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4. Rationale:    

Pulmonary embolism (PE) and deep vein thrombosis (DVT) are collectively referred to 

as “venous thromboembolism” (VTE). In the United States, it affects about 1 in 1000 for 

the first time, per year.
1
  Mortality within a month of diagnosis occurs in about 6% of 

DVT cases and 12% of PE cases. Despite the huge public health burden of VTE, much 



remains unknown about its etiology: In 25-50% of patients with incident VTE, it is 

unprovoked, meaning there is no readily identifiable risk factor.
1
 Prevention strategies for 

VTE are based on exposure to one of its known risk factors,
2
 so further illumination of 

modifiable risk factors would have clinical utility. 

 

One proposed risk factor for VTE is diabetes, with the postulated mechanism being 

coagulation activation and hypofibrinolysis, resulting in a procoagulant state
3,4

. However, 

the evidence on whether or not diabetes and VTE are associated is mixed. About half of 

the research found a positive association
5–12

 and half found none
13–25

. To add to the 

controversy, more than half
5,8,9,11,13,15–19,22,23,25

 of the research did not adjust for body 

mass index (BMI), which is a strong risk factor for VTE
20,26,27

 and may explain the 

association between diabetes and VTE. A meta-analysis was conducted
28

, but it did not 

adjust for any potential confounders, making its results hard to interpret.  

 

One way to address this controversy is to look at diabetes a different way. All except 

three
7,23,24

 studies have looked at diabetes/hyperglycemia dichotomously: yes/no. 

Dichotomizing when not appropriate can lead to problems
29

: statistical power to detect an 

association is reduced, meaningful variability within each group is lost, and a non-linear 

relationship would be concealed. Glucose levels play an important role in the 

development of the procoagulant state that is associated with diabetes
3
 and it may be that 

it is glucose, modeled continuously, that is an independent risk factor for VTE. 

 

The Atherosclerosis Risk in Communities Study (ARIC) - a large, prospective 

epidemiologic study being conducted in four U.S. communities - measured hemoglobin 

A1c (HbA1c) level, a marker of long-term glycemic control. HbA1c estimates the average 

level of glucose in the blood over the previous 2-3 months and tracks well in individuals 

over time
30

. No other study has looked at the relation of HbA1c and subsequent VTE. 

Because of prior conflicting evidence on the topic, we sought to assess whether glycemia, 

as measured by HbA1c, is related to incident VTE after adjustment for known VTE risk 

factors, including BMI. A second aim of the study was characterize the association if it 

does exist: Is it there evidence of linearity, curvilinearity, or a threshold effect? We also 

hypothesize that adjusting for hemostatic factors - aPTT, factor VIII, and eGFR – will 

attenuate any association toward the null, which would lend evidence towards the 

proposed mechanism of coagulation activation and hypofibrinolysis. 

 

5. Main Hypothesis/Study Questions: 

 

HbA1c is positively associated with VTE incidence. 

 

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). 

 

Study design  

- A cohort analysis of participants who attended ARIC visit 2 (when HbA1c was 



measured), which will be considered baseline for this study. 

 

Exclusions  

-Participants with missing data for HbA1c or covariates of interest; participants who 

report a race other than Caucasian or African American (due to small numbers); 

participants with VTE and/or anticoagulant use prior to visit 2; participants who reported 

anticoagulant use during follow-up visits were censored at the visit prior to this reported 

use; African-Americans from Washington County and Minneapolis suburbs (due to small 

numbers); participants who fasted less than 8 hours prior to the visit or who were missing 

information on fasting status. 

 

Exposure  

-HbA1c, measured from whole-blood samples from ARIC visit 2.  

 

Outcome 

-Incident VTE after visit 2. 

 

Other variables 

-VTE risk factors
20,26,27

, measured at visit 2 unless otherwise specified, including age, 

race, sex, hormone use, BMI, possibly waist-to-hip ratio, cigarette smoking, 

antihypertensive medication use, eGFR, insulin (visit 1), aPTT (visit 1), factor VIII (visit 

1). 

 

Statistical analysis  

 

Because HbA1c may not track as well among diagnosed diabetics (it could be 

confounded by factors that have a substantial impact on glucose levels, such as treatment 

for hyperglycemia), analyses will be stratified by diagnosed diabetes at visit 2 (self-report 

or on diabetes medication) and everyone else. 

 

Cox proportional hazards regression will be used to estimate the adjusted hazard ratios of 

incident VTE by HbA1c. Analysis will first test for interactions by age
10

 and race; 

stratified results will be presented if there is interaction. If effect modification is absent: 

Model 1: age, sex and race in this minimally adjusted model 

Model 2: Model 1 + behavioral risk factors (hormone use, cigarette smoking) 

Model 3: Model 2 + BMI (and WHR if it is associated with HbA1c above and beyond 

BMI) 

Model 4 (an overadjusted model with hemostatic factors): Model 3 + aPTT, factor VIII, 

eGFR 

 

The relationship between HbA1c and VTE will first be explored with restricted cubic 

splines. Then, HbA1c will be split into the diagnostic categories
31

 for diabetes: <5.7, 5.7-

6.5, and ≥ 6.5%. If there are not enough events per category, we will use tertiles instead. 

If there is evidence of a linear relationship between HbA1c and VTE, HbA1c will be 

modeled as a continuous variable. If, after looking at the spline and categories, there is 

evidence of a quadratic relation, a quadratic HbA1c term will be fit.  



 

In addition to total VTE, we will also analyze provoked and unprovoked VTE as separate 

outcomes. Incidence rates of total VTE will be calculated, stratified by HbA1c level.  
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