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Abstract

Background: Postoperative atrial fibrillation (PoAF) remains the most common complication after coronary artery bypass grafting
(CABG). The visceral adiposity index (VAI) is a composite marker of visceral adipose dysfunction and metabolic risk. This study
aimed to evaluate the association between preoperative VAI and PoAF in patients undergoing isolated on-pump CABG. Methods: This
retrospective, single-center cohort study included 400 consecutive patients who underwent isolated on-pump CABG between January
2019 and December 2023. VAI was calculated using sex-specific formulas that incorporated body mass index, waist circumference,
triglyceride levels, and high-density lipoprotein cholesterol levels. Patients were categorized according to the median VAI value (2.87)
for descriptive analyses. The primary outcome was new-onset POAF during the index hospitalization. Multivariable logistic regression
analysis was performed to identify independent predictors of POAF. Receiver operating characteristic (ROC) analysis was used to evaluate
the discriminative performance of VAI. Results: PoAF occurred in 61 patients (15.3%). Patients with VAI >2.87 had a significantly
higher incidence of POAF than those with VAI <2.87 (21.4% vs. 9.0%; p <0.001). In multivariable logistic regression analysis adjusted for
age, sex, left ventricular ejection fraction, and cardiopulmonary bypass duration, VAI remained independently associated with POAF (odds
ratio (OR) 1.34 per unit increase, 95% confidence interval (CI) 1.09-1.63; p = 0.005). ROC analysis demonstrated good discriminative
ability of VAI for predicting PoAF (area under the curve [AUC] 0.85, 95% CI 0.79-0.90). Exploratory ROC analysis identified a
VAL threshold of 3.5, corresponding to a sensitivity of 91% and a specificity of 68%. Conclusions: Higher preoperative VAI was
independently associated with POAF in patients undergoing isolated on-pump CABG. As an easily obtainable marker of visceral adiposity
and metabolic dysfunction, VAI may provide complementary information for preoperative risk assessment. However, the ROC findings
should be considered exploratory, and external validation is required before routine clinical application.
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cation

1. Introduction cular remodeling and may facilitate the development of ar-
rhythmogenic substrates. Consequently, growing interest
has focused on indices that better characterize visceral adi-

pose dysfunction and its metabolic consequences.

Obesity has emerged as one of the leading contribu-
tors to cardiovascular morbidity and mortality worldwide
and is closely associated with metabolic disorders includ-
ing diabetes mellitus, hypertension, atherosclerotic cardio-
vascular disease, and heart failure [1,2]. However, tradi-
tional anthropometric measures, particularly body mass in-
dex (BMI), provide limited information regarding body fat
distribution and metabolic activity. This limitation has con-
tributed to the concept of the “obesity paradox”, in which
BMI alone may not accurately reflect cardiovascular risk
or predict clinical outcomes across different patient popu-
lations [3,4,5,6].

The visceral adiposity index (VAI) is a sex-specific
composite measure derived from body mass index,
waist circumference, triglyceride levels, and high-density
lipoprotein cholesterol concentrations. Originally devel-
oped as a surrogate marker of visceral adipose tissue
dysfunction, VAI has been shown to correlate with car-
diometabolic risk and adverse cardiovascular outcomes in
diverse populations [9,10,11,12]. Compared with isolated
anthropometric parameters, VAI may provide a more com-
prehensive assessment of the metabolic burden associated

Recent evidence suggests that visceral adiposity, ~ Wwith visceral fat accumulation.

rather than total body weight, plays a central role in the de-
velopment of cardiometabolic disease. Visceral adipose tis-
sue functions as a metabolically active endocrine organ ca-
pable of promoting insulin resistance, oxidative stress, en-
dothelial dysfunction, and chronic low-grade inflammation
[7,8]. These mechanisms contribute to adverse cardiovas-

Coronary artery bypass grafting (CABG) remains a
cornerstone in the treatment of advanced coronary artery
disease. Despite significant advances in surgical techniques
and perioperative management, postoperative atrial fibril-
lation (PoAF) remains the most common complication af-
ter CABG, affecting approximately 20-40% of patients
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[13,14,15]. The occurrence of POAF is associated with pro-
longed hospitalization, increased healthcare utilization, and
adverse clinical outcomes. Its pathogenesis is multifacto-
rial and involves both patient-related and procedure-related
determinants, including advanced age, impaired ventricu-
lar function, chronic pulmonary disease, hypertension, and
operative factors [16,17].

Accumulating evidence indicates that adipose tissue
may play a direct role in atrial arrhythmogenesis. Pericar-
dial and epicardial fat depots have been associated with
local inflammatory activation, autonomic imbalance, ox-
idative stress, and structural remodeling of the atrial my-
ocardium, thereby increasing susceptibility to atrial fibril-
lation [18,19]. In parallel, recent investigations have re-
ported associations between metabolic adiposity-related ab-
normalities, atrial dysfunction, and the subsequent develop-
ment of atrial fibrillation, further supporting the biological
plausibility of this relationship [20,21].

Interest in adiposity-related indices as predictors of
PoAF has therefore increased substantially. Engin et al.
[22] demonstrated that elevated VAI was independently as-
sociated with PoAF following on-pump CABG, while more
recent studies have suggested that other markers reflect-
ing visceral adiposity and metabolic dysfunction may also
possess prognostic value in this setting [23]. Nevertheless,
the role of VAI within contemporary perioperative risk as-
sessment remains incompletely defined. In particular, it re-
mains uncertain whether VAI provides clinically meaning-
ful information beyond established perioperative risk fac-
tors and whether its composite structure offers advantages
over its individual metabolic components.

Therefore, the present study aimed to evaluate the as-
sociation between preoperative VAI and PoAF in patients
undergoing isolated on-pump CABG. In addition, we ex-
plored the associations between VAI and selected intraop-
erative characteristics as secondary descriptive analyses.

2. Methods
2.1 Study Design and Population

This retrospective single-center cohort study included
consecutive adult patients who underwent coronary artery
bypass grafting (CABG) between January 2019 and De-
cember 2023 at Dr. Siyami Ersek Thoracic and Cardio-
vascular Surgery Training and Research Hospital. During
the study period, a total of 872 patients underwent CABG
surgery. Patients were identified through the institutional
cardiac surgery database and electronic medical records.
Patients with incomplete records for variables required for
VAL calculation or PoAF assessment were not eligible for
inclusion in the final study cohort. After application of pre-
defined exclusion criteria, 400 patients who underwent iso-
lated on-pump CABG were included in the final analysis.

Patients were excluded if they underwent off-pump
CABG, concomitant valve, aortic, or carotid surgery, emer-
gency surgery, had a history of preoperative AF, renal dys-

function, thyroid dysfunction, morbid obesity (BMI >40
kg/m?), or severe hypertriglyceridemia (triglycerides [TG]
>500 mg/dL), as these conditions may affect the reliability
of VAI calculation or postoperative rhythm assessment.

The study protocol was approved by the Clinical Re-
search Ethics Committee of Haydarpaga Numune Train-
ing and Research Hospital (Approval No: HNEAH-KAEK
2020/225) and was conducted in accordance with the Dec-
laration of Helsinki. Owing to the retrospective nature of
the study, the requirement for individual informed consent
was waived.

2.2 Anthropometric Measurements and VAI Calculation

Body weight, height, and waist circumference (WC)
were measured preoperatively under standardized condi-
tions. Waist circumference was measured midway between
the lowest rib and the iliac crest at the end of normal expi-
ration.

Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?).

The visceral adiposity index (VAI) was calculated us-
ing previously validated sex-specific formulas incorporat-
ing BMI, WC, triglycerides (TG), and high-density lipopro-
tein cholesterol (HDL-C):

Male:

VAI = [WC/(39.68
+1.88 x BMI)] x (TG/1.03) x (1.31/HDL-C)

Female:

VAI = [WC/(36.58
+1.89 x BMI)] x (TG/0.81) x (1.52/HDL-C)

Triglyceride and HDL-C concentrations were origi-
nally measured in mg/dL and converted to mmol/L using
standard conversion factors before VAI calculation.

For descriptive analyses presented in Table 1, patients
were categorized according to the median VAI value of the
study population (2.87). This grouping strategy was used
solely for descriptive comparisons and was independent of
the receiver operating characteristic (ROC) analysis. ROC-
derived thresholds were not used for patient stratification or
group comparisons.

2.3 Preoperative Assessment

Preoperative risk was assessed using EuroSCORE II.
Fasting blood samples were obtained after an overnight fast
of at least 12 hours and analyzed using standard enzymatic
techniques. Lipid parameters included TG, HDL-C, and
low-density lipoprotein cholesterol (LDL-C). Left ventric-
ular ejection fraction (LVEF) was assessed by transthoracic
echocardiography using standard institutional protocols.
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Table 1. Baseline, metabolic and intraoperative characteristics according to median VAI value (2.87).

Variable Low VAI (<2.87) (n=199) High VAI (=2.87) (n=201) p-value
Age (years) 60 (55-66) 58 (53-64) 0.316
Male sex, n (%) 114 (57.3%) 126 (62.7%) 0.280
Weight (kg) 78.0 (69.5-85.0) 76.0 (68.5-86.8) 0.817
Height (cm) 173 (170-176) 170 (163-176.5) 0.034
BMI (kg/m?) 25.9(23.5-27.7) 26.3 (24.5-29.8) 0.186
Waist circumference (cm) 102 (90.5-111.5) 105.5 (97.5-110) 0.131
LVEF (%) 50 (42-60) 50 (41-60) 0.875
EuroSCORE I 2(24) 2 (1-3.75) 0.128
TG (mg/dL) 109 (92.5-124) 209.5 (168-288) <0.001
HDL-C (mg/dL) 44 (38.5-50.5) 34 (31-39.8) <0.001
LDL-C (mg/dL) 111 (85-135) 109 (83-149) 0.639
XCL time (min) 59 (45-80) 76 (56.5-88.7) 0.015
CPB time (min) 94 (69.5-120.5) 110 (95.3-131) 0.006
Number of grafts 3(2-3) 3(34) 0.530

Data are presented as median (interquartile range) or number (%).
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; TG, triglycerides; XCL, aortic

cross-clamp; CPB, cardiopulmonary bypass; VAI, visceral adiposity index.

2.4 Operative Data

All procedures were performed using cardiopul-
monary bypass (CPB) under moderate systemic hypother-
mia (32 °C). Distal coronary anastomoses were performed
first, followed by proximal anastomoses using a side-biting
aortic clamp.

Myocardial protection was achieved using intermit-
tent antegrade blood cardioplegia in all patients. The ini-
tial dose was administered after aortic cross-clamping and
repeated at approximately 20-minute intervals. Subse-
quent doses were delivered either through completed by-
pass grafts or via the aortic root cannula according to the
stage of the procedure.

The number of distal grafts, CPB duration, and aor-
tic cross-clamp (XCL) duration were recorded. The use of
inotropic support during separation from CPB was also doc-
umented.

2.5 Outcome Definition and Monitoring

The primary endpoint was new-onset POAF, defined as
an episode lasting >30 seconds requiring pharmacological
treatment, electrical cardioversion, or both during the index
hospitalization.

All patients underwent continuous telemetry monitor-
ing during their intensive care unit stay. Following ICU dis-
charge, daily 12-lead electrocardiography was performed,
and additional rhythm monitoring was obtained whenever
clinically indicated.

Perioperative beta-blocker therapy was routinely used
unless contraindicated. Most patients were receiving beta-
blockers preoperatively; in patients not previously treated,
beta-blocker therapy was initiated during the preoperative
preparation period. Metoprolol was the preferred agent.
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Postoperatively, beta-blocker therapy was continued with
dose adjustments according to body weight and clinical sta-
tus according to institutional practice. In patients who de-
veloped PoAF, hemodynamic stability was assessed and
optimized first, followed by rate-control therapy when clin-
ically indicated.

2.6 Statistical Analysis

Statistical analyses were performed using SPSS ver-
sion 26.0 (IBM Corp., Armonk, NY, USA).

Continuous variables were assessed for normality us-
ing the Kolmogorov—Smirnov test and are presented as
mean + standard deviation or median (interquartile range),
as appropriate. Between-group comparisons were per-
formed using Student’s #-test or the Mann—Whitney U test.
Categorical variables are presented as frequencies and per-
centages and were compared using the chi-square test or
Fisher’s exact test.

Correlations between VAI and selected clinical vari-
ables were assessed using Spearman correlation analysis.

To identify independent predictors of PoAF, multi-
variable logistic regression analysis was performed using
clinically relevant variables selected a priori. The final
model included age, sex, LVEF, CPB duration, and VAL

Given the number of outcome events, the number of
covariates included in the multivariable model was inten-
tionally restricted to reduce the risk of model overfitting.
Variables with conceptual or mathematical overlap were not
entered simultaneously into the same model. In particular,
BMI was not included because it constitutes a component of
VAL EuroSCORE II was not included in the final model be-
cause it incorporates several clinical variables already con-
sidered separately.
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VAI was analyzed as a continuous variable. Given the
exploratory nature of the study and the limited number of
outcome events, formal non-linearity modeling was not per-
formed, and VAI was entered as a continuous predictor in
the final model. Accordingly, the reported odds ratio should
be interpreted as an average effect across the observed range
of VAI values.

Adjusted odds ratios (ORs) with corresponding 95%
confidence intervals (CIs) were reported. Model calibration
was assessed using the Hosmer—Lemeshow goodness-of-fit
test.

Receiver operating characteristic (ROC) curve anal-
ysis was performed to evaluate the discriminative perfor-
mance of VAI. This analysis was considered exploratory
and was not intended to establish a clinically validated
threshold. Therefore, any reported cut-off values should be
interpreted cautiously and require validation in independent
cohorts.

Data completeness was verified during chart review.
Complete information was available for all variables in-
cluded in the final analysis; therefore, no imputation pro-
cedures were required.

All analyses were performed in accordance with
STROBE recommendations. A two-sided p-value < 0.05
was considered statistically significant.

Table 2. Relationship between median-based VAI groups and
categorical variables.

Variable Low VAI (<2.87) High VAI p-value
(n=199) (=2.87) (n=201)

Inotropic support 0.060
No 127 (63.8%) 104 (51.7%)
Yes 72 (36.2%) 97 (48.3%)

PoAF <0.001
No 181 (91.1%) 158 (78.6%)
Yes 18 (9.0%) 43 (21.4%)

Categorical variables are presented as counts and percentages and
were compared using the chi-square test.

Abbreviation: PoAF, Postoperative atrial fibrillation.

3. Results
3.1 Baseline and Intraoperative Characteristics

A total of 400 patients who underwent isolated on-
pump coronary artery bypass grafting were included in the
analysis. Baseline demographic, metabolic, and intraoper-
ative characteristics are summarized in Table 1.

There were no significant differences between the
low-VAI and high-VAI groups in body weight, BMI, waist
circumference, LVEF, or EuroSCORE II (all p > 0.05).
Height was slightly greater in the low-VAI group (p =
0.034).

As expected, patients in the high-VAI group had sig-
nificantly higher triglyceride levels and lower HDL-C lev-
els (both p < 0.001), reflecting the metabolic components
incorporated into the VAI formula. LDL-C levels were
comparable between groups (p = 0.639).

With regard to operative variables, the number of dis-
tal grafts did not differ significantly between groups (p =
0.530). However, CPB duration and XCL duration were
significantly longer in patients with higher VAI values (p =
0.006 and p = 0.015, respectively).

3.2 PoAF and Early Outcomes

The incidence of PoAF was significantly higher in
the high-VAI group than in the low-VAI group (21.4% vs.
9.0%, p <0.001) (Table 2, Fig. 1).
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Fig. 1. Incidence of PoAF according to median-based VAI
groups. Patients with VAI values >2.87 had a significantly higher
incidence of POAF compared with patients with VAI values <2.87
(21.4% vs. 9.0%, p <0.001). Differences between groups were
assessed using the chi-square test.

Consistent with this descriptive comparison, patients
in the high-VAI group had a significantly greater likelihood
of developing PoAF in univariable analysis (OR 2.74, 95%
CI 1.50-5.10, p < 0.001). In addition, patients who devel-
oped PoAF had significantly higher VAI values than those
who remained in sinus rhythm (Fig. 2).

The need for inotropic support was numerically higher
in the high-VAI group; however, this difference did not
reach statistical significance (48.3% vs. 36.2%, p = 0.060).

3.3 Multivariable Analysis

Multivariable logistic regression analysis was per-
formed to identify independent predictors of PoOAF (Table
3). After adjustment for age, sex, LVEF, and CPB dura-
tion, VAI remained independently associated with PoAF
(OR 1.34 per unit increase, 95% CI 1.09-1.63, p = 0.005).
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Fig. 2. Distribution of visceral adiposity index values accord-
ing to postoperative atrial fibrillation status. Box-and-whisker
plot showing VAI values in patients with and without PoAF. Pa-
tients who developed PoAF exhibited higher VAI values than
those who remained in sinus thythm. The central line represents
the median, boxes indicate the interquartile range, whiskers rep-
resent the data range excluding outliers, and circles denote outly-
ing observations. Group comparisons were performed using the
Mann—Whitney U test.

Table 3. Multivariable logistic regression analysis for PoAF.

Variable OR 95% CI p

VAL (per unit increase) 1.34 1.09-1.63 0.005
Age 1.09 0.93-1.27 0.310
Sex (male) 1.12 0.58-2.18 0.742
LVEF 1.00 0.91-1.11 0.976
CPB time 0.98 0.93-1.04 0.603

Variables were selected a priori based on clinical relevance. Odds
ratios (ORs) with 95% confidence intervals (Cls) are reported.
Model calibration was acceptable according to the Hosmer—
Lemeshow goodness-of-fit test (y* = 8.06, p = 0.427).

Abbreviations: OR, odds ratio; CI, confidence interval; LVEF, left

ventricular ejection fraction; CPB, cardiopulmonary bypass.

After multivariable adjustment, VAI was the only vari-
able independently associated with POAF, whereas age, sex,
LVEEF, and CPB duration were not statistically significant
predictors (all p > 0.05).

3.4 ROC Analysis

Receiver operating characteristic (ROC) curve analy-
sis demonstrated that VAI had good discriminative ability
for predicting PoAF, with an area under the curve (AUC)
0f 0.85 (95% CI 0.79-0.90) (Fig. 3).

Given the absence of internal or external validation,
these findings should be considered exploratory. The opti-
mal VAI threshold identified in the present cohort was 3.5,
corresponding to a sensitivity of 91% and a specificity of
68%.
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Fig. 3. Receiver operating characteristic curve of VAI for pre-
diction of postoperative atrial fibrillation. Receiver operating
characteristic (ROC) analysis demonstrated good discriminative
performance of VAI for predicting PoAF, with an area under the
curve (AUC) of 0.85 (95% CI 0.79-0.90). Given the absence of
internal or external validation, the reported AUC and the identified
threshold should be considered exploratory.

Although the discriminative performance observed in
the present cohort was encouraging, external validation in
independent populations is required before this threshold
can be considered for routine clinical application.

4. Discussion

In this retrospective cohort of patients undergoing iso-
lated on-pump CABG, higher preoperative VAI values were
associated with an increased incidence of PoAF. Impor-
tantly, this relationship persisted after adjustment for age,
sex, LVEF, and CPB duration. These findings suggest that
metabolic abnormalities related to visceral adiposity may
contribute to POAF beyond conventional perioperative risk
factors.

Interest in visceral adiposity has increased consider-
ably in recent years because conventional measures such as
BMI provide only limited insight into adipose tissue distri-
bution and metabolic activity. Unlike BMI, VAI combines
anthropometric and biochemical parameters and is intended
to reflect visceral adipose dysfunction rather than body size
alone [9,10,11,12]. The limitations of BMI as a risk strat-
ification tool in cardiovascular disease and cardiac surgery
have been highlighted in studies investigating the obesity
paradox and postoperative outcomes [3,4,5,6,24]. There-
fore, markers reflecting metabolic dysfunction may offer
clinically relevant information that is not fully captured by
traditional obesity measures.

Our findings are in agreement with previous inves-
tigations evaluating adiposity-related markers in cardiac
surgery populations. Engin et al. [22] demonstrated an in-
dependent association between elevated VAI and PoAF af-
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ter on-pump CABG. More recently, Kahraman and Cetin
[23] reported that the cardiometabolic index predicted
PoAF and showed favorable discriminatory performance
compared with several traditional obesity-related measures.
Although the present study was not designed to compare
VAI with alternative adiposity indices, the consistency of
these findings supports a potential relationship between
metabolic dysfunction and postoperative atrial arrhythmo-
genesis.

Several biological mechanisms may explain this as-
sociation. Visceral adipose tissue promotes systemic in-
flammation, oxidative stress, endothelial dysfunction, and
insulin resistance, all of which may contribute to adverse
atrial remodeling [7,8,20]. In addition, pericardial and epi-
cardial adipose tissue may exert local effects on the atrial
myocardium through inflammatory and profibrotic signal-
ing pathways [18,19]. Recent studies have further linked
visceral adiposity and metabolic abnormalities with atrial
dysfunction and incident AF, providing additional mecha-
nistic support for the observed relationship [21].

An additional observation was that patients with
higher VAI values had longer CPB and XCL durations.
However, neither variable remained independently asso-
ciated with PoAF after multivariable adjustment. Previ-
ous studies have demonstrated associations between pro-
longed CPB and XCL durations and adverse postoperative
outcomes; however, their specific relationship with PoOAF
remains less consistent [17,25]. Our findings suggest that
metabolic dysfunction reflected by VAI may represent an
aspect of patient vulnerability that is not fully explained
by operative complexity alone. The underlying explana-
tion for the observed association between higher VAI val-
ues and longer CPB and XCL durations remains uncertain
and should be considered hypothesis-generating.

PoAF is a multifactorial complication influenced by
numerous clinical and procedural factors. Advanced age,
impaired ventricular function, pulmonary disease, hyper-
tension, renal dysfunction, left atrial enlargement, and peri-
operative inflammatory activation have all been implicated
in its pathogenesis [16,17]. Reduced ventricular function
has also been associated with worse outcomes after cardiac
surgery in several cohorts [26]. Accordingly, our findings
should not be interpreted as evidence that VAI replaces es-
tablished predictors. Instead, VAI may represent a com-
plementary marker reflecting the metabolic and inflamma-
tory milieu that predisposes patients to POAF. Although ad-
vanced age is widely recognized as one of the strongest
predictors of PoAF, age was not independently associated
with the outcome in the present cohort. This finding may
be related to the relatively limited sample size and number
of outcome events and should therefore be interpreted cau-
tiously.

An important consideration is that VAl is derived from
triglycerides, HDL cholesterol, BMI, and waist circumfer-
ence. Although VAI remained independently associated

with PoAF in the present analysis, our study was not de-
signed to determine whether VAI provides incremental pre-
dictive value beyond its individual components. Similarly,
direct comparisons with other emerging adiposity-related
indices, such as the cardiometabolic index, lipid accumu-
lation product, or body roundness index, were beyond the
scope of the present study. Future investigations addressing
these questions may help define the relative clinical utility
of VAI and clarify whether its composite structure provides
advantages over simpler metabolic markers [12,23].

From a practical standpoint, VAI can be calculated
easily from routinely available clinical and laboratory data
without additional imaging or cost. For this reason, it may
represent a useful adjunct during preoperative evaluation.
Nevertheless, the present findings do not support the use of
VAL as an isolated risk stratification tool, and any potential
clinical application should be considered complementary to
established perioperative risk assessment strategies and val-
idated cardiac surgery risk models [27,28]. Furthermore,
metabolic factors such as glycemic control have been as-
sociated with long-term outcomes after CABG, supporting
the broader concept that metabolic health influences post-
operative prognosis [29,30].

5. Limitations

Several limitations should be acknowledged. First, the
retrospective single-center design introduces the possibility
of selection bias and may limit the generalizability of the
findings. Second, although multivariable adjustment was
performed using clinically selected variables, residual con-
founding remains possible. Several established predictors
of PoAF, including left atrial size, chronic obstructive pul-
monary disease, smoking status, mild-to-moderate valvu-
lar abnormalities, and detailed perioperative medication-
related variables, were not available for inclusion in the
final model. Third, the relatively limited number of out-
come events may have affected model stability despite ef-
forts to minimize overfitting. Fourth, VAI was measured
at a single preoperative time point and may not fully re-
flect dynamic perioperative metabolic changes. Fifth, po-
tential non-linear associations between VAI and PoAF were
not formally evaluated; therefore, the reported odds ratio
should be interpreted as an average effect across the ob-
served range of VAI values. Finally, the ROC analysis was
performed in the same cohort used for model development
and was not subjected to internal or external validation.
Consequently, the reported AUC (0.85; 95% CI 0.79-0.90)
and optimal threshold should be considered exploratory and
may overestimate true predictive performance.

6. Clinical Implications and Future
Directions

The present findings further support the concept that
metabolic dysfunction contributes to the development of
PoAF after CABG. As a simple index derived from rou-
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tinely available anthropometric and laboratory parameters,
VAI may serve as a practical marker of the metabolic bur-
den associated with postoperative arrhythmic risk. Given
its ease of calculation and low cost, VAI may represent a
useful adjunct to existing approaches to preoperative risk
assessment, although further validation is required before
routine clinical implementation.

However, the incremental predictive value of VAI be-
yond established clinical, echocardiographic, and periop-
erative risk factors remains uncertain. In addition, it is un-
clear whether VAI provides superior prognostic information
compared with its individual components or other emerging
adiposity-related indices. Future prospective multicenter
studies incorporating external validation, direct comparison
with alternative metabolic markers, and integration into es-
tablished risk prediction models are needed to better define
the clinical utility of VAI in patients undergoing CABG.

7. Conclusion

Higher preoperative VAI was independently associ-
ated with PoAF in patients undergoing isolated on-pump
CABG. As an easily obtainable marker of visceral adiposity
and metabolic dysfunction, VAI may provide complemen-
tary information during preoperative risk assessment. Nev-
ertheless, these findings should be interpreted cautiously.
External validation and prospective confirmation are re-
quired before VAI can be considered for routine clinical im-
plementation.

Availability of Data and Materials

The datasets generated and analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.

Author Contributions

MEE conceived and designed the study. MEE and GT
collected the data. MEE performed the statistical analysis
and drafted the manuscript. GT, SO, and MK contributed to
data interpretation and critically revised the manuscript. All
authors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate

The study protocol was approved by the Clinical Re-
search Ethics Committee of Haydarpaga Numune Train-
ing and Research Hospital (Approval No: HNEAH-KAEK
2020/225) and conducted in accordance with the Decla-
ration of Helsinki. Given the retrospective nature of the
study, the requirement for individual informed consent was
waived by the ethics committee.

Acknowledgment
Not applicable.

&% IMR Press

Funding

This research received no external funding.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] GBD 2021 Adult BMI Collaborators. Global, regional, and na-
tional prevalence of adult overweight and obesity, 1990-2021,
with forecasts to 2050: a forecasting study for the Global Bur-
den of Disease Study 2021. Lancet. 2025; 405: 813—838. https:
//doi.org/10.1016/s0140-6736(25)00355-1.

Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-
Larsen P, Lavie CJ, et al. Obesity and cardiovascular disease: a
scientific statement from the American Heart Association. Cir-
culation. 2021; 143: e984—e1010. https://doi.org/10.1161/cir.
0000000000000973

[3] Xu L, Sun M. Correlations between the cumulative metabolic
score for visceral fat and its dynamic trajectories with the onset
of cardiovascular disease in middle-aged and older adults: find-
ings from two prospective cohorts. The Aging Male. 2026; 29:
2650602. https://doi.org/10.1080/13685538.2026.2650602
Martinez-Luna JE, Suérez-Velazquez MF, Torres-Chavez MC,
Cardoso-Saldafia GC, Reyes-Barrera J, Berumen-Campos J, et
al. Predictive performance of seven clinical surrogates of vis-
ceral adipose tissue for cardiovascular mortality: a sub-analysis
of 102,385 adults from the Mexico City Prospective Study.
medRxiv. 2026. https://doi.org/10.64898/2026.03.02.26347453
(preprint)

[5] Elbaz-Greener G, Rozen G, Carasso S, Kusniec F, Yarkoni M,
Marai I, et al. The Relationship Between Body Mass Index and
In-Hospital Mortality in Patients Following Coronary Artery
Bypass Grafting Surgery. Frontiers in Cardiovascular Medicine.
2021; 8: 754934. https://doi.org/10.3389/fcvm.2021.754934
Ranucci M, de Vincentiis C, Menicanti L, La Rovere MT, Pis-
tuddi V. A gender-based analysis of the obesity paradox in car-
diac surgery: height for women, weight for men? European
Journal of Cardio-thoracic Surgery. 2019; 56: 72-78. https:
//doi.org/10.1093/ejcts/ezy454

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F,
et al. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART
study): case-control study. Lancet. 2004; 364: 937-952. https:
//doi.org/10.1016/S0140-6736(04)17018-9

Zwartjes MSZ, de Jonge PA, van de Laar AW, Bruin SC, Mei-
jnikman AS, Groen AK, etal. Adipose Tissue Inflammation, Ox-
idative Stress, and Altered Adipogenesis Are Associated With
Dyslipidemia in Obesity: A Multiomics Profiling Study. Jour-
nal of the American Heart Association. 2026; 15: €047397.
https://doi.org/10.1161/JAHA.125.047397

Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S,
Midiri M, et al. Visceral Adiposity Index: a reliable indica-
tor of visceral fat function associated with cardiometabolic risk.
Diabetes Care. 2010; 33: 920-922. https://doi.org/10.2337/dc
09-1825

[10] Amato MC, Giordano C. Clinical indications and proper use of
Visceral Adiposity Index. Nutrition, Metabolism, and Cardio-
vascular Diseases. 2013; 23: e31-e32. https://doi.org/10.1016/
j-numecd.2013.04.006

Amato MC, Giordano C, Pitrone M, Galluzzo A. Cut-off points
of the visceral adiposity index (VAI) identifying a visceral adi-
pose dysfunction associated with cardiometabolic risk in a Cau-
casian Sicilian population. Lipids in Health and Disease. 2011;
10: 183. https://doi.org/10.1186/1476-511X-10-183

[2

—

[4

[l

[6

=

[7

—

[8

[l

[9

—

[11

—


https://doi.org/10.1016/s0140-6736(25)00355-1.
https://doi.org/10.1016/s0140-6736(25)00355-1.
https://doi.org/10.1161/cir.0000000000000973
https://doi.org/10.1161/cir.0000000000000973
https://doi.org/10.1080/13685538.2026.2650602
https://doi.org/10.64898/2026.03.02.26347453
https://doi.org/10.3389/fcvm.2021.754934
https://doi.org/10.1093/ejcts/ezy454
https://doi.org/10.1093/ejcts/ezy454
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1161/JAHA.125.047397
https://doi.org/10.2337/dc09-1825
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1016/j.numecd.2013.04.006
https://doi.org/10.1016/j.numecd.2013.04.006
https://doi.org/10.1186/1476-511X-10-183
https://www.imrpress.com

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Salazar MR, Carbajal HA, Espeche WG, Aizpuria M, Maciel
PM, Reaven GM. Identification of cardiometabolic risk: visceral
adiposity index versus triglyceride/HDL cholesterol ratio. The
American Journal of Medicine. 2014; 127: 152—157. https://do
i.org/10.1016/j.amjmed.2013.10.012

Filardo G, Damiano RJ, Jr, Ailawadi G, Thourani VH, Pollock
BD, Sass DM, et al. Epidemiology of new-onset atrial fibrilla-
tion following coronary artery bypass graft surgery. Heart. 2018;
104: 985-992. https://doi.org/10.1136/heartjnl-2017-312150
Greenberg JW, Lancaster TS, Schuessler RB, Melby SJ. Postop-
erative atrial fibrillation following cardiac surgery: a persistent
complication. European Journal of Cardio-Thoracic Surgery.
2017; 52: 665—672. https://doi.org/10.1093/ejcts/ezx039

Rizza V, Maranta F, Cianfanelli L, Cartella I, Maisano F, Al-
fieri O, et al. Subacute postoperative atrial fibrillation after heart
surgery: Incidence and predictive factors in cardiac rehabilita-
tion. Journal of Arrhythmia. 2023; 40: 67-75. https://doi.org/10.
1002/j0a3.12956

Seo EJ, Hong J, Lee HJ, Son YJ. Perioperative risk fac-
tors for new-onset postoperative atrial fibrillation after coro-
nary artery bypass grafting: a systematic review. BMC Car-
diovascular Disorders. 2021; 21: 418. https://doi.org/10.1186/
512872-021-02224-x

Zhou JY, Zhang JL, Xi L, Guo ZP, Liu XC, Liu ZG, et al. Risk
Factors of Postoperative Atrial Fibrillation After Isolated Coro-
nary Artery Bypass Grafting Surgery in the Recent 10 Years:
Clinical Analysis of 6229 Patients. Clinical Cardiology. 2024;
47: €24335. https://doi.org/10.1002/clc.24335

Drossos G, Koutsogiannidis CP, Ananiadou O, Kapsas G, Am-
patzidou F, Madesis A, et al. Pericardial fat is strongly asso-
ciated with atrial fibrillation after coronary artery bypass graft
surgeryt. European Journal of Cardio-Thoracic Surgery. 2014;
46: 1014-1020. https://doi.org/10.1093/ejcts/ezu043

Song Y, Tan Y, Deng M, Shan W, Zheng W, Zhang B, et al. Epi-
cardial adipose tissue, metabolic disorders, and cardiovascular
diseases: recent advances classified by research methodologies.
MedComm. 2023; 4: e413. https://doi.org/10.1002/mco2.413
Cacciapuoti F, Caso I, Buonomo A, Crispo S, Taglialatela V,
Carpinella G, et al. The Obesity-OSA-Arrhythmia Axis: Patho-
physiological Mechanisms and Translational Therapeutic Tar-
gets. Life. 2026; 16: 737. https://doi.org/10.3390/1ife16050737
Borizanova A, Kinova E, Spasova N, Goudev A. Beyond body
mass index: visceral adiposity and metabolic alterations as early
markers of atrial dysfunction and atrial fibrillation in midlife.
Frontiers in Endocrinology. 2026; 17: 1775534. https://doi.org/
10.3389/fend0.2026.1775534

Engin M, Ozsin KK, Savran M, Guvenc O, Yavuz S, Ozyazi-

[23

—

[24

[l

[25]

[26

—

[27

—

(28]

[29

—

[30]

cioglu AF. Visceral Adiposity Index and Prognostic Nutritional
Index in Predicting Atrial Fibrillation after On-Pump Coronary
Artery Bypass Operations: a Prospective Study. Brazilian Jour-
nal of Cardiovascular Surgery. 2021; 36: 522-529. https://doi.
org/10.21470/1678-9741-2020-0044

Kahraman E, Cetin $. Cardiometabolic index predicts postop-
erative atrial fibrillation after isolated CABG: ROC-based com-
parison with BMI and visceral adiposity indices. Biomolecules
& Biomedicine. 2026; 26: 1417-1425. https://doi.org/10.17305/
bb.2026.13693

Mariscalco G, Wozniak MJ, Dawson AG, Serraino GF, Porter
R, Nath M, et al. Body Mass Index and Mortality Among
Adults Undergoing Cardiac Surgery: A Nationwide Study With
a Systematic Review and Meta-Analysis. Circulation. 2017;
135:  850-863. https://doi.org/10.1161/CIRCULATIONAHA
.116.022840

Wang J, Zhang R, Yan Z, Ruan S, Liu J, Li Z, et al. Additive
predictive value of triglyceride-glucose index and epicardial adi-

pose tissue volume for major adverse cardiovascular events fol-
lowing coronary artery bypass grafting. Frontiers in Endocrinol-

ogy. 2026; 16: 1730404. https://doi.org/10.3389/fendo.2025.
1730404

Najafi MS, Nematollahi S, Vakili-Basir A, Jalali A, Gholami A,
Dashtkoohi M, et al. Predicting outcomes in patients with low
ejection fraction undergoing coronary artery bypass graft. 1JC
Heart & Vasculature. 2024; 52: 101412. https://doi.org/10.1016/
j-ijcha.2024.101412

Silverborn M, Nielsen S, Karlsson M. The performance of Eu-
roSCORE II in CABG patients in relation to sex, age, and sur-
gical risk: a nationwide study in 14,118 patients. Journal of
Cardiothoracic Surgery. 2023; 18: 40. https://doi.org/10.1186/
s13019-023-02141-4

Wang Y, Luo J, Tan Z, Bai G, Qu X, Shao X, et al. Interac-
tive and joint associations of C-reactive protein-triglyceride glu-
cose index and body roundness index on incident cardiovascu-
lar diseases: a nationwide prospective cohort study. Nutrition,
Metabolism, and Cardiovascular Diseases. 2026; 36: 104609.
https://doi.org/10.1016/j.numecd.2026.104609

Robich MP, Iribarne A, Leavitt BJ, Malenka DJ, Quinn
RD, Olmstead EM, et al. Intensity of Glycemic Control Af-
fects Long-Term Survival After Coronary Artery Bypass Graft
Surgery. The Annals of Thoracic Surgery. 2019; 107: 477-484.
https://doi.org/10.1016/j.athoracsur.2018.07.078

Karim MN, Reid CM, Huq M, Brilleman SL, Cochrane A,
Tran L, et al. Predicting long-term survival after coronary artery
bypass graft surgery. Interactive Cardiovascular and Thoracic
Surgery. 2018; 26: 257-263. https://doi.org/10.1093/icvts/iv
x330

&% IMR Press


https://doi.org/10.1016/j.amjmed.2013.10.012
https://doi.org/10.1016/j.amjmed.2013.10.012
https://doi.org/10.1136/heartjnl-2017-312150
https://doi.org/10.1093/ejcts/ezx039
https://doi.org/10.1002/joa3.12956
https://doi.org/10.1002/joa3.12956
https://doi.org/10.1186/s12872-021-02224-x
https://doi.org/10.1186/s12872-021-02224-x
https://doi.org/10.1002/clc.24335
https://doi.org/10.1093/ejcts/ezu043
https://doi.org/10.1002/mco2.413
https://doi.org/10.3390/life16050737
https://doi.org/10.3389/fendo.2026.1775534
https://doi.org/10.3389/fendo.2026.1775534
https://doi.org/10.21470/1678-9741-2020-0044
https://doi.org/10.21470/1678-9741-2020-0044
https://doi.org/10.17305/bb.2026.13693
https://doi.org/10.17305/bb.2026.13693
https://doi.org/10.1161/CIRCULATIONAHA.116.022840
https://doi.org/10.1161/CIRCULATIONAHA.116.022840
https://doi.org/10.3389/fendo.2025.1730404
https://doi.org/10.3389/fendo.2025.1730404
https://doi.org/10.1016/j.ijcha.2024.101412
https://doi.org/10.1016/j.ijcha.2024.101412
https://doi.org/10.1186/s13019-023-02141-4
https://doi.org/10.1186/s13019-023-02141-4
https://doi.org/10.1016/j.numecd.2026.104609
https://doi.org/10.1016/j.athoracsur.2018.07.078
https://doi.org/10.1093/icvts/ivx330
https://doi.org/10.1093/icvts/ivx330
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Design and Population
	2.2 Anthropometric Measurements and VAI Calculation
	2.3 Preoperative Assessment
	2.4 Operative Data
	2.5 Outcome Definition and Monitoring
	2.6 Statistical Analysis

	3. Results
	3.1 Baseline and Intraoperative Characteristics
	3.2 PoAF and Early Outcomes
	3.3 Multivariable Analysis
	3.4 ROC Analysis

	4. Discussion
	5. Limitations
	6. Clinical Implications and Future Directions
	7. Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	References

