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ABSTRACT

Objective We investigated the association between
obesity and biomarkers indicating cardiac or renal
dysfunction or inflammation and their interaction with
obesity and outcomes.

Methods A total of 14753 patients in the Apixaban for
Reduction In STroke and Other ThromboemboLic Events
in Atrial Fibrillation (ARISTOTLE) trial provided plasma
samples at randomisation to apixaban or warfarin.
Median follow-up was 1.9 years. Body Mass Index (BMI)
was measured at baseline and categorised as normal,
18.5-25 kg/m?; overweight, >25 to <30 kg/m? and
obese, >30 kg/m> We analysed the biomarkers high-
sensitivity C reactive protein (hs-CRP), interleukin 6 (IL-6),
growth differentiation factor-15 (GDF-15), troponin T

and N-terminal B-type natriuretic peptide (NT-pro-BNP).
Outcomes included stroke/systemic embolism (SE),
myocardial infarction (MI), composite (stroke/SE, MI, or
all-cause mortality), all-cause and cardiac mortality, and
major bleeding.

Results Compared with normal BMI, obese patients
had significantly higher levels of hs-CRP and IL-6 and
lower levels of GDF-15, troponin T and NT-pro-BNP. In
multivariable analyses, higher compared with normal BMI
was associated with a lower risk of all-cause mortality
(overweight: HR 0.73 (95% CI 0.63 to 0.86); obese: 0.67
(0.56 to 0.80), p<0.0001), cardiac death (overweight: HR
0.74 (95% Cl 0.60 to 0.93); obese: 0.71 (0.56 to 0.92),
p=0.01) and composite endpoint (overweight: 0.80 (0.70
t0 0.92); obese: 0.72 (0.62 to 0.84), p<0.0001).
Conclusions Regardless of biomarkers indicating
inflammation or cardiac or renal dysfunction, obesity was
independently associated with an improved survival in
anticoagulated patients with AF.

Trial registration number NCT00412984.

INTRODUCTION

Atrial fibrillation (AF) is the most common
cardiac rhythm disorder' and it is associated
with significant morbidity and mortality.” *
Globally, the burden of AF is considerable and
it is projected to rise over the next several
decades.* Obesity is a well-established risk

Key questions

What is already known about this subject?

» Prior studies have shown that in atrial fibrillation
(AF), indices of obesity are associated with a favour-
able prognosis.

» Recent data demonstrate elevated levels of bio-
markers indicating cardiac or renal dysfunction or
inflammatory activity is associated with worse out-
come in AF.

» The relationship between these biomarkers and
obesity and the interaction between obesity and
outcomes is unclear.

What does this study add?

» This biomarker study within the ARISTOTLE
(Apixaban for Reduction In STroke and Other
Thromboembolic Events in Atrial Fibrillation) trial
provides a unique insight into whether biomark-
ers may, in part, provide an explanation for obesity
paradox.

» This was achieved by a comprehensive analysis of
adiposity (Body Mass Index and waist circumfer-
ence) and outcomes including biomarkers indicat-
ing cardiac or renal dysfunction or inflammation in
the largest cohort to date of almost 15 000 patients
with AF on anticoagulation from a prospective ran-
domised trial.

How might this impact on clinical practice?

» In patients with AF on anticoagulation, measures of
adiposity were associated with an improved sur-
vival irrespective of clinical factors and markers
indicating myocardial and renal dysfunction and
inflammation.

» Further research is needed to explain the ‘obesity
paradox’.

factor for occurrence®™’ and persistence
of AF*? and itself is a growing epidemic,"
which may explain the escalation in incident
AF. Previous investigation from the Apix-
aban for Reduction in STroke and Other
Thromboembolic Events in Atrial Fibrillation

BM]
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(ARISTOTLE) trial'! and other studies'®"” have shown
that in patients with established AF, an ‘obesity paradox’
where overweight status and obesity, primarily measured
by Body Mass Index (BMI), is associated with a favourable
prognosis. However, the underlying cause for this ‘obesity
paradox’ is unclear.

Several randomised clinical trials have found
increasing levels of biomarkers reflecting myocardial
cell damage (cardiac troponin),'® ' cardiac dysfunc-
tion (N-terminal pro-brain natriuretic peptide,
NT-pro-BNP)," # renal dysfunction (creatinine clear-
ance and cystatin C)*™* and inflammation (C reactive
protein, CRP; interleukin 6, IL-6; and growth differen-
tiation factor-15, GDF-15)**# are independently asso-
ciated with worse prognosis in anticoagulated patients
with AF. There is a paucity of data exploring the rela-
tionship between biomarkers, obesity and outcomes in
patients with AF.

We therefore evaluated the association between
BMI and biomarkers indicating cardiac and renal
dysfunction and inflammation in 14 753 participants
randomised to apixaban or warfarin in the biomarker
cohort of the ARISTOTLE trial. We also evaluated
the association between BMI and the risk of stroke or
systemic embolism, myocardial infarction, all-cause and
cardiac death, and major bleeding adjusted for clinical
factors and biomarkers. In secondary analyses, we eval-
uated the relationship between abnormal waist circum-
ference and outcomes after multivariable adjustment.

METHODS

Study population

The ARISTOTLE trial design and results have been previ-
ously published.?®?” Briefly, this is a randomised, double-
blind, double-dummy trial that enrolled 18 201 patients
with AF and at least one additional risk factor for stroke
(age >75 years; previous stroke, transient ischaemic
attack (TIA) or systemic embolism; symptomatic heart
failure within the previous 3 months or ejection fraction
<0.40; diabetes; or hypertension on treatment) to apix-
aban versus warfarin. The primary outcome was stroke
and systemic embolism. The biomarker cohort consisted
of 14 980 participants, of which 14 753 participants had
BMI values and who provided a plasma sample at the time
of randomisation. For the present analyses, we included
patients with available measurements of high-sensitivity
CRP (hs-CRP) (n=14 660), IL-6 (n=14 727), GDF-15
(n=14 577), troponin T (n=14 672), NT-pro-BNP (n=14
668) and cystatin C (n=14 660),'320 22242

Definition of adiposity

The primary measure of adiposity was BMI assessed at
baseline as weight (kg/m?) and divided it into WHO cate-
gories of normal (18.5-25 kg/m®), overweight (>25.0-
29.9 kg/mQ) and obese (=30 kg/mQ). Waist circumfer-
ence was dichotomised at baseline as normal (men <102
cm, women <88 cm) and abnormal.

Outcomes

The outcomes for this study included stroke or systemic
embolism (SE); myocardial infarction (MI); all-cause
mortality; cardiac mortality; composite endpointofstroke,
SE, MI or all-cause mortality; and major bleeding defined
by International Society of Thrombosis and Hemostasis
criteria.?” A blinded clinical events committee adjudi-
cated all outcomes according to prespecified criteria.

Laboratory measurements

Study participants provided venous blood samples prior to
the start of study treatment. Plasma was frozen in aliquots
and stored at —=70°C until analysed centrally at Uppsala
Clinical Research Center, an academic platform for anal-
yses of biomarkers at the Uppsala University Hospital,
Uppsala, Sweden. Measurement of selected biomarkers
have been described in detail previously.'® 0 #* **
Plasma concentrations of hs-CRP were analysed using a
particle-enhanced immunoturbidimetric assay (Abbott,
Abbott Park, Illinois, USA); hs-IL-6 analysed using an
ELISA technique (R&D Systems, Minneapolis, Minne-
sota, USA); high-sensitivity assay was used for cardiac
troponin T using the ARCHITECT il000SR (Abbott
Diagnostics); NT-pro-BNP with the Cobas Analytics e601;
cystatin C with the ARCHITECT ci8200; GDF-15 with a
pre-commercial assay from Roche Diagnostics. The lower
limit of quantification and total coefficient of variation
for each biomarker are as follows: hs-CRP (0.2 mg/L;
2.0% at 1.72 mg/L), cystatin C (0.4 mg/L; 1.09% at 0.85
mg/L), GDF-15 (400 pg/mL; 4.4% at 1500 pg/mL), IL-6
(0.04 ng/L; 11% at 1.2 ng/L), NT-pro-BNP (5 ng/L; 3%
at 125 ng/L) and troponin T (13 ng/L; 3% at 27 ng/L).

Statistical analysis

Baseline characteristics were reported using median
and first and third quartiles for continuous variables
and frequencies and percentages for categorical vari-
ables. The characteristics were compared across cate-
gories of BMI using the % test for categorical variables
and the Kruskal-Wallis test for continuous variables,
respectively. Cox proportional-hazards models were
used to estimate HRs and 95% CIs across categories
of BMI (£25 kg/mg as referent) and waist circumfer-
ence (men <102 cm, women <88 cm, as referent), the
latter also separately for men and women. The models
included established risk factors (age sex, region, esti-
mated glomerular filtration rate, smoking, systolic
blood pressure, heart rate, AF type, diabetes mellitus,
heart failure, previous stroke or systemic embolism/
TIA, hypertension, previous MI, previous peripheral
artery disease/coronary artery bypass graft/percuta-
neous coronary intervention, alcohol, baseline medi-
cations, prior warfarin/vitamin K antagonist treat-
ment; for bleeding endpoints: haematocrit, chronic
liver disease, history of anaemia, use of non-steroidal
inflammatory agents and history of spontaneous or
clinical relevant bleeding), randomised treatment
and biomarkers (hs-CRP, IL-6, GDF-15, troponin T,
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BMI category

>18.5-25 kg/m? >25-29.9 kg/m? >30 kg/m?
Characteristics (n=3294) (n=5515) (n=5944) P values*

Age, median (IQR), years 72.0 (66.0-78.0) 71.0 (64.0-77.0) 67.0 (61.0-73.0) <0.0001

Ethnicity, n (%) <0.0001

Asian 1037 (31.5) 805 (14.6) 214 (3.6)

Native Hawaiian/Other Pacific 0(0.0) 2(0.0)

Other 52 (1.6) 69 (1.3 44(0.7)

Systolic blood pressure, median (IQR), mm Hg 130.0 (120.0-140.0) 130.0 (120.0-140.0) 131.0 (120.0-140.0) <0.0001

History of hypertension, n (%) 2631 (79.9) 4784 (86.7) 5537 (93.2) <0.0001

History of myocardial infarction, n (%) 376 (11.4) 712 (12.9) 816 (13.7) 0.006

Heart failure, n (%) 955 (29.0) 1643 (29.8) 1974 (33.2) <0.0001

Paroxysmal AF, n (%) 497 (15.1) 830 (15.1) 911 (15.3)

LVEF, mean (SD), % 56.0 (45.0-64.0) 56.0 (47.0-64.0) 55.0 (47.0-63.0) 0.7

Smoker, n (%) 304 (9.2) 445 (8.1) 451 (7.6)

None 2145 (65.2) 3042 (55.2) 3338 (56.2)

73(2.2) 149 (2.7) 148 (2.5)

History of spontaneous or clinically relevant bleed, n (%) 499 (15.2) 906 (16.4) 1001 (16.8)

Clopidogrel 74 (2.2) 98 (1.8) 85(1.4)

Calcium channel blocker 879 (26.7) 1653 (30.0) 1987 (33.4) <0.0001

ACE inhibitor/ARB 2014 (61.1) 3845 (69.7) 4597 (77.3) <0.0001

NSAID 220 (6.7) 368 (6.7) 653 (11.0) <0.0001

Biomarker

IL-6 (ng/L) 2(1.3-3.9) .2 (1.4-3.6) 2.5(1.7-4.1) <0.0001

Troponin T (ng/L) 11.3(7.7-17.1) 111 (7.6-16.8) 10.7 (7.4-16.2) <0.001

Continued
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Table 1 Continued
BMI category
>18.5-25 kg/m® >25-29.9 kg/m? >30 kg/m®
Characteristics (n=3294) (n=5515) (n=5944) P values*
NT-pro-BNP (ng/L) 879.5 (443.0-1544.5) 724.0 (378.0-1255.8)  622.5(324.0-1070.0)  <0.0001
Cystatin C (mg/L) 1.0(0.8-1.2) 1.0(0.8-1.2) 1.0(0.8-1.2) 0.01

*P value from the y? test (categorical variables) or Kruskal-Wallis test (continuous variables).

AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, Body Mass Index; GDF-15, growth differentiation factor-15; IL-6,
interleukin 6; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal B-type natriuretic peptide; NSAID, non-steroidal anti-
inflammatory drug; TIA, transient ischaemic attack; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C reactive

protein.

NT-pro-BNP and cystatin C). For waist circumference,
a reduced model for stroke or systemic embolus and
MI included age, sex, region, diabetes mellitus, heart
failure, previous stroke or systemic embolism/TIA,
hypertension, previous MI, previous peripheral artery
disease/coronary artery bypass graft/percutaneous
coronary intervention, prior warfarin/vitamin K antag-
onist treatment, randomised treatment and biomarkers.
Restricted cubic splines with four knots placed at the
5th, 35th, 65th and 95th sample percentiles were used
to allow for non-linear relationship between continuous
variables and outcomes that included death. Splines
were used in all cases when adjustment for biomarkers
were performed. All analyses were performed using R,
V.3.3.2. A two-sided p value of <0.05 was considered
statistically significant.

RESULTS

Baseline characteristics

Baseline demographics, clinical characteristics, medi-
cations and biomarkers across categories of BMI are
shown in table 1. Patients with a normal BMI were older
and more likely to have Asian ethnicity; have a history
of stroke, TIA or systemic embolism or anaemia; and a
non-drinker. Patients with a normal BMI were less likely to
be prescribed an ACE inhibitor or angiotensin receptor
blocker, or AV nodal blocking agent, or lipid-lowering
agent, or to have prior vitamin K antagonist use compared
with patients with a higher BMI.

BMI and biomarkers

With respect to biomarkers, obese patients had higher
levels of hs-CRP and IL-6 and lower levels of GDF-15,
troponin T and NT-pro-BNP, compared with patients
with normal BMI at baseline (table 1). In multivariable
analysis, hs-CRP, IL-6, troponin T and cystatin C were
statistically significantly associated with higher BMI while
GDF-15 and NT-pro-BNP were statistically significantly
associated with lower BMI (table 2).

BMI and outcomes

In a median follow-up of 1.9 years, there were 391
stroke or systemic embolism events, 149 myocar-
dial infarctions, 1040 all-cause mortality events, 530
cardiac deaths, 1406 composite events and 663 major
bleeding events. The overall unadjusted annualised
rate of efficacy and safety events was lower for patients
with a higher BMI compared with those with a normal
BMI (figure 1) in accordance with the corresponding
results in the total ARISTOTLE cohort.'" In multivari-
able analyses, adjusting for established AF risk factors,
study treatment and biomarkers indicating cardiac and
renal dysfunction and inflammation, higher BMI was
associated with lower risk of all-cause mortality (over-
weight: HR 0.73 (95% CI 0.63 to 0.86); obese: HR 0.67
(95% CI 0.56 to 0.80), p<0.0001), cardiac death (over-
weight: HR 0.74 (95% CI 0.60 to 0.93); obese: HR 0.71
(95% CI10.56 to 0.92), p<0.01) and composite endpoint
(overweight: HR 0.80 (95% CI 0.70 to 0.92); obese: HR

Table 2 Multivariable adjusted model of biomarker effect on Body Mass Index

Biomarker Qi Q3 Difference Effect 95% ClI P values
hs-CRP (mg/L), IQR 1.0 4.7 37 1.50 1.26t01.73 <0.001
IL-6 (ng/L), IQR 1.5 3.9 24 0.97 0.74t01.20 <0.001
GDF-15 (mg/L), IQR 974.0 2047.0 1073 —-0.60 —8.84 10 -0.36 <0.001
Troponin T (ng/L), IQR 7.5 16.6 9.1 0.31 0.07 t0 0.55 0.004
NT-pro-BNP (ng/L), IQR 362.0 1241.0 879.0 —1.46 -1.68t0-1.24 <0.001
Cystatin C (mg/L), IQR 0.8 1.2 0.4 1.18 0.93101.43 <0.001

Model adjusted for all variables in table 1.

GDF-15, growth differentiation factor-15; hs-CRP, high-sensitivity C reactive protein; IL-6, interleukin 6; NT-pro-BNP, N-terminal B-type

natriuretic peptide.
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Outcome N Events P-value
BMI category Number of (%l/year) BMI 18.5-25 Effect of
patients as reference BMI
Stroke/SE
18.5-25 3241 113 (1.92)
>25-<30 5415 146 (1.42) 0.99 (0.76 - 1.28) L]
>=30 5822 128 (1.12) 0.93 (0.69 - 1.25) 0.8746 ]
Mi
18.5-25 3241 36 (0.61)
>25-<30 5415 56 (0.54) 0.85(0.55-1.32) L]
>=30 5822 55(0.48) 0.73(0.45-1.19) 0.4526 L]
All deaths
18.5-25 3241 335 (5.52)
>25-<30 5415 359 (3.42) 0.73 (0.63 - 0.86) L]
>=30 5822 327 (2.81) 0.67 (0.56 - 0.80) < 0.0001 L]
Stroke/SE/Ml/death
18.5-25 3241 428 (7.30)
>25-<30 5415 499 (4.89) 0.80 (0.70 - 0.92) L]
>=30 5822 457 (4.02) 0.72 (0.62-0.84) < 0.0001 L]
Cardiac death
18.5-25 3241 170 (2.80)
>25-<30 5415 181 (1.73) 0.74 (0.60 - 0.93) L]
>=30 5822 167 (1.44) 0.71 (0.56 - 0.92) 0.0112 ]
Major bleed
18.5-25 3207 185 (3.50)
>25-<30 5376 231 (2.48) 0.84 (0.69 - 1.03) L]
>=30 5784 236 (2.29) 0.88(0.70-1.10) 0.2512 ]
r T T T T 1
0.4 0.6 0.8 1 1.2 1.4

Figure 1

HR

Multivariable-adjusted HRs and 95% Cls of outcomes according to categories of BMI adjusting for established risk

factors, study treatment and cardiac, renal and inflammatory biomarkers. Multivariable models adjusted for age, sex, region,
glomerular filtration rate, smoking, systolic blood pressure, heart rate, atrial fibrillation type, diabetes, heart failure, previous
stroke or systemic embolism or transient ischaemic attack, hypertension, previous myocardial infarction, previous peripheral
artery disease/coronary artery bypass graft/percutaneous coronary intervention, alcohol, baseline medications, prior warfarin/
vitamin K antagonist treatment, randomised treatment, hs-CRP, IL-6, GDF-15, troponin T, NT-pro-BNP and cystatin C. For
bleeding endpoints: haematocrit, chronic liver disease, history of anaemia, use of non-steroidal inflammatory agents and history
of spontaneous or clinical relevant bleeding, randomised treatment and hs-CRP, IL-6, GDF-15, troponin T, NT-pro-BNP and
cystatin C. BMI, Body Mass Index; GDF-15, growth differentiation factor-15; hs-CRP, high-sensitivity C reactive protein; IL-6,
interleukin 6; MI, myocardial infarction; NT-pro-BNP, N-terminal pro-brain natriutetic peptide.

0.72 (95% CI 0.62 to 0.84), p<0.0001, figure 1), though
mainly driven by the reduction in mortality as there
were no associations with stroke or systemic embolism
(p=0.87), MI (p=0.45) or major bleeding (p=0.25). A
higher BMI was associated with lower risk of all-cause
mortality, cardiac deaths and composite endpoint also
in models which adjusted for biomarkers troponin T,
NT-pro-BNP and cystatin C and separately for inflam-
matory biomarkers hs-CRP, IL-6 and GDF-15 (online
supplementary material 1).

Waist circumference and outcomes

Overall, we found no statistically significant association
between abnormal waist circumference and any of the
outcomes except for all-cause mortality (figure 2, HR 0.87
(95% CI 0.75 to 0.99), p=0.04) after adjusting for covar-
iates including all biomarkers. In women, an abnormal
waist circumference was statistically significantly asso-
ciated with a lower risk of the composite endpoint
compared with normal waist circumference in multivar-
iable analysis (HR 0.79 (95% CI 0.64 to 0.98), p=0.03;
figure 3). In men, there was no statistically significant
association between abnormal waist circumference and

outcomes. In a separate analysis adjusting for established
risk factors and hs-CRP, I1.-6 and GDF-15, there was a rela-
tive risk reduction of 30% in stroke or systemic embo-
lism (p=0.0461), 30% in all-cause mortality (p=0.01),
28% in the composite endpoint (p=0.002) and 38% in
cardiac mortality (p=0.01) among women and a 16%
relative risk reduction in all-cause mortality in men with
abnormal waist circumference compared with normal
waist circumference (online supplementary material 1).
All results were attenuated after adjustment for troponin
T, NT-pro-BNP and cystatin C (online supplementary
material 1).

DISCUSSION

In a large cohort of patients with AF treated with oral
anticoagulation therapy in the ARISTOTLE trial, over-
weight status and obesity were associated with lower risk
of all-cause mortality, cardiac death and a composite
endpoint of stroke or systemic embolism, MI and all-cause
mortality even after adjusting for the levels of biomarkers
indicating cardiac and renal dysfunction and inflamma-
tory activity. There was no independent association with
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Outcome N Events HR P-value
Waist circumference Number of (%/year) BMI 18.5-25 Effect of
patients as reference BMI

Stroke/SE

Normal 6008 180 (1.61)

High 8375 204 (1.26) 0.95(0.76-1.19) 0.6315 ]
Mi

Normal 6008 56 (0.50)

High 8375 87 (0.54) 1.02(0.70-1.48) 0.9186 ]
All deaths

Normal 6008 481 (4.19)

High 8375 536 (3.25) 0.87 (0.75-0.99) 0.0380 L]
Stroke/SE/Ml/death

Normal 6008 634 (5.69)

High 8375 740 (4.59) 0.90(0.80-1.01) 0.0835 L]
Cardiac death

Normal 6008 251 (2.19)

High 8375 264 (1.60) 0.87 (0.71-1.05) 0.1433 ]
Major bleed

Normal 5952 281 (2.76)

High 8322 369 (2.54) 1.05(0.88-1.25) 0.5799 L

r T T T T 1
0.4 0.6 0.8 1 12 14

HR

Figure 2 Multivariable-adjusted HRs and 95% Cls for outcomes for waist circumference. Waist circumference for men <102
cm and women <88 cm, as referent. Multivariable models adjusted for same covariates in figure 1 except for the outcomes of
stroke or systemic embolism and myocardial infarction, for which a reduced model was used adjusting for age, region, diabetes
mellitus, previous stroke or systemic embolism or transient ischaemic attack, heart failure, hypertension, previous myocardial
infarction, previous peripheral artery disease/coronary artery bypass graft/percutaneous coronary intervention, prior warfarin/
vitamin K agonist treatment, randomised treatment and all biomarkers. BMI, Body Mass Index; MI, myocardial infarction; SE,

systemic embolism.

waist circumference and outcomes on the overall cohort
except for a 13% risk reduction in all-cause mortality.
However, it is noteworthy that in women, abnormal waist
circumference was also associated with a 21% lower risk
of the composite endpoint independent of the biomarker
levels. There was no significant association between BMI
or waist circumference and major bleeding in multivari-
able analysis adjusting for biomarker levels.

Elevated levels of inflammatory markers have been
associated with initiation and persistence of AF*?’ and
found to predict cardiovascular outcomes including
death in patients with AF.*"***' % Adipose tissue is a source
of primary inflammatory cytokines that play a central
role in obesity-induced inflammation and specific inflam-
matory mediators.”® ** Prior work has found BMI is an
independent predictor of increased serum levels of CRP,
tumour necrosis alpha (TNF-0) and IL-6 among obese
women compared with controls.”® Importantly, a reduc-
tion of 10% in body weight was associated with relevant
reductions in these inflammatory markers. Similarly, we
found the highest levels of both hs-CRP and IL-6 in our
obese patients with AF and the association with higher
BMI remained significant in multivariable analysis. In
contrast, serum levels of GDF-15, a marker of oxidative
stress and inflammation and prognostic marker for death
and bleeding in AF,” were lower in obese compared
with non-obese patients. There is growing evidence from
both experimental and human studies” ™ to strongly
suggest the role of GDF-15 in regulating body weight by
suppressing appetite via its receptor GFRAL in the brain-
stem and its effects on metabolic function by improving

glucose intolerance, and these may be more predominate,
explaining the higher levels in our non-obese patients.
In the present analysis, the obesity paradox persisted
after adjusting for all baseline characteristics, comorbid-
ities and biomarkers. We also observed a graded reduc-
tion in all-cause mortality, cardiac death and composite
endpoint from overweight to obesity. There are several
explanations for this finding. In our study and other
randomised clinical trials demonstrating an obesity
paradox in AF,'*'*1% age, which is an important prognostic
factor, was lower in the overweight and obese patients
compared with normal and is an important confounder
concerning all biomarker levels. We also found lower
levels of NT-pro-BNP, one of the strongest biomarkers
with prognostic value in AF,' * among the obese in our
cohort. In obesity, lower ANP levels and production of
TNF-0. receptors may reduce inflammation, alter the
arrhythmogenic substrate and add a protective mecha-
nism, while an increase in plasma GDF-15 levels, as seen
in our non-obese patients, has been linked to anorexia/
cachexia seen in cancer and other chronic disease (ie,
heart failure) and poor outcomes.” In addition, the
use of ACE inhibitor therapy was higher among our
obese patients with AF, and data suggest blockage of the
renin-angiotensin system is anti-inflammatory (reducing
levels of CRP and IL-6), improves endothelial function,
prevents atrial fibrosis and remodelling, and reduces
morbidity and mortality.™* It is possible that cardiac,
renal and inflammatory biomarkers have differing effects
with some more pronounced than others, and this may,
in part, explain the persistence of the obesity paradox.
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Outcome N Events HR P-value
Waist circumference Number of (%/year) BMI 18.5-25 Effect of
Gender patients as reference BMI
Stroke/SE
Men-Normal 4556 123 (1.45)
Men-High 4756 111 (1.21) 1.07 (0.80-1.43) 0.6382 ]
Women-Normal 1478 57 (2.07)
Women-High 3646 95 (1.34) 0.77 (0.54-1.11) 0.1609 ]
Mi
Men-Normal 4556 42 (0.49)
Men-High 4756 56 (0.61) 1.11(0.72-1.72) 0.6301 L]
Women-Normal 1478 14 (0.50)
Women-High 3646 31(0.44) 0.73(0.36-1.47) 0.3716 L]
All deaths
Men-Normal 4537 371 (4.29)
Men-High 4741 332 (3.57) 0.91(0.77-1.07) 0.2703 ]
Women-Normal 1471 110 (3.90)
Women-High 3634 204 (2.83) 0.78 (0.61-1.01) 0.0623 ]
Stroke/SE/Ml/death
Men-Normal 4537 482 (5.72)
Men-High 4741 450 (4.96) 0.95(0.83-1.10) 0.4967 L]
Women-Normal 1471 152 (5.58)
Women-High 3634 290 (4.12) 0.79 (0.64 - 0.98) 0.0343 L]
Cardiac death
Men-Normal 4537 194 (2.24)
Men-High 4741 175(1.88) 0.95(0.76 - 1.19) 0.6697 ]
Women-Normal 1471 57 (2.02)
Women-High 3634 89(1.23) 0.69(0.48-1.01) 0.0548 L]
Major bleed
Men-Normal 4500 209 (2.70)
Men-High 4709 215(2.59) 1.07 (0.87-1.33) 0.5119 L]
Women-Normal 1452 72 (2.95)
Women-High 3613 154 (2.48) 1.01(0.74-1.38) 0.9268 L]
| I N R B
04 06 08 1 12 14
HR

Figure 3 Multivariable-adjusted HRs and 95% Cls for outcomes for waist circumference according to sex. Waist
circumference men <102 cm and women <88 cm, as referent. Multivariable models adjusted for same covariates in figure 1.
BMI, Body Mass Index; MI, myocardial infarction; SE, systemic embolism.

Importantly, certain biomarkers are associated with
pathological processes reflective of a variety of underlying
comorbidities or conditions, and this non-specific nature
may also explain why no independent effect after adjust-
ment in relation to the obesity paradox was observed.
The favourable prognosis associated with overweight and
obesity in patients with AF is likely complex and multifac-
torial and requires further investigation.

A previous substudy of ARISTOTLE demonstrated for
the first time that abnormal waist circumference is also
associated with a favourable prognosis.]1 In this analysis,
we found the obesity paradox, measured by waist circum-
ference, was present in models adjusting for markers of
inflammation but was no longer evident when adjusting
for biomarkers indicating myocardial and renal function
alone. The different prognostic value of waist circum-
ference, as compared with BMI, may be a reflection of
the different measures of adiposity. While BMI reflects
total adiposity, abdominal adiposity better reflects meta-
bolic abnormalities** ** that lead to the development of
cardiovascular risk factors and cardiovascular disease,
and adjustment of biomarkers specific to those condi-
tions may explain the attenuated results. Additional
investigations are needed to better understand differing

measures of adiposity, the underlying pathophysiology
and outcomes in AF treated with anticoagulation therapy.

We did demonstrate that sex differences exist with
respect to waist circumference and outcomes. Although
not well understood, there are data to suggest rates
of accumulation of abdominal adiposity relative to
concomitant losses of fat-free mass with advancing age
differ among sexes, that is, mean waist circumference
increases substantially more for each decade of age in
women more than men.** In postmenopausal women,
as reflected in our cohort, accumulation of visceral fat
is markedly accelerated while lean body mass is less.* **
This increased abdominal adiposity potentially leads to
greater metabolic reserve and ability to deal with stress
compared with lean individuals resulting in a protective
mechanism.*” **

This is a prospective study with the largest cohort of
patients with AF and biomarkers, various measures of
adiposity and strictly adjudicated outcomes. There are
limitations that warrant discussion. First, baseline BMI
and waist circumference were used and therefore the
associations between long-term changes in adiposity
measures on outcomes were not assessed. Second, it
is possible that other unmeasured biomarkers may
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explain the ‘obesity paradox’. Adipocytes are known
to synthesise specific inflammatory mediators such
as adiponectin, leptin and resistin, which act on a
variety of tissues to influence physiological processes.*
Adiponectin is a plasma protein known to have protec-
tive effects against obesity-related inflammatory
conditions* while abnormal levels of leptin has been
associated with low body weight,” which may contribute
to poor nutritional status’ and may lead to intolerance
of metabolic stress™® and poor outcomes.’® Evaluation
of these peptide hormones and the interplay between
other inflammatory and cardiovascular biomarkers for
measures of adiposity are needed. Third, this is a clin-
ical trial population, which may differ than a general AF
population with relation to obesity and consequently
confer varying risk on outcomes even after adjusting
for various biomarkers. Fourth, there may be presence
of residual confounding after adjusting for a range of
confounding variable in our models.

In summary, this large prospective cohort of patients
with anticoagulated AF supports that adiposity is asso-
ciated with an improved survival irrespective of clinical
factors and markers indicating myocardial and renal
dysfunction and inflammation. Further research is
needed to better understand the obesity paradox.
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