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Aim To investigate the association of anthropometric parameters [height, weight, body mass index (BMI), body surface area
(BSA), and lean body mass (LBM)] with outcomes in atrial fibrillation (AF).

Methods
and results

Ten-thousand two-hundred twenty patients were enrolled [40.3% females, median age 70 (62–77) years, followed for 728
(interquartile range 653–745) days]. Sex-specific tertiles were considered for the five anthropometric variables. At the end
of follow-up, survival free from all-cause death was worse in the lowest tertiles for all the anthropometric variables ana-
lyzed. On multivariable Cox regression analysis, an independent association with all-cause death was found for the lowest
vs. middle tertile when body weight (hazard ratio [HR] 1.66, 95%CI 1.23–2.23), BMI (HR 1.65, 95%CI 1.23–2.21), and BSA
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(HR 1.49, 95%CI 1.11–2.01) were analysed in female sex, as well as for body weight in male patients (HR 1.61, 95%CI 1.25–
2.07). Conversely, the risk ofMACEwas lower for the highest tertile (vs. middle tertile) of BSA and LBM inmales and for the
highest tertile of weight and BSA in female patients. A higher occurrence of haemorrhagic events was found for female
patients in the lowest tertile of height [odds ratio (OR) 1.90, 95%CI 1.23–2.94] and LBM (OR 2.13, 95%CI 1.40–3.26).

Conclusions In AF patients height, weight, BMI, BSA, and LBM were associated with clinical outcomes, with all-cause death being higher
for patients presenting lower values of these variables, i.e. in the lowest tertiles of distribution. The anthropometric vari-
ables independently associated with other outcomes were also different between male and female subjects.
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Introduction
Atrial fibrillation (AF) is associated with a wide variety of risk factors,
including demographic factors, health behaviours, and other clinical
conditions. These associations may create a substrate for the devel-
opment and maintenance of the arrhythmia, also affecting the ten-
dency towards an evolution from paroxysmal to more advanced
forms.1–10 Several studies have evaluated the relationship between
obesity and AF, leading to the intriguing concept of the obesity para-
dox11–16 without reducing the important role of weight loss and ex-
ercise in AF management, in an integrated approach.17–19 While
higher body mass index (BMI) and obesity attracted major interest,
much less attention has been dedicated to other anthropometric
variables, such as height and lean body mass (LBM), although more
recently they were object of investigation with regard to association
with incident AF.20,21 No data are available from large-scale observa-
tional studies on the potential association between a series of an-
thropometric parameters and outcomes, when measured in the
same group of patients with an established diagnosis of clinical AF.

The purpose of our study is to investigate the association of differ-
ent anthropometric parameters [i.e. weight, height, BMI, body sur-
face area (BSA), and LBM] with outcomes in a large population
cohort of unselected patients with AF.

Methods

Study design and cohort
The EURObservational Research Programme on AF (EORP-AF)
Long-Term General Registry is a prospective, observational, large-scale
multicentre registry, held by the European Society of Cardiology (ESC)
and endorsed by the European Heart Rhythm Association (EHRA), en-
rolling AF patients in current cardiology practices in 250 centres from
27 participating ESC countries. Both in- and outpatients were enrolled
consecutively when presenting with AF as primary or secondary.22–24

The enrolment period was from October 2013 to September 2016.
The detailed description of the design and baseline characteristics have
been reported previously.23–25

Main inclusion criteria were the following: (i) the qualifying AF event
had to be recorded by a 12-lead electrocardiogram (ECG), 24 h ECG
Holter, or other electrocardiographic documentation within 12 months
before enrolment; (ii) age should be 18 years and older; and (iii) written
informed consent form. Exclusion criteria were the following: (i) no ob-
jective proof of AF; (ii) being previously enrolled in the EORP-AF Pilot
Registry; or (iii) being or planned to be enrolled in a pharmacological

interventional clinical trial. The study protocol was substantially similar
to that of the EORP-AF Pilot Registry reported elsewhere.26 An institu-
tional review board for every participating institution approved the study
protocol. The study was performed according to the European Union
Note for Guidance on Good Clinical Practice CPMP/ECH/135/95 and
the Declaration of Helsinki.

Thromboembolic risk was defined according toCongestive Heart Failure,
Hypertension, Age≥ 75 years, Diabetes Mellitus, Stroke/Transient
Ischaemic Attack, Vascular Disease, Age 65–74 years, Sex Category
(Female) (CHA2DS2-VASc) score.

1,2 Bleeding risk was assessed according
to Hypertension, Abnormal renal/liver function, Stroke, Bleeding, Labile
INR, Elderly (.65 years), Drug/Alcohol consumption (HAS-BLED).1

Symptomatic status was defined according to EHRA score.1

For the purpose of our analysis, patients were divided into two sub-
groups according to male and female sex, in view of the epidemiological
differences27 and the potential different impact on outcomes.28 We
therefore considered five anthropometric parameters including
height (cm), weight (kg), BMI (weight/height2), BSA (=0.007184×
height0.725×weight0.425), and LBM (kg) the latter calculated according
to the Boer formula.29

All these parameters were analyzed by dividing each of the two popu-
lations, male and female, into homogeneous tertiles. All the baseline data
[risk factors, cardiovascular (CV) pathologies, comorbidities, and treat-
ments] and the characteristics of AF were reported for each anthropo-
metric data, following this division in tertiles. Patients who had
withdrawn consent and those for which complete anthropometric
data were not available were not considered.

Follow-up and adverse outcomes
Follow-up was performed at 1 and 2 years after enrollment, both with in
office-visit or by phone call or health questionnaires. During follow-up,
we recorded the following major adverse clinical events: (i) all-cause
deaths; (ii) any haemorrhagic events; (iii) any thromboembolism (TE) (in-
cluding stroke, transient ischaemic attack, and any peripheral embolism);
(iv) any acute coronary syndrome; and (v) CV death.

Investigators reported all available details about incident major ad-
verse clinical events on the centralized electronic case report form.

All-cause death was the primary endpoint of the present analysis.
Major adverse cardiovascular events (MACEs, as the composite of the
any TE/ACS/CV death according to EORP AF General Long-Term
Registry protocol) and any haemorrhagic events (i.e. intracranial bleed-
ing, major bleeding or clinically relevant non-major bleeding) were con-
sidered as secondary endpoints.

Statistical analysis
All continuous variables were reported as median and interquartile range
(IQR). Among-group comparisons were made using non-parametric
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tests, Mann–Whitney U, or Kruskal–Wallis test when appropriate.
Categorical variables were reported as counts and percentages.
Among-group comparisons were made using a χ2 test or Fisher’s exact
test, when appropriate.

Plots of Kaplan–Meier curves for all-cause death and MACE according
to tertiles were performed. Univariate and multivariable Cox regression
analyses were performed to establish the relationship between the vari-
ous anthropometric data and all-cause death and MACE. All the variables
at entry with a p-value,0.10 in the univariate analysis and variables con-
sidered of relevant clinical interest were included in the multivariable
models. We checked the assumption of proportionality by visual inspec-
tion and by a comparison with time-dependent covariates. In case of vio-
lation of the assumption we replaced the covariate with corresponding
time-dependent covariate. The results are presented as hazard ratio
(HR), with 95% confidence interval (95% CI).

For haemorrhagic events, since all the specific data to perform a
time-to-event data analysis were not available, we used univariate and
multivariable logistic regression analyses to evaluate the relationship be-
tween anthropometric measures and the occurrence of the outcome.
The multivariable model was built by introducing all the variables with
a p-value,0.10 in the univariate analysis and variables considered of rele-
vant clinical interest. Results are expressed as odds ratio (OR) and 95%
CI.

Detection for multicollinearity for each multivariable model was per-
formed through the inspection of variance inflation factor values. No
multicollinearity was detected.

The full lists of tested variables in the multivariable analyses (both Cox
regression and logistic regression models) are shown in the
Supplementary material online.

A two-sided p-value ,0.05 was considered statistically significant.
False discovery rates for the primary outcome (all-cause death) were
controlled using Benjamini–Hochberg procedure.

All analyses were performed using SPSS statistical software (IBMCorp.
Released 2019. IBM SPSS Statistics for Macintosh, Version 26.0. Armonk,
NY: IBM Corp).

Results
From October 2013 to September 2016, 11 096 patients were en-
rolled in 250 centres from 27 participating European countries,
4512 (40.7%) female; mean age 69+ 11 years. Overall, 68.5% pa-
tients were enrolled in a specialized centre, whereas 52.2% of pa-
tients were enrolled in-hospital and 47.8% were enrolled as
outpatients.
For the present analysis a final population of 10 220 patients was

considered, 6101 males (59.7%) and 4119 females (40.3%). Patient
characteristics at baseline, AF characterization and pharmacological
treatments at enrolment divided according to sex, are shown in
Table 1. The most reported AF subtype was permanent AF in both
the subgroups (34.7% for males and 34.0% for female patients, re-
spectively), whereas 24.0% of males and 29.4% of female patients
had paroxysmal AF.
Hypertension was the most commonly reported comorbidity

both in male and female (60.0% and 65.0%, respectively), whereas
2808 patients had a concomitant diagnosis of coronary artery dis-
ease, with a greater prevalence in male (32.7%) than in female
(23.5%, p, 0.001). A concomitant history of heart failure was found
in 2535 male patients (41.6%) and 1769 female (42.9%). A previous
thromboembolic event (defined as previous stroke, TIA, or systemic

embolism) was recorded in 648 male (10.7%) and in 499 female pa-
tients (12.3%), while a previous major haemorrhagic event was re-
ported in 292 male patients (4.8%) and 244 (6.0%) females.
Among non-cardiac risk factors or comorbidities, chronic kidney dis-
ease (CKD) was the most commonly reported (31.4%), with preva-
lence in female sex (38.8% vs. 26.4%, p, 0.001). Overall, median
CHA2DS2-VASc and median HAS-BLED score were higher in female
patients compared to males (Table 1).

Anthropometric data
The population, considering separately males and females, were ana-
lysed according to distribution into tertiles for the following an-
thropometric data: height, weight, BMI, BSA, and LBM calculated
with the Boer formula. The results in terms of limits of every tertile,
median values, and other distribution values are shown in Table 2.

The general characteristics of the population, in particular CV risk
factors, underlying cardiac disease, comorbidities, and therapies, for
every anthropometric variable, according to distribution into tertiles
are shown in see Supplementary material online, Tables S1–S5.

For any anthropometric variable considered, the lowest tertile of
distribution was associated with older age, both in male and female
patients. A different distribution of some risk factors and comorbid-
ities was found, with a higher prevalence of hypertension in the high-
est tertile of weight and BMI for both sexes. For diabetes, the
prevalence was higher in the lowest tertile of height, but was higher
in the highest tertiles of weight, BMI, BSA, and LBM, for both sexes.
For CKD, the prevalence was higher in the lowest tertile of height,
BSA, and LBM, both in male and female patients and only in male
for weight.

Antithrombotic treatments
Overall, the proportion of patients treated at baseline with oral an-
ticoagulants, considering as indication a CHA2DS2VASc.0 in males
and .1 in females, was 88.6% (4813/5433) for male patients and
87.1% (3348/3843) for female patients.

Antithrombotic treatments at baseline for male and female pa-
tients, according to distribution into tertiles for the analyzed an-
thropometric factors are shown in see Supplementary material
online, Table S6. The lowest tertiles of distribution according to
weight (p, 0.001 for male, p = 0.013 for females), BMI (p, 0.001
for male, p= 0.025 for females), BSA (p, 0.002 for male, p=
0.004 for females) and LBM (p= 0.001 for male, p= 0.014 for fe-
males) were associated with a relatively higher proportion of pa-
tients without antithrombotic therapy (see Supplementary material
online, Table S6).

Long-term follow-up
Patients were followed for a median of 728 (IQR 653–745) days. At
the end of the follow-up, all-cause death occurred in 540 male (9.2%)
and 383 female patients (9.7%); MACE in 540 (9.7%) male and 349
(9.4%) female patients, respectively. Haemorrhagic events were re-
ported in 230 (4.1%) male and 150 (4.1%) female patients. Other
outcomes are reported in Table 3. As shown in Table 3, the occur-
rence of all-cause death and CV death differed significantly according
to the distribution in tertiles for the analyzed anthropometric vari-
ables, with a higher occurrence in the lowest tertiles of all the an-
thropometric variables.
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Table 1 Baseline characteristics of the whole population divided in male and female sex

Whole population

N=10220

Male

N=6101 (59.7)

Female

N=4119 (40.3)

P-value

M vs. F

Age (years), median (IQR) 70 (62–77) 68 (60–76) 73 (66–79) ,0.001

Age classes, n (%) ,0.001

Age ,65 3168/10 220 (31.0) 2263/6101 (37.1) 905/4119 (22.0)

Age 65–74 3439/10 220 (33.6) 2000/6101 (32.8) 1439/4119 (34.9)

Age≥ 75 3613/10 220 (35.4) 1838/6101 (30.1) 1775/4119 (43.2)

Ethnic origin—Caucasian, n (%) 9425/10 211 (92.3) 5690/6096 (93.3) 3735/4115 (90.8) ,0.001

Hypertension, n (%) 6286/10 136 (62.0) 3632/6055 (60.0) 2654/4081 (65.0) ,0.001

Diabetes mellitus, n (%) 2351/10 160 (23.1) 1353/6064 (22.3) 998/4096 (24.4) 0.016

Smoking (current), n (%) 908/9530 (9.5) 702/5681 (12.4) 206/3849 (5.4) ,0.001

No physical activity, n (%) 3720/10 219 (36.4) 1888/6101 (30.9) 1832/4118 (44.5) ,0.001

Lipid disorder, n (%) 4071/9810 (41.5) 2414/5868 (41.1) 1657/3942 (42.0) 0.38

HF history, n (%) 4304/10 220 (42.1) 2535/6101 (41.6) 1769/4119 (42.9) 0.16

CAD, n (%) 2808/9661 (29.1) 1907/5832 (32.7) 901/3829 (23.5) ,0.001

Valvular disease, n (%) 2361/10 021 (23.6) 1274/6002 (21.2) 1087/4019 (27.0) ,0.001

Dilated CMP, n (%) 861/10 107 (8.5) 675/6044 (11.2) 186/4063 (4.6) 0.001

Hypertrophic CMP, n (%) 310/10 099 (3.1) 169/6036 (2.8) 141/4063 (3.5) 0.06

Restrictive CMP, n (%) 19/10 217 (0.2) 11/6100 (0.2) 8/4117 (0.2) 0.29

PAH, n (%) 707/10 217 (6.9) 349/6100 (5.7) 358/4117 (8.7) ,0.001

Previous TE events, n (%) 1147/10 126 (11.3) 648/6058 (10.7) 499/4068 (12.3) 0.015

Previous ischaemic stroke, n (%) 605/10 218 (5.9) 352/6101 (5.8) 253/4117 (6.1) 0.020

Previous TIA, n (%) 310/10 218 (3.0) 170/6101 (2.8) 140/4117 (3.4) 0.006

Previous PE/DVT, n (%) 209/10 218 (2.0) 108/6101 (1.8) 101/4117 (2.5) 0.002

Previous haemorrhagic events, n (%) 536/10 119 (5.3) 292/6049 (4.8) 244/4070 (6.0) 0.010

Peripheral vascular disease, n (%) 799/10 003 (8.0) 497/5981 (8.3) 302/4022 (7.5) 0.15

Liver disease, n (%) 285/10 161 (2.8) 173/6067 (2.9) 112/4094 (2.7) 0.73

COPD, n (%) 903/10 145 (8.9) 585/6061 (9.7) 318/4084 (7.8) 0.001

Dementia, n (%) 129/10 181 (1.3) 60/6080 (1.0) 69/4101 (1.7) 0.002

Anaemia, n (%) 524/10 187 (5.1) 248/6081 (4.1) 276/4106 (6.7) ,0.001

Malignancy (current+ prior), n (%) 755/10 219 (7.3) 412/6101 (6.7) 343/4118 (8.3) 0.003

CKD, n (%) 3210/10 200 (31.4) 1612/6101 (26.4) 1598/4119 (38.8) ,0.001

LVEF (%), median (IQR) 55 (45–62) 55 (44–61) 58 (50–63) ,0.001

GFR (CKD-EPI) (ml/min/1.73m2), median (IQR) 69 (53–84) 73 (58–87) 64(49–80) ,0.001

GFR (Cockroft Gault) (ml/min), median (IQR) 74 (55–97) 82 (61–105) 65 (48–85) ,0.001

CHA2DS2VASc, median (IQR) 3 (2–4) 2 (1–4) 4 (3–5) ,0.001

HASBLED, median (IQR) 1 (1–2) 1 (1–2) 2 (1–2) ,0.001

CHA2DS2VASc .0 M, . 1 F, n (%) 9280/10 212 (90.9) 5434/6097 (89.1) 3846/4115 (93.5) ,0.001

HASBLED≥ 3, n (%) 1751/10 220 1040/6101 (17.0) 711/4119 (17.3) 0.77

AF type, n (%)

Paroxysmal 2631/10 055 (26.2) 1436/5993 (24.0) 1195/4062 (29.4) ,0.001

Persistent 1961/10 055 (19.5) 1270/5993 (21.2) 691/4062 (17.0) ,0.001

Permanent 3463/10 055 (34.4) 2081/5993 (34.7) 1382/4062 (34.0) 0.41

Long-standing persistent 449/10 055 (4.5) 294/5993 (4.9) 155/4062 (3.8) 0.02

First diagnosed 1551/10 055 (15.4) 912/5993 (15.2) 639/4062 (15.7) 0.48

EHRA score, median (IQR) 2 (1–2) 2 (1–2) 2(1–2) ,0.001

Pharmacological management

Any antiarrhythmic treatment, n (%) 2846/10 210 1734/6097 (28.4) 1112/4113 (27.0) 0.12

ACE-inhibitors, n (%) 4288/10 211 (42.0) 2683/6098 (44.0) 1605/4113 (39.0) ,0.001

ARBs, n (%) 1992/10 208 (19.5) 1062/6096 (17.4) 930/4112 (22.6) ,0.001

Beta-blockers, n (%) 7014/10 213 (68.7) 4147/6098 (68.0) 2867/4115 (69.7) 0.19

Digoxin, n (%) 1458/10 209 (14.3) 777/6096 (12.7) 681/4113 (16.6) ,0.001

Continued
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Kaplan–Meier curves showed that survival free from all-cause
death (Figure 1A and B) was significantly different according to ter-
tiles of all the anthropometric variables, being worse for patients
in the lowest tertiles, as compared with both the middle and the
highest tertile, for male patients. For female sex, the survival from
all-cause death was similar for the middle and highest tertiles, for
all the anthropometric variables that were considered, while it
was worse for the lowest tertiles for all anthropometric variables.
On multivariable Cox regression analysis, a significant association
between anthropometric factors and mortality was confirmed, in
terms of significantly increased risk, for the lowest tertile of
weight in males and for the lowest tertiles of weight, BMI and
BSA in female patients (Figure 2). The other variables significantly
associated with mortality are shown in see Supplementary
material online, Tables S7 and S8 and included age, heart failure,
CKD, and anaemia for both sexes.
Kaplan–Meier curves showed that for survival free from MACE

(any TE, any ACS, or CV death), the highest tertile had the most
favorable outcome, but differences vs. the other tertiles varied
according to the anthropometric variables taken into account. In
male patients, outcome differences were more evident when BSA
and LBM were considered (see Supplementary material online,
Figure S1A).
For female patients, the better outcome for the highest tertile was

confirmed only when weight, BSA, and LBM were considered (see
Supplementary material online, Figure S1B). At the multivariable
Cox regression analysis, a significant association between anthropo-
metric factors and MACE was found in terms of lower risk for the
highest tertile of BSA and LBM for male patients, while for female
subjects a lower risk for the highest tertile was found for weight
and BSA (see Supplementary material online, Figure S2, top panels).
The other variables significantly associated with MACE are shown
in Supplementary material online, Tables S9 and S10 and included
heart failure and CKD for both sexes, as well as age and CAD in
male patients.
The multivariable logistic regression analysis for haemorrhagic

events (see Supplementary material online, Figure S2, bottom panels,
Tables S11 and S12) showed for males no differences according to
tertiles of the anthropometric variables, while for female patients,
the lowest tertiles of height and LBM were associated with a higher
occurrence of haemorrhagic events.

Discussion
The present study is derived from a European prospective registry
based on voluntary participation that enrolled more than 11 000 pa-
tients in 250 centres from 27 countries across Europe. The analysis
evaluated a series of anthropometric variables examining the associ-
ation with patient clinical profile at baseline and the implications for
long-term outcome according to the distribution in tertiles, for male
and female patients, respectively.

Our study shows that in AF patients, height, weight, BMI, BSA, and
LBM are associated with clinical outcomes, with all-cause death being
higher for patients presenting lower values of these variables, i.e. in
the lowest tertiles of distribution. Moreover, the anthropometric
variables independently associated with other outcomes differ be-
tween male and female subjects.

While previous papers in the literature were focused on the rela-
tionship between anthropometric variables and incident AF,20,30–32

no detailed information is available, in comparative terms, on the re-
lationship between anthropometric factors and outcome in patients
with clinical AF. Additionally, none of the previous large scale regis-
tries considered up to now the outcome implications of a series of
anthropometric factors assessed in the same cohort. Moreover, sev-
eral studies on the outcome of AF patients were derived from multi-
centre studies including patients from different continents with
different ethnicities thus conditioning major differences in patients
profiles and anthropometric variables according to ethnicities.33,34

The present study is the first focused on the relationship between an-
thropometric variables and outcome in European AF patients. Our re-
sults showed that patient profile at baseline assessment is substantially
different in terms of risk factors and comorbidities when patients are
classified according to tertiles of weight, BMI, BSA, and LBM, with im-
portant clinical implications for long-term outcome, especially in terms
of all cause death, for both sexes. The analysis, based on specific an-
thropometric factors of easy assessment in daily practice, was done sep-
arately according to sex, since some reports suggest that for incident AF
the presence of obesity and severe obesity are associatedwith increased
risk of AF, but with an interaction between sex and BMI.35

Our study is original in evaluating a series of variables, such as BMI,
BSA, and LBM, that can describe the anthropometric profile through
a simple assessment in practice, since they were all derived from
height and weight. In literature, most of the studies were focused
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Table 1 Continued

Whole population

N=10220

Male

N=6101 (59.7)

Female

N=4119 (40.3)

P-value

M vs. F

Diuretics, n (%) 5188/10 210 (50.8) 2965/6097 (48.6) 2223/4113 (54.0) ,0.001

Aldosterone blockers, n (%) 1799/10 209 (17.6) 1065/6096 (17.5) 734/4113 (17.8) 0.84

DHP—CCB, n (%) 1703/10 211 (16.7) 974/6097 (16.0) 729/4114 (17.7) 0.07

Non-DHP—CCB, n (%) 547/10 210 (5.4) 282/6096 (4.6) 265/4114 (6.4) ,0.001

Statins, n (%) 4316/10 211 (42.3) 2676/6098 (43.9) 1640/4113 (39.9) ,0.001

ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CCB, calcium channel blockers, CKD, chronic kidney
disease; CMP, cardiomyopathy; COPD,chronic obstructive pulmonary disease; DHP, Dihydropyridine; EHRA¸European Heart Rate Association; F, females; GFR, glomerular filtration
rate; HF, heart failure; IQR, interquartile range; LVEF, left ventricular ejection fraction; M, males; n, number; PAH, pulmonary artery hypertension; TIA, transient ischaemic attack; TE,
thromboembolic.
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on BMI or weight.36 While assessment of BSA does not seem to add
striking clinical hints over BMI, LBM appears of interest since it may
be the expression of a lower muscular mass which in terms of mus-
cular strength may reflect patient frailty.37–40

The findings of our study show that anthropometric factors are
associated with patient outcomes, with a higher occurrence of death
in the lowest tertiles of all the variables. However, major differences
in patient profile and comorbidities among the tertiles have to be
considered. Using the multivariable Cox regression indeed, only
weight was found significantly associated with death in both male
and female subjects. Our study highlights that low body weight
is associated with adverse outcomes, suggesting that also in AF
there is evidence of the association between underweight and
worse outcomes, as reported for the general population41,42

and in patients with previous history of CV disease.43 We found
that patients with low body weight, particularly male patients,
have a higher prevalence of chronic diseases (such as heart failure,
coronary artery disease, valvular heart disease, CKD, peripheral
artery disease, chronic obstructive pulmonary disease, and de-
mentia), and therefore they appear to be characterized by a vari-
able combination of aging, clinical complexity frailty and
multimorbidity. These findings expand previous studies available
in literature,37,38,44–46 suggesting the need for coordinated and in-
tegrated care, in a multidisciplinary setting.25,47

Moreover, our study adds to current knowledge that the adverse
outcomes related to specific anthropometric profiles are not limited
to very low body weight, but extend to the lower tertiles of others
anthropometric variables, with some differences between sex. It is
noteworthy that the association between low body weight and mor-
tality was found even after adjusting for the use of antithrombotic
treatments, indicating that this association goes beyond the well-
known association between low body weight and bleeding.11,48

Stratification of the population according to BMI, a variable cate-
gorized in defined classes according toWHO, showed that in our co-
hort the lowest tertile included patient with a normal BMI, themiddle
tertile patients with overweight and the upper tertile patients with
obesity, thus indicating that in Europe the prevalence of over-
weight/obesity is consistent, appearing even higher among AF pa-
tients as compared to what reported for middle age European
subjects.49

The prevalence of obesity is increasing worldwide and in recent
years increasing evidence indicate that overweight and obesity are as-
sociated with higher incidence, prevalence, severity, and progression
of AF as compared with normal weight subjects.12,50 This has led to
consider weight control as a key component of an integrated ap-
proach to AF management1,47,51 in order to improve AF care.
With regard to outcome in AF patients with obesity, many contribu-
tions in literature analysed the controversial concept of the obesity
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Table 2 Distribution according to tertiles for anthropometric data, in male and female patients

Male

Lowest tertile Middle tertile Highest tertile

Height (cm) ,172 172–178 .178

Median; IQR; min–max 164; 160–168;140–171 175; 173–177; 172–178 183; 180–186; 179–210

Weight (kg) ,80 80–90 .90

Median; IQR; min–max 70; 63–75; 33–79 85; 81–88; 80–90 100; 95–110; 91–205

BMI (kg/m2) ,25.8 25.8–29.4 .29.4

Median; IQR; min–max 23.8; 22.2–24.8; 13.6–25.7 27.5; 26.6–28.4; 25.8–29.4 32.7; 31.0–35.5; 29.5–64.4

BSA (m2) ,1.90 1.90–2.10 .2.10

Median; IQR; min–max 1.77; 1.67–1.85; 1.23–1.92 1.99; 1.95–2.03; 1.92–2.08 2.19; 2.13–2.28; 2.10–3.02

LBM (kg) ,59.4 59.4–65.5 .65.5

Median; IQR; min–max 49.9; 45.2–54.9; 28.0–59.4 62.2; 60.9–63.7; 59.4–65.5 70.1; 67.5–73.9; 65.5–113.6

Female

Lowest tertile Middle tertile Highest tertile

Height (cm) ,160 160–164 .164

Median; IQR; min–max 155; 152–158; 140–159 162; 160–163; 160–164 175; 170–180; 165–210

Weight (kg) ,67 67–80 .80

Median; IQR; min–max 60; 56–64; 33–66 73; 70–76; 67–79 90; 90–100; 80–205

BMI (kg/m2) ,25.5 25.5–29.9 .29.9

Median; IQR; min–max 23.7; 22.2–24.7; 13.6–25.5 27.5; 26.5–28.7; 25.6–29.9 33.0; 31.2–35.8; 30.0–64.0

BSA (m2) ,1.70 1.70–1.85 .1.85

Median; IQR; min–max 1.61; 1.55–1.66; 1.23–1.68 1.78; 1.74–1.81; 1.70–1.84 2.01; 1.93–2.14; 1.86–3.02

LBM (kg) ,44.90 44.90–49.40 .49.4

Median; IQR; min–max 41.8; 39.6–43.5; 28.8–44.9 47.2; 46.1–48.3; 44.9–49.4 60.9; 55.6–66.6; 49.4–113.6

BMI, body mass index; BSA, body surface area; IQR, interquartile range; LBM, lean body mass.
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Table 3 Outcomes at the end of follow-up for male and female patients according to anthropometric data

Lowest tertile Middle tertile Highest tertile Total P-value

Male

Height

All-cause death, n (%) 204/1686 (12.1) 200/2170 (9.2) 136/2022 (6.7) 540/5878 (9.2) ,0.001a

MACE, n (%) 206/1627 (12.7) 204/2071 (9.9) 130/1878 (6.9) 540/5576 (9.7) ,0.001

Any TE, n (%) 36/1615 (2.2) 44/2065 (2.1) 41/1873 (2.2) 121/5553 (2.2) 0.98

Any ACS, n (%) 97/1620 (6.0) 103/2065 (5.0) 52/1874 (2.8) 252/5559 (4.5) ,0.001

Stroke/TIA, n (%) 27/1686 (1.6) 35/2170 (1.6) 28/2022 (1.4) 90/5878 (1.5) 0.80

CV death, n (%) 88/1624 (5.4) 73/2071 (3.5) 45/1876 (2.4) 206/5571 (3.7) ,0.001

Haemorrhagic events, n (%) 84/1615 (5.2) 88/2062 (4.3) 58/1872 (3.1) 230/5549 (4.1) 0.008

Weight

All-cause death, n (%) 254/1894 (13.4) 157/1910 (8.2) 129/2074 (6.2) 540/5878 (9.2) ,0.001a

MACE, n (%) 218/1813 (12.0) 182/1791 (10.2) 140/1972 (7.1) 540/5576 (9.7) ,0.001

Any TE, n (%) 40/1802 (2.2) 44/1784 (2.5) 37/1967 (1.9) 121/5553 (2.2) 0.47

Any ACS, n (%) 89/1806 (4.9) 88/1785 (4.9) 75/1968 (3.8) 252/5559 (4.5) 0.16

Stroke/TIA, n (%) 33/1894 (1.7) 33/1910 (1.7) 24/2074 (1.2) 90/5878 (1.5) 0.23

CV death, n (%) 106/1811 (5.9) 60/1790 (3.4) 40/1970 (2.0) 206/5571 (3.7) ,0.001

Haemorrhagic events, n (%) 87/1802 (4.8) 70/1782 (3.9) 73/1965 (3.7) 230/5549 (4.1) 0.19

BMI

All-cause death, n (%) 229/1894 (12.1) 173/2035 (8.5) 138/1949 (7.1) 540/5878 (9.2) ,0.001a

MACE, n (%) 202/1784 (11.3) 185/1923 (9.6) 153/1869 (8.2) 540/5576 (9.7) 0.006

Any TE, n (%) 44/1774 (2.5) 42/1913 (2.2) 35/1866 (1.9) 121/5553 (2.2) 0.46

Any ACS, n (%) 76/1779 (4.3) 96/1914 (5.0) 80/1866 (4.3) 252/5559 (4.5) 0.46

Stroke/TIA, n (%) 34/1894 (1.8) 34/2035 (1.7) 22/1949 (1.1) 90/5878 (1.5) 0.19

CV death, n (%) 97/1782 (5.4) 61/1920 (3.2) 48/1869 (2.6) 206/5571 (3.7) ,0.001

Haemorrhagic events, n (%) 79/1774 (4.5) 76/1910 (4.0) 75/1865 (4.0) 230/5549 (4.1) 0.73

BSA

All-cause death, n (%) 232/1784 (13.0) 188/1951 (9.6) 120/2143 (5.6) 540/5878 (9.2) ,0.001a

MACE, n (%) 210/1713 (12.3) 199/1837 (10.8) 131/2026 (6.5) 540/5576 (9.7) ,0.001

Any TE, n (%) 35/1704 (2.1) 49/1826 (2.7) 37/2023 (1.8) 121/5553 (2.2) 0.17

Any ACS, n (%) 96/1708 (5.6) 83/1827 (4.5) 73/2024 (3.6) 252/5559 (4.5) 0.013

Stroke/TIA, n (%) 28/1784 (1.6) 40/1951 (2.1) 22/2143 (1.0) 90/5878 (1.5) 0.028

CV death, n (%) 94/1710 (5.5) 80/1837 (4.4) 32/2024 (1.6) 206/5571 (3.7) ,0.001

Haemorrhagic events, n (%) 91/1703 (5.3) 74/1824 (4.1) 65/2022 (3.2) 230/5549 (4.1) 0.005

LBM

All-cause death, n (%) 247/1920 (12.9) 176/1917 (9,2) 117/2041 (5.7) 540/5878 (9.2) ,0.001a

MACE, n (%) 224/1846 (12.1) 194/1801 (10.8) 122/1929 (6.3) 540/5576 (9.7) ,0.001

Any TE, n (%) 41/1834 (2.2) 47/1793 (2.6) 33/1926 (1.7) 121/5553 (2.2) 0.16

Any ACS, n (%) 100/1838 (5.4) 83/1794 (4.6) 69/1927 (3.6) 252/5559 (4.5) 0.023

Stroke/TIA, n (%) 34/1920 (1.8) 37/1917 (1.9) 19/2041 (0.9) 90/5878 (1.5) 0.22

CV death, n (%) 99/1843 (5.4) 76/1801 (4.2) 31/1927 (1.6) 206/5571 (3.7) ,0.001

Haemorrhagic events, n (%) 96/1833 (5.2) 71/1791 (4.0) 63/1925 (3.3) 230/5549 (4.1) 0.009

Female

Height

All-cause death, n (%) 145/1179 (12.3) 113/1196 (9.4) 125/1570 (8.0) 383/3945 (9.7) ,0.001a

MACE, n (%) 121/1131 (10.7) 111/1118 (9.9) 117/1453 (8.1) 349/3702 (9.4) 0.058

Any TE, n (%) 28/1121 (2.5) 26/1112 (2.3) 40/1449 (2.8) 94/3682 (2.6) 0.79

Any ACS, n (%) 47/1122 (4.2) 45/1113 (4.0) 48/1452 (3.3) 140/3687 (3.8) 0.45

Stroke/TIA, n (%) 25/1179 (2.1) 17/1196 (1.4) 31/1570 (2.0) 73/3945 (1.9) 0.40

CV death, n (%) 53/1129 (4.7) 49/1117 (4.4) 40/1450 (2.8) 142/3696 (3.8) 0.021

Haemorrhagic events, n (%) 67/1122 (6.0) 34/1112 (3.1) 49/1448 (3.4) 150/3682 (4.1) 0.001

Weight

Continued
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paradox, already reported in several CV disease state. Although
obesity is an important CV risk factor in the general population, it
has been reported that patients with established CV disease and
an elevated BMI experience better outcomes than patients with a
normal BMI.13,52 The analysis performed in the present study was
not focused on this debated and intriguing concept11,12 since we con-
sidered the distribution in tertiles of our European patients and we
enlarged the interest to other anthropometric variables. Indeed,
some of our findings are compatible with an obesity paradox, al-
though much more evident when weight rather than BMI was con-
sidered. It is noteworthy that on multivariable Cox analysis, a high
BMI was associated with better outcomes in female but not in
male patients, in full agreement with the findings of a previous
EORP registry, with a much smaller patient sample (EORP AF Pilot
study),28 suggesting that the limitations in approaching obesity using
BMI, which is an imperfect measure of adiposity, may have a different
impact on outcomes between male and female AF patients.

Although BMI indicates overweight relative to height, it does not
discriminate between fat mass and LBM.53,54 This constitutes one
of the many reservations that are associated with the concept of
the obesity paradox. When MACE were analysed, BMI and weight
were not significantly associated with the outcome at multivariable
Cox analysis, indicating the complex factors involved in the assess-
ment of the obesity paradox.55

While underweight accounts for only few patients among
European countries (2% in middle age subjects according to a recent
survey),49 the lowest tertiles of weight and BMI were found asso-
ciated with an increased risk of death, that according to the multivari-
ate analysis, was also expression of the contribution of
comorbidities. In two studies related to Asian population, an in-
creased risk for patients with low body weight (,60 kg or under-
weight (BMI, 18.5 kg/m2) has been previously highlighted.56,57

Our study suggests that even the lowest tertiles of weight, corre-
sponding in our European cohort to weights below 80 and 67 kg
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Table 3 Continued

Lowest tertile Middle tertile Highest tertile Total P-value

All-cause death, n (%) 173/1226 (14.1) 107/1324 (8.1) 103/1395 (7.4) 383/3945 (9.7) ,0.001a

MACE, n (%) 120/1161 (10.3) 127/1237 (10.3) 102/1304 (7.8) 349/3702 (9.4) 0.048

Any TE, n (%) 25/1150 (2.2) 39/1230 (3.2) 30/1302 (2.3) 94/3682 (2.6) 0.24

Any ACS, n (%) 40/1152 (3.5) 59/1233 (4.8) 41/1302 (3.1) 140/3687 (3.8) 0.077

Stroke/TIA, n (%) 21/1226 (1.7) 31/1324 (2.3) 21/1395 (1.5) 73/3945 (1.9) 0.25

CV death, n (%) 69/1158 (6.0) 38/1234 (3.1) 35/1304 (2.7) 142/3696 (3.8) ,0.001

Haemorrhagic events, n (%) 52/1151 (4.5) 52/1230 (4.2) 46/1301 (3.5) 150/3682 (4.1) 0.44

BMI

All-cause death, n (%) 165/1309 (12.6) 116/1293 (9.0) 102/1343 (7.6) 383/3945 (9.7) ,0.001a

MACE, n (%) 125/1232 (10.1) 106/1195 (8.9) 118/1275 (9.3) 349/3702 (9.4) 0.54

Any TE, n (%) 32/1221 (2.6) 29/1189 (2.4) 33/1272 (2.6) 94/3682 (2.6) 0.95

Any ACS, n (%) 45/1223 (3.7) 48/1192 (4.0) 47/1272 (3.7) 140/3687 (3.8) 0.88

Stroke/TIA, n (%) 27/1309 (2.1) 22/1293 (1.7) 24/1343 (1.8) 73/3945 (1.9) 0.77

CV death, n (%) 64/1229 (5.2) 36/1192 (3.0) 42/1275 (3.3) 142/3696 (3.8) 0.009

Haemorrhagic events, n (%) 54/1222 (4.4) 43/1189 (3.6) 53/1271 (4.2) 150/3682 (4.1) 0.59

BSA

All-cause death, n (%) 179/1205 (14.9) 99/1290 (7.7) 105/1450 (7.2) 383/3945 (9.7) ,0.001a

MACE, n (%) 128/1147 (11.2) 118/1206 (9.8) 103/1349 (7.6) 349/3702 (9.4) 0.010

Any TE, n (%) 26/1133 (2.3) 37/1202 (3.1) 31/1347 (2.3) 94/3682 (2.6) 0.37

Any ACS, n (%) 45/1136 (4.0) 53/1203 (4.4) 42/1349 (3.1) 140/3687 (3.8) 0.22

Stroke/TIA, n (%) 21/1205 (1.7) 31/1290 (2.4) 21/1450 (1.4) 73/3945 (1.9) 0.17

CV death, n (%) 70/1143 (6.1) 38/1205 (3.2) 34/1348 (2.5) 142/3696 (3.8) ,0.001

Haemorrhagic events, n (%) 59/1134 (5.2) 44/1202 (3.7) 47/1346 (3.5) 150/3682 (4.1) 0.06

LBM

All-cause death, n (%) 183/1288 (14.2) 100/1293 (7.7) 100/1364 (7.3) 383/3945 (9.7) ,0.001a

MACE, n (%) 135/1229 (11.0) 115/1209 (9.5) 99/1264 (7.8) 349/3702 (9.4) 0.026

Any TE, n (%) 30/1217 (2.5) 27/1202 (2.2) 37/1263 (2.9) 94/3682 (2.6) 0.54

Any ACS, n (%) 50/1219 (4.1) 50/1204 (4.2) 40/1264 (3.2) 140/3687 (3.8) 0.35

Stroke/TIA, n (%) 24/1288 (1.9) 23/1293 (1.8) 26/1364 (1.9) 73/3945 (1.9) 0.97

CV death, n (%) 68/1226 (5.5) 45/1207 (3.7) 29/1263 (2.3) 142/3696 (3.8) ,0.001

Haemorrhagic events, n (%) 74/1218 (6.1) 37/1202 (3.1) 39/1262 (3.1) 150/3682 (4.1) ,0.001

ACS, acute coronary syndrome; BMI, body mass index; BSA, body surface area; CV, cardiovascular; LBM, lean body mass; MACE, major adverse cardiovascular events (composite of
any TE, any ACS, and/or CV death); n, numbers; TIA, transient ischaemic attack; TE, thromboembolism.
aAdjusted P-values after Benjamini–Hochberg procedure.
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Figure 1 Kaplan–Meier curves for all-cause death in male (A) and female patients (B) according to anthropometric data. BMI, body mass index;
BSA, body surface area; LBM, lean body mass.
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in male and female patients, respectively, are exposed to a higher risk
of death as compared to the middle tertile.

These findings indicate the need to adhere to the recommenda-
tions for integrated care included in 2020 ESCAF guidelines,1,25,58 es-
pecially for patients with the lowest values of anthropometric
factors, who have a more complex profile in terms of age, comorbid-
ities and predicted outcome for death andMACE.Our data with regard
toMACE indicate that in a population of AF patients with a high propor-
tion of patients treated with anticoagulants, outcome events are domi-
nated by all-cause death, with a relatively low rate of stroke events.

A higher occurrence of haemorrhagic events was found for female
patients in the lowest tertiles of height. This constitutes a novel find-
ing extending to the setting of patients with AF treated with oral an-
ticoagulants what previously found in a community study in terms of
a an increased risk of haemorrhagic stroke in female subjects with an
inverse association with stature.59

This finding, despite it needs to be confirmed in further studies,
suggests a more careful patient surveillance for the risk of bleeding
in patients with low stature. In our study the lowest tertile of LBM
in female subjects was associated with an increased haemorrhagic
risk. The evaluation of LBM deserves interest, since for AF incidence,
an high LBM may be more important than the fat tissue in condition-
ing the risk of AF development.20,60,61

In a large Danish registry cohort, where LBM was measured at
baseline to obtain fat and LBM estimates, LBM was the predominant
anthropometric risk factor forAF development at long term,whereas
no association was observed for either of the obesity-related an-
thropometric measures after adjustment for LBM.20 Although for
LBM, the assessment with bioelectrical impedance or dual-energy
X-ray absorptiometry, may provide a more accurate assessment of
body composition, the advantage of our analysis is that LBM was de-
rived from standard parameters according to Boer’s formula.29 This

may offer potentially useful additional information on AF manage-
ment and outcome prediction on a series of anthropometric vari-
ables, of easy assessment at bedside. This is in line with the
perspective of an integrated and more personalized approach to pa-
tients with AF.1,25

Study limitations
Our study has inherent limitations. In view of the observational
nature of our study, we cannot exclude the effect of residual con-
founding, and our results should be considered to be hypothesis-
generating. Despite the multivariable models were adjusted for
several variables, given the observational nature of the study, our
findings have to be interpreted in terms of associations and may
be affected by confounding.

The analysis that we performed was based on data collected at
baseline and did not take into account changes in body weight during
follow-up.Moreover, the assessment of different aspects of body hab-
itus has to consider the inter-relationships between anthropometric
variables, but we evaluated the association between each anthropo-
metric variable and outcome independently on the other anthropo-
metric variables. A specific limitation of our analysis relies in the
calculation of the LBM.Wedid notmeasure LBM through bioelectric-
al impedance-derived measures but we used the Boer equation29

which was derived from studies in healthy subjects. Despite clinical
height- and weight-based formulae may be used in clinical practice,
the Boer formula has been reported to be less accurate as compared
to imaging/impedance modalities, such as dual-energy x-ray absorpti-
ometry computed tomography (CT) or positron emission tomog-
raphy (PET)/CT scans. We have to recognize that in view of these
limitations LBM is less used in clinical practice, as compared to the
other anthropometric variables evaluated in this analysis.

Figure 2 Multivariable Cox regression analysis for all-cause death in male (A) and female patients (B) with regard to tertiles of anthropometric
data. The full results of the Cox regression analysis are shown in see Supplementary material online, Tables S7 and S8. BMI, body mass index; BSA,
body surface area; CI, confidence interval; IQR, interquartile range; LBM, lean body mass; HR, hazard ratio; ref, reference.
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Conclusions
Anthropometric factors, such as height, weight, BMI, BSA, and LBM
(calculated with the Boer formula) are associated with important dif-
ferences in patient’s profile with regard to risk factors and
co-morbidities, with a clinical value that goes beyond their epidemio-
logical significance. Moreover, these anthropometric variables are as-
sociated with outcomes, with a higher occurrence of death in the
lowest tertiles for all the anthropometric variables considered,
with differences among male and female subjects. A higher occur-
rence of haemorrhagic events was found for female patients in the
lowest tertiles of height and in the lowest tertile of LBM, suggesting
further research in the field, since LBM has not been object of studies
on outcome in patients with AF.

Supplementary material
Supplementary material is available at European Journal of Preventive
Cardiology.
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Tarnów: J. Karasiński, J. Blicharz, M. Skura, Warsaw: K. Hałas,
L. Michalczyk, Z. Orski, K. Krzyżanowski, A. Skrobowski, Warsaw:
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