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Clinical Outcomes in Patients With Atrial
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Index
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BACKGROUND: There are conflicting data on outcomes in patients with atrial fibrillation treated with non—-vitamin K oral antico-
agulants across varying body mass index (BMI). We investigated cardiovascular and bleeding risk in patients with atrial fibril-
lation with varying BMI.

METHODS AND RESULTS: Observational cohort study from the Swedish oral anticoagulation registry between August 2, 2011,
and December 31, 2018. Primary outcomes were mortality, ischemic stroke/systemic embolism, and major bleeding. Baseline
BMI (kg/m?) was analyzed continuously and categorized: underweight (<18.5 kg/m?), normal weight (18.5 to <25 kg/m?), pre-
obesity (25 to <30 kg/m?), and obesity class | to Il (30 to <35, 35 to <40, and >40 kg/m?). Adjusted Cox models and nonlinear
relationships of BMI were modeled using restricted cubic splines. Non-vitamin K oral anticoagulant-treated patients with
atrial fibrillation were included (n=26047). At baseline, 602 (2.3%) were underweight, 9101 (34.9%) were normal weight, 9970
(38.3%) were preobese, 4280 (16.4%) were obese class |, 1486 (5.7%) were obese class Il, and 608 (2.3%) were obese class Il
Underweight and obesity class Ill were in adjusted continuous analysis associated with increased mortality and major bleed-
ing, with lowest risk observed among preobese patients with BMI 28.2and 26.2 kg/m?, respectively. In adjusted categorical
analysis, underweight was associated with increased mortality (hazard ratio [HR], 1.77 [95% CI, 1.57-1.99]) and nonsignificant
higher risk of major bleeding (HR, 1.23 [95% ClI, 0.95-1.58]). Similarly, obesity class Il was associated with increased mortality
(HR, 1.67 [95% ClI, 1.40-1.99]) and major bleeding (HR, 1.68 [95% ClI, 1.29-2.17]). No significant association was observed
between higher BMI and ischemic stroke/systemic embolism.

CONCLUSIONS: In non-vitamin K oral anticoagulant-treated patients with atrial fibrillation, there appears to be a U-shaped rela-
tionship between BMI and mortality and major bleeding.
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tained arrhythmia in adults, with an increasing
prevalence.! Non-vitamin K oral anticoagulants
(NOACs) are often, because of their overall clinical
benefit, preferred over vitamin K antagonists for stroke
prevention in patients with AF in concordance with

Atrial fibrillation (AF) is the most common sus-

clinical practice guidelines.? Contemporaneous with
the widespread use of NOACs in patients with AF, the
prevalence of extreme low and high weight has in-
creased globally during the past decades.® Body mass
index (BMI) is an easy screening method for standard-
ized weight assessment, and it is an independent risk

Correspondence to: Astrid Fritz Hansson, MD and Gorav Batra, MD, PhD, Department of Medical Sciences, Cardiology, Uppsala University, UCR, Uppsala
Science Park, Hubben, Dag Hammarskjolds vag 38, 751 85 Uppsala, Sweden. Email: gorav.batra@ucr.uu.se, astrid.fritz-hansson@gotland.se

This article was sent to Luciano A. Sposato, MD, MBA, Associate Editor, for review by expert referees, editorial decision, and final disposition.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030829

For Sources of Funding and Disclosures, see page 10.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and

is not used for commercial purposes.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2023;12:e030829. DOI: 10.1161/JAHA.123.030829


https://orcid.org/0009-0008-6962-6761
mailto:
mailto:
https://orcid.org/0000-0003-1946-7068
https://orcid.org/0000-0001-9116-8084
https://orcid.org/0000-0001-9402-7404
https://orcid.org/0000-0002-2480-9547
mailto:gorav.batra@ucr.uu.se
mailto:astrid.fritz-hansson@gotland.se
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030829
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.030829&domain=pdf&date_stamp=2023-11-10

7202 ‘Gz Asenuer uo Aq Blo'sfeulnofeye//:dny woly papeojumoq

Fritz Hansson et al

CLINICAL PERSPECTIVE
What Is New?

In real-life patients with atrial fibrillation treated
with non-vitamin K oral anticoagulants, there
seems to be a U-shaped relationship between
body mass index and adverse outcomes, in-
cluding all-cause mortality and major bleeding.
e The findings of higher risk of all-cause mortal-
ity and major bleeding among underweight and
obesity class Il patients underline the impor-
tance of careful management and close moni-
toring of these patients with atrial fibrillation
treated with non—vitamin K oral anticoagulants.

What Are the Clinical Implications?

e Mechanistic studies and larger trials exploring
relationships between extreme body mass in-
dexes and outcomes are warranted.

Nonstandard Abbreviations and Acronyms

ARISTOTLE Apixaban for Reduction
in Stroke and Other
Thromboembolic Events
in Atrial Fibrillation
Effective Anticoagulation
With Factor Xa Next
Generation in Atrial
Fibrillation Thrombolysis
in Myocardial Infarction
48
EURODbservational
Research Programme-—
Atrial Fibrillation
non-vitamin K oral
anticoagulant
WHO World Health
Organization

ENGAGE-AF TIMI 48

EORP-AF

NOAC

factor for development and progression of AF# Thus,
understanding the prognostic impact of BMI on clinical
outcomes among patients with AF is important.

Although obesity is a risk factor associated with a
prothrombotic state, various trial data and systematic
reviews have suggested favorable outcomes for pa-
tients with AF and high BMI: the obesity paradox.5-8
Still, the finding of lower rates of adverse events in
preobese and obese patients with AF treated with
NOACs is conflicting and has not been confirmed in
observational cohort studies.”1°

Extremely low and high BMI affects the body
composition, the thromboembolic tendency, and the
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function of vital organs such as the heart, liver, and
kidney.""'? Because of body modifications, the absorp-
tion, volume distribution, metabolism, and elimination
of various drugs can be expected to be affected.’?
Different pharmacokinetics and pharmacodynamics
combined with standardized doses of NOACs may
also affect the safety and efficacy of NOACs across
varying BMI. As an example, maximum plasma con-
centrations of apixaban have been shown to be 27%
lower and 31% higher in underweight and obese pa-
tients, respectively. Still, no continuous relationship be-
tween plasma concentration of NOACs and outcomes
has been established.

On the basis of the paucity of real-life data exam-
ining NOACs in patients with AF across the range of
BMI, the overall objective of this observational cohort
study was to investigate the risk of mortality, ischemic
stroke or systemic embolism, and major bleedings in
patients with AF treated with NOACs across varying
BMI. The hypothesis was that extreme BMIs might
be associated with a higher risk of mortality, ischemic
stroke/systemic embolism, and major bleedings in
these patients.

METHODS

Data Sources and Patient and Public
Involvement

This observational cohort study was based on data
from AuriculA, the Swedish national quality register for
patients with AF with oral anticoagulation treatment re-
gardless of indication. The study included data from
262 participating centers nationwide, representing
approximately half of all patients with AF in Sweden.'®
AuriculA also serves as a dosage/control system for
oral anticoagulant therapy. Patient demographics, co-
morbidities, biochemical markers, and medical treat-
ment were collected from AuriculA. Baseline data from
AuriculA were enriched with data from the National
Patient Register going back to January 1, 2010, leav-
ing no missing data for comorbidities. The National
Patient Register collects International Classification of
Diseases, Tenth Revision (ICD-10), codes and dates
for all hospitalizations and outpatient visits in Sweden
since 1987, and it has high validity."* Baseline come-
dications were obtained from the National Prescribed
Drug Register, if prescribed within 6 months before
index visit. The National Prescribed Drug Register
contains all prescribed medication dispensed at phar-
macies in Sweden since 2005." Combined, the infor-
mation formed the foundation for the variables used in
the analysis (Table S1). Data linkage between registries
was performed by the National Board of Health and
Welfare using the 10-digit person registration number
available to all Swedish citizens.
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Patients with AF registered in the AuriculA registry
between August 2, 2011, and December 31, 2018,
were included. The date of August 2, 2011, marks the
day of the first NOAC being approved in Sweden; and
December 31, 2018, marks the end of available data.
Patients with age <18years, mechanical heart valves,
mitral stenosis, and no NOAC treatment were excluded
(Figure 1). Patients with missing or unreasonable BMI
(weight <20kg or >250kg; height <560cm or >250cm)
were excluded.

All patients included in AuriculA were informed
about their participation in the national quality reg-
ister and had the possibility to opt out, and as such,
no informed consent was required. AuriculA does not
allow individual data sharing with third parties. The ag-
gregated data that support the findings of this study
are available from the AuriculA steering committee on
reasonable request. For contact details, please refer
to https://www.ucr.uu.se/auricula. The study was ap-
proved by the ethical review board in Sweden (applica-
tion number 2021-045009).

Body Mass Index

Height and weight were retrieved from AuriculA. BMI
was calculated according to the following formula:
BMi=weight (kg)/(heightxheight) (kg/m?). Patients were
stratified into the World Health Organization’s (WHO)
BMI classification: underweight (<18.5kg/m?), normal
weight (18.5 to <25kg/m?), preobesity (25 to <30kg/
m?), obesity class | (30 to <35kg/m?), obesity class Il
(35 to <40kg/m?), and obesity class Ill (=40kg/m?).!6
Continuous BMI was used as the primary independent
exposure. Categorical BMI was used as an exposure
in secondary analysis.

Outcomes Across Varying BMI in Patients With AF

Outcomes

Outcomes were obtained from the National Patient
Register and the Swedish Cause of Death Register
using ICD-10 codes (Table S2). There were 4 out-
comes in this study: all-cause mortality, cardiovascu-
lar mortality, and a composite of ischemic stroke or
systemic embolism and major bleeding. The /ICD-10
codes in the National Patient Register corresponding
to stroke and major bleeding have previously been vali-
dated with high sensitivity and specificity.'#!”

Statistical Analysis

This study is reported following the guidelines outlined
in the Strengthening the Reporting of Observational
Studies in Epidemiology statement (Figure S1). Baseline
characteristics represented as categorical variables
were presented using frequencies and percentages,
and continuous variables were presented using me-
dians with interquartile range. Statistical differences
between groups were tested using the Kruskal-Wallis
test or Pearson x? tests as appropriate. In the primary
analyses, restricted cubic splines with 4 knots (at the
5th, 35th, 65th, and 95th percentiles of the distribu-
tion of BMI) were used to model nonlinear relation-
ships between BMI as a continuous variable and all
outcomes. The median of the patients with normal
BMI was set as reference. Cox proportional hazard
models were used to adjust for individual factors in the
CHA,DS,-VASc score (heart failure, hypertension, age,
diabetes, previous stroke/systemic embolism/transient
ischemic attack, prior myocardial infarction, peripheral
arterial disease, previous coronary artery bypass graft
surgery/percutaneous coronary intervention, and sex)
and other established risk factors (chronic obstructive

Patients with AF and with first registration in
AuriculA between 2011-08-02 — 2018-12-31
n =85892

Age <18 years,n=0
Mitral stenosis or mechanical heart valve, n = 1542

|

Not treated with NOAC, n = 37227
Height or weight data missing, n = 21076

Patients eligible for inclusion

n =26047
Underweight Normal weight Pre-obesity Obesity class | Obesity class Il Obesity class Il
BMI <18.5 BMI 18.5 — <25 BMI 25 -<30 BMI 30 -<35 BMI 35 -<40 BMI 240
n =602 (2.3%) n=9101 (34.9%) n = 9970 (38.3%) n = 4280 (16.4%) n = 1486 (5.7%) n = 608 (2.3%)
Figure 1. Consolidated Standards of Reporting Trials diagram.

AF indicates atrial fibrillation; BMI, body mass index; and NOAC, non-vitamin K oral anticoagulant.
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pulmonary disease, cancer [within past 3years], liver
disease, chronic kidney disease, and previous major
bleeding), medications (aspirin, P2Y,, inhibitors and
NSAIDs), and dosage of NOAC. The proportional haz-
ards’ assumption was assessed using Schoenfeld
residuals with no significant violations observed.
Kaplan-Meier estimates were plotted to analyze the
association between BMI categories and outcomes. In
secondary analyses, adjusted Cox proportional hazard
models as above were used in the categorical analy-
ses, with normal BMI as reference. Patients were cen-
sored at the end of follow-up (December 31, 2018) or
at the time of death. When the outcome was all-cause
mortality, patients were only censored at the end of
follow-up.

In a sensitivity analysis, an on-treatment analysis
was performed, and the end of follow-up was set as
the end of the ordination period, which reflects ces-
sation of treatment or change in oral anticoagulant
therapy. To overcome potential reverse causality, a
sensitivity analysis removing the first year of follow-up
was performed for all-cause mortality. As previous
studies have reported difference in the effectiveness
and bleeding risk of NOACs based on sex, outcomes
in relation to BMI were also assessed separately for
female and male patients.'® To establish potential se-
lection bias, the study population was compared with
those with missing BMI data using Pearson ¥ tests or
the Wilcoxon test, as appropriate. Furthermore, a sen-
sitivity analysis was conducted to determine whether
patients with varying BMI were treated with the full or
reduced dosage of NOAC, following recommendations
from clinical practice guidelines.?

Two-sided P<0.05 was considered statistically
significant. All statistical analyses were performed
at Uppsala Clinical Research Center (Uppsala,
Sweden) with the use of R (R Foundation for Statistical
Computing), version 4.1.2.

RESULTS

Patient Characteristics and Comorbidities
In total, 85892 patients with AF were registered in
AuriculA during the studied period. After implement-
ing inclusion and exclusion criteria, 26047 patients
(42.2% women and 57.8% men) were included in the
present study (Figure 1). Patients excluded because
of missing data on BMI were marginally older, had
slightly different baseline medication and comorbid-
ity profiles, and exhibited numerically higher mortal-
ity rates compared with the patients included in the
present analysis (Table S3 and S4). When stratified
according to the WHO’s BMI classification, 602 (2.3%)
patients were categorized as underweight, 9101
(34.9%) were categorized as normal weight, 9970
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(38.3%) were categorized as preobesity, 4280 (16.4%)
were categorized as obesity class |, 1486 (5.7%) were
categorized as obesity class Il, and 608 (2.3%) were
categorized as obesity class lll. Baseline character-
istics are presented in the Table 1. Underweight pa-
tients tended to be older, tended to be female sex,
and had higher occurrence of heart failure, periph-
eral arterial disease, and ischemic stroke, resulting
in higher median CHA,DS,-VASc scores. Compared
with patients with normal BMI, obese patients were
younger, more likely to have hypertension or diabetes,
and more likely to be treated with a calcium channel
blocker, -blocker, renin-angiotensin system inhibitor,
and lipid-lowering agents.

All-Cause Mortality and Cardiovascular
Mortality

During a median follow-up of 2.2years, there were
6052 events of all-cause mortality. When fitting con-
tinuous levels of BMI into adjusted restricted cubic
splines, there was a U-shaped relationship between
BMI and all-cause mortality, with a high variation in risk
also observed among patients within BMI categories
(Figure 2). In adjusted continuous analysis, preobese
patients with BMI 28.2kg/m? had the lowest associa-
tion with risk of all-cause mortality. Underweight and
obesity class Ill were associated with the highest risk
of all-cause mortality compared with patients with
normal BMI (Figure 2). Accordingly, when categorizing
BMI according to the WHO classification in second-
ary analysis, a similar finding was observed with un-
derweight (hazard ratio [HR], 1.77 [95% ClI, 1.57-1.99];
P<0.0001) and obesity class Ill (HR, 1.67 [95% CI,
1.40-1.99]; P<0.0001) being associated with higher
risk of all-cause mortality (Figures 3 and 4). In contrast,
preobesity (HR, 0.80 [95% ClI, 0.76-0.85]; P<0.0001)
and obesity class | (HR, 0.82 [95% CI, 0.76-0.89];
P<0.0001) were associated with a lower risk of all-
cause mortality in both continuous and categorical
analysis. Similar findings were observed for cardiovas-
cular mortality (Figures 2—4).

Ischemic Stroke or Systemic Embolism

In total, there were 1191 episodes of ischemic stroke
or systemic embolism during a median follow-up of
2.1 years. Although the overall effect of BMI in adjusted
continuous analysis was nonsignificant, point estimates
for BMI levels indicating underweight were associated
with a higher risk of ischemic stroke or systemic embo-
lism, whereas there was no such association between
higher BMI and ischemic stroke or systemic embolism
(Figure 2). When categorizing BMI according to the
WHO classification, there were no significant associa-
tions between BMI and ischemic stroke or systemic
embolism (Figures 3 and 4).
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Table.

Baseline Characteristics

Outcomes Across Varying BMI in Patients With AF

BMI classification

Underweight Normal weight Preobesity (25 | Obesity | (30 to | Obesity Il (35 Obesity IlI
(<18.5kg/m?) (18.5 to <25kg/m?) | to <380kg/m?) <35kg/m?) to <40kg/m?) (>40kg/m?)
Characteristic (n=602) (n=9101) (n=9970) (n=4280) (n=1486) (n=608)
Demographics
Age, median (IQR), y 83 (76-88) 79 (72-85) 75 (68-82) 73 (66-80) 71 (64-77) 68 (60-74)
Sex, male, n (%) 179 (29.7) 4870 (53.5) 6437 (64.6) 2491 (58.2) 791 (53.3) 294 (48.4)
BMI, median (IQR), kg/m? 17.5 (16.5-181) | 22.9 (21.5-24.0) 27.2 (26.0-28.4) |31.8(30.9-33.2) | 36.7 (35.7-37.9) |42.8 (41.1-45.8)
Medical history, n (%)
Hypertension 351 (58.3) 5322 (58.5) 6211 (62.3) 2955 (69.0) 1054 (70.9) 431 (70.9)
Diabetes 111 (18.4) 1890 (20.8) 2447 (24.5) 1352 (31.6) 517 (34.8) 255 (41.9)
Previous stroke 160 (26.6) 2197 (24.1) 2084 (20.9) 838 (19.6) 256 (17.2) 98 (16.1)
Previous ischemic stroke 95 (15.8) 1157 (12.7) 992 (9.9) 382 (8.9) 106 (7.1) 45 (7.4)
Previous TIA 37 (6.1) 613 (6.7) 549 (5.5) 201 (4.7) 59 (4.0) 27 (4.4)
Previous systemic embolism 7(1.2) 79 (0.9 78 (0.8) 15 (0.4) 5(0.3) 2(0.3)
Previous MI 109 (18.1) 1544 (17.0) 1728 (17.3) 717 (16.8) 239 (16.1) 75 (12.9)
Previous PCl or CABG 60 (10.0) 1083 (11.9) 1363 (13.7) 506 (11.8) 154 (10.4) 55 (9.0)
Heart failure 228 (37.9) 2891 (31.8) 2887 (29.0) 1305 (30.5) 496 (33.4) 233 (38.3)
Peripheral arterial disease 58 (9.6) 535 (5.9) 5083 (5.0) 187 (4.4) 54 (3.6) 11 (1.8)
COPD 153 (25.4) 769 (8.4) 573 (5.7) 331(7.7) 114 (7.7) 57 (9.4)
Cancer (within 3y) 134 (22.3) 1718 (18.9) 1690 (17.0) 649 (15.2) 216 (14.5) 75 (12.3)
Previous major bleeding 120 (19.9) 1563 (17.2) 1506 (15.1) 664 (15.5) 236 (15.9) 73 (12.0)
Chronic kidney disease 55 (9.1) 837 (9.2) 857 (8.6) 455 (10.6) 186 (12.5) 76 (12.5)
Liver disease 29 (4.8 457 (5.0) 477 (4.8) 238 (5.6) 98 (6.6) 33 (5.4)
eGFR, median (IQR), mL/min per 69.4 (54.5-82.7) | 67.1 (52.8-80.3) 68.2 (53.8-81.9) | 69.0 (51.6-84.0) | 70.0 (53.0-85.3) | 70.6
1.73m? (n=20480) (563.6-89.9)
CHA,DS,-VASc, median (IQR) 4 (3-5) 3 (2-5) 3 (2-4) 3(2-4) 3(@2-4 3(2-4
Type of NOAC, n (%)
Apixaban 401 (66.6) 5448 (59.9) 5674 (56.9) 2461 (57.5) 874 (58.8) 356 (58.6)
Rivaroxaban 123 (20.4) 2179 (23.9) 2515 (25.2) 1094 (25.6) 361 (24.3) 163 (26.8)
Dabigatran 74 (12.3) 1392 (15.3) 1704 (17.1) 686 (16.0) 238 (16.0) 88 (14.5)
Edoxaban 4(0.7) 82 (0.9) 77 (0.8) 39(0.9) 13(0.9) 1(0.2)
Other medical therapy, n (%)
Aspirin 169 (28.1) 2920 (32.1) 3451 (34.6) 1383 (32.3) 454 (30.6) 179 (29.4)
P2Y,, inhibitor 32 (5.3) 602 (6.6) 657 (6.6) 277 (6.5) 81 (5.5) 27 (4.4)
NSAID 23 (3.8) 604 (6.6) 905 (9.1) 482 (11.3) 176 (11.8) 85 (14.0)
Calcium channel blocker 115 (19.1) 2261 (24.8) 2817 (28.3) 1434 (33.5) 494 (33.2) 201 (33.1)
B-Blockers 382 (63.5) 6090 (66.9) 7016 (70.4) 3217 (75.2) 1098 (73.9) 450 (74.0)
RAS inhibitors 235 (39.0) 4157 (45.7) 5466 (54.8) 2662 (62.2) 932 (62.7) 397 (65.3)
Lipid-lowering agents 132 (21.9) 2950 (32.4) 3950 (39.6) 1848 (43.2) 606 (40.8) 254 (41.8)

BMI indicates body mass index; CABG, coronary artery bypass grafting; CHA,DS,-VASc, congestive heart failure, hypertension, age,

diabetes, stroke/

TIA/thromboembolism, vascular disease, sex; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate (calculated using
the Chronic Kidney Disease Epidemiology Collaboration creatinine equation); IQR, interquartile range; MI, myocardial infarction; NOAC, non-vitamin K oral
anticoagulant; PCI, percutaneous coronary intervention; RAS, renin-angiotensin system; and TIA, transient ischemic attack.

Major Bleeding

A total of 2554 patients experienced major bleeding
during a median follow-up of 2.0years. In the adjusted
continuous analysis, a U-shaped relationship be-
tween BMI and major bleeding was observed, with the

J Am Heart Assoc. 2023;12:e030829. DOI: 10.1161/JAHA.123.030829

lowest risk occurring at a BMI of 26.2 kg/m? (Figure 2).
Underweight, obesity class I, and obesity class llI
were associated with a higher risk of major bleeding
(Figure 2). This finding was further supported when BMI
was categorized, with obesity class Il in multivariable
analyses being associated with higher risk of major
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Figure 2. CV outcomes and major bleeding in relation to baseline BMI in continuous analysis.

Adjusted hazard ratios (95% Cls) for outcomes, all-cause mortality (A), CV mortality (B), ischemic stroke or systemic embolism (C),
and major bleeding (D), are presented with comparison to median BMI in the normal range. Adjusted for factors in the CHA,DS,-VASc
score (heart failure, hypertension, age, diabetes, prior stroke/transient ischemic attack/systemic embolism, vascular disease, and
sex) and other risk factors (chronic obstructive pulmonary disease, cancer [within past 3years], liver disease, chronic kidney disease,
previous major bleeding, and medications [aspirin, P2Y,, inhibitors, and NSAIDs]) and non-vitamin K oral anticoagulant dosage. BMI

indicates body mass index; and CV, cardiovascular.

bleeding (HR, 1.68 [95% ClI, 1.29-2.17]; P<0.0001), and
although not significant, underweight patients having
a numerically higher risk of major bleeding (HR, 1.23
[95% CI, 0.95-1.58]; P=0.12) (Figure 4).

Sensitivity Analysis
In sensitivity analyses, patients were followed up
until treatment discontinuation or switch in treatment

J Am Heart Assoc. 2023;12:e030829. DOI: 10.1161/JAHA.123.030829

strategy in an on-treatment analysis. The median fol-
low-up for the on-treatment analysis was 1.1years.
Despite the shorter follow-up duration, the find-
ings from the on-treatment analysis remained simi-
lar to those in the main analyses (Figure S2 and S3).
Likewise, when the first year of follow-up was excluded,
the results remained unchanged (Figure S4). In the
sex-specific analyses, the results mostly aligned with
the main findings, except for male patients, where no
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Figure 3. Kaplan-Meier estimates for CV outcomes and major bleeding in relation to baseline body mass indexin categorical

analysis.

A, All-cause mortality. B, CV mortality. C, Ischemic stroke or systemic embolism. D, Major bleeding. CV indicates cardiovascular.

associations were found between being underweight
and the risk of ischemic stroke or systemic embolism,
and major bleeding (Figure S5). This finding could
probably be explained by the low number of under-
weight male patients in the study population (Table 1).
Further sensitivity analyses displayed that patients
with higher BMI were less likely to have reduced dos-
age of NOACs compared with normal weight patients.
However, when reduced dosage was prescribed, the
dose reduction strategy was often not aligned with
recommended dose reduction criteria (Tables S5 and
S6). Underweight patients were more prone to have

J Am Heart Assoc. 2023;12:e030829. DOI: 10.1161/JAHA.123.030829

a reduced dosage of NOAC compared with normal
weight patients (Table S5).

DISCUSSION

This nationwide cohort study examined patients with
AF treated with NOACs. The study revealed a U-shaped
relationship between BMI and both mortality and
major bleeding, which was supported by analyses of
BMI as both a continuous and a categorical exposure.
Furthermore, within the categorized BMI cutoffs in the
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Nr of Nr of Unadjusted Adjusted Adjusted P-value
patients events (%) hazard ratio (95% CI) hazard ratio (95% Cl) hazard ratio (95% CI)
All-cause mortality
Underweight 602 322 (53.5) 2.49 (2.22-2.80) —_—l 1.77 (1.57 - 1.99) <0.0001
Normal weight 9101 2653 (29.2) Reference Reference Reference
Pre-obesity 9970 1933 (19.4) 0.61(0.58 — 0.65) o 0.80 (0.76 — 0.85) <0.0001
Obesity class | 4280 753 (17.6) 0.55 (0.51-10.60) 0 0.82(0.76 —0.89) <0.0001
Obesity class Il 1486 252 (17.0) 0.55(0.48 - 0.62) —O— 0.93 (0.81 - 1.06) 0.25
Obesity class Il 608 139 (22.9) 0.80 (0.68 — 0.95) ———— 1.67 (1.40 — 1.99) <0.0001
Cardiovascular mortality
Underweight 602 163 (27.1) 2.53(2.15-2.97) —_—0— 1.77 (1.50 — 2.08) <0.0001
Normal weight 9101 1310 (14.4) Reference Reference Reference
Pre-obesity 9970 914 (9.2) 0.59 (0.54 — 0.64) -0 0.80(0.74 - 0.87) 0.001
Obesity class | 4280 385 (9.0) 0.57 (0.51—0.64) —0— 0.91(0.81-1.03) 0.09
Obesity class Il 1486 120 (8.1) 0.53 (0.44 — 0.64) —a— 0.99 (0.82 - 1.20) 0.81
Obesity class Il 608 65(10.7) 0.76 (0.59 — 0.97) o 1.79 (1.39 - 2.31) 0.002
ic stroke or systemi boli:
Underweight 602 37 (6.1) 1.62 (1.16 — 2.26) B e 1.21(0.86 — 1.70) 0.28
Normal weight 9101 461 (5.1) Reference Reference Reference
Pre-obesity 9970 425 (4.3) 0.78 (0.68 — 0.89) —O— 0.93 (0.81 - 1.06) 0.27
Obesity class | 4280 194 (4.5) 0.83 (0.70 - 0.99) — 00— 1.10 (0.92 - 1.30) 0.30
Obesity class Il 1486 56 (3.8) 0.70 (0.53 - 0.93) — g 1.03 (0.78 - 1.37) 0.83
Obesity class IlI 608 18 (3.0) 0.59 (0.37 - 0.95) 0 0.94 (0.58 — 1.52) 0.80
Major bleeding
Underweight 602 64 (10.6) 1.38 (1.07 - 1.78) —+—a— 1.23 (0.95 - 1.58) 0.12
Normal weight 9101 951 (10.4) Reference Reference Reference
Pre-obesity 9970 957 (9.6) 0.84 (0.77 - 0.92) —O 0.96 (0.88 — 1.06) 0.42
Obesity class | 4280 403 (9.4) 0.83(0.74-0.93) —0— 1.03 (0.91-1.16) 0.67
Obesity class Il 1486 15 (7.7) 0.69 (0.57 — 0.84) —a— 0.95 (0.78 — 1.15) 0.57
Obesity class Il 608 64 (10.5) 1.03 (0.80 — 1.33) O 1.68 (1.29 -2.17) 0.0001
0.5 1.0 1.5 2.0 25

Figure 4. Cardiovascular outcomes and major bleeding in relation to baseline body mass index in categorical analysis.

Forest plot with adjusted Cox regression hazard ratios (95% Cls) with normal weight as reference. Adjusted for factors in the CHA,DS,-
VASc score (heart failure, hypertension, age, diabetes, prior stroke/transient ischemic attack/systemic embolism, vascular disease,
and sex) and other risk factors (chronic obstructive pulmonary disease, cancer [within past 3years], liver disease, chronic kidney
disease, previous major bleeding, and medications [aspirin, P2Y,, inhibitors, and NSAIDs]) and non-vitamin K oral anticoagulant

dosage. Nr indicates number.

continuous analysis, a high variation in the risk of mor-
tality and major bleeding was observed. There was no
significant association observed between higher BMI
and ischemic stroke or systemic embolism. However,
the continuous analysis of BMI suggested that being
underweight was associated with a higher risk of is-
chemic stroke or systemic embolism.

The U-shaped relationship between BMI and all-
cause mortality, with higher risk among underweight
and extremely obese patients, observed in this study is
similar to findings from a systematic review of prospec-
tive studies, including patients treated with NOACs and
vitamin K antagonists.'®'® Also, preobesity and obe-
sity have in prior systematic reviews and trial cohorts
been associated with favorable outcomes and better
survival: the obesity paradox.5® In subgroup analy-
ses from the ARISTOTLE (Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial
Fibrillation) trial, preobesity and obesity were asso-
ciated with a lower risk of mortality.®> Conversely, ob-
servational studies, such as those from the EORP-AF
(EURObservational ~ Research ~ Programme-Atrial
Fibrillation) and the FANTASIIA registry, have not found

J Am Heart Assoc. 2023;12:e030829. DOI: 10.1161/JAHA.123.030829

BMI to be independently associated with mortality,
therefore not confirming the presence of the obesity
paradox in real-life patients.®'® However, our study
confirms an obesity paradox in patients with AF treated
with NOACs, up to a certain level of obesity, which
contrasts with prior cohort studies. In this context, pa-
tients with extremely low or high BMI have often been
excluded from clinical trials. For instance, outcomes
data have not been separately reported for patients
with a BMI <18.5kg/m? or for patients with a BMI >30
to 35kg/m? in the pivotal NOAC trials.'9-22

In the present study, the overall effect of BMI on
the risk of ischemic stroke or systemic embolism in
adjusted continuous analysis was not statistically sig-
nificant. Nevertheless, point estimates for BMI levels
indicating underweight were associated with a higher
risk of ischemic stroke or systemic embolism. These
findings are consistent with results from a limited num-
ber of studies conducted on underweight patients
treated with NOACs.%8 Data from trial cohorts suggest
that obese patients may have a lower risk of ischemic
stroke or systemic embolism.®” However, whether a
higher BMI is associated with a lower risk of ischemic
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stroke or systemic embolism remains unknown based
on real-life studies such as ours, which have shown no
such association.®%23 Nevertheless, it is reassuring to
observe that there was no increased risk of stroke or
systemic embolism associated with a higher BMI, con-
trary to our initial hypothesis.

In our study, there was a U-shaped relationship be-
tween BMI and major bleeding, with the lowest risk of
bleeding among patients with a BMI of 26.2kg/m?, a
finding that was also supported when BMI was catego-
rized according to the WHO classification. The higher
risk of major bleeding associated with obesity contra-
dicts earlier reports from systematic reviews based on
categorical data from the NOAC trials in which obe-
sity was associated with lower risk of major bleeding.”
Few patients in the NOAC trials had obesity class Il
However, our findings align with continuous data from
the ENGAGE-AF TIMI 48 (Effective Anticoagulation
With Factor Xa Next Generation in Atrial Fibrillation
Thrombolysis in Myocardial Infarction 48) trial, in which
obesity was associated with higher risk of major bleed-
ing. Also, a U-shaped relationship between BMI and
major bleeding in patients with AF has been suggested
in findings from prospective registry studies.??

Possible explanations for the obesity paradox and
the favorable outcomes among preobese and obese
patients might be that these patients more frequently
have comorbidities (eg, hypertension, hyperlipidemia,
and diabetes) that are earlier and more often aggres-
sively treated with pharmacologic drugs, such as an-
giotensin-converting enzyme inhibitors, p-blockers,
and statins (as observed in the present study), which
might be benefical.”'® Another explanation could
be a greater capacity to manage metabolic stress
from chronic illness because of better metabolic re-
serves.?* Furthermore, adipose tissue has been found
to produce tumor necrosis factor-a receptors, which
alternate arrhythmogenic substrates and reduce in-
flammation.®?® Higher BMI has also been associated
with lower levels of natriuretic peptides, whereas higher
levels of natriuretic peptides have been associated
with increased risk of stroke and mortality in patients
with AF.2627 Finally, higher BMI has been associated
with lower plasma renin and angiotensin levels during
stress, whereas higher levels have been related to un-
favorable outcomes.?82°

In our study, patients with underweight and obesity
class Ill had higher risk of mortality and major bleed-
ing. In extremely obese patients, the benefits of high
BMI may not exceed the disadvantages of additional
adiposity (eg, organ dysfunction, prothrombotic state,
and cardiovascular burden).®® Other possible explana-
tions, probably less pertinent, include loss in efficacy
with NOACs because of the lipophilic characteristics
of NOAC and altered blood flow to the liver and kid-
neys, resulting in higher pharmacokinetic clearance
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and thus lower concentration of NOACs.1230.31 |n
reverse, this could also partly explain the higher risk
of bleeding associated with underweight. The higher
risk of mortality in underweight patients could also be
related to residual confounding factors, and under-
weight is often associated with older age, frailty, co-
morbidities, and a lack of reserves to handle possible
catabolic states.?* Cardiovascular diseases in under-
weight patients may also have a different cause than
the same disease in patients with obesity and may be
attributable to genetic predisposition, which can lead
to poorer prognosis.?®3? The limited number of un-
derweight patients (2.3%) and those in obesity class
Il (2.3%) in this study may suggest that underweight
and extreme obesity in the context of AF and NOAC
might not be a major clinical concern. Nevertheless,
the findings in our study underscore the importance
of carefully managing and closely monitoring patients
with extremely low or high BMls. Also, previous stud-
ies have shown a lower risk of bleeding complications
in obese patients (weight >120kg or BMI >40kg/m?)
with AF receiving NOACs compared with warfarin.33
Our study does not contradict these results and does
not recommend against prescribing NOACs to patients
with low or high BMls, as our study did not compare
different oral anticoagulants.

Strengths and Limitations

This study has several strengths and some limitations.
The key strength is the large number of participants
representing real-world nationwide patients with broad
inclusion criteria and with no loss to follow-up. The
Swedish national registries also provide unique op-
portunities to collect data and to enrich registries with
each other, resulting in minimal missing data. Another
strength is that BMI was calculated on the basis of
weight and height, rather than being limited to obesity-
related /CD-10 codes. However, a limited number of
patients were excluded because of missing data on
height and weight, which could potentially introduce
selection bias, as evident by the differences in baseline
characteristics. BMI was analyzed both continuously
and using the WHO categories, resulting in simpler in-
terpretation of findings. The continuous analysis of BMI
also displayed a high variation in risk within BMI cut-
offs, information that is often lost when information is
categorized. Among the limitations, BMI, despite being
the most frequent measurement of adiposity, might
not be the most accurate measurement of obesity be-
cause it does not take age, sex, and level of fat mass
into account.'®3° Other anthropometric measurements
(eg, waist circumference and body composition) were
not available in AuriculA but could provide more in-
sights. BMI was collected at baseline, notwithstand-
ing that weight might change over time. However, data
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from prior studies have shown only minor changes in
BMI over time.®* Furthermore, weight or height was not
available in AuriculA for patients treated with vitamin
K antagonists, therefore preventing a comparison be-
tween NOACs and vitamin K antagonists that would
have been important to report. Because of the obser-
vational nature of the study, residual confounding can-
not be excluded, despite adjustment for established
confounders. Also, adjustment for further confounding
factors not available in our data sample (eg, race and
ethnicity, inflammatory biomarkers, and alcohol con-
sumption) may have explained some of the findings.
Although an on-treatment analysis was performed and
showed similar findings to the main analysis, compli-
ance to medication over time cannot be guaranteed
and is a limitation of this study.

CONCLUSIONS

In real-life patients with AF treated with NOAC, there
seems to be a U-shaped relationship between BMI and
adverse outcomes, including mortality and major bleed-
ing. Patients with preobesity and obesity class | had the
lowest risk of mortality, a phenomenon known as the obe-
sity paradox. However, underweight and obesity class I
were associated with a higher risk of mortality and major
bleeding, underscoring the importance of close monitor-
ing for these patients. It was reassuring to observe that
there was no association between a higher BMI and the
risk of ischemic stroke or systemic embolism.
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