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Objective Prolonged seated immobility during long-distance flights is related to an increased risk of venous
thromboembolism (VTE), but little, if anything, is known about the risk related to sedentary work. The objective
of this paper was to examine the risk of VTE according to sitting posture at work.

Methods This prospective study includes a total of 78 936 participants from the Copenhagen City Heart Study
and the Copenhagen General Population Study, all without previous thromboembolic events and aged <65 years.
An assessment of the number of hours spent in sitting position at work was assigned each participant at baseline
using a job exposure matrix. VTE was identified through national patient registries. Survival analyses were
performed to determine the risk of VTE according to sedentary position at work with adjustment for a range of
known determinants including lifestyle and coagulation factors.

Results During the follow-up period of 582 411 person years (mean follow-up, 7.4 years) 911 participants
experienced their first VTE event. Multivariable adjusted analyses showed no difference in risk of VTE between
occupational sitting >6.5 hours/day and occupational sitting <3.5 hours/day (hazard ratio 1.11, 95% confidence
interval 0.92-1.34).

Conclusion This study does not support the hypothesis that sedentary work is a risk factor for VTE in the general
population. Whether certain occupations with particularly high exposure to immobilized sitting positions are
associated with thromboembolic events is not addressed.

Keyterms occupational exposure; thrombosis; VTE.

Venous thrombosis is the formation of a blood clot in
one of the deep veins, usually in the lower limbs. If
detached an embolus is transported in the veins and may
become lodged in the lungs. Venous thromboembolism
(VTE), comprising deep vein thrombosis and pulmonary
embolism, is reported with an incidence of about 1.5 per
1000 individuals per year in high-income countries (1).

VTE has a multifactorial pathogenesis encompass-
ing both inherited and acquired conditions, eg, pro-
longed immobility, including surgery and hospital-
ization, malignancy, obesity, hormone therapy, oral
contraception and Factor V Leiden gene mutation (2—8).
Virchow’s triad describes three main causes of deep
vein thrombosis: changes in blood flow, alterations in
blood viscosity, and abnormalities in the vessel wall

(9, 10). Prolonged standing is thought to increase risk
of venous insufficiency, which can cause leg oedema,
heaviness, and dermatitis. Prolonged sitting may cause
vein compression, which reduces blood flow and thereby
increases the risk of VTE.

Seated immobility thromboembolism is a term used
for all occurrences of VTE related to prolonged seated
immobility during travel, work and recreation. A well-
known risk factor to seated immobility thromboembo-
lism is long-distance air travel (10—12), while a possi-
ble association to prolonged immobility related to work
and computer use has been studied to a lesser extent.
Initially an association was recognized in a number
of case reports and a case series (13—18). Since, three
New Zealand case—control studies have reported one
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significant multivariate odds ratio (OR) for VTE of
2.8 [95% confidence interval (CI) 1.2-6.1], but insig-
nificant multivariate OR for VTE in both the first and
the latest study (19-21). All three studies reported
an increased risk of VTE by 8-10% per hour longer
sitting. The two latest of these studies considered
occupational groups as well and found no association
in the multivariate analyses (20, 21). A Polish study
has found computer use to be a predictor of seated
immobility thromboembolism and an American study
has found a positive association between TV viewing
and VTE risk (22, 23). A Danish register-based cohort
study found that sedentary workers, defined by differ-
ent driver occupations, have a higher risk of VTE than
workers with dynamic exertion at work, with a relative
risk of 1.13 (95% CI 0.99-1.29) (24).

Considering these findings and the overall frequency
of sedentary occupations, the objective of this paper is
to examine if sedentary occupational activity increases
the risk of VTE compared to non-sedentary occupational
activity while taking advantage of the strengths of this
study compared to earlier studies. These strengths com-
prise the study size, the long follow-up time and the
large range of potential confounding factors including
individual risk factors.

Methods

The study population

The present study used data from two Danish prospective
cohort studies: the Copenhagen City Heart Study and
the Copenhagen General Population Study. Participants
invited to the studies were aged >20 years and randomly
selected from the national Danish Civil Registration
System (7, 25). The Copenhagen City Heart Study was
initiated in 19761978, with follow-up examinations in
1981-1983, 1991-1994, and 2001-2003, each of which
invited new participants to further supplement the cohort.
The Copenhagen General Population study was initiated
in 2003 with ongoing enrolment. Both studies obtained
data from self-administered questionnaires, reviewed by
an examiner, physical examinations, and blood samples.

Participants with a VTE diagnose prior to examination
date were excluded together with participants aged >65
years as this is the standard retirement age in Denmark
(figure 1). Eligible participants were followed from 1
January 1977 or the date of entry into the study, which-
ever came latest, until one of the following occurred: first
VTE event, death, emigration, age 65 or end of follow-up
(31 December 2015).

Participants in the Copenhagen City
Heart Study 18,974

Participants in the Copenhagen
General Population Study * 109,277

Figure1.Flowdiagramforeligible participants
from the Copenhagen City Heart Study and
the Copenhagen General Population Study,

Participants in total
128,251

Denmark, 1977-2015. @ Only participants
completing a questionnaire are included.
® Results from the first examination date
are kept. ¢ The upper age limit of 65 years
is chosen as this is the standard retirement

H Duplicates deleted ® 502

age in Denmark. ¢ The Danish version of the

Participants without duplicates
127,749

Standard Classification of Occupations.¢End
of follow-up due to either emigration or end
of study follow-up on 31 December 2015.

Participants aged 65 or above ©

36,627

Participants aged below 65
91.122

Exclusion due to unknown
DISCO ¢

10,943

Participants assumed not to be retired
80,179

Exclusion due to previous events

999

Participants with no previous events
79,180

Participants with end of follow-up
before examination date © 244

Eligible participants
78.936
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Information on deep vein thrombosis and pulmonary
embolism diagnoses were obtained from the National
Patient Registry, containing information on all in and out
patient contacts in Denmark from 1 January 1977 until 9
March 2017, and the Danish Register of Causes of Death,
containing information on all deaths in Denmark from 1
January 1977 until 31 December 2015. International Clas-
sification of Disease (ICD) codes were used to identify
events, ICD-8 codes classifying diagnoses in the time
period 1977-1993 and ICD-10 codes from of 1 January
1994 (ICD-8 codes 451.00, 451.08-09, 451.90, 451.92,
671.01-03 and 671.08-09 for deep vein thrombosis and
450.99 and 673.99 for pulmonary embolism; ICD-10
codes 180.1-3, 022.3 and O87.1 for deep vein thrombosis
and 126.0, 126.9 and O88.2 for pulmonary embolism).

Occupational sitting

We constructed a job exposure matrix (JEM) link-
ing occupational sitting hours to the Danish version
of Standard Classification of Occupations (DISCO)
using data from the Danish Work Environmental Cohort
Study (26). The Danish Work Environmental Cohort
Study systematically maps health and working condi-
tions among Danish employees and takes place every
fifth year (since 1990) and comprising information on
>10 000 adults in Denmark. Through questionnaires
occupational sitting was measured by the question
“Does your job involve sitting?” and the following six
response categories: almost all the time, approximately
% of the time, approximately % of the time, approxi-
mately % of the time, rarely, and never. As a standard
Danish working day is 8 hours, this was converted into
the corresponding values: 8, 6, 4, 2, and 0 hours. The
JEM was defined as the mean of self-reported occupa-
tional sitting hours within every DISCO code and linked
to the study population. A categorical variable was then
created dividing occupational sitting hours in three with
the following cut-offs: >6.5, 3.5-6.5, and <3.5 hours, the
first category representing sedentary work.

Covariates

Information on age and sex was obtained from the social
security number. The self-registered questionnaire pro-
vided baseline information on smoking status (divided
into never, former, and current smokers), alcohol intake
(daily, weekly, monthly, or never), leisure time activ-
ity level per week (<2 hours exercise, 2—4 hours light
exercise, 2—4 hours demanding exercise or >4 hours
exercise), education (<9 years for elementary, 10—12
years for high school, or >12 years for academic),
use of hormones (oral contraception and oestrogens)
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and menopause (yes/no). At the physical examinations
height (m), weight (kg) and systolic/diastolic blood
pressure (mmHg) was measured (25). Body mass index
(BMI) was calculated as weight (in kg) divided by
height (in meters) squared. Biochemical analysis of
blood samples provided data on blood concentrations
of the following constituents considered of interest
for this study: total cholesterol, HDL cholesterol, LDL
cholesterol, triglycerides, glucose, C-reactive protein,
erythrocyte volume fraction, thrombocytes, coagula-
tion factors [I+VII+X, fibrinogen, complement C3, and
Factor V Leiden (8, 27, 28). Information on cancer,
cardiovascular disease, major surgery, and births was
collected from the National Patient Registry.

Statistical analyses

Throughout analyses, data from the first examination
the participants attended was used and the continuous
variables systolic and diastolic blood pressures, BMI
and blood concentrations were divided into tertiles
(table 1 and supplementary tables S1-2, www.sjweh.fi/
show_abstract.php?abstract id=3841). Time-depen-
dent risk factors include three binary (0/1) variables;
one taking the value 1 within one year before or after
the onset of any cancer, another takes the value 1 within
three months before any major surgery and the third
takes the value 1 nine months before or 3 months after
giving birth (table 1). A categorical variable, divided
into decades, was created on basis of examination date
to adjust for calendar time.

Cox proportional hazards models were fitted, allow-
ing for time varying covariates, with age as time scale.
Results were reported as hazard ratios (HR) with 95%
ClIs and throughout analyses the group of less occupa-
tional sitting (<3.5 hours) was used as reference. Some of
the well-established risk factors for VTE were selected
a priori to an initial multivariate model including age,
sex, smoking status, education, use of hormones, BMI,
cancer, cardiovascular disease, births, and major surgery.
With respect to the initial model remaining covariates,
except Factor V Leiden, were tested stepwise, including
only those with a statistical significance level <0.01 in
the final model. A priori defined interaction terms were
added to the final model to test for interactions between
occupational sitting and leisure time activity level, BMI,
sex, and age, respectively.

To ensure correct assumptions to the final model
several sensitivity analyses were carried out, including
Factor V Leiden, genotyped in 55% of the population,
analysis on imputed data and starting the risk time at the
age of 50 years as it is expected that most events will
occur at older ages.

Imputation on missing values was performed by
Markov chain Monte Carlo method with all variables
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Table 1. Baseline characteristics for participants in the Copenhagen
City Heart Study and the Copenhagen General Population Study, Den-
mark, 1977-2015.

Characteristic Self-reported occupational sitting

during a workday (hours)

26.5 3.5-6.5 <3.5
N % N % N %

Overall size 9090 11 35392 45 34454 44
Age (years)

20-29 338 4 1289 3 2342 7

30-39 812 9 3088 9 3077 9

40-49 3349 37 12006 34 10179 29

50-59 3049 33 12617 36 12444 36

60-64 1542 17 6392 18 6412 19
Sex

Men 4090 45 16248 46 13865 40

Women 5000 55 19144 54 20589 60
Smoking status

Current 1574 17 7587 22 11007 32

Former 3049 34 12151 34 11160 32

Never 4090 45 14283 40 11334 33

Missing 377 4 1371 4 953 3
Education (years)

Elementary (1-9) 855 9 5199 15 11325 33

High school (10-12) 5514 61 21453 61 17053 50

Academic (>12) 2705 30 8665 24 5983 17

Missing 16 0 7% 0 93 0
Use of hormones® 935 19 3766 20 3991 19
Missing 44 1 222 1 300 1
Body mass index (kg/m?) ¢

<23.8 3290 36 12829 36 12234 36

23.8-27.1 3116 34 11951 34 10633 31

>27.1 2665 30 10540 30 11489 33

Missing 19 0 772 0 98 0
Any cancer 833 9 3435 10 3562 10
Any cardiovascular disease 1033 11 4124 12 4311 13
Major surgery 6446 71 24812 70 25036 73
Births ¢ 3269 65 11555 60 11836 57

20nly a priori defined variables are shown.

®Hormones comprise oral contraception and hormone replacement therapy
among women.

¢Values are tertile cut off points

4Number of women who have given birth.

of the final models as predictors.
All statistical analyses were performed in SAS 9.4
statistical software (SAS Institute, Cary, NC, USA).

Results

A total of 78 936 eligible participants were included in
the study. Of these, 897 (1%) were drivers, 24 577 (31%)
were sitting >6.0 hours equaling % of the workday, and
9090 (11%) were categorized in occupational sitting
>6.5 hours (table 1). The follow-up period was 582 411
person years in total (mean follow-up, 7.4 years) and
79% of the participants had <10 years of follow-up.
During this time, 911 participants experienced their
first venous thromboembolic event with an average age
of 48.3 years (table 2). Complete case data consists of
60 120 (76%) participants, blood samples account for
80% of the missing data and smoking status 14%. Well-
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Table 2. End of follow-up description and follow-up time for partici-
pants in the Copenhagen City Heart Study and the Copenhagen Gen-
eral Population Study, Denmark, 1977-2015. [VTE=venous thrombo-
embolism].

Self-reported occupational sitting
during a workday (hours)

26.5 3.5-6.5 <3.5 Total
N % N % N % N %
First VTE event 95 1 382 1 434 1 911 1
Deaths? 151 2 770 2 1260 4 2181 3
Emigration 58 1 187 1 157 0 402 1
Retirements® 2236 25 11233 32 12610 37 26079 33

58546 10 250122 43 273743 47 582411 100

2Deaths due to other causes than events.
b Retirement is set by the age of 65 years.
¢Follow-up is given in person-years.

Follow-up time ¢

established risk factors were found to be associated to
increased risk of thromboembolic events (figure 2).

Venous thromboembolism and occupational sitting
(complete case analyses)

Univariate analyses showed a decreased risk of throm-
boembolic events in employees with sedentary work, but
when adjusting for covariates no association was found
(table 3). Multivariate analyses showed insignificant HR
of 1.11 (95% CI 0.92—1.34) for occupational sitting >6.5
hours/day and 0.94 (0.83—1.07) for occupational sitting
3.5-6.5 hours/day.

Within the group of high occupational sitting (>6.5
hours), the three most frequent DISCO classifications are
accounting, sales, and financing which represents 33%.

Interactions

No significant interactions between occupational sitting
and the covariates sex, age, BMI, and activity level in
leisure time, respectively, were found.

Sensitivity analyses

When further adjusting for Factor V Leiden or changing
retirement age from 65 to either 60 or 70 years results
were consistent. Imputation of the missing data yielded a
borderline insignificant HR of 1.16 (95% CI 1.00-1.36)
for occupational sitting >6.5 hours (table 3), resembling
primary results.

At least two examinations are available for 12%
of the study population (N=9 766), and, of these, 10%
changed category of occupational activity to less active,
9% changed to more active, and 81% remained in the
same category of occupational activity. Inclusion of
data from repeated examinations, thereby allowing
participants to change level of occupational sitting and
covariate status during the follow up period, resulted in a
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HR (95% CI)

Sex Men 1
Women - 0.6 (0.5-0.8)
Age 20-29 years 1
30-39 years — 2.6 (1.5-4.6)
40-49 years P 43(2.5-74)
50-59 years —— 6.0 (3.4-10.4)
60-64 years . 4.6 (2.6-8.3)
Smoking status Never 1
Former = 1.0 (0.9-1.2)
Current - 1.4 (1.2-1.6)
BMI (tertiles) <23.8 kg /m? 1
23.8-27.1 kg /m? - 1.4 (1.2-1.6)
>27.1 kg /m? . 1.4 (1.2-1.7)
Other Birth — s 5.3 (2.3-12.5)
Operation R 19.1 (15.1-24.0)
Cancer —— 4.8 (3.8-6.0)
T T T —
0 5 10 20 30

Figure 2. Risk of venous thromboembolism in well-established risk factors among participantsin the Copenhagen City Heart Study and the Copenhagen General

Population Study, Denmark, 1977-2015. [BMI=body mass index; Cl=confidence interval; HR=hazard ratio.]

HR of 1.21 (95% CI 0.75-1.95) for occupational sitting
>6.5 hours, similar to the primary results.

Participants aged >50 years account for 657 events
(72%) and 332 296 (57%) years of follow-up. Results
from analyses on this subgroup yielded a HR of 1.07
(95% C1 0.87—1.33) for occupational sitting >6.5 hours,
consistent with primary results.

Table 3. Hazard ratios (HR) for venous thromboembolism according to
occupational sitting hours among participantsin the Copenhagen City
Heart Study and the Copenhagen General Population Study, Denmark,
1977-2015. [Cl=confidence interval.]

Analysis Self-reported occupational sitting
during a workday (hours)
26.5 3.5-6.5 <35

HR 95% Cl HR 95% Cl HR
Univariate 0.87 0.74-1.02 0.81 0.74-0.89 1.00
Multivariate
Chosen variables ® 1.08 0.92-1.27 0.95 0.87-1.05 1.00
Significant variables® 111 0.92-1.34 094 0.83-1.07 1.00
Imputation on missing 1.16 1.00-1.36 1.04 0.95-1.14 1.00
values

2Chosen a priori defined variables are sex, age, smoking, education, use of
hormones, body mass index, cancer, cardiovascular disease, births, and
major surgery.

®Variables included consist of chosen variables plus variables yielding a
P<0.01: alcohol, activity level in leisure time, menopause, blood cholesterol,
blood fibrinogen, blood coagulation factors [1+VII+X, blood thrombocytes,
blood C-reactive protein, and blood complement C3.

Discussion

This study does not support the hypothesis that sedentary
work is a risk factor for VTE in the general population.

This study found that 31% of the population sits
more than % of their workday, which is in line with
previous findings (29). Several studies have indicated
that prolonged immobility related to work and computer
use is a risk factor for VTE, considering a minimum of
8 hours sitting during a day, whereas the present study
has a cut-off at 6.5 hours sitting in the group of high
occupational sitting and moreover did not account for
immobilized sitting (19-22). It is possible that it is the
quantity of prolonged sitting within a sedentary occupa-
tion, which increases the risk of VTE; as suggested by
Healy et al (20) who found an increased risk of VTE for
every hour longer sitting and for those who ate lunch at
their desk (20).

When considering occupational groups Healy et
al and Braithwaite et al found no association between
occupations classified as sedentary and VTE (19-22).
However, their classification put drivers into the less
sedentary category, which is inconsistent with Suadicani
et al (24) who found an increased risk of VTE in a sed-
entary occupational group based on drivers of various
vehicles. This shows that the definition of a sedentary
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occupation might vary somewhat across studies. In the
present study, no sub analyses on drivers were carried
out as they represent 1% only of the study population.
The three most frequent occupations in the high seden-
tary work group represent one third and are high-skilled
white-collar workers, thus sedentary work represents a
wide-range category of primarily office work, which
might involve frequent interruptions, resulting in an
attenuation of a possible association.

Blood samples representing the majority of miss-
ing data were added in the latest examination round,
and thus not examined in participants only attending
the first rounds of examination. Furthermore, the vast
majority in these rounds are newly invited participants.
Therefore, analyses of blood samples for fibrinogen,
coagulation factors [I+VII+X, thrombocytes, C-reactive
protein, blood complement C3, and Factor V Leiden are
presumed to be missing at random (supplementary table
S2). As results on imputed analysis resembles results
from primary complete case analyses this presumption
is validated.

The highest age group has a comparatively low HR
(figure 2). Participants are invited to the examinations
regardless of labor market participation, but those of
the invited who participate might represent the healthier
part, thus suggesting a healthy participant effect.

Information on traumas and long-term hospitaliza-
tions, representing possible confounders, is not available
in the present study. By including major surgery, though,
a part of these cases might be addressed.

Strengths

The size of the cohort is a major strength of the study. So
is the prospective design in which data on occupational
sitting was collected before onset of a VTE diagnosis,
excluding participants with a VTE episode prior to start
of follow-up. Contrary to earlier studies, it was possible
to adjust for a large number of confounders. Significant
increased risk of VTE found in covariates that are well-
established risk factors for VTE supports the validity of
the present study.

Limitations

Although the category of highest occupational sitting
(>6.5 hours/day) only constitutes 11% of the study
population, it might represent a too wide-range group of
occupations, thereby reducing the feasibility to identify
potential associations between some highly sedentary
occupational groups, eg, drivers, and VTE

Using self-reported occupational sitting hours may
potentially lead to misclassification bias, but when used
in large population-based studies, an acceptable validity
to this measure has been reported (30, 31).
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VTE diagnoses in the National Danish Patient Reg-
istry have reported a positive predictive value of 0.59
(32). If random, this would not affect the results. How-
ever, the positive predictive value was found to be lower
among women compared to men. This introduces a
potential for misclassification bias as there is an uneven
distribution of sex across categories of occupational sit-
ting hours. For example, women representing a smaller
part in the highest occupational sitting category (>6.5
hours/day) than the less occupational sitting category
(<3.5 hours/day), causing the positive predictive value to
be lower for physically active work than sedentary work,
may bias effect estimates towards the null.

The analyses were based on data from the first exam-
ination as follow-up examinations are only available for
12% of the participants and, therefore, do not consider
any changes in occupational sitting over time. However,
81% in the subset of participants with at least two con-
secutive examinations remained in the same category
of occupational sitting. Furthermore, as there are about
ten years between consecutive examinations and 79%
of the participants had a follow-up period of ten years
or less, considering baseline data only most likely does
not change the data for analyses in the greater part of the
study population. In addition, results from the sensitiv-
ity analyses including activity level data from repeated
examinations are similar to those for the primary results.

The study includes mainly Caucasians of European
descent, recruited from the Metropolitan region in Den-
mark. All categories of occupational sitting are repre-
sented, and we are not to believe that risk profiles should
change across the country. There is no data suggesting
different outcomes in other populations.

Concluding remarks

The findings of this study indicate that there is no link
between sedentary work and the risk of VTE when
sedentary work is defined as occupational sitting >6.5
hours/day. More studies should address the risk of VTE
in selected highly immobilized occupations such as
drivers.
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and the Copenhagen General Population Study gave
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