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Long-Term Effects of Unprovoked Venous Thromboembolism on

Mortality and Major Cardiovascular Events
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Background—Patients with unprovoked venous thromboembolism (VTE) are at an increased risk of mortality, but whether their
cardiovascular risks also increase remains to be determined. We aimed to investigate the factors associated with overall mortality
and major adverse cardiovascular events in patients with unprovoked VTE.

Methods and Results—We identified 2154 patients newly diagnosed with unprovoked VTE from Taiwan’s National Health Insurance
Database between 2000 and 2013, excluding those with reversible etiologies, underlying cancer, or autoimmune diseases. These
patients with VTE were compared with an age-, sex-, and cardiovascular risk-matched cohort of 4308 controls. The risk of mortality
and major adverse cardiovascular events in patients with VTE was 2.23 (Cl, 1.93-2.57; P<0.0001) and 1.86 (CI, 1.65-2.09;
P<0.0001) times, respectively, higher than that of the conditions in controls. These events mostly occurred during the first year after
the diagnosis of unprovoked VTE. Among patients with VTE, advanced age, male sex, and comorbid diabetes mellitus indicated a
higher incidence of mortality and major adverse cardiovascular events. Conversely, comorbid hyperlipidemia attenuated these risks.

Conclusions—This nation-wide cohort study revealed that patients with unprovoked VTE, particularly older males with diabetes
mellitus, had an elevated risk of both mortality and cardiovascular events. Risk of mortality and major adverse cardiovascular
events were highest within the first year after diagnosis and persisted during the 10 years of follow-up. (J/ Am Heart Assoc.

2017;6:e005466. DOI: 10.1161/JAHA.117.005466.)
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“ 7 enous thromboembolism (VTE) is a common condition'*

comprising deep venous thrombosis and pulmonary
embolism (PE). The long-term survival of patients with VTE
varies.> A recent study reported an 8-year mortality risk of
12%,° whereas an earlier study reported a mortality risk of 50%
after 8 years of follow-up.” Among the various etiologies of
VTE, which include major surgery, previous VTE, autoimmune
disease, and cancer, mortality is higher in patients with
cancer.®® The definition of provoked and unprovoked VTE was
also released with guidance from the International Society on
Thrombosis and Haemostasis.® However, it is still unclear
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whether the mortality rate differs according to the VTE
subtypes and number of comorbidities. In addition, studies
on unprovoked VTE indicate that the exact etiologies of VTE
remain mostly unknown at the time of diagnosis.**"'® It was
reported that patients with unprovoked PE had a 1.4-fold higher
mortality risk compared with those with other subtypes.'’
Through the occurrence of unprovoked VTE, it may imply the
possibility of occult cancer whereas the routine screening fails
to provide a clinically benefit of validation.” Currently, guide-
lines for VTE therapy state that a 3-month course of antico-
agulants is sufficient for treating unprovoked VTE.'%'
Nevertheless, it was reported that after a 6-month course of
anticoagulants, there remained an echogenic presence of
residual thrombus in most patients, which correlated with an
increased risk of thromboembolic recurrence.'* More studies
are needed to determine the long-term clinical significance of
unprovoked VTE. Although venous and arterial thromboses
have traditionally been considered as distinct pathophysiolog-
ical entities, the 2 disorders have many features in common.'®
Also, there is increasing evidence that patients with VTE may be
at higher risk for adverse arterial events.'®'” Therefore, we
propose that unprovoked VTE is associated with arterial
diseases, and in this study, we aim to investigate the effects
of VTE on both all-cause mortality and major adverse cardio-
vascular events (MACEs).
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Methods

Data Source

Taiwan launched a single-payer National Health Insurance (NHI)
program on March 1, 1995. The NHI database provides medical
information for most of the residents in Taiwan (coverage rate
over 98% in 2009), making it one of the largest and most
complete population-based data sets worldwide. The data used
in this study came from the Longitudinal Health Insurance
Database 2000, a subset of the NHI database containing all
claims data from 1996 to 2013 for 1 million beneficiaries
randomly selected in 2000. There were no significant differ-
ences in age, sex, and healthcare costs between the sample
group and all enrollees at that time. The Longitudinal Health
Insurance Database 2000 provides encrypted patient identifi-
cation numbers, sex, date of birth, dates of admission and
discharge, the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes of diagnoses
and procedures, details of prescriptions, registry in the
Catastrophic lliness Patient Database, and costs covered and
paid for by the NHI. The National Health Insurance Research
Database has been described in detail in previous studies.'®'?
The accuracy of diagnosis of major diseases in the National
Health Insurance Research Database, such as stroke and acute
coronary syndrome, has been validated.'® This study was
exempt from full review by the institutional review board of Chi-
Mei Hospital (CV code: 10406-E01).

Study Design

This nation-wide, population-based, retrospective cohort study
was conducted to determine the association between VTE
diagnosis and subsequent mortality. The VTE cohort com-
prised patients with a diagnosis of deep venous thrombosis
(ICD-9-CM codes 453.8) and PE (ICD-9-CM codes 415.1) at
discharge for the first time from January 2000 to December
2013 by the same subset of the NHI database described
above. These codes were considered to be reliable for a
diagnosis of VTE on the basis of the clinical symptoms and
those patients were regarded to be free from VTE previously.
Previous validation studies showed that using ICD-9 codes to
define VTE, a positive predictive value was ~90%.2%?' The
date of first-time VTE diagnosis is called the index date in this
study. To specifically select patients with unprovoked VTE at
the time of initial enrollment, we excluded patients diagnosed
with malignant cancer (ICD-9 codes 140-208, concomitantly
registered with catastrophic illness), autoimmune diseases
(ICD-9 codes 696.0, 696.1, 696.8, 710.0, 710.1, 710.2,
710.3, 710.4, and 714.0), or iatrogenic pulmonary embolism
and infarction (ICD-9 codes 415.11). Notably, because the
issue of catastrophic illness is associated with the payment of
the NHI, the coding of cancer and autoimmune diseases are

validated to achieve a high accuracy.' We also excluded
patients who were pregnant at the time of enrollment (ICD-9
codes 671.3, 671.4, 673, and 673.2) or were immobilized
anytime during the 3 months before diagnosis owing to major
surgeries or systemic diseases (ICD-9 codes 820-823,
procedure code 81.51, 81.52, 81.53, and 81.54).

The control cohort comprised randomly selected patients
who were not diagnosed with VTE any time before their
assigned index date (2 control patients for every VTE patient;
n=4308). The same exclusion criteria mentioned above was
also applied in controls. Also, controls were matched to
patients with VTE using the propensity score matching
approach for age, sex, and chronic cardiovascular risk factors,
including hypertension (ICD-9-CM codes 401-405), diabetes
mellitus (ICD-9-CM codes 250), hyperlipidemia (ICD-9-CM
codes 272), coronary artery disease (ICD-9-CM codes 410—
414), stroke (ICD-9-CM codes 430—438), heart failure (ICD-9
code 428), and atrial fibrillation (ICD-9-CM codes 427.31).
Age at the time of participation in this study was separated
into 5 groups: 20 to 34, 35 to 49, 50 to 64, 65 to 74, and over
75 years. Propensity scores were estimated using the mul-
tivariable logistic regression model with the above potential
risk factors as dependent variables among patients received
VTE treatment and those without. According to the estimated
scores, patients with VTE had the similar probability compared
with matched controls. The propensity score matching
approach was used to reduce selection bias because it can
group many confounding covariates that may be present in an
observational study. The matched controls were assigned the
same index date of the corresponding VTE patient.

Outcomes

The primary outcome was mortality and the secondary outcome
was MACEs, which included acute coronary syndrome (ICD-9-
CM codes 410) and stroke (ICD-9-CM codes 430-436). Cases
ending in mortality were identified using the “in-hospital death”
code at discharge. However, many Taiwanese choose to “die at
home”; therefore, the in-hospital death code would underesti-
mate the true mortality rate. Because enroliment in the NHI
program is mandatory for everyone in Taiwan and registration
must be withdrawn within 30 days after death, patients who
were withdrawn from the NHI program within 30 days after
discharge from the last hospitalization were presumed to have
died. All patients were followed from the index date to either
death, the loss of follow-up, or December 31, 2013.

The Validation of the Accuracy of Unprovoked
VTE Diagnosis

To validate the accuracy of the unprovoked VTE diagnosis, we
reviewed the charts for all patients, including both in-patients
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and out-patients, with an ICD-9-CM diagnosis code of deep
venous thrombosis (ICD-9-CM codes 453.8) or PE (ICD-9-CM
codes 415.1) from 2010 to 2015 in Chi-Mei Medical Center
(Tainan, Taiwan). Our goal was to understand whether the
codes had been used correctly. Also, after excluding patients
with risk factors of VTE, such as malignant cancer (ICD-9
codes 140-208), autoimmune diseases (ICD-9 codes 696.0,
696.1, 696.8,710.0,710.1, 710.2, 710.3, 710.4, and 714.0),
iatrogenic pulmonary embolism and infarction (ICD-9 codes
415.11), pregnancy (ICD-9 codes 671.3, 671.4, 673, and
673.2), or immobilization anytime during the 3 months
because of major surgeries or systemic diseases (ICD-9
codes 820-823, procedure code 81.51, 81.52, 81.53, and
81.54), we investigated the accuracy of VTE diagnosis in the
remaining patients according to the guidance of International
Society on Thrombosis and Haemostasis. A cardiologist
reviewed all the clinic records.

Statistical Analysis

The categorical variables, such as age groups, sexes, and
comorbidities, are presented at frequency with percentage.
The McNemar—Bowker test for age groups and McNemar’s
test for sexes and comorbidities were used to compare the
difference between patients with VTE and matched controls.
Continuous variables are presented as mean+SD (age) or
median with interquartile range (time to MACEs and death).
The age difference between patients with VTE and matched
controls was analyzed using the paired t test. The Cox
proportional hazard regression analysis with aggregated
sandwich estimator was used to calculate the adjusted
hazard ratio of MACEs between the VTE patient and matched
control groups. The Kaplan—Meier method was used to plot
survival and MACE-free rates with log-rank test to analyze the
differences. A 2-tailed P value less than 0.05 was considered
to be statistically significant. All analyses were performed with
SAS software (version 9.4; SAS Institute Inc, Cary, NC). The
Kaplan—Meier curves were plotted using STATA (version 12;
Stata Corp, College Station, TX).

Results

Characteristics of the Study Population

From January 2000 to December 2013, a total of 2154 newly
diagnosed patients with VTE were identified. Mean age of
patients with VTE was 63.84+17.2 years and the majority
were female (54.04%). Notably, some cases presented with
cardiovascular risks, including diabetes mellitus (18.43%),
hyperlipidemia (12.26%), coronary artery disease (13.09%),
and a relatively high prevalence of hypertension (36.91%).
Compared with the 4308 controls, which were age-, sex-, and

cardiovascular risks—matched to patients with VTE, signifi-
cantly higher incidences of all-cause mortality (8.77% versus
17.36%; P<0.0001) and MACEs (15.09% versus 24.28%;
P<0.0001) were observed in patients with VTE. Also, mortality
often occurred during the first year after diagnosis, which was
much earlier than the mortality events in the control cohort.
The detailed characteristics of both cohorts are provided in
Table 1.

Long-Term Risk of Mortality

During the 10-year follow-up period, patients with VTE had a
higher mortality risk than the controls (adjusted hazard ratio,
2.23; Cl, 1.93-2.57; P<0.0001; Table 2). At 1, 3, 5, and
10 years after diagnosis of VTE, survival rates were 90.61%,
85.73%, 82.03%, and 70.41%, respectively. These survival
rates were significantly lower than those of the controls after
the same number of years, which were 99.08%, 95.6%, 92.7%,
and 83.83%, respectively (FigureA). The difference in survival
diverged as soon as in the first year after a diagnosis of VTE.

Table 1. Baseline Characteristics and Comorbidities in
Patients With Unprovoked VTE and the Matched Control
Cohort

Patients With Patients Without
VTE (n=2154) VTE* (n=4308)
Characteristic N (%) N (%) P Value'
Age, y (mean+SD) 63.8+17.2 63.5+16.4 0.1403
20 to 34 160 (7.43) 311 (7.22) 0.9661
35 10 49 331 (15.37) 658 (15.27)
50 to 64 531 (24.65) 1070 (24.84)
65 to 74 464 (21.54) 938 (21.77)
>75 668 (31.01) 1331 (30.9)
Sex
Female 1164 (54.04) | 2343 (54.39) 0.8957
Male 990 (45.96) 1965 (45.61)
Comorbidities
Hypertension 795 (36.91) 1608 (37.33) 0.8976
Diabetes mellitus | 397 (18.43) 809 (18.78) 0.3408
Hyperlipidemia 264 (12.26) 530 (12.3) 0.7639
CAD 282 (13.09) 573 (13.3) 0.5027
Stroke 111 (5.15) 217 (5.04) 0.9333
Heart failure 90 (4.18) 175 (4.06) 0.4467
Af 29 (1.35) 61 (1.42) 0.5314

Af indicates atrial fibrillation; CAD, coronary artery disease; MACE, major adverse
cardiovascular events; VTE, venous thromboembolism.

*Propensity score matched for sex, age group, and comorbidities.

'Paired ¢ test for continuous variable and McNemar test or McNemar—Bowker test for
categorical variables.
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Table 2. Multivariable Analysis for All-Cause Mortality and MACE in Patients With Unprovoked VTE and in the Matched Control

Chang et al

Cohort
All-Cause Mortality MACE*
Variables N Events Adjusted HR 95% ClI P Value Events Adjusted HR 95% Cl P Value
Non-VTE 4308 379 1.00 650 1.00
VTE 2154 374 2.23 1.93 to 2.57 <0.0001 523 1.86 1.65 t0 2.09 <0.0001
Age at entry, y
20 to 34 471 6 1.00 10 1.00
35 10 49 989 39 3.30 1.40 to0 7.81 0.0065 58 2.87 1.47 10 5.63 0.0021
50 to 64 1601 115 5.61 2.46 t0 12.78 <0.0001 204 5.82 3.07 to 11.02 <0.0001
65 to 74 1402 180 9.48 4.18 t0 21.52 <0.0001 316 10.00 5.29 t0 18.89 <0.0001
>75 1999 413 18.06 8.01 to 40.73 <0.0001 585 15.35 8.14 t0 28.95 <0.0001
Sex
Female 3507 332 1.00 551 1.00
Male 2955 421 1.50 1.30 to 1.74 <0.0001 622 1.35 1.20 to 1.52 <0.0001
Comorbidities
Hypertension 2403 368 1.16 0.99 to 1.35 0.0768 580 1.16 1.02 to 1.32 0.0248
Diabetes mellitus 1206 204 1.65 1.37 10 1.99 <0.0001 323 1.59 1.37 10 1.85 <0.0001
Hyperlipidemia 794 69 0.68 0.52 to0 0.89 0.0050 133 0.84 0.69 to 1.02 0.0801
CAD 855 142 1.01 0.79 t0 1.28 0.9572 242 1.07 0.88 to 1.31 0.4783
Stroke 328 72 1.30 1.00 to 1.69 0.0469 137 1.96 1.60 to 2.40 <0.0001
Heart failure 265 62 2.30 0.74 t0 7.17 0.1517 94 1.34 0.54 to 3.37 0.5293
Af 90 23 1.77 0.78 to 4.01 0.1690 33 1.26 0.64 to 2.45 0.5035

Af indicates atrial fibrillation; CAD, coronary artery disease; HR, hazard ratio; MACE, major adverse cardiovascular events; VTE, venous thromboembolism.

*Propensity score matched for sex, age, and comorbidities.

Notably, the mortality rate was 18.06-fold (Cl, 8.01-40.73;
P<0.0001) higher in the oldest age group (above 75 years)
than that in the youngest age group (less than 34 years). Also,
the mortality risk was 1.50-fold higher in males than in
females. As expected, patients with concomitant VTE and
systemic diseases like diabetes mellitus and stroke presented
increased incidences of mortality, whereas hyperlipidemia
reduced the risk. Comorbid hypertension, coronary artery
disease, heart failure, and atrial fibrillation failed to make a
difference. Conversely, hyperlipidemia attenuated the risk of
mortality in patients with VTE. These data show that male sex
and older age increased the risk of mortality in patients with
VTE. Diabetes mellitus showed a negative effect on survival,
but hyperlipidemia showed a protective effect (Table 3).

Long-Term Risk of MACE

Compared with the control cohort, patients with VTE,
particularly males, suffered from a 1.86-fold risk of MACEs
(Cl, 1.65-2.09; P<0.0001; Table 2). The risk continuously
elevated with age and was up to 15.35-fold higher (Cl,

8.14-28.95; P<0.0001) in patients over 75 years of age. At 1,
3, 5, and 10 years, the free-from-MACE rates were 88.17%,
80.55%, 75.25%, and 60.93%, respectively, which were
significantly decreased compared with the rates 97.45%,
91.30%, 86.42%, and 73.78%, respectively, that were
observed in the control group (FigureB). Risk of MACEs was
significantly higher during the first year after VTE diagnosis
and continuously increased over time. Also, comorbid
diabetes mellitus, hypertension, or stroke increased the risk
of MACEs. Similarly, among patients with VTE, male sex and
advanced age increased the risk of MACEs. Comorbid
diabetes mellitus exacerbated, but hyperlipidemia reduced
the risk of MACEs (Table 3).

The Validation of the Accuracy of Unprovoked
VTE Diagnosis Based on the ICD-9-CM Coding

From 2010 to 2015, a total of 188 patients were diagnosed as
unprovoked VTE in Chi-Mei Medical Center. All of the VTE
diagnoses were correct whereas 12 of them should be defined
as provoked VTE, including 6 patients with cancer, 3 with
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Figure. A, Differences of all-cause mortality between patients
with and without venous thromboembolism (VTE). B, Differences
of major adverse cardiovascular diseases between patients with
and without VTE. In the VTE group, median time to death was
1.0 year (interquartile range, 0.1-3.6), and median time to MACE
was 1.2 years (interquartile range, 0.2-3.7). In the non-VTE
group, median time to death was 3.5 years (interquartile range,
1.8-6.0), and median time to MACE were 3.0 years (interquartile
range, 1.5-5.4).

autoimmune disease, and 3 experiencing immobilization in the
previous 3 months (Table 4). Generally, the accuracy of ICD-
9-CM derived unprovoked VTE diagnosis was up to 93.6%.

Discussion

The following are the main findings of the present study: (1)
The rates of mortality and MACE significantly increased in

patients with unprovoked VTE compared with that in the
matched controls; (2) mortality and MACEs occurred most
frequently during the first year after the diagnosis of VTE; and
(3) advanced age, male sex, and accompanying cardiovascular
risks, except for hyperlipidemia, increased the risks of
mortality and MACEs in patients with unprovoked VTE. To
the best of our knowledge, this is the first large-scale, nation-
wide, population-based study with long-term follow-up, com-
prehensively describing the risks of unprovoked VTE in Asia.
In the past, VIE was regarded as a rare disease in
Asia.?*?®  However, emerging evidences from India,
Thailand, and Singapore indicated that VTE is no longer
uncommon.?*%¢ Although the incidence of VTE in Asian
populations remains lower than that in the Western popula-
tions, the rates of recurrence and mortality are increasing.??
One cohort study in Taiwan revealed a 1-month mortality rate
of 8.8% in patients diagnosed with VTE.?? Cancer, advanced
age, longer hospital stays, and recent major surgeries
preceding a diagnosis of VTE were independent predictors of
mortality.?® Given the heterogeneous etiologies of VTE result-
ing in varied survival rates, the key determinants of survival are
mainly associated with the underlying diseases.® For example,
mortality was markedly higher among patients with cancer
than that in those without, but the mortality in those without
cancer was still twice that in the controls.® In addition,
patients with VTE and an active malignancy or unprovoked PE
had a worse prognosis than those with other subtypes of PE.°
Nevertheless, the effect of unprovoked VTE on overall survival
remains unknown. In this study, we excluded most patients
with a reversible etiology, autoimmune disease, or malignancy
and specifically focused on the population with unprovoked
VTE. We found a noteworthy 2.23-fold risk of all-cause
mortality in the patients with unprovoked VTE. Survival
significantly dropped during the first year after diagnosis and
consistently decreased over time. Therefore, the potential
treats of unprovoked VTE should be highly evaluated.
Besides mortality, patients with VTE had a 1.86-fold higher
risk of MACEs than controls. VTE may be regarded as part of the
cardiovascular disease continuum and shared common risk
factors, including cigarette smoking, obesity, hypertension, and
diabetes mellitus, with arterial disease.”'® Also, the acceler-
ation of atherosclerosis caused by VTE-derived inflammatory
processes is considered to be another hypothesis.?’” It has
been observed that myocardial infarction and heart failure
increase the risk of thromboembolism.?” Conversely, another
study indicated that patients with unprovoked VTE had a 4-fold
higher risk of acute myocardial infarction.?® Patients diagnosed
with their first episode of PE showed a 3% increased risk of
arterial thrombosis annually.?® Likewise, Kiryu et al reported a
higher risk for coronary artery disease in patients undergoing
computed tomography for suspicious PE.?’ All of these data
demonstrate a higher risk of subsequent arterial thrombosis
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Table 3. Multivariable Analysis for All-Cause Mortality and MACE Among Patients With Unprovoked VTE

All-Cause Mortality MACE
Variables N Events Adjusted HR 95% ClI P Value Events Adjusted HR* 95% Cl P Value
Age at entry, y
20 to 34 160 5 1.00 9 1.00
3510 49 331 34 3.67 1.43 t0 9.42 0.0070 44 2.59 1.26 10 5.35 0.0099
50 to 64 531 65 4.16 1.66 to 10.42 0.0024 93 3.26 1.63 10 6.54 0.0009
65 to 74 464 86 6.18 2.47 10 15.44 <0.0001 128 513 2.57 10 10.23 <0.0001
>75 668 184 10.56 4.28 to 26.04 <0.0001 249 8.21 414 10 16.28 <0.0001
Sex
Female 1164 160 1.00 245 1.00
Male 990 214 1.60 1.30 to 1.96 <0.0001 278 1.35 1.14 10 1.61 0.0007
Comorbidities
Hypertension 795 173 1.19 0.95 to 1.50 0.1291 237 1.13 0.93 to 1.36 0.2228
Diabetes mellitus 397 97 1.59 1.25 t0 2.04 0.0002 135 1.62 1.31 t0 2.00 <0.0001
Hyperlipidemia 264 34 0.66 0.46 t0 0.95 0.0270 55 0.74 0.55 to 0.99 0.0410
CAD 282 64 1.01 0.77 10 1.33 0.9438 94 1.10 0.87 to 1.40 0.4086
Stroke 111 25 0.90 0.60 to 1.36 0.6220 43 1.24 0.89 to 1.73 0.1968
Heart failure 90 22 1.00 0.62 to 1.62 0.9874 36 1.26 0.85 t0 1.88 0.2504
Af 29 8 1.16 0.57 to 2.36 0.6789 11 1.03 0.54 to 1.96 0.9339

Af indicates atrial fibrillation; CAD, coronary artery disease; HR, hazard ratio; MACE, major adverse cardiovascular events; VTE, venous thromboembolism.

*Propensity score matched for sex, age, and comorbidities.

after the diagnosis of VTE. Nevertheless, the actual relationship
between VTE and arterial disease needs further researches
with controlled, clinical trials.

Among patients with VTE, we found that the mortality rate
was significantly increased in the population above 75 years,
particularly in males. Despite certain specific risks of VTE
identified in women, including estrogen and childbearing,*>°
studies have shown that male sex is independently associated
with a late recurrence of VTE."®' Also, the pulmonary
embolism severity index counts male sex as one of the major
risk factors.®? The role of sex in the long-term effects of VTE
requires further study. In our study, patients with concomitant
VTE and systemic diseases like diabetes mellitus, stroke,

Table 4. ICD-9 Codes Vs. Chart Review Diagnosis Among
Patients With Unprovoked VTE

Code No.

Unprovoked VTE 188
(ICD-9-CM codes
453.8 or 415.1)

Clinical Diagnosis No.
Unprovoked VTE 176

Provoked VTE (cancer:6 12
auto-immune:3
immobilization:3)

Not VTE 0

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical
Modification; VTE, venous thromboembolism.

heart failure, and hypertension had increased mortality and
MACEs; however, those with concomitant coronary artery
disease and atrial fibrillation did not. If arterial diseases and
VTEs share common characteristics in their pathophysiology,
it may not be surprising that classic risk factors of arterial
disease were also found in high risk VTE populations.”'® Of
note, patients with coronary artery disease and atrial fibril-
lation may have been taking aspirin or anticoagulants before
the diagnosis of VTE, resulting in protective effects. Similarly,
the lower risk of mortality and MACEs in patients with VTE
with comorbid hyperlipidemia may be owing to the benefits of
statins. Statin use is associated with significantly reduced
odds of developing VTE (32%) and decreases the risk of
recurrent PE, irrespective of vitamin K antagonist treatment.>3
Statins not only aid in lowering cholesterol but also have other
effects such as decreasing inflammation.®* One study
reported that endothelial dysfunction is associated with
increased levels of oxidative stress in the venous systems
of patients with coronary artery diseases; therefore, intensive
lipid lowering is suggested as a treatment after the analysis of
results of recent clinical trials.®®> However, further investiga-
tions into the use of statins in the prevention of VTE
complications are needed.

This study has several strengths. First, it involved a large
number of unprovoked patients with VTE from a nation-wide
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population. By analyzing data collected over a 13-year period
from 2154 cases, this study provided adequate statistical
power for the analysis of the long-term effects of unprovoked
VTE. Second, we compared data from the case population
with data from a matched control cohort with no VTE
diagnosis. It helps distinguish the characteristics of unpro-
voked VTE population in the perspectives of survivals and
outcomes. Also, among patients with unprovoked VTE, the
effects of sex, age, and underlying comorbidities on mortality
and MACEs were revealed, whereas the impact of these
factors may have been obscured in studies on cancer-related
VTE. In addition, our findings illustrate the relationship
between unprovoked VTE and the development of arterial
diseases. This result indicates that the potential effects of VTE
are serious and use of statins may serve as a safe adjunctive
pharmacological therapy in select patients with VTE.

There are several limitations to this study. First, it is possible
that VTE was miscoded, but previous studies indicated an
adequate reliability of ICD-9 coding.?>?" To overcome the
inherent limitations, we verified the accuracy of the diagnosis
of unprovoked VTEs by the validation method of chart
reviewing. Second, the incidence of VTE seems relatively lower
compared with previous reports.?~* One major reason was that
only patients with unprovoked VTE were counted and also
outpatients were not enrolled. It may underestimate the total
number of patients with VTE. Third, although we excluded most
of the cases with recent hospitalization, major surgeries,
cancer, or autoimmune diseases, patients receiving self-paid
contraceptive pills may be missing in this database. Fourth, the
diversities of medical or interventional therapies for VTE may
have affected the outcomes that we were investigating.
Nevertheless, because of the high prevalence of NHI in Taiwan,
the anticoagulant therapy achieved a high coverage in patients
with VTE®® and therefore we believed most of the patients
received optimal therapies. Further investigations will be
required to determine the effects of various therapies on
long-term VTE outcomes. Finally, although we used the
propensity score matching approach to reduce the potential
selection bias, the unobserved factors in the National Health
Insurance Research Database, such as smoking, drinking, body
mass index, race/ethnicity, and the severity of comorbidities,
may affect the results. However, because of the large sample
size and small selection bias in our study, we may have enough
statistical power to judge the risk of mortality and MACEs
compared with other small-sized studies.

Conclusions

Compared with the control cohort, the risks of mortality and
MACEs were significantly higher in patients with unprovoked
VTEs. These risks were present since the first year after

diagnosis. Among patients with VTE, advanced age, male sex,
and comorbid cardiovascular risks contributed to increased
risk of mortality and MACEs. These results indicate that the
dangers of unprovoked VTE are significant and require further
investigations.
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