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Abstract

In a systematic review and random effects meta-analysis, we evaluated whether obesity is
associated with postoperative atrial fibrillation (POAF) in patients undergoing cardiac surgery.
Eighteen observational studies that excluded patients with preoperative AF were selected until
December 2011 (n=36,147). Obese patients had a modest higher risk of POAF in comparison to
non-obese (OR 1.12, 95%Cl 1.04-1.21, p=0.002). The association between obesity and POAF did
not vary substantially by type of cardiac surgery, study design or year of publication. POAF was

significantly associated with higher risk of stroke, respiratory failure, and operative mortality.



Introduction

Obesity is an established independent risk factor for atrial fibrillation (AF) [1, 2]. The strongest
evidence to date linking obesity to AF in adults comes from the Framingham study [1]. However, in
the setting of cardiac surgery, the role of obesity in postoperative atrial fibrillation (POAF) remains
uncertain and needs to be better defined. This is important for several reasons. First, more than
30% of patients undergoing coronary artery bypass grafting surgery (CABG) in the United States
are obese (body mass index [BMI] 230 Kg/m?) and despite significant advances, POAF remains the
most common complication affecting 20-40% of patients after cardiac surgery [3]. Second, POAF
incurs significant morbidity and increased risk of perioperative and long term mortality [4-8].
Finally, the increased length of hospital stay and frequent readmissions from POAF increase the
cost burden.

Several studies have attempted to examine the association between BMI and POAF with
inconsistent results. This is partly related to differences in inclusion/ exclusion criteria and study
methodologies. For example, not all studies have excluded patients with preoperative AF.
Additionally, some studies have used BMI as a continuous variable while others have used it as a
categorical variable. A previous meta-analysis of 44,647 cardiac surgery patients from 11 studies
concluded that obesity (defined as BMI > 30 kg/m?) does not pose an increased risk of POAF [9]. Of
note, this meta-analysis included also patients with preoperative AF and only one study evaluated
POAF as the main endpoint [2]. More recently, several more studies have been published and

some have suggested a strong association between obesity and post cardiac surgery AF. Here we



present a systematic review and meta-analysis of the association between obesity and POAF in

patients without pre-existing atrial fibrillation undergoing cardiac surgery.

Material and Methods

Selection of studies

A literature search was conducted by three authors in Pubmed-MEDLINE, the Web of Science and
Scopus until December 2011. The search used the MESH keywords “obesity”, “atrial fibrillation”
and “cardiac surgery” as well as the text keywords “cardiac surgery” and “atrial fibrillation”. The
search strategy of Pubmed is available in the Appendix. Our search was restricted to studies in
adults (>18 years-old), with information about POAF among patients regardless of whether BMI
was reported categorically (e.g. using a cut-off of 30 kg/mz) or as a continuous distribution in
patients with and without POAF, and published in any language. Only studies that excluded the
presence of preoperative AF and that showed data for the subgroup without preoperative AF

were eligible. Selection of abstracts was done independently by 3 reviewers (RK, VP, PV) and

discrepancies resolved by consensus.

Data extraction
Two reviewers (VP and PB) independently extracted data from studies. The following information
was extracted: age, gender, BMI, type of cardiac surgery, medical morbidities including:

hypertension, diabetes, chronic obstructive pulmonary disease (COPD), asthma, peripheral



vascular disease (PVD), coronary artery disease (CAD), cerebrovascular disease (CVD),
postoperative complications including: CVD, myocardial infarction (Ml), respiratory failure, and in-
hospital/postoperative mortality. Information regarding intensive coronary unit (ICU) and hospital
length of stay was also collected, whenever available. Two other authors (RK and AVH) reviewed

the extractions for inconsistencies, and the four authors (RK, AVH, VP and PB) reached consensus.

Evaluation of Study Quality

The order of quality of studies was considered as follows, from higher to lower: (1) prospective
cohort study; (2) retrospective cohort study; (3) case-control study and (4) cross-sectional study.
We also systematically assessed other key points of study quality proposed by the MOOSE
collaboration [10]. These key points were (1) clear identification of the study population; (2) clear
definition of outcome and outcome assessment; (3) independent assessment of outcome
parameters (i.e., ascertainment of outcomes done by researchers other than those involved in the
study); (4) selective loss during follow-up and (5) important confounders and/or prognostic factors
identified. Each point was rated as ‘yes/no’. If the description was unclear, we considered this as

’{ ’

no-.

Statistical Analysis

Our systematic review and meta-analysis follow the recommendations of the PRISMA
collaboration [11]. Our primary objective was to evaluate the association between obesity and
POAF. Due to the expected clinical heterogeneity among studies, the association between obesity

and POAF was evaluated with random effects models [12], and associations are shown as odds



ratios (OR) and 95% confidence intervals (Cl). To be able to use the information from the subset of
studies with continuous BMI information, we used the methodology reported by Chinn [13] to
transform standardized mean differences (SMD) to the equivalent OR per study. This method
works regardless of BMI values and the OR is assumed to be the same regardless of the chosen
cut-off of BMI that is used to define obesity within a reasonable range. We then calculated the
natural logarithm of the OR (logOR) and its standard error [SE(logOR)] per study for all studies in
both sets, and these were meta-analyzed using the inverse variance (IV) method incorporating
also the between-study variance estimator along with the within-study variance in the
calculations.

Secondarily, we also evaluated, when possible, the association between obesity and
secondary outcomes (stroke, respiratory failure and operative mortality), and the association
between the presence of POAF and secondary outcomes. Given the scarcity of these major events,
we used the fixed effects Mantel-Haenzel (M-H) method for the meta-analysis, since random
effects estimates are unstable in the presence of many zero counts and small event counts. The
associations were reported as OR and its 95% ClI.

Statistical heterogeneity was tested with the Chi-square test and quantified with the 2
metric (<25% low, 25-50% moderate, >50% high) and its 95% Cls [14]. We used a sequential
approach to explore whether specific studies accounted primarily for the between-study
heterogeneity [15]. To examine bias in the results of the meta-analysis, we used the Harbord test
of asymmetry of the funnel plot [16]. The Harbord test is an unbiased test for evaluating small-

study effects in funnel plot asymmetry. Funnel plot asymmetry should not be equated with



publication bias, because it can have a number of other possible causes such as true heterogeneity
between study results, poor methodological quality, reporting biases and chance [17].

To explore potential sources of heterogeneity among studies, we performed 3 sets of
subgroup analyses: by type of cardiac surgery performed (CABG only vs. CABG plus valve surgery);
by study design (prospective cohorts vs. retrospective cohorts); and by year of study publication
(below median vs. above median). We also used cumulative meta-analysis to show the evolution
of risks over time.

We performed sensitivity analysis by excluding studies where the association between
obesity and POAF was opposite to the one from the majority of other studies. For all analyses, we

used the metafor package of R (www.metafor-project.org) and the Review Manager (RevMan 5.1,

Oxford, UK; The Cochrane Collaboration, 2011).

Results

Study Characteristics

Out of a total of 190 records, eighteen studies were included (n=36,147, 12910 [36%] POAF cases)
for analysis. Among the main reasons for exclusion were presence of atrial fibrillation
preoperatively, and unavailable BMI data by POAF group (Figure 1). There were six studies that did
not provide mean BMI and their standard deviation (SD) in the POAF and non-POAF groups [18-
23]; two studies evaluated the same population [19, 20]. We did not contact authors for providing

missing information; these five studies included 13,688 patients and 3,847 (28%) POAF cases,


http://www.metafor-project.org/

which is 23% of all POAF cases including the eighteen selected studies and the five excluded
studies.

One group of studies specifically addresses the question of obesity as a risk factor for POAF
after cardiac surgery using BMI as a categorical variable (Table 1) [2, 24-26]. The second group
reports POAF as one of the outcomes after cardiac surgery, while the information about BMI is
provided as a continuous variable (Table 2) [2, 24, 25, 27-40].

Mean age ranged from 55.7 to 72.8 years, the proportion of male patients ranged between
41 and 100%, and the mean BMI ranged from 25.6 to 29.6 kg/m?. The majority of patients
underwent CABG only, four studies also underwent concomitant valve surgery [27, 35, 38-40], one
study reported valve surgery alone [33] and one did not report the type of cardiac surgery [32].
The most commonly reported postoperative outcomes were stroke [24-26, 29-35, 40] and
operative mortality [2, 24-26, 28-34, 37, 40]. Respiratory failure was reported less frequently [17,

24, 33, 34, 38].

Study Quality

Ten studies were prospective cohorts (Table 3). All studies clearly identified the study population
and defined the outcome. According to the study reports, none of the studies lost patients during
follow-up. All studies identified some important confounders and/or prognostic factors of the
association between obesity/BMI and POAF, but these were not consistently the same or defined
in the same way across studies. No adjusted estimates of the association between obesity and

POAF were available, and therefore no comparison with the unadjusted association was possible.



Meta-analysis

Obese patients had a modest higher risk of POAF in comparison to non-obese (OR 1.12, 95%Cl
1.04-1.21, p=0.002) (Figure 2). Heterogeneity among studies was nominally statistically significant
(chi-square=27.79, p=0.05) and of moderate magnitude (1°=39%, [95%Cl 0% to 94%]). The
heterogeneity was driven primarily by the study of Jideus et al.[28] : exclusion of this study yielded
a similar OR (1.12, 95%Cl 1.05-1.20) and lower heterogeneity (Chi-square=21.3, p=0.17, 1°=25%
[95%CI 0% to 88%]) (Supplementary Figure a). The Jideus et al. study had a very selected
population, with several exclusion criteria (including not only preoperative AF, but also several risk
factors for AF —heart valve disease, diabetes, chronic renal disease, COPD, reduced ejection
fraction, thyroid disorders, and use of anti-arrhythmia drugs) and a small sample size (n=80).
There was no strong evidence of small-study effects (Harbord test p=0.26).

The association between obesity and POAF did not vary significantly by type of cardiac
surgery (CABG: OR 1.14, 95%Cl 1.02-1.28 vs. CABG+other surgery: OR 1.09, 95%Cl 1.01-1.17;
p=0.49 for subgroup differences), by study design (prospective: OR 1.06, 95%Cl 0.96-1.17 vs.
retrospective OR 1.19, 95%Cl 1.08-1.31); p=0.09 for subgroup differences) or by year of
publication (1999-2007: OR 1.21, 95%Cl 1.03-1.43 vs. 2008-2011 OR 1.07, 95%Cl 1.01-1.14; p=0.17
for subgroup differences). Details are provided in the Supplementary Figures b to d. Cumulative
meta-analysis showed that a higher risk of POAF in obese patients was first observed in 2007 and
has directed slightly towards the null afterwards (Supplementary Figure e).

In secondary analyses, we found that POAF was associated with higher incidence of stroke
(OR1.77, 95%Cl 1.36-2.31, p<0.0001), respiratory failure (OR 2.11, 95%Cl 1.29-3.45, p=0.003), and

operative mortality (OR 2.76, Cl 1.77- 4.32, p<0.0001) (Figure 3). Heterogeneity was high (p=0.008,
10



1°’=71% [95%CI 24% to 100%]) and moderate (p=0.06, 1’=46% [95%C| 12% to 96%)]) for respiratory

failure and operative mortality, respectively.

Comment

We found that obesity was associated with a nominally statistically significant, slightly higher risk
of POAF, with evidence of moderate heterogeneity among studies. This association did not vary by
type of cardiac surgery, by study design or by year of publication. Secondarily, POAF was
associated with substantially higher risk of the major postoperative complications stroke,
respiratory failure and operative mortality.

The magnitude of the association between obesity and POAF is small. In fact, the meta-
analysis excludes with relatively high confidence the possibility that obesity is a strong risk factor
for POAF, since the upper 95%Cl extends only to 1.21. The true effect may even be very small or
even tiny in magnitude [41]. However, even if very small, the effect cannot be dismissed, given the
high prevalence of obesity in the community. The result of the meta-analysis corresponds to a
Bayes factor of approximately 15-25 in support of a weak effect (in the range of an odds ratio of
1.05-1.20) according to a previously published nomogram translating p-values and effect sizes into
Bayes factors [42]. Any causal inferences for this observed association have even more tenuous
support than the magnitude of the association. Many previous studies investigating the
preoperative predictors of POAF did not even evaluate BMI as a potential risk factor, while some

others have reported postoperative atrial arrhythmia [43-45] as a complication after cardiac
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surgery as opposed to POAF. BMI was first shown to be an independent risk factor for new onset
AF in the general population by Wang et al. [1] and in 2005 Zaccharias et al. [2] suggested it as an
independent risk factor for POAF after cardiac surgery. Several other studies since then have also
suggested this association [24-26, 29, 46]. The effect of BMI on POAF was reported to be more
prominent after adjustment for age [2]. It remains unclear whether BMI or some other correlated
risk factor is in the causal pathway to POAF. For example, subsequently Echahidi et al. [24]
suggested that the relationship between obesity and POAF was dependent upon age, and among
patients < 50 years in age POAF was associated primarily with metabolic syndrome (OR 2.36;
95%Cl: 1.10-5.12; p=0.02) rather than BMI.

When Wang et al. [1] introduced left atrium (LA) size into their model the effect of BMI on
POAF disappeared. Increased LA stretch, diastolic dysfunction [47] and elevated plasma volume
[48] secondary to obesity have been proposed as mechanisms for vulnerability of the left atrium
to the development of POAF. Inflammation, as measured by an increase in white blood cells, and
patient waist circumference have also been reported to be better predictors of POAF than BMI
[25].

We did not have enough information to evaluate adjusted associations between POAF and
secondary outcomes. The most likely mechanism of stroke and postoperative mortality is the
presence of cardioembolic events [34]; however, reduced cardiac output and impaired cerebral
circulation predisposes to cerebrovascular thrombosis causing non-cardioembolic stroke [49].
Impaired hemodynamics from reduced ventricular filling may explain the higher risk of respiratory

failure in POAF patients [34].
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Little information about the effect of obesity on secondary outcomes in cardiac surgery
patients is available. Habib et al. [3] in a propensity-matched analysis of 1032 patients undergoing
coronary artery bypass surgery showed that permanent stroke rate in very obese patients was
similar to the rate in normal patients (1.2% in BMI>36 kg/m2 vs. 0.8% in BMI 22 to 32 kg/mz). Also,
the rate of prolonged ventilation was non-significantly higher in very obese (9.1% vs. 6.0%,
respectively, 0.05<p<0.1). However, very obese had a significant 1.44 times higher relative risk of
12-year long term mortality vs. normal patients (p=0.02); in particular, very obese patients showed
a greater death hazard between 1 and 6 years [3]. Thus, given obesity does not seem to have a
role in the risk of stroke and respiratory failure, POAF itself may explain these secondary
outcomes.

There was heterogeneity of effects for these secondary outcomes, especially for
respiratory failure and postoperative mortality. The heterogeneity may be partially explained by
small sample sizes of most studies, by the scarcity of secondary outcomes, mainly for
postoperative mortality, and by different definitions of outcomes among studies, mainly for
respiratory failure and postoperative mortality. For example, some studies defined respiratory
failure as the presence of prolonged intubation >24h [27], prolonged intubation >24h or re-
intubation [33], and prolonged intubation >48h [24]. Also, mortality had different definitions: in-
hospital mortality [30, 31, 34], 30-day mortality [24, 32, 36] and mortality without reference to

time of follow-up [25, 28, 37, 40].

Limitations
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We recognize several limitations in our analysis. First, we performed a univariable meta-analysis,
as no access to individual patient data from individual studies was available. Second, this was a
meta-analysis of observational studies and several sources of bias are present. Subgroup analyses
for some potential confounders of the association between obesity and POAF were performed,
and we did not find any strong subgroup effects. Modest differences may well have been missed
however, and the magnitude of the overall association is quite weak to start with. In our analysis
we have not been able to infer whether obesity is the primary cause of such increased AF rate or
whether obesity is only a confounder between other risk factors (e.g. metabolic disorders) and
postoperative AF. Third, none of the studies reported data for the association between
obesity/BMI and secondary outcomes, and therefore we could not analyze this. Finally, there is
variability on how BMI associations are modeled in POAF studies. BMI was used as a continuous or
categorical variable in different studies. Previous studies evaluating morbidity and mortality
among obese patients discourage categorization of obese patients for research purposes [19, 20].
This has been shown to bias study results and for continuous variables the use of smoothed

functions has been encouraged in individual studies.

Conclusions

In patients without known history of AF and undergoing cardiac surgery, the presence of obesity
seems to be associated with slightly higher risk POAF. Although their temporal relationship is not
fully described in studies, POAF is significantly associated with higher risk of other postoperative

complications such as stroke, respiratory failure and postoperative mortality.
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Appendix

(("body mass index"[MeSH Terms] OR ("body"[All Fields] AND "mass"[All Fields] AND "index"[All
Fields]) OR "body mass index"[All Fields]) OR BMI[AIl Fields] OR ("obesity"[MeSH Terms] OR
"obesity"[All Fields])) AND ("atrial fibrillation"[MeSH Terms] OR ("atrial"[All Fields] AND
"fibrillation"[All Fields]) OR "atrial fibrillation"[All Fields]) AND ("thoracic surgery"[MeSH Terms]
OR ("thoracic"[All Fields] AND "surgery"[All Fields]) OR "thoracic surgery"[All Fields] OR
("cardiac"[All Fields] AND "surgery"[All Fields]) OR "cardiac surgery"[All Fields] OR "cardiac surgical
procedures"[MeSH Terms] OR ("cardiac"[All Fields] AND "surgical"[All Fields] AND
"procedures"[All Fields]) OR "cardiac surgical procedures"[All Fields] OR ("cardiac"[All Fields] AND

"surgery"[All Fields]))
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Tables

Table 1: Characteristics of studies evaluating the association of categorical BMI and POAF.

Surgery type, n (%) Postoperative complications, n (%)

First Author / Study BMI Age (y), CABG + Stroke RF Operative mortality
Year Published  design groups n Mean (SD) Male, n (%) CABG Sl\J/I'a;Zﬁy Valve POAF
surgery
. Non-obese 4887 1068 (21.9)
Zacharias® /2005 RC NA NA 6749 (84.0 NA NA NA
Obese 3164 (84.0) 742 (23.5)
- Non-obese 3608 3608 (100) 927 (25.7)
Echahidi?* / 2007 RC 64.0 (10.0 3900 (77.0 108 (2.1 91 (1.8 74 (1.5)*
Obese 1478 (10.0) (77.0) 1478 (100) 442 (29.9) @1) (1.8) (1.9)
. Non-obese 1475 1475 (100) 1475 (100) 266 (18.0)
Girerd® / 2009 RC 56.2 (6.4 23 (1.0 NA 13 (0.6
Obese 739 6.4) 739 (100) 739 (100) 167 (22.6) (1.0) (06)
Non- 7 . 24 (74.7 7 .
Bramer®® / 2011 PC on-obese 398 65.5 5524 (74.7) 398 (100) 1974 (26.7) NA NA NA
Obese 1950 64 1264 (64.8) 1950 (100) 540 (27.7)

*30-day mortality; RC = Retrospective cohort; PC = Prospective cohort; POAF = Post-operative atrial fibrillation; RF = Respiratory failure

20



Table 2: Characteristics of studies evaluating the association of POAF and continuous BMI.

Surgery type, n (%) Postoperative complications, n (%)
First Author / Study POAF n Age (y), Male, n BMI, Val CABG +
Year Published design groups Mean (SD) (%) Mean (SD) CABG suf \elﬁ Valve Stroke RF Operative mortality
gery surgery
POAF 24 65.4 (6.3 23 (96.0 27.4 (2.5 2(8.0
Ducceschi®’ /1999  RC (6.3) (%6.0) 25) 29 (00) NA _ 260 NA
NoPOAF 126 584(8.8) 103(82.0) 26.1(2.7) 126 (100) 8 (6.0)
POAF 29 65.7 (7.4 23 (79.0 25.6 (3.4 29 (100 0 (0)**
Jideus?® / 2000 PC (7.4) (79.0) (3.4 (100) NA NA ©
No POAF 51 65.8(7.8)  44(86.0)  27.6(3.8) 51 (100) 0 (0)**
POAF 30 66.0 (9.0 22 (73.3 28.5 (3.7 30 (100 0(0
Hakala® / 2002 PC (9.0) (73.3) (3.7) (100) 1(1.1) NA ©
No POAF 62 59.7(9.7)  48(77.4)  27.0(3.1) 62 (100) 0 (0)
0 POAF 260 69.6(7.9) 183 (70.4) 29.1 260 (100) 2 (0.8)*
Hravnak® / 2002 RC NA NA
No POAF 554  63.6(10.6) 363 (65.5) 28.8 554 (100) 0 (0)*
POAF 99 67.5(9.1 55 (55.5 27.7 (3.4 62 (62.6 2(2.0 2 (2.0)*
Auer®! / 2005 PC (9.1) (55.5) (3.4) (62.6) (2.0) NA (2.0)
NoPOAF 154 63.7(11.4) 97(63.0) 27.7(3.3) 112(72.7) 0 (0) 0 (0)*
POAF 19 72.8 (9.6 14 (74.0 28.8 (4.1 6 (31.6 3 (15.8)**
Kokkonen® / 2005 PC (9.6) (74.0 (4.1) NA _6@ELY NA (158)
No POAF 25 69.5(7.4)  15(60.0)  27.3(3.5) 1(4.0) 0 (0)**

POAF 1810 68(10.0) 1199 (66.2) 29.6(5.8) 1634 (90.3)

Zacharias? / 2005 RC NA NA NA
No POAF 6241  63(11.0) 4173(66.9) 29.3(5.5) 5677 (91.0)
POAF 131  64.1(8.6 79 (60.3 26.7 (5.2 131 (100 10 (7.6 7(5.3 12 (9.2)*
Banach® / 2007 RC (8.6) (60.3) (5.2) (100) (7.6) (5.3) (9.2)
No POAF 169  58.5(9.4) 68 (40.2) 26.2 (3.6) 169 (100) 7(4.1) 8 (4.7) 7 (4.1)*
Echahidi?® / 2007 - POAF 1369  68.3(8.8) 1056 (77.1) 28.3(5.1) 1369 (100) 40 (2.9) 53(3.9) 40 (2.9)**
No POAF 3717 62.5(10.1) 2834(76.2) 27.8(4.5) 3717 (100) 68 (1.8) 37 (1.0) 33 (0.9)**
Mariscalco® | 2008 PC POAF 570  68.4(7.9) 440(77.2) 26.8(3.7) 570 (100) 16 (2.8) 68 (12.0) 19 (3.3)*
No POAF 1262 63.7(9.1) 974(77.2) 26.7(4.1) 1262 (100) 11 (0.9) 63 (5.0) 6 (0.5)*
POAF 419  69.2(8.1 326 (77.8 26.8 (3.7 419 (100 7.7
Ahlsson® / 2009 PC (8.1) (77.8) (3.7) (100) (1.7) NA NA
No POAF 1000 64.9(9.5) 742 (74.2) 26.9(3.9) 1000 (100) 6 (0.6)
POAF 433 584 (5.3 433 (100 29.3 (5.2 433 (100 7 (1.6 3(0.7
Girerd® / 2009 RC (5-3) (100) (5-2) (100) (16 NA ©.7)
No POAF 1781 557(6.5) 1781(100) 28.5(4.5) 1781 (100) 16 (0.9) 10 (0.6)
" POAF 1122 685(8.1) 884(788) 27.4(3.9) 1122 (100) 17 (1.5) 35 (3.1)**
Bramer>/ 2010 PC NA
No POAF 3976 64.0(9.7) 3081(77.5) 27.3(3.8) 3976 (100) 32(0.8) 64 (1.6)**
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Golmohammadi®” / PC POAF 37 60.0 (9.0) 26 (70.0) 27.4 (4.0) 37 (100) NA NA 0(0)
2010 No POAF 263 58.0(10.0) 195(740) 26.7(40) 263 (100) 0(0)
POAF 237 69.6 (9.3 150 (41.0 259 (4.4 111 (47.0 62 (26.0 43 (18.0 10 (4.0 43 (19.0
Mariscalco® /2010 RC (9:3) (41.0 (44) (47.0) (26.0 (18.0) (4.0) (19.0 NA
No POAF 293 63.8(115) 213(71.0) 259(39) 167(57.0) 76(26.0) 37(130) 17(6.0) 41 (14.0)
Maserman® 2010 RG POAF 60 654(101) 52(87.0) 27.8(44) 26(433) 29(483)  5(8.3) A A A
No POAF 125 61.4(115) 104(83.0) 27.7(43) 66(52.8) 56 (44.8)  3(2.4)
POAF 135 72.5(10.3 87 (64.4 29.3(5.4 52 (38.5 41 (30.4 42 (31.1 4 (3.0 4 (3.0
Melduni® / 2011 PC (10.3) (64.4) (5.4) (38.5) (30.4) (31.1) (3.0) NA (3.0)
No POAF 216 63.1 (14.1) 149 (69.0) 28.5 (5.0) 108 (50.0) 74 (34.3) 34 (15.7) 4 (1.9 8 (3.7)

*Hospital mortality; **30-day mortality; RC = Retrospective cohort; PC = Prospective cohort; POAF = Post-operative atrial fibrillation; RF = Respiratory failure
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Table 3: Quality of the included studies

Study Study population Clear definition of Selective loss of

Study Design clearly identified? outcome and outcome  patients during Important confounders and/or prognostic factors identified?
assessment? follow-up?
Age, race, BMI, BSA, smoking status, hypertension, COPD, PVD, cerebrovascular
Zedhertee s RC Vi Yes No disde_as_e, _CHF, stz_:lble a_ngin_a, triple-vessel disease, left main disease, LVEF, mean EF,
igitalis, steroids, diuretics, surgery type, month-of-surgery, off-pump, perfusion
time, cross-clamp time, and IABP
Age, sex, hypertension, DM, COPD, previous stroke, previous MI, 3 vessel CAD,
Echahidi* 2007 RC Yes Yes No metabolic syndrome, beta-blocker medication, HDL cholesterol, triglycerides, BMI,
and CPBT
Age, BMI, waist circumference, Parsonnet score, COPD, smoking status, DM, fasting
Girerd® 2009 RC Yes Yes No glucose, LDL cholesterol, HDL cholesterol, triglycerides, hypertension, ACE
inhibitors and/or ARBs, calcium channel blockers, and beta-blockers
Age, BMI, BSA, COPD, PVD, prior stroke, prior MI, LVEF, creatinine, type of
Bramer® 2011 PC Yes Yes No procedure, ECC duration, transfusion of RBCs, FFP and platelets, and reop for
bleeding
Ducceschi®’ 1999 RC Yes Yes No Age, BMI, preop paroxysmal AF, three-vessel CAD, and left atrial enlargement
Jideus® 2000 PC Yes Yes No BMI, total amount of cardioplegia, and SPB/min
Hakala® 2002 PC Yes Yes No Age, BMI, diabetes, hemoglobin, and heart rate variability measurements
Hravnak® 2002 RC Yes Yes No Age, gender, height, W(_aight, BSA, MI, diabetes, COPD, C_HF, type o_f surgery,
number and location of vessels bypassed, and operating room time.
Auer® 2005 PC Yes Yes No Age, type of surgery, and preop beta-blockers usage
Kokkonen® 2005 PC Yes Yes No Age, and no. of grafts
33 Age, BMI, preop and postop LVEF, mitral regurgitation, heart failure, preop
Banach™ 2007 RC Yes Yes No ESIVST, preop EDIVST
Mariscalco® 2008 PC Yes Yes No Age, center, dyslipidemia, CO_PD, preop stroke, ren_al failure, LVEF, IABP, RF,
stroke, infection, and warfarin use
Ahlsson® 2009 PC Yes Yes No Age, sex, CK-MB, DM, LVEF, and hypertension
Age, sex, BMI, DM, COPD, creatinine clearance, LVEF, preop stroke, preop Hb,
Bramer 2010 PC Yes Yes No redo procedure, emergency, |ABP, no. of grafts, ECC time, re-op for bleeding, RBC
- transfusion, and periop infarction
Golmo;g{?)madl PC Vi Yes No LVEF, and CHF
Mariscalco® 2010 RC Yes Yes No Age, left atrial area, IABP, PUFA,_reoperation, pericardial effusi_on,_operation type,
valve replacement, combined surgery, and preop ACE inhibitors
Mauermann® RC Yes Yes No Age, sex, smoking status, type of procedure, COPD, methylprednisone,
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2010 hemofiltration, BMI, duration of anesthesia, aortic cross-clamp, CPB , intubation and
surgery, CPB fluids, red cell transfusions and fluid balance

Melduni®® 2011 PC Yes Yes No Age, BMI, hypertension, mitral regurgitat_ion, _diastolic function, type of surgery, and
perfusion time

RC = Retrospective cohort; PC = Prospective cohort; BMI = body mass index; BSA = body surface area; COPD = chronic obstructive pulmonary disease; PVD = peripheral vascular
disease; CHF = congestive heart failure, LVEF = left ventricular ejection fraction; EF = ejection fracttion; IABP = intra-aortic balloon pump; DM = diabetes mellitus; MI = myocardial
infarction; CAD = coronary artery disease; HDL = high density lipoprotein; LDL = low density lipoprotein; CPBT = cardiopulmonary bypass time; ACE = angiotensin-converting
enzyme; ARBs = angiotensin Il receptor blockers; ECC = extracorporeal circulation; RBC = red blood cells; FFP = fresh frozen plasma; AF = atrial fibrillation; SPB = supraventricular
premature beats; ESIVST = end-systolic intraventricular septum thickness; EDIVST = end-diastolic intraventricular septum thickness; RF = respiratory failure; CK-MB = creatinine
kinase-mycocardial band; PUFA = polyunsaturated fatty acid
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Figure Legends

Figure 1: Flow diagram of selected studies.
Figure 2: Association between Obesity and POAF
Figure 3: Association between POAF and postoperative outcomes (3a: Stroke; 3b: Respiratory

failure; 3c: Postoperative mortality).
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Abbreviations

AF: Atrial fibrillation

POAF: Postoperative atrial fibrillation

CABG: Coronary artery bypass graft

BMI: Body mass index

COPD: Chronic obstructive pulmonary disease

PVD: Peripheral vascular disease

CAD: Coronary artery disease

CVD: Cerebrovascular disease

MI: Myocardial infarction

ICU: Intensive care unit

MOOSE: Meta-analysis of Observational Studies in Epidemiology
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
OR: Odds ratio

SMD: Standardized mean difference

IV: Inverse variance

M-H: Mantel-Haenzel
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Supplementary material

Sensitivity analysis, Subgroup analyses, and cumulative meta-analysis of the association between obesity
and POAF

a. Sensitivity analysis excluding Jideus 2000

Study or Subgroup

log[Odds Ratio]

0Odds Ratio

SE Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Ahlssan 2009 -0.0842 0110816 B.6% 0.895([0.76,1.19] -

Auer 2005 0 0.230867 1.8% 1.00[0.64, 1.47] 1
Banach 2007 045825 02123498 2.2% 1.67[1.04, 2.39] —
Brarmer 2010 00543 0055408 155% 1.06 [0.95,1.18] ™
Bramer 2011 0.04879 0059553 145% 1.06[0493,1.149] ™
Cucceschi 1999 08638 04063 0.6% 238 [1.08, 5.249]

Echahidi 2007 0207014 0069681 12.3% 1.230.07,1.47] -
Girerd 2009 0285179 0109398 F.6% 1.33[01.07,1.689] I
Golmohammadi 2010 0.3077 0.3232 1.0% 1.36 [0.72, 2.56] T
Hakala 2002 08145 0.4063 0.6% 226 ([1.02,5.01]

Hrawnak 2002 01448 013852 4 6% 116 [0.88, 1.52] T
kakkanen 2005 07059 05954082 0.2% 203 [0.68 6.00] ]
Marizcalco 2008 0.0543 0.083112 9.9% 1.06 [0.90, 1.24] s
Mariscalea 2010 0 0156949 37% 1.00[0.74,1.36] -1
Mauermann 2010 00362 0286276 1.2% 1.04 [0.468,1.82] [ —
Melduni 2011 027158 0.2032 2.3% 1.31 [0.88,1.99] T
Facharias 2005 009531 0052827 16.2% 110([0.498,1.23] il

Total (95% Cl) 100.0% 1.12 [1.05,1.20] [}
Heterogeneity: Tau®= 0.00; Chi®= 21.32, df= 16 (P = 0.17); F= 25% DH sz 0?5 é é 150

Testfor aoverall effect, £=3.58 (P= 00003}

Decreased riskin obese

Increased risk in obese
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b. Subgroups by Type of surgery (CABG vs. CABG+other)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
33.1.1 CABG only
Ahlsson 2009 -0.0543 0110816 T.2% 0.95[0.76,1.18] -
Banach 2007 04525 0.2123598 27% 1.687[1.04, 2.38]
Bramer 2010 00543 0.055408 13.5% 1.06[0.95, 1.18] ™
Echahidi 2007 0207014 0069681 11.6% 1.23[11.07,1.41] -
Girerd 2009 0.285179 0.1099493 T.3% 1.33[1.07, 1.69] -
Golmohammadi 2010 03077 0.3232 1.3% 1.36[0.72, 2.56] ]
Hakala 2002 08145 0.4063 0.8% 2261[1.02, 5.01]
Hravnak 2002 01448 013852 5.4% 1.16[0.88, 1.52] T
Jideus 2000 -0.89774 0.4248 0.8% 0.38[016, 0.87]
Mariscaleo 2008 00543 0.083112 9.9% 1.06 [0.90,1.24] T
Subtotal {95% CI) 60.5% 1.14[1.02,1.28] L 2
Heterogeneity: Tau®= 0.02; Chif= 2071, df =9 {F=001); F=57%
Testfor overall effect Z=222 (P=003
33.1.2 CABG+othersurgery
Auer 2005 0 0.230867 2.3% 1.00[0.64, 1.57] 1T
Bramer 2011 0.04879 0.059553 13.0% 1.05[0593, 1.18] ™
Ducceschi 1999 0.8688 0.4063 0.8% 2.381[1.08, 5.29]
Kokkanen 2005 07059 0.554082 0.5% 203068, 6.00] 7
Mariscaleo 2010 0 0156949 4.4% 1.00[0.74, 1.36] I
Mauermann 2010 00362 0.286276 1.6% 1.04[0.53, 1.82] T
telduni 2011 02715 0.2032 2.9% 1.31[0.88, 1.95] T
Zacharias 2005 0.09531 0.0562827 13.9% 1100098 1.22] ™
Subtotal (95% CI) 398.5% 1.09 [1.01,1.17] *
Heterogeneity, Tau®= 0.00; Chif= 663, df= 7 (F =046, F=0%
Testfor overall effect Z=2 28 (P=002
Total (95% CI) 100.0% 1.12[1.04, 1.21] L}
Heterogeneity: Tauw®= 001, Chif= 27.79, df =17 (P =0.09); F=39% IZIT'I sz IZITE i é 1-0

Testfor averall effect £=3.05 (P=0002)
Testfor subgroup differences: Chif= 048, df=1 (P =049, F= 0%

Decreased riskin obese Increased risk in obese
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c. Subgroups by Study design (Prospective cohorts vs. retrospective cohorts)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
34.1.1 Prospective cohorts
Ahlsson 2009 -0.0543 0110816 T.2% 0.95[0.76,1.18] -
Auer 2005 0 0230867 2.3% 1.00[0.64, 1.57] T
Bramer 2010 0.0543 0055408 13.5% 1.06 [0.95,1.18] -
Bramer 2011 004879 0059553 13.0% 1.05[0.93,1.18] -
Golmohammadi 2010 0.3077 0.3232 1.3% 1.36[0.72, 2.56] ]
Hakala 2002 0.8145 0.4063 0.8% 2.261[1.02, 5.01]
Jideus 2000 -0.9774 0.4248 0.8% 0.38[0.16, 0.87]
Kokkonen 2005 0.7059 0554082 0.5% 2.03[0.68, 6.00] ]
Mariscalco 2008 0.0543 0083112 9.9% 1.06[0.90,1.24] e
telduni 2011 0.2715 0.2032 2.9% 1.31[0.88, 1.99] T
Subtotal (95% CI) 52.3% 1.06 [0.96, 1.17] [ ]
Heterogeneity: Tau*=0.01; Chi*=13.46, di=9{(FP=0.14); F=34%
Test for overall effect Z=110 (P =0.27)
34.1.2 Retrospective cohorts
Banach 2007 0.4525 02123498 2.7% 1.57 [1.04, 2.38] —
Ducceschi 1999 0.8688 0.4063 0.8% 2.381[1.08, 5.249]
Echahidi 2007 0207014 0069681 11.6% 1.2311.07,1.41] -
Girerd 2009 0285179 0109958 T.3% 1.33[1.07,1.69] -
Hravnak 2002 01448 013852 5.4% 1.16[0.88,1.52] T
Mariscalco 2010 0 0156589 4.4% 1.00[0.74,1.36] -
tauermann 2010 0.0362 0286276 1.6% 1.04[0.58,1.82] . —
Zacharias 2005 008531 0052827 13.9% 1.10[0.98,1.22] ™
Subtotal (95% CI) A7. 7% 1.19 [1.08, 1.31] L 2
Heterogeneity: Tau®=0.00; Chi*= 943 df=7 (F=022), F= 26%
Test for overall effect £= 2.93 (P = 0.0003)
Total (95% CI) 100.0% 1.12 [1.04,1.21] [
Heterngeneity, Tau?= 0.01; Chif= 27.79, df=17 (P = 0.05); F= 39% IZII1 IZI=2 DIS é é 150

Test for overall effect: £= 2.09 (P = 0.002

Test for subagroup differences; Chi®= 282, df=1 {(P=0.09, F=64.5%

Decreasedrisk in obese

Increased risk on obese
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d. Subgroups by year of publication (1999-2007 vs. 2008-2011)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
35.1.1 Published until 2007
Auer 2005 0 0230867 2.3% 1.00[0.64,1.57] I —
Banach 2007 0.4525 0212398 27% 1.57 [1.04, 2.39] —
Ducceschi 1959 0.8688 0.4063 0.8% 2.381[1.08, 529
Echahidi 2007 0207014 0065631 11.6% 1.23[1.07,1.41] -
Hakala 2002 0.814a 0.4063 0.8% 2.261[1.02,45.01]
Hravnak 2002 01448 0.13852 a.4% 1.16[0.88,1.52] T
Jideus 2000 -0.9774 0.4248 0.8% 0.38 [0.16, 0.87]
Kokkonen 2005 0.7059 0554082 0.5% 2.03[0.68, 6.00] ]
Zacharias 2005 003531 0052827 139% 1.10[0.59,1.22] ™
Subtotal (95% CI) 38.8% 1.21 [1.03, 1.43] &
Heterogeneity: Tau®=0.02; Chi®=18.05 df= 8 (P =0.02}; F= 56%
Test for overall effect: Z=227 (P =0.02)
35.1.2 Published 2008-2011
Ahlsson 2009 -0.0543 0110816 7.2% 0.95[0.76,1.18] -
Eramer 2010 0.0543 0055408 135% 1.06[0.85,1.18] -
Eramer 2011 004879 0058553 13.0% 1.05[0.53,1.18] -
Girerd 2003 0285173 0105938 7.3% 1.33[1.07,1.69] -
Golmohammadi 2010 0.3077 0.3232 1.3% 1.36 [0.72, 2.56] ]
Mariscalco 2008 0.0543 0083112 9.9% 1.06 [0.50,1.24] T
Mariscalco 2010 0 0156499 4.4% 1.00[0.74,1.36] 1
Mauermann 2010 0.0362 0286276 1.6% 1.04 [0.59,1.82] T
Melduni 2011 0.2714 0.2032 2.9% 1.31 [0.88, 1.95] T
Subtotal (95% CI) 61.2% 1.07 [1.01, 1.14] »
Heterogeneity: Tau®=0.00; Chi*=7.06, df=8 (P=0453) F=0%
Test for averall effect £= 216 (P =0.03)
Total (95% CI) 100.0% 1.12 [1.04,1.21] L]

Heteraogeneity: Tau®=0.01; Chi®= 2779, df =17 (F=0.08); F= 39%

Test for overall effect £= 305 (P = 0.004)
Test for subgroup differences: Chi=1.86, df=1 {(P=017), F=461%

01 02 05
Decreased riskin obese

: T
A 10
Increased riskin obese

P
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e. Cumulative meta-analysis

Author and Year

Odds ratio [95% CI]

+ Jideus, 2000

» 238[1.08,5.29]

A

+ Hakala, 2002
+ Hravnak, 2082
+ Auer, 2005
+ Kokkonen, 200
+ Zacharias, 2005
+ Banach, 2007

+ Echahidi, 2007

+ Mariscalco, 2008
+ Ahlsson, 2009

+ Girerd, 2009

+ Bramer, 2010

+ Golmohammadi, 2010
+ Mariscalco, 2010

+ Mauermann, 2010

+ Bramer, 2011

+ Melduni, 2011

EEEEEE}§§}+t11.

0.95[0.16,5.81]
1.27[0.39,4.10]
1.24[0.64,2.40]
1.18[0.74,1.86]
1.24[0.81,1.90]
1.17[0.91,1.52]
1.23[0.97,1.55]
1.21[1.03,1.43]
1.17[1.03,1.34]
1.14[1.01,1.29]
1.16[1.03,1.30]
1.14[1.03,1.26]
1.14[1.04,1.26]
1.13[1.04,1.24]
1.13[1.04,1.23]
1.12[1.04,1.21]
1.12[1.04,1.21]

v

0.20

T T
0.50 1.00 2.00
Odds Ratio (log scale)

5.00
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