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Summary

Objective: To examine the association between venous
thromboembolism and prolonged work- and computer-
related seated immobility.

Design: A case-control study.

Participants and setting: Cases were 200 patients attend-
ing venous thromboembolism clinics with a history of deep
vein thrombosis and/or pulmonary embolism in the past six
months, and controls were 200 patients treated in fracture
clinic for an upper limb injury in the past six months.
Main outcome measures: Logistic regression was used to
estimate the association between venous thromboembol-
ism and prolonged work- and computer-related seated
immobility in the 28 days before the index event.
Prolonged work- and computer-related seated immobility
was defined firstly as a categorical variable with at least 10 h
seated in a 24-h period, including at least 2 h without get-
ting up; and secondly as the actual time spent seated in a
24-h period.

Results: Prolonged work- and computer-related seated
immobility (categorical variable) was present in 36 (18%)
cases and 31 (15.5%) controls. In multivariate analysis,
there was no significant association between prolonged
seated immobility and venous thromboembolism, odds
ratio 1.18 (95% Cl 0.56 to 2.48), P=0.67. For the mean
and maximum number of hours seated in a 24-h period, the
odds ratios for the association per additional hour seated
with venous thromboembolism were 1.08 (95% Cl 1.01 to
1.6), P=0.02 and 1.04 (95% Cl 0.99 to 1.09), P=0.08,
respectively.

Conclusion: This study found a weak association between
venous thromboembolism and prolonged work- and com-
puter-related seated immobility, with increasing mean
hours seated associated with a higher risk of venous
thromboembolism.

Keywords

computer, immobility, venous thromboembolism

Introduction

In 1853, Virchow described the triad of contributory
factors of endothelial injury, stasis of blood flow and
hypercoagulability in the pathogenesis of venous
thromboembolism comprising deep vein thrombosis
and pulmonary embolism.' The association between
protracted seated immobility and pulmonary
embolism was first described by Simpson during
World War II, when he investigated the increased
incidence of fatal pulmonary embolism in people con-
fined to air raid shelters during the London blitz.”
This was attributed to venous compression resulting
in endothelial injury and venous stasis due to sitting
for protracted periods in deckchairs. The rate of pul-
monary embolism was noted to decline substantially,
when the deckchairs were replaced with stretchers
where the occupants could lie flat.

In the last few decades, studies have shown a likely
causal association between venous thromboembolism
and prolonged seated immobility associated with
long-distance air travel.>® Studies have shown that
venous stasis occurs in subjects seated in airline seats,
with reduced popliteal venous flow of 40% when their
feet reach the floor, and up to twofold reduction in
popliteal venous flow when their feet do not reach the
floor’ and that there is increasing risk of pulmonary
embolism as flight distance and duration increases,™*
and increasing risk for those travellers who move
rarely or not at all during long-distance flights.*>
Analyses of other modes of transport have shown a
similar increased risk of venous thromboembolism
with extended periods of bus, train and car
travel.*'° Investigators now postulate that the
seated immobility of travel may be more of a causa-
tive factor than the mode of travel itself.”"'

More recently, prolonged seated inactivity related
to either occupation or lifestyle has also been
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associated with increased risk of venous thrombo-
embolism, with associations found with single or
repeated episodes of prolonged computer use,''"?
women with sedentary lifestyles,'* workers sitting in
cramped positions,'> and day-to-day prolonged
work- and computer-related seated immobility.'®!”
In case-control studies of venous thromboembolism
risk factors, we have reported a 1.8— to 2.8-fold
increased risk of deep vein thrombosis and/or pulmon-
ary embolism resulting in hospital attendance asso-
ciated with prolonged seated immobility at work,'®
together with time spent seated at the computer at
home,'” and travelling to and from work.'® Both stu-
dies included a control group selected from patients
presenting to the coronary care unit, whose admissions
were predominantly due to thrombosis in the arterial
system, whilst the cases had thrombosis in the venous
system. However, this approach may have underesti-
mated the risk associated with prolonged seated
immobility, as patients with cardiovascular disease
may be more likely to have a sedentary occupation,
due to limitations placed on them by their co-
morbidity. For this reason, we undertook a further
case-control study to estimate the strength of the
association between venous thromboembolism and
prolonged work- and computer-related seated immo-
bility utilising a different ‘healthy’ control group,
selected on the basis of a presentation to the
Emergency Department with an upper limb injury.
We hypothesised that prolonged sitting at work and
using a computer at home would be associated with a
greater risk of venous thromboembolism than that
observed in our previous case-control studies.

Methods

Cases for the study were from consecutive patients
attending the Capital and Coast District Health
Board venous thromboembolism service outpatient
clinics between October 2011 and January 2013.
For inclusion as a case, the patients needed to be
aged between 18 and 65 years and have a confirmed
diagnosis of venous thromboembolism within the last
six months. With the exception of oncology patients,
the venous thromboembolism service sees most cases
who have presented for diagnosis and management in
both primary and secondary healthcare services. A
diagnosis of venous thromboembolism required con-
firmation by compression Doppler ultrasound, lung
ventilation/perfusion scan, or helical computerized
tomography with pulmonary angiography. Patients
with arterial thromboembolic disease or who had
superficial thrombophlebitis without extension into
the deep venous system were excluded.

Controls were recruited from orthopaedic out-
patient departments at Capital and Coast District
Health Board between February 2011 and April
2013. Patients were eligible if they were aged between
18 and 65 years of age, had suffered a traumatic
upper limb injury within the previous six months
and had no venous thromboembolism, or clinical sus-
picion of venous thromboembolism, within the same
time frame. The choice of upper limb injuries as a
control group was made as this patient group
would come from within the same community as
the venous thromboembolism cases, and, similar to
the venous thromboembolism cases, would present to
the same local emergency department with an acute
event and be managed within an inpatient setting if
indicated, with follow-up care provided in an out-
patient setting.

Cases and controls were matched by sex and age
within five years. All case and control participants
completed an interviewer-administered questionnaire
about demographic data, occupational status, clinical
details of the index case or control event, venous
thromboembolism risk factors, working environment
and sports activities. Venous thromboembolism risk
factors were grouped into categories shown in Table 1.

Prolonged work- and computer-related seated
immobility was defined in two ways. The first was
as a categorical variable; being seated at work, and/
or on the computer at home for at least 10 h within a
24-h period and, within that same period, for at least
2 h without getting up. Subjects had to do this at least
once in the 28 days before the onset of symptoms in
the index event. If participants drove for their occu-
pation (e.g. truck or taxi driver, courier), this was
included in the immobility calculation, but commut-
ing to and from work was not included. The second
definition of work- and computer-related seated
immobility was as continuous variables including
the mean and maximum number of hours seated in
a 24-h period and the maximum number of hours
seated at one time without getting up. This was also
for the 28 days before the onset of symptoms in the
index event.

Occupation was categorized according to
Australia and New Zealand Standard Classification
of Occupations then combined into high and low sed-
entary categories as previously described.!” Medical
records for the cases were reviewed for radiological
confirmation of venous thromboembolism, and to
assess whether seated immobility for travel or at
work were listed as risk factors by the referring
medical professional and/or the assessing doctor at
presentation. Data collection also included whether
the venous thromboembolism event was considered
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Table I. Risk factors for venous thromboembolism.
| Age
2 Sex

4 Personal history of venous thromboembolism — confirmed previous venous thromboembolism event >6 months
prior to inclusion in this study

6 Long-distance travel in the four weeks prior to presentation Air travel: any international flights* Road-based
travel greater than 4h (car, bus, motorbike, camper-van)

8 Medical immobility — general acute or chronic immobility for greater than two days’ duration, other than post-
operatively Includes bed-rest, wheelchair use over the previous four weeks, and overdose with reduced level of
consciousness

10 Pregnancy or hormonal treatment, including hormonal contraceptive, hormone replacement therapy or hormo-
nal antagonist therapy for malignancy

12 Smoking in the four weeks prior to presentation

14 Prolonged work- and computer-related seated immobility — the duration seated at work and at home seated
in front of a computer in the four weeks prior to presentation, defined as seated for at least 10 h in a 24-h period
and at least 2 h at a time without getting up, at least once in the four weeks before presentation

?International flights: from New Zealand this is equivalent to sitting in a plane for at least 4 h.

to be idiopathic, whether a thrombophilia screen had
been requested, and any subsequent results.

Statistical methods

Univariate logistic regression was used to measure
the strength of the association between case-control
status and other explanatory variables. For the con-
tinuous variables, the difference in mean values was
also assessed with a simple #-test. In a multivariate
logistic regression, the predictor variables for case-
control status were one or more episodes of pro-
longed work- and computer-related immobility in
the 28 days prior to the index event, maximum
hours using a computer in one day, average hours
of computer use in one day, and maximum and

average hours using a laptop in one day. These
were adjusted for pre-specified confounding vari-
ables: body mass index >30kg/m? a personal history
of venous thromboembolism, a family history of
venous thromboembolism, and any of the following
within the 28 days prior to the development of symp-
toms of the index event; immobility, surgery, cast
immobilisation, air travel and/or road travel, and
strenuous exercise in the 28 day period prior to the
index event.

Power calculation

Based on previous studies,'®!” we anticipated

that 10-15% of controls would meet the categorical
definition  for prolonged seated immobility.
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It was anticipated that a sample size of 400 (200
cases and 200 controls) would give 80% power to
detect an odds ratio for risk of 2.0 if the control
rate was 15%, and an odds ratio for risk of 2.25 if
the control rate were 10%, with a type 1 error rate
of 5%. These odds ratios were based on the previ-
ous studies in which similar categorical variables
for prolonged seated immobility were associated
with venous thromboembolism, with odds ratios
of 1.8 (95% CI 0.71 to 4.8)'° and 2.8 (95% CI
1.2 to 6.1, P=0.013)."7
SAS version 9.3 was used.

Results

Of 206 possible cases approached to take part in the
study 4 declined, and 2 were excluded as they did not
have radiologically confirmed deep vein thrombosis
or pulmonary embolism, leaving 200 cases for ana-
lysis. The mean age (SD) of the cases was 46.1 (12.7)

years, and 93 were female. There were 136 index deep
vein thromboses; 121 in the lower limb (53 proximal,
67 distal and 1 unspecified), 14 in the upper limb and
1 abdominal. There were 71 cases of pulmonary
embolism (seven of whom also had confirmed deep
vein thrombosis); 14 were sub-massive (large throm-
bus burden with a troponin T rise or evidence of right
ventricular strain), and 4 were massive (large throm-
bus burden with syncope and/or systolic blood pres-
sure less than 90 mmHg).

Of 250 possible controls approached, 27 declined
and 23 were unable to be matched with the cases,
leaving 200 age and sex-matched controls. The
mean (SD) age of the controls was 45.9 (13.1) years,
and there were 93 females. There were 154 fractures,
15 sprains, 31 ‘other’ injuries (e.g. dislocation, lacer-
ation). Most injuries (58%) were distal.

The univariate analysis of the association between
the different risk factors and venous thromboembol-
ism is shown in Table 2. Increased risk of venous

Table 2. Characteristics of study participants and univariate odds ratios between potential risk factors and venous

thromboembolism.

N/200% (%)

Univariate odds ratio

Body mass index greater than 30

73 (36.5)

Control

56 (28.0)

OR (95% Cl)
.48 (0.97 to 2.25) 0.07

Family history venous thromboembolism

40 (20.0)

24 (12.0) 1.83 (1.06 to 3.15) 0.031

Medical immobility

43 (21.5)

4(20) 13.4 (4.7 to 3822) <0.001

Surgery 34 (17.0) 3 (1.5) 13.4 (4.1 to 44.6) <0.001

International air travel 28 (14.0) 17 (8.5) 1.75 (0.93 to 3.32) 0.085

Prolonged work- and computer-related
seated immobility

36 (18.0) 31 (15.5) 120 (0.71 to 2.03) 0.50

Varicose veins 39 (19.5) 39 (19.5) 1 (0.61 to 1.64) 0.99

Sedentary occupation 137 (68.5) 96 (48.0) 1.33 (0.87 to 2.05) 0.19

?n =200 for cases and controls unless stated.
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Table 3. Univariate and multivariate associations between components of seated immobility and venous thromboembolism event.

Mean (SD)

Control

OR (95% Cl) P value

Univariate Multivariate®

Mean work/computer
seated (per hour)

5.5 (3.8)

46 (3.9)

1.06 (1.0l to 1.12) 0.02 1.08 (1.0l to 1.6) 0.02

Mean laptop on lap (per hour) 0.6 (1.5)

0.4 (1.2)

1.09 (0.94 to 1.27) 0.25 1.16 (0.95 to 1.41) 0.15

N/200 (%)

Prolonged work- and computer-related
seated immobility®

36 (18.0)

31 (15.5)

1.18 (0.56 to 2.48) 0.67

1.20 (0.71 to 2.03) 0.50

?All adjusted for body mass index greater than 30, personal history of venous thromboembolism, family history of venous thromboembolism,
immobility, surgery, use of cast, recent air travel, recent road travel and exercise status.

®Prolonged work- and computer-related seated immobility — defined as seated in front of a computer, at work or at home, for at least 10h in a 24-h
period and at least 2 h at a time without getting up, at least once in the four weeks before presentation.

thromboembolism was observed with recognised risk
factors including personal or family history of venous
thromboembolism, medical-related immobility, preg-
nancy or hormone therapy, surgery, trauma or cast
immobility. For travel, road travel but not inter-
national air travel was associated with an increase
in venous thromboembolism risk, with odds ratios
of 1.80 (95% CI 1.10 to 2.95) P=0.02 and 1.75
(95% CI 0.93 to 3.32) P=0.085, respectively. There
was no significant association between prolonged
work- and computer-related seated immobility and
venous thromboembolism risk, odds ratio 1.20
(95% CI 0.71 to 2.03) P=0.50.

The univariate and adjusted multivariate associ-
ations between venous thromboembolism and both
categorical and continuous measures of work- and
computer-related seated immobility are shown in
Table 3. In the multivariate analyses, prolonged
work- and computer-related seated immobility
expressed as a categorical variable was not associated
with venous thromboembolism with an odds ratio of
1.18 (95% CI1 0.56 to 2.48) P=0.67. As a continuous
variable, each 1h increase in mean hours seated
within a 24-h period was associated with venous
thromboembolism with an odds ratio of 1.08 (95%
CI 1.01 to 1.60) P=0.023. For travel, international
air travel but not road travel was associated with an
increase in venous thromboembolism risk, with odds
ratio of 2.6 (95% CI 1.12 to 6.3) P=0.026 and 1.6

(95% CI 0.77 to 3.32) P=0.21, respectively, in the
multivariate analyses.

Table 4 shows the occupational groups of cases
and controls. Sedentary occupations (managers, pro-
fessionals, clerical and administrative workers) com-
prised 68.5% of cases and 48% of controls. Amongst
the cases and controls, women were not more likely
to be employed in sedentary occupations than men,
with 55 of 137 (40%) and 47 of 96 (49%) of sedentary
roles occupied by women in the cases and controls,
respectively. However, within sedentary occupations,
women were more likely than men to be clerical and
administrative workers (17 of 29 cases and 14 of 20
controls), and men were more likely to be managers
and professionals (70 of 108 cases and 43 of 76 con-
trols). There was no significant association between
venous thromboembolism and sedentary occupation
with odds ratio of 1.33 (95% CI 0.87 to 2.05)
P=0.19.

Discussion

This case-control study has found a weak association
between prolonged work-and computer-related
seated immobility and venous thromboembolism
risk. Although the point estimates for all the categor-
ical and continuous variables were consistent with an
increased risk, only the measurement of seated immo-
bility defined as the mean number of hours seated in a
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Table 4. Study participants by occupational group and sex, N =200 for both cases and controls.

Cases n (%)

Controls n (%)

Female Female

Sedentary occupations

Professionals 82 (41.0) 51 (255) 31 (155  55(275) 28 (140) 27 (I13.5)

47 (23.5)

Total sedentary 137 (685) 82 (41.0)  55(27.5) 96 (48.0) 49 (24.5)

Technicians and trade workers 9 (4.5) 6 (3.0) 3 (1.5) 22 (11.0) 18 (9.0) 4 (2.0)

Sales workers 6 (3.0) 2 (1.0) 4 (2.0) Il (5.5) 420 7 (3.5)

Labourers 8 (4.0) 420 4 (2.0) Il (5.5) IG5 -

Total non-sedentary 63 (31.5)

24-h period was statistically significant, with the odds
ratio for risk increasing by 1.08 for each 1h longer
seated in a 24-h period.

These findings complement the previous case-
control studies undertaken by our group, which
utilised similar criteria for prolonged work- and com-
puter-related seated immobility, but a different con-
trol group.'®!” In the previous studies, we selected
controls from patients presenting to coronary care
unit, based on the landmark case-control study on
traveller’s thrombosis® and recognition of common
risk factors for venous thromboembolism and ath-
erosclerosis.'”'® We hypothesised that this coronary
care unit group might result in an underestimation of
the risk associated with prolonged seated immobility
as such patients may be more likely to have a seden-
tary occupation due to limitations placed on them by
their cardiovascular disease. For this reason, we
chose a different control group, a ‘healthy’ group pre-
senting to the Emergency Department with upper
limb injury in whom there was no clinical suspicion
of venous thromboembolism. In addition to age, we
also matched by sex in the current study, due to the
possibility that women were more likely to be in sed-
entary employment. This did not turn out to be the
case with a similar proportion of men and women

37 (18.5)

26 (13.0) 104 (52.0) 59 (29.5) 45 (22.5)

reporting a sedentary occupation in the control
group.

In this study, using fracture clinic patients as the
control group resulted in a greater proportion of con-
trols having prolonged seated immobility than in the
previous study with the coronary care unit-derived
controls (15.5 vs. 9.6% in fracture controls and cor-
onary care unit controls, respectively). In contrast,
the proportion of venous thromboembolism cases
reporting prolonged seated immobility was similar
(18.0 vs. 16.8%, respectively). The use of the fracture
clinic control group may have unexpectedly been
inappropriate, as this group may have an association
with immobility and their risk of upper limb fracture,
perhaps related to reduced bone density secondary to
immobility, or a greater tendency to fall and injure
themselves because of less physical fitness and bal-
ance. It is possible the selection of controls derived
from coronary care unit may be preferable, on the
basis that it may be more representative of the popu-
lation at risk of presentation to hospital with a
venous thrombosis.'”'®

It seems likely that although convenient to
treat seated immobility as a dichotomous variable,
this may lose information relevant to a causal
relationship between this behaviour and venous
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thromboembolism. We anticipated this might be the
case and as previously, we also examined continuous
variables relating to the total duration of being seated
and the duration seated at a particular time, both of
which contribute to the venous thromboembolism
risk with prolonged seated immobility associated
with long-distance air travel.* These included the
association with the mean duration of seated immo-
bility, in addition to the maximum duration on a
single occasion, to obtain a measure of the burden
of seated immobility over a 28-day period. Also, we
examined the association with laptop use, in addition
to computer use while seated. For these continuous
variables, the point estimates all favoured an associ-
ation between measures of prolonged seated immo-
bility and venous thromboembolism risk, although
only the mean number of hours seated in a 24-h
period was statistically significant.

We also assessed the role of seated immobility at
work by crude classification of individuals into high-
and low-sedentary occupations. Sedentary occupa-
tions, including managers, professionals (including
information technology) and clerical and administra-
tive workers, had a point estimate of association of
an odds ratio of association with venous thrombo-
embolism of 1.3 compared to non-sedentary occupa-
tions. This is consistent with our previous finding of
an odds ratio for association of with venous
thromboembolism of 1.7 in the same sedentary occu-
pational groups. In our previous work, however, the
association was not significant after adjusting for
other confounding variables including prolonged
seated immobility at work and at a computer at
home. This suggests that prolonged sitting rather
than other aspects of the occupation is related to
the association. This is also consistent with the find-
ings of a Danish cohort study based on national
registers that reported that drivers potentially
exposed to prolonged cramped sitting at work were
at a 1.28-fold greater risk of pulmonary embolism
than a socioeconomically comparable group of con-
struction workers with more dynamic physical work
demands."® It is unclear why the incidence of venous
thromboembolism is not increased in long-haul com-
mercial airline pilots, who are also exposed to pro-
longed periods of sitting.'®

We assessed seated immobility only as it related to
work and recreational computer use. We did not
include immobility related to television watching,
video-gaming, or tablet technology, nor did we
include non-screen-based activities such as reading.
Thus, we did not assess the potential role of these
or other forms of seated immobility and venous
thromboembolism risk and cannot be sure that
other immobility-related behaviours were not more

prevalent in one group than the other. A comprehen-
sive retrospective study to assess all of these activities
is likely to be difficult due to their variability and the
uncertainty with recall.

Travel represented the other risk factor related to
prolonged seated immobility that was assessed in our
study. We observed a significantly increased risk of
road travel >4 h in the univariate, but not the multi-
variate analyses, and a significantly increased risk of
international air travel in the multivariate but not the
univariate analyses. Together with the observation
that long-distance road travel was about twofold
more common than long-distance air travel, these
findings illustrate the importance of considering all
forms of long-distance travel, rather than just air
travel in assessing venous thromboembolism risk.
This interpretation is consistent with the findings of
the landmark case-control study of travel and venous
thromboembolism risk, in which travel >4h in the
four weeks preceding presentation was associated
with a fourfold increased risk of venous thrombo-
embolism, with about two-thirds of cases related to
car travel.® Similarly, the large population-based
case-control study from the Netherlands reported
that the venous thromboembolism risk for flying
was similar to the risks of travelling by car, bus or
train, and long-distance car travel was the most
common form of travel in this population.’

These findings of increased risk of venous thrombo-
embolism with seated immobility in a growing range
of contexts, (occupational, recreational computer use,
air travel, road travel), suggest that clinicians should
consider seated immobility thrombosis in its widest
context when assessing risk for venous thromboembol-
ism. This is all the more important when individuals
may present with more than one context in which they
are seated for prolonged periods of time.

The clinical relevance of our findings is suggested
by the recognition that if protracted seated immobil-
ity is not identified as a possible risk factor for venous
thromboembolism, then in these settings venous
thromboembolism may be classified as idiopathic.
This could then lead to recommendations for indef-
inite, rather than time limited, anticoagulation with
its concomitant risks, and failure to give lifestyle
modification advice to reduce the risk of recurrence.

Conclusions

This study provides some evidence that prolonged
work- and recreational-computer use is associated
with venous thromboembolism, particularly as
mean hours seated in a 24-h period increases. This
type of immobility is unlikely to be recognised in clin-
ical settings and could lead to misclassification of
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venous thromboembolism as idiopathic, leading to
prolonged, inappropriate anticoagulation and a
missed opportunity to address modifiable risk factors.

Declarations
Competing interests: None declared

Funding: This study was funded in part by Lifeblood, the
Thrombosis Charity. The first author was funded through the
New Zealand Health Research Council (HRC) by way of a
Clinical Training Fellowship to undertake a PhD (14/040), and
the Medical Research Institute also receives funding from the
HRC through the Independent Research Organisations
Capability Fund (14/1002). The funding parties had no involve-
ment in the design or preparation of the study, collection, analysis
and interpretation of the data or the decision to submit for
publication.

Ethical approval: This study was approved by the New Zealand
Health and Disability Ethics Committee (Central): CEN/09/04/013.

Guarantor: IB had access to all the data on the study and takes
responsibility for the integrity of the data and accuracy of the data
analysis. The statistical analysis was undertaken by MW.

Contributorship: Study concept and design: BH, LC, BH, MW,
RB. Acquisition of Data: IB, LC, MM. Drafting of the
manuscript: RB, IB, MW. Critical revision of the manuscript for
important intellectual content: all authors. Statistical analysis:
MW. Administrative, technical and material support: all authors.
Study supervision: RB.

Acknowledgements: We would like to thank Matthew
McKenzie who collected data for this study as part of a summer
studentship between November 2012 and January 2013. We would
like to thank all participants for their time and participation in this
study. Our thanks to Lifeblood, the Thrombosis Charity and the
Health Research Council for their financial support of this study.

Provenance: Not commissioned; peer-reviewed by Joseph
Yikona

References

1. Virchow R. Die Cellularpathologie in ihrer Begrundung
auf  physiologische und pathologische Gewebelehre.
Berling: Hirschwald, 1853.

2. Simpson K. Shelter deaths from pulmonary embolism.
Lancet 1940; 236: 744.

3. Perez-Rodriguez E, Jimenez D, Diaz G, Perez-Walton I,
Luque M and Guillen C. Incidence of air travel-related
pulmonary embolism at the Madrid-Barajas airport.
Arch Intern Med 2003; 163: 2766-2770.

4. Lapostolle F, Surget V, Borron SW, Desmaizieres M,
Sordelet D, Lapandry C, et al. Severe pulmonary embol-
ism associated with air travel. N Engl J Med 2001; 345:
779-783.

5. Paganin F, Bourde A, Yvin JL, Genin R, Guijarro JL,
Bourdin A, et al. Venous thromboembolism in passen-
gers following a 12-h flight: a case-control study. Aviat
Space Environ Med 2003; 74: 1277-1280.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hughes RJ, Hopkins RJ, Hill S, Weatherall M, Van de
Water N, Nowitz M, et al. Frequency of venous
thromboembolism in low to moderate risk long dis-
tance air travellers: the New Zealand Air Traveller’s
Thrombosis (NZATT) study. Lancet 2003; 362:
2039-2044.

Hitos K, Cannon M, Cannon S, Garth S and Fletcher
JP. Effect of leg exercises on popliteal venous blood
flow during prolonged immobility of seated subjects:
implications for prevention of travel-related deep vein
thrombosis. J Thromb Haemost 2007; 5: 1890-1895.
Ferrari E, Chevallier T, Chapelier A and Baudouy M.
Travel as a risk factor for venous thromboembolic dis-
ease: a case-control study. Chest 1999; 115: 440-444.
Cannegieter SC, Doggen CJ, van Houwelingen HC and
Rosendaal FR. Travel-related venous thrombosis:
results from a large population-based case control
study (MEGA study). PLoS Med 2006; 3: ¢307.
Kesteven P and Robinson B. Incidence of symptomatic
thrombosis in a stable population of 650,000: travel
and other risk factors. Aviat Space Environ Med 2002;
73: 593-596.

Beasley R, Raymond N, Hill S, Nowitz M and Hughes
R. eThrombosis: the 21st century variant of venous
thromboembolism associated with immobility. Eur
Respir J 2003; 21: 374-376.

Beasley R, Heuser P and Masoli M. One name to rule
them all, one name to find them: Lord of the Rings and
‘seated immobility thromboembolism (SIT) syndrome’.
N Z Med J 2003; 116: U498.

Beasley R, Heuser P and Raymond N. SIT (seated
immobility thromboembolism) syndrome: a 21st cen-
tury lifestyle hazard. N Z Med J 2005; 118: U1376.
Kabrhel C, Varraso R, Goldhaber SZ, Rimm E and
Camargo CA Jr. Physical inactivity and idiopathic pul-
monary embolism in women: prospective study. BMJ
2014; 343: d3867.

Suadicani P, Hannerz H, Bach E and Gyntelberg F.
Jobs encompassing prolonged sitting in cramped pos-
itions and risk of venous thromboembolism: cohort
study. JRSM Short Rep 2012; 3: 8.

West J, Perrin K, Aldington S, Weatherall M and
Beasley R. A case-control study of seated immobility
at work as a risk factor for venous thromboembolism.
J R Soc Med 2008; 101: 237-243.

Healy B, Levin E, Perrin K, Weatherall M and Beasley
R. Prolonged work- and computer-related seated
immobility and risk of venous thromboembolism. J R
Soc Med 2010; 103: 447-454.

Kuipers S, Venemans-Jellema A, Cannegieter SC, van
Haften M, Middeldorp S, Buller HR, et al. The inci-
dence of venous thromboembolism in commercial air-
line pilots: a cohort study of 2630 pilots. J Thromb
Haemost 2014; 12: 1260-1265.



