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Dynamic fluctuations of advanced glycation end
products and its C-terminal truncated receptor
level in patients with acute ST-segment elevation
myocardial infarction and undergoing diabetes
or not
A retrospective study
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Abstract
The role of advanced glycation end products (AGEs) and its C-terminal truncated receptor (soluble receptor for advanced glycation
end products, sRAGE) in ST-segment elevation myocardial infarction (STEMI) patients with or without diabetes is unknown. We
compared their levels in patients with and without STEMI, as well as with and without diabetes. A prospective observational study
was performed between December 2014 and December 2015. Study group included STEMI patients with coronary artery disease;
control group included patients without coronary artery disease. Levels of AGEs and sRAGE were tested on Days 0, 2, and 5 after
STEMI. Levels of creatine kinase-MB (CK-MB), cardiac troponin I, and N-terminal pro-brain natriuretic peptide (NT-proBNP) were
tested on Days 0, 1, 2, and 3. Patient’s diabetic status was determined bymedical history or oral glucose tolerance test. Compared to
patients in the control group, STEMI patients showed elevated levels of AGEs and sRAGE. In the STEMI group, diabetic patients had
higher levels of AGEs and sRAGE compared to nondiabetic patients. The level of AGEs correlated with peak level of CK-MB in the
overall population of patients with STEMI and with peak level of NT-proBNP in diabetic patients with STEMI. Levels of AGEs and
sRAGE were elevated after STEMI, especially among patients with diabetes. These markers could serve to indicate the severity of
myocardial injury and cardiac insufficiency, and play a potential role in predicting the prognosis of patients with STEMI.

Abbreviations: AGE = advanced glycation end product, CK-MB = creatine kinase-MB, NGR = normal glucose regulation group,
NT-proBNP=N-terminal pro-brain natriuretic peptide, OGTT= oral glucose tolerance test, RAGE= advanced glycation end product
receptor, sRAGE = soluble RAGE, STEMI = ST-segment elevation myocardial infarction.

Keywords: advanced glycation end products, diabetes, soluble receptor for advanced glycation end products, ST-segment
elevation myocardial infarction
1. Introduction

Coronary artery disease is a common disorder that often results
from atherosclerotic changes to coronary vessels.[1] When
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atherosclerotic changes leads to thrombus formation and
blockage in the coronary artery, the blood supply to the
myocardial cells is severed, resulting in myocardial infarction. If
the electrocardiogram shows ST-segment elevation, an ST-
segment elevation myocardial infarction (STEMI) can be
diagnosed. The initial step in the management of patients with
STEMI is expected to recognize these patients and to identify
those at high risk for worse outcomes.
Diabetes is a common risk factor for coronary artery disease.[2]

STEMI patients with diabetes also have worse outcomes
compared to patients with normal glucose metabolism.[3]

Advanced glycation end products (AGEs) are substances
resulting from the nonenzymatic saccharification of proteins,
lipids, and nucleic acids.[4] Hyperglycemic status and oxidative
stress can stimulate the productions of AGEs. Advanced
glycation end product receptor (RAGE) is an important receptor
for AGEs.[5] Previous studies have established that the AGEs/
RAGE system contributes significantly to the development of
cardiovascular disease in patients with diabetes.[6,7] One isomer
of human RAGE is soluble RAGE (sRAGE), which lacks a C-
terminal transmembrane region and intracellular domain.
sRAGE can compete with RAGE to bind to AGEs but cannot
induce subsequent intracellular reactions.[8] One recent study
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reported a correlation between sRAGE level and coronary artery
disease.[9–11] However, few studies have investigated levels of
AGEs and sRAGE after STEMI. In the present study, we
investigated dynamic changes in AGEs and sRAGE after STEMI.
We also investigated how these changes manifest differently in
STEMI patients with or without diabetes.

2. Materials and methods

2.1. Study design and participants

The present study was a prospective observational study
performed in the cardiology department of an urban tertiary
hospital between December 2014 and December 2015. The study
protocol was approved by the Hospital Ethics Committee of
Beijing Friendship Hospital, Capital Medical University. All
participants in the study provided their informed consent.
Patients in the study groupmet the following criteria: age between

18and80years; newclinicaldiagnosisofSTEMIbasedonpublished
diagnostic criteria[12]; symptoms onset within the last 12hours or
more than 12hours but with persistent ischemic symptoms or
hemodynamic instability; coronary artery disease confirmed by
coronary angiography. The exclusion criteria included: history of
congestive heart failure, myocardial disease, or cardiac valvular
disease; congenital heart disease; severe renal insufficiency; severe
infectious or rheumatic disease; hematologic disease; cancer.
The criteria for inclusion in the control group were: age

between 18 and 80 years; clinical suspicion of coronary artery
disease with normal cardiac enzyme tests; normal results on
coronary angiography or coronary computed tomography.
Exclusion criteria were the same as for the study group.

2.2. Study protocol

All patients with STEMI received primary percutaneous coronary
intervention and pharmacologic treatments. After informed
consent was obtained, venous blood was drawn at the time of
hospitalization (Day 0), 48hours later (Day 2), and 5 days later
(Day 5). Levels of cardiac troponin I, creatine kinase-MB (CK-
MB), and N-terminal pro-brain natriuretic peptide (NT-proBNP)
were tested onDays 0, 1, 2, and 3 at the hospital laboratory. Levels
of AGEs and sRAGE were tested on Days 0, 2, and 5 by enzyme-
linked immunosorbent assay, according to the manufacturer’s
instruction manual (Blue Gene for Life Science, Shanghai, China).
In addition, on Days 5 to 7 after hospitalization, all study

participants without previous medical history of diabetes took an
oral glucose tolerance test (OGTT). Based on the results of testing
Table 1

Baseline characteristics in STEMI and control groups.

S

NGR (N=37)

Gender
Male, N (%) 30 (81.1%)
Age, y, mean±SD 60.3±13.8
Body mass index, kg/m2, mean±SD 25.6±2.8
Hypertension, N (%) 18 (48.6%)
Smoker, N (%) 23 (62.1%)
Family history of premature coronary heart disease, N (%) 5 (13.5%)
Dyslipidemia, N (%) 17 (45.9%)

DM, diabetes mellitus, IGR, impaired glucose regulation, NGR, normal glucose regulation group, SD, st
∗
P<0.05.
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and medical history, patients were assigned to the normal glucose
regulation group (NGR, fasting glucose<5.6mmol/L and 2
hours OGTT glucose<7.8mmol/L), impaired glucose regulation
group (IGR, fasting glucose 5.6–6.9mmol/L, or 2-hour OGTT
glucose 7.8–11.0mmol/L), or the newly diabetic group (fasting
glucose ≥7.0mmol/L or 2-hour OGTT glucose ≥11.1mmol/L).
2.3. Statistical analysis

Descriptive data are presented as mean± standard deviation.
Categorical data are presented as relative frequency. After
confirming the data distribution and equal variance, demo-
graphic data, and biochemical characteristics were compared
between STEMI and control, as well as among patients with
varying diabetic status (analysis of variance [ANOVA] for
continuous variables and chi-square for categorical variables).
Repeated-measures ANOVA was used to study dynamic
changes in AGEs and sRAGE in patients with STEMI.
Spearman correlation analysis was used for linear correlation
analysis, because an uneven distribution was identified. P<
0.05 was considered statistically significant. All statistical
analyses were performed using SPSS version 17.0 for Windows
(SPSS Inc., Chicago, IL).
3. Results

There were 151 patients in the study group and 40 patients in the
control group. The study group included 37 NGR, 37 IGR, and
77 diabetes mellitus (DM) (35 newly diagnosed cases of DM and
42 patients with history of DM). The control group included 20
NGR and 20 DM patients. Patient baseline characteristics are
presented in Table 1.
3.1. AGEs and sRAGE levels at Day 0

As shown in Fig. 1, AGEs and sRAGE levels were higher in
patients in the STEMI group when compared to patients in the
control group at Day 0. This trend held true in both diabetic and
nondiabetic patients.

3.2. Dynamic changes in AGEs and sRAGE post-STEMI

Figure 2 showed that both AGEs and sRAGE levels were highest
at Day 0. Levels of AGEs declined at Day 2, and then increased
again at Day 5.
TEMI (N=151) Control (N=40)

IGR (N=37) DM (N=77) NGR (N=20) DM (N=20)

33 (89.2%) 58 (75.3%) 15 (75.0%) 14 (70.0%)
59.7±11.8 62.96±12.5 58.6±11.4 60.7±12.3
25.5±3.4 26.7±3.8 24.2±3.1 24.8±2.7
19 (51.3%) 52 (67.5%)

∗
10 (50.0%) 11 (55.0%)

27 (72.9%) 47 (61.0%) 12 (60.0%) 11 (55.0%)
7 (18.9%) 12 (15.6%) 2 (10.0%) 2 (10.0%)
15 (40.5%) 41 (53.2%) 8 (40.0%) 9 (45.0%)

andard deviation, STEMI = ST-segment elevation myocardial infarction.



Figure 1. Comparisons of advanced glycation end products and soluble advanced glycation end product receptor in ST-segment elevation myocardial infarction
and controls with or without diabetes (

∗
P<0.05 compared to the corresponding control group).

Figure 2. Dynamic changes in advanced glycation end products (A) and
soluble advanced glycation end product receptor (B) in patients with ST-
segment elevation myocardial infarction (

∗
P<0.05 compared to Day 0; #P<

0.05 compared to Day 2).
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3.3. Comparison of AGEs and sRAGE in STEMI patients
with or without diabetes

When compared to STEMI patients without diabetes, STEMI
patients with diabetes had higher AGEs and sRAGE levels at Day
0, 2, and 5 (Fig. 3). In addition, sRAGE level had statistically
significant decrease at Day 2 and 5 when compared to Day 0 in
the diabetic STEMI patients.

3.4. Correlation analysis

In STEMI patients, statistical significant correlations were
identified between AGEs and sRAGE, as well as between peak
levels of CK-MB and AGEs, at Day 0. In STEMI patients with
diabetes, a statistically significant correlation was also found
between peak levels of NT-proBNP and AGEs (at Day 0). There
was no statistically significant correlation between CK-MB peak
and AGEs or sRAGE in diabetic STEMI patients (Fig. 4).

4. Discussion

Our present study showed that, compared to the control group,
STEMI patients with or without diabetes had elevated levels of
both AGEs and sRAGE. Levels peaked at Day 0 after STEMI. In
the STEMI group, patients with diabetes had higher levels of
AGEs and sRAGE than did nondiabetic patients. There was a
correlation between AGE level and with peak concentrations of
CK-MB and NT-proBNP in STEMI patients.
Patients with diabetes have high risk for cardiovascular

disease. AGEs are substances that result from the nonenzy-
matic saccharification of proteins, lipids, and nucleic acids.
High glucose status and oxidative stress can induce the
production of AGEs, which in turn increase the production of
reactive oxygen species, impair antioxidant systems, and
contribute to chronic stress situations.[13–15] Studies have also
shown that AGEs can increase levels of oxidized low-density
lipoproteins by decreasing nitric oxide, activating chemotactic
mononuclear cells, upregulating inflammation, and impairing
endothelial function.[16–18] AGEs can also deposit in the
vascular wall and directly induce vascular endothelial cell
apoptosis, increasing endothelial cell procoagulant activity and
thrombosis formation.[19–22] All of these factors can contribute
to the development and progression of atherosclerosis, which

http://www.md-journal.com


Figure 3. Dynamic changes in advanced glycation end products (A) and
soluble advanced glycation end product receptor (B) in ST-segment elevation
myocardial infarction patients with or without diabetes (

∗
P<0.05 compared to

nondiabetic group; #P<0.05 compared to Days 2 and 5).
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can lead to coronary artery diseases, including acute
myocardial infarction. Previous studies have shown a correla-
tion between AGEs and the severity of coronary artery disease,
regardless of the presence of diabetes.[23,24] High serum levels
of AGEs suggest instability of the coronary plaque and could
be used to predict obstructive coronary artery disease.[25] This
study shows that STEMI patients had higher levels of AGEs
than control patients at Day 0. This trend held true in both
diabetic and nondiabetic patients. Among patients with
STEMI, diabetic patients also had higher levels of AGEs
compared to nondiabetic patients (from Day 0 to 5). The
elevation of AGE levels not only correlated with diabetes but
also with acute coronary artery ischemia. These findings were
consistent with previous reports on potential connections
among diabetes, AGEs levels, and coronary artery disease.
STEMI patients with diabetes usually had worse outcomes
compared to patients without diabetes. AGEs might be used as
a biomarker for acute myocardial injury and might also predict
patient prognosis. AGEs levels peaked at Day 0, and then
decreased at Day 2. At Day 5, levels increased again. It was
unknown whether this fluctuation represented the recurrence
of coronary artery blockage. Further research should study
4

AGEs changes within hours after STEMI and investigate the
clinical significance of prolonged elevation of AGEs.
Our study showed correlations between AGEs and the peak

level of CK-MB in STEMI patients as well as correlations between
AGEs and the peak levels of NT-proBNP in STEMI patients with
diabetes. CK-MB is considered a biomarker for myocardial cell
necrosis and its level reach the peak 24 to 36hours after acute
myocardial infarction. Studies have shown that CK-MB could
predict infarct size, left ventricular function, and mortality.[26]

NT-proBNP is a neurohormone secreted from the heart ventricles
in response to increased wall stress. Increased NT-proBNP levels
in patients with myocardial infarction suggest ventricular
remodeling and dilation, which are closely associated with
patient prognosis.[27–29] The correlation between AGEs and peak
levels of CK-MB and NT-proBNP suggests that AGEs could also
contribute to left ventricular insufficiency after STEMI. AGEs
could therefore be used as a biomarker for prognosis after
STEMI, especially in patients with diabetes.[13,30] Myocardial
injury and ventricular insufficiency might be related to injury and
related apoptotic effects in protein and DNA.
AGEs bind to their receptors to mediate intracellular effects.

RAGE is an important receptor for AGEs. The level of RAGE can
increase under several conditions, including stress, ischemia-
reperfusion injury, and atherosclerosis.[31,32] A soluble form of
RAGE, namely sRAGE, could bind AGEs but lacks the necessary
intracellular activation. It is considered to antagonize the RAGE
signaling pathway. Its production may be induced in response to
decreased oxidative stress to counteract the effects of RAGE.[33] It
was shown that sRAGE could delay the progression of
atherosclerosis, protect against myocardial ischemia-reperfusion
injury, and lower inflammatory responses.[34,35] Previous studies
have shown that sRAGE levels were elevated in patients with acute
coronary syndrome when compared to healthy controls; few
studies have addressed the influence of diabetes on sRAGE. In the
present study, we showed that sRAGE was higher in STEMI
patients compared to control patients. The level of sRAGE was
further increased in patients with STEMI and diabetes, suggesting
that sRAGE could be induced after acute cardiac ischemia. The
highest level of sRAGE was detected at Day 0, and then slowly
decreased over several days. Unlike AGEs, its level did not increase
at Day 5, suggesting its triggers might be different from those for
AGEs. It was reported that sRAGE level elevation occurred earlier
than did elevation of the traditional cardiac injury marker,
troponin, which indicated that sRAGE could be used as an early
marker for cardiac injury.[36] We did not find a statistically
significant correlationwith cardiac injurymarkerCK-MB, because
sRAGE changes only happened during a short time period after
STEMI.[11] Further studies should investigate whether sRAGE
could be used as an early marker for cardiac injury.
Limitations of the present study included are conducted as a

single-center study with a small sample size and short observation
period. We detected dynamic changes in AGEs and sRAGE, but
did not study correlations with clinical outcomes. Future studies
should address these.
5. Conclusion

In summary, levels of AGEs and sRAGE were elevated in STEMI
patients when compared to the control group. Levels were also
higher in STEMI patients with diabetes compared to STEMI
patients without diabetes. Elevated levels may correlate with the
extent of cardiac injury and might be used as biomarkers for
acute cardiac injury, as well as predictors of prognosis.



Figure 4. Scatterplots in correlation analysis. (A) Advanced glycation end products (AGEs) vs. soluble advanced glycation end product receptor (sRAGE) in ST-
segment elevation myocardial infarction (STEMI) patients. (B), AGEs versus creatine kinase–myocardial band (CK-MB) peak in STEMI patients. (C) AGEs versus N-
terminal pro-brain natriuretic peptide peak in STEMI patients with diabetes. (D) AGEs versus CK-MB peak in STEMI patients with diabetes. (E) sRAGE versus CK-
MB peak in STEMI patients with diabetes.
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