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ABSTRACT
Background: Serum gamma-glutamyltransferase (GGT) activity has been proposed as a promising 
predictor of atherosclerosis-related complications and a prognostic marker for cardiovascular 
diseases. The objective of this study was to investigate the potential correlation between serum 
levels of GGT and early-onset coronary artery disease (EOCAD).
Methods:  A retrospective, hospital-based case-control study was conducted, which included 860 
patients with EOCAD and gender- and age-matched controls. Serum levels of GGT were measured 
using the reference measurement procedure on an automatic biochemistry analyser.
Results:  The serum GGT levels of patients with EOCAD (34.90  ±  31.44 U/L) were significantly 
higher than those of the control group (21.57  ±  16.44 U/L, p  <  .001). Elevated serum levels of GGT 
were found to be an independent risk factor for EOCAD, with an odds ratio (OR) of 1.021 (95% 
confidence interval (CI): 1.014–1.029). Additionally, for every quartile increase in serum GGT levels, 
the risk of developing EOCAD increased by 1.6-fold. Moreover, serum GGT levels were significantly 
associated with disease severity, with lower GGT levels observed in patients without significant 
vascular disease (31.74 ± 24.06 U/L) compared to those with two-vessel disease (33.06 ± 25.00 U/L, 
p  =  .002) and three-vessel disease (37.75  ±  36.76 U/L, p  =  .001).
Conclusions: The results of this study suggest that elevated serum GGT levels are associated with 
the development of EOCAD, and GGT may be implicated in the pathogenesis of the disease. 
Further large-scale prospective studies are needed to explore the potential relationship between 
serum GGT levels and the dynamic development of EOCAD.

Introduction

Gamma-glutamyltransferase (GGT) is located in the 
proximal renal tubule, liver, pancreas and intestine. 
Although present in the cytoplasm, the majority of the 
enzyme is located within the cell membrane, where it 
can transport amino acids and peptides as γ-glutamyl 
peptides across the cell membrane. GGT plays a critical 
role in maintaining appropriate intracellular concentra-
tions of reduced glutathione (GSH) [1].

Serum GGT activity is primarily produced by the 
liver, where it predominantly localizes to the biliary 
pole of the hepatocyte. The joint analysis of GGT and 
alkaline phosphatase has become a common 

diagnostic tool for hepatobiliary-related diseases, par-
ticularly alcoholic liver disease. Nonetheless, the rela-
tionship between serum levels of GGT and other 
diseases have been widely investigated in recent 
decades [2–4].

A well-established correlation exists between serum 
levels of GGT and cardiovascular diseases (CVDs) risk 
factors, such as body mass index (BMI), hypertension, 
type 2 diabetes, glucose intolerance and blood lipids 
[5–7]. Furthermore, as a promoter of oxidative stress 
and lipid peroxidation, GGT may potentially contribute 
to the pathogenesis of atherosclerosis [8]. Intense GGT 
activity has been detected in the intimal layers of ath-
erosclerotic plaques, and catalytically active GGT has 
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also been found in microthrombi that adhere to the 
surface of the plaque [9]. GGT has been extensively 
studied in relation to coronary artery disease (CAD). 
Numerous population-based studies have established 
a positive correlation between serum GGT levels and 
CAD, highlighting it as a risk factor for CVD mortality 
[10,11]. Additionally, normal-range GGT levels have 
been strongly linked to all-cause mortality, especially 
in the elderly [12,13].

CAD traditionally affects the elderly, but modern 
lifestyles have increased its incidence among younger 
populations. Early-onset coronary artery disease 
(EOCAD) is more commonly associated with genetic 
factors and a higher prevalence of traditional cardio-
vascular risk factors [14,15]. Clinically, EOCAD is gener-
ally considered more severe than later-onset CAD and 
more likely to manifest as acute coronary syndromes. 
Patients diagnosed with EOCAD have a poorer 
long-term prognosis [16,17]. Thus, recognizing risk fac-
tors is crucial for early diagnosis and screening of 
EOCAD. Despite the potential significance of serum 
GGT levels in relation to EOCAD, particularly in the 
Chinese population, studies in this area remains lim-
ited. Therefore, the objective of our study was to 
explore the potential correlation between serum GGT 
levels and EOCAD.

Materials and methods

Participants

We conducted a retrospective case-control study and 
recruited all patients who had visited the cardiology 
clinic at the Affiliated Hospital of Qingdao University 
between August 2013 and September 2022. The 
study included 860 patients with CAD who met the 
following criteria: (i) patients aged younger than 
50  years; (ii) diagnosed with CAD via coronary angi-
ography (iii) clinical diagnosis of CAD was based on 
presenting angina symptoms, cardiac troponin level 
changes and/or electrocardiographic changes. 
Exclusion criteria included patients with liver or kid-
ney diseases, tumours, and other severe illnesses that 
could potentially confound the study outcomes. 
Additionally, 860 hospital-based controls who were 
matched for age and gender, had no history of CVD, 
and whose absence of CVD signs or symptoms was 
confirmed using electrocardiography (ECG) were also 
included in the study. The study was conducted in 
compliance with the ethical standards outlined in the 
1975 Declaration of Helsinki and received approval 
from the Research Ethics Committee of the Affiliated 
Hospital of Qingdao University (QYFY-WZLL-27918). 

Because the study was retrospective in nature and 
the study subjects’ data were anonymized to prevent 
any potential harm or infringement of their rights, 
the ethical committee approved a waiver of informed 
consent.

Clinical parameters

Recorded baseline characteristics included gender, age, 
BMI, smoking and drinking history, as well as hyper-
tension and diabetes status. Automated oscillometric 
device was used to measure diastolic and systolic 
blood pressure twice, 30 min apart, and the average of 
these readings was calculated. Hypertension was 
defined as blood pressure readings of 140/90 mmHg or 
higher, or by an individual’s use of antihypertensive 
medication. Diagnosis of diabetes mellitus (DM) was 
based on the criteria established by the American 
Diabetes Association, and it required venous samples 
and laboratory testing. The diagnostic criteria for DM 
in this study were a fasting plasma glucose level of 
7.0 mmol/L or higher, a 2-h plasma glucose level of 
11.1 mmol/L or higher during a 75-g oral glucose tol-
erance test, or a glycated haemoglobin (HbA1c) level 
of 6.5% or higher.

Coronary angiography

Two senior cardiologists independently assessed coro-
nary angiograms while being blinded to the clinical 
data. A third cardiologist was engaged in resolving any 
disputes that arose between the two senior cardiolo-
gists. To minimize intra-observer variability, assess-
ments were conducted as efficiently as possible.

The coronary angiogram evaluation comprised the 
left main coronary artery, right coronary artery, left 
anterior descending and left circumflex. Lesions with a 
luminal stenosis degree of 50% or greater were 
deemed significant. Patients were classified into sub-
groups of single-, double- or triple-vessel disease 
based on the number of significantly stenosed vessels. 
The Gensini score is a tool that provides useful infor-
mation regarding the severity of vascular lesions, 
including both the degree and location of arterial ste-
nosis. For each patient, the severity of coronary steno-
sis was evaluated from the coronary angiogram using 
a scoring method that considered both the degree of 
luminal narrowing and geographic location in the cor-
onary artery tree [18]. Specifically, stenosis was quanti-
tatively assessed by assigning scores of 1, 2, 4, 8, 16 or 
32 for luminal narrowings of 0–25%, 25–50%, 50–75%, 
75–90%, 90–99% or 99–100%, respectively. To account 
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for the influence of the location of the lesion, each 
score was then multiplied by its corresponding geo-
graphical importance score ranging from 0.5 to 5.

Laboratory measurements

In this study, the fasting blood glucose (FBG), total 
cholesterol (TC), triglyceride (TG), low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), serum creatinine (SCr) and serum 
alanine aminotransferase (ALT) were quantified using 
an automatic biochemistry analyser (Hitachi HCP-7600, 
Chiyoda City, Japan). The serum GGT levels were mea-
sured using the reference measurement procedure 
from the International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) [19]. l-γ-Glutamyl-3- 
carboxy-4-nitroanilide acted as the substrate, glycylgly-
cine acted as the acceptor, and glycylglycine provided 
buffering. The temperature of the reaction was 37 °C, 
and the 5-amino-2-nitrobenzoate reaction product was 
measured at a wavelength of 410 nm.

Statistical analysis

Statistical analyses were conducted using SPSS version 
16.0 (IBM Corp., Armonk, NY) and GraphPad Prism 
Software version 8 (GraphPad Software Inc., La Jolla, 
CA). We presented continuous variables as 
mean  ±  standard deviation (SD) and categorical vari-
ables as proportions. Normality of data was assessed 
using the Kolmogorov–Smirnov test. The Chi-square 
or Fisher’s exact tests were used to compare categor-
ical variables, while independent sample t-tests were 
used to compare means between two independent 
groups. To compare means among three or more 
independent groups that were not related, one-way 
analysis of variance (ANOVA) was used. The least sig-
nificant difference (LSD) method was used for post 
hoc testing with multiple comparisons. To compare 
non-normally distributed variables, the Kolmogorov–
Smirnov Z test was used for two groups and the 
Kruskal–Wallis test was used for multiple groups. The 
strength of linear relationship between two variables 
was assessed using either Pearson’s correlation coeffi-
cient (r) or Spearman’s rank correlation coefficient (rs), 
based on the normality of the data. Logistic regres-
sion analysis was used to investigate the potential 
association between serum GGT levels and EOCAD, 
and the results were reported as odds ratios (ORs) 
with their corresponding 95% confidence intervals 
(CIs). The statistical significance threshold was 
set at .05.

Results

For the present study, we recruited 860 patients diag-
nosed with EOCAD. The mean age of the patients was 
43.91  ±  4.64, and 88.60% of the participants were 
male. These 860 participants were matched with sex 
and age controls, resulting in a sample size of 1720 
individuals. The EOCAD cohort exhibited significant 
increases in BMI, FBG, TG, TC, LDL-C, SCr and ALT activ-
ity/levels compared to the control group. Furthermore, 
EOCAD participants exhibited higher rates of BMI, 
hypertension, DM and smoking than the control group. 
Among the EOCAD patient group, 354 patients were 
diagnosed with myocardial infarction (MI). The EOCAD 
patients were categorized as follows: 247 individuals 
with disease in a single-vessel disease, 210 individuals 
with double-vessel disease, 187 individuals with 
triple-vessel disease, and 216 patients with no signifi-
cant vascular disease. A summary of the clinical char-
acteristics of all participants is provided in Table 1.

In patients with EOCAD, smoking status significantly 
increased serum GGT levels (39.91  ±  32.58 U/L) 

Table 1. D emographic and clinical characteristics of EOCAD 
patients and controls.
Variable CAD (n  =  860) Control (n  =  860) p Value

Gender, male n 
(%)a

762 (88.60) 762 (88.60) 1.000

Age, yearsb 43.91  ±  4.64 43.91  ±  4.64 1.000
BMI (kg/m2)b 27.54  ±  13.28 26.57  ±  19.11 <.001
Hypertension, n 

(%)a
252 (29.30) 189 (21.97) .001

Diabetes, n (%)a 121 (14.07) 45 (5.23) <.001
Smoking, n (%)a 404 (46.98) 269 (31.28) <.001
Drinking, n (%)a 263 (30.58) 231 (26.86) .098
FBG, mmol/Lb 5.82  ±  2.14 5.27  ±  1.59 <.001
TG, mmol/Lb 2.30  ±  2.76 1.43  ±  1.23 <.001
TC, mmol/Lb 4.18  ±  1.66 4.18  ±  1.15 .004
HDL-C, mmol/Lb 1.09  ±  0.28 1.37  ±  0.32 <.001
LDL-C, mmol/Lb 2.68  ±  1.04 2.67  ±  0.72 <.001
SCr, μmol/Lb 84.53  ±  25.01 81.19  ±  16.85 .001
ALT, U/Lb 25.86  ±  10.42 20.92  ±  9.98 <.001
Lp(a), μmol/Lb 246.37  ±  256.81 190.11  ±  213.79 <.001
Myocardial 

infarction,  
n (%)

354 (41.16) – –

Severity of CAD – – –
  Single-vessel 

disease, n (%)
247 (28.72) – –

  Double-vessel 
disease, n (%)

210 (24.42) – –

  Triple-vessel 
disease, n (%)

187 (21.74) – –

GGT, U/Lb 34.90  ±  31.44 21.57  ±  16.44 <.001

EOCAD: early-onset coronary artery disease; BMI: body mass index; FBG: 
fasting blood glucose; TG: triglyceride; TC: total cholesterol; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; SCr: serum creatinine; ALT: alanine aminotransferase; GGT: 
gamma-glutamyltransferase.
aCategorical variables are expressed as percentages. p Values of the cate-
gorical variables were calculated by χ2 test.
bContinuous variables are expressed as the mean  ±  SD. p Values of the 
continuous variables were calculated using independent sample t-test or 
Mann–Whitney’s U test.
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compared to non-smokers (30.45  ±  29.73 U/L, p  <  .001, 
Figure 1(a)). Alcohol consumption significantly 
increased serum GGT levels (p  <  .001, Figure 1(b)). The 
mean GGT levels in drinkers were 46.47  ±  41.11 U/L, 
while the non-drinkers’ group had the mean GGT lev-
els of 29.80  ±  24.41 U/L. Furthermore, a significant pos-
itive correlation was observed between BMI and serum 
GGT levels (p  <  .001, Figure 1(c)). The serum levels of 
GGT were significantly correlated with the traditional 
risk factors for CAD. GGT levels were positively cor-
related with FBG (rs = 0.171), TG (rs = 0.417), TC (rs = 
0.202) and LDL-C (rs = 0.170), while a negative correla-
tion was found between serum levels of GGT and 
HDL-C (rs  =  −0.144), with all p values less than .001.

The serum levels of GGT were significantly higher in 
the EOCAD group (34.90  ±  31.44 U/L) than in the con-
trol group (21.57  ±  16.44 U/L) (p  <  .001, Figure 2). Our 
binary logistic regression analysis, which adjusted for 
confounding variables such as gender, age, drinking 
and smoking status, DM and hypertension status, BMI, 
TG, TC, LDL-C, HDL-C, ALT and SCr, identified elevated 

serum GGT levels as an independent risk factor for 
EOCAD (OR = 1.021, 95% CI: 1.014–1.029). Specifically, 
the risk of EOCAD increased by 1.021-fold for every 
one-unit rise in serum GGT levels. The OR adjustment 
models that included various conventional factors 
showed comparable results (Table 2).

The study population was divided into four distinct 
groups based on their baseline GGT levels, with each 
group representing one quartile of the distribution. 
The quartile boundaries were defined as follows: 1st 
quartile (<11 U/L), 2nd quartile (11–16 U/L), 3rd quar-
tile (16–25 U/L) and 4th quartile (serum GGT levels 
>25 IU/L). With each increase in serum GGT level by 
one quartile, the risk of EOCAD increased by more 
than 1.60-fold (OR = 1.602, 95% CI: 1.406–1.825). The 
general clinical characteristics for each quartile of GGT 
at baseline are presented in Table 3.

The serum GGT levels in male patients (37.16  ±   
32.59 U/L) were significantly higher than those in male 
control group without CAD (22.19  ±  17.11 U/L, 
p  <  .001). Following adjustments for all relevant 

Figure 1. F actors influencing serum GGT levels in EOCAD patients. (a) Serum GGT levels in patients with smoking status 
(39.91  ±  32.58 U/L, n  =  404) were significantly higher than non-smokers (30.45  ±  29.73 U/L, n  =  456, p  <  .001). (b) Compared 
with non-drinker EOCAD patients (29.80  ±  24.41 U/L, n  =  263), the drinker had higher serum GGT levels (46.47  ±  41.11 U/L, 
n  =  597, p  <  .001). (c) BMI was positively correlated with serum GGT level (rs  =  0.220, n  =  860, p  <  .001).
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factors, increased serum levels of GGT was an inde-
pendent risk factor for EOCAD in males (OR = 1.021, 
95% CI: 1.013–1.028). For each increase in serum GGT 
levels by one quartile, the risk of EOCAD increased by 
1.65-fold (OR = 1.650, 95% CI: 1.432–1.901). Although 
serum GGT levels were lower in the control group 
(16.81  ±  8.32 U/L) compared to the EOCAD group 
(17.27  ±  8.17 U/L) in females, the difference was not 
statistically significant (p  =  .942).

Although serum GGT levels exhibited a gradual 
increase in the chronic CAD, unstable angina and MI 
groups, the increase was not statistically significant 
(p  =  .246). The mean GGT levels for each group were 
27.96  ±  15.64 U/L, 35.23  ±  34.61 U/L and 

35.68  ±  28.94 U/L, respectively. The analysis demon-
strated that patients with double-vessel (33.06  ±   
25.00 U/L, p  =  .002) and triple-vessel disease 
(37.75  ±  36.76 U/L, p  =  .001) had significantly higher 
serum GGT levels than those without significant dis-
eased vessels (31.74  ±  24.06 U/L, Figure 3). No signifi-
cant difference in serum GGT levels was observed 
among the other groups. Serum GGT levels demon-
strated a weak correlation with Gensini scores (rs = 
0.66, p  =  .054). The correlation trend between serum 
GGT levels and the severity of EOCAD is almost 
entirely derived from males.

Discussion

In this study, we conducted a comprehensive analysis 
of the relationship between serum levels of GGT and 
the risk of EOCAD. The results showed that: (1) the 
EOCAD group exhibited significantly higher serum lev-
els of GGT compared to the control group, (2) elevated 
serum GGT levels were independently associated with 
an increased risk of EOCAD, (3) there was a weak but 
significant correlation between serum GGT levels and 
the disease’s severity and (4) serum GGT levels could 
be affected by several variables, including gender, 
smoking and drinking status, BMI, DM and hyperten-
sion status, as well as blood glucose and lipid levels.

GGT is an enzyme that is present in the kidneys, 
liver, pancreas, spleen and vascular endothelium of the 
body [20]. An elevation in its levels can be in response 
to various liver and biliary tract diseases, alcohol abuse 
and certain medications. As a result, GGT levels are 
often measured along with other liver enzymes such 
as ALT and AST for assessing liver function and detect-
ing possible liver illness.

The correlation between liver dysfunction and 
dyslipidaemias is receiving increasing attention, rein-
forcing the emerging paradigm that regards the liver 
as a potentially novel factor in CVD or as an active 
contributor to its pathogenesis [21]. Several reports 
have provided substantial evidence for the heightened 
risk of CVD in individuals with liver disease [22,23]. 
Hepatic enzymes, among which GGT is included, func-
tion as reliable indicators of hepatic function. It is rea-
sonable to hypothesize that young individuals with 
elevated GGT activity may exhibit an increased degree 
of liver dysfunction and CVD, partly attributable to the 
liver’s role in lipid metabolic processes, including cho-
lesterol reverse transport. MicroRNAs in macrophages 
play a pivotal role in maintaining cholesterol homeo-
stasis and are involved in the initial phases of athero-
sclerosis development. In this context, inhibiting 
miR-33a can lead to a reduction in plasma cholesterol 

Figure 2. C omparison of serum GGT levels between EOCAD 
patients and controls. Serum GGT levels in EOCAD patients 
(34.90  ±  31.44 U/L) were significantly increased when com-
pared with the non-EOCAD controls (21.57  ±  16.44 U/L, 
p  <  .001).

Table 2.  Associations between serum GGT levels and presence 
of EOCAD.

Adjustment models OR (95% CI) p

Model 1 Crude, no adjustment – <.001
Model 2 Adjusting for age, 

gender, BMI, 
smoking, drinking, 
hypertension and 
diabetes statues

1.033 
(1.026–1.040)

<.001

Model 3 Adjusting for FBG, TG, 
TC, HDL-C, LDL-C, 
SCr and ALT

1.020 
(1.013–1.027)

<.001

Model 4 Adjusting for smoking, 
hypertension, 
diabetes statues, 
BMI, FBG, TG, TC, 
HDL-C, LDL-C, UA 
and ALT

1.019 
(1.012–1.026)

<.001

Model 5 Adjusting for cofactors 1.021 
(1.014–1.029)

<.001

EOCAD: early-onset coronary artery disease; BMI: body mass index; FBG: 
fasting blood glucose; LDL-C: low-density lipoprotein cholesterol; UA: uric 
acid; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; ALT: ala-
nine aminotransferase; TC: total cholesterol; SCr: serum creatinine; GGT: 
gamma-glutamyltransferase.
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levels and a decrease in plaque burden, whereas 
miR-33b can elevate plasma HDL cholesterol levels 
[24,25].

GSH is a crucial antioxidant that is involved in sev-
eral important defence mechanisms, and GGT activity 
is essential for maintaining adequate intracellular lev-
els of GSH. The intracellular levels of GSH are depen-
dent on a balance between its synthesis and 
consumption, as it cannot pass through cell mem-
branes easily. This balance necessitates a sufficient 

cysteine supply for synthesis [26]. In most cells, the 
required cysteine for GSH synthesis is obtained 
through membrane-bound GGT-catalysed cyclogluta-
thione degradation. Stark et  al. suggested that 
GGT-mediated GSH cleavage could lead to the pro-
duction of reactive oxygen species (ROS) and stimula-
tion of oxidative reactions [27]. Extensive evidence 
suggests that oxidative stress plays a critical role in 
the development and progression of endothelial dys-
function and CAD [28,29]. ROS are highly reactive 
molecules that can damage cellular components such 
as proteins, lipids and DNA. Elevated ROS levels can 
cause damage to the endothelium, resulting in 
decreased production of nitric oxide (NO), a molecule 
that regulates blood flow and pressure. NO maintains 
normal blood vessel function by promoting vasodila-
tion and inhibiting platelet aggregation and adhesion 
to the endothelium [30]. Without adequate NO pro-
duction, blood flow is impaired, and platelets can 
adhere to the endothelium, initiating the formation of 
atherosclerotic plaques. ROS can activate pro- 
inflammatory signalling pathways and promote the 
expression of adhesion molecules, leading to the 
recruitment of inflammatory cells to the site of endo-
thelial injury [31], which exacerbates endothelial dys-
function and promotes the development of 
atherosclerotic plaques. Moreover, the generation of 
cysteinyl-glycine at the sites of GGT activity could 
lead to favourable conditions for promoting LDL oxi-
dation [32]. Oxidized LDL is a critical factor in 

Table 3.  General clinical characteristics according to quartiles of GGT at baseline.
Q1 (<11 U/L) Q2 (11–16 U/L) Q3 (16–25 U/L) Q4 (>25 U/L) p

Gender, male n (%)a 25 (49.02) 92 (75.41) 209 (89.32) 436 (96.25) <.001
Age, yearsb 44.59  ±  5.19 44.32  ±  4.39 43.98  ±  4.78 43.69  ±  4.56 .118
BMI (kg/m2)b 24.67  ±  2.63 26.06  ±  3.22 27.07  ±  3.54 27.68  ±  3.55 <.001
Hypertension, n (%)a 11 (7.28) 23 (18.85) 49 (20.94) 106 (23.40) .711
Diabetes, n (%)a 4 (7.84) 14 (11.48) 29 (12.39) 74 (16.34) .189
Smoking, n (%)a 7 (13.73) 41 (33.61) 100 (42.74) 256 (56.51) <.001
Drinking, n (%)a 6 (11.76) 25 (20.49) 43 (17.70) 189 (41.72) <.001
FBG, mmol/Lb 5.52  ±  2.42 5.57  ±  1.94 5.63  ±  2.06 5.88  ±  1.90 .001
TG, mmol/Lb 1.39  ±  1.35 1.43  ±  1.05 1.88  ±  1.99 2.86  ±  3.35 <.001
TC, mmol/Lb 3.64  ±  1.81 3.75  ±  1.41 4.09  ±  1.74 4.40  ±  1.63 <.001
HDL-C, mmol/Lb 1.24  ±  0.28 1.15  ±  0.28 1.09  ±  0.26 1.06  ±  0.27 <.001
LDL-C, mmol/Lb 2.38  ±  1.17 2.36  ±  1.81 2.66  ±  1.11 2.82  ±  1.02 <.001
SCr, μmol/Lb 78.00  ±  28.65 84.73  ±  21.86 87.16  ±  33.82 83.85  ±  19.44 .174
ALT, U/Lb 15.47  ±  8.93 20.23  ±  9.64 24.28  ±  9.65 29.37  ±  6.50 <.001
Chronic CAD, n (%) 5 (9.80) 6 (4.92) 19 (8.12) 27 (5.96) .462
UA, n (%) 27 (52.94) 69 (56.56) 120 (51.28) 233 (51.43) .774
MI, n (%) 19 (37.25) 47 (38.52) 95 (40.59) 193 (42.60) .778
Single-diseased vessels, n 

(%)
13 (25.49) 42 (38.52) 67 (28.63) 125 (27.59) .48

Double-diseased vessels, n 
(%)

7 (13.73) 23 (18.85) 60 (25.64) 120 (26.79) .092

Triple-diseased vessels, n 
(%)

8 (15.69) 19 (15.57) 47 (20.09) 113 (24.94) .073

Gensini scores 31.51  ±  34.67 39.25  ±  45.19 44.88  ±  45.51 43.14  ±  39.96 .046

CAD: coronary artery disease; UA: unstable angina; MI: myocardial infarction; BMI: body mass index; FBG: fasting blood glucose; TG: triglyceride; TC: total 
cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SCr: serum creatinine; ALT: alanine aminotransferase.
aCategorical variables are expressed as percentages. p Values of the categorical variables were calculated by χ2 test.
bContinuous variables are expressed as the mean  ±  SD. p Values of the continuous variables were calculated using Kruskal–Wallis test.

Figure 3. C omparing serum GGT levels according to number 
of diseased coronary arteries in EOCAD patients. Levels of GGT 
in the group with 0-vessel disease (31.74  ±  24.06 U/L, n  =  216) 
were significantly lower than those in groups with double-vessel 
disease (33.06  ±  25.00 U/L, n  =  210) and triple-vessel disease 
(37.75  ±  36.76 U/L, n  =  187).
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atherosclerotic plaque formation [33]. As atheroscle-
rotic plaques continue to accumulate within the coro-
nary arteries, they can narrow the lumen of the artery, 
reducing blood flow to the heart muscle. A plaque 
rupture can trigger the formation of a blood clot, 
leading to a complete blockage of the artery and 
potentially resulting in MI. Theories on the association 
between GGT levels and CVD have been the subject 
of research for nearly three decades. Numerous stud-
ies have shown a close relationship between serum 
GGT levels and various CVD, such as CAD, angina pec-
toris, MI, stroke and metabolic syndrome [34,35]. 
Several population-based studies and meta-analyses 
have revealed a positive and dose-dependent associa-
tion between serum GGT levels within the reference 
range and an increased risk of mortality from CVD 
and all-cause mortality [10–13]. Patients with EOCAD 
are typically under 50  years of age and may have dis-
tinct etiological factors compared to those with 
late-onset CAD. Our earlier research revealed a signif-
icant correlation between the ALMS1 and MTHFR vari-
ants and the likelihood of EOCAD development 
[36,37]. The prevalence and severity of EOCAD were 
associated with serum levels of uric acid, asymmetric 
dimethylarginine, as well as some fatty acids and 
amino acids [38–41]. Furthermore, we evaluated the 
serum lipoprotein metabolism in individuals with 
EOCAD using differential proteomic analysis of apoli-
poproteins A-I, A-IV and C-I, which confirmed abnor-
mal metabolism [42]. However, studies investigating 
the relationship between serum GGT levels and 
EOCAD are relatively limited. Sheikh et  al. conducted 
a study of 367 patients and found that serum GGT 
levels were predictive of premature CAD [43]. In addi-
tion, Huang et  al. demonstrated that serum levels of 
GGT were correlated with the risk of acute coronary 
syndrome among relatively young patients in a study 
of 216 patients [44].

We expanded the sample size in our study to 1720 
participants, which included 860 patients diagnosed 
with EOCAD. Among all patients, 6.63% had chronic 
CAD, 52.21% had unstable angina and 41.16% had MI, 
which is consistent with the higher severity of EOCAD 
compared to late-onset CAD. The findings of our study 
revealed that the patient group had significantly ele-
vated serum GGT levels in comparison to the control 
group. Furthermore, the GGT levels were found to be 
correlated with several traditional risk factors associ-
ated with CAD in the patient cohort. Smoking, alcohol 
consumption and high BMI have been identified as 
factors that may increase serum GGT levels. Additionally, 
patients with EOCAD and comorbid hypertension and/
or DM exhibited higher serum GGT levels. We found a 

significant correlation between GGT and serum lipid 
levels. Specifically, serum LDL-C, TC and TG levels were 
significantly and positively correlated with GGT levels, 
while serum HDL-C levels showed a negative correla-
tion. Our regression analysis revealed that increased 
serum GGT levels were an independent risk factor for 
EOCAD, with each unit increase in GGT levels associ-
ated with a 1.021-fold increase in the risk of EOCAD. 
Although patients with chronic CAD, unstable angina 
and MI tended to have higher serum GGT levels, this 
difference was not statistically significant. Moreover, 
there was only a weak relationship between Gensini 
scores of coronary artery stenosis and serum GGT lev-
els. This may be related to the fact that this study pri-
marily focuses on patients with EOCAD. However, 
notable differences in serum GGT levels were found 
between patients without significant coronary artery 
stenosis, those with double-vessel disease, and those 
with triple-vessel disease. Furthermore, other related 
studies also suggest that serum GGT levels are related 
to the severity of CAD [45,46].

Our study has some notable limitations. First, while 
serum levels of GGT have a significant relationship 
with traditional risk factors for EOCAD, we found that 
the correlation between serum levels of GGT and dis-
ease severity is weaker than anticipated. Due to the 
retrospective and case-control design of our study, we 
were unable to establish a causal relationship between 
serum levels of GGT and the EOCAD dynamic progres-
sion. This issue warrants further investigation through 
prospective research. Second, the cardio-protective 
effects of oestrogen and other factors lead to females 
being underrepresented among EOCAD patients. This 
demographic limitation constrains the examination of 
the connection between serum GGT levels and EOCAD 
in female patients. We encountered a similar issue in 
our study. Third, we acknowledge that coronary angi-
ography is crucial for excluding CAD among control 
participants. However, younger individuals without 
symptoms of CVD rarely undergo coronary angiogra-
phy. Therefore, we selected control participants based 
on symptoms and resting ECG alone. Nonetheless, this 
approach is not foolproof as ischemia in asymptom-
atic, young and active adults with a normal ECG is 
uncommon but not impossible.

Conclusions

In conclusion, our study demonstrates a significant 
elevation of serum levels of GGT in EOCAD patients, 
highlighting its association with multiple risk factors 
for the disease. Moreover, elevated serum GGT levels 
were found to be an independent risk factor for 
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EOCAD. However, the weak relationship between 
serum GGT levels and the severity of EOCAD suggests 
a complex pathogenesis that requires further investi-
gation. Further prospective studies are required to 
confirm whether elevated serum GGT levels precede 
the occurrence of EOCAD or whether there is a recip-
rocal relationship or interaction.
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