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Introduction

Venous thromboembolism (VTE) is a prevalent condition 
that affects approximately 600,000 people each year in the 
United States.1,2 Venous thromboembolism events cause 
significant morbidity and mortality with mortality rates 
increasing over the last decade.1-3 Oral anticoagulation ther-
apy is effective in treating VTE but carries a significant risk 
of bleeding. Therefore, appropriate treatment is essential.

Obesity is a consistent and well-documented risk factor 
for VTE with the event rates increasing as BMI increases.4,5 
Obesity contributes to the development of VTE via chronic 
inflammation and impaired fibrinolysis that leads to a pro-
thrombotic state.6

Direct oral anticoagulants (DOACs) are known to have 
similar efficacy but a decreased risk of bleeding when com-
pared to warfarin for the treatment of VTE.7 However, there 
are few studies describing the safety and efficacy of DOACs 
for the treatment of VTE in patients with obesity. 
Pharmacokinetic and pharmacodynamics studies of DOACs 

in the obese patient population have reported a modest 
effect on reduced drug exposure and lower peak concentra-
tions; however, the clinical significance of this is unknown.8,9 
Initial trials demonstrating efficacy of DOACs for the treat-
ment of VTE consistently enrolled few patients who 
weighed more than 100 kg. Despite an overall lack of data 
and concerns for both under- and over-dosing patients with 
extremes of body weight, there are no dose adjustment rec-
ommendations in the package inserts for any of the DOAC 
analogs.10-13
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Abstract
Background: Direct oral anticoagulants (DOACs) are known to have similar efficacy with a decreased risk of bleeding 
when compared to warfarin for the treatment of venous thromboembolism (VTE). In patients with obesity, there are 
limited data regarding the safety and efficacy of DOACs. Despite concerns for both under- and over-dosing patients with 
extremes of body weight, there are no dose adjustment recommendations in the package inserts for any of the DOACs. 
Objective: To evaluate the safety and efficacy of DOACs versus warfarin for the treatment of VTE in patients with 
obesity. Methods: This single-center, retrospective cohort study included obese patients initiated on DOAC or warfarin 
therapy for VTE from January 2015 to January 2022. Patients with cancer, hypercoagulable disorders, end-stage kidney 
disease, or pregnancy were excluded. The primary endpoint was VTE recurrence. Secondary endpoints included major and 
minor bleeding. Results: A total of 120 patients met criteria for inclusion. Ninety-two received DOAC therapy and 28 
received warfarin. The primary endpoint occurred in 4 patients in the DOAC group and 3 patients in the warfarin group  
(P = 0.35). Major bleeding occurred in 2 patients. Minor bleeding events occurred in 10 (8.33%) patients. Of those, 6 (6.5%) 
events occurred in patients receiving a DOAC and 4 (14.3%) events occurred in patients receiving warfarin (P = 0.28). 
Limitations of this study include the retrospective single-center study design. Conclusions: There was a comparable risk 
of bleeding and recurrent VTE between DOACs and warfarin in patients initiated on therapy for VTE.
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The International Society on Thrombosis and 
Hemostasis (ISTH) 2016 guidelines recommended against 
the use of DOACs in patients with extreme obesity (body 
mass index [BMI] > 40 kg/m2 or weight > 120 kg) with 
the stipulation that peak and trough drug levels should be 
obtained if DOACs were to be used in these patients.14 
These recommendations were based on the paucity of data 
regarding the safety and efficacy of DOACs in patients 
with extreme obesity. In 2021, the ISTH published updated 
guidance which now recommends the use of standard 
doses of apixaban and rivaroxaban for the treatment of 
VTE in patients regardless of BMI or weight.15 The guide-
lines also now recommend against monitoring peak and 
trough levels due to insufficient data to influence treat-
ment decisions accordingly.

The severely obese (BMI > 40 kg/m2) population is 
underrepresented even in studies of obesity. By targeting 
only patients with a BMI > 40, this study seeks to add sig-
nificant numbers to the existing literature in this population. 
Therefore, the purpose of this study was to determine the 
safety and efficacy of DOACs for the treatment of VTE in 
patients with severe obesity.

Methods

Study Population

This was a single-center, retrospective study conducted at 
a 505-bed community teaching hospital between January 
2015 and July 2022. This study was approved by the insti-
tutional review board and conducted according to their 
requirements. Electronic medical records of obese patients 
who were treated with oral anticoagulation for acute VTE 
were reviewed. Patients were included if they were at least 
19 years of age, treated with a DOAC or warfarin for VTE, 
and had a BMI greater than or equal to 40 kg/m2 or weight 
greater than 120 kg. Patients were excluded from the study 
if they had cancer, a hypercoagulable disorder, end-stage 
kidney disease (ESKD), a glomerular filtration rate of 
≤15 mL/min/1.73 m2, were on anticoagulation therapy at 
the time of index admission, or were pregnant. Patients 
were contacted via telephone if the necessary information 
was not able to be extracted from chart review alone. 
Patients were deemed lost to follow-up if they were unable 
to be contacted after three attempts or had invalid contact 
information.

Outcomes

The primary outcome was the occurrence of VTE within 
12 months of the index admission date while on VTE 
treatment. Secondary outcomes included the occurrence 
of pulmonary embolism (PE), deep vein thrombosis 
(DVT), major bleeding, and minor bleeding. Major 

bleeding was defined as fatal bleeding, symptomatic 
bleeding in a critical area or organ, or a drop in hemoglo-
bin of greater than or equal to 2 mg/dL or requiring greater 
than or equal to 2 units of packed red blood cells. Minor 
bleeding was defined as any bleeding event not classified 
as major bleeding.

Statistical Analysis

Categorical data were represented with descriptive statis-
tics. The chi-square test was used to evaluate differences in 
the primary and secondary endpoints with a P < 0.05 indi-
cating statistical significance. Owing to the limited number 
of expected cases, a power analysis was not completed.

Results

A total of 202 patients with acute VTE on oral anticoagula-
tion met the criteria for screening (Figure 1). Eighty-two 
patients were excluded. The reasons for exclusion were the 
presence of oral anticoagulation on admission (22), never 
receiving oral anticoagulation (21), concomitant cancer 
(17), hypercoagulable disorder (10), lost to follow-up (7), 
and ESKD (5). A total of 120 patients met inclusion criteria 
for the study. Baseline characteristics are shown in Table 1. 
There were 92 patients in the DOAC treatment group and 
28 patients in the warfarin treatment group. Of those in the 
DOAC treatment group, 50 received apixaban, 42 received 
rivaroxaban, and no patients received edoxaban, betrixa-
ban, or dabigatran. Overall, the mean age was 54.5 years, 
64.2% were black, and 45% were male.

The mean weight was 141 kg in the patients receiving 
DOAC therapy and 158 kg in the patients receiving warfa-
rin. The mean BMI was approximately 47 kg/m2 in patients 
receiving DOAC therapy and 54 kg/m2 in patients receiving 
warfarin. Approximately 25% of patients in the warfarin 
group had a BMI of ≥50 kg/m2. Twenty-six patients 
(21.6%) had a history of chronic kidney disease, 22 patients 
(18.3%) had a history of VTE, and 6 patients (5%) had a 
history of atrial fibrillation.

Venous thromboembolism recurrence occurred in 4 
patients (4.35%) in the DOAC group and in 3 patients 
(10.71%) in the warfarin group (P = 0.35) (Table 2). Of the 
patients receiving DOAC therapy, 3 of the events occurred 
in patients receiving apixaban, and 1 event occurred in a 
patient receiving rivaroxaban. Recurrent DVT occurred in 6 
(5%) patients. Two (4%) patients were receiving apixaban, 
1 (2.38%) patient was receiving rivaroxaban, and 3 (10.7%) 
patients were receiving warfarin. Recurrent PE occurred in 
1 (2%) patient, and that patient was receiving apixaban. 
Major bleeding events occurred in 2 (1.67%) patients. Of 
those, 1 (0.83%) patient was receiving rivaroxaban and 1 
(3.57%) patient was receiving warfarin (p = 0.41). The 
patient receiving rivaroxaban experienced a gastrointestinal 
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Figure 1. Patients evaluated for inclusion.
Abbreviations: DOAC, direct oral anticoagulant; OAC, oral anticoagulant.

Table 1. Baseline Characteristics.

Characteristic Apixaban (n = 50) Rivaroxaban (n = 42) Warfarin (n = 28)

Age (years), mean ± SD 56.5 ± 14.1 53.7 ± 14.0 51.9 ± 14.8
Male, n (%) 18 (36) 12 (28.6) 15 (53.5)
Race, n (%)
African American 35 (70) 26 (61.9) 16 (57.1)
Weight (kg), mean ± SD 141.1 ± 19.4 141.2 ± 16.6 158.2 ± 28.9
BMI (kg/m2), mean ± SD 47.5 ± 6.5 46.3 ± 5.3 54.8 ± 12.1
40.0-49.9 kg/m2, n (%) 39 (78) 32 (76.2) 13 (46.4)
49.9-50.0 kg/m2, n (%) 8 (16) 10 (23.8) 8 (28.6)
≥50.0 kg/m2, n (%) 3 (6) 0 (0) 7 (25)
Serum creatinine (mg/dL) – admission, mean ± SD 1.26 ± 0.9 1.14 ± 0.52 1.90 ± 1.81
Serum creatinine (mg/dL) – discharge, mean ± SD 1.04 ± 0.53 0.97 ± 0.36 1.57 ± 1.36
Chronic kidney disease, n (%) 11 (22) 7 (16.6) 8 (28.5)
History of VTE, n (%) 6 (13.6) 11 (26.2) 5 (17.8)
History of atrial fibrillation, n (%) 2 (4) 2 (4.76) 2 (0.7)

Abbreviations: BMI, body mass index; SD, standard deviation; VTE, venous thromboembolism.

Table 2. Efficacy and Safety Results.

Outcome
DOACs
(n = 92)

Warfarin
(n = 28) P value

VTE recurrence, n (%) 4 (4.4) 3 (10.7) 0.35
DVT occurrence, n (%) 3 (3.2) 3 (10.7) –
PE occurrence, n (%) 1 (1.1) 0 (0) –
Major bleeding event, n (%) 1 (1.1) 1 (3.6) 0.41
Minor bleeding event, n (%) 6 (6.5) 4 (14.3) 0.28

Abbreviations: DOACs, direct oral anticoagulants; DVT, deep vein 
thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.

bleed requiring 3 units of packed red blood cells, and the 
patient receiving warfarin (INR 2.8) experienced gross 
hematuria requiring multiple blood transfusions and surgi-
cal intervention. Minor bleeding events occurred in 10 
(8.33%) patients. Of those, 6 (6.5%) events occurred in 
patients receiving a DOAC and 4 (14.3%) events occurred 
in patients receiving warfarin (P = 0.28). The international 
normalized ratio (INR) ranged from 2.4 to 7.6 in patients 
with minor bleeding. The most common location of minor 
bleeding was gastrointestinal (6), followed by uterine (2), 
vaginal (1), and hematoma (1).
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Discussion

In this retrospective study, using DOACs for the treatment 
of VTE in patients with severe obesity did not result in an 
increased incidence of VTE recurrence when compared to 
warfarin. There was also no significant difference in major 
and minor bleeding events between groups. These findings 
are consistent with previous investigations into the use of 
DOACs in severe obesity. This article adds an additional 
cohort to studies previously conducted in this population.

To date, there have been no randomized controlled trials 
examining the efficacy and safety of DOACs in obese and 
morbidly obese patients. Therefore, the use of DOACs in 
this patient population has been guarded. A systematic 
review comprised of five observational studies (6585 
patients) in morbidly obese patients (body weight >120 kg 
or BMI >40 kg/m2) found DOAC analogs to be noninferior 
to warfarin for the primary efficacy outcome of VTE recur-
rence (odds ratio [OR]: 1.07, 95% confidence interval [CI]: 
0.93-1.23) and the primary safety outcome of major bleed-
ing (OR: 0.80, 95% CI: 0.54-1.17).16

A retrospective matched cohort study of 1840 patients 
with a primary admission diagnosis of acute VTE who were 
treated with either a DOAC (apixaban, dabigatran, or rivar-
oxaban [632 patients] or warfarin [1208 patients]) and who 
had a body weight greater than 100 kg and less than 300 kg, 
found no significant difference in the rate of VTE recur-
rence (6.5% vs 6.4%, P = 0.93) between groups. In addi-
tion, the authors found no significant difference in the 
occurrence of PE and DVT between the DOAC and warfa-
rin groups (3.7% vs 3.8%, p = 0.94, and 3% vs 3.5%, p = 
0.56, respectively). Bleeding occurred in 1.7% of patients 
in the DOAC group and in 1.2% of patients in the warfarin 
group (p = 0.31). The authors concluded that DOACs 
should be considered a reasonable alternative to warfarin 
for the treatment of acute VTE in obese patients.17

Perino et al conducted a retrospective cohort study 
including 51 871 Veterans Health Administration patients 
with first-time VTE from 2013 to 2018 that were treated 
with a DOAC or warfarin. Patients were stratified by weight 
and BMI and included 4227 patients with BMI of 40 kg/m2 
or greater. The authors found that DOAC prescriptions were 
not associated with major bleeds, clinically relevant non-
major bleeds, or recurrent VTE in patients with a higher 
weight and BMI when compared to warfarin.18

The findings of the aforementioned studies align with 
those of this study. Limitations of this study include a small 
sample size at a single center and those inherent to a retro-
spective study design, including reliance on accurate elec-
tronic medical record documentation. In addition, the 
inability to determine time spent in therapeutic range for 
patients on warfarin may have affected results. Finally, 
there was a higher average BMI in the warfarin group com-
pared to the DOAC group. This is likely due to prescribers 

preferring warfarin in patients at the very extremes of 
weight and that confidence with using DOACs in obese 
patients developed over time. It is unlikely this difference in 
weight impacted the outcomes, as all patients were severely 
obese.

Conclusion

Patients treated with DOAC therapy for VTE were found to 
have similar rates of recurrent VTE and major and minor 
bleeding within 1 year compared to patients treated with 
warfarin. While a randomized, prospective trial is greatly 
needed for this population, this study adds to and supports 
the findings of previous investigations in the severely obese 
population.
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