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Abstract

Background

Traditional and non-traditional risk factors for atherosclerotic cardiovascular disease

(ASCVD) are different between men and women. Gender-linked impact of epicardial adi-

pose tissue volume (EATV) in patients undergoing coronary artery bypass grafting (CABG)

remains unknown.

Methods

Gender-linked impact of EATV, abdominal fat distribution and other traditional ASCVD risk

factors were compared in 172 patients (men: 115; women: 57) who underwent CABG or

non-coronary valvular surgery (non-CABG).

Results

In men, EATV, EATV index (EATV/body surface area) and the markers of adiposity such as

body mass index, waist circumference and visceral fat area were higher in the CABG group

than in the non-CABG group. Traditional ASCVD risk factors were also prevalent in the

CABG group. In women, EATV and EATV index were higher in the CABG group, but other

adiposity markers were comparable between CABG and non-CABG groups. Multivariate

logistic regression analysis showed that in men, CABG was determined by EATV Index and

other ASCVD risk factors including hypertension, dyslipidemia, adiponectin, high sensitive

C-reactive protein (hsCRP) and type 2 diabetes mellitus (Corrected R2 = 0.262, p < 0.0001),
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while in women, type 2 diabetes mellitus is a single strong predictor for CABG, excluding

EATV Index (Corrected R2 = 0.266, p = 0.005).

Conclusions

Our study found that multiple risk factors, including epicardial adipose tissue volume and tra-

ditional ASCVD factors are determinants for CABG in men, but type 2 diabetes mellitus was

the sole determinant in women. Gender-specific disparities in risk factors of CABG prompt

us to evaluate new diagnostic and treatment strategies and to seek underlying mechanisms.

Introduction

Traditional and non-traditional risk factors for atherosclerotic cardiovascular disease

(ASCVD) are different between men and women, and such differences may alter the clinical

course of ASCVD [1–5]. Among traditional ASCVD risk factors, obesity and overweight are

becoming more prevalent in the world, and considerably affect the onset of ASCVD [6]. Cur-

rent evidence indicate that distribution of abdominal fat and non-abdominal fat is strongly

associated with ASCVD [7]. Although the distribution of abdominal and non-abdominal fat

differs largely between men and women [8, 9], the gender-specific difference has not been fully

evaluated in ASCVD.

Recently, epicardial adipose tissue (EAT), which belongs to non-abdominal fat, has gath-

ered scientific interest, as it may be a marker or a pathophysiologic source of ASCVD [10–12].

In 2,751 participants without known coronary artery disease (CAD), EAT volume showed an

odds ratio of 1.74 (95% CI 1.0 to 2.95 for each doubling of EAT) for major adverse cardiac

events (MACE), even after adjustment for the Framingham Risk Score, coronary calcium

score and body mass index [13]. It is known that EAT volume is more significantly and

directly correlated with accumulation of visceral adipose tissue (VAT) compared to subcutane-

ous adipose tissue (SAT) volume [11]. Since VAT is deposited preferably in men than in

women, one can hypothesize that accumulation of EAT affects ASCVD largely in men. How-

ever, it remains unclear whether increased EAT volume indicated an independent and additive

risk when VAT mass is accounted for and whether such notion differs between men and

women.

We compared the gender-linked impact of EAT volume, taking into account abdominal fat

distribution and traditional ASCVD risk factors, in patients undergoing coronary artery

bypass grafting (CABG) with that in patients undergoing non-coronary valvular surgery.

Methods

Study populations

This study had been originally designed to collect samples of epicardial and subcutaneous fat

pad and compare its profiles between patients with coronary artery and non-coronary artery

diseases [10]. We thereafter increased sampling institutions and recruited 172 patients (men:

115; women: 57), who underwent coronary artery bypass graft surgery (CABG group) or non-

coronary valvular surgery (non-CABG group) from July 2009 to September 2014 at: Depart-

ment of Cardiovascular Surgery, Sakakibara Heart Institute, Tokyo, Japan; Department of Car-

diovascular Surgery, Shonan-Kamakura General Hospital, Kamakura, Japan; and Division of

Cardiovascular Surgery, Awaji Medical Center, Hyogo, Japan. Patients underwent 256-slice

Gender and coronary artery bypass graft surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0177170 June 8, 2017 2 / 14

Abbreviations: EATV, epicardial adipose tissue

volume; CABG, coronary artery bypass grafting;

ASCVD, atherosclerotic cardiovascular disease;

hsCRP, high sensitive C-reactive protein; EAT,

epicardial adipose tissue; CAD, coronary artery

disease; VFA and SFA, visceral and subcutaneous

fat area; MDCT, multi-detector computed

tomography; LDL, low-density lipoprotein; TG,

triglyceride; HDL, high-density lipoprotein; HbA1c,

glycosylated hemoglobin HbA1c; JDS, Japan

Diabetic Society; NGSP, National Glycohemoglobin

Standardization Program; CT, computed

tomography; BMI, body mass index; WC, waist

circumference; IHD, ischemic heart disease; VAT,

visceral adipose tissue; MACE, major adverse

cardiac events.

https://doi.org/10.1371/journal.pone.0177170


multi-detector computed tomography (MDCT) before CABG or valvular surgery. The proto-

col of this study was approved by the institutional review boards of the University of Tokush-

ima Hospital, Sakakibara Heart Institute; Shonan-Kamakura General Hospital, and Awaji

Medical Center. All subjects gave their written informed consent before beginning the study.

All participants provided written informed consent after they were advised regarding the radi-

ation exposure-related risk and possible complications of iodine-containing contrast. Exclu-

sion criteria included patients with iodine-based contrast allergy or renal failure

(creatinine > 1.5 mg/ml). Hypertension was defined as a systolic blood pressure of� 140

mmHg and/or diastolic blood pressure of� 90 mmHg, or as the current use of antihyperten-

sive medication. Diabetes was defined as HbA1c concentration� 6.5% or fasting plasma glu-

cose level> 126 mg/dL, or the current use of antidiabetic medication. Dyslipidemia was

defined as either of serum low-density lipoprotein (LDL) cholesterol level of� 140 mg/dL,

serum triglyceride (TG) level� 150 mg/dL and serum high-density lipoprotein (HDL) choles-

terol level < 40 mg/dL and/or the current use of anti-hyperlipidemic medication. Metabolic

syndrome was defined as presence of abdominal obesity (modified Japanese Criteria; waist cir-

cumference: men� 90 cm; women� 80 cm), plus any two of the following four factors: 1.

hypertriglyceridemia (serum triglyceride (TG) level� 150 mg/dL (1.69 mmol/L); 2. low high-

density lipoprotein (HDL) cholesterol (serum level< 40 mg/dL (1.04 mmol/L); 3. elevated

blood pressure: systolic blood pressure� 130 mmHg or diastolic blood pressure� 85 mmHg;

4. high fasting glucose (serum level� 100 mg/dL). All subjects were categorized into the

CABG group or non-CABG group (non-coronary valvular surgery). Glycated hemoglobin

A1C (HbA1c) concentration was measured by high-performance liquid chromatography and

insulin level by chemiluminescent enzyme immunoassay. The value of HbA1c [Japan Diabetic

Society (JDS) %] was converted to National Glycohemoglobin Standardization Program

(NGSP) levels using the formula HbA1c (NGSP %) = HbA1c (JDS %) + 0.4%, considering the

relational expression of HbA1c (JDS %) concentration measured by the Japanese standard

[14]. Serum concentrations of high sensitive C-reactive protein (hsCRP) and adiponectin were

measured as described [15].

Multi-detector CT scan protocol and analysis of EAT

Multi-detector CT scan was performed as previously described [10]. Briefly, for the measure-

ment of EATV, volume measurement software of Vincent was employed to detect EATV. Vol-

umetric measurements were performed on axial views of 5 mm slice thickness and number of

slices ranging between 300 and 320; non-contrast cardiac computed tomography (CT) is the

method of choice for quantification of EAT volume from the surrounding tissue based on den-

sity differences. In a semi-automated process, the pericardium counter is first manually traced

in each trans-axial slice, followed by an automated step of processing all continuous voxels

with a density range of -190 to -30 Hounsfield Units (HU) within the pericardial sac, for calcu-

lation of EAT volume. The upper border of the EATV measurements was the lower surface of

the left pulmonary artery origin, and the lower border was the left ventricle apex. The area of

EAT surrounding the proximal, middle, and distal segments of the major coronary arteries

was included in the volumetric measurements. Region of interest was placed within the vis-

ceral epicardium and volume of adipose tissue was calculated. A density ranges of -190 to -30

HU was used to isolate the adipose tissue. The EAT area of each slice was then summed and

multiplied by the slice thickness and number of slices to determine the total volume of EAT.

Anthropometric measurements were made in the standing position. The subcutaneous fat

area (SFA) and intra- abdominal visceral fat area (VFA) were measured at the level of the

umbilicus, using a standardized method with CT scans as previously described [15].
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Assessment of coronary atherosclerosis

Coronary angiography was performed by a standard technique. To prevent coronary spasm,

all patients received intracoronary injection of isosorbide dinitrate at an optimal dose before

angiography. Two independent observers blinded to the results of the analyses reviewed the

coronary angiograms separately. Stenosis>75% detected angiographically in a major coronary

vessel was defined as significant stenosis. Gensini scores were calculated based on angiographic

findings, as previously reported [16].

Statistical analysis

The data for the continuous variables with a normal distribution are expressed as mean ± SD,

using the unpaired two-sample T-test for comparison of the means in the two groups. The

data for the nominal variables are expressed with Chi-square test. Multiple logistic regression

analysis was done to adjust for confounding factors. Variables are treated as continuous: 1 rep-

resents a risk and 0 represents no risk. Multivariate logistic regression analysis was used to

evaluate the EATV Index determinants, by dividing the groups into men and women, after

adjustment for age, body mass index (BMI), CABG, hypertension, dyslipidemia, and type 2

diabetes mellitus. Multivariate logistic regression analysis was adopted to evaluate the associa-

tion between EATV index and its impact on CABG in men and women, after adjustment for

age, BMI, hypertension, dyslipidemia, type 2 diabetes mellitus and EATV Index. Statistical

analysis was performed using Stat view or JMP 12.2.0 (SAS Institute Inc. Cary, NC, U.S.A.).

P< 0.05 was considered to be statistically significant.

Results

General characteristics

General characteristics of the study patients are shown in Table 1. In men, although age was

comparable, body weight, BMI, waist circumference (WC) and VFA were higher in the CABG

group than in the non-CABG group (see P1, Table 1). Epicardial adipose tissue volume

(EATV) and EATV/body surface area (EATV Index) were higher in the CABG group. Dia-

stolic blood pressure, hypertension (%), plasma glucose, HbA1c concentration, type 2 diabetes

mellitus (%), LDL cholesterol levels, LDL cholesterol level� 140 mg/dL or statin use, triglycer-

ide level, and TG level� 150 mg/dL or HDL level< 40 mg/dL were higher, and HDL choles-

terol level was lower in the CABG group than in the non-CABG group. Prevalence of type 2

diabetes mellitus, hypertension, and dyslipidemia (LDL cholesterol level� 140 mg/dL or statin

use, and TG level� 150 mg/dL or HDL-cholesterol level < 40 mg/dL) were higher in the

CABG group. hsCRP level was higher and adiponectin level was lower in the CABG group.

Among women, body weight, BMI, WC, and VFA were comparable between the two

groups, but EATV and EATV index were higher in the CABG group. Hypertension (%),

HbA1c concentration, type 2 diabetes mellitus (%), and triglyceride concentration were higher

and HDL cholesterol level was lower in the CABG group. Patients with LDL cholesterol

level� 140 mg/dL or statin use, and hsCRP and adiponectin levels were comparable between

the two groups.

Univariate regression analysis for CABG

The univariate regression analysis to estimate the need for CABG is shown in Table 2. In men,

CABG had significant relationships with BMI, BMI� 25, VFA, EATV, and EATV index. Lev-

els of diastolic blood pressure, plasma glucose, HbA1c, and HDL cholesterol levels, and preva-

lence of patients with hypertension, type 2 diabetes mellitus, LDL cholesterol level�140 mg/
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dL or statin use, and TG level�150 mg/dL or HDL level< 40 mg/dL were also significantly

correlated to CABG. CABG was also associated with hsCRP and adiponectin levels.

In women, CABG was not correlated with body weight, BMI, BMI�25, WC, and VFA, dia-

stolic blood pressure, hsCRP levels, adiponectin levels, and prevalence of patients with LDL

cholesterol level�140 mg/dL or statin use (%). Meanwhile, CABG was correlated with EATV,

EATV index, HbA1c levels, HDL cholesterol levels, and prevalence of hypertension and type 2

diabetes mellitus.

In men, EATV index (r = 0.186, P = 0.046), as well as BMI (r = 0.337, P<0.001, data not

shown) and VFA (r = 0.252, P = 0.007, data not shown), was positively correlated with Gensini

score (S1 Fig). In women, only EATV index (r = 0.363, P = 0.006), but not BMI nor VFA, was

positively correlated with Gensini score.

Multivariate regression analysis for CABG

Next, we determined the impact of individual risk factors on CABG by multivariate regres-

sion models in a standard sequential (hierarchical) fashion (Table 3). In men, BMI (model

Table 1. General characteristics of studied patients.

Men (n = 115) Women (n = 57)

non-CABG

(n = 47)

CABG

(n = 68)

non-CABG

(n = 40)

CABG

(n = 17)

Parameters mean or

%

(SD) mean or

%

(SD) P1 mean or

%

(SD) P2 mean or

%

(SD) P1 P2

Age (years) 67 (12) 66 (11) 0.786 72 (10) 0.044 76 (7) 0.158 0.002

Body weight (kg) 61.6 (9.6) 67.5 (12.2) 0.007 50.0 (8.7) 0.000 47.3 (8.4) 0.308 0.000

Body mass index (kg/m2) 23.0 (3.0) 24.6 (3.8) 0.013 22.2 (3.3) 0.245 21.0 (2.9) 0.202 0.000

Body mass index� 25 kg/m2 (%) 34% - 41% - 0.559 30% - 0.819 18% - 0.513 0.094

Waist circumference (cm) 85.2 (9.6) 90.4 (10.9) 0.008 81.3 (10.4) 0.074 81.4 (11.5) 0.971 0.003

Visceral fat area (cm2) 125 (64) 155 (75) 0.027 88 (46) 0.003 91 (48) 0.823 0.001

Subcutaneous fat area (cm2) 110 (59) 136 (76) 0.052 133 (88) 0.149 122 (67) 0.647 0.497

EATV (cm3) 91 (57) 131 (79) 0.003 85 (54) 0.639 132 (66) 0.007 0.978

EATV index (cm3/m2) 53 (35) 74 (40) 0.004 60 (42) 0.369 93 (43) 0.009 0.085

Systolic blood pressure (mmHg) 126 (20) 129 (19) 0.443 120 (17) 0.191 127 (14) 0.282 0.717

Diastolic blood pressure (mmHg) 64 (14) 71 (13) 0.017 68 (13) 0.274 67 (13) 0.807 0.356

Hypertension (%) 75% - 93% - 0.014 75% - 1.000 100% - 0.025 0.578

Smoking history (%) 70% - 71% - 1.000 23% - 0.000 24% - 1.000 0.001

Fasting plasma glucose (mg/dL) 109 (29) 139 (49) 0.001 112 (22) 0.628 127 (36) 0.113 0.460

HBA1C (%) 5.59 (0.73) 6.17 (0.97) 0.001 5.70 (0.44) 0.424 6.64 (1.07) 0.000 0.102

Type 2 diabetes mellitus (%) 26% - 53% - 0.004 33% - 0.488 82% - 0.001 0.031

LDL cholesterol (mg/dL) 101 (26) 98 (30) 0.623 113 (27) 0.041 111 (27) 0.781 0.148

LDL cholesterol� 140 mg/dL or statin use

(%)

32% - 60% - 0.004 48% - 0.186 71% - 0.149 0.578

HDL cholesterol (mg/dL) 55 (17) 46 (13) 0.002 63 (16) 0.032 48 (13) 0.002 0.611

Triglyceride (mg/dL) 120 (85) 152 (86) 0.055 113 (67) 0.645 174 (130) 0.022 0.407

TG�150mg/dL or HDL<40mg/dL (%) 25% - 54% - 0.003 25% - 1.000 50% - 0.112 0.787

hsCRP (mg/dL) 1.04 (2.57) 0.37 (0.86) 0.047 0.72 (1.82) 0.514 1.25 (2.83) 0.400 0.028

Adiponectin (μg/mL) 9.15 (10.5) 5.89 (5.38) 0.033 11.17 (9.17) 0.352 6.96 (3.95) 0.084 0.456

Values are Mean ± SD or %. hsCRP: EATV: epicardial adipose tissue volume; hsCRP: high sensitive C-reactive protein. P1,P2: P values calculated

between non-CABG vs CABG and between men and women, respectively by un-paired t test or Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0177170.t001
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1) was a determinant of CABG after correcting for age and smoking status. Addition of

hypertension, dyslipidemia (LDL cholesterol level �140 mg/dL or statin use; TG level � 150

mg/dL or HDL cholesterol level < 40 mg/dL), and type 2 diabetes mellitus increased the

corrected R2, which reached 0.065, 0.108 and 0.159, respectively (models 2–4). When added

to the combination model using these traditional risk factors (model 1–4), VFA, the marker

of visceral fat obesity, did not increase the corrected R2, (model 5), but addition of EATV

index increased the corrected R2 (0.178, model 6). The addition of hsCRP and adiponectin

as variables further increased the corrected R2 (0.256, model 7). In women, the combination

model using the traditional risk factors was a significant model, but type 2 diabetes mellitus

was the sole significant determinant (corrected R2 = 0.217, p = 0.005, model 4). Addition of

VFA, EATV index, HsCRP and adiponectin as variables did not significantly improve the

model (model 5–7).

We further evaluated the EATV prediction models by separating the participants to

groups of less visceral fat accumulation (VFA<100 cm2) and excess visceral fat accumula-

tion (VFA�100 cm2) (S3 Table). In men VFA�100 cm2, EATV index, as well as hyperten-

sion, type 2 diabetes mellitus and hsCRP, was also a significant determinant for CABG.

However, in men VFA<100 cm2, only hyperlipidemia, not EATV index, was a significant

determinant. In women VFA�100 cm2, there were no significant predictors, however in

women VFA�100 cm2, type 2 diabetes mellitus and ETV index were significant predictors.

Table 2. Univariate analysis to estimate operation of CABG.

Parameters All (n = 172) Men (n = 115) Women (n = 57)

r P r P r P

Age (years) -0.043 0.580 -0.026 0.786 0.189 0.158

Body mass index (kg/m2) 0.171 0.025 0.218 0.019 -0.168 0.211

Body mass index� 25 kg/m2 (yes/no) 0.045 0.557 0.332 0.000 -0.128 0.341

Waist circumference (cm) 0.238 0.002 0.249 0.007 0.001 0.993

Visceral fat area (cm2) 0.248 0.001 0.206 0.027 0.030 0.823

Subcutaneous fat area (cm2) 0.084 0.272 0.181 0.052 -0.062 0.646

EATV (cm3) 0.311 <0.0001 0.273 0.003 0.353 0.007

EATV index (cm3/m2) 0.265 0.000 0.266 0.004 0.345 0.009

Systolic blood pressure (mmHg) 0.055 0.507 0.041 0.680 0.274 0.075

Diastolic blood pressure (mmHg) 0.180 0.029 0.228 0.019 0.026 0.868

Hypertension (yes/no) 0.102 0.000 0.252 0.007 0.301 0.023

Smoking (yes/no) 0.130 0.090 0.004 0.966 0.011 0.934

Fasting plasma glucose (mg/dL) 0.176 0.032 0.276 0.005 0.133 0.377

HBA1C (%) 0.289 0.000 0.305 0.001 0.463 0.001

Type 2 diabetes mellitus (yes or no) 0.303 <0.0001 0.273 0.003 0.457 0.000

LDL cholesterol (mg/dL) -0.092 0.247 -0.047 0.623 -0.026 0.858

LDL cholesterol� 140 mg/dL or statin use (yes/no) 0.233 0.002 0.279 0.003 0.212 0.113

HDL cholesterol (mg/dL) -0.262 0.001 -0.301 0.002 -0.378 0.006

Triglyceride (mg/dL) 0.239 0.002 0.182 0.055 0.276 0.040

Triglycerides� 150 mg/dL or HDL-cholesterol < 40 mg/dL (yes/no) 0.283 0.000 0.290 0.002 0.211 0.119

hsCRP (mg/dL) -0.091 0.235 -0.185 0.047 0.115 0.400

Adiponectin (μg/ml) -0.232 0.002 -0.197 0.036 -0.235 0.084

EATV: epicardial adipose tissue volume; hsCRP: high sensitive C-reactive protein. r and P were calculated by univariate regression analysis to estimate

operation of CABG (yes or no).

https://doi.org/10.1371/journal.pone.0177170.t002
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Discussion

The major findings of this study are: 1) in men, EATV index, in addition to traditional

ASCVD risk factors including age, smoking, obesity, hypertension, type 2 diabetes mellitus,

and dyslipidemia, was a significant determinant for CABG; 2) in women, meanwhile, type 2

diabetes mellitus was the sole determinant for CABG in women. EATV index as well as tradi-

tional risk factors of ASCVD were not significant determinants for CABG.

Although the prevalence of traditional ASCVD risk factors and their differential impact in

women has been previously recognized [1–5], this study quantitatively determined the impact

of traditional and non-traditional ASCVD risk factors in patients undergoing CABG, and dis-

covered a large gender-specific difference.

Gender-specific difference in traditional risk factors for CABG

The current study indicated gender-specific differences in the prevalence and quantitative

impact of traditional ASCVD risk factors in patients undergoing CABG, who had severe

Table 3. Multivariate analysis to estimate operation of CABG.

Men (n = 115)

Model 1 Model2 Model3 Model4 Model5 Model6 Model7

Corrected R2 0.022 0.065 0.108 0.159 0.152 0.178 0.256

P 0.141 0.022 0.004 0.000 0.001 0.000 0.000

Parameters r P r P r P r P r P r P r P

Age(years) 0.016 0.864 -0.049 0.615 -0.022 0.818 -0.037 0.690 -0.037 0.687 -0.093 0.326 -0.066 0.471

Smoking status (yes or no) -0.006 0.945 0.004 0.962 0.047 0.605 0.054 0.543 0.052 0.559 0.086 0.334 0.054 0.530

Body mass index (kg/m2) 0.221 0.021 0.170 0.075 0.127 0.180 0.095 0.305 0.081 0.510 0.007 0.957 -0.056 0.647

Hypertension (yes or no) 0.236 0.015 0.213 0.025 0.210 0.023 0.207 0.027 0.194 0.036 0.227 0.012

Dyslipidemia (yes or no) 0.234 0.013 0.227 0.014 0.228 0.014 0.234 0.010 0.221 0.011

Type 2 diabetes mellitus (yes or no) 0.240 0.007 0.237 0.009 0.242 0.007 0.261 0.003

Visceral fat area (cm2) 0.021 0.866 -0.042 0.738 -0.053 0.660

EATV index (cm3/m2) 0.225 0.036 0.265 0.011

hsCRP (mg/dL) -0.291 0.001

Adiponectin(μg/mL) -0.192 0.028

Women (n = 57)

Model 1 Model2 Model3 Model4 Model5 Model6 Model7

Corrected R2 0.009 0.060 0.105 0.217 0.230 0.259 0.266

P 0.328 0.124 0.057 0.005 0.005 0.003 0.006

Parameters r P r P r P r P r P r P r P

Age(years) 0.180 0.185 0.119 0.381 0.081 0.544 0.095 0.446 0.120 0.341 0.067 0.594 0.072 0.589

Smoking status (yes or no) 0.063 0.646 0.074 0.579 0.018 0.892 -0.017 0.891 -0.005 0.967 -0.009 0.941 0.017 0.890

Body mass index (kg/m2) -0.164 0.235 -0.148 0.272 -0.190 0.156 -0.063 0.635 -0.203 0.228 -0.200 0.226 -0.165 0.325

Hypertension (yes or no) 0.264 0.054 0.278 0.039 0.219 0.083 0.218 0.083 0.145 0.265 0.148 0.262

Dyslipidemia (yes or no) 0.253 0.064 0.170 0.191 0.163 0.207 0.169 0.182 0.118 0.380

Type 2 diabetes mellitus (yes or no) 0.373 0.006 0.356 0.008 0.341 0.010 0.370 0.011

Visceral fat area (cm2) 0.211 0.183 0.133 0.411 0.116 0.503

EATV index (cm3/m2) 0.230 0.094 0.186 0.217

hsCRP (mg/dL) 0.093 0.516

Adiponectin(μg/mL) -0.163 0.208

EATV: epicardial adipose tissue volume; hsCRP: high sensitive C-reactive protein. r and P were calculated by multivariate regression analysis to estimate

operation of CABG.

https://doi.org/10.1371/journal.pone.0177170.t003
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obstructive CAD. In previous studies estimating gender-specific difference in preoperative

risk factors of CABG [17–19], women were older and were diabetic, had hypercholesterolemia

and hypertension, and had smaller body surface areas, as compared to men. It was also

reported that women demonstrated greater 30-day mortality and late mortality than men on

univariate analysis, but not on multivariate analysis after correction of preoperative risk factors

[17–19]. When comparisons were made between men and women, our study also showed that

women were older, had more diabetes, and had smaller body mass indices (P2, Table 1). How-

ever, when comparisons were made between CABG and non-CABG groups, the prevalence of

traditional risk factors such as aging, hypertension, and dyslipidemia were significantly differ-

ent in men but not in women, except for type 2 diabetes mellitus (P1, Table 1). In addition,

the impact of risk factors of CABG showed gender-specific results: in men, traditional ASCVD

risk factors, such as age, smoking, obesity, hypertension, diabetes mellitus, and dyslipidemia,

concurrently determined the need for CABG, while in women, diabetes mellitus was the only

risk factor that did.

Reportedly, the prevalence and impact of traditional risk factors for ASCVD differ between

men and women [4]. CAD can be defined as vascular disease limited to the epicardial coronary

arteries, and is not always the same as ischemic heart disease (IHD), which also includes ische-

mic disease via abnormal coronary reactivity [20] or altered microcirculation [21] in patients

with non-obstructive CAD. It has been suggested that such women-specific IHD pathophysiol-

ogy is associated with poor ACVSD outcomes in women [1–3].

Type 2 diabetes mellitus has long been recognized to convene a greater risk for ASCVD

mortality in women than in men [22]. Juutilainen et al. reported that women with type 2

diabetes mellitus had a higher adjusted hazard ratio (HR) of fatal CAD (hazard ratio = 14.7)

compared to diabetic men (hazard ratio = 3.8) [23]. A meta-analysis of 447,064 individuals

confirmed that diabetic women had a 46% excess risk for fatal CAD than non-diabetic

women did, compared to a smaller risk in diabetic and non-diabetic men (multiple risk-

adjusted relative risks of diabetic vs non-diabetics for fatal CAD: men 1.99 vs women 3.12,

p = 0.008) [24]. The Society of Thoracic Surgeons National Adult Cardiac Surgery Database

(STS NCD) and the European System for Cardiac Operative Risk Evaluation (EuroSCORE)

risk models independently have proposed estimation models of multiple preoperative risk

factors for postoperative outcomes after cardiac surgery [25, 26]. Among the preoperative

risk factors, diabetes mellitus may be more significant for women than for men [17–19].

The women-specific IHD pathophysiology such as abnormal coronary reactivity [20],

altered microcirculation [21], impaired endothelium-dependent vasodilation [27], a hyper-

coagulable state [28], worsened atherogenic dyslipidemia [29], and vulnerability to meta-

bolic and vascular risks [30], are proposed as possible mechanisms for poor outcomes in

women with ASCVD. These mechanisms may also be associated with CABG, but evidence

for the mechanisms is fairly lacking.

Gender-specific difference in non-traditional risk factors for CABG

Among traditional ASCVD risk factors, obesity and being overweight are becoming more

prevalent in the world, and significantly affect the onset of ASCVD [6]. We also employed

non-traditional risk factors, including distribution in VFA [8], non-abdominal fat (EATV and

EATV index) [9], and biomarkers such as CRP [15, 31] and adiponectin [15, 32],

In men, multivariate logistic regression analysis combining traditional and non-traditional

risk factors showed that multiple risk factors including EATV index, hypertension, dyslipide-

mia, adiponectin, HsCRP, type 2 diabetes mellitus (Corrected R2 = 0.262, p< 0.0001) were

determinants for CABG. In women, type 2 diabetes mellitus is a single strong predictor for
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CABG, even after addition of all traditional and non-traditional factors (Corrected R2 = 0.266,

p = 0.005).

In 3,086 healthy participants from the Framingham Heart Study (49% women; mean age of

50 years) [7], the incidence of cardiovascular disease was associated with VFA (hazard ratio:

1.44 by a 1SD increase; p = 0.014) and non-abdominal fat (periaortic fat) (hazard ratio: 1.31;

p = 0.03), but not with subcutaneous fat (hazard ratio: 0.99; p = 1.0). Since the associations

were obtained even after corrections with traditional ASCVD risk factors (age, systolic blood

pressure, diabetes, total cholesterol, high-density lipoprotein cholesterol, current smoking,

hypertension treatment, and BMI), the abdominal and non-abdominal fat were shown to

increase the prevalence and incidence of ASCVD, independent of traditional ASCVD risk fac-

tors [7, 13]. In agreement with the study, our model showed that epicardial fat volume was a

significant determinant for CABG, even after correction with other traditional ASCVD risk

factors.

Since it has been considered that EAT volume is highly correlated with accumulation of

VAT [11], the dominant phenotype in men, we investigated parameters to estimate accumula-

tion of EATV in men and women (S1 and S2 Tables). The multivariate regression analysis

showed that age, VFA, CABG, and hypertension were the determinants for EATV index in

men and VFA, hypertension and hsCRP were the determinants in women (S1 Table). Interest-

ingly, CABG was the independent determinant for EATV index in men, but not in women.

Since the biology and pathophysiological role of EAT remain unclear [9, 11, 12], we currently

cannot speculate whether accumulation of EAT is a cause or a result of coronary atherosclero-

sis. However, our result indicated that increased EATV in men conveys an independent and

additive risk when VAT mass is accounted for, suggesting that the impact of EATV is greater

in men.

Our multivariate model indicated that CRP, a marker of chronic inflammation [31], and

low adiponectin, a marker of adipose tissue dysfunction [8], were also independent determi-

nants. Again, the associations of these 2 markers to CABG were observed only in men, suggest-

ing these non-traditional ASCVD risk factors affect males dominantly. The role of chronic

inflammation in the propagation of atherosclerosis and susceptibility to cardiovascular events

is well established [15, 31], and hsCRP has received the most attention for its use in screening

and risk classification, both in men and women [33]. We do not have any evidence to explain

the gender-specific difference on the impact of hsCRP in the current study. It is known that

hsCRP levels are higher among women than men and increase with age [31]. In our results,

women subjects were older and had hsCRP levels than men in the CABG group, and that may

affect the determinant power of hsCRP, at least partially. In the healthy lean state, adiponectin

is released by EAT to decrease contractile responses to vasoconstrictive agents, thus exerting a

protective anti-hypertensive function via the control of vasodilation [34]. By contrast, depen-

dently of EATV accumulations, adiponectin was downregulated, and macrophages and proin-

flammatory adipocytokines were upregulated, in EAT biopsies from coronary artery disease

(CAD) patients [10]. Also in EAT of heart failure (HF) patients, a regulator of adipose tissue

inflammation, p53, was increased, inversely correlated with adiponectin [35]. Combined

above, EAT may exert a protecting role of vascular function in healthy subjects, however, the

expansion in cardiovascular diseases such as CAD and HF may lead to the development of a

pro-inflammatory profile [36].

Although there have been contradictory results, a recent meta-analysis indicated a strong

association between hypoadiponectinemia and cardiovascular mortality in populations with

or without prior cardiovascular diseases [10][37]. In contrast, the relationship between adipo-

nectin level and cardiovascular mortality was not observed in diabetic patients [38]. It is well-

known that circulating adiponectin levels are higher in women despite their higher adiposity,
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which is associated in both sexes with lower adiponectin levels [39]. Even in patients after

acute myocardial infarction, levels of adiponectin cannot estimate future MACE in women

(best cutoff value 8.5 μg/mL, p = 0.519), while these levels can estimate MACE in men (3.8 μg/

mL, p = 0.0016) [40]. Gender-specific variability in adipocyte-gene expression of adipocyto-

kines is found for adiponectin and various other adipocyte-derived proteins, and may contrib-

ute to gender-specific adipocyte-depot distribution [41–43]. Although we previously observed

that imbalance of cytokine/adipocytokine signals in EAT strongly correlated with CAD [10],

this phenomenon might be limited in men.

We further evaluated gender difference in the EATV prediction models by comparing simi-

lar visceral fat distribution. In men VFA�100 cm2, EATV index, hypertension, type 2 diabetes

mellitus and hsCRP, were determinants for CABG. However, in men VFA<100 cm2, only

hyperlipidemia, not EATV index, was a determinant (S3 Table). In women VFA�100 cm2,

type 2 diabetes mellitus and ETV index were predictors (S3 Table). These results suggest that

EAT accumulation is a useful predictor for CABG in men and women, but it can differently

affect coronary atherosclerosis in men and women. It might be supported by the fact that coro-

nary atherosclerosis severity (Gensini score) was differently correlated with adiposity in men

(EATV index, BMI and VFA) and women (EATV index) (S1 Fig).

Study limitations

The limitations of our study arise mainly from its observational nature. Since the decision to

select patients and the use of treatment or medications for ASCVD risk factors were not con-

trolled, patient selection bias is likely present: ages were comparable between men in the non-

CABG and CABG groups, but not between women. Second, our sample size is relatively small;

particularly, the number of female subjects undergoing CABG was too small compared to the

number of male subjects when the study population was divided into subgroups. Thus, we

need to be careful when comparing men and women. In spite of these limitations, we were

able to obtain similar observations with previous studies for the association of traditional

ASCVD risk factors in men. Our strategy may eliminate the bias attributed to confounding

factors by comparing patients of the same gender in the non-CABG and CABG groups. Some

of the results of the study were not as expected, i.e. in women, the absence of association of tra-

ditional ASCVD risk factors such as age. It is ideal that more female subjects be included, to

achieve adequate statistical power. Third, we selected the patients with non-coronary valvular

surgery (non-CABG group) as the control, and they were not healthy population, showing

increases in prevalence of hypertension and age. Shmilovich et al. determined EATV index

(cm3 /m2) in healthy, low Framingham risk score people (52 ± 9 years old, 51% Male, and BMI

26.8 ± 4.9 kg/m2) [44]: median, range, and 25th and 75th-percentiles of EATV index were 33,

11–97, and 25 and 46 cm3/m2. EATV index of our valvular surgery controls were 53 ± 35 cm3/

m2 in men and 60 ± 42 cm3/m2 in women, indicating higher values as compared to those of

healthy controls [44]. Since EATV index is increased extensively with age [44, 45], we cannot

simply compare theirs (mean 52 years) and ours (non-CABG/CABG 67/66 in men, 72/ 76 in

women). However, since CABG groups and valvular surgery controls were eventually equal-

ized for age and hypertension, we could minimize its confounding effects when comparing

these groups.

Conclusions

Our study revealed that multiple risk factors, including traditional risk factors and non-tradi-

tional risk factors such as epicardial fat accumulation as well as high CRP and low adiponectin

levels, are determinants for CABG in men, but diabetes mellitus was the sole determinant in
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women. Gender disparities in ASCVD risk factors for CABG prompt us to evaluate new diag-

nostic and treatment strategies and to seek potential underlying mechanisms, such as epicar-

dial fat involvement with chronic inflammation and/or hypoadiponectinemia.

Supporting information

S1 Fig. Linear correlation between epicardial adipose tissue volume (EATV) index and

Gensini score in 115 men and 57 women who underwent non-coronary artery bypass graft

(non-CABG: �) or CABG (●) surgery. Linear regression analysis was made in a combined

group including non-CABG and CABG subjects. R and p values are shown. In men, EATV

index (r = 0.186, P = 0.046), as well as BMI (r = 0.337, P<0.001, data not shown) and VFA

(r = 0.252, P = 0.007, data not shown), was positively correlated with Gensini score. In women,

only EATV index (r = 0.363, P = 0.006), but not BMI nor VFA, was positively correlated with

Gensini score.

(TIF)

S1 Table. Univariate regression analysis between parameters.

(PDF)

S2 Table. Multivariate analysis to estimate EATV index.

(PDF)

S3 Table. Multivariate analysis to estimate operation of CABG in patients with VFA�100

cm2 or with VFA<100 cm2.

(PDF)

Acknowledgments

We are grateful to Ms. E. Uematsu for handling patients’ database, and all medical staff in the

University of Tokushima Hospital, Sakakibara Heart Institute; Shonan-Kamakura General

Hospital, and Awaji Medical Center for secretary assistance.

Author Contributions

Conceptualization: M. Shimabukuro M. Sata.

Formal analysis: M. Shimabukuro.

Funding acquisition: M. Shimabukuro M. Sata.

Investigation: GM M. Shimabukuro HMS MT DY YM TA TM SY DF HY T. Soeki T. Sugi-

moto MT ST M. Sata.

Methodology: M. Shimabukuro M. Sata.

Project administration: M. Shimabukuro M. Sata.

Resources: M. Shimabukuro M. Sata.

Validation: M. Shimabukuro.

Visualization: M. Shimabukuro.

Writing – original draft: M. Shimabukuro.

Writing – review & editing: M. Shimabukuro.

Gender and coronary artery bypass graft surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0177170 June 8, 2017 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177170.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177170.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177170.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177170.s004
https://doi.org/10.1371/journal.pone.0177170


References
1. Shaw LJ, Bairey Merz CN, Pepine CJ, Reis SE, Bittner V, Kelsey SF, et al. Insights From the NHLBI-

Sponsored Women’s Ischemia Syndrome Evaluation (WISE) Study: Part I: Gender Differences in Tradi-

tional and Novel Risk Factors, Symptom Evaluation, and Gender-Optimized Diagnostic Strategies.

Journal of the American College of Cardiology. 2006; 47(3, Supplement):S4–S20. https://doi.org/

https://doi.org/10.1016/j.jacc.2005.01.072

2. Bairey Merz CN, Shaw LJ, Reis SE, Bittner V, Kelsey SF, Olson M, et al. Insights From the NHLBI-

Sponsored Women’s Ischemia Syndrome Evaluation (WISE) Study: Part II: Gender Differences in Pre-

sentation, Diagnosis, and Outcome With Regard to Gender-Based Pathophysiology of Atherosclerosis

and Macrovascular and Microvascular Coronary Disease. Journal of the American College of Cardiol-

ogy. 2006; 47(3, Supplement):S21–S9. https://doi.org/https://doi.org/10.1016/j.jacc.2004.12.084

3. Shaw LJ, Shaw RE, Merz CNB, Brindis RG, Klein LW, Nallamothu B, et al. Impact of Ethnicity and Gen-

der Differences on Angiographic Coronary Artery Disease Prevalence and In-Hospital Mortality in the

American College of Cardiology–National Cardiovascular Data Registry. Circulation. 2008; 117

(14):1787–801. https://doi.org/10.1161/CIRCULATIONAHA.107.726562 PMID: 18378615

4. George J, Rapsomaniki E, Pujades-Rodriguez M, Shah AD, Denaxas S, Herrett E, et al. How Does Car-

diovascular Disease First Present in Women and Men? Incidence of 12 Cardiovascular Diseases in a

Contemporary Cohort of 1,937,360 People. Circulation. 2015; 132(14):1320–8. Epub 2015/09/04.

https://doi.org/10.1161/CIRCULATIONAHA.114.013797 PMID: 26330414; PubMed Central PMCID:

PMCPMC4590518.

5. Garcia M, Mulvagh SL, Bairey Merz CN, Buring JE, Manson JE. Cardiovascular Disease in Women:

Clinical Perspectives. Circulation Research. 2016; 118(8):1273–93. https://doi.org/10.1161/

CIRCRESAHA.116.307547 PMID: 27081110

6. Expert Panel Report: Guidelines (2013) for the management of overweight and obesity in adults. Obe-

sity (Silver Spring, Md). 2014; 22 Suppl 2:S41–410. Epub 2013/11/15. https://doi.org/10.1002/oby.

20660 PMID: 24227637.

7. Britton KA, Massaro JM, Murabito JM, Kreger BE, Hoffmann U, Fox CS. Body fat distribution, incident

cardiovascular disease, cancer, and all-cause mortality. J Am Coll Cardiol. 2013; 62(10):921–5. Epub

2013/07/16. https://doi.org/10.1016/j.jacc.2013.06.027 PMID: 23850922; PubMed Central PMCID:

PMCPMC4142485.

8. Matsuzawa Y, Shimomura I, Nakamura T, Keno Y, Kotani K, Tokunaga K. Pathophysiology and patho-

genesis of visceral fat obesity. Obesity research. 1995; 3 Suppl 2:187s–94s. Epub 1995/09/01. PMID:

8581775.

9. Shimabukuro M. Cardiac adiposity and global cardiometabolic risk: new concept and clinical implication.

Circ J. 2009; 73(1):27–34. Epub 2008/12/06. PubMed: 19057089. PMID: 19057089

10. Shimabukuro M, Hirata Y, Tabata M, Dagvasumberel M, Sato H, Kurobe H, et al. Epicardial adipose tis-

sue volume and adipocytokine imbalance are strongly linked to human coronary atherosclerosis. Arte-

riosclerosis, thrombosis, and vascular biology. 2013; 33(5):1077–84. https://doi.org/10.1161/

ATVBAHA.112.300829 PMID: 23471228.

11. Iacobellis G. Local and systemic effects of the multifaceted epicardial adipose tissue depot. Nature

reviews Endocrinology. 2015; 11(6):363–71. Epub 2015/04/09. https://doi.org/10.1038/nrendo.2015.58

PMID: 25850659.

12. Fitzgibbons TP, Czech MP. Epicardial and perivascular adipose tissues and their influence on cardio-

vascular disease: basic mechanisms and clinical associations. Journal of the American Heart Associa-

tion. 2014; 3(2):e000582. Epub 2014/03/07. https://doi.org/10.1161/JAHA.113.000582 PMID:

24595191; PubMed Central PMCID: PMCPMC4187500.

13. Cheng VY, Dey D, Tamarappoo B, Nakazato R, Gransar H, Miranda-Peats R, et al. Pericardial fat bur-

den on ECG-gated noncontrast CT in asymptomatic patients who subsequently experience adverse

cardiovascular events. JACC Cardiovascular imaging. 2010; 3(4):352–60. Epub 2010/04/17. https://

doi.org/10.1016/j.jcmg.2009.12.013 PMID: 20394896; PubMed Central PMCID: PMCPMC2946639.

14. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, Araki E, et al. Report of the committee on the

classification and diagnostic criteria of diabetes mellitus. Journal of diabetes investigation. 2010; 1

(5):212–28. Epub 2010/10/19. https://doi.org/10.1111/j.2040-1124.2010.00074.x PMID: 24843435;

PubMed Central PMCID: PMCPMC4020724.

15. Fujita K, Nishizawa H, Funahashi T, Shimomura I, Shimabukuro M. Systemic oxidative stress is associ-

ated with visceral fat accumulation and the metabolic syndrome. Circ J. 2006; 70(11):1437–42. Epub

2006/10/26. doi: JST.JSTAGE/circj/70.1437 [pii]. PMID: 17062967.

16. Gensini GG. A more meaningful scoring system for determining the severity of coronary heart disease.

The American journal of cardiology. 1983; 51(3):606. https://doi.org/https://doi.org/10.1016/S0002-

9149(83)80105-2 PMID: 6823874

Gender and coronary artery bypass graft surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0177170 June 8, 2017 12 / 14

https://doi.org/10.1016/j.jacc.2005.01.072
https://doi.org/10.1016/j.jacc.2005.01.072
https://doi.org/10.1016/j.jacc.2004.12.084
https://doi.org/10.1161/CIRCULATIONAHA.107.726562
http://www.ncbi.nlm.nih.gov/pubmed/18378615
https://doi.org/10.1161/CIRCULATIONAHA.114.013797
http://www.ncbi.nlm.nih.gov/pubmed/26330414
https://doi.org/10.1161/CIRCRESAHA.116.307547
https://doi.org/10.1161/CIRCRESAHA.116.307547
http://www.ncbi.nlm.nih.gov/pubmed/27081110
https://doi.org/10.1002/oby.20660
https://doi.org/10.1002/oby.20660
http://www.ncbi.nlm.nih.gov/pubmed/24227637
https://doi.org/10.1016/j.jacc.2013.06.027
http://www.ncbi.nlm.nih.gov/pubmed/23850922
http://www.ncbi.nlm.nih.gov/pubmed/8581775
http://www.ncbi.nlm.nih.gov/pubmed/19057089
https://doi.org/10.1161/ATVBAHA.112.300829
https://doi.org/10.1161/ATVBAHA.112.300829
http://www.ncbi.nlm.nih.gov/pubmed/23471228
https://doi.org/10.1038/nrendo.2015.58
http://www.ncbi.nlm.nih.gov/pubmed/25850659
https://doi.org/10.1161/JAHA.113.000582
http://www.ncbi.nlm.nih.gov/pubmed/24595191
https://doi.org/10.1016/j.jcmg.2009.12.013
https://doi.org/10.1016/j.jcmg.2009.12.013
http://www.ncbi.nlm.nih.gov/pubmed/20394896
https://doi.org/10.1111/j.2040-1124.2010.00074.x
http://www.ncbi.nlm.nih.gov/pubmed/24843435
http://www.ncbi.nlm.nih.gov/pubmed/17062967
https://doi.org/10.1016/S0002-9149(83)80105-2
https://doi.org/10.1016/S0002-9149(83)80105-2
http://www.ncbi.nlm.nih.gov/pubmed/6823874
https://doi.org/10.1371/journal.pone.0177170


17. Woods SE, Noble G, Smith JM, Hasselfeld K. The influence of gender in patients undergoing coronary

artery bypass graft surgery: an eight-year prospective hospitalized cohort study. J Am Coll Surg. 2003;

196(3):428–34. Epub 2003/03/22. https://doi.org/10.1016/S1072-7515(02)01756-8 PMID: 12648695.

18. Al-Alao BS, Parissis H, McGovern E, Tolan M, Young VK. Gender influence in isolated coronary artery

bypass graft surgery: a propensity match score analysis of early outcomes. General thoracic and car-

diovascular surgery. 2012; 60(7):417–24. Epub 2012/05/16. https://doi.org/10.1007/s11748-012-0082-

7 PMID: 22585007.

19. Saxena A, Dinh D, Smith JA, Shardey G, Reid CM, Newcomb AE. Sex differences in outcomes follow-

ing isolated coronary artery bypass graft surgery in Australian patients: analysis of the Australasian

Society of Cardiac and Thoracic Surgeons cardiac surgery database. European Journal of Cardio-Tho-

racic Surgery. 2012; 41(4):755–62. https://doi.org/10.1093/ejcts/ezr039 PMID: 22423056

20. von Mering GO, Arant CB, Wessel TR, McGorray SP, Bairey Merz CN, Sharaf BL, et al. Abnormal Coro-

nary Vasomotion as a Prognostic Indicator of Cardiovascular Events in Women: Results From the

National Heart, Lung, and Blood Institute–Sponsored Women’s Ischemia Syndrome Evaluation

(WISE). Circulation. 2004; 109(6):722–5. https://doi.org/10.1161/01.CIR.0000115525.92645.16 PMID:

14970106

21. Wong T, Klein R, Sharrett A, et al. Retinal arteriolar narrowing and risk of coronary heart disease in men

and women: The atherosclerosis risk in communities study. JAMA: the journal of the American Medical

Association. 2002; 287(9):1153–9. https://doi.org/10.1001/jama.287.9.1153 PMID: 11879113

22. Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. Why is diabetes mellitus a stronger risk factor

for fatal ischemic heart disease in women than in men?: The rancho bernardo study. JAMA: the journal

of the American Medical Association. 1991; 265(5):627–31. https://doi.org/10.1001/jama.1991.

03460050081025 PMID: 1987413
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