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Gamma-glutamyl transferase to albumin ratio can predict
severity of coronary artery disease detected by coronary
computed tomography angiography

Salih Topal* ©, Emrullah Kiziltung* ©, Burak Sezendz* ©, Mustafa Candemir* ©, Serkan Unli* ©,
Muhammet Kiigiikbardash* >, Ayse Nihan Bal* >, Hiiseyin Koray Kilig** >, Gonca Erbas** ©, Adnan Abacr*

Departments of *Cardiology, and **Radiology, Faculty of Medicine, Gazi University; Ankara-Turkey

ABSTRACT

Objective: Gamma-glutamyl transferase (GGT) to albumin ratio (GAR) has been shown to be helpful to diagnose and determine the severity of
coronary artery disease (CAD). Coronary computed tomography angiography (CCTA) is a guide recommended non-invasive test that provides
information about the presence, severity, and morphology of coronary plaques. In this study, our main aim was to investigate the relationship
between the presence, morphology, and severity of coronary plaques detected via CCTA and GAR in patients with low to moderate risk for
undiagnosed CAD.

Methods: Nine hundred and sixty six patients were included who underwent CCTA. The severity of CAD and plaque morphology were investi-
gated. CT-adapted Leaman score (CT-LeSc) was calculated to determine the extent of the CAD. The study population was further evaluated in
three groups according to tertiles of GAR.

Results: Atherosclerotic plagues were more common in the male gender and older patients with conventional cardiovascular risk factors. GAR
was significantly lower in patients with normal CCTA than in patients with a non-obstructive plaque or obstructive plaque on CCTA. Patients in
upper GAR tertiles had a higher coronary calcium score (CACS) and CT-LeSc. GAR was one of the independent predictors to predict severe
stenotic plaque and high CACS.

Conclusion: GAR can independently predict the presence, extent, and severity of CAD determined by CT-LeSc. We believe as a cheap, safe, and
widely available tool, GAR would be useful in the diagnosis of CAD.
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GGT is located in the cellular membrane and serum and par-
ticipates in the regulation of glutathione catabolism (G-SH), which
is the most important antioxidant for the cell (2). GGT also triggers

Introduction

Coronary artery disease (CAD) is the most common cause of

morbidity and mortality globally (1). Inflammation is one of the
major underlying mechanisms for the development of athero-
sclerosis. Changes in the blood level of certain markers related
to inflammation can influence the formation and progression of
atherosclerosis as well as possible thrombotic complications.
Gamma-glutamyl transferase (GGT) and albumin are known to
be associated with the development of CAD and cardiovascular
mortality (2, 3).

low-density lipoprotein (LDL) oxidation and reactive oxygen radical
formation thus contributing to the atherosclerotic process (4).

Albumin is the principal protein that determines the oncotic
pressure of plasma and is also responsible for fluid exchange
between body components (5). Low blood albumin level is also
associated with CAD, heart failure, stroke, and atrial fibrillation
(6, 7) owing to antioxidant, anti-inflammatory, and anti-aggregat-
ing effects (8).
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HIGHLIGHTS

e Since gamma-glutamyl transferase (GGT) and albumin
follow different antioxidant pathways, they may trigger
the atherosclerotic process through different mecha-
nisms.

e We evaluated the collective effect of GGT and albumin
level on atherosclerosis defined as GGT-to-albumin
ratio (GAR).

e Basal GARindependently predicts the presence, extent,
and severity of CAD determined by higher coronary
artery calcium and Leaman score on coronary com-
puted tomography angiography.

Recently, GGT to albumin ratio (GAR) has been shown to be
useful in predicting the risk of bleeding and mortality in patients
who underwent percutaneous coronary intervention (9). GAR
may be helpful to diagnose and determine the severity of the
CAD. Coronary computed tomography angiography (CCTA) is a
non-invasive test that offers substantially accurate results
regarding the anatomy of coronary arteries and provides addi-
tional information about the presence, severity, and morphology
of coronary plaques (10-14). Guidelines recommend CCTA as the
first-line imaging tool to evaluate acute chest pain and stable
angina pectoris in patients with mild to moderate risk (15).

It is clinically of value to detect CAD at an early stage and
estimating CCTA results with easily obtainable parameters (such
as GAR), particularly in patients with mild to moderate risk of
CAD. Thus, we sought to investigate the relationship among the
presence, morphology, and severity of coronary plaques detect-
ed via CCTA and GAR in patients with low to moderate risk for
undiagnosed CAD.

Methods

Study population

This retrospective study reviewed records of consecutively
1,453 patients (>18 years old) who presented to our cardiology
clinic with stable angina pectoris between 2013 and 2020 and
underwent CCTA. Patients with a history of documented CAD or
heart failure, hepatic dysfunction, presence of alcohol abuse as
well as patients with the neoplastic or systemic inflammatory
disease were excluded. Nine hundred sixty six patients were
enrolled who met the abovementioned criteria. The study is
approved by the Local Ethics Committee.

Risk assessment of CAD and demographics

Clinical data regarding personal and general information
such as age, sex, hypertension (HT), diabetes mellitus (DM),
hyperlipidemia, smoking status, and family history of CAD were
screened for all the patients. Cardiovascular risk factors of the
patients were obtained from the patient’s history of diagnosis
using hospital records. History of HT, hyperlipidemia, DM, smok-

ing status, and family history of CAD were carefully noted.
Smoking status was recorded. Criteria for a positive family his-
tory of CAD was having a history of fatal/nonfatal myocardial
infarction, or coronary artery bypass surgery or coronary angio-
plasty in a first-degree relative before the age of 55 and 65,
respectively, for men and women.

Coronary computed tomography angiography

All the cardiac exams were performed with one of two mul-
tidetector computed tomography (MDCT) system; either a 64
MDCT scanner (Lightspeed vct, General Electric Medical
Systems Milwaukee WI, USA) or a dual-source 192 slice MDCT
scanner (Somatom Force, Siemens Healthineers Germany). Oral
metoprolol (up to 100 mg) was used before the CCTA examina-
tion if needed to achieve an optimum heart rate (< 70 beats/
minute). Before CCTA, all the patients underwent ECG-gated
unenhanced scanning for CCS analysis with a tube voltage of
120 kV, tube current of 80 mAs, and scan thickness of 3 mm.
CCTA was performed during full inspiration and breath-hold with
a tube voltage of 120 Kv, tube current of 250-650 mAs, and scan
thickness of 0.6 mm. An automated dual-rail injector (Medrad
Stellant CT injection system, Bayer) was used for contrast injec-
tion. Nonionic iodinated contrast material (350 mg I/mL ioversol,
Optiray, Guerbet, France) 60-80 mL was administrated intrave-
nously via an 18 gauge catheter inserted in an antecubital vein
at a flow rate of 5—6 mL/s followed by a saline flush. A real-time
bolus tracking method was used for initiating the scan. Following
these procedures, images were processed with software and
interpreted by two experienced radiologists according to the
Society of Cardiovascular Computed Tomography guidelines
(16). As our study was retrospective and designed after the
CCTA scans, the radiologists were blind to GAR values of the
patients. In addition, no intra/inter observer variation data were
present as we performed the study retrospectively.

Coronary computed tomography angiography evaluation

The CCTA data were transferred to a workstation for analyz-
ing coronary plaques with dedicated cardiac assessment soft-
ware (syngo.via VB10, Siemens Healthineers Germany).
Multiplanar reformatted (MPR), maximum intensity projection,
3-D volume-rendered, and curved-MPR images were used for
evaluation. Right or left dominancy or co-dominancy of coronary
arteries and anatomic variations such as abnormal origin or
course and myocardial bridging were recorded. The coronary
arteries were evaluated for the presence of atherosclerotic
plaque; plague morphology and the degree of stenosis were
recorded according to the Society of Cardiovascular Computed
Tomography guidelines (17). All coronary artery segments mea-
suring >2 mm in diameter were included in the evaluation. A
plaque is defined as a structure, measuring >1 mm in size, on the
wall or in the lumen of the coronary artery, which can be distin-
guished from pericardial tissue or epicardial fat tissue. Plaques
were classified according to the calcification; plaques with no
calcification were referred to as non-calcified, whereas those
with a calcification rate above 50% (density >130 Hounsfield
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Table 1. Baseline clinical and laboratory parameters of the patients

Normal CCTA n=523 Positive CCTA n=443 P-value
Age, years 5010 59+10 <0.001
Sex (Male), n (%) 197 (37.7) 238 (53.7) <0.001
Hypertension, n (%) 315 (60.2) 278 (62.8) 0.422
Diabetes Mellitus, n (%) 72 (13.8) 89 (20.1) 0.009
Hyperlipidemia, n (%) 102 (19.5) 132 (29.8) <0.001
Fasting glucose, mg/dL 91 (83-101) 96 (86—108) <0.001
Creatinine, mg/dL 0.7 (0.6-0.9) 0.8 (0.7-0.9) <0.001
Total cholesterol, mg/dL 215 (185-249) 216 (185-251) 0.599
LDL, mg/dL 133 (108-159) 141 (109-163) 0.402
HDL, mg/dL 51 (43-60) 47 (41-58) 0.010
Triglyceride, mg/dL 131 (92-179) 138 (108-192) 0.004
GGT, U/l 21 (15-32) 25 (17-36) <0.001
Albumin, g/dL 4.4 (4.2-4.6) 4.4 (4.2-4.6) 0.001
GGT/albumin 4.9 (3.4-1.1) 5.7 (3.9-8.4) <0.001
Continuous variables were represented as mean + standard deviation or median (Interquartile range 25-75)
CCTA - computed tomography coronary angiography; LDL - low-density lipoprotein; HDL - high-density lipoprotein; GGT - gamma-glutamyl transferase

units in native scans) were classified as calcified, and plaques
with a calcification rate below 50% were deemed as mixed
plaque. Patients were assessed regarding the type of plaque (no
plaque, calcified plaque, and non-calcified/mixed plaque), pres-
ence or severity of stenosis [no plague, non-occlusive (luminal
stenosis <50%) or occlusive stenosis (luminal stenosis >50%)].
Moreover, the study population was further divided into three
groups according to tertiles of GAR.

CT-adapted Leaman score (CT-LeSc) was calculated to
determine the extent of the CAD as defined elsewhere (18).
When CT-LeSc was estimated, a calculation was made for each
coronary segment. The score of each segment was calculated
by multiplying A (localization of the lesion in the coronary artery)
with B (type of plaque) and C (severity of stenosis; >50%). Next,
all calculated values were summed up to get patient-based
CT-LeSC. Coronary artery calcium score (CACS) was estimated
using the Agatston method with dedicated software (19).

Statistical analysis

Categorical variables were presented as numbers and per-
centages; continuous variables were presented as medians
(interquartile range) or means = standard deviation according to
their distribution pattern. The Kolmogorov-Smirnov test was
applied to test whether the continuous variables exhibited
Gaussian or non-Gaussian distribution. When comparing the
difference between two groups, categorical variables were ana-
lyzed with the chi-squared test, and continuous variables were
analyzed with the Mann-Whitney U test or student’s t-test.
When comparing continuous variables for more than two
groups, one-way analysis of variance or Kruskal-Wallis test was
used. Tukey test or Bonferroni correction was applied for post-
hoc tests. Univariate regression analyses were performed to

evaluate the individual effect of the variables on the presence of
severe stenotic plague and CACS >100. Possible factors that
could potentially affect the presence of these variables were
then entered into binary logistic regression analyses. All vari-
ables with a p value <0.25 were entered into the multiple models.
Hosmer-Lemeshow goodness of fit statistics was used to assess
model fits. Two-tailed p value <0.05 was accepted as statisti-
cally significant. All statistical analyzes were performed with
IBM Statistical Package for Social Sciences version 22 software
(IBM Corp, Armonk, NY, USA).

Results

A total of 966 patients (443 patients with and 523 patients
without an atherosclerotic plaque on CCTA) were included in the
study. Table 1 summarizes the basal characteristics of the study
population. Patients who have an atherosclerotic plaque on
CCTA were older than those without a coronary plaque. Male
gender and classical cardiovascular risk factors like DM and
hyperlipidemia were more prevalent in patients with atheroscle-
rosis. Although fasting blood glucose levels, creatinine levels,
triglyceride levels, GGT levels and GAR were higher; HDL values,
albumin levels and platelet counts were lower in patients with
atherosclerotic CCTA compared to patients with normal CCTA
(Table 1).

GAR values regarding atherosclerotic plaque stenosis sever-
ity (non-obstructive vs obstructive) and atherosclerotic plaque
morphology (calcific vs non-calcific/mixed) are given in Figures
1 and 2, respectively. GAR was significantly lower in patients
with normal CCTA than in those with a non-obstructive plaque or
obstructive plaque on CCTA. GAR was similar between patients
with non-obstructive and obstructive CCTA (Fig. 1). When GAR
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Table 2. Clinical and laboratory parameters according to GGT/albumin ratio tertiles
First tertile (322) Second tertile (322) Third tertile (322) P-value
Age, years 55+12 54+12 5311 0.272
Sex (Male), n (%) 68 (21.1) 144 (44.7) 223 (69.3) <0.001
Hypertension, n (%) 202 (62.7) 196 (60.9) 195 (60.6) 0.829
Diabetes Mellitus, n (%) 48 (14.9) 51(15.8) 62(19.3) 0.297
Hyperlipidemia, n (%) 74(23.0) 75(23.3) 85 (26.4) 0.535
Fasting glucose, mg/dL 89 (82-97) 93 (86—105) 98 (88—114) <0.001
Creatinine, mg/dL 0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.8 (0.7-0.9) <0.001
Total cholesterol, mg/dL 218 (186-249) 215 (183-250) 215 (185-248) 0.809
LDL, mg/dL 135 (107-163) 135 (109-162) 132 (108-159) 0.280
HDL, mg/dL 55 (46-64) 49 (42-58) 45 (39-54) <0.001
Triglyceride, mg/dL 115 (82-151) 138 (101-177) 159 (118-233) <0.001
Haemoglobin, g/dL 13.6+1.3 14.3+1.6 14.6+1.6 <0.001
Albumin, g/dL 4.4 (4.2-4.6) 4.4 (4.2-4.6) 4.4 (4.2-4.6) 0.878
GGT/Albumin 3.2(2.7-3.7) 5.1(4.7-5.8) 9.3(7.8-12.7) <0.001
Continuous variables were represented as mean + standard deviation or median (Interquartile range 25-75)
GGT - gamma-glutamyl transferase; LDL - low-density lipoprotein; HDL - high-density lipoprotein
- .
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Figure 1. Average gamma-glutamyl transferase/albumin ratio with
standard deviations for normal, non-obstructive plaques and obstructive
plaque groups. The significance is indicated on the graph

was evaluated according to plaque morphology, patients who
had any type of plaque on CCTA had significantly higher GAR
than those with normal coronary arteries. GAR was similar
between patients with calcific and non-calcific/mixed plaques
(Fig. 2).

Table 2 shows the clinical features and laboratory parame-
ters according to GAR tertiles. There was a statistically signifi-
cant difference among the three tertiles in terms of sex, fasting
blood glucose levels, creatinine levels, triglyceride levels, GGT
levels, GAR, and HDL levels. The male sex ratio was signifi-
cantly more prevalent with the increasing GAR tertile. HDL levels
decreased significantly with the upper tertile, and all the other

Figure 2. Average gamma-glutamyl transferase/albumin ratio with
standard deviations for normal, calcific plaque, and non-calcific/mixed
plaque groups. The significance is indicated on the graph

aforementioned variables steadily increased for the upper ter-
tile. CACS and CT-LeSc were similar between first and second
tertiles, whereas the third tertile had significantly higher CACS
and CT-LeSc (Table 3). Patients with normal coronary arteries
were significantly more prevalent in the first tertile than in the
third tertile. Calcific and non-obstructive plaques were signifi-
cantly more prevalent in the third tertile compared with the first
and second tertiles (Table 3).

We performed logistic regression analysis to predict severe
stenotic plaque and CACS >100. In univariate analysis, GGT lev-
els, albumin levels, and GAR were significantly associated with
the presence of severe stenotic plague and CACS >100.
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Table 3. Qualitative and quantitative CT angiography information according to the GGT/albumin ratio tertiles
First tertile (n=322) Second tertile (322) Third tertile (322) P-value
CT-LeSc 0(0-2.1) 0(0-3.2) 1.5 (0-4.6)& <0.001
CACS, AU 0(0-10) 0(0-11) 1(0-70)& <0.001
CACS Grades, n (%)
Zero 202 (63.1)& 184 (58.0) 147 (46.7)& <0.001
1-100 79 (24.7) 94.(29.7) 100 (31.7)
100-400 25(7.8) 28 (8.8) 52 (16.5)&
>400 14 (4.4) 11(3.5) 16 (5.1)
CCTA, n (%)
Normal 197 (61.2)& 181 (56.2) 145 (45.0)& 0.001
Non-Obstructive 99(30.7) 104 (32.3) 139 (43.2)&
Obstructive 26 (8.1) 37(11.5) 38(11.8)
Plague morphology, n (%)
No Plaque 197 (61.2)& 181 (56.2) 145 (45.0)& 0.001
Calcific 87 (27.0) 100 (31.1) 123 (38.2)&
Non-Calcific/Mixed 38(11.8) 41(12.7) 54 (16.8)
&Denotes statistically significant cells after Bonferroni adjustment
Continuous variables were represented as median (Interquartile range 25-75)
AU - Agatston units; CT-LeSc - CT-adapted Leaman score; CACS - coronary artery calcium score; CCTA - coronary computed tomography angiography; HDL - high-density lipoprotein;
GGT - gamma-glutamyl transferase

Nevertheless, multivariate regression analysis revealed that
GAR but not albumin or GGT was one of the independent predic-
tors in the models (Table 4).

Discussion

Results of our study can be addressed under three main find-
ings; (i) the basal GAR level is an independent predictor of
severe CAD and high CACS, (ii) high circulating GAR is linked to
well-known cardiovascular risk factors, such as male sex, fast-
ing blood glucose, creatinine, HDL-cholesterol, and high triglyc-
eride; and (iii) the high GAR is related with the factors which
determine presence and extent of the CAD (CACS and CT-LeSc).
To the best of our knowledge, this study is the first one that
investigates the relationship between GAR and coronary athero-
sclerosis in patients who underwent CCTA.

GGT is an enzyme that is found in the serum and exterior
surface of the cell and plays a role in the homeostasis of G-SH,
which is the principal antioxidant for the human cell. Cysteine
and glycine formed as a result of extracellular hydrolysis of
G-SH by GGT are subsequently transported into the cell and
used for the synthesis of G-SH that play the principal role in
protection against oxidative stress. However, extracellular cys-
teine-glycine complex inhibits the reduction of Fe3* to Fe2*. This
process results in the formation of peroxide, free oxygen radi-
cals, and oxidized LDL. Thus, aggravation of oxidative stress
increases the number of oxidized LDL receptors on the cell sur-
face and facilitates the transportation of LDL/GGT complexes
into the plaque. These events lead to the formation and progres-
sion of atheromatous plaque. The studies that detect GGT activ-

ity inside the atherosclerotic plaque support the hypothesis that
GGT has a direct role in atherogenesis (20). Kittleson et al. (21)
have found that increased GGT activity, even in the normal
range, was associated with increased oxidative stress. Previous
studies demonstrated that GGT level correlates with cardiovas-
cular diseases and risk factors. A study by Arasteh et al. (22)
have found the relationship between GGT level and severity of
the CAD. In a cohort of 163,944 subjects with a 17-year follow-up,
Ruttman et al. (23) have found that GGT is related to cardiovas-
cular mortality independently from other cardiovascular risk
factors. Lazzeri et al. (24) have determined a relationship
between GGT level and mortality in patients undergoing percu-
taneous coronary intervention for CAD in a three-year follow-up.
Similarly, GGT was shown to be an independent predictor of
early mortality in patients with ST-elevation myocardial infarc-
tion. In another study, serum GGT level was independently asso-
ciated with coronary stenosis complexity and long-term mortal-
ity in patients with stable CAD (21). It seems GGT levels are
related not only with the development of atherosclerosis but
also with CAD-related mortality.

Albumin contains 80% of thiol groups that play a role in scav-
enging free oxygen radicals from the plasma. Low albumin is
associated with increased oxidative stress, platelet aggregation,
and activation (25, 26). The abovementioned mechanisms are
factors that increase the risk of atherothrombosis, and low albu-
min secondary to inflammatory response is related to poor car-
diovascular prognosis. In the Framingham offspring study, it was
observed that low albumin correlated with increased preva-
lence of the CAD (27). A prospective study conducted by Chien
et al. (28) have found that hypoalbuminemia accelerates cardio-
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Table 4. Multivariate logistic regression analyses showing the independent predictors of severe stenotic plaque and CACS >100
Univariate Multivariate
95% CI 95% CI
Beta Lower Upper P-value Beta Lower Upper P-value

Model 1 for severe  Sex 1.526 1.009 2.309 0.045 2.075 1.241 3.471 0.005
e Glucose 1.007 1.003 1.012 0.001

Age 1.075 1.053 1.097 <0.001 1.082 1.055 1.110 <0.001

Total cholesterol 1.006 1.002 1.011 0.004

LDL 1.008 1.003 1.013 0.003 1.009 1.003 1.015 0.004

Albumin 0.266 0.151 0.467 <0.001

GGT 1.007 1.000 1.014 0.044

GGT/albumin ratio 1.035 1.007 1.063 0.015 1.038 1.005 1.072 0.024

Creatinine 3.754 1.128 12.493 0.031

Platelet 0.997 0.993 1.001 0.100

Haemoglobin 0.910 0.804 1.030 0.136

Monocyte 1.937 0.817 4.593 0.133
Model 2 for CACS ~ Sex 1.461 1.026 2.081 0.035
>100 Hypertension 1478 1.012 2.158 0.043

Diabetes mellitus 1.593 1.033 2.451 0.035

Hyperlipidemia 1.867 1.279 2.729 0.001

Age 1.105 1.083 1.128 <0.001 1.126 1.098 1.155 <0.001

Glucose 1.007 1.003 1.011 0.001

Creatinine 4.492 1.573 12.832 0.005

Monocyte 2.126 0.993 4.552 0.052

Platelet count 0.997 0.994 1.000 0.032

LDL 0.997 0.993 1.002 0.234

HDL 0.990 0.976 1.003 0.141 0.972 0.955 0.989 0.002

Albumin 0.427 0.252 0.726 0.002

GGT 1.010 1.003 1.016 0.002

GGT/albumin ratio 1.044 1.018 1.07 0.001 1.051 1.018 1.086 0.002
CACS - coronary artery calcium score; Cl - confidence interval; LDL - low-density lipoprotein; GGT - gamma-glutamyl transferase; HDL - high-density lipoprotein

vascular events and mortality rates in patients with stable CAD
in 18-month follow-up.

As GGT and albumin follow different antioxidant pathways,
they may trigger the atherosclerotic process through different
mechanisms. Moreover, the proinflammatory effect of high
GGT and low albumin also ensures the progression of athero-
sclerosis. The CARDIA study demonstrated a reverse correla-
tion between GGT and the concentration of circulating anti-
oxidants (29). Considering those studies, increased GGT might
aggravate oxidative stress and the need for G-SH at the cellu-
lar level. In this study, we evaluated the collective effect of
GGT and albumin level on atherosclerosis defined as GAR.
Contrary to previous studies, we used CCTA, a non-invasive
test, rather than coronary angiography to detect the relation-

ship between CAD and GAR. Therefore, our results suggest
that GAR may predict the presence and severity of atheroscle-
rosis before CCTA. Another result of our study is the link of
increased blood GAR to well-known risk factors of atheroscle-
rosis, such as male sex, fasting blood glucose, creatinine, and
HDL-cholesterol. Although age was significantly higher in the
group with atherosclerosis in CCTA, it was found that GAR was
associated with atherosclerosis in multivariate analysis inde-
pendent of age. Although the CCTA positive group had a sig-
nificantly higher diagnosis of hyperlipidemia, there was no
significant difference between the groups regarding LDL lev-
els, and there was a significant difference for triglyceride,
suggesting that patients with hyperlipidemia may be receiving
statin treatment at a higher rate. The difference in triglyceride
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levels can be attributed to the lack of initiation of fibrate ther-
apy at moderate levels and the weak triglyceride-lowering
effects of statins. CCTA not only determines critical stenosis
but also provides a detailed analysis of the extent of coronary
atherosclerosis. CACS is a tool for cardiovascular risk assess-
ment (30), however, was unable to detect non-calcified plaques
appropriately, which is accepted as more vulnerable for acute
coronary syndromes. CT-LeSc offers a better insight regarding
the long-term prognosis as it evaluate all parameters, such as
localization and type of plaque and severity of stenosis (31, 32).
Our study observed that higher GAR was associated with sig-
nificantly higher CACS and CT-LeSc.

Study limitations

First, our study was a single-center, retrospective trial con-
ducted in a tertiary care university hospital. Therefore, socio-
economic and demographic factors might have influenced our
findings. Second, it was not known whether the study patients
had subclinical liver disease or non-alcoholic liver disorder,
which could have influenced the GGT level. Third, although the
patients with habitual alcohol consumption were excluded, we
were unable to obtain data about the mild alcohol consumption
which might have influenced GGT analyses. Our lack of informa-
tion about the medications, some demographic and clinical fea-
tures, and stress test results of the patients could also be listed
among the limitations. As our study did not enroll patients with
documented CAD and acute coronary syndrome, our results
cannot be projected to all CAD groups. However, by including
data from almost 1,000 patients, we believe we overcame some
limitations mentioned above. Prospective and larger trials are
warranted to better understand the relationship between GAR
and CAD.

Conclusion

We demonstrated that basal GAR independently predicts the
presence, extent, and severity of CAD determined by CT-LeSc
and higher CACS on CCTA. GAR is also significantly associated
with well-established cardiovascular risk factors. GGT and albu-
min are both cheap, safe, and easily obtainable parameters; and
GAR may help physicians in the diagnosis and early intervention
of CAD among patients presented with stable angina pectoris.
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