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4. Rationale:  
Venous thromboembolism (VTE) is the 4th leading vascular diagnosis, affecting up to 1 million 
Americans annually and 700,000 Europeans 1. It’s impact on lifelong health beyond a few years 
after an event is little understood. The LITE study (including ARIC) and others have identified 
numerous risk factors for VTE, ranging from abnormal levels of coagulation and inflammation 
factors to acute and chronic medical conditions such as cancer, lung disease and heart failure. 
The short- and long-survival probabilities after VTE have also been examined 2, 3. For example, 
recent data from Alberta Canada reported 1-year and 5-year survival probabilities of 60% (95% 
CI: 57–64%) and 39% (95% CI: 36–43%) in patients with cancer-associated PE, 93% (95% CI: 
92–94%) and 80% (95% CI: 78–81%) in provoked PE, and 94% (95% CI: 93–95%) and 85% 
(95% CI: 83–87%) in unprovoked PE 3.  One report detailed the adjudicated causes of death 
among 991 Swiss VTE patients aged ≥65 with median follow up of only 30 months (maximum 
36 months)4. Of those who died within 3 years of a diagnosis, cancer was the most likely cause 
(34%), PE remained a substantial cause (18%), and infection as a cause rose over time (12% in 
first year and 22% after the first year). Other studies have used death certificate-defined causes 
of death. In 30-year national data from Denmark, VTE was the cause of death for 12% of 



patients, cancer for 7%, and respiratory diseases for 15%. Among 4,965 patients treated in 
anticoagulation clinics in the Netherlands followed for 5.5 years after VTE, 12% died; 65% of 
these from cancer, 1% from PE and 6% from respiratory diseases 5. We are not aware of studies 
of long term survival and causes of death in a general US population with VTE, or of studies 
addressing causes of death by presentation of VTE. 
 
As VTE treatments have improved in the past decade, with recommendations for longer term 
duration of anticoagulation after unprovoked events leading to reduced rates of recurrent VTE, it 
becomes important to understand health status of those surviving after VTE. In this work, we 
will report the underlying causes of death after VTE in ARIC participants to gain clues on 
chronic disease prevention after VTE. We will define distinct patterns of causes of death among 
VTE patients by type of presenting VTE. 
 
5. Main Hypothesis/Study Questions: 
 

1. Determine the cumulative incidence of death from all cause and specific underlying 
causes for first-time VTE. 

2. Underlying causes of death in ARIC participants experiencing VTE will be reported 
descriptively. 

3. Underlying causes of death after PE will be different than after DVT. 
4. Underlying cause of death will also differ in those with unprovoked VTE, provoked non-

cancer related VTE, and other provoked VTE 
5. The crude cumulative incidence and the age, race, sex adjusted hazard of death in ARIC 

participants will be higher for those with VTE during follow up than other participants. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Exclusions.  We will exclude participants self-reporting prebaseline VTE.  
 
Exposure.  Incident (first) VTE, characterized as deep vein thrombosis (DVT) of the leg or 
inferior vena cava and pulmonary embolism (PE). Upper extremity DVT will not be considered 
VTE, as it was nearly always central venous catheter related in ARIC and the treatment is 
different.  VTE will be categorized into three groups: unprovoked, cancer-related provoked, and 
other provoked VTE.  
 
To address the long-term consequences of VTE, a separate analysis will exclude those with death 
within 90 days of their VTE.  
 
Analysis in VTE cases only (Questions 1-4).  We will tabulate the cumulative incidence of 
death from all cause and specific underlying causes for overall first-time VTE, and separately for 
the three groups: cancer-provoked events, other provoked events and unprovoked events. Results 
will be shown with Kaplan-Meier curves. We will tabulate the underlying causes of death in 
groups defined by ICD9/10 and compare them by VTE groups using Chi Squared tests. A second 
analysis will describe death in the first 90 days, and death after 90 days in order to address long 



term consequences of VTE survival. If the distribution of causes of death is similar in the three 
groups, the groups will be combined to repeat the same analysis for DVT vs PE +/- DVT. 
Otherwise these analyses will be reported separately by provoked/unprovoked status. We will 
also consider whether causes of death differ by age at the time of VTE, sex and race (black, non-
black).  
 
Analyses in the Whole Cohort.  For question 5, we will calculate age- race and sex- and 
prebaseline cancer-adjusted hazard ratios of death for the different types of VTE cases compared 
to the rest of the cohort. This would be done by considering VTE as a time-varying exposure in 
survival models. For each of the three VTE types we will censor participants from analysis when 
they develop one of the other two VTE types. Finally, we will contrast the crude underlying 
causes of death after VTE to the causes of death in the overall ARIC cohort using Chi Squared 
tests. 
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