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Abstract

Venous thrombosis, including deep vein thrombosis and pulmonary embolism, occurs at an annual
incidence of about 1 per 1000 adults. Rates increase sharply after around age 45 years, and are slightly
higher in men than women in older age. Major risk factors for thrombosis, other than age, include
exogenous factors such as surgery, hospitalization, immobility, trauma, pregnancy and the
puerperium and hormone use, and endogenous factors such as cancer, obesity, and inherited and
acquired disorders of hypercoagulation. This review focuses on epidemiology of venous thrombosis
and the general implications of this in patient management.

Venous thrombosis, comprising deep vein thrombosis (DVT) and pulmonary embolism (PE),
occurs with an incidence of approximately 1 per 1000 annually in adult populations (1). Rates
are slightly higher in men than women. About two-thirds of episodes manifest as DVT and
one-third as PE with or without DVT. The major outcomes of venous thrombaosis are death,
recurrence, post-thrombotic syndrome and major bleeding due to anticoagulation. Thrombosis
is also associated with impaired quality of life, particularly when post-thrombotic syndrome
develops (2,3). Death occurs within one month of an episode in about 6% of those with DVT
and 10% of those with PE (4). The mortality rate for PE has been estimated to be high as 30%
in studies that included autopsy-based PE diagnosis (5), pointing out the fact that many PE are
not recognized clinically before death. Mortality rates are lower among patients with idiopathic
venous thrombosis and highest among those whose thrombosis occurs in the setting of cancer.

Venous thrombosis is a disease of aging, with a low rate of about 1 per 10,000 annually before
the fourth decade of life, rising rapidly after age 45 years, and approaching 5-6 per 1000
annually by age 80 (6). In one study the 8-year rate among those 85 and older at baseline was
13-fold greater than in those aged 45-55, with an absolute rate of 7 per 1000 annually (7). The
morbidity impact of thrombosis on the elderly appears to be greater, with a steeper rise in
incidence of PE as compared to DVT with aging (6). Thus, a higher case fatality of thrombosis
in older persons is seen. It is likely that thrombosis is less diagnosed in certain debilitated
elderly patients so these estimates are probably underestimates. The reasons for an increased
thrombosis risk with age are not understood, but may relate to increasing presence of other
illnesses predisposing to thrombosis, to increases in coagulation potential, or some combination
of these.

There are also differences in incidence of diagnosed venous thrombosis among ethnic groups
with rates lower, in the United States, in Asians, Pacific Islanders and Hispanics than in whites
(8,9), and with some studies reporting an approximate 25% higher rate in African-Americans
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(7,8). In one study this increased risk in blacks was greater for secondary than idiopathic VTE,
suggesting possible differences in use or efficacy of prophylaxis (7). There is little information
on epidemiology of thrombosis in Africa. Two recent reports suggested that rates of hospital-
triggered DVT or postoperative DVT were similar in Asian and in Western countries (10,11),
although the population rate of DVT in China has been estimated at only 0.17 per 1000 annually
(12). The findings of the former two studies might be explained by an increased frequency of
asymptomatic episodes detected by screening, and further work is needed to determine the
clinical significance. Observed ethnic differences in thrombosis incidence might be related to
a lower prevalence of disorders like factor V' Leiden or the prothrombin 20210A mutation in
non-Caucasians (13-17). Although factor V Leiden is relatively rare in African-Americans
(18), it confers a similarly increased risk of thrombosis (19). The fact that African-Americans
report a similar prevalence of a family history of thrombosis to that of whites (20), and their
possibly higher thrombosis risk than whites, suggests that unidentified gene variants play an
important role in thrombosis in blacks. It was recently demonstrated that blacks have higher
levels of several hemostatic markers of thrombosis risk, including factor V111, von Willebrand
factor and D-dimer, compared to whites (21). In this study, Chinese participants had lower
levels of these factors. Reasons for these ethnic differences remain to be determined.

An understanding of the risk factors for venous thrombosis is necessary in order to maximize
the prevention of this disease in high risk individuals and groups of patients. The major risk
factors for thrombosis are listed in table 1 and include endogenous patient characteristics such
as obesity and genetic factors, and triggering factors such as surgery, immobility or pregnancy.
Some of the risk factors are modifiable, while others, like advancing age and genetic
predispositions, are not. As illustrated in Fig 1, venous thrombosis tends to occur due to the
additive effects of endogenous, genetic and environmental risk factors present simultaneously
(22). This includes the additive effects of environmental risk factors; one general population
study that followed 21,680 persons for occurrence of venous thrombosis over 7.6 years
demonstrated that about one-half of all thrombosis events were considered secondary to
triggering factors and, among these, 65% of the time more than one triggering risk factor was
present (4). The most common factors were hospitalization in 52%, cancer in 48% and surgery
in 42%. Trauma was only present in 6%, revealing a relatively low potential number of cases
globally that could be avoided with prophylaxis in this setting. This is probably due to the rarity
of trauma compared to the other triggers. These findings, and those of others, point out the
tremendous potential that thromboprophylaxis might have if it were effective and administered
optimally in patients at risk of venous thrombosis (23). For example, if thromboprophylaxis
were perfectly effective among hospitalized patients, up to 25% of all venous
thromboembolisms could be avoided.

Modifiable Risk Factors

Obesity

An important modifiable risk factor for thrombosis is obesity. Obesity is defined as a body-
mass index (BMI) above 30 kg/M2. Internet sites are available for easy calculation of BMI in
clinical settings or by patients (http://www.nhlbisupport.com/bmi). Obesity leads to a 2 to 3-
fold higher risk of venous thrombosis in men and women (7,24-26). The risk associated with
severe obesity (BMI above 40 kg/M?2) is even higher. In one study, the relationship of obesity
to thrombosis risk was not mediated by differences in levels of fibrinogen, factor VIII, factor
IX and D-dimer (25). Further work is needed to define the mechanism. It is possible that
physical aspects of body size are important, leading to impaired venous return, and that
biochemical parameters associated with obesity, such as increased coagulation and
inflammation play a role.
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The obese have a further increase in thrombosis risk when they are exposed to other thrombosis
risk factors, such as exogenous contraceptive or postmenopausal hormones (25,27). One study
estimated that the absolute risk of thrombosis for five years of estrogen plus progestin use in
women aged 50-59 years with obesity was 1.5%, compared to 0.5% in normal weight women
(27). This highlights the importance of considering absolute risks associated with risk factors
and their combinations; the relative risk of each factor, age, hormones and obesity is about 2-
fold, but to add clinical context, absolute risk assessment is needed.

The association of obesity with thrombosis is especially important because obesity is increasing
dramatically worldwide. Between 1991 and 2004 obesity has more than doubled in the United
States, with an estimated prevalence as high as 30% in some geographical areas. Rates of
abdominal obesity are even higher (28). To illustrate the impact of this epidemic on expected
rates of thrombosis, we used data from the United States Census and the Centers for Disease
Control and Prevention to estimate the number of thrombosis cases that could be attributed to
obesity from 1990 to 2000. We estimate that in 1990 there were 18,500 cases of venous
thromboembolism among obese people aged 45-64 years (based on the number of people in
that age range, a prevalence of obesity of 10% at that time, and the expected rate of thrombosis
in obesity compared to a normal weight). However, in 2000, we estimate that with a 25%
prevalence of obesity, there were 62,000 cases of thrombosis among obese persons aged 45—
64. If the prevalence of obesity had remained 10% in 2000, only 24,000 cases of thrombosis
would have been expected in obese persons in this age group in that year. Thus, in 2000, there
were 38,000 excess thrombosis cases among people aged 45-64 solely due to the rise in obesity.

Homocysteine

Elevated homocysteine has been consistently reported as a risk factor for venous thrombosis
and levels can be reduced with B vitamin supplementation (44). Confirmation of the causal
nature of this association requires randomized controlled trials of homocysteine lowering. The
only completed trial among venous thrombosis patients did not show any benefit in prevention
of recurrent events using 5 mg folic acid, 50 mg pyridoxine, and 0.4 mg cyanocobalamin,
compared with placebo, administered daily in 701 patients with previous idiopathic venous
thrombosis (45). About one-half of participants in this study had hyperhomocysteinemia, so
results can be considered fairly conclusive in refuting the homocysteine hypothesis. The role
of homocysteine testing therefore seems limited.

Temporary Risk Factors

These conditions increase the risk of thrombosis, usually for a number of weeks following
exposure. As described above, when more than one triggering condition or risk factor is present,
the risk is usually higher. For example, if a patient were hospitalized for pneumonia and also
had recent leg trauma, the risk of thrombosis would be higher in general than in a patient without
recent trauma (29).

Hospitalization

Most hospitalized patients have risk factors for venous thrombosis, such as immobility, cancer,
infection and surgery. Up to 20% of patients admitted to a medical service will have thrombosis
and up to 40% admitted to a surgical service. Many of these events are not clinically apparent,
but still could lead to later problems like pulmonary embolism. About 10% of all deaths in
hospital are related to pulmonary embolism, and many times it was not suspected before death
(30). For this reason it is important that most patients admitted receive prophylaxis against
venous thromboembolism (31).
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Surgery/Trauma

Immobility

Cancer

Travel

The risk of thrombosis with surgery varies depending on the surgery type and patient
characteristics. Curiously, one study reported that older patients did not have a higher risk of
post-operative venous thrombosis than younger patients for certain types of surgery (32).
Preventive therapies against thrombosis are used, with the intensity of intervention relating to
the risk status of the patient. Detailed discussion is beyond the scope of this paper but the
periodically published guideline statement of the American College of Chest Physicians is a
useful resource for more detail (31).

Immobility increases the risk of thrombosis, presumably due to stasis of blood flow in the
venous system. Relevant settings of immobility include bedrest, plaster casts on the legs and
paresis of the legs due to neurological conditions. Research-based definitions of immobility
due to bedrest differ, but a duration of 4 days seems reasonable. Minor forms of immobility,
such as after minor surgery or injury, have also been linked to thrombosis risk (33).

Cancer patients have an increased risk of thrombosis due to a combination of factors, as recently
reviewed (34). Tumor cells activate coagulation, tumors can compress veins causing stasis and
cancer patients are exposed to hospitalization, surgery and chemotherapy, which all increase
their risk. In a recent cohort study including 66,329 patients with cancer, the incidence of
venous thrombosis during the first 6 months after cancer diagnosis was 12.4 per 1000 (35).
This would be equivalent to an annual rate of 24.6 per 1000, markedly higher than the average
population risk. Metastatic disease and chemotherapy use further doubled the risk. Hormonal
therapies increased the risk by 50% among breast cancer patients, but not among prostate cancer
patients. Cancers involving the bone, ovary, brain, pancreas and lymphomas were associated
with the highest incidence of thrombosis within 6 months of cancer diagnosis: 37.2, 32.6, 32.1,
22.7 and 17-20 per 1000, respectively. Including all the time from cancer diagnosis, cancers
of the bone, ovary, uterus, Hodgkin’s lymphoma, breast and brain had the highest incidence:
56.6,45.0,38.4,36.0, 35.1, 32.1 per 1000 patients, respectively. Cancers of the ovary, pancreas,
lung, stomach, and hematological malignancies had a high incidence of venous
thromboembolism in the year before the cancer diagnosis, pointing out the possible role of
occult cancer in causing thrombosis or a commonality of risk factors for both diseases (35).
Available data suggest that cancer patients with factor V Leiden or prothrombin 20210A have
a higher risk of cancer-related thrombosis than those without these disorders (36,37).

The high absolute rate of thrombosis in cancer patients suggests that anticoagulant prophylaxis
would be beneficial, particularly in high-risk situations like surgery. The benefit of long-term
anticoagulation to prevent thrombosis in cancer patients requires confirmation in randomized
controlled trials, especially since the risk of bleeding in anticoagulated cancer patients is high.

Any type of travel has the potential to increase the risk of venous thromboembolism; duration
of travel is a key factor. Travel by air, car, train or bus for 4 or more hours all increase the risk
by about 2-fold for several weeks after travel (38). As before, the risk is higher when other
thrombosis risk factors are present. Data on absolute rates of thrombosis with air travel are
limited but include 1.5 per million for severe pulmonary embolism among those traveling more
than 3000 miles (39), and 0.39 per million for all pulmonary embolism (40).
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Non-Modifiable Risk Factors

Genetic Factors

Over the past 20 years several gene variants have been identified as risk factors for venous
thrombosis. These conditions are often referred to as “thrombophilic disorders,”
“thrombophilias” or “hypercoagulable syndromes”. Most of these have been defined in
Caucasian populations and they are less frequent in other ethnicities. The relative risks of first
venous thrombosis for many of these disorders based on two large studies are shown in table
2. The Leiden Thrombophilia Study is a case control study of subjects <70 years without cancer,
including 474 cases with a first DVT and 474 controls. Hemostatic factors were measured after
thrombosis. The Longitudinal Investigation of Thromboembolism Etiology is a cohort study
of 21,680 men and women aged 45-100 years followed over time for occurrence of venous
thrombosis. Hemostatic factors were measured before thrombosis (4). In general, comparing
the two studies, the strength of associations of thrombophilic risk factors with thrombosis risk
was similar.

Thrombophilic disorders can be divided into loss-of-coagulation function disorders and gain-
of-coagulation function disorders (41). Loss-of-function disorders include deficiencies of the
endogenous anticoagulants, antithrombin, protein C and protein S. They are less common than
gain-of-function disorders but may be more potent risk factors for thrombosis. Gain-of-
function disorders include factor V Leiden, the prothrombin 20210A variant, and possibly
elevation of procoagulant factors such as factor VIII, von Willebrand factor, and factors V,
VII, IX and XI. These appear to be weaker risk factors for venous thromboembolism in general.
The role of genetic variation in explaining associations of higher levels of factors VIII, IX and
X1 with venous thrombosis is uncertain.

Higher D-dimer is also a risk factor for first venous thrombosis in otherwise healthy individuals
(42,43). The relative risk of thrombosis with D-dimer in the top quarter of the normal population
distribution was increased 2.5 to 3-fold, and the risk was even higher for idiopathic thrombosis
(43). This association can probably be explained by the impact of combinations of known and
unknown hemostatic and environmental factors contributing to the level of D-dimer, since
adjustment for known coagulation disorders partly confounds the association of D-dimer with
thrombosis risk (43). Whether D-dimer evaluation would be useful in clinical settings for
prevention of first episodes of venous thrombosis is unknown.

Potential New Risk Factors

Recently reported findings suggest other risk factors that require further study in order to
confirm their importance.

Recent work has assessed physical activity level in relation to thrombosis risk. In the
Longitudinal Investigation of Thromboembolism Etiology study of 21,690 men and women
aged 45-100 at baseline, there was no association of baseline leisure time physical activity
level with risk of future venous thrombosis (7). However, in the Multiple Environmental and
Genetic Assessment (MEGA) case-control study including men and women aged 18-70,
moderate exercise was associated with a lower risk of deep vein thrombosis of the arm (46).
Some authors have suggested that prolonged sitting is a risk factor for deep vein thrombosis
(47), but further research is needed on this topic.

Steffen and colleagues reported data from the Atherosclerosis Risks in Communities study
regarding dietary factors and risk of thrombosis over 12 years (48). Among 14,962 participants,
consuming >4 fruit and vegetable servings daily and eating fish once weekly or more were
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both associated with a lower incidence of future venous thrombosis. Those consuming >1.5
servings of red and processed meat daily had a higher incidence.

An association of atherosclerosis with risk of venous thrombosis was suggested by Prandoni
and colleagues who reported a higher frequency of carotid atherosclerotic plagues among
patients with previous idiopathic venous thrombosis (49). These findings were not confirmed
in the prospective LITE study, which measured subclinical atherosclerosis before occurrence
of venous thrombosis and reported an inverse association or no association of various measures
of atherosclerosis with future venous thrombosis (50,51).

Some, but not all studies report higher thrombosis rates in the winter months (1,52).

Interaction of Genes and Environment in Thrombosis

As discussed above, venous thrombosis often occurs when multiple risk factors, including
genetic and environmental, are present at the same time. A classic illustration of this point is
the interaction of oral contraceptive use and factor V Leiden. It is estimated that women
heterozygous for factor V Leiden have a 3- to 7-fold increased risk of venous
thromboembolism. Oral contraceptives confer a 2-3-fold increase in risk. In the presence of
both risk factors, the relative risk is 34-fold increased (53). This is probably because oral
contraceptives induce activated protein C resistance, making the biochemical defect associated
with factor V Leiden worse (54). The absolute rate of thrombosis then for unselected women
with factor V Leiden in their 20’s taking contraceptives is approximately 34 per 10,000
annually, so screening prior to oral contraceptive use would not be effective. This rate may be
higher when there is a family history of thrombosis.

Outcomes of Thrombosis

Recurrent Thrombosis

Venous thrombosis is often a chronic condition, with recurrence rates estimated at 5-7%
annually after a first episode (4,55,56). The risk is highest among those whose initial episode
was associated with cancer, and lowest among those whose initial episode was associated with
a temporary risk factor such as surgery (4,55,56). In one study, older age and obesity were
associated with higher recurrence risks (56). Recent reports suggest an approximate 60% higher
recurrence risk among men compared to women (57). One study suggested that this increase
in risk could be explained by a lower recurrence risk among women who were using exogenous
hormones at the time of their first event (58). The risk appears to be highest in the 6-12 months
following cessation of anticoagulation, regardless of the initial duration of anticoagulation
(59).

Other risk factors for recurrent thrombosis include residual vein thrombosis on ultrasound,
pulmonary embolism as the first thrombosis event, and proximal versus distal limb deep vein
thrombosis. Hron et al were not able to demonstrate an association between a positive family
history of thrombosis with risk of recurrent thrombosis among 829 patients without deficiencies
of protein C, protein S or antithrombin (60).

Use of testing for thrombophilic disorders has become widespread because these disorders are
associated with risk of first thrombosis events. Subjects considered for this testing include
those with thrombosis and their thrombosis-free family members. For testing to be considered
clinically useful for a patient with thrombosis, it would be desirable if the testing helped identify
a treatment strategy to prevent recurrent thrombosis. Whether these tests provide information
that is useful for clinical management in decision-making about use of long-term
anticoagulation is not yet clear (61-67). Most authors suggest that the presence of deficiencies
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of protein C, protein S or antithrombin are relevant in this regard and that patients will have a
nearly 2-fold higher recurrence risk. Recent reports suggest that some tests of overall clotting
activity, such as D-dimer, peak thrombin generation or even the activated partial
thromboplastin time, might be more useful in guiding clinical decision-making than more
expensive tests for specific clotting disorders (67—72). For example, in two recent studies of
long-term anticoagulation after an episode of venous thrombosis, higher D-dimer assessed after
completion of an initial course of anticoagulation was associated with an increased risk of
recurrent thrombosis, and this risk was lowered in those maintained on long-term
anticoagulation (Fig 3) (67,70). Optimal testing strategies require further research.

Post-thrombotic Syndrome

Post-thrombotic syndrome occurs in 20-50% of patients after a first DVT (55,73). Symptoms
include swelling, pain and skin problems ranging from dryness to discoloration and venous
ulcers. Research has been hampered by the lack of validated diagnostic and scoring symptoms
for severity (74). Risk factors for post-thrombotic syndrome are poorly understood. Older age,
male sex, presence of proximal as compared to distal DVT and higher D-dimer have been
suggested as risk factors (55,75). In one study (76), but not another (75), there was a lower rate
of post-thrombotic syndrome among those with factor V Leiden or the prothrombin 202010A
mutation. Use of elastic compression stockings has been reported to be effective in prevention
of post-thrombotic syndrome in those with DVT (77,78), but no placebo-controlled trials are
available.

Family Testing

The role of testing family members of patients with thrombosis and an identified thrombophilia
is not clear (21). It might be expected that the knowledge of a risk factor would reduce the
likelihood of future thrombosis in affected family members, but this remains to be proven.
Important considerations in testing for genetic thrombophilia were reviewed recently (79).

Conclusions

An improved understanding of the epidemiology and risk factors for first and recurrent venous
thrombosis can translate to improved clinical outcomes in practice. Consideration of risk
factors can allow optimal use of prophylactic strategies against venous thrombosis.
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Figure 1.

Conceptual framework for the interaction of risk factors in development of venous thrombosis.
Intrinsic thrombosis risk is defined by the combinations of genetic and acquired risk factors,
including modulation of coagulation activation by known and unknown determinants. The
intrinsic risk is altered by the occurrence of triggering risk factors, which can be balanced in
appropriate settings by use of thromboprophylaxis.
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Figure 2.

Annual incidence of all venous thromboembolism, deep vein thrombosis (DVT) alone, and
pulmonary embolism (PE) with or without deep vein thrombosis (PE £ DVT) among residents
of Olmsted County, Minnesota, from 1966 to 1990, by age. Reproduced with permission (6).
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Figure 3.

Results from two clinical trials of D-dimer and the risk of recurrent venous thrombosis among
patients with idiopathic first events. The PREVENT study randomized patients to low intensity
warfarin therapy (target INR 1.5-2.0) and baseline D-dimer elevation was predictive of the
risk of recurrent venous thrombosis, regardless of randomized treatment assignment. The
lowest rates of recurrence were in the group with low D-dimer on active treatment (67). The
PROLONG study was a management study which observed patients with low D-dimer after
completing a course of anticoagulation for first thrombosis, and randomized patients with
elevated D-dimer to continued anticoagulation or observation. Similar to PREVENT, those
with low D-dimer had a lower recurrence risk, and continued anticoagulation was effective in
risk reduction among those with elevated D-dimer (70). Pos, positive; neg, negative; OAC,
continued long-term oral anticoagulation with vitamin K antagonists.
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Risk Factors for VVenous Thrombosis

Table 1
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Older Age

Obesity/Overweight

Personal History of Previous Thrombosis
Family Member with VVenous Thrombosis
Surgery

Hospitalization

Cancer

Myeloproliferative Disease
Trauma/Injury, especially of legs/spine

Immobility (bedrest, neurologic, plaster cast)
Varicose Veins

Pregnancy/Puerperium

Postmenopausal Hormone Therapy

Selective Estrogen Receptor Modulating Drugs
Oral Contraceptives

Long Travel

Genetic Factors Affecting Coagulation Balance
Antiphospholipid Syndrome
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Relative risk of thrombosis for hemostatic factors comparing the Leiden Thrombophilia Study (LETS) and the
Longitudinal Investigation of Thromboembolism Etiology (LITE)

Risk Factor LETS LITE
Factor V Leiden 8.1 35
Factor V Leiden homozygote 80 24
Prothrombin 20210A 2.8 19
Protein C deficiency 31 3.4
Elevated factor V 1.3 1.2
Antithrombin deficiency 5.0 Not done
Elevated factor VIII 4.8 2.6
Elevated factor VII 0.8 2.4
Elevated factor IX 2.8 Not done
Elevated factor XI 2.2 Not done
Elevated fibrinogen 4.0 0.9
Elevated D-dimer 25 31
Elevated homocysteine 25 15
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