.9 h [SD 1.0]).
A dose-response meta-analysis comprising 1,331,468
participants showed an association between the risk of
all-cause mortality, cardiovascular disease-associated
mortality, and incidence of type 2 diabetes with higher
levels of sedentary behaviour time (mainly TV watching
time), independently of physical activity, and the associa-
tions appeared to be non-linear with a change in gradient
[56]. Considering that there might be a dose-response
relationship between exposure time and the outcome,
as well as that exposure duration in our study may not
have exceeded the potential hazard threshold, we cannot
exclude the relationship between these two exposures
(sedentary computer use or driving) and VTE. Further-
more, our study currently only provided guidance to
"sit less" and "break prolonged sitting times" during TV
watching behaviour in leisure time, and it is difficult to
provide a quantitative recommendation. Considering the
severe socio-economic and healthcare burden of VTE, it
is crucial to implement appropriate primary preventive
measures and promote a healthy lifestyle throughout life
[57]. Based on the findings of our study, sedentary TV
watching is one modifiable risk factor for VTE; therefore,
the recommendations to "sit less" and "break prolonged
sitting times" in this sedentary behaviour are consistent
with other guidelines [58].

This study has several limitations. First, our analy-
sis was restricted to individuals of European descent,
and whether these findings are applicable to other eth-
nic groups requires further determination. Second, our
analysis relied on public data, which cannot be used to
further stratified analyses (comprising the DVT and PE
subgroups). Third, because of the results without statis-
tical significance in our study, we could not completely
exclude an association between these sedentary behav-
iours (computer use and driving) and VTE; this may
result from the insufficient statistical power caused by the
relatively small sample size (<80%). Finally, considering
that the biological mechanisms of several of the selected
IVs are still unclear, directly assessing the horizontal
pleiotropy that might bias the MR results is impractical.
Nonetheless, our sensitivity analysis showed no evidence
of pleiotropy. Additionally, with the purpose of exclud-
ing the biases caused by potential risk confounders on
the causal estimations, we excluded SNPs associated with
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any of the potential risk factors, including obesity, HDL,
triglycerides, smoking, cardiovascular diseases, and LSB
associated with genetic variants for IVs. We also adjusted
for age, sex, body mass index, smoking status, hyperten-
sion, diabetes, Townsend deprivation index, physical
activity levels, alcohol use per week, and years of educa-
tion, which ensured that the MR approach in our study
minimised the biases of these confounding factors on the
causality effects evaluated.

Conclusions
The present MR analysis demonstrated a causal rela-
tionship between genetically predicted sedentary TV
watching and VTE. Further studies are required to
test and verify our findings and clarify the underlying
mechanisms.

Abbreviations

ARIC Atherosclerosis Risk in Communities
@ Confidence interval

DVT Deep vein thrombosis

EUR European Monetary Unit

GWASs Genome-wide association studies
HDL High-density lipoprotein cholesterol
IVs Instrumental variables

VW Inverse-variance weighted

LD Linkage disequilibrium

LSB Leisure sedentary behaviors

METs Metabolic equivalents of task

MR Mendelian randomisation
MR-PRESSO MR-Pleiotropy RESidual Sum and Outlier
OR Odds ratio

PE Pulmonary embolism

RCT Randomized controlled trial

SNPs Single nucleotide polymorphisms
TV Television

VTE Venous thromboembolism

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512872-023-03395-5.

Additional file 1: Supplementary Figure 1. Scatter plot from geneti-
cally predicted sedentary TV watching on risk of VTE. Supplementary
Figure 2. Scatter plot from genetically predicted sedentary computer use
on risk of VTE. Supplementary Figure 3. Scatter plot from genetically
predicted sedentary driving on risk of VTE. Supplementary Figure 4.
Leave-one-out plot from genetically predicted sedentary TV watching on
risk of VTE. Supplementary Figure 5. Leave-one-out plot from geneti-
cally predicted sedentary computer use on risk of VTE. Supplementary
Figure 6. Leave-one-out plot from genetically predicted sedentary driving
on risk of VTE. Supplementary Figure 7. Funnel plot from genetically pre-
dicted sedentary TV watching on risk of VTE. Supplementary Figure 8.
Funnel plot from genetically predicted sedentary computer use on risk

of VTE. Supplementary Figure 9. Funnel plot from genetically predicted
sedentary driving on risk of VTE. Supplementary Figure 10. Forest plot
from genetically predicted sedentary TV watching on risk of VTE. Sup-
plementary Figure 11. Forest plot from genetically predicted sedentary
computer use on risk of VTE. Supplementary Figure 12. Forest plot from
genetically predicted sedentary driving on risk of VTE. Supplementary
Figure 13. Forest plot of the meta-analysis for genetically predicted sed-
entary TV watching on risk of VTE in FinnGen and UK Biobank populations.



https://doi.org/10.1186/s12872-023-03395-5
https://doi.org/10.1186/s12872-023-03395-5

Chen et al. BMC Cardiovascular Disorders (2023) 23:362

Supplementary Table 1. Summary information on the excluded SNPs for
LSB in the present MR study. Supplementary Table 2. Summary informa-
tion on the SNPs used as genetic instruments for LSB in the present MR
study. Supplementary Table 3. MR-PRESSO results. Supplementary
Table 4. F-statistics of LSB and physical activity. Supplementary Table 5.
MR estimates of the causal relationship between black hair color, physical
activity and the risk of VTE. Supplementary Table 6. MRSamePopTest in
the FinnGen and UK Biobank population.

Acknowledgements
We thank those authors who share the GWAS datasets used in this study. We
would like to thank Editage (www.editage.cn) for English language editing.

Authors’ contributions

KH and LC designed the research study. LC, GCY, ZMY conducted statistical
analyses. GCY, ZMY, RNS, RZ, DXZ helped to write the manuscript. RNS, RZ,
LLW, SL, DXZ, LL played roles in acquisition of the data and analyses. KH, LC,
ZMY participated in data interpretation. All authors revised and approved the
final manuscript. The guarantor (KH) confirms that all listed authors meet the

authorship criteria and that no others meeting the criteria have been omitted.

Funding
None.

Availability of data and materials

The datasets generated and/or analyzed during the current study are publicly
available in the following GWAS repository (https://doi.org/10.17632/mxjj6
czsrd.1, https//www.finngen.fi/en/access_results).

Declarations

Ethics approval and consent to participate

This study was performed using publicly available de-identified data from
participant studies, which were approved by the ethical standards committee
with respect to human experimentation. There is no separate ethical approval
required in the research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 November 2022 Accepted: 13 July 2023
Published online: 18 July 2023

References

1. Khan F, Tritschler T, Kahn SR, Rodger MA. Venous thromboembolism.
Lancet. 2021;398(10294):64-77.

2. Tritschler T, Kraaijpoel N, Le Gal G, Wells PS. Venous thromboembolism:
advances in diagnosis and treatment. JAMA. 2018;320(15):1583-94.

3. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP,
et al. ESC Guidelines for the diagnosis and management of acute pulmo-
nary embolism developed in collaboration with the European Respira-
tory Society (ERS): The Task Force for the diagnosis and management of
acute pulmonary embolism of the European Society of Cardiology (ESC).
Eur Respir J. 2019;54(3):1901647.

4. Wendelboe AM, Raskob GE. Global Burden of Thrombosis: Epidemiologic
Aspects. Circ Res. 2016;118(9):1340-7.

5. Keller K, Hobohm L, Ebner M, Kresoja KP, Miinzel T, Konstantinides SV,
et al. Trends in thrombolytic treatment and outcomes of acute pulmo-
nary embolism in Germany. Eur Heart J. 2020;41(4):522-9.

6. Goldhaber SZ, Bounameaux H. Pulmonary embolism and deep vein
thrombosis. Lancet. 2012;379(9828):1835-46.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 7 of 8

Kahn SR. The post-thrombotic syndrome. Hematology Am Soc Hematol
Educ Program. 2016;2016(1):413-8.

Sista AK, Klok FA. Late outcomes of pulmonary embolism: the post-PE
syndrome. Thromb Res. 2018;164:157-62.

Grosse SD, Nelson RE, Nyarko KA, Richardson LC, Raskob GE. The
economic burden of incident venous thromboembolism in the United
States: A review of estimated attributable healthcare costs. Thromb Res.
2016;137:3-10.

Barco S, Woersching AL, Spyropoulos AC, Piovella F, Mahan CE. European
Union-28: An annualised cost-of-illness model for venous thromboembo-
lism. Thromb Haemost. 2016;115(4):800-8.

. Pate RR, O'Neill JR, Lobelo F. The evolving definition of “sedentary.” Exerc

Sport Sci Rev. 2008;36(4):173-8.

Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary Behav-
ior, Exercise, and Cardiovascular Health. Circ Res. 2019;124(5):799-815.
Young DR, Hivert MF, Alhassan S, Camhi SM, Ferguson JF, Katzmarzyk PT,
et al. Sedentary Behavior and Cardiovascular Morbidity and Mortality:

a science advisory from the American heart association. Circulation.
2016;134(13):e262-79.

Duran AT, Romero E, Diaz KM. Is sedentary behavior a novel risk factor for
cardiovascular disease? Curr Cardiol Rep. 2022;24(4):393-403.

Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary
time and cardio-metabolic biomarkers in US adults: NHANES 2003-06.
Eur Heart J. 2011,32(5):590-7.

Kunutsor SK, Dey RS, Laukkanen JA. Television viewing and venous
thrombo-embolism: a systematic review and meta-analysis. Eur J Prev
Cardiol. 2022;29(7):e239-42.

Kunutsor SK, Laukkanen JA. Why binge television viewing can be bad for
you. Expert Rev Cardiovasc Ther. 2022;20(9):683-8.

Healy B, Levin E, Perrin K, Weatherall M, Beasley R. Prolonged work- and
computer-related seated immobility and risk of venous thromboembo-
lism.J R Soc Med. 2010;103(11):447-54.

Lippi G, Mattiuzzi C, Favaloro EJ. e-thrombosis: epidemiology, physiopa-
thology and rationale for preventing computer-related thrombosis. Ann
Transl Med. 2018;6(17):344.

Lippi G, Favaloro EJ. Car Travel-Related Thrombosis: Fact or Fiction? Semin
Thromb Hemost. 2018;44(4):327-33.

Munger JA, Koh |, Howard G, Howard V, Plante TB, Wilkinson K, et al.
Television viewing, physical activity and venous thromboembolism risk:
The Reasons for Geographic and Racial Differences in Stroke (REGARDS)
Study. J Thromb Haemost. 2021;19(9):2199-205.

Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization. JAMA.
2017;318(19):1925-6.

Sekula P, Del Greco MF, Pattaro C, Kottgen A. Mendelian randomization
as an approach to assess causality using observational data. J Am Soc
Nephrol. 2016;27(11):3253-65.

Ebrahim S, Davey SG. Mendelian randomization: can genetic epidemiol-
ogy help redress the failures of observational epidemiology? Hum Genet.
2008;123(1):15-33.

van de Vegte YJ, Said MA, Rienstra M, van der Harst P, Verweij N. Genome-
wide association studies and Mendelian randomization analyses for
leisure sedentary behaviours. Nat Commun. 2020;11(1):1770.
Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM,
Swanson SA, et al. Strengthening the Reporting of Observational Studies
in Epidemiology Using Mendelian Randomization: The STROBE-MR State-
ment. JAMA. 2021;326(16):1614-21.

Chen X, Hong X, Gao W, Luo S, Cai J, Liu G, et al. Causal relationship
between physical activity, leisure sedentary behaviors and COVID-19 risk:
a Mendelian randomization study. J Transl Med. 2022;20(1):216.

Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan N, Thompson
J. A framework for the investigation of pleiotropy in two-sample sum-
mary data Mendelian randomization. Stat Med. 2017;36(11):1783-802.
Burgess S, Bowden J, Fall T, Ingelsson E, Thompson SG. Sensitivity Analy-
ses for Robust Causal Inference from Mendelian Randomization Analyses
with Multiple Genetic Variants. Epidemiology. 2017,28(1):30-42.

Bowden J, Davey Smith G, Burgess S. Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger
regression. Int J Epidemiol. 2015;44(2):512-25.

Brion MJ, Shakhbazov K, Visscher PM. Calculating statistical power in
Mendelian randomization studies. Int J Epidemiol. 2013;42(5):1497-501.


http://www.editage.cn
https://doi.org/10.17632/mxjj6czsrd.1
https://doi.org/10.17632/mxjj6czsrd.1
https://www.finngen.fi/en/access_results

Chen et al. BMC Cardiovascular Disorders (2023) 23:362

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Staley JR, Blackshaw J, Kamat MA, Ellis S, Surendran P, Sun BB, et al.
PhenoScanner: a database of human genotype-phenotype associations.
Bioinformatics. 2016;32(20):3207-9.

Howe LJ, Nivard MG, Morris TT, Hansen AF, Rasheed H, Cho Y, et al. Within-
sibship genome-wide association analyses decrease bias in estimates of
direct genetic effects. Nat Genet. 2022;54(5):581-92.

Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The
MR-Base platform supports systematic causal inference across the human
phenome. Elife. 2018;7:234408.

Sanderson E, Richardson TG, Hemani G, Davey SG. The use of negative
control outcomes in Mendelian randomization to detect potential popu-
lation stratification. Int J Epidemiol. 2021;50(4):1350-61.

Woolf, B, Zagkos, L., Sallis, H., Munafo, MR, Gill, D. MRSamePopTest:
Introducing a simple falsification test for the Two-Sample Mendelian
randomisation 'same population’assumption. 2022. https://doi.org/10.
31219/0sfio/gvt87.

Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM,
et al. Guidelines for performing Mendelian randomization investigations.
Wellcome Open Res. 2019;4:186.

Kubota Y, Cushman M, Zakai N, Rosamond WD, Folsom AR. TV viewing
and incident venous thromboembolism: the Atherosclerotic Risk in Com-
munities Study. J Thromb Thrombolysis. 2018;45(3):353-9.

Shirakawa T, Iso H, Yamagishi K, Yatsuya H, Tanabe N, lkehara S, et al.
Watching Television and Risk of Mortality From Pulmonary Embolism
Among Japanese Men and Women: The JACC Study (Japan Collaborative
Cohort). Circulation. 2016;134(4):355-7.

Crous-Bou M, Harrington LB, Kabrhel C. Environmental and genetic

risk factors associated with venous thromboembolism. Semin Thromb
Hemost. 2016;42(8):808-20.

den Hoed M, Brage S, Zhao JH, Westgate K, Nessa A, Ekelund U, et al.
Heritability of objectively assessed daily physical activity and sedentary
behavior. Am J Clin Nutr. 2013;98(5):1317-25.

Clark BK, Healy GN, Winkler EA, Gardiner PA, Sugiyama T, Dunstan DW,

et al. Relationship of television time with accelerometer-derived seden-
tary time: NHANES. Med Sci Sports Exerc. 2011;43(5):822-8.

Nohr EA, Liew Z. How to investigate and adjust for selection bias in
cohort studies. Acta Obstet Gynecol Scand. 2018;97(4):407-16.

Biele G, Gustavson K, Czajkowski NO, Nilsen RM, Reichborn-Kjennerud

T, Magnus PM, et al. Bias from self selection and loss to follow-up in
prospective cohort studies. Eur J Epidemiol. 2019;34(10):927-38.

Hamer M, Smith L, Stamatakis E. Prospective association of TV viewing
with acute phase reactants and coagulation markers: English Longitudi-
nal Study of Ageing. Atherosclerosis. 2015;239(2):322-7.

de Moerloose P, Boehlen F, Neerman-Arbez M. Fibrinogen and the risk of
thrombosis. Semin Thromb Hemost. 2010;36(1):7-17.

Saghazadeh A, Rezaei N. Inflammation as a cause of venous thromboem-
bolism. Crit Rev Oncol Hematol. 2016,99:272-85.

Howard BJ, Balkau B, Thorp AA, Magliano DJ, Shaw JE, Owen N,

et al. Associations of overall sitting time and TV viewing time with
fibrinogen and C reactive protein: the AusDiab study. Br J Sports Med.
2015;49(4):255-8.

Pinto Pereira SM, Ki M, Power C. Sedentary behaviour and biomarkers

for cardiovascular disease and diabetes in mid-life: the role of television-
viewing and sitting at work. PLoS One. 2012;7(2):e31132.

Howard BJ, Fraser SF, Sethi P, Cerin E, Hamilton MT, Owen N, et al. Impact
on hemostatic parameters of interrupting sitting with intermittent activ-
ity. Med Sci Sports Exerc. 2013;45(7):1285-91.

Luo S, Au Yeung SL, Zuber V, Burgess S, Schooling CM. Impact of geneti-
cally predicted red blood cell traits on venous thromboembolism:
Multivariable Mendelian Randomization Study Using UK Biobank. J Am
Heart Assoc. 2020;9(14):e016771.

Almoosawi S, Winter J, Prynne CJ, Hardy R, Stephen AM. Daily profiles of
energy and nutrient intakes: are eating profiles changing over time? Eur J
Clin Nutr. 2012;66(6):678-86.

Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al.
Breaking up prolonged sitting reduces postprandial glucose and insulin
responses. Diabetes Care. 2012;35(5):976-83.

Franczyk B, Gluba-Brzdzka A, tawinski J, Rysz-Gorzyriska M, Rysz J.
Metabolomic Profile in Venous Thromboembolism (VTE). Metabolites.
2021;11(8):495.

Page 8 of 8

55. Thijssen DH, Green DJ, Hopman MT. Blood vessel remodeling and physi-
cal inactivity in humans. J Appl Physiol (1985). 2011;111(6):1836-45.

56. Patterson R, McNamara E, Tainio M, de S&4 TH, Smith AD, Sharp SJ, et al.
Sedentary behaviour and risk of all-cause, cardiovascular and cancer
mortality, and incident type 2 diabetes: a systematic review and dose
response meta-analysis. Eur J Epidemiol. 2018;33(9):811-29.

57. Folsom AR, Cushman M. Exploring opportunities for primary prevention
of unprovoked venous thromboembolism: ready for prime time? J Am
Heart Assoc. 2020;9(23):e019395.

58. Stamatakis E, Ekelund U, Ding D, Hamer M, Bauman AE, Lee IM. Is the
time right for quantitative public health guidelines on sitting? A narrative
review of sedentary behaviour research paradigms and findings. Br J
Sports Med. 2019;53(6):377-82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.31219/osf.io/gvt87
https://doi.org/10.31219/osf.io/gvt87

	Leisure sedentary behaviour increases the risk of venous thromboembolism: a Mendelian randomisation study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data sources
	Ethical approval
	Selection of genetic instruments
	Mendelian randomisation analyses
	Statistics

	Results
	Discussion
	Conclusions
	Anchor 17
	Acknowledgements
	References


