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Abstract
Syntax score (SS) and Gensini score (GS) are used to determine the complexity and severity of coronary artery disease. Although
there are some studies indicating the individual relationship of these scoring systems with the carotid intima–media thickness
(cIMT) and epicardial fat tissue (EFT), there was no previous study that compared the SS and GS in that respect. We aimed to
assess the relationship of SS and GS with predictors of atherosclerosis. We enrolled 522 patients. There were positive corre-
lations between GS and SS tertiles with cIMT and EFT. According to multivariate linear regression analysis for GS, EFT (b: 0.035,
t: 2.63, and P ¼ .49) and cIMT (b: 0.339, t: 2.97, and P ¼ .053) were not independently associated. For SS, EFT (b: 0.009, t: 6.5, and
P ¼ .006) and cIMT (b: 1.2, t: 10.1, and P ¼ .001) were independently and significantly associated. We showed that the SS is
significantly associated more with surrogate markers of atherosclerosis such as EFT and cIMT than the GS.
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Introduction

The complexity of coronary artery disease (CAD) and lesion

characteristics are predictors of periprocedural complications

and long-term mortality.1 Scoring systems and laboratory para-

meters are used to determine complexity and severity of CAD.

Syntax score (SS) and Gensini score (GS) are the most com-

monly used systems for this purpose, and they can also predict

the prognosis and the need for revascularization.2,3

Epicardial fat tissue (EFT) is a metabolically active endo-

crine organ that plays a role in cardiac function and morphol-

ogy by producing various factors.4-6 Epicardial fat tissue has

some direct influence on coronary arteries and myocardium.

When EFT increases pathologically, it can lead to myocardial

inflammation and dysfunction.7 This is due to paracrine effects

of increased reactive oxygen species as well as atherogenic and

inflammatory cytokines.8 In most of the recent studies, EFT

was related to the presence and severity of CAD.9,10 Increased

carotid intima–media thickness (cIMT) is related to the risk of

future cardiovascular events. It is accepted as an indirect

marker of subclinical atherosclerosis and atherosclerotic

burden.11,12

Although there are some studies indicating the individual

relationship of the SS and GS with cIMT and EFT, there was no

previous study that compared SS and GS in that respect. There-

fore, we assessed the relationship of SS and GS with the cIMT

and EFT.

Materials and Methods

Patient Population

We enrolled 522 patients. Informed consent and ethical com-

mittee approval were obtained. Coronary angiography was per-

formed due to signs and suspicions of CAD; 67% of the

patients were admitted with stable CAD and 33% of the patient

population was admitted with acute coronary syndrome (ACS).

Coronary angiograms were evaluated to calculate the SS and

GS. Patients were grouped into 3 groups according to SS and

GS: for SS, low score (SS� 22), intermediate score (SS: 23-32),

and high score (SS� 33); for GS, low� 24, intermediate: 25-53,

and high �54 values were used as previously defined.13
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We excluded patients with severe aortic stenosis,

ST-segment elevation myocardial infarction (MI), coronary

artery bypass graft (CABG), and those who were not eligible

for ultrasonographic evaluation. Hypertension was defined as a

systolic or diastolic blood pressure above 140/90 mm Hg at

least on 2 measurements or having antihypertensive medication

with normal blood pressures. Diabetes was defined as plasma

glucose levels >126 mg/dL on at least 2 measurements or med-

ical treatment for diabetes. Estimated glomerular filtration rate

(eGFR) was calculated by Cockcroft-Gault formula.14 Chronic

renal failure was defined as eGFR <60 mL/mn/1.73m2. On

admission, blood samples were obtained for complete blood

count, renal and liver function tests, cardiac biomarkers, and

lipid profile.

Coronary Angiography

Coronary angiography was performed in all patients. Indica-

tions were accepted as evidence of continuous chest pain,

increased levels of cardiac biomarkers, positive treadmill test,

or myocardial perfusion scintigraphy. Coronary angiography

was carried out by the femoral approach using the Judkins

technique, and all evaluations were made in diastole. The

results were interpreted by 2 experienced cardiologists.

Ultrasonography

All patients had ultrasonographic evaluation by Vivid 7

Dimension (General Electric, Fairfield, Connecticut) by the

same radiologists. The cIMT was measured as the distance

between the lumen–intima and the media–adventitia interfaces

starting approximately 1 cm proximal to the bifurcation area of

the common carotid artery (CCA) which was free from plaque,

as previously described.15 At least, 3 measurements were per-

formed bilaterally and averaged. The average of the measure-

ments obtained from both CCAs was taken as the cIMT and

included in the final analysis.

Epicardial fat tissue was measured from a hypoechoic space

between the outermost border of right ventricle myocardium

and the visceral layer of the pericardium. The largest diameter

of epicardial fat located on the right ventricular free wall was

determined, as previously described.5 Then, the EFT was mea-

sured in the parasternal long axis view at end-diastole in 3

cardiac cycles. The average of 3 cardiac cycles was used for

statistical analysis.

Syntax Score and Gensini Score

All vessels larger than 1.5 mm and with stenosis degree of

>50% were evaluated for the scoring system. Syntax score

was calculated by 2 cardiologists using the online calculator

from www.syntaxscore.com. Gensini score was computed by

assigning a severity score to each coronary stenosis according

to the degree of luminal narrowing and its geographic

importance.2

Statistical Analysis

Continuous variables are presented as mean (standard devia-

tion), while categorical variables are given as percentages. The

Kolmogorov-Smirnov test was used to verify the normality of

the distribution of continuous variables. Statistical analysis of

clinical data between the 2 groups consisted of unpaired t tests

for parametric data and Mann-Whitney U test analysis for

nonparametric data. Continuous variables and categorical

variables were analyzed by the w2 test, Student t test, or

Kruskal-Wallis test as appropriate. Pearson coefficient was

used as the association coefficient. Variables that were sig-

nificant in univariate analyses were subjected to linear regres-

sion analysis to determine whether the cIMT and EFT values

were independently associated with SS and GS. Carotid

intima–media thickness and EFT values were divided into 2

groups according to median values and receiver operating

curve (ROC) analysis was performed for high SS and GS

estimation. Analyses were performed with SPSS version 22

(SPSS/IBM, Chicago, Illinois) software; a 2-tailed P < .05

was considered significant.

Results

A total of 522 patients were included in the final analysis (SS or

GS ¼ 0 was excluded). The mean age was 61.6 (12) years and

75.1% of the study population were males. Baseline clinical,

laboratory, and angiographic characteristics according to GS

tertiles are shown in Table 1 and for SS tertiles in Table 2. In SS

tertiles, there was a significant difference in cIMT, EFT, TG,

left ventricular ejection fraction (LV-EF), low-density lipopro-

tein cholesterol (LDL-C), and platelet (PLT) in groups. In GS

tertiles, there was a significant difference in cIMT, EFT, tri-

glyceride (TG), and LV-EF in groups.

There were positive correlations between GS and SS tertiles

with cIMT and EFT (Pearson correlation). Scatter dot presen-

tation of GS and cIMT-EFT is shown in Figure 1. Figure 2

shows the scatter dot presentation of SS and cIMT-EFT. For

GS, cIMT, EFT, TG, and LV-EF and for SS additionally LDL-

C and PLT were included in multivariate linear regression

analysis. For GS, EFT (b: 0.035, t: 2.63, and P < .49) and cIMT

(b: 0.339, t: 2.97, and P < .053) were not independently asso-

ciated. In contrast, for SS, EFT (b: 0.009, t: 6.5, and P < .006)

and cIMT (b: 1.2, t: �9.6, and P < .001) were significantly

associated (Table 3).

Comparative ROC analysis was performed to determine

the association of GS and SS with cIMT and EFT and to

determine the clinical use of these surrogate markers. There-

fore, we categorized cIMT and EFT values according to med-

ian 0.9 mm and 6.8 mm, respectively. The area under curve

values for the GS and SS and the confidence intervals are

shown in Figure 3. It was indicated as a result of the compar-

ison of the ROC that there was no difference between the GS

and SS for the prediction of EFT (P < .001), while the SS

ensured better prediction compared with the GS for the

prediction of cIMT (P ¼ .12).
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Discussion

Syntax score was related more with the atherosclerotic surro-

gate markers, cIMT and EFT, than GS. Our study is the first

report which compares cIMT and EFT with both SS and GS.

Syntax score is a comprehensive angiographic scoring sys-

tem which determines complexity by using coronary anatomy

and lesion characteristics.16 The importance of complexity

of CAD and lesion characteristics in estimation of periproce-

dural complications and long-term mortality was demonstrated

in various studies,17 namely, SS helps determine patients

with higher adverse event risk independent of clinical

presentation. Additionally, a higher SS is related to a worse

clinical prognosis.18 Another scoring system to evaluate cor-

onary lesion complexity is GS.3 It defines plaque burden and

allocates and scores lesions according to their stenosis degree.

Gensini score can be used to determine prognosis like the SS.

Sinning et al,13 studied the relationship of SS and GS with long-

term nonfatal MI and cardiovascular mortality. The patients

were followed for up to 8 years. Both scores were found to

be significantly related with these clinical end points. The

cIMT and EFT are surrogate markers of atherosclerosis. In

various studies, increased cIMT and EFT were shown to be the

Table 1. Baseline Clinical, Laboratory, and Angiographic
Characteristics According to Gensini Score (GS) Tertiles.

Variables

Gensini Tertiles (n ¼ 522)

P�24 25-53 �54

Age, years 61.4 (13.0) 60.9 (11.9) 62 (11.7) .686
Sex, male % 67 77.7 76.6 .103
Diabetes, % 21.4 27 21.8 .411
Hypertension, % 46.6 50 48.4 .868
Smoking, % 39.8 39.2 37.7 .907
EFT, mm 6.47 (2.25) 6.72 (2.49) 7.08 (2.44) .014
cIMT, mm 0.82 (0.28) 0.91 (0.27) 0.93 (0.29) .004
Systolic blood pressure,

mm Hg
142 (27) 140 (25) 142 (25) .811

Diastolic blood
pressure, mm Hg

81 (18) 82 (18) 87 (17) .098

EF, % 54 (9) 50 (10) 49 (10) <.001
BMI, kg/m2 28.5 (4.3) 28.3 (5.2) 28.0 (5.2) .663
GFR, mL/min/1.73 m2 98 (43) 96 (40) 89 (37) .174
Glucose, mg/dL 126 (46) 110 (44) 115 (47) .272
Total cholesterol, mg/dL 163 (47) 165 (44) 163 (47) .851
LDL cholesterol, mg/dL 94 (40) 89 (35) 87 (37) .245
HDL cholesterol, mg/dL 40 (14) 40 (14) 41 (14) .384
Triglyceride, mg/dL 141 (81) 140 (88) 141 (75) .007
Hemoglobin, g/dL 13 (2) 13 (2) 15 (16) .292
Platelet count, 109/L 224 (82) 244 (94) 225 (73) .519
White blood cell count,

109/L
9.60 (2.90) 8.65 (2.99) 9.42 (3.26) .173

Angiographic features, %
CTO 1.9 17.7 76.6 <.001
Bifurcation lesion 10.7 30.6 43.2 <.001
Osteal lesion 1.9 11.6 16.6 <.001
Diffuse lesion 12.6 20.4 25 .028
Calcific lesion 9.7 12.2 19.5 .025
Thrombosed lesion 35.9 22.4 31.8 .045
Long lesion 32 42.9 48.1 .017
LMCA 13.6 33.8 31.8 .001
MVD 52.4 61.5 57.1 .357
LAD 61.2 80.4 86.7 <.001
CX 58.3 58.8 56.2 .847
RCA 60.2 51.4 58.8 .253

Abbreviations: BMI, body mass index; cIMT, carotid intima–media thickness;
CTO, chronic total occlusion; CX, circumflex artery; EF, ejection fraction; EFT,
epicardial fat tissue; GFR, glomerular filtration rate; HDL, high-density lipopro-
tein; LAD, left anterior descending artery; LDL, low-density lipoprotein;
LMCA, left main coronary artery disease; MVD, multivessel disease; RCA, right
coronary artery.

Table 2. Baseline Clinical, Laboratory and Angiographic Characteris-
tics According to Syntax Score (SS) Group.

Variables

SYNTAX Tertiles (n ¼ 522)

P�22 23-32 �33

Age, years 60.9 (12.6) 60.5 (11.8) 63.3 (11.3) .089
Sex, male % 75.2 76.6 75.2 .520
Diabetes, % 20 26.1 24.8 .116
Hypertension, % 45.2 48.7 50.1 .393
Smoking, % 39.2 40.6 34 .161
EFT, mm 6.1 (2.2) 6.9 (2.4) 7.6 (2.5) <.001
cIMT, mm 0.81 (0.27) 0.83 (0.19) 1.1 (0.27) <.001
Systolic blood pressure,

mm Hg
143 (26.1) 135 (26.3) 148 (21) .067

Diastolic blood
pressure, mm Hg

86 (17) 78 (18) 84 (19) .030

EF, % 53 (9) 47 (9) 45 (9) <.001
BMI, kg/m2 28.2 (6.3) 29.1 (5.5) 27.5 (3.6) .076
GFR, mg/min/1.73m2 94 (41) 93 (38) 84 (38) .432
Glucose, mg/dL 110 (33) 109 (32) 108 (35) .237
Total cholesterol, mg/dL 167 (44) 163 (45) 171 (58) .56
LDL cholesterol, mg/dL 97 (38) 93 (37) 79 (32) <.001
HDL cholesterol, mg/dL 40 (11) 43 (19) 38 (9) .810
Triglyceride, mg/dL 140 (116) 131 (96) 111 (54) .005
Hemoglobin, g/dL 14.6 (2.4) 14.2 (1.8) 14.8 (1.9) <.548
Platelet count, 109/L 189 (84) 240 (63) 251 (75) <.001
White blood cell count,

109/L
8.2 (3.4) 9.3 (3.4) 9.1 (3.1) .883

Angiographic features, %
CTO 4.2 31.3 79 <.001
Bifurcation lesion 1.5 17.9 42 <.001
Osteal lesion 6.8 14.3 19.9 <.001
Diffuse lesion 10.2 19.6 39.2 <.001
Calcific lesion 7.2 13.4 29.8 <.001
Thrombosed lesion 30.6 28.6 30.4 .924
Long lesion 29.8 39.3 66.9 <.001
LMCA 16.6 24.1 50 <.001
MVD 53.2 57.1 63.7 .086
LAD 73.2 69.6 97.3 <.001
CX 56.6 54.5 59.9 .632
RCA 62.6 42 58.2 .001

Abbreviations: BMI, body mass index; cIMT, carotid intima–media thickness;
CTO, chronic total occlusion; CX, circumflex artery; EF, ejection fraction; EFT,
epicardial fat tissue; GFR, glomerular filtration rate; HDL, high-density lipopro-
tein; LAD, left anterior descending artery; LDL, low-density lipoprotein;
LMCA, left main coronary artery disease; MVD, multivessel disease; RCA, right
coronary artery.
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indicators of atherosclerosis and related to increased cardiovas-

cular risk.10-11,19

In the study by Johri et al,20 cIMT and plaque burden in the

carotid artery were observed to have a significant association

with a scoring system similar to the SS, and they reported that

cIMT and plaque height can be used in the screening of CAD.

Korkmaz et al21 studied the relationship of cIMT and cardio-

ankle vascular index (CAVI) with SS. They emphasized the

predictability of cIMT and CAVI, as surrogate markers of

atherosclerosis burden, in determination of complexity of

CAD. Altun et al22 studied the relationship of EFT with the

SS and the Global Registry of Acute Coronary Events scores;

the EFT was found to have a positive correlation with SS in

patients with ACS and was able to predict lesion severity.

Epicardial fat tissue and SS were found to be correlated

significantly in the study by Wang et al.23 Similarly, we have

detected a significant increase in SS, as the EFT and cIMT

increased. In the study by Kim et al,24 EFT and GS were found

to have a linear relationship. Doesch et al25 demonstrated that

EFT and GS were directly proportional in both healthy patients

and in patients with left ventricular dysfunction. In the study by

Kalay et al,26 cIMT and GS were positively correlated. Lastly,

Erkan et al27 showed that EFT is independently related to CAD

extent and complexity as denoted by GS and SS, and it predicts

Figure 1. The correlation plots of the cIMT and EFT values by Gensini group. cIMT indicates carotid intima–media thickness; EFT,
epicardial fat tissue.

Figure 2. The correlation plots of the cIMT and EFT values by Syntax group. cIMT indicates carotid intima–media thickness; EFT,
epicardial fat tissue.
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critical CAD. In our study, we observed an increase in GS as

the cIMT and EFT increased.

In contrast with previous studies, we compared the SS and

GS with EFT and cIMT by multivariate analysis. As a result,

SS was found to be more statistically related to EFT and cIMT

than GS. Gensini score is calculated by using stenosis degree,

cumulative effect of multiple lesions, localization of the lesion,

and extent of collaterals. Syntax score evaluates the lesion in a

more detailed manner. The main reason for SS to be more

powerful may be the lack of consideration of lesion patterns

such as bifurcations and calcifications in GS, or, namely, due to

the simpler evaluation in the latter.18

In conclusion, this study showed that SS is significantly

associated more with surrogate markers of atherosclerosis, EFT

and cIMT, than GS. Therefore, we suggest that using the SS

score is more feasible and predictable in interventional practice

than GS.

This study has several limitations. A relatively small num-

ber of patients was included, and we excluded patients with

previous PCI and CABG. Computerized tomography or

magnetic resonance imaging was not applied due to the lack

of availability of the necessary equipment.
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Figure 3. Comparative ROC analysis according to median cIMT and EFT values for the prediction of high GS and SS. AUC indicates area under
the curve; CI, confidence interval; cIMT, carotid intima–media thickness; EFT, epicardial fat tissue; GS, Gensini score; ROC, receiver operating
curve; SS, syntax score.

Table 3. Independent Predictors of High Gensini Score (GS) and Syntax Score (SS) in Linear Regression Analysis.

Variables

Gensini Syntax

b t Multivariate P Value b t Multivariate P Value

EFT, mm 0.035 2.63 .49 0.09 6.5 .006
cIMT, mm 0.339 2.97 .047 1.2 10.1 <.001
LDL, mg/dL �0.006 �6.1 .08
TG, mg/dL �0.001 �2.14 .87 �0.001 �2.98 .66
PLT, 109/L 0.004 5.99 <.001
EF, % �0.14 �4.33 .08 �0.033 �9.6 <.001

Abbreviations: cIMT, carotid intima–media thickness; EF, ejection fraction; EFT, epicardial fat tissue; LDL, low-density lipoprotein; PLT, platelet; TG, triglyceride.
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