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Abstract
Background: The benefit of apixaban to reduce stroke risk in morbidly obese patients with nonvalvular atrial
fibrillation (AF) is still undetermined. The International Society of Thrombosis and Hemostasis recommends avoiding
the use of direct oral anticoagulants (DOAC)s in morbidly obese patients (body mass index > 40 or weight > 120 kg)
because of limited clinical data. This exploratory study aims to evaluate the effectiveness and safety of using
apixaban in morbidly obese (body mass index (BMI) ≥ 40) patients with AF.
Methods: An exploratory retrospective cohort study was conducted at a single-center, including adult patients with
non-valvular AF using apixaban between 01/01/2016 and 31/12/2019. Patients were excluded if they were known
to have liver cirrhosis Child-Pugh C, mechanical valve, serum creatinine > 1.5 mg/dL, follow up < 3 months, or using
apixaban with a dose of ≤5 or > 10 mg/day. Included patients were categorized into two groups based on their
BMI (BMI<40 Vs. BMI ≥ 40). The primary outcome was all thrombotic events, while the secondary outcomes were
major and minor bleeding after apixaban initiation. Propensity score (PS) matching was used (1:1 ratio) based on
the patient’s age, gender, and HAS-BLED score.
Results: A total of 722 patients were eligible; 254 patients were included after propensity score matching based on
the selected criteria. The prevalence of all thrombotic events was similar between the two groups in the first year
of apixaban initiation (OR (95%CI): 0.58 (0.13, 2.5), p-value = 0.46). In addition, the odds of developing major and
minor bleeding were not statistically significant between the two groups (OR (95%CI): 0.39 (0.07, 2.03), p-value =
0.26 and OR (95%CI): 1.27 (0.56, 2.84), p-value = 0.40), respectively).
Conclusion: This exploratory study showed similar effectiveness and safety of apixaban use in both morbid and
non-morbid obese patients with non-valvular AF. However, a larger randomized controlled trial with a longer
follow-up period needs to confirm our findings.
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Background
Recent guidelines recommend using direct oral anticoagulants (DOACs) as first-line oral agents over warfarin in patients with non-valvular Atrial fibrillation (AF) and elevated
stroke risk [1, 2]. DOACs have proven efficacy in stroke and
systemic embolism risk reduction while overcoming many
warfarin drawbacks [3, 4]. DOACs advantages over warfarin
include better pharmacokinetics, early-onset, fewer routine
drug monitoring, and fewer interactions [5]. In addition,
DOACs have a favorable safety profile in special populations
such as patients with renal dysfunction, patients with history
of stroke, or older adults [6]. However, because overweight
and obese adults are often underrepresented in trials, the
safety and effectiveness of DOACs in obese patients are
unknown [6–9]. Therefore, a guidance issued by the
International Society on Thrombosis and Hemostasis (ISTH)
recommends against the use of DOAC in patients with a
BMI > 40 kg/m− 2 or weight above 120 kg due to limited
evidence [10].
Since that recommendation, several studies and post-hoc
analyses have investigated the impact of BMI on the safety
and effectiveness DOACs, including Dabigatran, Rivaroxaban, Apixaban, and Edoxaban [11–16]. A systemic review
and meta-analysis including a total of 89,494 morbidly obese
patients with non-valvular AF comparing DOACs to warfarin reported that DOAC was associated with significantly
lower stroke or systemic embolism [odds ratio (OR): 0.71;
95% confidence interval (CI): 0.62–0.81; P < 0.0001; I2 = 0%]
compared to warfarin [17]. In addition, DOACs had a significantly lower major bleeding compared to warfarin (OR:
0.60; 95% CI: 0.46–0.78; P < 0.0001; I2 = 86%) [17]. A subclass analysis in that meta-analysis showed that apixaban
and rivaroxaban were superior to warfarin in safety and efficacy [17]. Although the results of several meta-analyses support the use of rivaroxaban and apixaban in morbidly obese
patients with non-valvular AF, additional randomized clinical trials comparing the efficacy and safety of DOACs to
warfarin in this patient population are needed before a
strong recommendation can be made [17, 18].
Apixaban and other DOACs have been proposed as an
alternative to warfarin for non-valvular AF or flutter
stroke prevention in morbidly obese patients [15, 19]. This
recommendation mainly derives from post-hoc analyses,
meta-analyses, retrospective, observational, or small nonrandomized studies [11–18]. The efficacy and safety of
apixaban in patients with extreme weights are still being
investigated [20]. Thus, we conducted this exploratory
study to evaluate the efficacy and safety of using apixaban
in AF patients who are morbidly obese (BMI ≥ 40).

records of King Abdulaziz Medical City (Riyadh) between January 01st, 2016 and December 31st, 2019. We
included adult patients aged 18 years or above diagnosed
with non-valvular AF and who received apixaban for
stroke prevention regardless of their CHA2DS2-VASc
score. Patients were excluded if they are known to have
liver cirrhosis Child C, mechanical valve, serum creatinine > 1.5 mg/dL, follow up < 3 months, or using apixaban
with a dose of ≤5 or > 10 mg/day. Included patients were
then categorized into two groups based on the body
mass index (BMI) (BMI ≥ 40 vs. BMI < 40) at the time of
apixaban initiation. Patients' data were then followed for
at least one year after apixaban initiation. The Institutional review board at King Abdullah International Medical Research Center (KAIMRC) approved the study in
November 2021 (Ref.# NRC21R/482/11). Informed consent from the study patients was waived due to the
retrospective observational nature of the study.

Methods

Outcomes

Study design

This exploratory study aims to compare the effectiveness and safety of apixaban in patients with non-valvular
AF who are morbidly obese (BMI ≥ 40) to non-morbidly

This was an exploratory retrospective cohort study retrieving adult patients’ data from the electronic health

Study setting

This study was conducted in King Abdulaziz Medical
City (Riyadh). It is a tertiary-care academic referral hospital with 1601 beds in Riyadh, Saudi Arabia. King
Abdulaziz Medical City includes cardiac and liver centers, intensive care units (ICUs), dental, ambulatory care
centers, long-term care/ rehabilitation, emergency care,
trauma centers, surgical and medical wards, obstetrics
and gynecology, pediatrics, operating rooms, and home
health care program.This center provides all types of
care to all national guard soldiers and their families, including primary health care and specialized tertiary care.
Data collection

Each patients’ data were collected and retrieved from the
hospital system (Best Care); data were collected in an
excel sheet. We collected patients’ demographic data, comorbidities, vital signs and laboratory tests, CHA2DS2VASc score, and HAS-BLED scores at the time of apixaban initiation. Moreover, laboratory tests including coagulation profile, liver, and renal profile, complete blood
count (hemoglobin and platelets), concomitant antiplatelets use, and concomitant use of gastrointestinal (GI)
prophylaxis were collected. Moreover, we collect the following variables: confirmed stroke occurrence (ischemic
or hemorrhagic), pulmonary embolism (PE), deep vein
thrombosis (DVT), upper or lower GI bleeding (confirmed
by documentation or using upper endoscopy or colonoscopy), the occurrence of left ventricular thrombus (confirmed by echocardiogram) while on apixaban.
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obese patients (BMI < 40). The primary efficacy outcome
was thrombotic events. Thrombotic events were identified using the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD10-CM) code
(i.e., stroke, pulmonary embolism, deep vein thrombosis), chart review documentation and/or radiology
findings. In contrast, the secondary outcomes were
major and minor bleeding after apixaban initiation.
Major bleeding was defined according to the ISTH as
clinically overt bleeding associated with a fall in
hemoglobin by ≥20 g/L, transfusion of ≥2 U packed red
blood cells (PRBCs) or whole blood, retroperitoneal or
intracranial bleeding, or fatal bleeding [21]. In comparison, minor bleeding was defined according to the ISTH
definition as any sign or symptom of bleeding that does
not fit the criteria for the ISTH definition of major
bleeding [21], but does meet at least one of the following
criteria: requiring medical intervention by a healthcare
professional, bleeding leading to hospitalization or increased level of care or prompting a face to face evaluation [22].
Statistical analysis

We presented continuous variables as mean with standard deviation (SD), or median with lower and upper
quartile (Q1, Q3) as appropriate and categorical variables as number (percentage). The normality assumptions were assessed for all numerical variables using a
statistical test (i.e., Shapiro–Wilk test) and graphical representation (i.e., histograms and Q-Q plots).
Baseline characteristics and outcome variables were compared between the two study groups. For categorical variables, we used the Chi-square or Fisher’s exact test. We
compared the normally distributed continuous variables
using the student t-test and non-normally distributed variables with the Mann-Whitney U test. Multivariable regression analysis and negative binomial regression were used for
the outcomes considered in this study as appropriate. Regression analysis was done by considering PS score as one of the
covariates in the model. The odds ratios (OR) or estimates
with the 95% confidence intervals (CI) were reported as appropriate. No imputation was made for missing data as the
cohort of patients in our study was not derived from random
selection. We considered a P value of < 0.05 statistically significant and used SAS version 9.4 for all statistical analyses.
Propensity score matching procedure (Proc PS match)
(SAS, Cary, NC) was used to match patients with BMI ≥
40 (active group) to patients with BMI<40 (control group)
who received Apixaban therapy based on patient’s age,
gender, and HAS-BLED score at the time of Apixaban initiation. A greedy nearest neighbor matching method was
used in which one patient with BMI ≥ 40 (active) group
matched with one patient with BMI<40 (control), which
eventually produced the smallest within-pair difference
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among all available pairs with treated patients. Patients
were matched only if the difference in the logits of the
propensity scores for pairs of patients from the two groups
was less than or equal to 0.5 times the pooled estimate of
the standard deviation.

Results
Demographic and clinical characteristics

A total of 1433 patients were screened after applying the
selection criteria. However, only 722 out of them met the
inclusion criteria and received apixaban for non-valvular
AF. We matched 254 patients using propensity score (1:1)
according to the selected criteria. Then patients were divided based on their BMI to < 40 kg/m 2 and ≥ 40 kg/m 2 as
presented in the patient’s flow chart (Fig. 1). All patients
received a fixed dose of apixaban (5 mg twice daily). Before
PS matching, patients with BMI < 40 were older, male, had
a higher eGFR, INR, aPTT, and stroke prevalence. However, after using PS matching, most of the baseline characteristics and comorbidities were balanced between the two
groups. Except for higher hematocrit levels in patients with
BMI ≥40 kg/m 2 and longer aPTT level among patients
with BMI < 40 kg/m 2. The mean weight in patients with
BMI < 40 after PS matching was 75.2 kg (±12.47) compared
to 108.4 kg (±17.72) in the active group (Table 1).
Outcomes
Thrombosis

Thrombotic events occurred in three patients (2.4%) with
BMI ≥ 40 compared to five patients (4.0%) in the control
group (p = 0.46) within 12 months of Apixaban initiation. Logistic regression analysis showed lower odds of thrombotic
events in patients with BMI ≥ 40, but that did not reach the
statistical significance (OR (95%CI) 0.58 (0.13, 2.51), p =
0.46). Moreover, the prevalence of Venous Thromboembolism (VTE) and ischemic stroke were similar between the
two groups (OR (95%CI) 0.49 (0.04, 5.51), p = 0.56 and OR
(95%CI) 0.66 (0.10, 4.02), p = 0.64 respectively) (Table 2).
As well, all thrombosis and ischemic stroke events
were similar when patients were followed beyond 12
months (OR (95%CI) 0.46 (0.16, 1.28), p = 0.13 and OR
(95%CI) 0.70 (0.21, 2.26), p = 0.54 respectively). On the
other hand, VTE events were higher in patients with
BMI < 40; although, it was not statistically significant
(OR (95%CI) 0.15 (0.01, 1.27), p = 0.08) (Table 2). Of
interest, there were no thrombosis events in the subgroup analysis for patients with BMI ≥50 who received
Apixaban compared to the control group (Table 3).
Bleeding

In crude analysis, major bleeding occurred in two patients (1.6%) who had BMI ≥40, compared to five patients (4.0%) in the control group (p = 0.24). In the
multivariable regression analysis, major bleeding was
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Fig. 1 Flowchart of patients who received apixaban

similar between the two groups (OR (95%CI) 0.39 (0.07,
2.03), p = 0.26). In addition, patients who have BMI ≥40
have a similar prevalence of minor bleeding in comparison to the control group (OR (95%CI) 1.27 (0.56, 2.84),
p = 0.55) as shown in Table 4. The concomitant use of
Antiplatelets (i.e., Aspirin, Clopidogrel, and Ticagrelor)
and GI prophylaxis were assessed, and both were not
significantly different before and after PS matching between the two groups (Table 1).

Discussion
This exploratory study demonstrated no significant difference in apixaban effectivness between morbidly obese
(BMI ≥ 40) patients compared with non-morbidly obese
patients with non-valvular AF. In addition, no significant
difference in the apixaban safety outcomes between the
two treatment groups (BMI < 40 vs. BMI ≥ 40) after
apixaban initiation.
The prevalence of thrombotic events in all patients
prescribed apixaban was similar between the morbidly

obese patients (BMI ≥ 40) and the control group (BMI <
40). In this exploratory study, stroke occurrence was numerically higher among the non-morbid obese patients
but not statistically significant. Even though the BMI
was significantly different between the two treatment
groups, similar rates of thrombotic events between the
two treatment groups may be explained by the similar
baseline CHA2DS2-Vasc score initially. Consistently, a
single-center retrospective study of obese patients
(weight > 120 kg vs. < 120 kg) with AF showed a lower
incidence of stroke, VTE, and PE in patients using dabigatran, rivaroxaban, or apixaban (2.5% in patients weighing ≥120 kg versus 3.1% in patients weighing < 120 kg
(P = 0.632)) [23]. Moreover, a retrospective cohort study
assessing apixaban effectiveness in morbidly obese (BMI
> 40 kg/m2 or weight > 120 kg) patients with AF showed
no difference between the risk of stroke or Systemic Embolism (SE) between apixaban and warfarin (HR: 0.66
(95% CI 0.32–1.33) [14] These findings could be related
to the obesity paradox phenomenon, which refers to the
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Table 1 Baseline characteristics of adult patients receiving apixaban before and after propensity score matching
Before propensity score (PS) matching

After propensity score (PS) matching

Overall
(N = 722)

BMI < 40
(N = 595)

BMI ≥ 40
(N = 127)

P-value

Overall
(N = 254)

BMI < 40
(N = 127)

BMI ≥ 40
(N = 127)

P-value

Age (Years), Mean (SD)

69.9 (11.39)

70.2 (11.56)

68.3 (10.46)

0.0212^

68.3 (10.31)

68.3 (10.20)

68.3 (10.46)

0.9806*

Gender – Male, n (%)

307 (42.5)

291 (48.9)

16 (12.6)

<.0001^^ 32 (12.6)

16 (12.6)

16 (12.6)

0.9999^^

Weight (kg), Mean (SD)

83.4 (18.90)

78.1
(14.33)

108.4 (17.72) <.0001*

75.2 (12.47)

108.4 (17.72) <.0001*

Body Mass Index (BMI), Median
(Q1, Q3)

32.1
30.5
43.9
<.0001*
(27.33, 37.86) (26.63, 34.57) (41.71, 47.74)

39.8
32.5
43.9
<.0001*
(32.45, 43.86) (27.18, 35.41) (41.71, 47.74)

Alanine aminotransferase (ALT),
Median (Q1, Q3)

21.0
21.0
19.0
0.0551^
(14.00, 31.00) (14.00, 31.00) (13.00, 25.00)

19.5
20.0
19.0
0.7210^
(13.00, 28.00) (13.00, 29.50) (13.00, 25.00)

Aspartate aminotransferase (AST),
Median (Q1, Q3)

22.0
22.0 (17.00,
(17.00, 29.00) 29.00)

21.0
0.1182^
(16.00, 28.00)

21.0
21.5
21.0
0.9873^
(16.00, 28.00) (15.50, 27.00) (16.00, 28.00)

Estimated glomerular filtration
rate (eGFR), Median (Q1,Q3)

83.0
83.0
80.0
0.0229^
(69.00, 97.00) (69.50, 98.00) (63.00, 92.00)

81.0
83.0
80.0
0.1693*
(67.00, 94.00) (71.00, 97.00) (63.00, 92.00)

Serum creatinine (mmol/l), Median 73.0
73.5
70.0
0.1956^
(Q1,Q3)
(64.00, 90.00) (64.00, 90.00) (63.00, 85.00)

69.0
69.0
70.0
0.1698^
(62.00, 82.00) (61.00, 77.00) (63.00, 85.00)

Blood Urea Nitrogen (BUN) (mmol/
l), Median (Q1,Q3)

5.6
(4.30, 7.30)

5.6
(4.30, 7.20)

5.7
(4.10, 7.85)

0.8249^

5.3
(4.00, 7.30)

5.1
(4.00, 6.60)

5.7
(4.10, 7.85)

0.1059^

Platelets count (10^9/L), Median
(Q1, Q3)

245.0
(203.00,
312.00)

244.5
(203.00,
309.50)

255.0
(203.00,
333.00)

0.2074^

261.0
(205.50,
335.00)

264.0
(209.00,
335.00)

255.0
(203.00,
333.00)

0.6115^

Hematocrit (Hct), Median (Q1, Q3)

0.4
(0.35, 0.44)

0.4 (0.35,
0.44)

0.4 (0.37,
0.44)

0.4713^

0.4 (0.35,
0.43)

0.4
(0.35, 0.42)

0.4
(0.37, 0.44)

0.0366^

Total WBC (10^9/L), Median
(Q1, Q3)

7.8
(6.10, 10.00)

7.7 (6.10,
10.00)

8.1 (6.40,
9.94)

0.4107^

8.0
(6.17, 10.05)

7.9
(6.10, 10.10)

8.1
(6.40, 9.94)

0.6404^

International normalized ratio
(INR), Median (Q1,Q3)

1.1
(1.04, 1.20)

1.1
(1.05, 1.22)

1.1
(1.02, 1.14)

0.0010^

1.1
(1.03, 1.15)

1.1
(1.04, 1.20)

1.1
(1.02, 1.14)

0.2394^

Activated partial thromboplastin
time (aPTT) (Seconds), Median
(Q1, Q3)

29.9
30.1
28.8
0.0058^
(27.20, 34.40) (27.45, 34.75) (26.40, 33.10)

29.4
29.8
28.8
0.0453^
(26.80, 33.90) (27.40, 34.40) (26.40, 33.10)

Total bilirubin (μmol/L), Median
(Q1, Q3)

10.7
(8.10, 14.80)

9.8
(7.40, 12.90)

Albumin (gm/L), Median (Q1, Q3)

37.0
37.0
36.0
0.6269^
(33.00, 40.00) (32.00, 40.00) (33.00, 39.00)

37.0
37.0
36.0
0.2868^
(33.00, 39.00) (33.00, 40.00) (33.00, 39.00)

Fibrinogen Level (gm/l), Median
(Q1,Q3)

3.9
(2.59, 5.16)

3.9
(2.29, 5.00)

5.5
(4.63, 6.18)

0.0494*

4.8 (1.64)

4.2
(1.96)

5.4 (1.02)

0.3234*

D-dimer Level (mg/l), Median
(Q1,Q3)

1.1
(0.47, 2.92)

1.2
(0.50, 3.08)

1.0
(0.47, 2.74)

0.7596^

1.1
(0.46, 2.86)

1.1
(0.42, 3.70)

1.0
(0.47, 2.74)

0.9782^

Blood sugar level (mmol/L), Median
(Q1, Q3)

7.8
(5.90, 11.40)

7.7 (5.90,
11.20)

8.8
(6.10, 11.80)

0.1628^

8.7
(6.00, 12.50)

8.4
(5.90, 13.20)

8.8
(6.10, 11.80)

0.7573^

CHA2DS2-VASc Score, Median
(Q1, Q3)

4.0
(3.00, 5.00)

4.0
(3.00, 5.00)

4.0
(3.00, 5.00)

0.5234^

4.0
(3.00, 5.00)

4.0
(3.00, 5.00)

4.0
(3.00, 5.00)

0.8711^

HAS-BLED Score, Median (Q1, Q3)

2.0
(1.00, 3.00)

2.0 (1.00,
3.00)

2.0 (1.00,
3.00)

0.0993^

2.0
(1.00, 2.00)

2.0
(1.00, 2.00)

2.0
(1.00, 3.00)

0.5930^

History of Major Bleeding, n (%)

4 (0.6)

3 (0.5)

1 (0.8)

0.6963**

3 (1.2)

2 (1.6)

1 (0.8)

0.5614**

History of Bariatric Surgery, n (%)

1 (0.1)

0 (0.0)

1 (0.8)

0.0303**

1 (0.4)

0 (0.0)

1 (0.8)

0.3164**

Concomitant Aspirin use, n (%)

257 (36.0)

218 (37.0)

39 (31.5)

0.2412^^ 82 (33.1)

43 (34.7)

39 (31.5)

0.5893^^

Concomitant Clopidogrel use,
n (%)

93 (13.0)

82 (13.9)

11 (8.8)

0.1223^^ 29 (11.7)

18 (14.5)

11 (8.8)

0.1598^^

Concomitant Ticagrelor use, n (%)

2 (0.3)

2 (0.3)

0 (0.0)

0.5141**

0 (0)

0 (0)

0 (0)

NA

Concomitant use of GI
prophylaxis
(i.e., PPI or H2A), n (%)

602 (83.4)

497 (83.5)

105 (82.7)

0.81

214 (84.3)

108 (85.0)

106 (83.4)

0.7509^^

10.7
(8.10, 15.00)

10.7
(7.80, 13.30)

0.3140^

91.8 (22.59)

9.1
(7.10, 12.70)

10.7
(7.80, 13.30)

0.0805^
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Table 1 Baseline characteristics of adult patients receiving apixaban before and after propensity score matching (Continued)
Before propensity score (PS) matching

After propensity score (PS) matching

Overall
(N = 722)

BMI < 40
(N = 595)

BMI ≥ 40
(N = 127)

P-value

BMI < 40
(N = 127)

BMI ≥ 40
(N = 127)

P-value

Aortic Stenosis (AS), n (%)

32 (4.4)

27 (4.5)

5 (3.9)

Mitral Stenosis (MS), n (%)

28 (3.9)

23 (3.9)

5 (3.9)

0.7652^^ 10 (3.9)

5 (3.9)

5 (3.9)

> 0.9999^^

0.9698**

5 (3.9)

5 (3.9)

> 0.9999^^

Chronic obstructive pulmonary
disease (COPD), n (%)

42 (5.8)

30 (5.0)

12 (9.4)

0.0541^^ 22 (8.66)

10 (7.87)

12 (9.45)

0.6555^^

Heart Failure, n (%)

315 (43.6)

253 (42.5)

Hypertension, n (%)

606 (83.9)

490 (82.4)

62 (48.8)

0.1939^^ 111 (43.7)

49 (38.6)

62 (48.8)

0.1001^^

116 (91.3)

0.0123^^ 228 (89.7)

112 (88.2)

116 (91.3)

0.4077^^

Diabetes mellitus, n (%)

490 (67.9)

Dyslipidemia, n (%)

395 (54.7)

396 (66.6)

94 (74.0)

0.1021^^ 179 (70.5)

85 (66.9)

94 (74.0)

0.2157^^

324 (54.5)

71 (55.9)

0.7654^^ 147 (57.8)

76 (59.8)

71 (55.9)

0.5252^^

Hypothyroidism, n (%)

120 (16.6)

101 (17.0)

19 (15.0)

0.5799^^ 44 (17.3)

25 (19.7)

19 (14.9)

0.3198^^

Hyperthyroidism, n (%)

9 (1.2)

8 (1.3)

1 (0.8)

0.6074**

2 (1.57)

1 (0.79)

0.5614

Ischemic heart disease
(IHD), n (%)

190 (26.3)

165 (27.7)

25 (19.7)

0.0616^^ 54 (21.3)

29 (22.8)

25 (19.7)

0.5396^^

Chronic kidney disease (CKD),
n (%)

85 (11.8)

72 (12.1)

13 (10.2)

0.5539^^ 27 (10.6)

14 (11.0)

13 (10.2)

0.8387^^

Cancer, n (%)

39 (5.4)

33 (5.5)

6 (4.7)

0.7099^^ 13 (5.1)

7 (5.5)

6 (4.7)

0.7758^^

Venous Thromboembolism,
n (%)

45 (6.2)

39 (6.6)

6 (4.7)

0.4386^^ 14 (5.5)

8 (6.3)

6 (4.7)

0.5824^^

Vascular Disease, n (%)

9 (1.2)

6 (1.0)

3 (2.4)

0.2119**

4 (1.6)

1 (0.8)

3 (2.4)

0.3135**

Liver disease (any type), n (%)

34 (4.7)

29 (4.9)

5 (3.9)

0.6509^^ 9 (3.5)

4 (3.1)

5 (3.9)

0.7343**

Stroke, n (%)

136 (18.8)

121 (20.3)

15 (11.8)

0.0257^^ 41 (16.1)

26 (20.5)

15 (11.8)

0.0607^^

Overall
(N = 254)

Comorbidity

10 (3.9)

3 (1.18)

*T Test / ^ Wilcoxon rank sum test is used to calculate the P-value
^^ Chi square/ ** Fisher’s Exact teat is used to calculate P-value

fact that obesity in somepatients with multiple disease
comorbidities could be a protective factor leading to a
reduction in mortality [24, 25]. The phenomenon is not
fully understood, and the evidence available to support
this phenomenon’s existence has several limitations [24,
25]. In compared to non-obese patients with known
CAD who undergo PCI, Gruberg et al. found that obese
patients with known CAD who undergo PCI have a

superior outcome in terms of in-hospital complications,
cardiac death, and one-year mortality [26]. In addition,
several studies reported better outcomes and mortality
reduction among obese patients with hypercholesterolemia, hypertension, heart failure, CAD, and chronic obstructive pulmonary disease(COPD) compared to nonobese patients with similar comorbidities [27–29]. Additional research may be required to completely explain

Table 2 Regression analysis for the thrombosis after PS matching
Outcomes

Follow-up

Number of outcomes/Total number of
patients
BMI < 40

Pvalue

Odds Ratio
(OR) (95%CI)

0.46**

0.58 (0.13,2.51) 0.46

BMI ≥ 40

Pvalue
$

Arterial/ Venous Thrombosis
All thrombosis events, n (%) Δ

Within 12 months 5/125 (4.0)
> 12 months

12/123 (9.8)

Venous Thromboembolism (VTE), n(%)Δ Within 12 months 2/125 (1.6)
> 12 months
Ischemic Stroke, n (%) Δ

3/126 (2.4)
6/125 (4.8)

0.13^^ 0.46 (0.16,1.28) 0.13

1/126 (0.8)

0.55**

0.49 (0.04,5.51) 0.56

6/124 (4.8)

1/126 (0.8)

0.05**

0.15 (0.01,1.27) 0.08

Within 12 months 3/125 (2.4)

2/126 (1.6)

0.64**

0.66 (0.10,4.02) 0.64

> 12 months

5/126 (4.0)

0.54^^ 0.70 (0.21,2.26) 0.54

7/125 (5.6)

Δ Denominator of the percentage is the total number of patients
^^ Chi-square/** Fisher test is used to calculate the P-value
$ Propensity score matched used based patient’s age, gender and HAS-BLED score
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Table 3 Regression analysis of the sub-group analysis (BMI ≥ 50)
after PS matching
Outcomes

Number of outcomes/
Total number of patients
BMI < 40
(n = 24)

P-value$

BMI ≥ 50
(n = 24)

Arterial/ Venous Thrombosis
All thrombosis cases, n (%) Δ 0 (0)

0 (0)

NA

Venous Thromboembolism
(VTE), n(%)Δ

0 (0)

0 (0)

NA

Ischemic Stroke, n (%) Δ

0 (0)

0 (0)

NA

Major Bleeding, n(%)Δ

0 (0.0)

1 (4.2)

0.31**

Minor Bleeding, n(%)Δ

3 (12.5)

1 (4.2)

0.29**

Bleeding

Δ Denominator of the percentage is the total number of patients
** Fisher test is used to calculate the P-value
$ Propensity score matched used based patient’s age, gender and
HAS-BLED score

these events and improve our understanding of obesity
as a cardiovascular disease risk factor.
Since apixaban does not require routine laboratory
measurement of drug level [30], there is a greater concern
about under-dosing apixaban in patients who are morbidly obese [31]. But this issue has been refuted by the
findings of a previous study reporting that extremes of
body weight demonstrated a neglectable effect on the
pharmacokinetic and dynamic of apixaban [32]. Therefore,
they suggested that apixaban do not require dose adjustment based on weight only [32]. These findings could explain the similar rate of thrombotic events witnessed in
our study between morbidly obese patients and nonmorbid obese patients using the same dose of apixaban.
In this exploratory study, we observed no significant
difference in the incidence of bleeding between morbidly
obese patients and non-morbidly obese after controlling
for patients; age and HAS-BLED score at the time of
Table 4 Regression analysis for bleeding after PS matching
Outcomes

Number of
outcomes/
Total number
of patients
BMI <
40

P-value Odds Ratio
(OR) (95%CI)

P-value $

BMI ≥
40

Bleeding
Major
Bleeding,
n(%)Δ
Minor
Bleeding,
n(%)Δ

5 (4.0) 2 (1.6) 0.24**

12 (9.6) 15
(11.9)

0.55^^

0.39 (0.07,2.03)

0.26

1.27 (0.56,2.84)

0.55

Δ Denominator of the percentage is the total number of patients
^^ Chi-square/** Fisher test is used to calculate the P-value
$ Propensity score matched used based patient’s age, gender and
HAS-BLED score

apixaban initiation. Furthermore, the major bleeding rate
was numerically lower while the minor bleed was numerically higher among the morbidly obese patient
group. These similar rates in bleeding among the treatment groups may be attributed to the comparable rates
of concomitant antiplatelet use, HAS-BLED score, and
renal or liver function at baseline. A single centered
retrospective cohort study included patients with a
BMI ≥ 40 kg/m2 who were prescribed apixaban, rivaroxaban, or warfarin for either VTE or AF showed lower
rates of major bleeding among patients using apixaban
and rivaroxaban than warfarin [13]. Similar to our finding, two retrospective studies compared DOAC safety in
patients with AF and BMI ≥ 40 kg/m2; both studies
showed non-significantly lower rates of major bleeding
with DOACs [12, 15]. In a prior study, patients taking
DOACs had a higher rate of minor bleeding than those
taking warfarin [12].
It is noteworthy that most of the previous studies
compared either multiple DOAC agents or apixaban to
warfarin [12–14], while in our study, both groups were
on apixaban but stratified based on BMI. As far as we
know, this is one of the first studies that compared the
use of apixaban among morbid obese patients to nonmorbid obese using BMI ≥40 kg/m2. This study also
minimized the effect of the confounders using propensity score matching between the two groups. However,
our study remains to have some limitations. First, it is a
single-centered retrospective study that may introduce
some bias, and residual confounders may still exist and
cannot be fully excluded. Second, given the nature of the
study, we could not assess the patients’ adherence to
apixaban or concomitant use of medication and interactions that may influence the result during the follow-up
period. All these limitations may limit the
generalizability of the study results.

Conclusion
This study showed similar effectiveness and safety of
apixaban use in both morbid obese and non-morbid
obese patients with non-valvular AF. These findings suggest that apixaban might be an effective and safe option
to be used for non-valvular AF stroke prevention in
morbidly obese patients. This exploratory study adds to
the body of evidence available suggesting the efficacy
and safety of apixaban use for AF in patients with extreme weights. However, a larger randomized controlled
trial with a longer follow-up period needs to confirm
our findings.
Abbreviations
AF: Atrial fibrillation; BMI: Body mass index; CI: Confidence intervals;
DVT: Deep vein thrombosis; OR: Odds ratio; DOAC: Direct oral
anticoagulation; SE: Systemic embolism; HR: Hazard ratio; PS: Propensity
score; PRBC: Packed red blood cells; Q1: 1st quartile; Q3: 3rd quartile;

Al Sulaiman et al. Thrombosis Journal

(2022) 20:25

SD: Standard deviation; ISTH: International Society on Thrombosis and
Hemostasis; PE: Pulmonary embolism; GI: Gastrointestinal; KAMC: King
Abdulaziz Medical City; ICD: International Classification of Disease;
aPTT: Partial thromboplastin time; eGFR: Estimated glomerular filtration rate
Acknowledgments
We would like to thank all investigators who participated in this project from
the Saudi critical care pharmacy research (SCAPE) platform.
Princess Nourah bint Abdulrahman University Researchers Supporting Project
number (PNURSP2022R78), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.
Authors’ contributions
K.S. conceived the conception of the research; K.S., G.K., O. J, H.B., O.A., A.A.,
A.B. contributed to the design of the research; F.A., A.R., M.A., F.L., F.S., A.E.
contributed to the acquisition of the data; R.V. contributed to the analysis of
the data. S.T., K.S., A.M., O.A. contributed to the interpretation of the data;
K.S., F.A., F.L., A.E., F.S., A.R., H. B, A.A., A.B., M.A., G.K., O.J., O.A., S.T., R.V. drafted
the manuscript. All authors critically revised the manuscript, agree to be fully
accountable for ensuring the integrity and accuracy of the work, and read
and approved the final manuscript.
Funding
Princess Nourah bint Abdulrahman University Researchers Supporting Project
number (PNURSP2022R78), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Page 8 of 9

2.

3.

4.

5.

6.

7.

8.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

9.

Declarations
10.
Ethics approval and consent to participate
The study was approved in November 2021 by King Abdullah International
Medical Research Center Institutional Review Board, Riyadh, Saudi Arabia
(Ref.# NRC21R/482/11). Participants’ confidentiality was strictly observed
throughout the study by using anonymous unique serial number for each
subject and restricting data only to the investigators. Informed consent was
not required due to the research’s method as per the policy of the
governmental and local research center.

11.

12.
Consent for publication
Not applicable.
Competing interests
No author has a conflict of interest in this study.

13.

Author details
1
Pharmaceutical Care Department, King Abdulaziz Medical City, Riyadh, Saudi
Arabia. 2Saudi Critical Care Pharmacy Research (SCAPE) Platform, Riyadh,
Saudi Arabia. 3College of Pharmacy, King Saud bin Abdulaziz University for
Health Sciences, Riyadh, Saudi Arabia. 4King Abdullah International Medical
Research Center, Riyadh, Saudi Arabia. 5Department of Pharmacy Practice,
College of Pharmacy, Princess Nourah bint Abdulrahman University, P.O.Box
84428, Riyadh 11671, Saudi Arabia. 6Pharmaceutical Care Department, Prince
Sultan Military Medical City, Riyadh, Saudi Arabia. 7Statistics Department,
European Organization for Research and Treatment of Cancer (EORTC)
Headquarters, Brussels, Belgium. 8Pharmaceutical Care Department, Care
national hospital, Riyadh, Saudi Arabia. 9Department of Pharmacy Practice,
Faculty of Pharmacy, King Abdulaziz University, Jeddah, Saudi Arabia.

15.

Received: 9 January 2022 Accepted: 31 March 2022

17.

References
1. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, et al.
2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline
for the Management of Patients with Atrial Fibrillation: a report of the
American College of Cardiology/American Heart Association task force on
clinical practice guidelines and the Heart Rhythm Society in collaboration

14.

16.

18.

with the Society of Thoracic Surgeons. Circulation. 2019;140(2):e125–51.
https://doi.org/10.1161/CIR.0000000000000665.
Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C,
et al. 2020 ESC guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association for
Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2021;42(5):373–498. https://doi.
org/10.1093/eurheartj/ehaa612.
Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz
MD, et al. Comparison of the efficacy and safety of new oral anticoagulants
with warfarin in patients with atrial fibrillation: a meta-analysis of
randomised trials. Lancet. 2014;383(9921):955–62. https://doi.org/10.1016/
S0140-6736(13)62343-0.
de Souza Lima Bitar Y, Neto MG, JAL F, Pereira LV, KSO T, Akrami KM, et al.
Comparison of the New Oral Anticoagulants and Warfarin in Patients with
Atrial Fibrillation and Valvular Heart Disease: Systematic Review and MetaAnalysis. Drugs R D. 2019;19:117–26.
Ingrasciotta Y, Crisafulli S, Pizzimenti V, Marcianò I, Mancuso A, Andò G,
et al. Pharmacokinetics of new oral anticoagulants: implications for use in
routine care. Expert Opin Drug Metab Toxicol. 2018;14(10):1057–69. https://
doi.org/10.1080/17425255.2018.1530213.
Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al.
Edoxaban versus warfarin in patients with atrial fibrillation. N Engl J Med.
2013;369(22):2093–104. https://doi.org/10.1056/NEJMoa1310907.
Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in Nonvalvular atrial fibrillation. N Engl J Med.
2011;365(10):883–91. https://doi.org/10.1056/NEJMoa1009638.
Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med.
2009;361(12):1139–51. https://doi.org/10.1056/NEJMoa0905561.
Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M,
et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl J
Med. 2011;365(11):981–92. https://doi.org/10.1056/NEJMoa1107039.
Martin K, Beyer-Westendorf J, Davidson BL, Huisman MV, Sandset PM, Moll
S. Use of the direct oral anticoagulants in obese patients: guidance from
the SSC of the ISTH. J Thromb Haemost. 2016;14(6):1308–13. https://doi.
org/10.1111/jth.13323.
Eriksson BI, Dahl OE, Feuring M, Clemens A, Noack H, Hantel S, et al.
Dabigatran is effective with a favourable safety profile in normal and
overweight patients undergoing major orthopaedic surgery: a pooled
analysis. Thromb Res. 2012;130(5):818–20. https://doi.org/10.1016/j.
thromres.2012.07.004.
Patil T, Lebrecht M. A single center retrospective cohort study evaluating
use of direct oral anticoagulants (DOACs) in morbidly obese veteran
population. Thromb Res. 2020;192:124–30. https://doi.org/10.1016/j.
thromres.2020.04.015.
Kushnir M, Choi Y, Eisenberg R, Rao D, Tolu S, Gao J, et al. Efficacy and
safety of direct oral factor Xa inhibitors compared with warfarin in patients
with morbid obesity: a single-Centre, retrospective analysis of chart data.
Lancet Haematol. 2019;6(7):e359–65. https://doi.org/10.1016/S2352-3026(1
9)30086-9.
Deitelzweig S, Sah J, Kang A, Russ C, Preib M, Dhamane AD, et al.
Effectiveness and safety of Apixaban versus warfarin in obese patients with
Nonvalvular atrial fibrillation enrolled in Medicare and veteran affairs. Am J
Cardiol. 2022;163:43–9. https://doi.org/10.1016/j.amjcard.2021.09.047.
Kido K, Ngorsuraches S. Comparing the efficacy and safety of direct Oral
anticoagulants with warfarin in the morbidly obese population with atrial
fibrillation. Ann Pharmacother. 2019;53(2):165–70. https://doi.org/10.1177/1
060028018796604.
Hohnloser SH, Fudim M, Alexander JH, Wojdyla DM, Ezekowitz JA, Hanna M,
et al. Efficacy and safety of Apixaban versus warfarin in patients with atrial
fibrillation and extremes in body weight. Circulation. 2019;139(20):2292–300.
https://doi.org/10.1161/CIRCULATIONAHA.118.037955.
Mhanna M, Beran A, Al-Abdouh A, Sajdeya O, Abdulsattar W, Srour O, et al.
Direct Oral anticoagulants versus warfarin in morbidly obese patients with
Nonvalvular atrial fibrillation: a systematic review and Meta-analysis. Am J
Ther. 2021;28(5):e531–9. https://doi.org/10.1097/MJT.0000000000001403.
Thangjui S, Kewcharoen J, Yodsuwan R, Trongtorsak A, Thyagaturu H,
Shrestha B, et al. Efficacy and safety of direct oral anticoagulant in morbidly
obese patients with atrial fibrillation: systematic review and meta-analysis.
Eur Heart J Cardiovasc Pharmacother. 2021:pvab026. https://doi.org/10.1093/
ehjcvp/pvab026. Epub ahead of print. PMID: 33730164.

Al Sulaiman et al. Thrombosis Journal

(2022) 20:25

19. Li X, Keshishian A, Hamilton M, Horblyuk R, Gupta K, Luo X, et al. Apixaban 5
and 2.5 mg twice-daily versus warfarin for stroke prevention in nonvalvular
atrial fibrillation patients: Comparative effectiveness and safety evaluated
using a propensity-score-matched approach. Plos One. 2018;13:e0191722.
20. ClinicalTrails.gov. Effectiveness And Safety Of Oral Anticoagulants Among
Obese Patients With Non-Valvular A-Fib. In VA Patients With Medicare. [cited
2022 Jan 6]. Available from: https://clinicaltrials.gov/ct2/show/NCT04681482
21. SCHULMAN S, KEARON C. Definition of major bleeding in clinical
investigations of antihemostatic medicinal products in non-surgical patients.
J Thromb Haemost. 2005;3(4):692–4. https://doi.org/10.1111/j.1538-7836.2
005.01204.x.
22. Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Definition of clinically
relevant non-major bleeding in studies of anticoagulants in atrial fibrillation
and venous thromboembolic disease in non-surgical patients:
communication from the SSC of the ISTH. J Thromb Haemost. 2015;13(11):
2119–26. https://doi.org/10.1111/jth.13140.
23. Wiethorn EE, Bell CM, Wiggins BS. Effectiveness and safety of direct Oral
anticoagulants in patients with Nonvalvular atrial fibrillation and weighing ≥
120 kilograms versus 60–120 kilograms. Am J Cardiovasc Drugs. 2021;21(5):
545–51. https://doi.org/10.1007/s40256-021-00470-0.
24. Antonopoulos AS, Tousoulis D. The molecular mechanisms of obesity
paradox. Cardiovasc Res. 2017;113(9):1074–86. https://doi.org/10.1093/cvr/
cvx106.
25. Antonopoulos AS, Oikonomou EK, Antoniades C, Tousoulis D. From the BMI
paradox to the obesity paradox: the obesity-mortality association in
coronary heart disease. Obes Rev. 2016;17(10):989–1000. https://doi.org/1
0.1111/obr.12440.
26. Gruberg L, Weissman NJ, Waksman R, Fuchs S, Deible R, Pinnow EE, et al.
The impact of obesity on the short-term andlong-term outcomes after
percutaneous coronary intervention: the obesity paradox? J Am Coll Cardiol.
2002;39(4):578–84. https://doi.org/10.1016/S0735-1097(01)01802-2.
27. Cao C, Wang R, Wang J, Bunjhoo H, Xu Y, Xiong W. Body mass index and
mortality in chronic obstructive pulmonary disease: a Meta-analysis. PLoS
One. 2012;7(8):e43892. https://doi.org/10.1371/journal.pone.0043892.
28. Kalantar-Zadeh K, Block G, Horwich T, Fonarow GC. Reverse epidemiology of
conventional cardiovascular risk factors in patients with chronic heart failure.
J Am Coll Cardiol. 2004;43(8):1439–44. https://doi.org/10.1016/j.jacc.2003.11.
039.
29. Wang L, Liu W, He X, Chen Y, Lu J, Liu K, et al. Association of overweight
and obesity with patient mortality after acute myocardial infarction: a metaanalysis of prospective studies. Int J Obes. 2016;40(2):220–8. https://doi.org/1
0.1038/ijo.2015.176.
30. Ward C, Conner G, Donnan G, Gallus A, McRae S. Practical management of
patients on apixaban: a consensus guide. Thromb J. 2013;11(1):27. https://
doi.org/10.1186/1477-9560-11-27.
31. Kido K, Lee JC, Hellwig T, Gulseth MP. Use of direct Oral anticoagulants in
morbidly obese patients. Pharmacotherapy. 2020;40(1):72–83. https://doi.
org/10.1002/phar.2353.
32. Upreti VV, Wang J, Barrett YC, Byon W, Boyd RA, Pursley J, et al. Effect of
extremes of body weight on the pharmacokinetics, pharmacodynamics,
safety and tolerability of apixaban in healthy subjects. Br J Clin Pharmacol.
2013;76(6):908–16. https://doi.org/10.1111/bcp.12114.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

