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Chapter 2

ABSTRACT

Background: The risk of venous thrombosis associated with major illnesses is not well
known, as is the combined effect of immobilization, and thrombophilia. The aim of this study
was to assess the effect on the development of venous thrombosis of several major illnesses
in combination with immobilization, BMI, and thrombophilia to identify high-risk groups that
may provide a basis for personalized prevention.

Methods: This study included 4311 consecutive patients with a first episode of venous
thrombosis and 5768 controls from a case-control study (MEGA study). We calculated odds
ratios (ORs) for venous thrombosis for patients with a self-reported history of major ilinesses.

Results: Venous thrombosis risk was increased for all investigated major illnesses: liver
disease (OR) 1.7 (95%Cl 1.0-2.9), kidney disease 3.7 (95%CI 2.3-5.9), rheumatoid arthritis
1.5 (95%CIl 1.2-1.9), multiple sclerosis 2.4 (95%CI 1.3-4.3), heart failure 1.7 (95%CI 1.2-2.3),
hemorrhagic stroke 4.9 (95%CI 2.4-9.9), arterial thrombosis 1.5 (95%CI 1.2-1.8), and in the
presence of any of the above major illnesses 1.7 (95%CI 1.5-1.9). Combinations of major
illnesses with immobilization and increased factor VIII (odds ratio 79.9; 95%CI 33.2-192.2),
increased factor X (35.3; 95%CI 14.2-87.8), increased von Willebrand factor (88.0; 95%CI
33.9-228.3), factor V Leiden (84.2; 95%CI 19.5-363.6), and blood group non-O (53.1; 95%ClI
30.9-91.4) were associated with increased venous thrombosis risks.

Conclusion: All major ilinesses reported here were associated with an increased risk of

venous thrombosis. These risks were most pronounced at time of immobilization or in the
presence of thrombophilia.
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INTRODUCTION

Venous thrombosis occurs in 1-2 per 1000 persons annually.! Although venous thrombosis is
a preventable disease, only a few provoking risk factors, such as surgery and hospitalization,
are currently considered harmful enough to warrant prophylactic measures.?

A number of studies have reported on the risk of venous thrombosis in patients with a history
of major illnesses including liver disease,**? kidney disease,?° rheumatoid arthritis,*'* multiple
sclerosis," heart failure,*'2'3 hemorrhagic stroke,'* and arterial thrombosis.*'5'® Some of these
studies found a positive association between major ilinesses and venous thrombosis,* !5
whereas other studies did not.>'6'” The use of different definitions of major illnesses, together
with variation in the studied populations, may explain this discrepancy. Studies on the
association between kidney disease and venous thrombosis,®® however, found consistent
increased risks of venous thrombosis ranging from a 1.3-fold increased risk for patients with
a mildly decreased kidney function® to an 8-fold in increased risk for patients with a nephrotic
syndrome.® Even if these major illnesses were to be considered as risk factors for venous
thrombosis, the risk may not be sufficiently high to justify the use of prophylaxis in all these
situations, due to the increased risk of bleeding associated with most prophylactic measures
(i.e. anticoagulant therapy).'® The risk-benefit ratio may favor the use of such prophylactic
measures only in persons at particularly increased risk of venous thrombosis. Patients with a
major illness in combination with other risk factors, like immobilization or thrombophilia, who
have high risks of venous thrombosis could benefit from prophylaxis during periods of high
risks. Thus far, no studies have reported on the risk for venous thrombosis in persons with
such combinations of prothrombotic conditions. Nor are there studies available that calculated
the risk for venous thrombosis in patients with a major illness who are immobilized or have a
genetic or acquired thrombophilia, such as factor (F) V Leiden or elevated levels of factor (F)
VIII.

The aim of our study was to investigate the association between major illnesses (liver disease,
kidney disease, rheumatoid arthritis, multiple sclerosis, heart failure, hemorrhagic stroke, and
arterial thrombosis) and risk of venous thrombosis.

METHODS

Study design

The MEGA study (Multiple Environmental and Genetic Assessment of risk factors for venous
thrombosis study) is a large case-control study on risk factors for venous thrombosis, of which
details have been published previously.2>?' In brief, between March 1999 and September
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2004, consecutive patients aged 18 to 70 years with a first objectively confirmed episode
of deep venous thrombosis or pulmonary embolism were included from six participating
anticoagulation clinics in the Netherlands. Information on the diagnostic procedure was
obtained from hospital records and general practitioners.

Patients

Only patients with a diagnosis of venous thrombosis that was confirmed with objective
techniques were included in the analyses.?’2' Exclusion criteria were severe psychiatric
problems and inability to speak Dutch. Of the 6567 eligible patients, 5184 participated (79%).
For the present analysis, questionnaire data on major illnesses were available from 4311
patients and 5768 controls, after exclusion of patients with a deep vein thrombosis of the arm
(n=227).

Controls

As control persons, partners of patients aged <70 years without venous thrombosis were
included, as well as persons without venous thrombosis obtained via a random-digit-dialing
(RDD) method. Of the 5184 participating patients, 3735 had an eligible partner. Of the 3735
eligible partners, 2979 participated (80%) and completed a questionnaire including questions
about the presence of major ilinesses. The RDD control persons were recruited from the same
geographical area as the patients, and were frequency matched to the patients on age and
sex. Of the 4350 eligible random controls, four died before they were able to participate. Of the
remaining 4346 individuals, 3000 participated (69%). Of the nonparticipants, 15 were in the
end stage of disease and 1331 refused to participate or could not be located. A questionnaire
was returned by 2789 of the participating random controls. This resulted in a total of 5768
control persons without venous thrombosis.

Data collection

All persons were asked to complete an extensive questionnaire on many potential risk
factors for venous thrombosis. Of particular interest for this study question are items on
general health characteristics (age, sex, body weight, height, and immobilization (defined as
bedridden at home for at least 4 days, hospitalization, or surgery within three months prior to
the index date)). Body mass index was calculated by dividing self-reported body weight (kg)
by squared self-reported height (m?). The index date was the date of the thrombotic event
for patients and their partners, and the date of filling in the questionnaire for the random
controls. The questionnaire also included questions about the presence of liver disease,
kidney disease, rheumatoid arthritis, multiple sclerosis, heart failure, hemorrhagic stroke, and
arterial thrombosis (myocardial infarction, angina, ischemic stroke, transient ischemic attack,
and peripheral vascular disease) in the medical history.
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Blood collection

Approximately 3 months after discontinuation of oral anticoagulant therapy, patients and
their partners were invited for collection of a blood sample. In patients who were still on
anticoagulant therapy 1 year after their event, blood was drawn during anticoagulant therapy.
All assays were performed by automated coagulation assays by laboratory technicians who
were unaware of the case-control status of the samples. For logistic reasons, blood sampling
was performed for patients up to June 2002; after this date only DNA was collected via buccal
swabs. Plasma samples were available for 2134 of 4311 (50%) cases and 2812 of 5768 (49%)
control persons. Since we stopped taking blood after June 2002 for logistic reasons only, this
could not have introduced bias. FVIII activity was measured with a mechanical clot detection
method on a STA-R coagulation analyzer following the instructions of the manufacturer
(Diagnostica Stago, Asnieres, France). Levels of FIX antigen were determined by enzyme-
linked immunosorbent assay (ELISA). Von Willebrand factor (VWF) antigen was measured
with the immunoturbidimetric method, using the STA Liatest kit (rabbit anti-human VWF
antibodies), following the instructions of the manufacturer (Diagnostica Stago).?"?> The mean
intra-assay and inter-assay coefficients of variation were 3.7% and 8.9% for factor VIII activity
levels, respectively, 4.3% and 2.7% for factor IX antigen levels, respectively, and 3.6% and
2.6% for von Willebrand factor antigen levels, respectively.

DNA samples were available for 3957 of 4311 (92%) cases and 4680 of 5768 (81%) control
persons. Common genetic risk factors were assessed, including the FV Leiden mutation and
ABO-blood group, by polymerase chain reactions using the TagMan assay.?' To genotype ABO-
blood group, we determined the 20146G/- (rs8176719), 21463C/G (rs7853989), 21867A/G
(rs8176749), and 21996C/- (rs8176750) blood group polymorphisms by a 5’nuclease assay
(Tagman; Applied Biosystems, Foster City, CA, USA) using a standard PCR reaction mix
(Eurogentec, Seraing, Belgium) and an allele-specific fluorescent probe equipped with a
minorgroove binding moiety (Applied Biosystems). FV Leiden and blood group non-O, and
increased levels of VWF, FVIII, and FIX were specifically chosen as thrombophilic conditions,
because these are either prevalent genetic risk factors, or coagulation factors associated with
highest venous thrombosis risks.?

Statistical analysis

To determine whether the presence of one or more major illnesses was associated with an
increased risk for venous thrombosis as compared with persons without a major iliness, odds
ratios with 95% confidence intervals (95% Cls) adjusted for age and sex (the matching factors)
were calculated. We made cut-off points for FVIII (155 1U/dL), FIX (119 IU/dL), and VWF levels
(142 1U/dL) that correspond with the 80th percentiles in the control population. Persons who
were using anticoagulant therapy at time of blood collection were excluded from the analysis
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of the effect of vitamin K—dependent coagulation FIX. Odds ratios for venous thrombosis
were calculated for the combination of major illness and immobilization, increased body mass
index (=25 kg/m?), or thrombophilia (FV Leiden, non-O blood group, and elevated levels of
FVIII, FIX, and VWF) to identify high-risk groups that could benefit from thromboprophylaxis.
Addressing the causal relation between major iliness and risk of venous thrombosis was not
the aim of this study.?? Therefore, we only adjusted for the matching factors, i.e. age and sex.?*
Malignancy was not considered as a major illness as a previous report of the MEGA study
already published about malignancy and risk of venous thrombosis.?' Statistical analyses
were performed with statistical package SPSS Windows version 17.0 (SPSS Inc., Chicago,
IL, USA).

RESULTS

Clinical characteristics

4311 patients with venous thrombosis and 5768 control persons without venous thrombosis
were included in the current analysis. Table 1 shows the general characteristics of the study
population. Of the patients, 2477 (57%) had a deep vein thrombosis of the leg only, and
1834 (43%) had a pulmonary embolism with or without deep vein thrombosis. Patients, as
expected, had a higher BMI, were more often immobilized, were more likely to have FV Leiden
and non-O blood group, and had higher levels of coagulation factors than control persons.

Odds ratios for venous thrombosis

Odds ratios for venous thrombosis associated with major illnesses all pointed in the same
direction and were of similar magnitude, regardless of whether partners or RDD control persons
were used as the control group (Table 2). Therefore, we combined these control groups for
the further analyses. The prevalence of a history of a major iliness was 14% in patients and
8% in controls. Presence of liver disease (odds ratio 1.7; 95% CI 1.0-2.9), rheumatoid arthritis
(odds ratio 1.5; 95% CI 1.2-1.9), heart failure (odds ratio 1.7; 95% CI 1.2-2.3), and arterial
thrombosis (odds ratio 1.5; 95% Cl 1.2-1.8) were associated with an increased risk of venous
thrombosis after adjustment for age and sex. Kidney disease (odds ratio 3.7; 95% CI 2.3-5.9),
history of hemorrhagic stroke (odds ratio 4.9; 95% CI 2.4-9.9), and multiple sclerosis (odds
ratio 2.4; 95% CI 1.3-4.3) were also associated with an increased risk of venous thrombosis.
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Odds ratios for deep vein thrombosis and pulmonary embolism

As shown by the point estimates, the odds ratios for deep vein thrombosis alone were higher
than the odds ratios for pulmonary embolism with or without deep vein thrombosis in patients
with liver disease and multiple sclerosis. All other major ilinesses yielded a similar or lower
odds ratio for deep vein thrombosis alone than for pulmonary embolism with or without deep
vein thrombosis.

Combined major illnesses

The odds ratio of venous thrombosis was 2.2 (95% CI 1.5-3.1) in the presence of two or more
major ilinesses and was 1.6 (95% CI 1.4-1.8) in the presence of only one major illness as
compared to the absence of a major illness.

Immobilization, body mass index and thrombophilia

In Table 3, the combined effects of immobilization, increased body mass index (=25 kg/m?) or
thrombophilia with major illnesses on venous thrombotic risk are shown. The odds ratio for
immobilization in the absence of major illnesses was 6.2 (95% CI 5.4-7.0). The combination
of immobilization with a major illness yielded an odds ratio of 10.4 (95% CIl 7.5-14.4).
Participants with liver disease, kidney disease, rheumatoid arthritis, and arterial thrombosis
had odds ratios in combination with immobilization of 8.3 (95% CI 2.8-24.4), 31.7 (95% CI
7.6-132.1), 11.7 (95% CI 5.8-23.6) and 11.6 (95% CI 7.1-19.2), respectively. The odds ratio of
venous thrombosis for a major iliness was 2.3 (95% CI 1.9-2.9) in the absence of an increased
body mass index and 2.3 (95% CI 2.0-2.8) in the presence of an increased body mass index.
The odds ratio of venous thrombosis for a major iliness was 1.7 (95% CI 1.5-2.0) without FV
Leiden and 4.0 (95% CI 2.5-6.5) in FV Leiden carriers. The odds ratio of venous thrombosis
for a major illness in the presence of blood group non-O was 3.3 (95% CI 2.7-4.0) and the
odds ratio in the absence of blood group non-O was 1.9 (95% CI 1.5-2.4). A major illness
combined with a normal level of FVIII, FIX, or VWF led to odds ratios of 1.6 (95% 1.2-2.1), 1.4
(95% 1.1-1.8), and 1.6 (95% 1.2-2.0), respectively. These odds ratios were 5.5 (95% CI 4.1-
7.3), 2.3 (95% C11.7-3.2), and 5.4 (95% CIl 4.1-7.3) in the presence of elevated levels of FVIII,
FIX, or VWF, respectively. Participants with multiple sclerosis in combination with increased
FVIII levels had a high risk of venous thrombosis (odds ratio 12.5; 95% CI 1.5-107.9), as did
participants with arterial thrombosis and increased FVIII levels (odds ratio 5.5; 95% CI 3.8-
8.0).
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Combinations of a major illness with immobilization and increased FVIII levels (odds ratio
79.9; 95% CI 33.2-192.2), increased FIX levels (odds ratio 35.3; 95% Cl 14.2-87.8), increased
VWEF levels (odds ratio 88.0; 95% CIl 33.9-228.3), FV Leiden (odds ratio 84.2; 95% CI 19.5-
363.6), and blood group non-O (odds ratio 53.1; 95% CI 30.9-91.4) were associated with the
highest venous thrombosis risks (Table 4).

Table 4. Odds ratios for venous thrombosis for combinations of risk factors

Major illness Immobilization Thrombophilia* Age and sex adjusted
odds ratio (95% CI)
No major illness No immobilization No Thrombophilia 1 (ref)
Any major illness + immobilization No Thrombophilia 10.9 (4.2-28.2)
Any major illness + immobilization + increased FVIII levels 79.9 (33.2-192.2)
Any major illness + immobilization + increased FIX levels 35.3 (14.2-87.8)
Any major illness + immobilization + increased VWF levels 88.0 (33.9-228.3)
Any major illness + immobilization + factor V Leiden 84.2 (19.5-363.6)
Any major illness + immobilization + blood group non-O 53.1 (30.9-91.4)

*No thrombophilia defined as the absence of increased FVIII levels (>155 IU/dL), increased FIX levels
(>119 1U/dL), increased VWF levels (>142 1U/dL), factor V Leiden, and blood group non-O.

DISCUSSION

In this large case-control study, major illnesses were associated with an overall 1.7-fold (95%
CI 1.5-1.9) increased risk of venous thrombosis, varying from a 1.4-fold increased risk for a
history of ischemic stroke, transient ischemic attacks and peripheral vascular disease to a
4.9-fold increased risk for hemorrhagic stroke. Overall, odds ratios were slightly higher for
pulmonary embolism with or without deep vein thrombosis than for deep vein thrombosis
alone. Major illnesses were associated with higher risks of venous thrombosis when the
patient was additionally immobilized and had thrombophilia. This was not the case for the
combination of a major illness with an increased body mass index.

The reason for performing this study was to explore whether risk groups could be identified that
would benefit from targeted prevention of venous thrombosis with pharmacological agents.
Therefore, we were not interested in the causal relation between major ilinesses and venous
thrombosis, i.e. we did not adjust for potential confounding factors. From a prediction point of
view, it is not important whether a major iliness has a causal relation with venous thrombosis,
since these patients could be targeted for thromboprophylaxis if there is a high risk of venous
thrombosis irrespective of whether a causal relation exists or not.?
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On the whole, based on the point estimates, our study suggests that the risk of venous
thrombosis was increased when more major illnesses were present or when a major iliness was
present in combination with immobilization and thrombophilia. This is in line with the concept
of venous thrombosis as a multicausal disease.?® The presence of more major illnesses could
have increased coagulation factor levels in MEGA participants. In addition, immobilization may
be a good marker for severity of disease. As we had no information on disease severity, we
could not investigate whether the underlying major iliness itself, or immobilization associated
with major iliness, increased the risk of venous thrombosis. However, for prediction of high-
risk groups, the causal path leading to venous thrombosis is not important as, either way,
preventive measures can be initiated when the risk is deemed to outweigh the side-effects.
Overall, our study suggests that many major illnesses in association with immobilization
increase the risk of venous thrombosis.

That the risk for venous thrombosis was higher in participants with a history of hemorrhagic
stroke (odds ratio 4.9; 95% CI 2.4-9.9) than in participants with a history of ischemic stroke
(odds ratio 1.4; 95% CI 0.9-2.3) deserves additional comment. This finding might represent
the less frequent use of thromboprophylaxis in patients with hemorrhagic stroke. In most
epidemiological studies, hemorrhagic and ischemic stroke are combined.*'® However, one
other study also found an higher risk of venous thrombosis in patients with hemorrhagic stroke
than in patients with ischemic stroke.™

We defined immobilization as being bedridden at home for at least 4 days, being hospitalized,
or having surgery within three months prior to the index date. We found high odds ratios
for venous thrombosis for immobilization in combination with liver disease (odds ratio 8.3;
95% CI 2.8-24.4), kidney disease (odds ratio 31.7; 95% CIl 7.6-132.1), rheumatoid arthritis
(odds ratio 11.7; 95% CI 5.8-23.6) and arterial thrombosis (odds ratio 11.6; 95% Cl 7.1-19.2).
ACCP guidelines currently do not consider thromboprophylaxis for immobilized patients with
these conditions. If other studies confirm our new findings, intervention trials for weighing the
benefits and risks of thromboprophylaxis are recommended for these high-risk groups with a
major illness.

It is important to note that the baseline risk of venous thrombosis in absence of immobilization
is low (less than 1.4 per 1000 persons per year).” Therefore odds ratios of 2.1 (for kidney
disease in the absence of immobilization), 2.5 (for multiple sclerosis in the absence of
immobilization), 1.7 (for heart failure in the absence of immobilization), 3.3 (for hemorrhagic
stroke in the absence of immobilization), and 1.2 (for arterial thrombosis in the absence of
immobilization) would probably result in an absolute risk of venous thrombosis of less than
4.6 (3.3 times 1.4) per 1000 persons per year in patients with these major ilinesses. Thus, if
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patients with any of these major illnesses were treated with long term thromboprophylaxis,
the number needed to treat would be excessively high, while introducing a considerable risk
of major bleeding. For this reason, thromboprophylaxis in patients with a major iliness seems
unjustified when no additional risk situations, such as hospitalization or surgery, are present.

An intriguing observation in our study was that myocardial infarction and angina were more
clearly associated with pulmonary embolism than with deep vein thrombosis. Other studies
also showed that the risk of pulmonary embolism was higher than for deep vein thrombosis in
persons with such comorbidity.*'® This observation may be due to misclassification, which is
possible as signs and symptoms of arterial thrombosis can be similar to pulmonary embolism.
Alternatively, it may also be a causal observation as angina or myocardial infarction reflect
local inflammatory effects in the lungs, which may lead to an increased risk of pulmonary
embolism.?

The strengths of this study include the large patient sample, the detailed information about
immobilization in both patients and controls, and the combination with data on thrombophilia.
A limitation of this study is that major illnesses were assessed via self-report and the exact
diagnoses of these major illnesses were not available. In addition, no specific questions were
asked about the (severity of) major illnesses. However, since these are major diseases with
a large impact, we expect that both patients and control persons reported their ilinesses to a
similar extent, thus limiting recall bias. Any resulting random misclassification would lead to an
underestimation of our odds ratios. A second limitation of this study is that the blood sample
was collected after the thrombotic event. Therefore, we cannot exclude the possibility that
differences in plasma levels of the coagulation factors between cases and control persons
were the result of the thrombotic event itself. However, the blood draw was performed at
least 3 months after the thrombotic event, diminishing the possibility that the thrombotic event
itself caused abnormalities in coagulation factor levels through acute phase reactions. A third
limitation was that, as we had no data on the time between major iliness and the subsequent
venous thrombotic event in our study, we could not calculate specific risk estimates for different
time frames. Not many previous studies were able to calculate a risk of venous thrombosis
after major iliness diagnosis, specified on time. However, the one that could showed that the
risk was highest shortly after the major illness was diagnosed.'® Therefore, our relative risk
estimates would probably have been higher if we could have taken this time aspect into close
consideration. A fourth limitation was that for participation as a case in MEGA, those who died
soon after a first venous thrombotic event (4% of the patient population) were excluded.?
This probably has led to an underestimation of our risk estimates, since patients with a major
illness are more likely to die from venous thrombosis than patients without a major illness.
A fifth limitation of our study was that we had limited power for several analyses. This low
power of the study may have led to some unexpected findings, like a higher risk of venous
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thrombosis among participants with angina than among participants with prior ischemic
stroke. This finding should therefore be interpreted with caution. A sixth limitation is that we
had no information about thromboprophylaxis during immobilization. This probably led to an
underestimation of our risk estimates, as it is likely that patients with a major illness receive
more thromboprophylaxis than other persons. Another aspect was that the risk of venous
thrombosis could be especially increased for particular conditions causing liver disease,
kidney disease, or heart failure. However, we did not have this information in our study. Future
studies are needed on this topic. A final aspect of our study was that we had two separate
control groups. However, by having a control group partly consisting of partners of patients,
we probably have conservative estimates as partners will be more likely to resemble the
cases than random controls. Therefore, we would expect higher odds ratios when comparing
to RDD controls than to partners. Nevertheless, results pointed in the same direction and were
roughly similar when both control groups were analyzed separately. Therefore, we do not think
that our results are affected by the two different control groups.

In summary, we have reported a detailed epidemiological analysis on the risk of first venous
thrombosis in patients with a major iliness. All major illnesses reported here were associated
with an increased risk of venous thrombosis ranging from an odds ratio of 1.5 for rheumatoid
arthritis and arterial thrombosis to 4.9 for hemorrhagic stroke. These risks were most
pronounced at time of immobilization and in the presence of thrombophilia. These results
could be a guide for future thromboprophylaxis decisions.
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