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Aims To investigate the relationship between body mass index (BMI) and outcomes in patients with atrial fibrillation (AF).

...................................................................................................................................................................................................
Methods
and results

In the ENGAGE AF-TIMI 48 trial, patients with AF were randomized to warfarin (international normalized ratio
2.0–3.0) or edoxaban. The cohort (N = 21 028) included patients across BMI categories (kg/m2): underweight
(<18.5) in 0.8%, normal (18.5 to <25) in 21.4%, overweight (25 to <30) in 37.6%, moderately obese (30 to <35) in
24.8%, severely obese (35 to <40) in 10.0%, and very severely obese (>_40) in 5.5%. In an adjusted analysis, higher
BMI (continuous, per 5 kg/m2 increase) was significantly and independently associated with lower risks of stroke/
systemic embolic event (SEE) [hazard ratio (HR) 0.88, P = 0.0001], ischaemic stroke/SEE (HR 0.87, P < 0.0001), and
death (HR 0.91, P < 0.0001), but with increased risks of major (HR 1.06, P = 0.025) and major or clinically relevant
non-major bleeding (HR 1.05, P = 0.0007). There was a significant interaction between sex and increasing BMI cat-
egory, with lower risk of ischaemic stroke/SEE in males and increased risk of bleeding in women. Trough edoxaban
concentration and anti-Factor Xa activity were similar across BMI groups >18.5 kg/m2, while time in therapeutic
range for warfarin improved significantly as BMI increased (P < 0.0001). The effects of edoxaban vs. warfarin on
stroke/SEE, major bleeding, and net clinical outcome were similar across BMI groups.

...................................................................................................................................................................................................
Conclusion An increased BMI was independently associated with a lower risk of stroke/SEE, better survival, but increased risk of

bleeding. The efficacy and safety profiles of edoxaban were similar across BMI categories ranging from 18.5 to >40.
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Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia and
is associated with a five-fold increase in the risk of stroke, and
increased mortality and hospitalizations. The incidence of AF is higher

in obese patients than in non-obese patients,1 but, in a retrospective
analysis of the patients enrolled in the AFFIRM trial,2 survival was bet-
ter in obese patients with AF. In patients with AF, body mass index
(BMI) is not considered to be a major risk factor for stroke or
bleeding.3 The relationship between BMI and stroke is complex and
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in the Physician’s Health Study, which did not exclusively enrol
patients with AF, the risks of total, ischaemic, and haemorrhagic
stroke were increased with each unit increase in BMI, independently
of the effects of hypertension, diabetes, and cholesterol.4 Taking into
account the effects of BMI on outcomes in the general population, it
is well established that an elevated BMI is associated with higher mor-
tality.5,6 Furthermore, an increased risk of bleeding at lower BMI has
been reported among patients with atherothrombotic disease
treated with single or dual antiplatelet therapy.7

In the present study, we analysed the relationship between BMI
and pharmacokinetic, pharmacodynamic, and clinical outcomes in
patients enrolled in the Effective Anticoagulation with Factor Xa
Next Generation in Atrial Fibrillation–Thrombolysis in Myocardial
Infarction 48 (ENGAGE AF-TIMI 48) trial.8,9

Methods

The ENGAGE AF-TIMI 48 trial was a three-group, randomized, double
blind, double-dummy study comparing two dose regimens of edoxaban
with warfarin conducted at 1393 centres in 46 countries with a median
follow-up of 2.8 years.9 Both the study design and main results were pub-
lished previously.8,9 Briefly, the trial enrolled 21 105 patients 21 years of
age or older, who had AF documented within the 12 months preceding
randomization, a CHADS2 score of 2 or higher, and anticoagulation ther-
apy planned for the duration of the trial.8 Key exclusion criteria were AF
due to a reversible cause, an estimated creatinine clearance of less than
30 mL per minute, a high risk of bleeding, use of dual antiplatelet therapy,
moderate-to severe mitral stenosis, other indications for anticoagulation
therapy, acute coronary syndromes, coronary revascularization, or
stroke within 30 days before randomization; and an inability to adhere to
study procedures. There were no exclusions based on weight or BMI.8

Patients were randomly assigned, in a 1:1:1 ratio, to receive warfarin,
dose-adjusted to achieve an international normalized ratio (INR) of 2.0–
3.0, or to receive higher-dose edoxaban (HDE) or lower-dose edoxaban
(LDE) regimens. The HDE group received 60 mg once daily, and the LDE
group 30 mg once daily. For patients in either edoxaban group, the edox-
aban dose was halved if any of the following characteristics were present
at the time of randomization or during the study: estimated creatinine
clearance of <_50 mL per minute, a body weight of 60 kg or less, or the
concomitant use of verapamil, quinidine, or dronedarone (P-glycoprotein
inhibitors).8 Since only the HDE regimen has been approved for clinical
use, we present the data with the LDE regimen in the Supplementary ma-
terial online, Appendix.

Baseline characteristics were presented as medians (interquartile
ranges) for continuous variables and frequencies for categorical variables.
Creatinine clearance was estimated by the Cockroft–Gault equation
using the actual body weight,10 similarly to the other trials on non-vitamin
K antagonist oral anticoagulants.11 Body mass index was calculated in kg/
m2 from the height and weight obtained at baseline and used to classify
patients into six categories, per the International Obesity Task Force and
the World Health Organization: underweight: <18.5; normal: 18.5 to
<25; overweight: 25 to <30; moderately obese: 30 to <35; severely
obese: 35 to <40; and very severely obese: >_40.12 Baseline characteristics
were compared across these six BMI categories with a linear trend test
using a generalized linear model for continuous variables and Cochran–
Armitage trend test for categorical variables.

Trough blood samples were collected 1 month after randomization
and plasma concentrations of edoxaban and anti-Factor Xa activity were
measured as previously described.13 Trough values were compared

across the categorical groups of BMI, stratified by dose reduction status,
to permit comparison of patients who received similar doses of
edoxaban.

In the primary analyses of clinical outcomes, the relationships between
continuous BMI and outcomes were estimated using a Cox proportional
hazard model to derive predicted unadjusted and adjusted hazard ratios
(HR) while accounting for the time to event.14 The proportional hazards
assumption was confirmed with Schoenfeld residuals and by plotting the
log negative-log of the survival function by log of time. Kaplan–Meier
curves were used to calculate survival rates.

In the secondary analyses, HRs with 95% confidence intervals (CIs)
were estimated using adjusted Cox proportional hazard models to ex-
plore the relationships between the BMI categories and clinical outcomes.
Covariates in the multivariable models included the three-level
randomized treatment (warfarin, HDE, and LDE), CHADS2 score at
screening, verapamil, or quinidine use at screening, paroxysmal vs. non-
paroxysmal AF, sex, region, age (as a continuous variable), previous use
of vitamin K antagonist for >_60 days, baseline use of aspirin, thienopyri-
dine agents, amiodarone, digoxin or digitalis preparations, smoking status,
history of hypertension, stroke or transient ischaemic attack (TIA), heart
failure, diabetes, and creatinine levels at baseline. The group of patients
with normal BMI (from 18.5 to <25 kg/m2) was used as the referent.
Interactions between the randomized treatment and BMI categories
were tested by Cox proportional hazard modelling to address effect
modification by BMI group.

In view of the small sample size (n = 177), data in patients with BMI
<18.5 kg/m2 were presented separately in the Supplementary material
online, Appendix. Event rates were expressed per 100 patient-years.
Clinical outcomes were as defined in the ENGAGE AF-TIMI 48 trial.9

The primary efficacy endpoint was the composite of adjudicated stroke
or systemic embolic events (SEE) in the intention-to-treat population
counting all events whether on or off study drug. The principal safety
endpoint was adjudicated ISTH major bleeding in the safety population
while on treatment. Additional endpoints included ischaemic stroke/
SEE, mortality, major or clinically relevant non-major bleeding, and a
net clinical outcome (composite of stroke, systemic embolic event,
major bleeding, or death). An independent clinical endpoint committee,
whose members were unaware of the study assignment, adjudicated
all clinical events.

All statistical tests were two-sided with a P-value <0.05 considered to
be significant, without adjustment for multiplicity. Analyses were per-
formed with use of Stata/SE version 12.1 (Stata Corp., College Station,
TX, USA).

Results

Data on BMI were available in 21 028 of the 21 105 patients
enrolled (99.6%). The distribution of the patient population into
BMI categories is shown in Figure 1: underweight (<18.5) in 177
(0.8%), normal (18.5 to <25) in 4491 (21.4%), overweight (25 to
<30) in 7903 (37.6%), moderately obese (30 to <35) in 5209
(24.8%), severely obese (35 to <40) in 2099 (10.0%), and very se-
verely obese (>_40) in 1149 (5.5%). A BMI >50 kg/m2 was present
in only 0.7% of the cohort (148 patients). As shown in Table 1,
the distribution of BMI varied across regions, with obesity most
common in North America and Eastern Europe, while almost
two-thirds of patients who were underweight were enrolled in
Asia. As expected, a history of diabetes was common among
patients who were overweight or obese. Creatinine clearance was
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directly correlated with BMI (Pearson r = 0.57, P < 0.0001). The
proportions of patients at randomization treated with renin-
angiotensin system/aldosterone receptor inhibitors, lipid lowering
agents, and beta-blockers were significantly greater in patients in
the higher BMI categories (Table 1). Age >_75 years, impaired
renal function, previous TIA/stroke, and lack of prior VKA
experience were more common among patients with lower values
of BMI. Data on high-sensitivity C-reactive protein (hs-CRP) were
available in 4680 patients; no differences were found across BMI
categories (Table 1).

Patients randomized to warfarin, HDE, and LDE were similar with-
in each BMI group (Supplementary material online, Table S1A–C in
Appendix).

Pharmacokinetic and pharmacodynamic
data
In patients randomized to warfarin, the median time in therapeutic
range (TTR) increased as BMI increased (P trend <0.0001,
Supplementary material online, Figure S1). This finding was driven by a
lower median TTR in underweight patients (59%), whereas the me-
dian TTRs were fairly similar (67–69%) for patients with BMI
>_18.5 kg/m2, with slightly higher TTRs as BMI increased. The propor-
tion of time with a subtherapeutic INR (i.e. <2) was significantly lower
at increasing BMIs (P trend= 0.0007, Supplementary material online,
Table S2). The proportion of time with an INR >3 was similar across
BMI groups above 18.5 kg/m2 at 12.1–12.5% (P trend = 0.58,
Supplementary material online, Table S2).

Trough edoxaban plasma concentrations measured at 1 month
after randomization in the HDE group did not differ across BMI
categories (Table 2), either among patients who were dose
reduced at randomization (P trend = 0.17) or in patients who
were not dose reduced at randomization (P trend = 0.28).
Likewise, there were no differences across BMI categories in
anti-Factor Xa activity at trough in patients who were (P trend =
0.77) or were not dose reduced at randomization (P trend =
0.73) (Table 2).

Body mass index as a continuous variable
and clinical outcomes
Figure 2 shows the adjusted HRs for BMI as a continuous variable (in
units of 5 kg/m2 increase) and clinical outcomes in the whole cohort.
Higher BMI was significantly and independently associated with lower
risks of stroke/SEE (HR 0.88, 95% CI 0.82–0.94, P = 0.0001), ischae-
mic stroke/SEE (HR 0.87, 95% CI 0.81–0.93, P < 0.0001), and of death
(HR 0.91, 95% CI 0.87–0.95, P = 0.0001). However, increasing BMI
was independently associated with a greater risk of major bleeding
(HR 1.06, 95% CI 1.01–1.12, P = 0.025) and of major or clinically rele-
vant non-major bleeding (HR 1.05, 95% CI 1.02–1.08, P = 0.0007).

In the Supplementary material online, Appendix, cubic splines
curves show the relationship between BMI and different clinical out-
comes, both unadjusted (Supplementary material online, Figure S2)
and adjusted (Supplementary material online, Figure S3).

Categories of body mass index and
outcomes
In an adjusted analysis considering the specific BMI categories with
BMI >_18.5 kg/m2 (i.e. excluding underweight patients), the risks of
stroke/SEE, ischaemic stroke/SEE, and death were significantly lower
as BMI increased (especially at BMIs >_35 kg/m2) (Table 3).
Conversely, at higher BMI categories there were significantly
increased risks of major bleeding and of major or clinically relevant
non-major bleeding, consistent with the results of the analysis of BMI
as a continuous variable. In contrast, there was no relationship be-
tween BMI and the net outcome (P trend = 0.44 across increasing
BMI categories). These results were generally consistent across the
geographical regions, despite large regional differences in the distribu-
tions of BMI.

There was a significant interaction between sex and BMI in the
whole cohort (adjusted analysis) with regard to ischaemic stroke/SEE
(P = 0.032) and major or clinically relevant non-major bleeding
(P < 0.01). As shown in Supplementary material online, Table S3, in
male patients a significantly lower risk of ischaemic stroke/SEE was
found across increasing BMI categories (P < 0.005) but this was not
seen in women. In women, a significantly increased risk of major or

Figure 1 Distribution of body mass index (kg/m2) in the ENGAGE AF-TIMI 48 population. Groups are shown according to body weight in kg/m2.
BMI, body mass index; Mod., Moderate; Sev., Severe.
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.
clinically relevant non-major bleeding (P < 0.0001) was found across
increasing BMI categories; however, the same was not present in
men.

The increased risk of major bleeding across increasing BMI catego-
ries was even more evident in an analysis adjusted by hs-CRP,
(Supplementary material online, Table S4).

Efficacy and safety of higher-dose edoxa-
ban vs. warfarin according to body mass
index
There was no significant interaction between BMI analysed as a cat-
egorical variable and the outcomes of stroke/SEE, all-cause mortality,
major bleeding, major or clinically relevant non-major bleeding, or
the net clinical outcome (P for interaction >_0.16 for each outcome,
Supplementary material online, Table S5). In contrast, the P for inter-
action was 0.047 for the endpoint of ischaemic stroke/SEE, suggesting
less protection with HDE relative to warfarin at BMIs >_ 35. This P
value should be cautiously interpreted due to the low number of
events (N = 10) in the very severely obese group.

Results with lower-dose edoxaban
Trough edoxaban concentration and anti-Factor Xa activity in
patients randomized to LDE, were approximately half that observed
with HDE, and did not show significant variation across BMI groups
(Supplementary material online, Table S6A and B). The risk of ischae-
mic stroke/SEE among patients with normal BMI and in patients
with BMI >_ 35 kg/m2 were significantly higher in patients treated
with LDE vs. warfarin (Supplementary material online, Table S7).
Bleeding events were significantly reduced with LDE compared to
warfarin across BMI groups, with no interactions between BMI and
bleeding.

Exploratory analysis of underweight
patients
An analysis of 177 underweight patients (BMI <18.5 kg/m2) showed
significantly increased adjusted risks, as compared to patients with a
normal BMI, for multiple adverse outcomes, including all-cause mor-
tality; the composite of stroke, systemic embolic event, or death
from cardiovascular causes (including bleeding); as well as the com-
posite of stroke, systemic embolic event, major bleeding, or death
(Supplementary material online, Figure S4). Comparisons by
randomized treatment were not performed given the small number
of underweight patients enrolled.

Discussion

The present analysis of clinical outcomes in patients with AF treated
with either edoxaban or warfarin from the ENGAGE AF-TIMI 48 trial
with regard to BMI demonstrated the following major findings (Take
home figure):

(1) Obesity was present in more than 40% of the enrolled population.
There were pronounced regional variations, with obesity most
common in North America and Eastern Europe.

(2) Higher BMI was independently associated with lower adjusted risks
of stroke/SEE and of death. Higher BMI was associated with an
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Table 2 Concentration and anti-Factor Xa activity at trough with the higher-dose edoxaban regimen according to
body mass index categories in the sample of patients who fulfilled (top) and not fulfilled (bottom)a the criteria for edox-
aban dose reduction

Body mass index (kg/m2) Underweight

(<18.5)

Normal

(18.5 to <25)

Overweight

(25 to <30)

Moderately

obese

(30 to <35)

Severely/very

severely

obese (�35)

P-value

for trend

Patients with edoxaban dose reduction at randomization

Trough edoxaban concentration

(ng/mL)

N patients 25 369 268 119 39

Median 27.0 25.3 29.9 28.4 27.5 0.17

25–75 percentile 23.4–61.1 14.0–42.4 14.7–48.1 14.4–44.6 18.0–50.2

Trough anti-Factor Xa activity

(IU/mL)

N patients 15 136 108 46 19

Median 0.45 0.47 0.53 0.60 0.54 0.77

25–75 percentile 0.11–1.30 0.29–0.81 0.30–0.87 0.30–0.85 0.31–0.82

Patients without edoxaban dose reduction at randomization

Trough edoxaban concentration

(ng/mL)

N patients 1a 304 950 761 479

Median N/A 34.9 37.6 36.2 33.0 0.28

25–75 percentile N/A 19.9–60.4 20.4–62.0 19.3–61.9 16.7–62.7

Trough anti-Factor Xa activity

(IU/mL)

N patients 0 97 433 358 238

Median N/A 0.78 0.62 0.66 0.64 0.73

25–75 percentile N/A 0.42–1.17 0.37–1.06 0.36–1.15 0.37–1.16

aOnly one patient with BMI <18.5 was not dose-reduced and data are not shown.

Figure 2 Results of a multivariable model with body mass index as a continuous variable per units of 5 kg/m2 increase in body mass index.
Adjusted hazard ratios (95% confidence interval) and P-values are shown. The graph is in logarithmic scale. The model is adjusted for treatment
group, CHADS2 score at screening, verapamil or quinidine use at screening, paroxysmal vs. non-paroxysmal atrial fibrillation, sex, region, age, previ-
ous use of vitamin K antagonist for >_60 days, baseline use of aspirin, thienopyridine agents, amiodarone, digoxin or digitalis preparations, smoking sta-
tus, history of hypertension, stroke or transient ischaemic attack, congestive heart failure, diabetes, and creatinine at baseline. Clin Rel non-major
bleeding, clinically relevant non-major bleeding; HR, hazard ratio; S/SEE, stroke or systemic embolic event.
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..increased risk of bleeding, despite good control of INR in the war-
farin group and no difference in edoxaban concentrations or
anti-Factor Xa activity, as the BMI increased. The net clinical out-
come did not differ in higher as compared to normal BMI categories.
The relationship between BMI and outcomes varied by sex. In men,
as BMI increased, the risk of stroke/SEE declined, but this was not
the case in women. In women, as BMI increased, there was a signifi-
cantly increased risk of bleeding, but this same trend was not pre-
sent in men.

(3) The efficacy and safety profiles of edoxaban relative to well-
managed warfarin were similar across BMI groups. The similar phar-
macokinetic and pharmacodynamic results with edoxaban across
the range of BMIs support the clinical observations.

The associations between BMI and outcomes in patients with
AF have been the subject of growing interest in recent years,
with investigations based on observational studies, from post hoc
analyses of randomized controlled trials comparing warfarin with
non-vitamin K antagonist oral anticoagulants (NOACs) and meta-
analyses.2,14–19

Separate analyses from two NOACs trials (ARISTOTLE15 and
ROCKET-AF16), each showed that an increased BMI was associated
with better outcomes. In the ROCKET-AF trial, an increased BMI
was associated with a lower risk of stroke and systemic embolism. In
an adjusted analysis of the ARISTOTLE trial, an increased BMI was
associated with a lower risk of all-cause mortality, as well as lower
risks of the composite of stroke, systemic embolism, myocardial in-
farction, or all-cause mortality. In both studies no differences in the
relative effects of NOACs (rivaroxaban and apixaban, respectively)
vs. warfarin on stroke/systemic embolism were found in comparisons
across the different categories of BMI.

With respect to bleeding, an increased risk of incident intracere-
bral haemorrhage was previously reported in obese patients with no
previous vascular disease.5,20,21 Moreover, in another cohort study
an increased risk of major bleeding was found in obese patients
treated with warfarin and followed for 1 year.22 However, these find-
ings were not replicated in either the ARISTOTLE15 or ROCKET-AF

trials.16 More recently, a meta-analysis of trials on NOACs19 that
included data from RCTs with apixaban, dabigatran, or rivaroxaban
(but not ENGAGE AF-TIMI 48) found no increase in major bleeding
in obese patients, as compared to normal or overweight patients.

Our analyses differed from the prior findings15,16 since BMI was
analysed with greater granularity, both as a categorical (consistent
with the WHO criteria12), which distinguish different degrees of
obesity), as well as a continuous variable. We extended prior findings
by assessing the impact of BMI and treatment on a series of out-
comes, including a variety of cardiovascular events and different
degrees of bleeding severity over a median of 2.8-year follow-up.
Moreover, we evaluated pharmacokinetic (edoxaban concentration)
and pharmacodynamic measures (anti-Factor Xa activity, INR)
according to BMI, thus providing data that have not been presented
in prior analyses.

Our findings regarding an increase in bleeding at higher BMIs are
noteworthy because they occurred despite similar edoxaban con-
centrations and anti-Factor Xa activity and similar TTRs (in the war-
farin patients) across the range of BMIs studied. The mechanism for
the increased risk in bleeding at higher BMIs is unclear. Moreover, the
increased risk of bleeding at higher BMI was confirmed also in the
analysis adjusted by hs-CRP levels at baseline. The latter analysis was
performed since higher BMIs are associated with higher hs-CRP con-
centrations (an expression of low-grade systemic inflammation23),
and hs-CRP has been evaluated as a marker of an increased risk of
vascular events, including ischaemic and haemorrhagic stroke.24

The finding that the increased risk of bleeding at increasing BMI is
more pronounced in women has practical implications in terms of
the need for more aggressive management of bleeding risk factors in
women.

Since obesity may change the pharmacokinetics of several drugs,
the use of dosing algorithms that do not account for high BMIs
has raised the question of the ideal dose of NOACs in obese
patients.20,25 Our pharmacokinetic and pharmacodynamic findings
with edoxaban that demonstrate consistent results in patients with
normal and high BMI support the clinical data showing preservation

....................................................................................................................................................................................................................

Table 3 Outcomes from a multivariable model according to body mass index categories (adjusted analysis)

Body mass index (kg/m2) Normal

(18.5 to <25)

Overweight

(25 to <30)

Moderately

obese (30 to <35)

Severely obese

(35 to <40)

Very severely obese

(�40)

P for

trend

N. of events (%) HRa (95% CI) HRa (95% CI) HRa (95% CI) HRa (95% CI)

Stroke/SEE 273 (2.3) 0.91 (0.78–1.07) 0.82 (0.68–1.00) 0.68 (0.52–0.89) 0.54 (0.35–0.83) <0.001

Ischaemic Stroke/SEE 229 (2.0) 0.91 (0.77–1.09) 0.80 (0.65–0.98) 0.70 (0.52–0.94) 0.48 (0.30–0.77) <0.001

Mortality 629 (5.2) 0.79 (0.71–0.87) 0.77 (0.68–0.88) 0.75 (0.63–0.9) 0.78 (0.62–0.98) 0.037

Major bleeding 283 (2.9) 1.03 (0.88–1.20) 1.12 (0.94–1.34) 1.18 (0.94–1.48) 1.28 (0.96–1.70) 0.045

Net outcomeb 987 (8.7) 0.91 (0.83–0.98) 0.92 (0.83–1.01) 0.87 (0.77–1.00) 0.95 (0.80–1.12) 0.44

Major or clinically relevant

non-major bleeding

1014 (11.8) 1.05 (0.97–1.14) 1.10 (1.00–1.20) 1.17 (1.04–1.32) 1.27 (1.10–1.47) <0.001

Any bleeding 1234 (15.0%) 1.04 (0.97–1.12) 1.06 (0.97–1.15) 1.15 (1.04–1.28) 1.23 (1.08–1.40) <0.001

BMI, body mass index; CI, confidence interval; HR, hazard ratio; SEE, systemic embolic event.
aAdjusted hazard ratio with normal BMI as the referent. The model is adjusted for treatment group, CHADS2 score at screening, verapamil or quinidine use at screening, parox-
ysmal vs. non-paroxysmal AF, sex, region, age, previous use of vitamin K antagonist for >_60 days, baseline use of aspirin, thienopyridine agents, amiodarone, digoxin or digitalis
preparations, smoking status, history of hypertension, stroke or TIA, CHF, diabetes, and creatinine at baseline.
bNet outcome: composite of stroke, systemic embolic event, major bleeding, or death.
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.of the efficacy and safety profile of HDE as compared to warfarin
across the range of BMIs studied. This information can be useful in
clinical practice for the selection of the optimal anticoagulant for
obese patients. More data are needed in patients with extremely high
BMI (>50 kg/m2), particularly considering the increasing prevalence
of morbid obesity.26

The decline in the adjusted risks of stroke/SEE and death observed
at increasing BMI in ENGAGE AF-TIMI 48 is compatible with the
intriguing concept of an ‘obesity paradox’.2 According to this contro-
versial concept, although obesity is an important cardiovascular risk
factor in the general population,5,6 patients with established cardio-
vascular disease and an elevated BMI experience better outcomes
than patients with a normal BMI.2,15 Such findings have been reported
in several cardiovascular disease states including stable coronary ar-
tery disease, acute coronary syndromes, heart failure with reduced
ejection fraction and AF.2,15–19,27 The reason(s) for an apparent pro-
tective effect of obesity are unclear and the subject of debate.27 One
hypothesis that has been proposed to explain this paradox is that by
virtue of being obese, patients are offered earlier and more aggressive
treatments to manage cardiovascular risk factors.2 This may be
related to the earlier, more intensive and closely monitored use of
anti-hypertensive and anti-dyslipidaemic medications. Data from the
Physician’s Health Study4 showed that when obese patients are not
aggressively managed then the risks of total, ischaemic, and haemor-
rhagic stroke actually rises at increasing BMI. In our cohort, an
increased use at randomization of renin-angiotensin system/aldoster-
one receptor inhibitors, lipid lowering agents and beta-blockers in
patients in the higher BMI categories was observed. Since patients
cannot be randomized to different levels of BMI, the presence of bias

and confounding represent serious challenges to establishing a causal
relationship in any interpretation of the ‘obesity paradox’.28,29

Moreover, according to recent population-based data,31 the obesity
paradox should be approached with great caution since it may be
related to an earlier diagnosis of cardiovascular disease and a greater
proportion of life lived with cardiovascular morbidity. In this context,
population studies taking a life course perspective may lead to differ-
ent and more reliable findings as compared to studies evaluating the
follow-up of inception cohorts of patients collected at the time of
diagnosis of a cardiovascular disease.30

The relationship between adiposity and outcomes is complicated
further by pathophysiological studies that analysed adipose tissue
deposits and identified metabolically healthy and unhealthy obese
phenotypes on the basis of absence/presence of insulin resistance,
metabolic syndrome, level of cardio-respiratory fitness, amount of
visceral fat, and level of systemic inflammatory mediators.27 A more
detailed and nuanced approach to evaluate the impact of obesity on
outcomes should analyse the real prevalence of the metabolically
healthy obese phenotype in specific populations, including AF
patients, and provide clues for clinical identification of these two dis-
tinct phenotypes.27 Moreover, recent studies evaluated body fat dis-
tribution and highlighted the role that epicardial fat may have in the
pathophysiology of AF (as well as of heart failure and coronary ath-
erosclerosis), involving a complex interplay of inflammation, fibrosis,
and vascularization.31,32

While awaiting further evidence, we believe that the controversies
regarding the obesity paradox should not reduce the efforts of physi-
cians in encouraging the adoption of appropriate strategies for
weight-loss, increasing physical activity and exercise, in view of the

Take home figure An abnormal body mass index, qualifying for overweight or obesity, had a high prevalence among patients with atrial fibrilla-
tion and was associated with different impact on risk of adverse outcomes (analysis of body mass index as a continuous variable, per units of 5 kg/m2

increase, in a multivariable model adjusted for treatment group, CHADS2 score at screening, verapamil or quinidine use at screening, paroxysmal vs.
non-paroxysmal atrial fibrillation, sex, region, age, previous use of vitamin K antagonist for >_60 days, baseline use of aspirin, thienopyridine agents,
amiodarone, digoxin or digitalis preparations, smoking status, history of hypertension, stroke or transient ischaemic attack, CHF, diabetes, and cre-
atinine at baseline). CRNMB, clinically relevant non-major bleeding; Isch. stroke, ischaemic stroke; NS, not significant; SEE, systemic embolic event.
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.
general unhealthy implications of obesity and in accordance with con-
sensus guidelines.24,33–35 Appropriate patient education and patient
empowerment are specifically recommended by the Guidelines on
AF management written by the European Society of Cardiology in
collaboration with European Association for Cardio-Thoracic
Surgery in 2016.35 In obese patients, weight loss together with man-
agement of other risk factors constitute essential goals for reducing
AF burden and symptoms, and for improving outcomes.

Finally, additional data are needed since the obesity paradox may
simply reflect a lack of understanding of the complex pathophysi-
ology of obesity and of the association between adiposity and cardio-
vascular diseases, including AF.

Strengths and limitations
The strengths of our study include the analysis of data from the larg-
est and longest trial of a NOAC in patients with AF, with the availabil-
ity of pharmacokinetic and pharmacodynamic data to support the
clinical observations. The limitations include the use of a clinical trial
population with relatively few patients with extreme BMIs (<18.5 kg/
m2 or >50 kg/m2), which limit the generalizability of these results.
Despite adjustment for multiple variables, we cannot exclude the
possibility of residual confounding due to unmeasured covariates.
Lastly, trough edoxaban concentration and anti-Factor Xa activity
were analysed at 1 month after randomization and were not available
immediately prior to an event.

Conclusions

In the ENGAGE AF-TIMI 48 trial consisting of patients with atrial fib-
rillation treated with an oral anticoagulant, clinical event rates differed
across the spectrum of BMI. An increased BMI was independently
associated with a lower risk of stroke/SEE, better survival, but an
increased risk of bleeding. Sex modified the influences of BMI on out-
comes: in men, an increased BMI was associated with a reduced risk
of stroke/SEE, while in women there was an increased risk of bleeding
at higher BMIs. The concentrations of edoxaban and anti-Factor Xa ac-
tivity, the TTR in the warfarin group, and the relative efficacy and safety
of HDE compared with warfarin did not vary significantly according to
BMI. Given the findings of the present study, clinicians should consider
that obese patients with AF may have lower risk of stroke but higher
risk of bleeding, as compared to patients with normal BMI. Therefore,
we believe that NOACs with a better balance of safety and efficacy
than warfarin should be prioritized in obese patients.

Supplementary material

Supplementary material is available at European Heart Journal online.
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