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Abstract

Background: Overweight and obesity are highly prevalent in atrial fibrillation
(AF) patients, yet the best anticoagulant strategy for this group is still unclear.
We evaluated the risk of all-cause mortality and cardiovascular events (CVEs)
in overweight and obese AF patients treated with direct oral anticoagulants
(DOAC:sS) or vitamin K antagonists (VKAS).

Methods: We analysed 10,259 AF patients on anticoagulants from the prospec-
tive nationwide START registry. Overweight was defined as BMI 25-29.9kg/m?
and obesity as BMI >30kg/m”. Mortality risk was assessed with Cox proportional
hazards models, and CVEs with Fine-Grey models accounting for competing
risks. Additional modelling strategies, subgroup analyses, and propensity score
matching were performed to explore data and ensure robustness.

Results: Overall, 6534 (63.7%) patients had BMI >25kg/m?* (65.7% overweight,
34.3% obese). Over a median follow-up of 17.4 months, 408 deaths and 481 CVEs
occurred. DOACs' use was associated with a lower risk of all-cause mortality
(HR 0.57, 95% CI 0.46-0.70, p<0.001) and CVEs (sHR 0.71, 95% CI 0.59-0.86,
p<0.001) versus VKAs. The inverse association of DOACs with mortality was
evident in both overweight (HR 0.52, 95% CI 0.39-0.68, p <0.001) and obese pa-
tients (HR 0.69, 95% CI 0.48-0.98, p =0.040), while the reduction in CVEs reached
significance only in the overweight group.

Conclusions: In this nationwide registry, DOACs were associated with lower
risks of mortality and CVEs compared with VKAs across BMI groups, though
the CVE effect was not evident in obese patients. These findings suggest a
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1 | INTRODUCTION

Obesity affected around 890 million adults worldwide in
2022, corresponding to 16.0% of adults >18years world-
wide.! The prevalence of obesity has been increasing
worldwide in the last decades and, according to the Global
Burden of Disease, it is estimated to affect 2.1 billion
adults in 2013.% In particular, the prevalence of obesity
raised up to 50% of the adult population in some countries
from Oceania, North Africa, and the Middle East,® while
it was about 41.8% in North America' and 20% in Western
Europe.’ In particular, a low prevalence (<20%) of obesity
was observed in countries from the Mediterranean area
that had an obesity prevalence between 20.0% and 24.9%,"
while Northern (i.e. United Kingdom and Ireland), and
Eastern (i.e. Bulgaria, Hungary and Lithuania) Europe
had a higher prevalence of obesity (25.0%-29.9%).* In the
past decades, the prevalence of obesity in Italy was 8%, due
to a healthy diet and lifestyle; however, in the last years,
the prevalence has increased abruptly by 27.5% due to
lifestyle changes such as the consumption of high-caloric
foods and sedentary behaviors® reaching 19.9% in 2019.*

It was estimated that the rising of the overweight and
obese population provoked 3.4 million deaths and 3.9%
of years of life lost worldwide.” In addition, obesity has
been associated with several cardiovascular (CV) risk fac-
tors such as arterial hypertension, diabetes mellitus and
dyslipidemia® and CV disease.” Among CV diseases, atrial
fibrillation (AF) is strongly associated with obesity®: in-
deed, epidemiologic studies showed that the two major
predictors of new-onset AF are arterial hypertension and
obesity.®’ In particular, data from the Framingham Heart
Study, seem to suggest that obesity could increase the
risk of AF by 50%.® Several mechanisms such as epicar-
dial adiposity, inflammation, oxidative stress, fibrosis, ion
channel alterations, and autonomic dysfunction seem to
be involved in the left atrium enlargement and AF patho-
genesis in obese patients.’

Although obesity is a risk factor for new-onset AF, its
role in the prognosis of AF patients is still contradictory.
Indeed, results from a post-hoc analysis of The Effective
Anticoagulation With Factor Xa Next Generation in Atrial
Fibrillation-Thrombolysis in Myocardial Infarction 48
(ENGAGE AF-TIMI 48) trial revealed that overweight
and obese patients with AF had a lower risk of stroke/

potential mortality advantage of DOACS irrespective of BMI, warranting further

atrial fibrillation, BMI, DOAC, obesity, overweight, VKA

systemic embolism and mortality.” These results were co-
herent with a post-hoc analysis of the Atrial Fibrillation
Follow-up Investigation of Rhythm Management
(AFFIRM) trial, in which obese and overweight patients
had a lower all-cause mortality risk compared to normal
weight.'® Conversely, data from the prospective Danish
Diet, Cancer and Health study, in which 3135 AF patients
were enrolled and followed up to 4.9years found a direct
association between overweight/obesity and ischemic
stroke, thromboembolism or death.'! Also, a large meta-
analysis including 49,364 AF patients found no difference
in all-cause and CV death risk between obese and normal
weight AF patients.'?

While long-term anticoagulation treatment with vita-
min K antagonists (VKAs) or direct oral anticoagulants
(DOAGCsS) is effective in the majority of AF patients to
reduce thromboembolism,'® less evidence is available in
patients with obesity. In previous studies'*® the effective-
ness and safety of DOAC in obese patients with AF appear
controversial.

In addition, few prospective studies based on real-
world data from observational studies are available. For
this reason, the aim of our study was to investigate the ef-
fectiveness of DOACs compared to VKAs in a real-world
cohort of overweight and obese patients with AF.

2 | METHODS

21 | START Registry

The START registry is a prospective, observational, multi-
center cohort study conducted in Italy, enrolling patients
aged 18years or older who initiate anticoagulation ther-
apy for AF. Comprehensive details about the registry have
been previously published."” Briefly, inclusion criteria
comprised adult patients with AF requiring oral antico-
agulation; patients receiving low-molecular-weight hepa-
rin were excluded. Individuals with a life expectancy of
less than 6 months, those not residing in the participating
region, or planning to relocate within the next 6 months
were not eligible for inclusion in the registry. Patients al-
ready participating in phase 2 or 3 clinical trials were also
excluded, whereas those enrolled in other observational
or phase 4 studies were eligible.
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The study is registered at ClinicalTrials.gov
(NCT02219984) and received approval from the
Institutional Review Boards of all participating institu-
tions. Informed consent was obtained from each partici-
pant prior to inclusion, and the study protocol complies
with the ethical standards set forth in the 1975 Declaration
of Helsinki.

This post-hoc analysis was restricted to only patients
with AF and overweight or obesity.

2.2 | Baseline features

Baseline variables comprised demographic information
and clinical data, encompassing cardiovascular risk fac-
tors, routinary laboratory parameters, relevant comor-
bidities, left ventricular ejection fraction, smoking status,
indication for anticoagulation therapy, the specific class
of oral anticoagulant administered, and concurrent phar-
macological treatments. A history of cardiovascular dis-
ease was defined as documented coronary artery disease
(CAD), including prior myocardial infarction or coronary
revascularization (via percutaneous coronary interven-
tion or coronary artery bypass grafting). Cerebrovascular
disease was defined by a prior ischemic stroke or transient
ischemic attack (TIA).

2.3 | Overweight and obesity definitions
Obesity and overweight were defined and classified ac-
cording to The World Health Organization (WHO).**2!
The WHO,* classifies adult obesity using the body mass
index (BMI), which is measured by calculating [(weight in
kg)/(height in m)*]. Overweight was defined by BMI be-
tween 25.0 and 29.9 kg/m? and obesity by a BMI >30.0kg/
m?. Obese patients were stratified into class I (BMI: 30.0-
34.9 kg/mz); class II (BMI: 35.0-39.9 kg/mz) and class III
(BMI >40.0kg/m?).

2.4 | Study Endpoints

The aim of this study was to investigate the association
between oral anticoagulant type (DOACs vs. VKAs) and
clinical outcomes in patients with a BMI >25kg/m?, with
particular attention to differences between overweight
and obese subgroups. Specifically, all-cause mortality
and the occurrence of cardiovascular events (CVEs) were
evaluated according to anticoagulant type, both in the
overall population, and according to overweight and obe-
sity. CVEs were defined as fatal or non-fatal myocardial
infarction, coronary revascularization, fatal or non-fatal

ischemic stroke, and transient ischemic attack. All events
were prospectively documented during follow-up visits
and recorded by registry investigators in the electronic
case report form.

2.5 | Statistical analysis

Descriptive statistics were employed to characterize the
study population. The distribution of continuous vari-
ables was evaluated using the Kolmogorov-Smirnov
test. Variables with normal distribution were summa-
rized using means and standard deviations, whereas
non-normally distributed variables were expressed as
medians with interquartile ranges (IQR). Categorical vari-
ables were reported as absolute frequencies and percent-
ages. Group comparisons for continuous variables were
performed using the independent samples f-test or the
Wilcoxon rank-sum test, depending on the distribution.
Categorical variables were compared using the chi-square
test or Fisher's exact test, as appropriate. For comparisons
involving more than two groups, one-way analysis of vari-
ance (ANOVA) or the non-parametric Kruskal-Wallis test
was applied.

To explore the geographical distribution of patients
with BMI >25kg/m?, the population was stratified by
Italian region, and a choropleth map was produced to vi-
sualize regional differences.

To evaluate differences in all-cause mortality based on
anticoagulant type, we conducted Kaplan-Meier survival
analyses in the overall study population. Survival curves
were generated using the Kaplan-Meier method and com-
pared using the log-rank test. Univariable and multivari-
able Cox proportional hazards regression models were
subsequently used to estimate hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs) for all-cause
mortality associated with the use of DOACs vs. VKAs and
individual clinical variables.

The Fine-Grey subdistribution hazard model was
employed to estimate the cumulative incidence of CVEs,
accounting for the competing risk of all-cause mortality.
Cumulative Incidence Functions (CIF) were plotted to vi-
sualize cumulative incidence.

The following clinical and pharmacological variables
were evaluated as candidate predictors in both Cox pro-
portional hazards and Fine-Grey competing risks regres-
sion models: use of DOAC, BMI category, age >75years,
female sex, history of hypertension, diabetes mellitus,
CAD, anaemia, impaired renal function (expressed as es-
timated glomerular filtration rate - eGFR), heart failure
(HF), active smoking, previous stroke or TIA, peripheral
artery disease (PAD), chronic obstructive pulmonary dis-
ease or obstructive sleep apnoea syndrome (COPD/OSAS),
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antiplatelet therapy, use of class 1c antiarrhythmic drugs,
amiodarone, lipid-lowering therapy, renin-angiotensin—
aldosterone system inhibitors (RAASi), beta blockers,
calcium channel blockers, diuretics, digoxin, and proton
pump inhibitors (PPI). Variables demonstrating statistical
significance in univariable analyses (p <0.05) were subse-
quently included in the multivariable models.

These analyses were initially conducted in the overall
population of patients with a BMI greater than 25kg/m>
and subsequently repeated after stratifying the cohort by
overweight and obese categories.

To avoid potential bias from variable selection based
only on univariate p-values filtering, we constructed a
second multivariable Cox model and Fine-Grey model
including a set of prespecified clinically relevant covari-
ates (i.e. anticoagulant type, BMI class, age, sex, hyperten-
sion, diabetes, CAD, anaemia, renal function [eGFR], HF,
Paroxysmal Atrial Fibrillation, PAD, and COPD/OSAS).
To formally test for effect modification by BMI, the models
also included an interaction term between anticoagulant
type and BMI class.

The proportional hazards assumption was assessed
using Schoenfeld residuals (data shown in Table S1).

To address potential confounding between patients
treated with DOACs and those receiving VKAs, we used
propensity score matching (PSM) to evaluate the consis-
tency of results across modelling approaches. Propensity
scores were estimated via logistic regression, including
the following predefined covariates: sex, age, HF, BMI,
hypertension, diabetes, CAD, anaemia, eGFR, previous
stroke/TIA, COPD/OSAS, smoking, antiplatelet, Class 1c
AAD, amiodarone, and beta-blockers' use. These variables
were selected as they represent the most frequent comor-
bidities and treatments in patients with AF. DOAC users
were matched 1:1 to VKA users using nearest-neighbour
matching with a calliper width of 0.1, without replace-
ment. Covariate balance after matching was assessed with
standardized mean differences (SMDs), with values <0.1
indicating adequate balance. Patient characteristics before
and after matching are summarized in Table S2, and addi-
tional PSM balance diagnostics are reported in Table S3.
The matched cohorts were subsequently analysed. HR for
all-cause mortality was derived from a univariate Cox pro-
portional hazards model, while the risk of CVEs was eval-
uated using a univariate Fine-Grey model, accounting for
all-cause death as a competing risk.

Lastly, we performed some exploratory analyses. (1)
Restricted Cubic Splines (RCS) with 4 default knots were
used to assess potential non-linear associations between
BM]I, treated as a continuous variable, and all-cause mor-
tality in a univariable model. (2) Patients were stratified
according to time in therapeutic range (TTR), calculated
using the Rosendaal method,?? with 60% as the threshold;

patients with missing TTR values were excluded from this
analysis. (3) An analysis to compare the use of DOAC vs.
VKA in each subgroup of patients according to obesity
severity (I-III) with overweight as a reference. (4) A sub-
group analysis for all-cause mortality and CVE risk was
conducted in patients weighing >100kg. (5) Univariable
Cox and Fine-Grey models were used to examine the as-
sociation of each DOAC agent versus VKA with all-cause
mortality and CVEs, respectively.

Statistical analyses were conducted using R (version
4.2.3) and IBM SPSS Statistics (version 25.0), with a two-
sided significance threshold set at «=0.05.

3 | RESULTS

3.1 | Geographic distribution

Overall, 10,259 patients were enrolled in the START regis-
try. Of these, 6534 patients (63.7%) had a BMI >25kg/m”.
The geographic distribution of patients with BMI >25kg/
m? across Italian regions is shown in Figure S1. The high-
est prevalence of BMI >25kg/m? relative to total patients
was observed in Puglia (655 patients, 81.1%), followed by
Calabria (75%) regions.

3.2 | Descriptive analysis

Table 1 summarizes the baseline characteristics of the
6534 patients with BMI >25kg/m? enrolled in the START
registry, stratified by overweight (BMI 25-29.9kg/m?)
and obese (BMI >30kg/m?) status. The median age was
76.0years (IQR 70.0-82.0), and 41.7% of patients were
women. In the overweight group (n=4294 AF patients),
patients on DOACs (n=2427) were older, more frequently
women and affected by arterial hypertension, and had
a history of previous stroke or TIA compared to VKA.
Conversely, patients on VKA (n=1867) were more fre-
quently affected by CAD, severe chronic kidney disease
with eGFR <30mL/min/1.73m? and HF. A significant
difference in the management of rhythm and rate control
strategies and antiplatelet use was found between the two
groups.

On the other hand, in the obesity groups (n=2240 AF
patients), patients on DOACs (n=1262) were older, more
frequently women and affected by arterial hypertension
compared to VKA. AF patients on VKA (n=978) were
more frequently affected by CAD, severe chronic kidney
disease with eGFR <30 mL/min/1.73m? and had a higher
proportion of patients with a severe degree of obesity.

Significant differences in the management of rate
control (i.e. calcium channel blockers and beta blockers)
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strategy and antiplatelet were found between two groups
(Table 1).

Baseline characteristics of the 2240 obese patients,
stratified by obesity class Obesity I (BMI 30.0-34.9 kg/m?,
n=1651), Obesity II (BMI 35.0-39.9kg/m? n=413), and
Obesity III (BMI >40.0kg/m? n=176) and explorative
comparisons are presented in Table S4.

3.3 | Survival analysis

During follow-up, 408 all-cause deaths, and 481 CVEs
occurred. The Kaplan-Meier curve in Figure 1 illus-
trates overall survival in patients with BMI >25kg/
m?, stratified by type of oral anticoagulant (DOAC vs.
VKA). Over a median follow-up of 17.4 [IQR 12.0-30.6]
months, patients treated with DOACs demonstrated sig-
nificantly better survival compared to those on VKAs
(log-rank p <0.0001).

The results of the univariable and multivariable Cox
proportional hazards models for all-cause mortality are
summarized in Table 2. In the multivariable model, treat-
ment with DOACs was independently associated with a
significantly lower risk of all-cause mortality compared
to VKAs (HR 0.57, 95% CI 0.46-0.70, p <0.001). This re-
sult was then confirmed by performing univariable Cox
regression analysis on the PSM cohort (HR 0.49, 95% CI
0.38-0.62, p<0.001).

Obesity status (vs overweight) was not associated with
mortality (HR 1.00, 95% CI 0.81-1.22, p=0.962). In con-
trast, age >75years, CAD, anaemia, HF, PAD, COPD/
OSAS and reduced eGFR were associated with mortality
(Table 2). Among pharmacological treatments, the use of

WILEY-L72"

lipid-lowering therapy, RAAS inhibitors, and Class 1c an-
tiarrhythmics was associated with a lower risk of death
(Table 2).

Similar results were observed in the multivariable
model including clinically relevant covariates and an
interaction term for anticoagulant type and BMI Class
(Table S5), DOAC use was associated with a significantly
lower risk of all-cause mortality (HR 0.41, 95% CI 0.31-
0.54, p<0.001) compared with VKAs. Obesity, relative to
overweight, was not independently associated with either
outcome, and the interaction term did not reach statistical
significance.

Table S6 reports the results of separate Cox regression
analyses in overweight (Panel A) and obese (Panel B) pa-
tients. In both groups, DOAC therapy remained associated
with a lower risk of all-cause mortality (Overweight: HR
0.52, 95% CI 0.39-0.68; Obese: HR 0.69, 95% CI 0.48-0.98)
after adjustment.

3.4 | Predictors of CVEs

The overall incidence rate of CVEs was 3.69 per 100
person-years (95% CI: 3.37-4.04). CIF curves are shown in
Figure S2. Results of Fine-Grey competing risk regression
identifying predictors of CVEs are shown in Table 3. In
the overall population, DOAC use was associated with a
lower subdistribution hazard for CVEs compared to VKA,
both in univariable (SHR 0.68, 95% CI 0.56-0.81, p <0.001)
and multivariable models (sHR 0.71, 95% CI 0.59-0.86,
p<0.001). This result was then confirmed by performing
univariable Fine-Grey analysis on the PSM cohort (sHR
0.63,95% CI 0.51-0.78, p <0.001).

Strata ~+ VKA =+ DOAC

1.00

Overall Survival
o
o
o

o
N
o

p < 0.0001

0.001

0 12 24 36

48 60 72 84 96

Follow-up Time (Months)

Number at risk (number of events)

& = | 2845 (0) 2086 (74) 1339 (145) 901 (186) 460 (228) 175 (245) 107 (262) 68 (267) 41 (270)

©

B = | 3689 (0) 2759 (62) 929 (90) 468 (106) 298 (123) 185 (129) 106 (133) 41 (133) 10 (134)
0 12 24 36 48 60 72 84 9%

FIGURE 1 Kaplan-Meier survival curves by anticoagulant type.
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TABLE 2 Univariable and

Univariable Multivariable . )
multivariable cox regression models for
HR 95% CI p-value HR 95% CI p-value predictors of all-cause mortality in the
DOAC (vs VKA) 0.54 044,067 <0001 0.57 0.46, <0.001 overall bop ulation with body mass index
>25 Kg/m*”.
0.70
Obesity (vs overweight)  1.00  0.81,1.22 0.962
Age >75years 3.09 242,3.94 <0.001 191 1.45, <0.001
2.50
Women 1.11  0.91, 1.34 0.311
Hypertension 1.11  0.83,1.47 0.482
Diabetes 1.16  0.93,1.44 0.189
CAD 1.60 1.28,2.01 <0.001 1.39 1.08, 0.011
1.78
Anaemia 2.18  1.78,2.66 <0.001 1.41 1.14, 0.002
1.75
eGFR 0.97 0.97,0.98 <0.001 0.99 0.98, <0.001
0.99
Heart failure 1.91 1.56,2.35 <0.001 1.32 1.05, 0.017
1.65
Smoking 0.77 0.44,1.33 0.347
Previous stroke/TIA 1.18 0.92,1.52 0.191
PAD 2.16  1.59,2.95 <0.001 1.77 1.29, <0.001
2.43
COPD/OSAS 2.05 1.61,2.59 <0.001  1.58 1.23, <0.001
2.03
Antiplatelet 1.24  0.93,1.64 0.137
Class 1c AAD 0.35 0.20,0.62 <0.001 0.52 0.29, 0.026
0.92
Amiodarone 0.95 0.71,1.27 0.726
Lipid lowering therapy  0.75  0.61, 0.92 0.006 0.67 0.54, <0.001
0.85
RAASI 0.66  0.55,0.81 <0.001 0.67 0.55, <0.001
0.81
Beta blockers 096 0.79,1.17 0.683
Calcium channel 1.09 0.87,1.35 0.456
blockers
Diuretics 1.64 1.35,1.99 <0.001 1.07 0.86, 0.532
1.33
Digoxin 1.07 0.77,1.49 0.690
PPI 1.12 091, 1.36 0.280

Abbreviations: AAD, anti-arrhythmic drugs; AF, atrial fibrillation; BMI, body mass index; CAD, coronary
artery disease; CI, confidence interval; COPD/OSAS, chronic obstructive pulmonary disease/obstructive
sleep apnoea syndrome; DOAC, direct oral anticoagulants; eGFR, estimated glomerular filtration rate;
HR, hazard ratio; PAD, peripheral artery disease; PPI, proton pump inhibitors; RAAS], renin-angiotensin-
aldosterone inhibitors; TIA, transient ischaemic attack; VKA, vitamin K antagonist.

Obesity was not associated with a difference in CVE
risk compared to overweight (sHR 0.99, 95% CI 0.82-1.20,
p=0.952). Advanced age (>75years), CAD, anaemia, HF,
PAD, and COPD/OSAS emerged as independent predictors
of increased CVE risk. Conversely, lipid-lowering therapy
(sHR 0.72, 95% CI 0.58-0.88, p=0.002), RAAS inhibitors

(sHR 0.76, 95% CI 0.63-0.91, p=0.003), and class 1c anti-
arrhythmics (sHR 0.58, 95% CI 0.35-0.94, p=0.028) were
associated with reduced risk.

Similar results were also observed in the second model,
including only clinically relevant covariates and the inter-
action term between anticoagulant type and BMI Class
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TABLE 3 Univariable and
multivariable fine-grey competing risk
models for predictors of cardiovascular
events in the overall population with body

DOAC (vs VKA
mass index >25 Kg/m?. ( )

Obesity (vs overweight)

Age >75years
Women
Hypertension
Diabetes
CAD
Anaemia
eGFR

Heart failure
Smoking
Previous stroke/TIA
PAD
COPD/OSAS
Antiplatelet
Class 1c AAD

Amiodarone

Lipid lowering therapy

RAASI
Beta blockers

Calcium channel
blockers

Diuretics
Digoxin
PPI

Univariable Multivariable

sHR  95% CI p-value sHR 95% CI p-value
0.68 0.56, 0.81 <0.001 0.71 0.59,0.86 <0.001
0.99 0.82, 1.20 0.952

2.63 2.12,3.27 <0.001 1.66 1.30,2.11 <0.001

1.05 0.88,1.26 0.569
1.11 0.85,1.44 0.450
22 1.00, 1.49 0.054

1.65 1.34,2.02 <0.001 1.44 1.14,1.83  0.003
1.96 1.62, 2.36 <0.001 1.34 1.10,1.63  0.004
0.98 0.97,0.98 <0.001 0.99 0.98,0.99  <0.001
1.80 1.49, 2.18 <0.001 1.29 1.05,1.60 0.017

0.97 0.61,1.53 0.880
1.21 0.96, 1.52 0.106
2.17 1.63, 2.89 <0.001 1.79
1.91 1.53,2.39 <0.001 1.52
1.43 1.12,1.83 0.004 1.04
0.42 0.26, 0.67 <0.001 0.58
0.91 0.69, 1.20 0.507
0.82 0.68, 0.99 0.036 0.72
0.76 0.64,0.91 0.003 0.76
0.87 0.73,1.05 0.141
1.05 0.86, 1.29 0.623

1.33,2.40 <0.001
1.20,1.92 <0.001
0.80,1.36  0.761
0.35,0.94  0.028

0.58,0.88  0.002
0.63,0.91  0.003

1.48 1.24,1.77 <0.001 0.99
0.99 0.72,1.35 0.943
1.01 0.84,1.22 0.906

0.81,1.21  0.896

Abbreviations: AAD, anti-arrhythmic drugs; AF, atrial fibrillation; BMI, body mass index; CAD, coronary
artery disease; CI, confidence interval; COPD/OSAS, chronic obstructive pulmonary disease/obstructive
sleep apnoea syndrome; DOAC, direct oral anticoagulants; eGFR, estimated glomerular filtration rate;
PAD, peripheral artery disease; PPI, proton pump inhibitors; RAASI, renin-angiotensin-aldosterone
inhibitors; SHR, Subdistribution Hazard Ratio; TIA, transient ischaemic attack; VKA, vitamin K

antagonist.

(Table S5), DOAC use was associated with significantly
lower risk of CVEs (sHR 0.55, 95% CI 0.43-0.71, p <0.001)
compared with VKAs, with no statistical significance of
the interaction term.

In stratified Fine-Grey analyses (Table S7), DOAC use
remained significantly associated with reduced risk of
CVEs among overweight patients (SHR 0.67, 95% CI 0.53—
0.86, p=0.002), but this association did not reach statisti-
cal significance in the obese subgroup (sHR 0.80, 95% CI
0.58-1.09, p=0.153). Among overweight patients, several
clinical factors—including age >75years, CAD, PAD, and
COPD/OSAS, and reduced eGFR—were robust predictors
of increased CVE risk. Similar risk factors were identified
in the obese group, with significant contributions from
HF, anaemia, PAD, and prior stroke/TIA. Notably, lipid-
lowering therapy and RAAS inhibitors were protective

in overweight individuals, but not in those with obesity
(Table S7).

3.5 | Exploratory analyses

In the univariable Cox model with RCS, BMI as a con-
tinuous variable was not significantly associated with
all-cause mortality (overall effect p=0.76; test for non-
linearity p=0.70, Figure S3). The spline curve showed
a relatively flat relationship between BMI and mortal-
ity, indicating no clear evidence of increased or reduced
risk across the BMI spectrum, which is consistent with
the findings of the other Cox models. Then, we per-
formed an analysis stratifying patients according to TTR
class (threshold 60%). TTR data were available for 1867
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patients (65.6% of the cohort), of whom 1271 (68%) had
TTR >60%. Table S8 reports the results of multivariable
Cox regression for all-cause mortality and Fine-Grey
models for CVEs, stratified by TTR. In patients with
TTR >60% (Panel A), DOAC use was associated with a
lower risk of all-cause mortality (HR 0.47, 95% CI 0.35-
0.63, p<0.001) and CVEs (sHR 0.64, 95% CI 0.49-0.83,
p<0.001) compared to VKA. Obesity was not signifi-
cantly associated with outcomes, and the interaction
term between DOAC and obesity was not statistically
significant. Among patients with TTR <60% (Panel B),
DOAC use remained strongly protective for all-cause
mortality (HR 0.32, 95% CI 0.23-0.44, p<0.001) and
CVEs (sHR 0.43, 95% CI 0.33-0.58, p<0.001). The in-
teraction between DOAC and obesity was statistically
significant for all-cause mortality, suggesting that in
patients with suboptimal TTR, the mortality benefit of
DOAC may be attenuated in obese patients. No signifi-
cant interaction was observed for CVEs.

Third, although the low number of patients with severe
obesity, we performed an exploratory analysis, to evalu-
ate the use of DOAC, compared to warfarin use, in each
subgroup of patients according to obesity severity. At uni-
variable Cox analysis (Table S9), we observed a reduction
in the all-cause of death risk in overweight and obesity
1st degree severity patients treated with DOAC, without
difference between DOAC and VKA use in patients with
2nd and 3rd degree of obesity (Table S9A). For CVEs, a
univariable Fine-Grey competing risk analysis showed a
lower incidence of CVEs in overweight patients treated
with DOAC, while no differences were detected across the
higher obesity categories (Table S9B).

Fourth, we performed a subgroup analysis restricted to
patients with body weight >100kg. Overall, 708 patients
(10.8% of the cohort) were in this group, accounting for
41 deaths and 51 CVEs. In univariable models, DOAC use
was not significantly associated with all-cause mortality
(HR 0.88, 95% CI 0.47-1.65, p=0.691) or with CVEs (sHR
0.95,95% CI1 0.54-1.67, p=0.850).

Lastly, we examined the association of individual
DOAC agents with outcomes, using VKA as the reference
(Figure 2). For both all-cause mortality (Panel A) and
CVEs (Panel B), Apixaban, Rivaroxaban, and Dabigatran
were associated with lower risk, whereas Edoxaban did
not reach statistical significance.

4 | DISCUSSION

In this large, real-world cohort of AF patients enrolled in
the START registry, we found a high prevalence of over-
weight obesity accounting for nearly two-thirds of the
total population, with diverse distribution across Italian

regions. The distribution in our cohort reflects the Italian
general population with a higher prevalence of over-
weight and obesity in southern countries of Italy*® and
older adults.* However, although we found a similar
prevalence of overweight in AF patients (40.8%) compared
to the general population with age >75years (41.3%),> we
found a higher prevalence of obesity in our cohort (23.1%)
compared to the overall population (13.4%) with a similar
age observed in the literature.” This finding confirms that
patients with AF are affected by multiple cardio-metabolic
risk factors.

Despite this high prevalence and although obese pa-
tients exhibited a higher burden of cardiometabolic co-
morbidities, including hypertension, diabetes, and COPD/
OSAS, compared to overweight patients, obesity was not
associated with an increased risk of all-cause mortality or
CVEs.

In exploratory analyses, RCS modelling showed a rel-
atively flat relationship between BMI and mortality, in-
dicating no clear evidence of either increased or reduced
risk across the BMI spectrum. At very high body weight,
DOAC use was not associated with either outcome, al-
though this may reflect limited statistical power due to the
small number of events.

In contrast, we observed a significant effect of eGFR
on both all-cause mortality and CVE risk across different
modelling strategies. This aspect has been explored in de-
tail in a previous publication.**

Importantly, treatment with DOACs was associated
with a lower risk of both all-cause mortality and CVEs,
with consistent effects observed in overweight patients.
However, in the obese subgroup, the inverse association
of DOACs with CVEs did not reach statistical significance,
suggesting potential effect modification by body size or re-
sidual confounding.

A retrospective study from the ARISTOPHANES co-
hort™* performed on 88,461 AF patients with obesity (BMI
>30kg/m?) found a lower risk of ischemic stroke and sys-
temic embolism in patients treated with apixaban and
rivaroxaban compared to VKA. However, patients were
followed for a short period (6.9 months) and no data were
available on other clinical outcomes such as all-cause
mortality and CVEs and about concomitant comorbidities
and therapies.'*

A post-hoc analysis of the ENSURE-AF"’ trial, which
included 2199 AF patients undergoing cardioversion
showed no significant differences between warfarin and
DOAC in reducing a composite endpoint of stroke, sys-
temic embolic event, myocardial infarction, cardiovas-
cular death, and regarding safety, (composite of major
and clinically relevant non-major bleeding). However,
the short follow-up (2months), the younger age (mean
age 63years) and the peculiar clinical setting as patients
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(A)

All-cause mortality

Anticoagulant HR 95% CI p value
Edoxaban 0.62 0.38-1.01 0.057 L
Rivaroxaban 0.59 0.42-0.82 0.002 L
Apixaban 0.53 0.38-0.73 <0.001 |
Dabigatran 0.48 0.33-0.68 <0.001 L]

(B)

Cardiovascular Events

Anticoagulant sHR 95% ClI p value

Edoxaban 0.76 0.49-1.16 0.200 i
Apixaban 0.70 0.52-0.92 0.012 ]
Rivaroxaban 0.65 0.48-0.88 0.005 i
Dabigatran 0.65 0.48-0.88 0.005 L

0.50 0.7 1.0

FIGURE 2 Forest plot showing the association of individual DOAC agents versus VKA with all-cause mortality (A) and cardiovascular
events (B).
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undergoing cardioversion for AF may explain the differ-
ences in the results.

A further study performed on 28,011 veterans with
AF from the retrospective registry Veterans Health
Administration Corporate Data Warehouse'’ showed
no difference in the effectiveness of DOAC and VKA,
although DOACs were associated with a lower risk of
bleeding compared to VKA. However, the cohort en-
rolled only patients with severe obesity (weight >120 kg or
BMI >40kg/m?) and the population was younger (about
63years) compared to our AF cohort and it is made up al-
most exclusively of male veterans, underlining a potential
selection bias.

Another retrospective analysis from 2 healthcare
claims databases'® enrolling 3563 matched pairs of
morbidly obese AF, defined according to International
Classification of Diseases-9 (ICD-9), showed similar ef-
fectiveness of ischemic stroke and systemic embolism
between rivaroxaban and warfarin with a lower risk
of bleeding in the rivaroxaban group. Patients enrolled
were younger than our cohort (mean age 63 years), were
treated only with rivaroxaban instead of all DOACs
and were followed only for a mean of 10.3 months.
Furthermore, no data about all-cause mortality and
CVEs were available.

Additionally, a retrospective study performed'® on
29,135 AF patients followed for a mean of 44.4months
showed no difference in bleeding and ischemic stroke be-
tween oral anticoagulants but a higher mortality rate in
patients underweight and with obesity degree I treated
with DOACSs. The cohort was similar to our population
with a mean age of 76years and a high thromboembolic
risk (mean CHA,DS,-VASc of 3.5). The higher mortality
risk may be explained because of concomitant diseases:
indeed, patients on DOACs, compared to VKA, had a
greater proportion of the elderly and comorbidities, as
also explained by Nakao et al.'®

Finally, a recent metanalysis,25 including 434,320
obese patients with either AF or venous thromboembo-
lism, found similar results to our study: indeed, they ob-
served a reduction in the composite outcome (all-cause
mortality, stroke, systemic embolism, and myocardial
infarction). However, the heterogeneity of the studies
included and population characteristics, the inclusion
of both patients with AF and venous thromboembolism,
the different doses of anticoagulation by clinical indi-
cation and the inclusion of several retrospective studies
represented limitations and potential sources of bias in
the analysis.

In synthesis, controversial results of previous studies
performed in AF patients with obesity may be caused by
different inclusion criteria (i.e. different obesity degrees
included), different clinical outcomes, length of follow-up,

heterogeneity of comorbidity and age and the design of
the studies, often retrospective or post-hoc analyses of
clinical trials with very restricted inclusion criteria.

4.1 | Strengths

Our study had several strengths. Firstly, the prospective
design could identify obese patients with a specific tool
as BMI instead of ICD code. Furthermore, patients were
consecutively enrolled and observed during a long fol-
low-up evaluating CVEs and all-cause mortality, instead
of only ischemic stroke risk. In addition, the START reg-
istry was well characterized with several comorbidities'
information collected at baseline compared to retrospec-
tive studies that often were subjected to limited clinical
information and selection bias. Finally, our multicenter
cohort reflects real-world data on patients with AF, an
elderly population with multiple comorbidities and high
thromboembolic and cardiovascular risk and may be
useful to estimate the effect of DOAC in this older and
frail population.

4.2 | Limitations

However, our study has several limitations. First, this was a
multicenter study conducted in Italy and included predom-
inantly Caucasian patients; therefore, these findings may
be generalizable to Western countries with a similar preva-
lence of obesity; however, further studies are needed to as-
sess their applicability to other populations, such as Asian
populations, which have different metabolic phenotypes
and obesity prevalence. Additionally, patient recruitment
was not evenly distributed across Italian regions, which
may affect the regional representativeness of the sample.
In particular, some regions contributed only a small num-
ber of patients, making it difficult to draw reliable conclu-
sions about regional obesity patterns. Moreover, given the
registry-based nature of the study, 60 centers were involved,
many of which enrolled only a small number of patients.
This prevented us from performing a stratified analysis by
center or including the center variable in the PSM, thereby
limiting our ability to adjust for inter-center variability;
however, the large number of participating centers may
have helped dilute any potential prescription bias, thus en-
hancing the generalizability of our findings.

Second, BMI has inherent limitations as a measure of
adiposity, as it does not differentiate between fat and lean
mass or reflect fat distribution, which are more closely
linked to CV risk. Nevertheless, BMI was routinary and
widely used as a practical surrogate of adiposity in com-
mon clinical practice.'****
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Moreover, our cohort enrolled a low proportion of pa-
tients with severe obesity (i.e. second degree or major) so
our results in this subgroup of patients were merely ex-
ploratory and not conclusive.

Third, we do not have information on the occurrence
of each single component of the composite CVE; this lim-
its a detailed analysis of the relevance of each single event
type. Similarly, we do not have information on adherence
and persistence, which could potentially impact the effec-
tiveness of anticoagulant treatment.

Finally, as common in observational studies, we could
not exclude potential unmeasured confounders that may
influence the results, although the extensive multivariable
adjustment performed in our study took into account sev-
eral comorbidities and treatments involved in the risk of
all-cause mortality and CVEs.

5 | CONCLUSIONS

In conclusion, this real-world study performed on AF
patients showed a high prevalence of overweight and
obesity in this population. Furthermore, the treatment
with DOACs was independently associated with a lower
risk of all-cause mortality and CVEs compared to VKAs
after adjustment for multiple clinical covariates in both
overweight and obese patients. These findings seem to
support the use of DOACs as an effective and safe thera-
peutic option across a broad range of elevated BMI cat-
egories and highlight the importance of individualized
risk assessment beyond BMI alone. However, further
studies are needed to confirm our results, especially in
patients with extreme BMI and severe obesity degrees.
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