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ARTICLE INFO ABSTRACT

Keywords: Background: Many publications have compared various outcomes defining safety and efficacy of DOACs across
DOAC (direct oral anticoagulants) different BMI ranges. Our meta-analysis compares warfarin and DOACs for its treatment effects over different
Wanfarin ) BMI ranges.

Sxit;BOdy mass index) Methods: A systematic search was conducted from inception to May 2021 on PubMed, Scopus and Embase da-
Efficacy tabases. The data was extracted and pooled using a random effects model. Our study consisted of patients being

treated for VTE and AF, across different BMI categories. For the comparison of DOAC, risk ratios (RR) with 95%
confidence intervals (CIs) were used, whilst for the second comparison between warfarin and DOACs odds ratios
(OR) were used.

Results: In our first comparison, 12 studies (n = 254,908 patients) were included. For our second comparison, six
studies (n = 109,609 patients) were included. Major bleeding events in the underweight group were higher than
normal weight [RR: 1.89 (1.10, 3.23); P = 0.02; P= 0%]. Overweight patients were related with reduced rates of
VTE than in patients with normal BMI [RR: 0.86 (0.76, 0.97); P = 0.02; P= 0%]. In comparison with patients
receiving warfarin, DOACs had significantly reduced risk of major bleeding in normal weight, overweight and
obese [OR: 0.64 (0.49, 0.83); P = 0.0007 2 = 90%].

Conclusion: The risk of VTE reduces with an increasing BMI, hence there could be a possible obesity paradox in
patients with anticoagulation therapy. In comparison to warfarin, DOACs proved to be the safer option by having
a reduced risk of bleeding across all BMI categories.

1. Introduction

Venous thromboembolism (VTE) and atrial fibrillation (AF) have a
prevalence of approximately 10 million cases annually and a reported
59.7 million cases in 2019 alone, respectively [1,2]. Warfarin therapy
has proven its effectiveness in previous years in the prevention of such
thromboembolic events [3]. In recent years, the emergence of direct oral
anticoagulants (DOACs) has not only shown further efficacy but has
overcome several limitations associated with warfarin use [4]. DOAC’s
offer a further elaborate form of therapy due to their rapid onset of
action that does not require bridging with parenteral anticoagulants,
along with any dietary restrictions nor continual international

normalized ratio (INR) laboratory monitoring [5]. Further advantages of
DOAC’s include the provision of a large therapeutic window with low
drug-drug interactions, predictable pharmacodynamics and the ease of
switching patients from low molecular weight heparins (LMWH) and
warfarin therapy onto DOAC drug regimens [6].

Despite the wide usage and advantages of DOAC’s, there is inade-
quate evidence in regard to their effect across patients of varying body
mass index (BMI) categories. Obesity is associated with a 6.2-fold
increased risk for VTE, and is a risk factor for developing AF [7,8].
Thus many of the VTE and AF patients account for obese patients, in
addition to patients with a normal BMI. Therefore, because lack of
corroboration still remains in the comparison between DOAC’s and
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warfarin therapy for obese patients, further investigation is required.
The “obesity paradox” has been demonstrated in several studies in
which DOAC’s had a greater efficacy in individuals with a higher BMI in
comparison to those with a lower BMI [9]. However further analysis on
patients of all categories of BMI on different DOACs (apixaban, rivar-
oxaban, dabigatran and ximelagatran) requires in-depth investigation.
Thus, this systematic review and meta-analysis aims to establish better
treatment options specific to BMI categories by exploring two compar-
isons (I) the safety and efficacy of DOAC’s in patients with AF or VTE
with different BMI categories and (II) the safety and efficacy of DOAC
and warfarin in patients with AF or VTE across different BMI categories.

2. Methods

This systematic review and meta-analysis was conducted in accor-
dance with PRISMA guidelines [10]. The methods of this study
adequately adhere to the AMSTAR checklist [11]. An institutional re-
view board (IRB) approval was not required for this study as the data
used is publicly available.

2.1. Search strategy

In order to retrieve all relevant articles, a literature review was
conducted from inception to May 2021 on PubMed and Scopus using
two formulated search strings. The two different search strings were
constructed based on the two different criteria of this study, using key
terms: atrial fibrillation, venous thromboembolism, deep-vein throm-
bosis, pulmonary embolism, DOAC, VKA, warfarin, rivaroxaban, apix-
aban, edoxaban and dabigatran arranged with various configurations.
The first search string covered the comparison for the safety and efficacy
outcomes of different DOAC’s across different BMI categories, in VTE or
AF patients. The second search string covered the comparison for the
safety and efficacy outcomes of DOACs and warfarin across different
BMI categories, in VTE or AF patients. All articles were then transferred
to EndNote X7 for the removal of duplicate studies. Two reviewers (FM
and LS) screened remaining articles on the basis of title and abstract
before conducting a full text screening.

2.2. Study selection

Studies were included if the given criteria was fulfilled: (1) obser-
vational cohorts (retrospective or prospective) or RCTs; (2) patients with
VTE and/or AF across different BMI categories (underweight (<18.5 kg/
mz), normal weight (18.5-24.9 kg/mz), overweight (25.0-29.9 kg/mz),
obese class I (30.0-34.9 kg/mz), obese class II (35.0-39.9 kg/rnz) and
obese class III (>40 kg/mz)), who were >18 years old and were treated
with one or more specific DOAC mentioned and/or warfarin; (3)
demonstrated safety (bleeding) and/or efficacy (stroke/VTE recurrence)
outcomes after use of DOAC. Studies were excluded if the given was
present: (1) patients with other underlying disorders/risk factors (e.g.,
diabetes, surgery, cancer) (2) patients with other interventions besides
the use of DOAC (e.g., cardioversion, heparin, aspirin).

2.3. Data extraction

Members of the review team extracted data based on baseline
characteristics and key safety and efficacy outcomes. Outcomes of in-
terest include major bleeding events, and VTE recurrence or stroke.
Major bleeding events can be defined as fatal bleeding, bleeding into a
critical organ (retroperitoneal, intracranial, intraocular, intraspinal),
bleeding requiring surgical revision or angiographic embolization, and
bleeding with a fall in hemoglobin of 2 g/dL or documented blood
transfusion of 2 or more units according to International Society on
Thrombosis and Haemostasis [12]. VTE or stroke was measured based
on clinical symptoms.
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2.4. Statistical analysis

The analysis for the data obtained for both comparisons was done
using RevMan 5.4.

Outcomes associated with DOAC therapy across patients with
different BMI were pooled using a random effects model. For the
dichotomous outcomes comparing each BMI (UW, OW, obese, obese I,
obese II-III) with a normal BMI, the risk ratios (RR) and their 95%
confidence intervals (CIs) were used. The subgroup analysis compared
the different types of DOACs for a specific BMI. Outcomes as a result of
DOAC or warfarin therapy in patients with different BMI were also
pooled using a random effects model. For the dichotomous outcomes
comparing DOAC with warfarin, the odds ratio (OR) and their 95% Cls
were used. For both comparisons, to assess heterogeneity, an 12 statistic
of >75% reported severe heterogeneity. The subgroup analysis
compared the different BMI categories on DOAC or warfarin therapy. A
p-value of <0.05 was considered significant. Forest plots visualize the
pooled data for both comparisons.

3. Results
3.1. Literature search and study characteristics

The literature search consisted of two search strings. The first search
string, which focused on finding articles for the safety and efficacy of
different DOACs across different BMI categories in VTE and AF patients,
revealed a total of 2189 studies. Following the exclusion of articles, only
12 met the inclusion criteria. These consisted of 254,908 patients in total
who were on one of four DOACs —rivaroxaban, apixaban, dabigatran or
ximelagatran. The studies include clinical trials, retrospective, and
prospective cohort studies. The second search string focused on related
articles for the safety and efficacy of DOACs vs warfarin across different
BMI categories in VTE and AF patients and obtained 1561 studies. After
the exclusion of several articles, six remained. They contained a total of
109,609 patients undergoing DOAC or warfarin therapy. Three of these
articles were cohort studies and the remaining three were randomized
clinical trials. Characteristics of each study, relevant to the meta-
analysis are described in Table 3 and 4 An overview of the literature
search is available in the PRISMA flow charts 1 and 2.

3.2. Results of meta-analysis

The results of the meta-analysis of the data extracted from the rele-
vant studies are presented in detailed forest plots in Fig. 1-12.

3.2.1. Major bleeding events in patients with different BMIs on DOAC
therapy (Figs. 1-5)

Major bleeding events in underweight patients were overall signifi-
cantly higher than in patients with a normal weight [p = 0.02; RR: 1.89
(1.10, 3.23); 17 = 0%]. However, events in overweight patients were not
significantly different than in patients with a normal weight [p = 0.19;
RR: 0.88 (0.73, 1.07); 2= 58%]. Bleeding in obese class I patients was
also not significantly different than in patients with a normal BMI [p =
0.83; RR: 0.98 (0.83, 1.16); 2= 17%]. There was no statistical signifi-
cance in the difference of bleeding events between obese class I patients
and patients with a normal weight [p = 0.17; RR: 0.65 (0.35, 1.20); 2=
86%]. Lastly, there was no significant difference in major bleeding
events in obese class II-IIl and normal BMI [p = 0.21; RR: 0.77 (0.51,
1.16); I? = 55%].

3.2.2. VTE recurrence or stroke in patients with different BMIs on DOAC
therapy (Figs. 6-10)

There was no significant difference for the recurrence of VTE or
stroke between underweight and normal weight patients [p = 0.32; RR:
2.12 (0.48, 9.30); ? = 85%], however a subgroup analysis revealed a
significantly higher rate of VTE recurrence or stroke in the study with
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Underweight Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
3.1.1 Rivaroxaban
XAPASS 15 540 63 4392 93.1% 1.94 [1.11, 3.38] 2020 t
Subtotal (95% CI) 540 4392 93.1% 1.94 [1.11, 3.38]
Total events 15 &3

Heterogenehy: Not applicable
Test for overall effect: Z = 2.33 (P = 0.02)}

3.1.2 Mixed

Park - 2017 1 62 -] 753 6.0% 1.35 [0.17, 10.48] 2017

Subtotal (95% CI) 62 753 6.9% 1.35 [0.17, 10.48] — e R E—
Total events 1 9

Heterogenehy: Not applicable
Test for overall effect: Z = 0.20 (P = .77}

Total (95% CI) 602 5145 100.0% 1.89 [1.10, 3.23] ’
Total events 16 72
Heterogenelty: Taw® = 0.00; ChE = 0.11, df = 1 {P = 0.74); F = 0% 'b.01 0:_1 ] 1'5) 100’

Test for overall effect: Z = 2.32 (P = D.02)

Favours Underweight Favours Normal
Test for subgroup differences: ChE = 0.11, df = 1 (P = .74}, F = 0X 9

Fig. 1. Major bleeding events in underweight patients on different DOACs.

Overweight Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
2.2.1 Apixaban
DOUCETTE-2015 26 185 & 32 4.5% 0.84 [0.38, 1.88] 2015 —_—
ARISTOTLE {Sandhu - 20186} 115 G687 72 4035 14.5% 0.06 [0.72,1.20] 201& -
AMPLIFY 33 599 35 725 H.6X 0.68 [0.43, 1.09] 2021 —
Subtotal (95% CI) 7851 4792 28.6% 0.87 [0.69, 1.10] ‘
Total events 174 113

Heterogenetty: Taw® = 0.00; ChE = 1.50, df = 2 (P = 0.47); F = 0%
Test for overall effect: Z = 1.14 (P = {).26)

2.2.2 Rivaroxaban

DOUCETTE-2015 iz 170 11 25 B.OX 0.43 [0.25, 0.74] 2015 ———
EINSTEIN DVT/PE 1R 1603 15 1257 5.8% 0.04 [0.48, 1.86] 2016 —
ROCKET-AF {Balla — 2017} 314 5529 178 3274 1B.4X 1.04 [0.87, 1.24] 2017 +
Subtotal (95% CI) 7302 4556 32.2% 0.77 [0.43, 1.36] R
Total events 364 205

Heterogenelty: Taw® = 0.20; ChE = 050, df = 2 (P = 0.000}; F = 70%
Test for overall effect: Z = 0.91 (P = .36}

2.2.3 Dabigatran

RE-LY {Connolly — 20090} &0 irz k1] 234 12.0% 0.90 [0.68, 1.44] 2008 -t

RE-DUAL 58 irz 54 234 13.3% 0.69 [0.49, 0.96] 2020 —

Subtotal (95% CI) 744 468 25.3% 0.82 [0.57, 1.17] ‘

Total events 119 o2

Heterogenehy: Taw® = 0.04; ChE = 2.10, df = 1 {P = 0.15); F = 52%

Testfor overall effect: Z = 1.08 (P = .27}

2.2.4 Ximelagatran

SPORTIF {Proletti — 2018} &1 164 47 164 13.BX 1.30 [0.95, 1.77] 2016 r-—

Subtotal (95% CI) 164 164 13.8% 1.30 [0.95, 1.77] l.

Total events &1 47

Heterogenehty: Not applicable

Test for overall effect: Z = 1.63 (P = (.10}

Total (95% CI) 16061 9980 100.0% 0.88 [0.73, 1.07] 4

Total events 718 457

Heterogenelty: Tau® = (.04; ChP = 18.87, df = B (P = 0.02); F = 58X L t t {
Test for overall effect: Z = 1.31 (P = 0.15) 0.0 Favou?sIIOverweight LFa\vours Nc;lr?nal 100

Test for subgroup differences: ChE = 5.53, df = 3 (P = (.14}, ¥ = 45.7%

Fig. 2. Major bleeding events in overweight patients on different DOACs.

mixed DOAC’s (rivaroxaban, apixaban, dabigatran) therapy as normal weight patients [p = 0.54; RR: 0.87 (0.57, 1.34); 12 = 58%],
compared to the study with only rivaroxaban therapy [p = 0.01; IZ = subgroup analysis reported a significant difference in events of VTE
84.5%]. VTE recurrence in overweight patients was overall significantly recurrence or stroke between studies that used apixaban, rivaroxaban
lower than in patients with a normal BMI [p = 0.02; RR: 0.86 (0.76, and dabigatran [p = 0.01; 2 = 77%].

0.97); 12 = 0%]. Obese class I and normal weight patients had no sig-

nificant difference in recurrence of VTE or stroke [p = 0.35; RR: 0.76 3.2.3. Major bleeding events with DOAC or warfarin therapy across BMI
(0.42, 1.37); 2 = 85%]. Obese class II-III patients did not have a sig- categories (Fig. 11)

nificant difference in VTE recurrence or stroke when compared to Major bleeding events reported to be significantly higher in patients
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Obese Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.2.1 Apixaban
DOUCETTE-2015 132 7134 72 4035 24.3% 1.04 [0.78, 1.38] 2015 -
ARISTOTLE {Sandhu - 20186} & 55 & 39 2.3% 0.71 [0.25, 2.04] 201& —
Subtotal (95% CI) 7189 4074 26.6% 1.01 [0.77, 1.33] e
Total events 138 7B
Heterogenehy: Tauw® = 0.00; ChE = .47, df = 1 {P = 0.50}; F = 0X
Test for overall effect: Z = .07 (P = 0.94)
1.2.2 Rivaroxaban
DOUCETTE-2015 13 59 11 25 5.9% 0.50 [0.26, 0.96] 2015 =
ROCKET-AF {Balla - 2017} 279 51989 170 3274 431X 0.08 [0.82, 1.18] 2017
XAPASS 7 499 70 4410 4.3% 0. BE [0.41, 1.81] 2020 %
Subtotal (95% CI) 5757 7709 53.2% 0.8 [0.55, 1.22]
Total events 299 260
Heterogenehy: Taw® = 0.07; ChE = 3.84, df = 2 (P = 0.15}; F = 45X
Test for overall effect: Z = 0.97 (P = 0.33}
1.2.3 Ximelagatran
SPORTIF {Prolettl — 201&) 56 164 47 164 20.2% 1.19 [0.86, 1.64] 201& —
Subtotal (95% CI) 164 164 20.2% 9 [0.86, 1.64]
Total events 56 47

Heterogenelty: Not applicable
Test for overall effect: Z = 1.07 (P = .20}

Total (95% CI) 13110 11947 100.0%
Total events 493 385

Heterogenehy: Taw® = 0.01; ChE = §.04, df = 5 (P = 0.30}; F = 17%

Test for overall effect: Z = .21 {P = (.53}

Test for subgroup <diferences: ChE = 2.04, df = 2 (P = 0.36), F = 2.2%

0.98 [0.83, 1.16]

o1 1 1o 100

Favours Obese Favours Normal Weight

Fig. 3. Major bleeding events in obese patients on different DOACs.

Obese Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
4.2.1 Apixaban
AMPLIFY 1 575 5 725 G.4X 0.25 [0.03, 2.15] 2021
COHEN-2021 152 23344 564 112024 20.6% 1.20 [1.08, 1.55] 2021 i
Subtotal (95% CI) 23919 112749 36.0% 0.82 [0.19, 3.46] B R
Total events 153 560
Heterogenelty: Tauw® = .74; Chif = 2,22, df = 1 (P = 0.14); F = 55%
Test for overall effect: Z = .27 (P = 0.70)
4.2.2 Rivaroxaban
EINSTEIN DNT{PE 2 B22 15 1257 11.0% 0.20 [0.05, 0.89] 201§ =
Subtotal (95% CI) 822 1257 11.0% 0.20 [0.05, 0.89] oI
Total events 2 15
Hetzrogenehty: Not applicable
Test for overall effect: Z = 2.12 (P = .03}
4.2.3 Dabigatran
RE-LY {Connolly — 2009} iz 260 B 234  26.6X% 0.8B [0.58, 1.33] 20080
RE-DUAL 27 260 54 234 26.4% 0.4 [0.29. 0.69] 2020 —m—
Subtotal (95% CI) 520 468 53.0% 0.63 [0.33, 1.21]
Total events 64 92
Heterogenehy: Taw® = 0.18; ChE = 4.B0, df = 1 {P = 0.03); F = 70%
Test for overall effect: Z = 1.30 (P = 0.18)
Total (95% CI) 25261 114474 100.0% 0.65 [0.35, 1.20] Lo
Total events 219 676
Heterogenelty: Tauw® = 0.32; ChE = 27.60, df = 4 (P < 0.0001); F = B&EX bo1 f ] lh 100

Test for overall effect Z = 1.30 (P = .17}
Test for subgroup differences: ChE = 2.20, df = 2 (P = 0.33), F = 9.1%

Favours Obese | Favours Normal

Fig. 4. Major bleeding events in obese class I patients on different DOACs.

on warfarin therapy as opposed to DOAC therapy across normal weight,
overweight and obese [p = 0.0007; OR: 0.64 (0.49, 0.83); = 90%].

3.2.4. VTE recurrence or stroke with DOAC or warfarin therapy across BMI
categories (Fig. 12)

There was no significant difference in the recurrence of VTE or stroke
in patients using DOAC and warfarin therapy across normal weight,
overweight and obese patients [p = 0.96; OR: 1.01 (0.77, 1.31); I? =

90%].
4. Discussion

The primary findings of this meta-analysis, derived from the plots of
major bleeding events and VTE recurrence/stroke across BMI classes,
include an increased risk of VTE and bleeding events associated with
underweight patients in contrast to normal weight, overweight and
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Obesity 11-111 Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
5.2.1 Apixaban
AMPLIFY 2 362 5 725 5.6% 0.80 [0.16, 4.11] 2021 —
COHEN-2021 106 19751 564 112024 37.BX 1.07 [0.87, 1.31] 2021
Subtotal (95% CI) 20113 112749 43.3% 1.06 [0.86, 1.30] z-
Total events 108 569
Heterogenehty: Taw® = 0.00; ChE = .12, df = 1 (P = 0.73); F = 0X
Test for overall effect: Z = 0.57 (P = (.57}
5.2.2 Rivaroxaban
EINSTEIN DVT{PE 5 462 15 1257 12.0% 0.01 [0.33, 2.48] 2016 ——
Subtotal (95% CI) 462 1257 12.0% 0.91 [0.33, 2.48] ’
Total events 5 15
Heterogeneity: Not applicable
Test for overall effect: Z = 0.19 (P = 0.85)
5.2.3 Dabigatran
RE-LY {Connolly — 2000} 13 112 k1] 234 22.7% 0.71 [0.40, 1.20] 20090 —a
RE-DUAL 11 112 54 234 22.0% 0.43 [0.23, 0.78] 2020 ——
Subtotal (95% CI) 224 468 44.6% 0.55 [0.33, 0.92] ’
Total events 24 92
Heterogenelty: Tauw® = 0.04; ChE = 1.45, ¢f = 1 {P = 0.23}; F = 31%
Test for overall effect: Z = 2.27 (P = (.02}
Total (95% CI) 20799 114474 100.0% 0.77 [0.51, 1.16]
Total events 137 676
Heterogenelty: Taw® = 0.11; ChE = B.B3, ¢f = 4 (P = 0.07); F = 55% Ii) o1 f i 150 100=
Test for overall effect: Z = 1.25 (P = {).21} T Obese N-ll F N I
Test for subgroup differences: ChE = 5.37, df = 2 (P = .07}, F = §2.8X avours Bhese avours Norma

Fig. 5. Major bleeding events in obese class II-III patients on different DOACs.
Underweight Normal Weight Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
3.2.1 Rivaroxaban
XAPASS ] 542 70 4410 51.0% 1.05 [0.53, 2.08] 2020
Subtotal (95% CI) 542 4410 51.9% 1.05 [0.53, 2.08]
Total events 8 70
Heterogenehty: Not applicable
Test for overall effect: Z = .13 (P = .90}
3.2.2 Mixed
Park - 2017 & 62 1§ 753 4B.1% 4.55 [1.85, 11.22] 2017 —i—
Subtotal (95% CI) 62 753 48.1% 4.55 [1.85, 11.22] —cerfee-
Total events & 16
Hetzrogenehy: Not applicable
Test for overall effect: Z = 3.30 (P = 0.0010)
Total (95% CI) 604 5163 100.0% 2.12 [0.48, 9.30]
Total events 15 B&
Heterogenelty: Taut = 0.97; ChE = &.B0, df = 1 {P = 0.000); F = B5X Ii'.l o1 011 i llb 100’

Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: ChEE = §.48, df = 1 (P = 0.01), F = §4.5%

Favours Underweight Favours Normal

Fig. 6. VTE recurrence/stroke in underweight patients on different DOACs.

obese patients. In the plots comparing DOACs to warfarin, analysis of the
safety outcomes signifies an overall reduced risk of bleeding in oral
anticoagulants, especially in normal weight patients. In general, an
obesity paradox can be interpreted as our results indicate that the effi-
cacy commensurates with the increasing BMIL.

Our conclusive findings insinuate that the underweight BMI is more
susceptible to high risks of VTE and bleeding when using anticoagulants,
which remains consistent with prior meta-analyses [13]. Although more
research needs to be done to confirm the hypothesis that being under-
weight is an independent risk factor for AF, it could still be interpreted
by these plausible mechanisms. Firstly, low body weight is directly
associated with poor systemic inflammation and endothelial function,
which further gives rise to platelet aggregation and adhesion, contrib-
uting to embolism and ultimately, death [14,15]. Consequently, patients
show an escalation in angiotensin 2 levels, which may cause fibrosis of

the heart valve [16]. Another probable theory suggests that stripping
away the favorable repercussions adipose tissue possesses causes adi-
ponectin levels to paradoxically rise in lean humans causing the devel-
opment of AF [17]. An apparent observation in underweight patients is
malnourishment which could potentially cause illnesses due to a
nutrient and vitamin deficiency [18]. Low body weight patients also
show profound effects on heartbeat irregularities leading to significantly
greater risk of coronary heart disease, which increases the possibility of
AF [19]. Even though we have substantial evidence to authenticate our
hypothesis, the studies involved present with questionable reliability.
For example, the XAPASS study may have pre-existing bias towards the
underweight group developing AF owing to the fact that the patients
were older and had lower creatinine clearance levels compared to the
other BMI groups. Another contributory cause may be the previously
presented medical history of stroke; all these factors contribute to a
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Overweight Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
2.1.1 Apixaban
DOUCETTE-2015 3 22 1 B 0.3% 1.09 [0.13, 9.03] 2015
ARISTOTLE (Sandhu - 2018} B4 &702 59 4052 14.2% 0.86 [0.62, 1.20] 201& —=r
AMPLIFY 27 985 16 693 4.1% 1.19 [0.64, 2.19] 2021 —1—
Subtotal (95% CI) 7709 4753 18.6% 0.93 [0.70, 1.24) %
Total events 114 76
Heterogenelty: Tau® = 0.00; ChE = (.85, df = 2 (P = 0.65); F = 0%
Test for overall effect: Z = 0.50 (P = 0.61)
2.1.2 Rivaroxaban
DOUCETTE-2015 7 107 2 16 0.7% 0.52 [0.12, 2.30] 2015 —
EINSTEIN DVT/PE 35 1608 28 1266 6.4% 0.98 [0.60, 1.61] 2016 ——
ROCKET-AF (Balla - 2017) 226 5535 166 3289 40.4% 0.81 [0.67, 0.98] 2017
XAPASS 33 2161 63 4393 B.O% 1.06 [0.70, 1.62] 2020
Subtotal (95% CI) 9411 8964 56.4% 0.86 [0.73, 1.01])
Total events 301 259
Heterogenehty: Tauw® = 0.00; ChP = 2.10, df = 3 (P = 0.55); F = 0%
Test for overall effect: Z = 1.80 (P = 0.07)
2.1.3 Dabigatran
RE-LY (Connolly — 2009} 59 372 54 234 14.1% 0.69 [0.49, 0.96] 2009 -
RE-DUAL 3 372 3 234 0.6% 0.63 [0.13, 3.09] 2020 —
Subtotal (95% CI) 744 468 14.7% 0.68 [0.50, 0.95] <>
Total events 62 57
Heterogenehty: Tauw® = 0.00; ChE = 0.01, df = 1 (P = 0.91); F = 0%
Test for overall effect: Z = 2.29 (P = 0.02)
2.1.4 Ximelagatran
SPORTIF {Proletti - 2018} 33 80 32 80 10.2% 1.03 [0.70, 1.52] 201& -+
Subtotal (95% CI) 90 90 10.2% 1.03 [0.70, 1.52] R
Total events 33 32
Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.88)
Total (95% CI) 17954 14275 100.0% 0.86 [0.76, 0.97) [}
Total events 510 424
Heterogenelty: Tauw® = 0.00; ChE = 5.97, df = 9 (P = 0.74); F = 0% b o1 051 ] llb 1004
Test for overall effect: Z = 2.40 (P = 0.02) - ) )
Test for subgroup differences: ChE = 3.01, df = 3 (P = 0.39), F = 0.4% Favours Overweight Favours Normal

Fig. 7. VTE recurrence/stroke in overweight patients on different DOACs.
Obese Normal Weight Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.1 Apixaban
DOUCETTE-2015 0 B 1 B 0.3% 0.33 [0.02, 7.14] 2015
ARISTOTLE {(Sandhu - 2018} 66 7153 59 4038 21.0% 0.63 [0.45, 0.90] 201& ——
Subtotal (95% CI) 7161 4046 21.2% 0.63 [0.44, 0.89] <0
Total events &6 &0
Heterogenelty: Tau® = 0.00; ChE = .16, df = 1 (P = 0.68); F = 0X
Test for overall effect: Z = 2.64 (P = (.008)
1.1.2 Rivaroxaban
DOUCETTE-2015 3 47 2 1& 0.9% 0.51 [0.09, 2.79] 2015 —
ROCKET-AF {Balla - 2017} 178 5206 166 3289 50.8X 0.68 [0.55, 0.54] 2017 |
XAPASS 7 497 63 4392 4.2% 0.08 [0.45, 2.13] 2020 —
Subtotal (95% CI) 5750 7697 64.9% 0.69 [0.57, 0.85] ¢4
Total events 189 231
Heterogenehty: Tau® = 0.00; ChE = .03, df = 2 (P = 0.63); F = 0X
Test for overall effect: Z = 3.60 (P = 0.0003)
1.1.3 Ximelagatran
SPORTIF {Proletti — 2016} 25 80 33 o0 13.8X 0.76 [0.49, 1.16] 201& -1
Subtotal (95% CI) 90 90 13.8% 0.76 [0.49, 1.16] g
Total events 25 33
Heterogenehty: Not applicable
Test for overall effect Z = 1.27 (P = .21}
Total (95% CI) 13001 11833 100.0% 0.69 [0.59, 0.81] L
Total events 280 324
Heterogenehty: Taw® = 0.00; ChE = 158, df = 5 (P = 0.00); F = 0X 'h o1 0!1 [ 1*0 100{

Test for overall effect: Z = 4.59 (P < 0.00001)
Test for subgroup differences: ChE = (.48, df = 2 (P = (.78}, ¥ = 0%

Fig. 8. VTE recurence/stroke in obese patients on different DOACs.

Favours Obese Favours Normal
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Obese | Weight  Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.1.1 Apixaban
AMPLIFY 9 568 16 603 17.6% 0.69 [0.31, 1.54] —
COHEN-2021 1B0 23344 655 112024 25.8X% 1.32[1.12, 1.55] -
Subtotal (95% CI) 23912 112717 43.4% 1.08 [0.60, 1.95] ’
Total events 188 671
Heterogenehy: Tau® = 0.12; ChE = 2.41, gdf = 1 (P = .12); ¥ = 58X
Test for overall effect: Z = 0.25 (P = (.50}
4.1.2 Rivaroxaban
EINSTEIN DVT{PE 10 B25 2B 1266 19.0% 0.55 [0.27, 1.12] ——
Subtotal (95% CI) 825 1266 19.0% 0.55 [0.27, 1.12] ’
Total events 10 2B
Heterogenehty: Not applicable
Test for overall effect: Z = 1.64 (P = (.10}
4.1.3 Dabigatran
RE-DUAL B 260 & 221 14.5% 1.13 [0.40, 3.22] B
RE-LY {Connolly = 2000} 27 260 54 234 23.1% 0.45 [0.29, D.60] —&—
Subtotal (95% CI) 520 455 37.6% 0.63 [0.26, 1.50] .—
Total events 5 &0
Heterogenelty: Tau® = .26; ChE = 2,58, df = 1 (P = 0.11); F = §1%
Test for overall effect: Z = 1.04 (P = (.30}

Total (95% CI)
Towl events

25257

234 759

Heterogenehy: Tau® = 0.35; ChE = 26.48, df = 4 (P < 0.0001); F = §5%

114438 100.0%

0.76 [0.42, 1.37]

]

bo1 o1 1 100
Test for overall effect: Z = 0.91 (P = 0.36) Favours Obese | Favours Normal
Test for subgroup differences: ChE = 2.32, df = 2 (P = 0.31}, F = 13.6%
Fig. 9. VTE recurrence/stroke in obese class I patients on different DOACs.
Obesity lI-1ll  Normal Weight Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
5.1.1 Apixaban
AMPLIFY 7 340 1& 603 14.8% 0.87 [0.36, 2.00] 2021 —
COHEN-2021 125 18751 655 112024 36.5% 1.08 [0.89, 1.31] 2021 L 3
Subtotal (95% CI) 20100 112717 51.3% 1.07 [0.89, 1.29] kel
Total events 132 671
Heterogenehy: Taw® = 0.00; ChE = .23, df = 1 (P = 0.63); F = 0X
Test for overall effect: Z = .73 (P = .47}
5.1.2 Rivaroxaban
EINSTEIN DVT/PE 13 427 28 1266 20.7% 1.38 [0.72, 2.63] 2016 ——
Subtotal (95% CI) 427 1266 20.7% 1.38 [0.72, 2.63] ’
Total events 13 2B
Heterogenehty: Not applicable
Test for overall effect: Z = .97 (P = 0.33)
5.1.3 Dabigatran
RE-LY {Connolly — 2000} 11 112 54 234 21.0% 0.43 [0.23, 0.78] 2008 ——
RE-DUAL 2 112 & 234 6.2% 0.70 [0.14, 3.40] 2020 —
Subtotal (95% CI) 224 468 28.1% 0.45 [0.26, 0.80] I
Total events 13 &0
Heterogenehty: Taw® = 0.00; ChE = 0.32, df = 1 {P = 0.57); F = 0X
Test for overall effect: Z = 2.73 (P = 0.00&)
Total (95% CI) 20751 114451 100.0% 0.87 [0.57, 1.34]
Total events 158 759
Heterogenelty: Taw® = 0.12; ChE = 0.49, df = 4 (P = 0.05}); F = 58% 'h f t |
01 0.1 1 10 100
Test for overall effect: Z = 0.62 (P = 0.54} Favours Obese ll-lll Favours Normal

Test for subgroup differences: ChE = B.01, df = 2 (P = 0.01}, F = 77.6X

Fig. 10. VTE recurrence/stroke in obese class II-III patients on different DOACs.

much higher risk of thromboembolism in AF patients [20]. Drug meta-
bolism also differs from patient to patient due to varying BMIs. The
reduced renal and hepatic clearance in UW patients could be a possible
explanation for the increased bleeding as they result in a longer half-life
of the drug producing a more dangerous impact [21,22]. Due to all of
these adverse effects, a rational option would be to decrease dosages of
DOACs in UW patients, however reduced doses of medication have

shown to have an ineffective impact on the risks of bleeding in multi-
variate analysis [23].

Our investigation revealed that the associated risk of VTE recur-
rence/stroke was lower in overweight and obese patients on anti-
coagulation therapy compared to normal weight. The studies used to
derive this data are divided into subgroups by specifically naming the
DOACs used; dabigatran shows the most significant advocation of
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DOACs Warfarin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.2 Normal weight BMI 18.5-24.9
ARISTOTLE-2016 72 4035 147 4035 11.6% 0.48[0.36, 0.64] 2016 -
RE-DUAL-PCI 95 394 126 400 11.3% 0.69(0.51,0.94] 2020 Nl
Subtotal (95% Cl) 4429 4435 22.9% 0.57 [0.40, 0.82] <>
Total events 167 273
Heterogeneity: Tau*= 0.04; Chi*= 2.83, df=1 (P = 0.09); F= 65%
Test for overall effect: Z= 3.07 (P = 0.002)
1.1.3 overweight BMI 25-29.9
ARISTOTLE-2016 115 6687 156 6687 121% 0.73(0.57,093] 2016 i
RE-DUAL-PCI 128 677 203 770 12.0% 0.65(0.51,0.84) 2020 -
Subtotal (95% Cl) 7364 7457 24.1% 0.69 [0.58, 0.82] o
Total events 243 359
Heterogeneity: Tau®= 0.00; Chi*=0.44, df=1 (P = 0.51); F= 0%
Test for overall effect: Z= 4.14 (P < 0.0001)
1.1.4 obese BMI 30-39
ARISTOTLE-2016 132 7134 153 7134 12.2% 0.86 (0.68,1.09] 2016 -
Charlene Kalani 2019 2 90 3 90  1.8% 0.66[0.11,4.04] 2019 I E—
ISAAC J.PERALES-2019 7 84 2 92 22% 4.09(0.83,20.28] 2019 T
Kazuhiko Kido 2020 103 4384 139 4281 11.9% 0.72(0.55,0.93] 2020 Ml
RE-DUAL-PCI 82 667 129 603 11.4% 0.52(0.38,0.70] 2020 -
OLIMIAS. COSTA-2020 1329 35613 3151 35613 13.4% 0.40(0.37,0.43] 2020 -
Subtotal (95% ClI) 47972 47813 52.9% 0.66 [0.44, 1.00] L 2
Total events 1655 3577
Heterogeneity: Tau*=0.19; Chi*= 61.94, df=5 (P < 0.00001); F=92%
Test for overall effect: Z=1.96 (P = 0.05)
Total (95% Cl) 59765 59705 100.0% 0.64 [0.49, 0.83] &
Total events 2065 4209
Heterogeneity: Tau*=0.13; Chi*=91.79, df= 9 (P < 0.00001); F= 90% 001 01 10 100

Test for overall effect: Z= 3.39 (P = 0.0007)
Test for subgroup differences: Chi*= 0.87, df= 2 (P = 0.65), F= 0%

Favours DOACs Favours WARFARIN

Fig. 11. Bleeding in DOAC or warfarin therapy.

reduced VTE in overweight patients compared to normal weight, whilst
rivaroxaban takes the lead in reducing occurrence of VTE in obese pa-
tients. Even though a staggering significance is implied for the risks of
developing VTE, the small number of studies bring up arguable validity.
Moreover, our initial hypothesis of reduced risk of VTE in obese patients
is weakened once the insignificant effects of BMI groups on bleeding and
risks of adverse effects (incidence of VTE and bleeding) in the divided
obese classes (obese classes I, II and III) are taken into consideration.
Overall, an anomaly may be observed in obese patients.

The obesity paradox is a commonly seen trend in individual studies
with many possible clarifications stating the underlying causes for this
contradiction. Firstly, obese patients tend to present with a higher
number of comorbidities which increases their requirement for inter-
vention and drug therapies. The medications for these pre-existing dis-
eases could induce a beneficial effect on the cardiovascular system
which would decrease the adverse effects triggered by the anti-
coagulants [24,25]. Secondly, obesity tends to be correlated with a
better metabolic reserve which leads to an increased endurance against
the increased metabolic stress that accompanies diseases [26]. More-
over, the fore-mentioned critically high levels of renin-angiotensin II
system in underweight patients are reversed in obese patients, hence
contributing to safer outcomes [27]. Another defense mechanism for AF
patients may be the decreased levels of natriuretic peptide in obese
patients which are common promoters of stroke and mortality [28].

Coupled with this mechanism, is the increased production of tumor
necrosis factor-a receptors in adipose tissue, which could aid in diffusion
of inflammation and arrhythmogenic substrates [29]. Finally, height-
ened levels of lipoproteins generated by adipose tissue may tie up with
the circulating lipopolysaccharides produced during inflammation,
cleansing and inhibiting them from stimulating a procoagulant state
[30]. Other reasons may include the common fault of conferred selection
bias or unmeasured potential risk factors.

Several studies have proposed modifiable factors that exacerbate the
adverse effects of obesity paradox in AF patients. For instance, a prior
study by Wu et al. [31] reflects an evident obesity paradox in elderly
compared to younger patients, which signifies a greater shift with
increasing age. The effect of age on the paradox for coronary heart
diseases, especially AF is still deemed arguable, hence further investi-
gation is required to confirm this phenomenon. In addition, studies have
also shown that patients with comparatively good well-maintained
cardiorespiratory fitness suggest advantageous prognosis amongst the
coronary heart disease patients. The previous findings demonstrate that
cardiorespiratory fitness may also mitigate the obesity paradox in AF
considering the observations on coronary heart disease and HF [32,33].
Therefore, indicating that high levels of physical activity is directly
associated with decreased risk of AF for all BMI classifications.

Our meta-analysis also investigated the outcomes of warfarin and
DOAGs in relation to different BMI categories, determining DOACs as the
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DOACs Warfarin Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
2.1.2 Normal weight
RE-LY-2008 269 9131 183 9131 10.4% 1.481(1.23,1.79] 2009 -
ARISTOTLE-2016 59 4052 83 4052 9.3% 0.71[0.50,0.99) 2016 -
RE-DUAL-PCI 61 387 45 370  8.6% 1.35(0.89, 2.05) 2020 )
Subtotal (95% Cl) 13570 13553 28.2% 1.13[0.70,1.82] <>
Total events 389 31
Heterogeneity: Tau®= 0.15; Chi*= 14.30, df= 2 (P = 0.0008); F= 86%
Test for overall effect: Z= 051 (P = 0.61)
2.1.3 Overweight
RE-LY-2008 208 8962 120 8962 101% 1.75(1.40,2.20) 2009 -
ARISTOTLE-2016 84 6702 90 6702 9.6% 0.93(0.69,1.26) 2016 -
RE-DUAL-PCI 91 617 17 770 96% 0.97(0.72,1.30) 2020 -+
Subtotal (95% Cl) 16281 16434 29.3% 1.17[0.76,1.81] <>
Total events 383 327
Heterogeneity: Tau*= 0.13; Chi*=15.07, df= 2 (P = 0.0005); F=87%
Testfor overall effect: Z=0.73 (P=0.47)
2.1.4 Obese
ARISTOTLE-2016 66 7159 86 7159  9.4% 0.77[0.55,1.06) 2016 =+
ISAAC J PERALES-2019 2 84 4 92 1.9% 0.54[0.10,3.01) 2019 ——1T
Charlene Kalani 2019 3 90 2 90  1.8% 1.52(0.25,9.30) 2019 —
Kazuhiko Kido 2020 65 4421 75 4311 93% 0.84 [0.60,1.18) 2020 -T
RE-DUAL-PCI 87 667 68 613  93% 1.20(0.86,1.69) 2020 ™
OLIVIAS. COSTA-2020 650 35613 987 35613 10.8% 0.65(0.59,0.72) 2020 -
Subtotal (95% Cl) 48034 47878 42.4% 0.82 [0.64, 1.06] <&
Total events 873 1222
Heterogeneity: Tau*= 0.05; Chi*=14.01, df= 5 (P =0.02); F= 64%
Testfor overall effect Z=1.54 (P=0.12)
Total (95% Cl) 77885 77865 100.0% 1.01[0.77,1.31] 0
Total events 1645 1860

i 2 - . 2 - - |2 - } } Il 1
Heterogeneity: Tau*= 0.16; Chi*=109.79, df= 11 (P < 0.00001); F= 90% 0.01 01 10 100

Test for overall effect: Z= 0.05 (P = 0.96)
Test for subgroup differences: Chi*= 2.72, df= 2 (P = 0.26), F= 26.5%

Favours DOACs Favours WARFARIN

Fig. 12. VTE recurrence or stroke in DOAC or warfarin therapy.

superior treatment. We defined a BMI of 18.5-24.9 kg/m"2 as normal
weight and showed that DOACs had significantly more beneficial safety
outcomes in normal weight AF patients. On the contrary, obese and
overweight patients favored neither, DOACs or warfarin, showing no
modifications in their bleeding related outcomes. Overall, the total ef-
fect of oral anticoagulants across all BMIs resulted in safer outcomes
with reduced risk of bleeding; however, they were non-inferior to
warfarin in terms of efficacy. More investigation should be done
debating whether warfarin or NVKAs are the better choice for high risk
VTE patients. According to the linked studies, DOACs remain to be the
preferable choice regardless, due to their rapid onset of action, standard
dosages without the need of titration, lack of requirement of routine
check-ups, and limited interactions with food and associated drugs
[34-57].

4.1. Limitations

Many limitations were acknowledged in our study, consequently
further studies should take into account these restrictions when col-
lecting data. Primarily, the association between BMI and AF and VTE
outcomes may have been modified by several factors involving age, sex,
exercise, and cardiorespiratory fitness. Secondly, BMI is not a true
measurement of body adiposity hence, taking into consideration the
obesity paradox in patients with HF and coronary heart disease, the BMI

might not have evaluated the body fat and other body compositions
accurately. In the plots involving warfarin, comparison to individual
DOACs could not be performed due to limited data available which
could have further altered the overall results. Additionally, the safety
outcome, all-cause mortality was not included in this study; thus, the
connection between BMI and death in patients remains dubious. Sec-
ondly, substantial heterogeneity occurred amongst the subgroups
(Rivaroxaban trial patients had higher average CHA2DS2-VASc score
and mechanisms of Dabigatran may differ in contrast to other DOACs)
resulting in inconclusive insignificant results. This warrants future trials
to specify the data according to the type of data as well, so the safety and
efficacy of the individual DOAC’s can be evaluated and assessed under
variety of clinical settings. The data collected for the meta-analysis did
not provide measurements of activated factor X levels, thus it is not
evaluated by the study and could possibly affect the outcomes. The study
does not evaluate the different dosages given to different groups of BMI.
Furthermore, our results are regarded as hypothesis generating as they
are based on post hoc analysis such as RCTs and observational studies.
Finally, we were unable to assess the effect of preceding comorbidities
(cancer or chronic renal disease) or pre-diagnosed medications (cardiac
associated or anti diabetic) on AF patients due to the lack of extensive
statistics.



T. Almas et al.

5. Conclusion

In conclusion, our study demonstrates that a reduced risk of VTE is
associated with an increasing BMI. There could be a possible obesity/
lean paradox in AF patients with anticoagulation therapy but follow-up
studies should ensure validation before prescribing medication. Finally,
the safety outcome, across diverse BMI, of DOACs proved to be more
favorable than warfarin in normal weight, overweight, and obese
patients.
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