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Introduction: Limited data exists on the safety and efficacy of direct-acting oral antico-
agulants (DOAC) use in morbidly obese patients with venous thromboembolism (VTE).
Given the benefits of DOAC use over vitamin K antagonists (VKAs), in terms of mon-
itoring requirements, and dietary and drug interactions, it is important to evaluate
whether this is consistent in the higher risk for VTE recurrence morbidly obese group
body mass index (BMI > 40 kg/m?).

Materials and methods: This retrospective, single-center cohort study included
patients with a BMI of at least 40 kg/m? who were admitted to Emory University Hos-
pital from 1% January 2012 to 31t May 2020 with acute VTE, and subsequently ini-
tiated on anticoagulation treatment with either DOAC or VKA (warfarin). Univariate
and bivariate analyses were used to evaluate differences in demographics by treat-
ment type and BMI. Multivariate Cox proportional hazard regression was used to
assess the risk of VTE recurrence by type of treatment among morbidly obese patient
subgroup.

Results: There were 247 (11.8%) morbidly obese (> 40 kg/m?) patients who were
more likely than non-obese patients to be younger, female, and of non-white race.
Thirty percent of the study population (h=74) had a BMI >50 kg/m?. T ime-to-
event analysis confirmed that the hazard of experiencing a recurrent thrombosis was
not statistically significantly different among morbidly obese patients treated with a
DOAC compared with VKA (hazard ratio [HR]: 0.28, confidence interval [CI] 0.07-1.11,
p=0.07).

Conclusions: This study aligns with previous literature and confirms that morbidly

obese patients receiving DOAC or VKA have similar risks of recurrent VTE.
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1 | INTRODUCTION

Direct oral anticoagulants (DOACs) have been approved for the treat-
ment of venous thromboembolism (VTE) has replaced vitamin K antag-
onists (VKAs) as the standard of care. Compared with VKAs which have
a narrow therapeutic window, need for monitoring, and have many
food and drug interactions, DOACs offer many advantages includ-
ing their ease of administration, fixed dosing, fast onset and offset
of action, fewer drug and food interactions, lower bleeding risk, and
the lack of need for routine monitoring [1-4]. DOACs include dabiga-
tran, rivaroxaban, apixaban, and edoxaban. Compared to VKAs, DOACs
were equally effective in preventing recurrence, and are associated
with less bleeding [4].

Obesity is associated with a greater risk of VTE and is a substan-
tial public health problem in the United States with a prevalence of
42.4% in 2017-2018 among adults [5-7]. Unfortunately, the safety
and efficacy of DOACs in obese patients is unclear as patients with
weights > 120 kg were not included in the phase 3 licensing trials of
these products [8]. Given that DOACs are associated with less bleed-
ing and similar efficacy as VKA and that obesity increases the risk
of VTE, it is important to evaluate the effectiveness of treatments
within this group [4-6]. Observational data evaluating the efficacy and
safety of DOACs in obese patients has been evolving through reports
of real-world and observational studies. A large study analyzing data
from two US claims databases found that morbidly obese patients
with VTE receiving rivaroxaban had similar risks of recurrent VTE
and major bleeding compared with patients treated with warfarin [9].
Recent guidelines from the International Society of Hemostasis and
Thrombosis suggested the DOACs can be safely used in those with a
BMI > 40 kg/m?; however, as the body mass index (BMI) approaches or
exceeds 50 kg/m? the data supporting the use of DOAC thins [10]. The
objective of this study is to quantify the difference in the risk of VTE
recurrence in morbidly obese patients at 6 months, 1 year, and 5 years
after acute VTE by type of treatment, hypothesizing that there will not
be a statistically significant difference in risk of recurrent VTE in mor-
bidly obese patients treated with DOAC or VKA.

2 | METHODS

2.1 | Study design and population

This retrospective single-center cohort study analyzed data from
Emory Healthcare Clinical Data Warehouse and included patients who
were at least 18 years old when admitted at Emory University Hospi-
tal from 15t January 2012 to 315t May 2020. Inclusion criteria were
as follows: (1) new acute VTE, based on the International Classifica-
tion of Diseases Ninth and Tenth Revision Clinical Modification (ICD-
9/10-CM) codes for pulmonary embolism (PE) (ICD-10-CM: 126.99;
ICD-9-CM: 415.13, 415.19) and deep vein thrombosis (DVT) (ICD-
10-CM: 181, 182.3, 182.4, 182.62, 182.90; GO8. ICD-9-CM: 325, 416.2,
452.0, 453.0, 453.2, 453.3, 453.40-42, 453.50-52, 453.6, 453.74-77,
453.79, 453.81-87, 453.89); (2) had a radiographic study (ultrasound

and/or computed tomography angiogram [CTA]) and; (3) started anti-
coagulation therapy with DOACs (rivaroxaban, apixaban, and dabi-
gatran) or VKA, specifically warfarin, during that admission. Patients
were excluded if there was no documented BMI at the start of anti-
coagulation (+ 30 days) and investigators were unable to confirm if
the patients had started anticoagulation therapy during the admission.
Patients were followed from the initial acute VTE admission date until
date of recurrent VTE, the date of discontinuation of anticoagulation as
recorded in the electronic medical record (EMR) or the last encounter
within the Emory Healthcare system. The study was reviewed and

approved by the Emory University Institutional Review Board.

2.2 | Data collection

All patients were characterized by BMI (super obesity: BMI > 50 kg/m?2;
morbid obesity: BMI > 40 kg/m?; nonmorbid obesity: BMI < 40 kg/m?),
age at diagnosis, gender, and race. Gender was classified as male and
female and race was classified as non-white and white. Treatment
was stratified by hospital anticoagulation therapy medication order:
DOACs (rivaroxaban, apixaban, and dabigatran) or VKA. Comorbidi-
ties were quantified using the Charlson Comorbidity Index (CCl), a vali-
dated prognostic indicator for mortality that classifies comorbid condi-
tions, where a score of O indicates no comorbidities. The study focused
on patients with a BMI > 40 kg/m?2 [11,12].

2.3 | Outcome
Arecurrent VTE was defined as readmission with a new VTE confirmed
by ultrasound for DVT or CTA for PE and determined through individ-
ual review of clinical medical record. We confirmed a recurrent DVT
and PE based on reading radiologist’s report that interpreted the clots
as new and true clots.

2.4 | Statistical analysis

Descriptive statistics and tests for group differences were employed.
Univariate analyses comparing anticoagulation treatment and BMI
across all covariates were conducted. Continuous variables (age at
diagnosis, BMI, CCl) were presented as means and standard deviations
(SDs) or median and interquartile range (IQR) and compared using the
Student t-test or Wilcoxon rank sum test; categorical variables (gender,
race) were presented as frequencies and percentages and compared
using chi-square tests.

Multivariate Cox proportional hazards models were developed to
examine the relationship between 5-year time to recurrent venous
thrombosis and anticoagulation treatment with DOAC versus VKA
use while controlling for patient characteristics. The proportional haz-
ard assumption was tested for each variable by examining the log of
negative log plots, and all covariates were expressed as adjusted haz-
ard ratios (HRs) with corresponding 95% confidence interval (Cl). The
cumulative incidence function which accounts for competing risks was
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Patients with Venous Thromboembolism
Emory university Hospital, (2012-2020)
N-46e8 Exclusion Criteria
Limit to VTE as Primary diagnosis, number exclude: 1131
1
&i ' . . Exclusion Criteria
M_eet VTE diagnosis patient, Unable to confirm if patients started
N=3557 . anticoagulation therapy (DOAC vs VKA),
number exclude: 231
Exclusion Criteria
* No documented BMI, number exclude: 1151
+» Non morbid (BMI<40); N=1919
Final cohort dataset; Nw2175 — Morbidly obese (BMI240); N=256
l Excluded patients had missing Final Subgroup
* following up time: number exclude:  ~ gatacet: N=247
9
FIGURE 1 Flow diagram of study participants’ inclusion and exclusion criteria

TABLE 1 Descriptive statistics of patients with a body mass index (BMI) > 40 grouped by treatment type and obesity status

Cases with morbid obesity (BMI > 40 kg/m?)

Cases with super obesity (BMI > 50 kg/m?)

Total
Total cases DOAC cases DOAC VKA p
Characteristic (n=247) (n=129) VKA (n=118) pValue (n=76) (n=40) (n=36) Value
Age at diagnosis, year, 53.8(14.2) 55.4(14.2) 52.1(14.1) 0.0667 52.8(11.9) 54.8(11.2) 50.6(12.5) 0.134°
mean (SD)
BMI, mean (SD) 48.2(10.6) 47.9(11.4) 48.7 (9.8) 0.2722 58.1(9.6) 56.5(8.4) 59.9(10.6) 0.094°
Gender, n (%) 0.306° 0.009°
Female 169 (68.4) 92(71.3) 77 (65.3) 55(72.4) 34 (85.0) 21(58.3)
Male 78(31.6) 37(28.7) 41(34.7) 21(27.6) 6(15.0) 15(41.7)
Race, n (%) 0.499b 0.883P
Non-white 154(62.3) 83(63.4) 71(60.1) 45(59.2) 24 (60.0) 21(58.3)
White 93(37.7) 46 (35.6) 47 (39.8) 31(40.8) 16 (40.0) 15(41.7)
Charlson Comorbidity 1.85(1.7) 1.93(1.7) 1.77(1.7) 0.4387 1.76 (1.6) 1.98(1.3) 1.5(1.8) 0.0542

Index score, mean (SD)

Abbreviations: DOAC, direct acting anticoagulant; SD, standard deviation; VKA, vitamin K antagonist.
aStudent t-test for age; Wilcoxon rank sum test for BMI, Charlson Comorbidity Index score.

bChi-square test for treatment type, gender, and race.

used to test the cumulative incidence of recurrent VTE at 6 months,
1 year, and 5 years, with the Gray test for differences by treatment
type [13]. All analyses were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC), and approval from institutional review board for this
study was obtained from Emory University. Statistical significance was
assessed at p value < 0.05 or 95% Cl excluding 1.0.

3 | RESULTS

Our entire cohort consisted of 2175 VTE patients, with 247 morbidly
obese patients (Figure 1). Among patients, 118 patients (47.8%) had
received VKAs and 129 (52.2%) received a DOAC. The mean age at

diagnosis was 53.8 years (SD 14.2), and the mean BMI| was 48.2 kg/m?
(SD 10.6). Women represented 68.4% of the cohort and 37.7% were of
white race. There was no statistically significant difference in age, BMI,
gender, race, and CCl between DOAC and VKA groups (Table 1). There
were 76 patients (32.4%) with a BMI of 50 kg/m?2 or greater. Morbidly
obese patients were younger and more likely to be female and of non-
white race compared to non-morbidly obese patients. Those with super
obesity were similar to subjects with BMI > 40 kg/m? and < 50 kg/m?
except that they were more likely to be female.

Nine patients were missing follow-up time. The total follow-up time
was 2887 months with an average of 11.7 months. Using multivariate
Cox proportional hazards models to adjust for demographic character-

istics, there was no statistically significant difference in the VTE recur-
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TABLE 2 Multivariate-adjusted hazard ratios for recurrent 05
venous thromboembolism (VTE) among morbidly obese patients,
n=247
2 04
E
Covariates Hazardratio  95%Cl p Value &
Treatment type ﬁ 03
DOAC 0.279 0.070-1.110 0.070 “§
3
VKA REF T 02
BMI 0.990 0.923-1.063 0.789 %
Age at diagnosis 0.981 0.938-1.026 0.408 gE; 01
Gender
Male 2.549 0.776-8.376 0.123 00 ‘
0 500 1000 1500 2000 2500
Female REF sunDay
Race Treatment type DOAC VKA
White 1.998 0625-6.394 0243 *Grey’s Test, p =0.0696
Non-white REF FIGURE 2 Cumulative incidence of recurrent venous
Charlson Comorbidity Index  1.323 0.947-1.848 0.101 thromboembolism (VTE) by treatment type among morbidly patients.

Abbreviations: BMI, body mass index; Cl, confidence interval; DOAC, direct
acting anticoagulant; VKA, vitamin K antagonist.

TABLE 3 Hazard ratios (HR) and 95% confidence interval (Cl) of
recurrent venous thromboembolism (VTE) morbidly obese patients
treated with direct acting anticoagulant (DOAC) versus vitamin K
antagonist (VKA) at 6 months, 12 months, and 5 years

Treatment type
Time HR 95% ClI
6 months 0.30 0.05-1.83
12 months 0.20 0.02-2.31
5years 0.28 0.06-1.37

rence among morbidly obese patients treated with a DOAC compared
with VKA (HR: 0.28, 95% Cl: 0.07-1.11, p = 0.07) (Table 2). At 1 year,
97 patients (39.3%) were still on anticoagulants (ACs), and 6 (2.4%)
were still on ACs at 5 years. The cumulative incidence of recurrent
VTE at 6 months, 1 year, and 5 years for patients on VKA was 3.31%
(95% Cl,0.55-10.06), 5.08% (95% Cl, 0.43-59.71), and 3.59% (95% Cl,
0.73-17.63), respectively. Whereas for patients on DOAC, the cumula-
tive incidence of recurrent VTE at 6 months, 1 year, and 5 years was
0.30% (95% Cl,0.05-1.83),0.19% (95% Cl,0.02-2.31), and 0.28% (95%
Cl, 0.06-1.37), respectively. The HR for developing recurrent VTE in
patients on DOAC versus VKA was 0.30, 0.20, and 0.28, at 6 months, 1
year, and 5 years, respectively (Table 3). The risk of recurrent VTE was
not statistically significantly different between DOAC and VKA treat-
ment among morbidly obese patients, p = 0.07 (Figure 2). In patients
with super obesity, there were no recurrences among those treated
with DOACs (n = 40) and 2 recurrences occurred among those treated
with VKA (n = 36).

4 | DISCUSSION

The present study found that patients with morbid obesity (average
BMI 48.2 kg/m?) treated with VKAs had a slightly higher risk of

*Grey’s test, p = 0.0696

recurrence compared to those on DOAC, but this difference was not
statistically significant. There were no statistically significant differ-
ences in age, BMI, gender, race, or comorbidities when we compared
the study population by treatment type, which suggested that, in
current routine clinical practice, the patient’s BMI does not influence
medical decision making related to choice of AC. In this study, we
observed the cumulative incidence of recurrence at 5 years to be
0.28% for morbidly obese patients on DOACs and 3.59% for those on
VKA. The general hazard of VTE is highest within the first 6 months
and patients are always at risk for recurrence regardless of time
since the incident VTE event, which aligned with this study, however,
the findings were not statistically significant [14]. In clinical trials of
DOAC:s for extended anticoagulation, recurrence rates at 12 months
were 1.2%-1.7% on VKA 0.7% [15,16]. Recurrence rates in this study
population were lower than expected for those on DOACs and higher
for those on VKA, though within the Cls of this study population.

Our findings are similar to several other recent retrospective
studies. In a study of morbidly obese patients with VTE treated with
oral ACs (n = 366), a similar risk of recurrence for patients treated
with apixaban, rivaroxaban, or VKA was observed [17]. Importantly,
their cohort consisted of 25% of patients with a BMI > 50 kg/m?.
In the presently reported study, approximately 30% of patients had
a BMI > 50 kg/m2. A retrospective single-center study of obese
patients (BMI > 30 kg/m?2) by Coons et al. reported similar rates of
VTE recurrence between those treated with DOAC compared with
VKA [18]. However, only 28.5% of the study subjects were morbidly
obese, and this population was not analyzed separately. Furthermore,
the proportion of patients with BMI > 50 kg/m? was not reported. In
aretrospective study of claims data comparing VTE recurrence among
morbidly obese patients treated with rivaroxaban versus warfarin,
no difference in rates of VTE recurrence were seen [9]; however,
the proportion of patients with BMI > 50 kg/m?2 in this study is

unknown.
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Due to the retrospective nature of the study, confounding variables
and selection bias were the main limitations. Confounding factors that
may have influenced VTE recurrence may include previous surgeries,
related genetic disorders, comorbidity, and presence of thrombophilia.
However, they were not accounted for in our time-to-event analysis
due to inadequate data. Additionally, VTE recurrence was determined
using medical record review, and thus we may not capture patients who
had a recurrence but were not seen within the Emory Healthcare sys-
tem. Thus, selection bias may have been present. However, the applica-
tion of this bias would likely be equal among patients receiving DOAC
and VKA, thus having little impact on our conclusions drawn from
between group comparisons. Finally, this study was a single-center
cohort study, and thus had a smaller dataset and a lack of matching.
Cls lacked precision, likely due to the small sample size. Taking every-
thing into consideration, the data showed that the risks of recurrent
VTE between DOAC versus VKA were similar among morbidly obese
patients.

Our data provides evidence of comparable efficacy of DOAC and
VKE in morbidly obese patients with VTE. The hazard for develop-
ing recurrent VTE in patients on DOAC versus VKA was 0.30 (95%
Cl: 0.05-1.83) at 6 months is reassuring and suggests that the treat-
ment of VTE with DOACs in morbidly obese patients has similar effi-
cacy as VKA. Furthermore, the use of a DOAC eliminates the need
for international normalized ratio (INR) monitoring and drug-drug and
drug-food interactions simplify therapy. This study, in combination
with prior literature, and the robust representation of patients with
BMI > 50 kg/m? provides added confidence that DOAC can be safely
used for VTE treatment and ongoing prevention in patients with a
BMI > 40 kg/m?.
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