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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 y-glutamyltranspeptidase (y-

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 y-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.
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RESULTS

The T2DM + ACS group showed higher y-GGT, total cholesterol, low-density lipoprotein cholesterol (LDL-C) and
glycosylated hemoglobin (HbAlc) 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 (¢ = 3.0742, P = 0.0028), y-GGT level (t = 2.6887, P = 0.0085), LDL-
C level (t = 2.0816, P = 0.0401), HbAlc 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 y-GGT level were risk factors (P < 0.05).

CONCLUSION

Serum TBIL levels are decreased and y-GGT levels are increased in T2DM + ACS patients, and the two indices are
significantly negatively correlated. TBIL and y-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 y-glutamyltranspeptidase (y-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 y-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 y-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 y-glutamyltranspeptidase (y-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 y-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, y-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 y-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 y-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 (HbAlc) = 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 m?) or a history of renal replacement therapy, severe
hepatic insufficiency with alanine transaminase or aspartate transaminase 2 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 y-GGT, total cholesterol (TC), triacylglycerol
(TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C), and HbAlc 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 a = 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 y? test. Pearson linear correlation analysis was performed to determine the correlations of serum TBIL and y-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) Fvalue  Pvalue
Sex (male/female) 58/38 55/30 67/23 4.262 0.1187
Average age (yr) 53.6+6.3 549 +4.7 53.0+5.7 2.584 0.0773
BMI (kg/mz) 226+22 220+£1.7 222+24 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 y-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 y-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 y-GGT level with other indices in patients in the T2DM + ACS group

As indicated by Pearson correlation analysis, serum y-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), y-GGT levels (t = 2.6887, P = 0.0085), LDL-C levels (t =
2.0816, P = 0.0401), HbAlc 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 y-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 y-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 y-GGT levels in T2DM patients with ACS and their correlations with MACEs.
T2DM + ACS patients were found to have higher y-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 y-GGT, TC, LDL-C and HbAlc, but it had no correlation with TG and HDL-C. Serum y-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 HbAlc 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 (umol/L) 6.76 £0.70 10.72 +1.21' 9.53 +1.03"” 384.2 <0.0001
y-GGT (U/L) 36.81+2.98 32.22£3.22' 30.09 +3.29" 110.2 <0.0001
TC (mmol/L) 5.33 +0.43 4.24 £0.36' 4.33 £0.40' 213.1 <0.0001
TG (mmol/L) 0.96+0.33 1.02£0.22 1.05 £ 0.20" 2,923 0.0555
LDL-C (mmol/L) 241£0.26 1.87 £0.24 2.28+0.25"7 112.0 <0.0001
HDL-C (mmol/L) 1.16 £ 0.07 1.19 £0.12! 1.21£0.11' 5.750 0.0036
HbAlc (%) 8.19 £ 0.64 7.61%0.60' 5.33 £0.69" 501.8 <0.0001
LEVF (%) 44.92 +3.80 57.27 £ 6.39" 52.19 + 4.64! 139.8 <0.0001

'P < 0.05 vs. T2DM + ACS.

*P < 0.05 vs. T2DM.

TBIL: Total bilirubin; y-GGT: y-glutamyltranspeptidase; TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-
density lipoprotein cholesterol; HbAlc: 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

y-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

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

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

TBIL TC TG LDL-C HDL-C HbA1c LEVF
rvalue -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;
HbAlc: 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 y-GGT levels on ACS in T2DM patients is related to abnormal lipid metabolism. y-GGT levels are highest in people
with ACS and lowest in healthy people[35]. Increased y-GGT levels contribute to the development and progression of
ACS caused by T2DM. In this study, Pearson analysis showed that y-GGT was positively correlated with LDL-C and TG.
It can be concluded that an increase in y-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

63%9@ WID | https://www.wjgnet.com 38 January 15,2024 | Volume15 | Issuel |



Chen ] et al. T2DM with acute coronary syndrome

Table 5 Univariate analysis of major adverse cardiovascular events

Event group (n = 15) Non-event group (n = 81) X/tvalue 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/m?) 219426 22721 1.3045 0.1953
TBIL (pmol/L) 6.27 £0.87 6.85+0.63 3.0742 0.0028
y-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 15177 0.1324
LDL-C (mmol/L) 2534029 2.38 £0.25 2.0816 0.0401
HDL-C (mmol/L) 1.15 £ 0.08 1.16 £ 0.07 0.4970 0.6203
HbA1lc (%) 8.59+0.73 8.11+0.59 2.7862 0.0065
LEVEF (%) 4213 +2.83 4539 £3.74 3.2047 0.0018

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

Table 6 Logistic analysis of major adverse cardiovascular events

Regression coefficient ~ Standard error Wald Pvalue HR 95%Cl

Constant -8.390 14.396 0340 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
Y-GGT 0.422 0.195 4.656 0.031 1.525 1.039-2.236
LDL-C -1.156 1.785 0.042 0517 0315 0.010-10.397
HbAlc 1.082 0.742 2123 0.145 2.950 0.688-12.644
LEVEF (%) 0.415 0.157 7.027 0.008 0.660 0.486-0.897

TBIL: Total bilirubin; y-GGT: y-glutamyltranspeptidase; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc:
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 y-GGT levels were confirmed as independent influencing factors of ACS in T2DM
patients, of which the TBIL level and LVEEF levels were protective factors, while age and y-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 y-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 y-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 y-glutamyltranspeptidase (y-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 y-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 y-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 y-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 y-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 y-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 MACE:s 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 y-GGT levels in T2DM patients complicated with ACS and exploring their correl-
ations with MACEs, it is confirmed that serum levels of TBIL and y-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.

FOOTNOTES

Co-first authors: Jie Chen and Wan-Chao Zhang,.

Author contributions: Chen ] and Zhang WC conceived and designed the experiments; Chen ], Zhang WC, Tang XQ, Yin RH, Wang T
and Pan CJ collected and analyzed the data; Wei XY and Pan CJ contributed to the data collection; Chen ] and Zhang WC overall
supervise the study. All authors have approved the manuscript. Chen ] and Zhang WC contributed equally to this work and are co-first
authors, including design of the study, acquiring and analyzing data from experiments, and writing of the actual manuscript.

Supported by Science and Technology Major Project of Changzhou Science and Technology Bureau, No. CE20205047; Natural Science
Foundation of Xinjiang Uygur Autonomo us Region, No. 2022D01F52; Changzhou A major scientific research project of the Municipal
Health Commission, No. ZD202220.

Institutional review board statement: The study was reviewed and approved by the The Affiliated Changzhou No.2 People's Hospital of
Nanjing Medical University (Approval No. YLJSA302).

Informed consent statement: Patients were not required to give informed consent to the study because the analysis used anonymous

Buisdenge WID | hittps:/ /www.wjgnet.com 40 January 15,2024 | Volume15 | Issuel |



Chen ] et al. T2DM with acute coronary syndrome

clinical data that were obtained after each patient agreed to treatment by written consent.
Conflict-of-interest statement: There is no conflict of interest.
Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: China
ORCID number: Ruo-Han Yin 0000-0003-1080-4582; Chang-Jie Pan 0000-0002-8464-4529.

S-Editor: Lin C
L-Editor: A
P-Editor: Chen YX

REFERENCES

1 Ralapanawa U, Sivakanesan R. Epidemiology and the Magnitude of Coronary Artery Disease and Acute Coronary Syndrome: A Narrative
Review. J Epidemiol Glob Health 2021; 11: 169-177 [PMID: 33605111 DOI: 10.2991/jegh.k.201217.001]

2 Kong G, Chin YH, Chong B, Goh RSJ, Lim OZH, Ng CH, Muthiah M, Foo R, Vernon ST, Loh PH, Chan MY, Chew NWS, Figtree GA.

Higher mortality in acute coronary syndrome patients without standard modifiable risk factors: Results from a global meta-analysis of

1,285,722 patients. Int J Cardiol 2023; 371: 432-440 [PMID: 36179904 DOI: 10.1016/j.ijjcard.2022.09.062]

Ma CX, Ma XN, Guan CH, Li YD, Mauricio D, Fu SB. Cardiovascular disease in type 2 diabetes mellitus: progress toward personalized

management. Cardiovasc Diabetol 2022; 21: 74 [PMID: 35568946 DOI: 10.1186/s12933-022-01516-6]

4 Bjarnason TA, Hafthorsson SO, Kristinsdottir LB, Oskarsdottir ES, Johnsen A, Andersen K. The prognostic effect of known and newly

detected type 2 diabetes in patients with acute coronary syndrome. Eur Heart J Acute Cardiovasc Care 2020; 9: 608-615 [PMID: 31107107

DOI: 10.1177/2048872619849925]

Shuey TC, Voyce SJ, Johns A, Lagerman BF, Gallagher A, Agarwal S. Progression to new onset type 2 diabetes mellitus following acute

coronary syndrome: real-world results from a large integrated healthcare system. Journal of the American College of Cardiology 2023; 81:

1773-1773 [DOI: 10.1016/s0735-1097(23)02217-9]

6 Ali MK, Pearson-Stuttard J, Selvin E, Gregg EW. Interpreting global trends in type 2 diabetes complications and mortality. Diabetologia 2022;
65: 3-13 [PMID: 34837505 DOI: 10.1007/s00125-021-05585-2]

7 Lawrence JM, Divers J, Isom S, Saydah S, Imperatore G, Pihoker C, Marcovina SM, Mayer-Davis EJ, Hamman RF, Dolan L, Dabelea D,
Pettitt DJ, Liese AD; SEARCH for Diabetes in Youth Study Group. Trends in Prevalence of Type 1 and Type 2 Diabetes in Children and
Adolescents in the US, 2001-2017. JAMA 2021; 326: 717-727 [PMID: 34427600 DOI: 10.1001/jama.2021.11165]

8 Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D,
Williams R; IDF Diabetes Atlas Committee. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin Pract 2019; 157: 107843 [PMID: 31518657
DOI: 10.1016/j.diabres.2019.107843]

9 Sasso FC, Rinaldi L, Lascar N, Marrone A, Pafundi PC, Adinolfi LE, Marfella R. Role of Tight Glycemic Control during Acute Coronary
Syndrome on CV Outcome in Type 2 Diabetes. J Diabetes Res 2018; 2018: 3106056 [PMID: 30402502 DOI: 10.1155/2018/3106056]

10 Alavi-Moghaddam M, Parsa-Mahjoob M, Ghodssi-Ghassemabadi R, Bitazar B. Association of Admission Blood Glucose Level with Major
Adverse Cardiac Events in Acute Coronary Syndrome; a Cohort Study. Arch Acad Emerg Med 2019; 7: €26 [PMID: 31432036]

11 Du W, Shao T, Wang L, Qin W, Fang Z, Fang B, Li J, Peng B, Wu Q, Liu J, Li L. Two-photon fluorogenic probe off y-glutamyl transpeptidase
for cancer cells identification with simultaneous oxidative stress monitoring. Dyes and Pigments 2022; 200: 110155 [DOI:
10.1016/j.dyepig.2022.110155]

12 Cho EJ, Jeong SM, Chung GE, Yoo JJ, Cho Y, Lee KN, Shin DW, Kim YJ, Yoon JH, Han K, Yu SJ. Gamma-glutamy! transferase and risk of
all-cause and disease-specific mortality: a nationwide cohort study. Sci Rep 2023; 13: 1751 [PMID: 36720971 DOI:
10.1038/s41598-022-25970-0]

13 Fernando M L, Babu S V, Silambanan S. Serum gamma glutamy 1 transferase levels in metabolic syndrome in obese south Indian population.
J Med Sci Res 2023; 11: 158-162 [DOI: 10.17727/jmsr.2023/11-30]

14 Nkeck JR, Ida CM, Koe VN, Ndam AWN, Jessica YNC, Manuella EO, Charelle BY, Corine ZZ, Andrée NA, Amazia F, Nkeck JP, Samba
EAM, Moor VJA. Gamma glutamyl transferases in association with cardiovascular risk scores in non-diabetic hypertensive Cameroonians:

w

W

preliminary data from HYRICCA study. BMC Res Notes 2022; 15: 300 [PMID: 36109817 DOI: 10.1186/s13104-022-06190-1]
15 Brennan PN, Dillon JF, Tapper EB. Gamma-Glutamyl Transferase (y-GT) - an old dog with new tricks? Liver Int 2022; 42: 9-15 [PMID:
34775657 DOL: 10.1111/1iv.15099]

16 Creeden JF, Gordon DM, Stec DE, Hinds TD Jr. Bilirubin as a metabolic hormone: the physiological relevance of low levels. Am J Physiol
Endocrinol Metab 2021; 320: E191-E207 [PMID: 33284088 DOI: 10.1152/ajpendo.00405.2020]

17 Vitek L, Hinds TD Jr, Stec DE, Tiribelli C. The physiology of bilirubin: health and disease equilibrium. Trends Mol Med 2023; 29: 315-328
[PMID: 36828710 DOI: 10.1016/j.molmed.2023.01.007]

18 Yang M, Ni C, Chang B, Jiang Z, Zhu Y, Tang Y, Li Z, Li C, Li B. Association between serum total bilirubin levels and the risk of type 2
diabetes mellitus. Diabetes Res Clin Pract 2019; 152: 23-28 [PMID: 31078667 DOI: 10.1016/j.diabres.2019.04.033]

Buisdenge WID | hittps:/ /www.wjgnet.com 41 January 15,2024 | Volume15 | Issuel |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-1080-4582
http://orcid.org/0000-0003-1080-4582
http://orcid.org/0000-0002-8464-4529
http://orcid.org/0000-0002-8464-4529
http://www.ncbi.nlm.nih.gov/pubmed/33605111
https://dx.doi.org/10.2991/jegh.k.201217.001
http://www.ncbi.nlm.nih.gov/pubmed/36179904
https://dx.doi.org/10.1016/j.ijcard.2022.09.062
http://www.ncbi.nlm.nih.gov/pubmed/35568946
https://dx.doi.org/10.1186/s12933-022-01516-6
http://www.ncbi.nlm.nih.gov/pubmed/31107107
https://dx.doi.org/10.1177/2048872619849925
https://dx.doi.org/10.1016/s0735-1097(23)02217-9
http://www.ncbi.nlm.nih.gov/pubmed/34837505
https://dx.doi.org/10.1007/s00125-021-05585-2
http://www.ncbi.nlm.nih.gov/pubmed/34427600
https://dx.doi.org/10.1001/jama.2021.11165
http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/30402502
https://dx.doi.org/10.1155/2018/3106056
http://www.ncbi.nlm.nih.gov/pubmed/31432036
https://dx.doi.org/10.1016/j.dyepig.2022.110155
http://www.ncbi.nlm.nih.gov/pubmed/36720971
https://dx.doi.org/10.1038/s41598-022-25970-0
https://dx.doi.org/10.17727/jmsr.2023/11-30
http://www.ncbi.nlm.nih.gov/pubmed/36109817
https://dx.doi.org/10.1186/s13104-022-06190-1
http://www.ncbi.nlm.nih.gov/pubmed/34775657
https://dx.doi.org/10.1111/liv.15099
http://www.ncbi.nlm.nih.gov/pubmed/33284088
https://dx.doi.org/10.1152/ajpendo.00405.2020
http://www.ncbi.nlm.nih.gov/pubmed/36828710
https://dx.doi.org/10.1016/j.molmed.2023.01.007
http://www.ncbi.nlm.nih.gov/pubmed/31078667
https://dx.doi.org/10.1016/j.diabres.2019.04.033

Chen ] et al. T2DM with acute coronary syndrome

19

20

21

N
()

24

N
W

26

37

w
oo

39

Demirci-Cekic S, Ozkan G, Avan AN, Uzunboy S, Capanoglu E, Apak R. Biomarkers of Oxidative Stress and Antioxidant Defense. J Pharm
Biomed Anal 2022;209: 114477 [PMID: 34920302 DOI: 10.1016/j.jpba.2021.114477]

Su Q, Chen H, Du S, Dai Y, Chen C, He T, Feng R, Tao T, Hu Z, Zhao H, Guo P, Ye W. Association Between Serum Bilirubin, Lipid Levels,
and Prevalence of Femoral and Carotid Atherosclerosis: A Population-Based Cross-Sectional Study. Arterioscler Thromb Vasc Biol 2023; 43:
136-145 [PMID: 36453272 DOI: 10.1161/ATVBAHA.122.318086]

Li XL, Zhao CR, Pan CL, Jiang G, Zhang B. Role of bilirubin in the prognosis of coronary artery disease and its relationship with
cardiovascular risk factors: a meta-analysis. BMC Cardiovasc Disord 2022; 22: 458 [PMID: 36324069 DOI: 10.1186/s12872-022-02899-w]
Yang Y, Wang J, Wai Si Ding AJGL, Xu Y, Jiang H, Ma K, Zhu T. Serum total bilirubin and long-term prognosis of patients with new-onset
non-ST elevation myocardial infarction: a cohort study. BMC Cardiovasc Disord 2022; 22: 165 [PMID: 35413813 DOI:
10.1186/s12872-022-02607-8]

Gaiz A, Mosawy S, Colson N, Singh I. Thrombotic and cardiovascular risks in type two diabetes; Role of platelet hyperactivity. Biomed
Pharmacother 2017; 94: 679-686 [PMID: 28787703 DOI: 10.1016/j.biopha.2017.07.121]

Poznyak A, Grechko AV, Poggio P, Myasoedova VA, Alfieri V, Orekhov AN. The Diabetes Mellitus-Atherosclerosis Connection: The Role
of Lipid and Glucose Metabolism and Chronic Inflammation. /nt J Mol Sci 2020; 21 [PMID: 32155866 DOI: 10.3390/ijms21051835]

Shao M, Wang S, Wan Y, Liu Z, Ma Y, Cao W, Li S. Association between Serum Total Bilirubin Level and Patients with Primary Open-Angle

Glaucoma in China: A Cross-Sectional, Case-Control Study. Oxid Med Cell Longev 2023; 2023: 8206298 [PMID: 36718279 DOI:
10.1155/2023/8206298]

Cheng X, Li Z, Yang M, Liu Y, Wang S, Huang M, Gao S, Yang R, Li L, Yu C. Association of HbA1c with carotid artery plaques in patients
with coronary heart disease: a retrospective clinical study. Acta Cardiol 2023; 78: 442-450 [PMID: 35356852 DOI:
10.1080/00015385.2022.2040822]

Gullu H, Erdogan D, Tok D, Topcu S, Caliskan M, Ulus T, Muderrisoglu H. High serum bilirubin concentrations preserve coronary flow
reserve and coronary microvascular functions. Arterioscler Thromb Vasc Biol 2005; 25: 2289-2294 [PMID: 16151018 DOI:
10.1161/01.ATV.0000185806.61430.7c]

Wen G, Yao L, Hao Y, Wang J, Liu J. Bilirubin ameliorates murine atherosclerosis through inhibiting cholesterol synthesis and reshaping the
immune system. J Transl Med 2022; 20: 1 [PMID: 34980160 DOI: 10.1186/s12967-021-03207-4]

Bjorkegren JLM, Lusis AJ. Atherosclerosis: Recent developments. Cell 2022; 185: 1630-1645 [PMID: 35504280 DOI:
10.1016/j.cell.2022.04.004]

Erdogan T, Cicek Y, Kocaman SA, Canga A, Cetin M, Durakoglugil E, Satiroglu O, Temiz A, Ergiil E, Sahin I, Bostan M. Increased serum
bilirubin level is related to good collateral development in patients with chronic total coronary occlusion. Intern Med 2012; 51: 249-255
[PMID: 22293798 DOI: 10.2169/internalmedicine.51.6417]

Tani S, Atsumi W, Imatake K, Suzuki Y, Yagi T, Takahashi A, Matsumoto N, Okumura Y. Habitual fish consumption and healthy lifestyle
behaviours may be associated with higher total serum bilirubin level and anti-inflammatory activity: a cross-sectional study. Br J Nutr 2023; 1-
11 [PMID: 37143350 DOI: 10.1017/S0007114523001149]

Ryter SW. Heme Oxygenase-1: An Anti-Inflammatory Effector in Cardiovascular, Lung, and Related Metabolic Disorders. Antioxidants
(Basel) 2022; 11 [PMID: 35326205 DOI: 10.3390/antiox11030555]

Liu J, Dong H, Zhang Y, Cao M, Song L, Pan Q, Bulmer A, Adams DB, Dong X, Wang H. Bilirubin Increases Insulin Sensitivity by
Regulating Cholesterol Metabolism, Adipokines and PPARy Levels. Sci Rep 2015; 5: 9886 [PMID: 26017184 DOI: 10.1038/srep09886]
Castillo-Nuiiez Y, Morales-Villegas E, Aguilar-Salinas CA. Triglyceride-Rich Lipoproteins: Their Role in Atherosclerosis. Rev Invest Clin
2022; 74: 061-070 [PMID: 34759386 DOI: 10.24875/RIC.21000416]

Ulus T, Yildirir A, Sade LE, Temiz A, Polat E, Bozbag H, Aydinalp A, Eroglu S, Ozin B, Miiderrisoglu H. Serum gamma-glutamy! transferase
activity: new high-risk criteria in acute coronary syndrome patients? Coron Artery Dis 2008; 19: 489-495 [PMID: 18923245 DOI:
10.1097/MCA.0b013e32830eab8¢]

Crea F, Montone RA, Rinaldi R. Pathophysiology of Coronary Microvascular Dysfunction. Circ J2022; 86: 1319-1328 [PMID: 34759123
DOI: 10.1253/circj.CJ-21-0848]

Tian H, Zhao X, Zhang Y, Xia Z. Abnormalities of glucose and lipid metabolism in myocardial ischemia-reperfusion injury. Biomed
Pharmacother 2023; 163: 114827 [PMID: 37141734 DOI: 10.1016/j.biopha.2023.114827]

Klingenberg R, Holtkamp F, Griin D, Frey A, Jahns V, Jahns R, Gassenmaier T, Hamm CW, Frantz S, Keller T. Use of serial changes in
biomarkers vs. baseline levels to predict left ventricular remodelling after STEMI. ESC Heart Fail 2023; 10: 432-441 [PMID: 36271665 DOI:
10.1002/ehf2.14204]

Mahdavi-Roshan M, Ghorbani Z, Gholipour M, Salari A, Savar Rakhsh A, Kheirkhah J. Evaluation of cardiometabolic risk markers linked to
reduced left ventricular ejection fraction (LVEF) in patients with ST-elevation myocardial infarction (STEMI). BMC Cardiovasc Disord 2022;
22: 224 [PMID: 35568801 DOI: 10.1186/s12872-022-02660-3]

Buisdenge WID | hittps:/ /www.wjgnet.com 42 January 15,2024 | Volume15 | Issuel


http://www.ncbi.nlm.nih.gov/pubmed/34920302
https://dx.doi.org/10.1016/j.jpba.2021.114477
http://www.ncbi.nlm.nih.gov/pubmed/36453272
https://dx.doi.org/10.1161/ATVBAHA.122.318086
http://www.ncbi.nlm.nih.gov/pubmed/36324069
https://dx.doi.org/10.1186/s12872-022-02899-w
http://www.ncbi.nlm.nih.gov/pubmed/35413813
https://dx.doi.org/10.1186/s12872-022-02607-8
http://www.ncbi.nlm.nih.gov/pubmed/28787703
https://dx.doi.org/10.1016/j.biopha.2017.07.121
http://www.ncbi.nlm.nih.gov/pubmed/32155866
https://dx.doi.org/10.3390/ijms21051835
http://www.ncbi.nlm.nih.gov/pubmed/36718279
https://dx.doi.org/10.1155/2023/8206298
http://www.ncbi.nlm.nih.gov/pubmed/35356852
https://dx.doi.org/10.1080/00015385.2022.2040822
http://www.ncbi.nlm.nih.gov/pubmed/16151018
https://dx.doi.org/10.1161/01.ATV.0000185806.61430.7c
http://www.ncbi.nlm.nih.gov/pubmed/34980160
https://dx.doi.org/10.1186/s12967-021-03207-4
http://www.ncbi.nlm.nih.gov/pubmed/35504280
https://dx.doi.org/10.1016/j.cell.2022.04.004
http://www.ncbi.nlm.nih.gov/pubmed/22293798
https://dx.doi.org/10.2169/internalmedicine.51.6417
http://www.ncbi.nlm.nih.gov/pubmed/37143350
https://dx.doi.org/10.1017/S0007114523001149
http://www.ncbi.nlm.nih.gov/pubmed/35326205
https://dx.doi.org/10.3390/antiox11030555
http://www.ncbi.nlm.nih.gov/pubmed/26017184
https://dx.doi.org/10.1038/srep09886
http://www.ncbi.nlm.nih.gov/pubmed/34759386
https://dx.doi.org/10.24875/RIC.21000416
http://www.ncbi.nlm.nih.gov/pubmed/18923245
https://dx.doi.org/10.1097/MCA.0b013e32830eab8c
http://www.ncbi.nlm.nih.gov/pubmed/34759123
https://dx.doi.org/10.1253/circj.CJ-21-0848
http://www.ncbi.nlm.nih.gov/pubmed/37141734
https://dx.doi.org/10.1016/j.biopha.2023.114827
http://www.ncbi.nlm.nih.gov/pubmed/36271665
https://dx.doi.org/10.1002/ehf2.14204
http://www.ncbi.nlm.nih.gov/pubmed/35568801
https://dx.doi.org/10.1186/s12872-022-02660-3

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study subjects
	Outcome measures
	Follow-up
	Statistical analyses

	RESULTS
	General information
	Laboratory indicators
	Correlation between TBIL level and other indices in the T2DM + ACS group
	Correlations of γ-GGT level with other indices in patients in the T2DM + ACS group
	Univariate analysis of MACEs
	Multivariate logistic regression analysis

	DISCUSSION
	CONCLUSION
	ARTICLE HIGHLIGHTS
	Research background
	Research motivation
	Research objectives
	Research methods
	Research results
	Research conclusions
	Research perspectives

	FOOTNOTES
	REFERENCES

