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Abstract
BACKGROUND 
Cardiovascular disease is a major complication of diabetes mellitus (DM). Type-2 
DM (T2DM) is associated with an increased risk of cardiovascular events and 
mortality, while serum biomarkers may facilitate the prediction of these 
outcomes. Early differential diagnosis of T2DM complicated with acute coronary 
syndrome (ACS) plays an important role in controlling disease progression and 
improving safety.

AIM 
To investigate the correlation of serum bilirubin and γ-glutamyltranspeptidase (γ-
GGT) with major adverse cardiovascular events (MACEs) in T2DM patients with 
ACS.

METHODS 
The clinical data of inpatients from January 2022 to December 2022 were analyzed 
retrospectively. According to different conditions, they were divided into the 
T2DM complicated with ACS group (T2DM + ACS, n = 96), simple T2DM group 
(T2DM, n = 85), and simple ACS group (ACS, n = 90). The clinical data and 
laboratory indices were compared among the three groups, and the correlations of 
serum total bilirubin (TBIL) levels and serum γ-GGT levels with other indices 
were discussed. T2DM + ACS patients received a 90-day follow-up after discharge 
and were divided into event (n = 15) and nonevent (n = 81) groups according to 
the occurrence of MACEs; Univariate and multivariate analyses were further used 
to screen the independent influencing factors of MACEs in patients.

https://www.f6publishing.com
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RESULTS 
The T2DM + ACS group showed higher γ-GGT, total cholesterol, low-density lipoprotein cholesterol (LDL-C) and 
glycosylated hemoglobin (HbA1c) and lower TBIL and high-density lipoprotein cholesterol levels than the T2DM 
and ACS groups (P < 0.05). Based on univariate analysis, the event and nonevent groups were significantly 
different in age (t = 3.3612, P = 0.0011), TBIL level (t = 3.0742, P = 0.0028), γ-GGT level (t = 2.6887, P = 0.0085), LDL-
C level (t = 2.0816, P = 0.0401), HbA1c level (t = 2.7862, P = 0.0065) and left ventricular ejection fraction (LEVF) 
levels (t=3.2047, P = 0.0018). Multivariate logistic regression analysis further identified that TBIL level and LEVF 
level were protective factor for MACEs, and age and γ-GGT level were risk factors (P < 0.05).

CONCLUSION 
Serum TBIL levels are decreased and γ-GGT levels are increased in T2DM + ACS patients, and the two indices are 
significantly negatively correlated. TBIL and γ-GGT are independent influencing factors for MACEs in such 
patients.

Key Words: Acute coronary syndrome; Type-2 diabetes mellitus; Total bilirubin; Major adverse cardiovascular events

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Serum total bilirubin (TBIL) and serum γ-glutamyltranspeptidase (γ-GGT) levels can be used as predictors of acute 
coronary syndrome (ACS) in patients with type-2 diabetes mellitus (T2DM). This study aims to investigate the levels and 
their correlations with major adverse cardiovascular events in T2DM patients with ACS. TBIL levels are found to be 
decreased and γ-GGT increased in T2DM + ACS patients, both of which can be used as indicators to assess patients’ 
condition and predict long-term adverse cardiovascular events in such patients.

Citation: Chen J, Zhang WC, Tang XQ, Yin RH, Wang T, Wei XY, Pan CJ. Predictive value of bilirubin and serum γ-glutamyl-
transpeptidase levels in type-2 diabetes mellitus patients with acute coronary syndrome. World J Diabetes 2024; 15(1): 34-42
URL: https://www.wjgnet.com/1948-9358/full/v15/i1/34.htm
DOI: https://dx.doi.org/10.4239/wjd.v15.i1.34

INTRODUCTION
Acute coronary syndrome (ACS) is a common cardiovascular disease (CVD) manifested by chest tightness and chest pain, 
which can cause heart failure, arrhythmia and even sudden death[1]. In recent years, ACS, as the most serious ischemic 
heart disease, has become one of the primary causes of death worldwide[2]. Despite the treatment recommended by 
current guidelines, some ACS patients are still at high risk of recurrent cardiovascular events. This risk is especially high 
among patients with type-2 diabetes mellitus (T2DM), who account for approximately one-third of ACS cases[3-5]. T2DM 
is a frequently occurring disease, and diabetes, as is well known, has become one of the primary causes of morbidity and 
mortality in most countries[6]. The incidence of diabetes is rising, affecting an estimated 346 million people worldwide
[7], and the World Health Organization (WHO) predicts that it will be the seventh leading cause of death worldwide by 
2030[8]. CVD is one of the major complications of diabetes, causing 50% to 80% of early deaths. According to related 
research, ACS often occurs in patients with diabetes rather than nondiabetic patients. Overall, mortality from ACS is four 
times higher in men with diabetes and seven times higher in women with diabetes than in those without diabetes[9]. In 
addition, a linear positive association has been reported between hyperglycemia on admission and post-ACS mortality
[10]. Therefore, early differential diagnosis of T2DM complicated with ACS plays an important role in controlling disease 
progression and improving safety.

Current studies have shown that serum γ-glutamyltranspeptidase (γ-GGT) can be used as a predictor of metabolic 
syndrome, and its level can reflect the severity of oxidative damage to cells by oxygen free radicals in the body, which is 
an early sensitive index to evaluate the degree of oxidative stress[11]. Meanwhile, serum γ-GGT levels can reflect liver 
function, and an increase in its level is an independent risk factor for multiple CVDs[12]. Recent studies have linked its 
elevated serum levels to many pro-atherosclerotic factors, such as insulin resistance, obesity, elevated plasma cholesterol 
levels, hypertension, and myocardial infarction[13-15]. Therefore, γ-GGT levels can be detected to understand whether 
ACS occurs in T2DM patients in a timely manner, providing a clinical basis for diagnosis and treatment. Bilirubin (BIL) is 
a natural antioxidant factor in the body and is a kind of bile pigment formed by the metabolism of the end products after 
ferroheme decomposition. Total bilirubin (TBIL) is the decomposition product of senescent red blood cells[16], with a 
potent antioxidant capacity, which can remove harmful substances produced by oxidative stress and protect various 
organs of the body from damage[17]. Elevated serum TBIL levels are a potential protective factor for the onset of T2DM
[18]. The human body has an antioxidant protection system. Peroxidation and antioxidant are in a dynamic balance under 
normal circumstances that cause no damage to the human body, but an imbalance between them can lead to increased 
lipid peroxidation[19]. With the deepening of research on serum BIL, BIL has been found to be a member of the 
oxygenation system, which can protect lipid peroxidation[17] and protect lipids and lipoproteins from oxidation, 
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reducing arterial damage and atherosclerotic plaques[20] and lowering the possibility of developing coronary heart 
disease or ACS[21]. Heme oxygenase (HO) is the initiating enzyme and rate-limiting enzyme for BIL production and is 
available in HO-1 and HO-2 forms. Studies have shown that myocardial HO-1 activity in patients with acute myocardial 
infarction is obviously upregulated, and the serum TBIL level is strongly correlated with the occurrence of coronary 
artery disease[22].

However, whether serum TBIL and γ-GGT levels can be used as predictors of ACS in patients with T2DM and whether 
they are related to the incidence of major adverse cardiovascular events (MACEs) in T2DM + ACS patients has not been 
confirmed. Based on this, by studying changes in serum TBIL and γ-GGT levels in diabetes patients complicated with 
ACS and exploring their correlations with MACEs, this study provides more valuable information for the prognostic 
assessment of such patients and provides a theoretical basis for early clinical intervention in the future.

MATERIALS AND METHODS
Study subjects
The clinical data of inpatients in The Affiliated Changzhou No. 2 People's Hospital of Nanjing Medical University from 
January 2022 to December 2022 were analyzed retrospectively. According to different conditions, patients were divided 
into the T2DM complicated with ACS group (T2DM + ACS, n = 96), simple T2DM group (T2DM, n = 85), and simple ACS 
group (ACS, n = 90). Inclusion criteria were as follows: (1) T2DM patients all met the diagnostic criteria for T2DM 
formulated by the WHO, namely, fasting blood glucose ≥ 7.0 mmol/L or 2-hour postprandial blood glucose ≥ 11.1 mmol/
L, and glycosylated hemoglobin (HbA1c) ≥ 6.5% (48 mmol/mol); (2) ACS patients had unstable angina, non-ST-segment 
and ST-segment elevation myocardial infarction confirmed by coronary angiography (CAG), electrocardiogram (ECG), 
dynamic ECG, and troponin level detection, with a stenosis ≥ 50% of at least one vessel; (3) the T2DM group received 
CAG and ECG after admission to confirm no coronary lesions; (4) patients in the T2DM + ACS group were confirmed by 
CAG and ECG to meet the above diagnostic criteria for T2DM and ACS; (5) patients had a normal mental state and 
cognitive function; and (6) patients had complete clinical data and follow-up information. The exclusion criteria were as 
follows: (1) Secondary diabetes caused by type 1 diabetes, gestational diabetes and other endocrine diseases; (2) constitu-
tional jaundice, old myocardial infarction, symptomatic heart failure, pulmonary hypertension, and pulmonary heart 
disease; (3) digestive system diseases, abnormal liver function, lung diseases and malignant tumors; (4) renal dysfunction 
with an estimated glomerular filtration rate < 30 mL/(min·1.73 m2) or a history of renal replacement therapy, severe 
hepatic insufficiency with alanine transaminase or aspartate transaminase ≥ 5 times the upper limit of normal; (5) 
previous use of steroids, statins, etc. that affect liver or kidney function; and (6) incomplete clinical data and follow-up 
information. This study was approved by the Ethics Committee of The Affiliated Changzhou No.2 People's Hospital of 
Nanjing Medical University.

Outcome measures
(1) General data: Age, sex, body mass index (BMI), smoking status, alcohol consumption status and other basic 
information of all subjects were collected; (2) Laboratory examination: Fasting venous blood was collected from all 
patients the morning after patient admission and after 12 h of fasting and uniformly submitted for examination. Using a 
Hitachi 7600 automatic biochemical analyzer (Hitachi, Japan), TBIL, serum γ-GGT, total cholesterol (TC), triacylglycerol 
(TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C), and HbA1c levels 
were quantified; and (3) Cardiac function tests: Echocardiography was performed using color doppler ultrasonography 
(Hewlett-Packard, United States) within 72 h of admission, mainly measuring left ventricular ejection fraction (LVEF).

Follow-up
All T2DM + ACS patients received a 90-day follow-up after discharge and were divided into either the event or nonevent 
group according to the occurrence of MACEs: Recurrent myocardial infarction, revascularization, heart failure, and 
cardiogenic death.

Statistical analyses
All analyses were performed in SPSS 25.0 at a significance level of α = 0.05. Measurement data are expressed as the mean 
± SD; t test was used for intergroup comparisons, one-way analysis of variance for multigroup comparisons, and the 
lysergic acid diethylamide method for pairwise comparisons. Count data are expressed as percentages and were analyzed 
by the χ2 test. Pearson linear correlation analysis was performed to determine the correlations of serum TBIL and γ-GGT 
levels with other indicators in T2DM patients with ACS. The influencing factors were analyzed by logistic regression.

RESULTS
General information
We collected the clinical data of each group for comparative analysis. No marked differences were identified in sex, age, 
BMI, drinking history, smoking history, or family history of coronary heart disease (P > 0.05), but the proportion of 
hypertension history was significantly different (P < 0.05), as shown in Table 1.
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Table 1 Comparison of clinical data among groups

T2DM + ACS (n = 96) T2DM (n = 85) ACS (n = 90) F value P value

Sex (male/female) 58/38 55/30 67/23 4.262 0.1187

Average age (yr) 53.6 ± 6.3 54.9 ± 4.7 53.0 ± 5.7 2.584 0.0773

BMI (kg/m2) 22.6 ± 2.2 22.0 ± 1.7 22.2 ± 2.4 1.882 0.1542

Smoking history 37 30 37 0.6272 0.7308

Drinking history 29 26 34 1.4922 0.4743

Family history of coronary heart disease 18 13 15 0.3911 0.8224

Hypertension 32 20 38 6.8872 0.0319

T2DM: Type-2 diabetes mellitus; ACS: Acute coronary syndrome; BMI: Body mass index.

Laboratory indicators
Serum indices were significantly different among the three groups (P < 0.05). Specifically, the T2DM + ACS group 
exhibited notably higher γ-GGT, TC, LDL-C and HbAlc and lower left ventricular ejection fraction (LEVF), TBIL and 
HDL-C levels than the T2DM and ACS groups (P < 0.05), as shown in Table 2.

Correlation between TBIL level and other indices in the T2DM + ACS group
According to Pearson correlation analysis, serum TBIL was negatively correlated with γ-GGT, TC, LDL-C and HbAlc (P < 
0.05) but was not related to TG, HDL-C and LEVF (P > 0.05), as shown in Table 3.

Correlations of γ-GGT level with other indices in patients in the T2DM + ACS group
As indicated by Pearson correlation analysis, serum γ-GGT was inversely associated with TBIL (P < 0.05) and positively 
correlated with TG and LDL-C (P < 0.05), but it had no correlation with TC, HDL-C, HbAlc or LEVF (P > 0.05), as shown 
in Table 4.

Univariate analysis of MACEs
Fifteen patients in the T2DM + ACS group developed MACEs, including 3 recurrent myocardial infarction, 6 revascular-
ization, 3 heart failure and 3 cardiogenic deaths. No patients died in the nonevent group. Univariate analysis showed that 
age (t = 3.3612, P = 0.0011), TBIL levels (t = 3.0742, P = 0.0028), γ-GGT levels (t = 2.6887, P = 0.0085), LDL-C levels (t = 
2.0816, P = 0.0401), HbA1c levels (t = 2.7862, P = 0.0065), and LEVF levels (t = 3.2047, P = 0.0018) were significantly 
different between the event and nonevent groups (P < 0.05), as shown in Table 5.

Multivariate logistic regression analysis
Multivariate logistic regression analysis based on univariate results showed that age, serum TBIL, serum γ-GGT and 
LEVF were independent influencing factors of ACS in T2DM patients (P < 0.05), in which the TBIL level and LEVF was a 
protective factor, while age and γ-GGT levels were risk factors, as shown in Table 6.

DISCUSSION
T2DM is an important factor causing atherosclerotic thrombosis. Insulin resistance and increased blood sugar can 
accelerate the development of atherosclerosis and increase the risk of ACS[23]. The mechanism of T2DM-induced athero-
sclerosis and thrombosis is complicated and is mainly due to lipid metabolism disorders induced by persistent 
hyperglycemia that promotes lipid deposition, leading to a microinflammatory state in the body and promoting 
thrombosis[24]. At present, there is still a lack of reliable indicators to evaluate the progression of T2DM complicated with 
ACS, and a great breakthrough has not been made in improving patient prognosis. Thus, it is necessary to seek ideal 
markers to provide a basis for clinical diagnosis and treatment.

This study explored serum TBIL and γ-GGT levels in T2DM patients with ACS and their correlations with MACEs. 
T2DM + ACS patients were found to have higher γ-GGT, TC, LDL-C and HbAlc levels than simple T2DM and ACS 
patients, while their levels of TBIL and HDL-C were significantly lower. In addition, serum TBIL was found to be 
inversely associated with γ-GGT, TC, LDL-C and HbAlc, but it had no correlation with TG and HDL-C. Serum γ-GGT 
was negatively correlated with TBIL and positively correlated with TG and LDL-C but not with TC, HDL-C or HbAlc. 
Both serum TBIL and HbA1c are risk factors for coronary heart disease. The former is a natural endogenous strong 
antioxidant with the functions of inhibiting lipid peroxidation, anti-ischemia and eliminating free radicals, which can 
protect LDL-C in the human body from oxidation[25]. The latter is a common clinical index that plays a key role in the 
formation and development of atherosclerosis and is mainly formed by the (irreversible) enzymatic reaction of 
hemoglobin and glucose[26]. BIL has been shown to prolong the survival time of ventricular myocytes by resisting 
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Table 2 Comparison of laboratory indexes among group

T2DM + ACS (n = 96) T2DM (n = 85) ACS (n = 90) F value P value

TBIL (μmol/L) 6.76 ± 0.70 10.72 ± 1.211 9.53 ± 1.031,2 384.2 < 0.0001

γ-GGT (U/L) 36.81 ± 2.98 32.22 ± 3.221 30.09 ± 3.291 110.2 < 0.0001

TC (mmol/L) 5.33 ± 0.43 4.24 ± 0.361 4.33 ± 0.401 213.1 < 0.0001

TG (mmol/L) 0.96 ± 0.33 1.02 ± 0.22 1.05 ± 0.201 2.923 0.0555

LDL-C (mmol/L) 2.41 ± 0.26 1.87 ± 0.241 2.28 ± 0.251,2 112.0 < 0.0001

HDL-C (mmol/L) 1.16 ± 0.07 1.19 ± 0.121 1.21 ± 0.111 5.750 0.0036

HbA1c (%) 8.19 ± 0.64 7.61 ± 0.601 5.33 ± 0.691,2 501.8 < 0.0001

LEVF (%) 44.92 ± 3.80 57.27 ± 6.391 52.19 ± 4.641 139.8 < 0.0001

1P < 0.05 vs. T2DM + ACS.
2P < 0.05 vs. T2DM.
TBIL: Total bilirubin; γ-GGT: γ-glutamyltranspeptidase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-
density lipoprotein cholesterol; HbA1c: Glycosylated hemoglobin; LEVF: Left ventricular ejection fraction; T2DM: Type-2 diabetes mellitus; ACS: Acute 
coronary syndrome.

Table 3 Correlation between serum total bilirubin level and laboratory indexes

γ-GGT TC TG LDL-C HDL-C HbA1c LEVF

r value -0.3275 -0.2906 -0.0822 -0.3086 -0.03255 -0.3140 0.0765

P value 0.0011 0.0041 0.4260 0.0022 0.7529 0.0018 0.4587

γ-GGT: γ-glutamyltranspeptidase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein 
cholesterol; HbA1c: Glycosylated hemoglobin; LEVF: Left ventricular ejection fraction.

Table 4 Correlation between serum γ-glutamyltranspeptidase level and laboratory indexes

TBIL TC TG LDL-C HDL-C HbA1c LEVF

r value -0.3275 0.1074 0.2281 0.2030 -0.0074 0.0225 -0.1250

P value 0.0011 0.2975 0.0254 0.0473 0.9430 0.8276 0.2248

TBIL: Total bilirubin; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; 
HbA1c: Glycosylated hemoglobin; LEVF: Left ventricular ejection fraction.

oxygen free radical-induced damage. Gullu et al[27] showed that high BIL levels can protect coronary blood flow reserve 
and coronary microvascular endothelial function. BIL, with antioxidant and anti-inflammatory activities, has been 
reported to reduce atherosclerosis in vivo[28]. Atherosclerosis is known to be the pathological basis of CVD[29]. Erdogan 
et al[30] reported that increasing TBIL levels promote collateral angiogenesis in chronic total occlusion of the coronary 
artery. Furthermore, Bil can improve the activity of HO, which has an antiatherosclerotic effect[31]. The isozyme HO-1 
participates in the anti-stress ability of cardiovascular system tissues and cells under pathological conditions and 
maintains the integrity and constancy of cardiovascular system function[32]. At the same time, Bil can increase cholesterol 
dissolution, promote cholesterol excretion from bile, reduce plasma cholesterol concentration, and prevent the 
development of atherosclerosis[33]. This study found that the level of TBIL was negatively correlated with TC and LDL-
C, which also suggests that low Bil can be related to the occurrence of coronary heart disease through the increase in 
blood lipids. In patients with T2DM, glucose abnormalities are often accompanied by dyslipidemia, which together 
promote the formation of atherosclerotic plaques[34]. Our experimental results also prove that the influence of elevated 
serum γ-GGT levels on ACS in T2DM patients is related to abnormal lipid metabolism. γ-GGT levels are highest in people 
with ACS and lowest in healthy people[35]. Increased γ-GGT levels contribute to the development and progression of 
ACS caused by T2DM. In this study, Pearson analysis showed that γ-GGT was positively correlated with LDL-C and TG. 
It can be concluded that an increase in γ-GGT levels will cause abnormal lipid metabolism, a decrease in lipid 
peroxidation, the release of inflammatory factors, and damage to the vascular endothelium, which will affect the stability 
of plaques, causing damage to the plaques, increasing the plaque size, and inducing ACS. Moreover, LEVF levels were 
found to be significantly different between patients with MACEs and those without. Coronary artery microcirculatory 
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Table 5 Univariate analysis of major adverse cardiovascular events

Event group (n = 15) Non-event group (n = 81) χ2/t value P value

Sex (male/female) 10/5 48/33 0.2904 0.5900

Average age (yr) 58.33 ± 7.68 52.68 ± 5.63 3.3612 0.0011

BMI (kg/m2) 21.9 ± 2.6 22.7 ± 2.1 1.3045 0.1953

TBIL (μmol/L) 6.27 ± 0.87 6.85 ± 0.63 3.0742 0.0028

γ-GGT (U/L) 38.65 ± 2.91 36.47 ± 2.88 2.6887 0.0085

TC (mmol/L) 5.51 ± 0.26 5.30 ± 0.45 1.7492 0.0835

TG (mmol/L) 1.08 ± 0.25 0.94 ± 0.34 1.5177 0.1324

LDL-C (mmol/L) 2.53 ± 0.29 2.38 ± 0.25 2.0816 0.0401

HDL-C (mmol/L) 1.15 ± 0.08 1.16 ± 0.07 0.4970 0.6203

HbA1c (%) 8.59 ± 0.73 8.11 ± 0.59 2.7862 0.0065

LEVF (%) 42.13 ± 2.83 45.39 ± 3.74 3.2047 0.0018

BMI: Body mass index; TBIL: Total bilirubin; γ-GGT: γ-glutamyltranspeptidase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein 
cholesterol; HDL-C: High-density lipoprotein cholesterol; HbA1c: Glycosylated hemoglobin; LEVF: Left ventricular ejection fraction.

Table 6 Logistic analysis of major adverse cardiovascular events

Regression coefficient Standard error Wald P value HR 95%CI

Constant -8.390 14.396 0.340 0.560 - -

Age 0.251 0.086 8.578 0.003 1.285 1.086-1.519

TBIL -1.706 0.764 4.992 0.025 0.182 0.041-0.811

γ-GGT 0.422 0.195 4.656 0.031 1.525 1.039-2.236

LDL-C -1.156 1.785 0.042 0.517 0.315 0.010-10.397

HbA1c 1.082 0.742 2.123 0.145 2.950 0.688-12.644

LEVF (%) -0.415 0.157 7.027 0.008 0.660 0.486-0.897

TBIL: Total bilirubin; γ-GGT: γ-glutamyltranspeptidase; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbA1c: 
Glycosylated hemoglobin; LEVF: Left ventricular ejection fraction; HR: Hazard ratio; 95%CI: 95% confidence interval.

disorders may cause myocardial fibrosis and even cardiac insufficiency[36]. Myocardial ischemia, hypoxia, and 
reperfusion injury ultimately lead to diastolic dysfunction[37]. The measurement of LVEF can sensitively and specifically 
reflect changes in left ventricular function in left ventricular dysfunction and secondary ventricular remodeling[38]. 
Studies have shown that the severity of coronary artery disease, myocardial ischemia, and myocardial cell injury or 
apoptosis are associated with decreased LVEF[39]. Finally, through univariate and multivariate logistic analyses, age, 
LEVF, serum TBIL levels, and serum γ-GGT levels were confirmed as independent influencing factors of ACS in T2DM 
patients, of which the TBIL level and LVEF levels were protective factors, while age and γ-GGT levels were risk factors.

However, some limitations of this study need to be addressed. First, due to the fact that this is a single-center 
retrospective analysis, the research materials and subjects were limited, warranting a larger sample size for further 
analysis. Second, other risk factors for ACS such as socioeconomic status, dietary patterns, physical activity, hormone 
levels and medication were not included in our study. In addition, lipids, which are risk factors for ACS, were not 
discussed in this study. Third, the samples studied were hospital-based and may not be representative of the general 
T2DM patient population. Fourth, the sample size of this study was relatively small. Therefore, further studies with larger 
sample sizes and more measures are needed.

CONCLUSION
In summary, serum TBIL levels and serum γ-GGT levels can be used as indicators to assess patients’ condition and 
predict long-term adverse cardiovascular events in diabetes patients with ACS. However, as this is a retrospective, single-
center study with a small sample size, it is necessary to increase the sample size for more in-depth clinical research on 
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whether patients with ACS complicated with diabetes can be accurately evaluated and predicted based on the detection 
of serum TBIL and γ-GGT levels.

ARTICLE HIGHLIGHTS
Research background
To provide more credible clinical evidence for the prognostic assessment of type-2 diabetes mellitus (T2DM) patients 
complicated with acute coronary syndrome (ACS) and a theoretical basis for early clinical intervention in the future.

Research motivation
Serum total bilirubin (TBIL) levels and γ-glutamyltranspeptidase (γ-GGT) levels can be used as indicators to assess 
patients’ condition and predict long-term adverse cardiovascular events in T2DM patients with ACS.

Research objectives
T2DM + ACS patients were found to have higher γ-GGT, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-
C) and glycosylated hemoglobin (HbA1c) levels than patients with T2DM or ACS alone, with significantly lower levels of 
TBIL and high-density lipoprotein cholesterol (HDL-C). In addition, serum TBIL was found to be inversely associated 
with γ-GGT, TC, LDL-C and HbAlc, but it had no correlation with triacylglycerol and HDL-C. Through univariate and 
multivariate logistic analyses, age, left ventricular ejection fraction (LEVF), serum TBIL levels, and serum γ-GGT levels 
were confirmed as independent influencing factors of ACS in T2DM patients, of which TBIL and LVEF levels were 
protective factors, and age and γ-GGT levels were risk factors.

Research methods
The clinical data of inpatients were analyzed retrospectively. According to different conditions, they were divided into 
the T2DM complicated with ACS group (T2DM + ACS, n = 96), simple T2DM group (T2DM, n = 85), and simple ACS 
group (ACS, n = 90). The general data and laboratory indexes were compared among the three groups, and the correl-
ations of serum TBIL and γ-GGT levels with other indicators were evaluated. T2DM + ACS patients received a 90-day 
follow-up after discharge and were further divided into event (n = 15) and nonevent (n = 81) groups according to the 
occurrence of major adverse cardiovascular events (MACEs). Univariate and multivariate analyses were further used to 
screen the independent influencing factors of MACEs in patients.

Research results
There is still a lack of reliable indicators to evaluate the progression of T2DM complicated with ACS, and a great 
breakthrough has not been made in improving patient prognosis. Therefore, it is necessary to seek ideal markers to 
provide a basis for clinical diagnosis and treatment.

Research conclusions
By studying changes in serum TBIL and γ-GGT levels in T2DM patients complicated with ACS and exploring their correl-
ations with MACEs, it is confirmed that serum levels of TBIL and γ-GGT can be used to assess patients’ condition and 
predict long-term MACEs in such patients.

Research perspectives
Cardiovascular disease is one of the major complications of diabetes, causing 50%-80% of early deaths. According to 
related research, ACS often occurs in patients with diabetes rather than nondiabetic patients.
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