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Abstract

Atrial fibrillation (AF) is a cardiac condition characterized by an irregular heart rhythm, which is increasingly
prevalent in the modern era. All international guidelines strongly advise the administration of
anticoagulants to individuals with AF who are at high risk of stroke. These guidelines recommend the use of
direct oral anticoagulants (DOACs) over warfarin because warfarin is significantly associated with increased
rates of major bleeding, numerous interactions with food and drugs, and the necessity for frequent
monitoring. The aim of this study is to compare the effectiveness and safety of direct oral anticoagulants
(DOACs) in obese patients with atrial fibrillation. Two authors independently conducted a comprehensive
literature search using electronic databases including PubMed, CINAHL, and EMBASE from inception to June
1, 2023. The efficacy outcome assessed in this meta-analysis included the composite of stroke and systemic
embolism. For safety analysis, major bleeding events were compared among the study groups. Eleven studies
fulfilled all the inclusion criteria and were included in the present meta-analysis enrolling 144,502

patients. In this study, DOACs demonstrate superior efficacy in preventing stroke/systemic embolism
compared to warfarin. Among the DOACs, apixaban emerged as the most effective, followed by rivaroxaban,
warfarin, and dabigatran. In terms of safety, apixaban was also found to be the most favorable treatment
option, followed by rivaroxaban, dabigatran, and warfarin. In summary, our study concludes that apixaban
exhibited greater effectiveness and safety when compared to other DOACs and warfarin in obese patients
with AF.

Categories: Cardiology, Internal Medicine, Epidemiology/Public Health
Keywords: meta-analysis, obesity, atrial fibrillation, warfarin, direct oral anticoagulants

Introduction And Background

Atrial fibrillation (AF) is a cardiac condition characterized by an irregular heart rhythm, which is increasingly
prevalent in the modern era. AF can stem from various factors, including valvular heart diseases and non-
valvular causes such as thyroid issues, hypertension, sleep apnea, exposure to substances that stimulate the
heart, stress, or other unknown reasons. Research indicates that many AF patients do not have underlying
valvular heart disease [1]. Non-valvular AF can lead to complications such as blood clot formation, resulting
in stroke and systemic embolism [2]. Typically, patients with non-valvular AF require anticoagulant
medication for proper management [3]. In 2017-2018, the estimated prevalence of adult obesity in the
United States was 42%, and it is expected to potentially reach 50% by 2030 [4]. Apart from various health
issues, obesity is linked to an increased likelihood of developing non-valvular atrial fibrillation and
thrombotic events [5]. In obese individuals who develop non-valvular atrial fibrillation, the condition tends
to be more severe and persistent [6]. Obesity is one of the important risk factors for AF due to its underlying
mechanisms that physiologically affect AF. For instance, obesity is often associated with metabolic
disturbances such as insulin resistance, hyperlipidemia, and hypertension. These metabolic factors can
promote the development of AF by affecting atrial substrate and function [7]. Furthermore, obesity leads to
increased blood volume and cardiac output, resulting in chronic hemodynamic alterations. These changes
can cause left atrial enlargement and stretch, leading to atrial remodeling and increased susceptibility to AF.
Approximately one out of every five cases of AF is associated with obesity, to the point that each
incremental rise in body mass index (BMI) corresponds to a 4%-5% increase in the risk of developing AF [8].

In general, patients without clinical stroke risk factors do not need antithrombotic therapy, while patients
with stroke risk factors (i.e., CHA2DS2-VASc score of 1 or more for males and 2 or more for females) are likely
to benefit from oral anticoagulants (OACs). All international guidelines strongly advise the administration of
anticoagulants to individuals with AF who are at high risk of stroke (CHA2DS2-VASc score of 1 or more for
males and 2 or more for females) [9]. These guidelines recommend the use of direct oral anticoagulants
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(DOACs) over warfarin because warfarin is significantly associated with increased rates of major bleeding,
numerous interactions with food and drugs, and the necessity for frequent monitoring [10,11]. The modified
pathophysiology observed in obese adults can impact the pharmacological effects of anticoagulants such as
warfarin, necessitating a higher dosage and a lengthier period to achieve therapeutic targets in comparison
to individuals with normal weight [12]. This circumstance may contribute to unfavorable outcomes such as
stroke and hospitalization resulting from inadequate dosage of anticoagulant medication.

Numerous systematic reviews have focused on DOACs and their application in obesity, attracting significant
interest [13,14]. However, the recommendations from these studies seem to present conflicting findings. The
impact of the obesity paradox concerning AF, as well as comprehensive data comparing the effectiveness of
DOACs to warfarin, remains uncertain. For instance, only a small percentage (1.4%) of participants in the
Apixaban for Reduction In Stroke and Other ThromboemboLic Events in Atrial Fibrillation (ARISTOTLE) trial
[15] weighed over 140 kg, indicating an underrepresentation of this population. Concerns regarding the use

of DOACs in severely obese adults (with a BMI of 40 kg/m2 or higher) have been raised by both the
International Society on Thrombosis and Haemostasis (ISTH) and the European Society of Cardiology (ESC)
Working Group on Thrombosis. This is primarily due to the lack of sufficient clinical data or its absence [16].

The ISTH has suggested that DOACs should not be used in individuals with a BMI exceeding 40 kg/m2 or
weighing over 120 kg [17]. Currently, no randomized controlled trials (RCTs) of DOACs administered
specifically to morbidly obese patients exist. Furthermore, there is a lack of studies comparing different oral
anticoagulants in obese patients with AF. Therefore, in this study, we sought to compare different DOACs
with warfarin and with each other in obese patients with AF using meta-analysis. The aim of this meta-
analysis is to compare the effectiveness and safety of DOACs in obese patients with atrial fibrillation using
network meta-analysis. We used network meta-analysis as it allows for the simultaneous comparison of
multiple treatments (apixaban, dabigatran, rivaroxaban, and warfarin) within the same analysis. This
approach enables a comprehensive assessment of the relative effectiveness and safety of these different
anticoagulants in obese patients with atrial fibrillation.

Review
Methodology

This meta-analysis was conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses of Network Meta-Analyses (PRISMA-NMA) guidelines.

Search Strategy

Two authors independently conducted a comprehensive literature search using electronic databases
including PubMed, CINAHL, and EMBASE from inception to June 1, 2023. The search used keywords such as
"atrial fibrillation,” "obese," "direct oral anticoagulants,” and "warfarin," along with their synonyms and
relevant medical subject heading (MeSH) terms. All retrieved records were imported into EndNote X9,
duplicates were removed, and two reviewers screened the articles based on their titles and abstracts. The full
texts of all potentially eligible records were obtained, and a detailed assessment was performed based on
predefined inclusion and exclusion criteria. Additionally, the reference lists of included studies were
manually searched.

Inclusion and Exclusion Criteria

The following criteria were used for study inclusion: (1) randomized controlled trials (RCTs) or observational

cohorts (prospective or retrospective); (2) patients with obesity (defined by BMI (>30 kg/mz) or ICD-9 or 10
codes) and atrial fibrillation, aged 18 years or older, who received any of the three DOACs (apixaban,
rivaroxaban, and dabigatran) or warfarin; and (3) reporting of any efficacy or safety outcomes. Studies that
included patients other than those with atrial fibrillation were excluded. Reviews, editorials, and case
reports were also excluded. We excluded studies published in languages other than English.

Data Extraction, Outcomes, and Quality Assessment

Two authors independently extracted data from each of the included studies. The extracted data included
authors' names, publication year, study design, medications used, and patient number. They also extracted
data on the methodological quality of the studies, baseline characteristics of participants, duration of
follow-up, and number of recorded events. In case of any disagreements between the two authors during the
data extraction process, they engaged in thorough discussions to reach a consensus, with the corresponding
author making the final decision. The efficacy outcome assessed in this meta-analysis included the
composite efficacy outcomes (including stroke and systemic embolism). For safety analysis, major bleeding
events were compared among the study groups.

Two authors independently assessed the quality of the studies. The quality of these studies was assessed
using the Newcastle-Ottawa Scale (NCOS) because each of the study that was included in this meta-analysis
was a cohort. It evaluates three key areas: the selection of study groups, the comparability of groups, and
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the ascertainment of either the exposure or outcome of interest.

Statistical Analysis

The network meta-analysis was performed using Stata software version 16.0 (StataCorp LLC, College
Station, TX, USA). A network diagram was drawn. Each node in the diagram represented a specific
intervention, while the size of the node reflected the sample size, and the thickness of the lines represented
the number of studies comparing each pair of treatments. For the network meta-analysis, a Bayesian
approach was employed. Pairwise comparisons were done using odds ratio (OR) with 95% confidence
interval (CI). Surface under the cumulative ranking (SUCRA) score was used to rank the intervention. It is a
statistical measure used in meta-analysis to rank different treatment interventions based on their
probabilities of being the best treatment for a specific outcome. It provides a summary measure of the
relative treatment efficacy or effectiveness across multiple interventions. Heterogeneity was assessed using
I-square statistics. An I-square value of more than 50% was considered significant for heterogeneity.

Results

A total of 987 records were obtained from online database searching. After removing 56 duplicate articles,
931 articles were left for title and abstract screening. A total of 899 studies were excluded based on title and
abstracts. A total of 32 studies were included for full-text screening. Eleven studies fulfilled all the inclusion
criteria and were included in the present meta-analysis enrolling 144,502 patients. Figure / shows the study
selection process. Table I gives the characteristics of all the included studies. Table 2 shows the quality
assessment of the included studies.
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FIGURE 1: PRISMA flowchart of study selection

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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Author name

Alberts et al. [18]

Berger et al. [19]

Boivin-Proulx et al.

[20]

Briasoulis et al. [21]

Chugh et al. [22]

Costa et al. [23]

Deitelzweig et al.

[24]

Kido et al. [25]

Kushnir et al. [26]

Perales et al. [27]

Peterson et al. [28]

Weir et al. [29]

Year

2022

2021

2022

2021

2023

2020

2021

2019

2019

2020

2019

2021

Region

United

States

United

States

Canada

United

States

United
States

United

States

Canada

United

States

United

States

United
States

United
States

United
States

Study design

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Retrospective

cohort

Groups

Rivaroxaban

Warfarin

Rivaroxaban

Warfarin

Apixaban

Rivaroxaban

Warfarin

Apixaban

Rivaroxaban

Dabigatran

Warfarin

Apixaban

Rivaroxaban

Dabigatran

Rivaroxaban

Warfarin

Apixaban

Warfarin

Apixaban

Rivaroxaban

Dabigatran

Warfarin

Apixaban

Rivaroxaban

Warfarin

Rivaroxaban

Warfarin

Rivaroxaban

Warfarin

Rivaroxaban

Warfarin

Sample

size

21,574

21,574

10,555

5,080

539

403

1,253

4,471

3,299

3,246

13,417

155

335

393

1,969

1,969

13,604

12,918

19

25

20

64

103

174

152

37

30

3,563

3,563

9,999

9,999

TABLE 1: Characteristics of the included studies

NR: not reported, BMI: body mass index

Follow-up

25 months

36 months

12 months

24 months

12.5

months

276

months

8 months

45 months

10 months

12 months

10 months

28 months

BMI 2 30 kg/m?

BMI 2 30 kg/m?

Used ICD-9 and ICD-10

codes

BMI 2 40 kg/m?

BMI 2 30 kg/m?

BMI 2 30 kg/m?

BMI 2 30 kg/m?

BMI > 40 kg/m?

BMI 2 30 kg/m?

BMI > 40 kg/m?

BMI 2 30 kg/m?

BMI 2 30 kg/m?

Age (years)

65.1/65.3

58.5/60.9

74.22/71.91/72.83

Males (%)

64.1/63.9

69.5/67.6

44.45/45.57/43.68

67.3/67.2/67.3/67.2  92/90/93/89

NR

NR

72.3/72.3

NR

65.9/60.9/66.8

56.0/55.0

62.9/62.9

70.0/70.2

NR

20.7/49.7

51.3/51.6

NR

44145/41

48.0/45.0

53.9/54.0

58.8/58.0
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Author name Selection Comparison Outcome Overall
Alberts et al. [18] 3 2 3 Good
Berger et al. [19] 3 1 2 Fair
Boivin-Proulx et al. [20] 4 1 2 Good
Briasoulis et al. [21] 3 2 3 Good
Chugh et al. [22] 4 2 2 Good
Costa et al. [23] 4 2 2 Good
Deitelzweig et al. [24] 2 1 2 Fair
Kido et al. [25] 3 2 3 Good
Kushnir et al. [26] 4 2 3! Good
Perales et al. [27] 3 2 3 Good
Peterson et al. [28] 3 2 2 Good
Weir et al. [29] 4 2 3 Good

TABLE 2: Quality assessment of the included studies

Network Meta-Analysis Results

The results for the primary efficacy outcomes of stroke or systemic embolism are shown in Figure 2 and
Figure 3. Overall, the risk of composite efficacy outcome was lower in apixaban and rivaroxaban compared to
warfarin. However, dabigatran was non-inferior to warfarin in terms of prevention of composite efficacy
outcome. In the prophylaxis of stroke or systemic embolism, apixaban was the best among the other two
DOACs (rivaroxaban and dabigatran) and warfarin as shown in Table 3. The SUCRA score of each drug
showed that in the prevention of composite efficacy outcome, apixaban ranked the best, followed by
rivaroxaban, warfarin, and dabigatran. The heterogeneity was analyzed, and the results showed that the
heterogeneity of the study was low (18%). The results of Egger's tests showed no obvious publication bias in
the efficacy outcome (p-value: 0.22).
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Dabigatran

Rivaroxaban Apixaban

Warfarin

FIGURE 2: Network plot (composite outcome)

Treatment Effect QOdds Ratio (95% CI)
Apixaban vs Warfarin - 0.63 (0.51,0.78)
Dabigatran vs Warfarin 4 2.24 (0.46,10.83)
Rivaroxaban vs Warfarin * 0.77 (0.73,0.82)
Dabigatran vs Apixaban 4 3.54 (0.72,17.28)
Rivaroxaban vs Apixaban - 1.22 (0.98,1.52)
¢ 0.34 (0.07,1.67)
Rivaroxaban vs Dabigatran
T I I I

= '3 1 4.1 16

FIGURE 3: Treatment effect (composite outcome)

Cl: confidence interval
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Intervention Composite outcome Stroke Major bleeding
Apixaban 1 0.8 1

Rivaroxaban 0.6 0.6 0.5

Dabigatran 0.1 0.3 0.4

Warfarin 0.3 0.1 0.1

TABLE 3: SUCRA score

SUCRA: surface under the cumulative ranking

The results for the comparison of stroke among interventions are shown in Figure 4 and Figure 5. Overall,
the risk of stroke was lower in apixaban and rivaroxaban compared to warfarin. However, dabigatran was
non-inferior to warfarin in terms of prevention of stroke. The SUCRA score of each drug showed that in the
prevention of stroke, apixaban ranked the best, followed by rivaroxaban, dabigatran, and warfarin. The
heterogeneity was analyzed, and the results showed that the heterogeneity of the study was low (32%). The
results of Egger's tests showed no obvious publication bias in the efficacy outcome (p-value: 0.55).

Dabigatran

Rivaroxaban Apixaban

Warfarin

FIGURE 4: Network plot (stroke)
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Treatment Effect Odds Ratio (95% CI)
Apixaban vs Warfarin—— 0.60 (0.50,0.71)
Dabigatran vs Warfarin ——— 0.78 (0.58,1.05)
Rivaroxaban vs Warfarin - 0.74 (0.70,0.79)
Dabigatran vs Apixaban ——¢—— 1.30(0.94,1.81)
Rivaroxaban vs Apixaban —— 1.24 (1.03,1.50)
Rivaroxaban vs Dabigatran —_—,—— 0.95(0.71,1.29)
I I I I

IO I 1348

FIGURE 5: Treatment effect (stroke)

Cl: confidence interval

The results for the major bleeding events are shown in Figure 6 and Figure 7. Overall, the risk of major
bleeding events was lower in apixaban and rivaroxaban compared to warfarin. The risk of major bleeding
events in patients receiving dabigatran was lower than in patients receiving warfarin, but the difference was
statistically insignificant. The SUCRA score in Table 3 shows that apixaban was the best among all
anticoagulants, followed by rivaroxaban, dabigatran, and warfarin. The heterogeneity was analyzed, and the
results showed that the heterogeneity of the study was low (0%). The results of Egger's tests showed no
obvious publication bias in the major bleeding outcome (p-value: 0.14).
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Dabigatran

Rivaroxaban Apixaban

Warfarin

FIGURE 6: Network map (major bleeding events)

Treatment Effect Odds Ratio (95% CI)
Apixaban vs Warfarin

0.40 (0.26,0.64)
Dabigatran vs Warfarin ———4——— 0.69 (0.40,1.22)
Rivaroxaban vs Warfarin —— 0.73 (0.53,0.99)
Dabigatran vs Apixaban +—&—1.71(0.95,3.10)
Rivaroxaban vs Apixaban —— 179(1.11,2.89)
Rivaroxaban vs Dabigatran —_—l— 1.05(0.60,1.81)

I I I I

2 4 1 1.6 3

FIGURE 7: Treatment effect (major bleeding events)

Cl: confidence interval
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Discussion

The aim of this network meta-analysis was to identify the most suitable medication for preventing
stroke/systemic embolism in obese patients with AF. In this study, DOACs demonstrate superior efficacy in
preventing stroke/systemic embolism compared to warfarin. Among the DOACs, apixaban emerged as the
most effective, followed by rivaroxaban, warfarin, and dabigatran. In terms of safety, apixaban was also
found to be the most favorable treatment option, followed by rivaroxaban, dabigatran, and warfarin. In
summary, our study concludes that apixaban exhibited greater effectiveness and safety when compared to
other DOACs and warfarin in obese patients with AF.

DOACs represent a substantial advancement and address various limitations associated with warfarin
treatment. These DOACs offer several advantages, such as a rapid onset of action, convenient dosing,
absence of routine therapeutic monitoring, and reduced interactions with other drugs and dietary factors.
These factors contribute to an improved quality of life for both patients and their caregivers [30,31]. While
DOACs have a more predictable pharmacokinetic profile compared to warfarin, it is important to note that
the absence of dosage adjustment may pose a risk of under- or over-anticoagulation in patients with extreme
body weights due to inconsistent bioavailability. However, our study presents reassuring findings that
support the continued preference for DOACs due to their convenience.

A meta-analysis published in 2021, comparing DOAC with warfarin, including 89,494 morbidly obese
patients with atrial fibrillation, showed DOACs to be safe and effective with statistical superiority in these
patients, supporting the results of this present meta-analysis [32]. Another meta-analysis comparing the
efficacy and safety of apixaban and rivaroxaban in patients with high BMI showed positive outcomes [33].
However, the meta-analysis did not include patients with AF.

The International Society on Thrombosis and Haemostasis (ISTH) expressed reservations in 2016 regarding
the use of DOACs in obese patients, citing insufficient research on this specific population [17]. However,
with the emergence of additional studies focusing on the utilization of apixaban and other DOACs in obese
patients in recent years, it has been demonstrated that these medications offer potential advantages over
warfarin in this patient group. As a result, the recommendation for their use in obese patients has been
established. Apixaban and rivaroxaban had a similar positive response. However, the use of dabigatran in
obese patients with AF required further confirmatory studies as the number of studies assessing the efficacy
and safety of dabigatran in these patients is limited.

The present meta-analysis examined the efficacy and safety of direct-acting oral anticoagulants (DOACs)
compared to warfarin in terms of major bleeding events. Among the DOACs, apixaban and rivaroxaban have
shown superior effectiveness in reducing major bleeding events when compared to warfarin. Obese patients
pose unique challenges when it comes to anticoagulant therapy due to altered pharmacokinetics and
potential variations in drug efficacy and safety [16]. The physiological basis for the effectiveness of apixaban
and rivaroxaban in reducing major bleeding events in obese patients lies in their pharmacological
properties. Both apixaban and rivaroxaban are factor Xa inhibitors that exert their anticoagulant effects by
selectively inhibiting factor Xa, thereby interrupting the coagulation cascade [34]. In obese individuals,
alterations in the volume of distribution and increased body weight can influence drug pharmacokinetics,
potentially leading to variations in drug exposure and response. However, apixaban and rivaroxaban have
predictable pharmacokinetic profiles that allow for consistent anticoagulation effects, irrespective of body
weight or BMI [35]. This predictability ensures that obese patients receive appropriate and effective
anticoagulant therapy, reducing the risk of major bleeding events.

Study Limitations

There are several limitations to consider in our meta-analysis. Firstly, all the studies included in our analysis
were observational in nature, which may introduce inherent biases and confounding factors that could
impact the validity of our findings. Secondly, our analysis was limited by the availability of data on certain
important outcomes, such as myocardial infarction and all-cause mortality. These endpoints were not
adequately reported in the included studies, which reduces the comprehensiveness of our analysis.
Furthermore, the intensity of obesity, as measured by variables such as body mass index (BMI), was not
taken into consideration in our analysis due to the unavailability of data on patients' levels. This omission
prevents us from assessing the impact of obesity severity on the outcomes of interest. Additionally, the

inclusion criteria of studies regarding BMI varies from study to study as some studies used 30 kg/m2 and

some used 40 kg/mZ to identify obese patients. Lastly, we encountered a limitation related to the number of
studies assessing dabigatran, one of the DOACs included in our analysis. Therefore, in order to evident these
findings, more studies were needed in obese patients with atrial fibrillation.

Conclusions

In conclusion, our network meta-analysis of 12 studies suggests that direct-acting oral anticoagulants
(DOACs) demonstrate superior efficacy and safety compared to warfarin in preventing stroke/systemic
embolism in obese patients with atrial fibrillation (AF). Among the DOACs, apixaban emerged as the most
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effective and safest treatment option. These findings support the preference for DOACs over warfarin in
obese patients with AF due to their advantages of rapid onset of action, convenient dosing, and reduced
drug interactions. Despite limitations in the study design and available data, our results are consistent with
other meta-analyses and highlight the potential benefits of DOACs in this patient population. Further
research is needed, particularly with regard to dabigatran, to confirm and expand upon these findings.
Overall, the use of apixaban and rivaroxaban as anticoagulants in obese patients with AF appears to be
effective in reducing major bleeding events, due to their predictable pharmacokinetic profiles. These
findings have important implications for guiding clinical decision-making and improving anticoagulant
therapy in obese patients with AF.
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