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Relation of Body Mass Index With Adverse Outcomes Among Patients
With Atrial Fibrillation: A Meta-Analysis and Systematic Review

Wengen Zhu, MD;* Rong Wan, MD;* Fuwei Liu, MS; Jinzhu Hu, MD; Lin Huang, MD; Juxiang Li, MD; Kui Hong, MD, PhD

Background—Several studies have investigated the impact of body mass index (BMI) on the prognosis of atrial fibrillation, but the
results remain controversial. We sought to estimate the association of BMI with atrial fibrillation—related outcomes.

Methods and Results—We systematically searched the Cochrane Library, PubMed, and Elsevier databases for all studies reporting
associations between BMI and atrial fibrillation—related outcomes. Relative risks (RRs) and 95% Cls were extracted and pooled.
Nine studies with 49 364 participants were included. Underweight BMI was associated with an increased risk of stroke or systemic
embolism (RR 1.67, 95% Cl 1.12—-2.49), all-cause mortaliity (RR 2.61, 95% ClI 2.21-3.09), and cardiovascular death (RR 2.49, 95%
Cl 1.38-4.50). Nevertheless, the pooled RRs of overweight and obese patients were lower than those of normal-weight patients for
stroke or systemic embolism (overweight: RR 0.91, 95% Cl 0.80—1.04; obese: RR 0.84, 95% Cl 0.72-0.98; grade 1 obesity: RR
0.89, 95% Cl 0.71-1.11; grade 2 obesity: RR 0.64, 95% Cl 0.45-0.91; grade 3 obesity: RR 0.82, 95% Cl 0.54—1.25), all-cause death
(overweight: RR 0.78, 95% Cl 0.62—0.96; obese: RR 0.84, 95% Cl 0.64—1.10; grade 1 obesity: RR 0.64, 95% Cl 0.57—-0.73; grade 2
obesity: RR 0.70, 95% Cl 0.47—1.03; grade 3 obesity: RR 0.72, 95% Cl 0.59-0.88), and cardiovascular death (overweight: RR 0.79,
95% Cl 0.58—1.08; obese: RR 0.99, 95% Cl 0.79-1.24).

Conclusions—Underweight BMI is associated with an increased risk of stroke or systemic embolism, cardiovascular death, and all-
cause death in Asian patients with atrial fibrillation, whereas in all atrial fibrillation patients, overweight and obese BMI was not
associated with increased risks of these outcomes. (/ Am Heart Assoc. 2016;5:e¢004006 doi: 10.1161/JAHA.116.004006)
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Atrial fibrillation (AF), the most frequent type of cardiac
rhythm disorder in clinical practice, is associated with
elevated cardiovascular and cerebrovascular morbidity and
mortality. Because of the increased incidence and prevalence
of AF, more attention has been placed on the management
and prevention of AF." It is well known that AF is not only
closely associated with stroke or systemic embolism (SSE)
but also associated with all-cause death.” Although several
risk-scoring systems have shown modest predictive ability for
stroke risk, most variables considered in those systems are
not modifiable risk factors. To improve the estimation of
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stroke risk, it is important to explore the modifiable risk
factors for clinical outcomes in AF patients.

Obesity is a modifiable cardiovascular risk factor,®> and
body mass index (BMI; in kg/m?) is the most commonly used
anthropometric measure of the degree of adiposity. Prior
studies have reported that obesity is an independent risk
factor for the incidence, recurrence, and progression of AF.47
A previous meta-analysis of 97 studies found that overweight
BMI (25 to <30) was significantly associated with lower all-
cause mortality and that moderate obesity (BMI 30 to <35)
was not associated with higher mortality.® Consequently, it
seems that overweight and moderately obese patients have
more favorable prognosis than those with normal BMI. This
counterintuitive phenomenon has been referred to as the
“obesity paradox.” To date, the existence of the obesity
paradox has been documented in patients with noncardio-
vascular diseases, including diabetes mellitus,”'® chronic
kidney disease'" (particularly among hemodialysis patients'?),
and stroke'® as well as cardiovascular diseases, including
coronary artery disease,'* hypertension,'® and heart failure.'®
Nevertheless, the data on the impact of obesity on adverse
outcomes in AF patients are conflicting. A cross-sectional
study of 480 AF patients showed no association between
obesity and risk of thromboembolic events.'” In the
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prospective Danish Diet, Cancer, and Health study, obesity
was associated with a worse prognosis in AF patients.'® In
addition, a weight loss intervention program for patients with
AF was able to reduce the burden of AF."%2° In contrast, an
association between obesity and better survival and outcomes
in AF patients has also been reported.”""?* Because of these
inconsistencies, the obesity paradox in AF patients is still not
fully understood. The aim of this meta-analysis was to
evaluate the association between BMI and clinical outcomes
in patients with AF.

Methods

The protocol and reporting of the results of this meta-analysis
were based on the Meta-Analysis of Observational Studies in
Epidemiology guidelines.?® Ethics approval was not provided
because we performed this meta-analysis using data only
from published studies.

Literature Search and Study Selection

We systematically searched the Cochrane Library, PubMed,
and Elsevier databases through May 2016 for studies
published in any language that reported adverse outcomes
of AF based on BMI. Three groups of key words were
combined using the Boolean operator “and”. The first group of
key words was linked to body mass (“body mass index” OR
“body weight” OR “obesity” OR “overweight” OR “central
obesity”). The second group was linked to the type of
diagnosis (“atrial fibrillation” OR “atrial flutter” OR “atrial
tachycardia” OR “supraventricular tachycardia” OR “arrhyth-
mia”). The last group of key words was linked to outcomes
(“cardiac death” OR “cardiovascular death” OR “mortality” OR
“death” OR “stroke” OR “systemic embolism” OR “throm-
boembolism”). We also reviewed reference lists and confer-
ence abstracts to identify other relevant studies.

Clinical studies were included if they fulfilled the following
criteria: (1) included nonvalvular AF patients; (2) were

Records identified through
database searching (n=2140)
Elsevier (n=1026)
Cochrane Library (n=124)

PubMed(n=990)

l —

Full-text studies
screened
(n=614)

Records excluded based
on titles/abstracts
screening
(n=1526)

Full-text studies
assessed for eligibility
(n=24)

][ Eligibility ] [ Screening ][ Identification ]

=

)

E

i) Studies included in this

= meta-analysis
(n=9)

Records excluded (studies
not related to obesity and
the outcomes of AF;
n=590)

15 studies were excluded with reasons

+ Cross-sectional study (n=2);
Certain publication types with no data
(n=3);
Studies with duplicate data (n=1)
Studies not regarding BMI as a categorical
variabl, or not reporting the standard of
BMI classification (n=4);
Studies evaluating the effect of smoking
on the the progression or recurrence of AF
(n=2);
Studies regarding “overweight” as the
reference (n=1);
studies regarding evaluating the effect of
BMI on the the composite endpoints
(n=2).

Figure 1. Overview of the research strategy. AF indicates atrial fibrillation; BMI, body mass index.
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Table 2. Quality Assessment of the 9 Included Studies

Selection Outcome
Study Exposed Nonexposed Ascertainment Outcome Assessment Length Adequacy
(First Author, Year) Cohort Cohort of Exposure of Interest Comparability of Outcome of Follow-up of Follow-up Total
Sandhu, 2016 * * * * . * ¥ N 9
Proietti, 20168 * * * * . ¥ * " 9
Inoue, 2016 * * * * - * " " 9
Kwon, 2016 * * * * . . N . 5
Wang, 2015% * * * * . % * " 9
Pandey, 2016*' * * * * ok * " * 9
Hamatani, 2015%2 | * * * * ok N " " 9
Overvad, 2013 * * * * . % * N 9
Ardestani, 2010% | * * * * - * N * 9

Asterisks represent stars used in the Newcastle—Ottawa Scale.

designed as randomized controlled trials or observational
(prospective or retrospective cohort) studies (post hoc
analyses of randomized controlled trials were deemed equiv-
alent to observational studies®¥); (3) assessed primary
outcomes that included SSE, all-cause death, and
cardiovascular death; and (4) assessed BMI as a categorical
variable according to the standard World Health Organization
(WHO) definition,?® in which “normal weight” is defined as BMI
18.5 to <25, underweight as BMI <18.5, overweight as 25 to
<30, and obese as BMI >30. Studies with insufficient data
were excluded from this meta-analysis. For multiple publica-
tions and reports using the same data, we included the
articles with the longest follow-up or the largest numbers of
participants.

Data Extraction and Quality Assessment

Two researchers (W.G.Z. and R.W.) screened the titles and
abstracts of the studies independently. The full texts of the
selected titles or abstracts were reviewed for more detail
using the aforementioned inclusion criteria. Any disagree-
ments were resolved through discussion or by a third
researcher (K.H.) if needed. For each study, the following
data were recorded: first author, year of publication, geo-
graphic location, participants (sex, age, and sample size),
follow-up duration in years, outcomes, BMI categories,
maximum adjusted covariates, and relative risks (RRs) with
95% Cls. If both unadjusted and adjusted RRs existed in 1
study, the most completely adjusted RRs were extracted. The
Newcastle—Ottawa Scale (NOS) items, with a total score of 9
stars, were used to evaluate the quality of the observational
studies.?® We defined studies with a NOS score >6 stars as
moderate to high quality and studies with a NOS score <6
stars as low quality.

Statistical Analyses

All statistical analyses were performed using Review Manager
(RevMan) version 5.30 software (Nordic Cochrane Center;
http://ims.cochrane.org/revman). The RRs were used as the
common risk estimates and then were pooled by the
software. To examine the influence of individual studies on
the pooled results, a sensitivity analysis was performed by
removing each study. Consistency was evaluated using the
Cochrane Q test as well as the |1 statistic. 1% values of <25%,
50%, and >75% represented low, moderate, and high incon-
sistency, respectively. To estimate the pooled RRs more
conservatively, we used random rather than fixed-effects
models because the former is better able to explain the
between-study heterogeneity. A subgroup analysis and sen-
sitivity analysis were performed to explore the sources of
heterogeneity if appropriate. A funnel plot was drawn to
assess the degree of possible publication bias. A visually
significant asymmetry in the funnel plots indicated major
publication bias. A P<0.05 indicated statistical significance.

Results

Study Selection

As shown in Figure 1, we initially identified 2140 studies in
the Cochrane Library (n=124), PubMed (n=990), and Elsevier
(n=1026) databases. No additional studies were identified
through manual searches. We excluded 1526 studies based
on screening the title or abstract, and the full text of the
remaining 614 studies was reviewed. Of those, 590 studies
were not related to obesity and the outcomes of AF and so
were excluded. The 24 remaining studies were then reviewed
in more detail, and 15 of the 24 were excluded for the
following reasons: (1) cross-sectional design (n=2)""?";
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Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Underweight versus normal
Wang 2015 0.191 0.519 14.0% 1.21[0.44-3.35] B
Inoue 2016 0.199 0.339 29.4% 1.22 [0.63-2.37] B el
Hamatani 2015 0.756 0.218 56.6% 2.13[1.39-3.27] .
Subtotal (95% ClI) 100.0% 1.67 [1.12-2.49] <
Heterogeneity: 12 = 0.03; > = 2.44, df =2 (P = 0.29); I = 18%
Test for overall effect: Z=2.53 (P = 0.01)
1.1.2 Overweight versus normal
Proiteei 2016 -0.545 0.255 6.9% 0.58 [0.35-0.96] N
Sandhu 2016 -0.151 0.118 32.2% 0.86 [0.68-1.08] -
Kwon 2015[CHS] -0.139 0.233 8.3% 0.87 [0.55-1.37] D
Pandey 2015 -0.083 0.153 19.1% 0.92 [0.68—1.24] i i
Inoue 2016 -0.062 0.227 8.7% 0.94 [0.60—1.47] -
Kwon 2015[ARIC] -0.01 0.294 5.2% 0.99 [0.56-1.76] -1
Overvad 2013 0.131 0.163 16.9% 1.14 [0.83-1.57] ™
Wang 2015 0.262 0.401 2.8% 1.30 [0.59-2.85] =
Subtotal (95% CI) 100.0% 0.91 [0.80-1.04] "

Heterogeneity: 12 = 0.00; ¥* = 6.20,df =7 (P = 0.52); I = 0%
Test for overall effect: Z=1.34 (P =0.18)

1.1.3 Obese versus normal

Proiteei-2016 -0.693 0.271 8.1%
Inoue 2016 -0.342 0.595 1.7%
Sandhu 2016 -0.236 0.131 34.5%
Pandey 2015 -0.117 0.153 25.3%
Kwon 2015[CHS] -0.083 0.296 6.8%
Kwon 2015[ARIC] -0.02 0297 6.7%
Overvad 2013 -0.02 0.192 16.1%
Wang 2015 0.829 0.777 1.0%

Subtotal (95% CI) 100.0%
Heterogeneity: 1 = 0.00; ¥*=6.78,df=7 (P = 0.45); > = 0%
Test for overall effect: Z = 2.27 (P = 0.02)

0.50 [0.29-0.85]
0.71 [0.22-2.28]
0.79 [0.61-1.02]
0.89 [0.66—1.20]
0.92 [0.52-1.64]
0.98 [0.55-1.75]
0.98 [0.67-1.43]
2.29 [0.50-10.51]
0.84 [0.72—-0.98]

of

0|.l.|.|
T

0.01 0.1 10 100

-

Figure 2. Forest plot of the association between body mass index and stroke or systemic embolism in patients with AF. AF indicates atrial
fibrillation; ARIC, Atherosclerosis Risk in Communities; CHS, Cardiovascular Health Study; IV, inverse variance; SE, standard error.

(2) publication type (2 reviews?”?® and 1 comment®?); (3) BMI
not used as a categorical variable (n=3)*°"32 or standard BMI
classification not reported (n=1)%%; (4) study evaluated the
effect of BMI on the progression or recurrence of AF (n=2)%7;
(5) “overweight” was used as the reference (n=1)?%; (6) study
evaluated the effect of BMI on a composite end point of SSE,
all-cause death, or cardiovascular death (n=2)**°°; and (7)
duplicate data were used (n=1).>¢ Finally, 9 studies (1
retrospective cohort study, 5 prospective cohort studies,
and 3 post hoc analyses of randomized controlled trials)
comprising 49 364 participants were included in this meta-
analysis. 83744

The detailed characteristics of the included studies are
provided in Table 1. All studies grouped their patients using
the standard WHO BMI categories. In the study by Kwon

et al,®? which included 2 cohorts, the Atherosclerosis Risk in
Communities (ARIC) and Cardiovascular Health Study (CHS)
cohorts were studied separately. Two studies further catego-
rized obesity into grade 1 (BMI 30 to <35), grade 2 (BMI 35 to
<40), and grade 3 (BMI >40).>”*" There was a linear increase
in age from the obese patients (67.3+£1.6 years) to the
underweight patients (80.4=1.8 years). As shown in Table 2,
the reporting quality of the included studies was globally
acceptable because all studies had a NOS score of >6 stars.

Meta-Analysis
BMI and SSE

As shown in Figure 2 and Table 3, underweight BMI was
significantly associated with an increased risk of SSE (RR

DOI: 10.1161/JAHA.116.004006
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Table 3. Summary of the Random-Effects RRs of the Associations Between BMI and Adverse Outcomes Among Patients With AF

SSE All-Cause Death Cardiovascular Death
BMI Categories No. of RRs Summary RR (95% Cl) No. of RRs Summary RR (95% Cl) No. of RRs Summary RR (95% Cl)
Underweight (BMI <18.5) 3 1.67 (1.12-2.49)* 3 2.61 (2.21-3.09)* 2 2.49 (1.38-4.50)*
Overweight (25 to <30) 8 0.91 (0.80-1.04) 7 0.78 (0.62-0.96)* 5 0.79 (0.58-1.08)
Obese (BMI >30) 8 0.84 (0.72-0.98)* 7 0.80 (0.64-1.10) 5 0.99 (0.79-1.24)
Grade 1 obesity (30 to <35) 2 0.89 (0.71-1.11) 2 0.64 (0.57-0.73)* NA NA
Grade 2 obesity (35 to <40) 2 0.64 (0.45-0.91)* 2 0.70 (0.47-1.03) NA NA
Grade 3 obesity (BMI >40) 2 0.82 (0.54-1.25) 2 0.72 (0.59-0.88)* NA NA

AF indicates atrial fibrillation; BMI, body mass index; NA, not available; RR, relative risk; SSE, stroke or systemic embolism.

*P<0.05 indicates statistical significance.

1.67, 95% Cl 1.12-2.49; P=0.01). In contrast, overweight BMI
was not associated with an increased risk of SSE (RR 0.91,
95% Cl 0.80—1.04; P=0.18). The obese group (RR 0.84, 95% ClI
0.72-0.98; P=0.02) had a lower risk of SSE than the normal-
weight group. In addition, the summary RRs were 0.89 (95% CI
0.71-1.11), 0.64 (95% Cl 0.45-0.91), and 0.82 (95% Cl 0.54—
1.25) for grade 1, 2, and 3 obesity, respectively (Table 3).

BMI and all-cause death

As shown in Figure 3 and Table 3, underweight BMI was
significantly associated with an increased risk of all-cause
death (RR 2.61, 95% Cl 2.21-3.09; P<0.00001). In contrast,
overweight BMI was associated with a decreased risk of all-
cause death (RR 0.78, 95% Cl 0.62-0.96; P=0.02), and
obesity was not associated with an increased risk of all-cause
death (RR 0.84, 95% Cl 0.64—-1.10; P=0.21). In addition, the
summary RRs were 0.64 (95% Cl 0.57-0.73), 0.70 (95% ClI
0.47-1.03), and 0.72 (95% Cl 0.59-0.88) for grade 1, 2,and 3
obesity, respectively (Table 3).

BMI and cardiovascular death

As shown in Figure 4 and Table 3, underweight BMI was
significantly associated with an increased risk of cardiovascu-
lar death (RR 2.49, 95% Cl 1.38-4.50; P=0.003). Overweight
BMI (RR 0.79, 95% CI 0.58-1.08; P=0.14) and obesity (RR
0.99, 95% Cl 0.79—1.24; P=0.93) were not associated with an
increased risk of cardiovascular death. None of the studies
further categorized obesity into grades 1 to 3 when consid-
ering the relationship between BMI and cardiovascular death.

The pooled RRs of SSE, all-cause death, and cardiovascular
death from all studies are presented in the Figure 5. In the
sensitivity analysis, after omitting 1 study at a time, none of
the aforementioned RR values changed substantially. Specif-
ically, after we removed the retrospective study by Wang
et al,*® the results also remained stable. The RR values
mentioned above changed only slightly when we redid these
analyses with fixed-effects models.

Publication Bias

For the meta-analysis of the reported adverse outcomes of AF
based on BMI, a possible lack of publication bias was
observed by inspecting the funnel plot (Figure 6).

Discussion

In the present study, underweight BMI was associated with
increased risks of SSE, cardiovascular death, and all-cause
death, whereas both overweight and obesity were associated
with decreased risks of these outcomes. All included studies
adjusted for cardiovascular risk factors and other potential
confounders; therefore, the observed associations were less
likely to be related to confounding factors. In addition, these
results were stable in the sensitivity analyses. All studies
classified their patients using the standard WHO BMI
categories. To the best of our knowledge, our meta-analysis
is the first to quantify the association between BMI and
adverse outcomes in AF patients.

The present results indicate that underweight BMI was
significantly associated with increased risks of poor AF-
related outcomes including SSE, cardiovascular death, and all-
cause death. In addition, underweight BMI was significantly
associated with increased risk of the composite end point of
SSE, all-cause death, or cardiovascular death.®%*? The
detailed mechanisms behind the increased risk of poor
outcomes owing to low body weight remain unclear, but there
are several possible explanations. Patients with low body
weight are more susceptible to becoming ill as a result of poor
nutritional status.*® In addition, low body weight is correlated
with poor endothelial function and worse systemic inflamma-
tion, both of which contribute to platelet aggregation and
adhesion and, ultimately, SSE and death.*®*” Moreover, the
renin—angiotensin system is activated in patients with low
body weight, leading to advanced atrial fibrosis.*® Finally,
adipokines such as leptin, adiponectin, and resistin, which are
correlated with BMI, have been reported to be involved in the
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Inoue 2016 0.531 0.36 8.7%
Overvad 2013 0.344 0112 17.9%
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Test for overall effect: Z = 1.26 (P = 0.21)
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Figure 3. Forest plot of the association between body mass index and all-cause death in patients with AF. AF indicates atrial fibrillation; 1V,

inverse variance; SE, standard error.

development of AF.***° As shown by Haynes et al, low body
weight is associated with abnormal circulating adipokine
levels,”" which may contribute to eating disorders and poor
nutritional status.®? Accordingly, it is suggested that abnormal
adipokine levels could contribute to the poor outcomes in AF
patients. All 3 of the relevant included studies assessed Asian
patients with AF, and thus our results regarding the associ-
ation between underweight and adverse outcomes may not be
generalizable to AF populations in different countries.

As in patients with coronary artery disease,'* hyperten-
sion,” and heart failure,'® overweight and obese patients
with AF had lower risks of SSE, cardiovascular death, and all-
cause death than AF patients with normal BMI. The pooled
data from 2 studies®”**' further found that extreme obesity
(BMI >40) was still associated with a reduced risk of poor AF-
related outcomes. Given the small number of studies included

in this analysis, the association between extreme obesity and
prognosis of AF requires further confirmation. Consistent with
this finding, several studies have also demonstrated a
decreased risk of AF-related outcomes for each 1-U increase
in BMI.2"30:31:364T Most of these studies were conducted in
Western populations; however, the obesity standards in Asia
differ from those of Western populations, and thus differences
by race may exist. Nonetheless, overweight AF patients had a
higher survival rate compared with underweight or normal-
weight patients in a Chinese study.??

Among Japanese AF patients, neither overweight status nor
obesity was associated with increased death.** In 2 prospec-
tive studies including a mixed population,®”*® both over-
weight status and obesity were associated with decreased
risks of SSE and all-cause death. Although our meta-analysis
did not include a subgroup analysis based on race because of
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Figure 4. Forest plot of the association between body mass index and cardiovascular death in patients with AF. AF indicates atrial fibrillation;
ARIC, Atherosclerosis Risk in Communities; CHS, Cardiovascular Health Study; IV, inverse variance; SE, standard error.

the limited data, we have reason to believe that an inverse
association between BMI and AF-related outcomes exists in
other countries. In addition, considering the composite end
points of SSE, all-cause death, cardiovascular death, and
other factors,'®3436:37:3941 the overweight and obese groups
had lower RRs of 0.87 (95% Cl 0.67—1.15) and 0.82 (95% CI
0.59-1.14), respectively, than the normal-weight group (data
not shown). Furthermore, the prevalence of left atrial
appendage thrombus was not increased in overweight and
obese patients.’® Consequently, an inverse association
between BMI and composite end points also occurred, even
in patients receiving anticoagulants.®*

A previous meta-analysis of 16 studies showed a positive
association between obesity and AF,** and the prevalence of
AF has been shown to be increased in obesity.*® For the first
time, however, our cumulative meta-analysis documented the
existence of the obesity paradox in AF patients. The obesity
paradox is a phenomenon in which overweight and obese
patients with established AF seem to have a more favorable
prognosis than those with normal BMI. The underlying
mechanisms of the observed obesity paradox in AF patients

are not well understood. A possible explanation of this
phenomenon is the use of more aggressive pharmacological
interventions in overweight and obese patients, who represent
a population with a high prevalence of comorbidities and who
require closer management of cardiovascular risks.*® Further-
more, as reported, plasma renin and angiotensin levels, both
of which lead to poor outcomes, are not as high in overweight
and obese patients under stress.®® In addition, Davos et al®”
found that higher BMI could prevent death in AF patients by
providing greater metabolic reserve, namely, a better ability to
withstand the increased catabolic stress of disease develop-
ment. Furthermore, in adipose tissue, increased expression of
tumor necrosis factor o receptor has been found, and this
could help disperse inflammation and arrhythmogenic sub-
strates that are activated in cardiomyocytes.’® Finally,
natriuretic peptide levels, which have been reported to predict
stroke and mortality in AF patients, are lower in obesity.?%¢°
Interestingly, Piepoli et al®’ demonstrated that exercise
tolerance mediated the relationship between BMI and survival.

Moreover, cardiorespiratory fitness mitigates the obesity
paradox observed in patients with heart failure®'®® and
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Figure 5. The pooled relative risks of stroke or systemic
embolism, all-cause death, and cardiovascular death from all
studies.

coronary heart disease.®* Patients with relatively good
preserved cardiorespiratory fitness, for example, have shown
favorable prognosis regardless of their adiposity levels, and
thus no obesity paradox has been observed among fit
coronary heart disease patients.* Similarly, in AF, we
hypothesized that BMI-related cardiorespiratory fitness would
greatly modify the occurrence of the obesity paradox.
Physical activity is associated with small reductions in AF
risk, even in overweight patients.®>®® Our previous meta-
analysis found that a higher level of physical fitness was
associated with a lower risk of AF.®” Specifically, Pathak
et al®® studied obese patients with symptomatic AF who
were divided into 3 groups based on their baseline
cardiorespiratory fitness. After 4-year follow-up, the rate of
AF recurrence was 88%, 65%, and 34% in the low-, adequate-,
and high-fitness groups, respectively. In addition, the rate of
AF recurrence was 82% in the group with <2 metabolic
equivalent gain but only 39% in the group with >2 metabolic
equivalent gain. Whether cardiorespiratory fitness is involved
in the obesity paradox in AF patients requires further
investigation. In addition, genetic factors may be involved.?®
Lean patients who develop cardiovascular disease have gene
variants that make them more susceptible to these illnesses
and that place them at high risk when they become ill. Lean
patients with cardiovascular disease may exhibit completely
different etiology and genetic disposition than obese patients
with the same disease, and this difference may be associ-
ated with worse clinical prognosis. Another possibility is that
when chronic disease develops in lean patients, the body
becomes catabolic and requires greater energy and caloric
reserves than wusual. If these patients lack sufficient

nutritional status, they may become malnourished despite
their normal body mass.

The obesity paradox may be partly explained by the
presence of selection bias for patients with diabetes
mellitus®® or cardiovascular disease.”® Moreover, selection
bias may be a possible explanation of the paradoxical effects
of obesity on adverse outcomes in AF patients. In the
Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation (ARISTOTLE) trial, for example,
normal-weight patients with AF were more likely to have
unmeasured confounding factors (eg, older age, abnormal
renal function) other than obesity that increased their risk of
AF, and this may have introduced a selection bias. If these
unmeasured factors were also strong risk factors for adverse
outcomes, normal-weight patients with AF would have had a
higher risk of these outcomes than obese AF patients. In this
meta-analysis, obese AF patients with higher BMI were
younger than the normal-weight patients. We speculate that
obese AF patients have a higher prevalence of obesity-related
diseases (eg, coronary artery disease, cardiovascular risk
factors, diabetes mellitus) that may lead to early onset of AF.
Age is also a strong risk factor for stroke and death; therefore,
nonobese AF patients would have had more risk factors than
obese AF patients, leading to poor prognosis. Although most
of the included studies adjusted for age in the multivariate
analyses, it might not be possible to fully account for the
differences in age between BMI groups. When analyzing
observational studies on this topic in the future, we should
ensure that the start of follow-up and patient exposures
coincide.®’

Despite the obesity paradox, purposeful weight reduction
still results in several potentially beneficial effects in AF
patients. Recent studies have indicated that lifestyle modifi-
cations (eg, weight management) may help prevent and treat
AF.”" In the Aggressive Risk Factor Reduction Study for Atrial
Fibrillation and Implications for the Outcome of Ablation
(ARREST-AF), aggressive risk factor modifications (ie, weight
management) improved the long-term success of AF abla-
tion.”? Abed et al'® indicated that weight reduction with
intensive risk factor modification resulted in a decreased
burden of AF. Weight loss alone is also associated with dose-
dependent, long-term effects on reducing AF burden®®’”" and
is associated with greater AF-free survival.® In this meta-
analysis, however, data on weight reduction in obese patients
could not be collected; therefore, the impact of targeted
weight reduction was not evaluated.

Limitations

Our study had several potential limitations. First, the associ-
ation between BMI and outcomes in AF patients may be
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Figure 6. Funnel plot of the reported adverse outcomes of AF based on body mass index: (A) stroke or systemic embolism;
(B) all-cause death; (C) cardiovascular death. AF indicates atrial fibrillation; RR, relative risk; SE, standard error.

modified by sex.'® Future studies should address the role of
sex differences in the obesity paradox. Second, the primary
safety outcome of bleeding was not included in this study; the
relationship between BMI and bleeding risk in AF patients
remains controversial. Although 4 studies explored this
relationship,®”-384%42 3 pooled analysis could not be per-
formed owing to the limited data. Third, BMI is used mainly to
measure overall body size and may not assess true body
adiposity. Waist circumference is also associated with
decreased risks of all-cause death and SSE in AF patients.®”
Further studies should expand the findings on the obesity
paradox from BMI to other body composition parameters used
to estimate the degree of adiposity. Fourth, significant
heterogeneity among studies existed and may have resulted
from the differences in study design, sample size, analytic
strategies, and participant characteristics; however, a sub-
group analysis based on these factors could not be performed
owing to the limited data. Finally, although most of the
included studies adjusted for a range of confounding variables,

we could not exclude the effects of residual confounding,
which may have partly explained the obesity paradox.

Conclusions

In summary, the published literature demonstrates that under-
weight BMI is associated with increased risks of SSE, cardio-
vascular death, and all-cause death in Asian patients with AF.
Whether these findings are generalizable to all AF populations
requires further confirmation; however, neither overweight BMI
nor obesity was associated with increased risk of SSE,
cardiovascular death, and all-cause death in AF patients. Future
studies should ensure that the start of follow-up and patient
exposures are consistent between groups.
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