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ORIGINAL INVESTIGATION

Increased glycated albumin 
and decreased esRAGE levels in serum are 
related to negative coronary artery remodeling 
in patients with type 2 diabetes: an Intravascular 
ultrasound study
Run Du†, Rui Yan Zhang†, Lin Lu, Ying Shen, Li Jin Pu, Zheng Bin Zhu, Qi Zhang, Jian Hu, Zhen Kun Yang, 
Feng Hua Ding, Jian Sheng Zhang and Wei Feng Shen*

Abstract 

Background:  Negative coronary artery remodeling is frequent in patients with diabetes, but its mechanism remains 
unclear. We here evaluated the association of serum levels of glycated albumin (GA) and endogenous secretory 
receptor for advanced glycation end products (esRAGE) with coronary artery remodeling in type 2 diabetic patients.

Methods:  Serum levels of GA and esRAGE were measured and intravascular ultrasound was performed in 136 
consecutive diabetic patients with 143 coronary intermediate lesions. The remodeling index (RI) was calculated as the 
ratio between external elastic membrane (EEM) area at the lesion site and EEM area at the reference segment. Nega-
tive remodeling (NR) was defined as an RI < 0.95 and intermediate or positive remodeling as an RI ≥ 0.95.

Results:  Mean plaque burden at the lesion site was 70.96 ± 9.98%, and RI was 0.96 ± 0.18. Negative coronary arterial 
remodeling existed in 81 (56.6%) lesions. RI correlated closely with serum esRAGE level (r = 0.236, P = 0.005) and was 
inversely related to serum GA level (r = − 0.240, P = 0.004) and plasma low-density lipoprotein cholesterol (LDL-C) 
(r = − 0.206, P = 0.014) and total cholesterol levels (r = − 0.183, P = 0.028). Generalized estimating equations logistic 
regression analysis identified esRAGE (OR 0.037; 95% CI 0.012–0.564, P = 0.021), GA (OR 1.093; 95% CI 1.013–1.179, 
P = 0.018) and LDL-C (OR 1.479; 95% CI 1.072–2.835, P = 0.023) as independent predictors for negative remodeling.

Conclusions:  In diabetic patients, negative coronary artery remodeling is associated with increased GA and 
decreased esRAGE levels in serum.
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Introduction
Coronary arterial remodeling (changes in vascular 
dimensions) occurs frequently during the development 
and progression of atherosclerosis, and is associated with 
clinical presentations in patients with coronary artery 
disease [1]. Multiple underlying pathophysiological 

determinants for the patterns and degree of coronary 
arterial remodeling have been recognized [2–4]. Patients 
with diabetes are prone to have an early and accelerated 
course of coronary atherosclerosis [5] and exhibit a mark-
edly increased incidence of adverse cardiovascular events 
and less favorable outcomes after myocardial infarc-
tion or percutaneous coronary intervention (PCI) [6–9]. 
Intravascular ultrasound (IVUS) studies have shown that 
apart from lesion progression, coronary arteries in dia-
betics, compared with those in non-diabetics, are typi-
cally described as smaller and more likely to be diffuse 
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and undergo negative remodeling (when the vascular 
area decreased as plaque develops) [10]. However, the 
exact mechanisms of negative coronary artery remod-
eling in diabetic patients remain not fully elucidated.

Interaction between advanced glycation end prod-
ucts (AGEs) produced in hyperglycemic milieu and 
their receptor (the receptor for AGEs, RAGE) plays an 
important role in the development of diabetic vascular 
complications [11–15]. Activation of RAGE-mediated 
pathways could lead to a series of adverse effects includ-
ing impaired vascular homeostasis, enhanced inflam-
matory signaling and increased cellular oxidative stress. 
Glycated albumin (GA), an Amadori-modified early gly-
cation product, intensifies inflammatory reaction and is 
associated with coronary artery disease in patients with 
diabetes [16–18]. In contrast, endogenous secretory 
RAGE (esRAGE), a novel splice variant carrying extra-
cellular domains of RAGE but lacking transmembrane 
and cytoplasmic domains, acts as a protective factor for 
vascular function by antagonizing RAGE signaling via 
binding ligands including AGEs [19]. In this study, we 
sought to evaluate the association of increased GA and 
decreased esRAGE levels in serum with the incidence 
and degree of negative coronary artery remodeling in 
type 2 diabetic patients.

Methods
Study population
A total of 136 consecutive patients with type 2 diabetic 
mellitus who had at least one intermediate lesion (visu-
ally ascertained luminal diameter narrowing from 50 
to 70% based on angiography) in a non-PCI major epi-
cardial coronary artery from Shanghai Rui Jin Hospital 
PCI Outcome program between June 2009 and August 
2010 were screened. Although the culprit lesions (diam-
eter stenosis > 70%) absolutely represent disease status of 
patients, they had to be excluded from this study. The use 
of balloon to pre-dilate the culprit lesions might change 
the morphology of plaque and the pattern of lesion 
remodeling if IVUS catheter could not pass the lesions 
with severe stenosis.

The diagnosis of type 2 diabetes mellitus (T2DM) was 
made according to the criteria of American Diabetes 
Association (symptoms of diabetes with casual plasma 
glucose concentration ≥ 200 mg/dl [11.1 mmol/l] or fast-
ing blood glucose (FBG) ≥ 126  mg/dl [7.0  mmol/l], 2  h 
postprandial glucose (2 h PG) ≥ 200 mg/dl [11.1 mmol/l] 
during an oral glucose tolerance test, and currently or 
previously treated with insulin and/or oral hypoglycemic 
agents) [20]. Hyperlipidemia was diagnosed in patients 
with total cholesterol levels of 200 mg/dl or higher and/
or low-density lipoprotein (LDL) cholesterol levels of 
130 mg/dl or higher and/or triglyceride values of 150 mg/

dl or higher and/or high-density lipoprotein (HDL) cho-
lesterol levels below 40 mg/dl or in patients with a pre-
sent history of anti-hyperlipidemia drug use [21]. For 
the purpose of the study, we excluded these lesions with 
non-uniform rotational distortion which may cause IVUS 
artifacts, severely calcified lesions (arc of calcium > 90°) 
and ostial lesions. The study protocol was approved by 
hospital Ethics Committee and all patients provided writ-
ten informed consent.

IVUS imaging
IVUS imaging was performed after intracoronary admin-
istration of nitroglycerin (200 µg) with a motorized trans-
ducer pullback system and a commercial scanner (Galaxy 
or iLab; Boston Scientific, Natick, Massachusetts, USA) 
consisting of a rotating 30 or 40-MHz transducer. The 
ultrasound catheter was advanced 10  mm distal to the 
lesion, and transducer was withdrawn at 0.5 mm/s back 
at least 10  mm beyond the lesion or to the aorto-ostial 
junction. All real-time images were recorded on 0.5-inch 
discs for subsequent analysis.

IVUS imaging analysis was made by a single cardiolo-
gist (R.D.); the adequacy of the images was determined 
before unblinding the data for analysis. The target lesion 
and both proximal and distal reference segments were 
chosen for quantitative assessment. The lesion site was 
the image slice with smallest lumen cross-sectional area 
(CSA). The proximal and distal reference segments were 
most normal-looking segments with largest lumen and 
smallest plaque burden within 10 mm proximal and dis-
tal to the lesion with no major intervening branches. For 
each image slice, external elastic membrane (EEM) and 
lumen CSA were determined with planimetry software 
(QIvus, Medis, Netherlands). Plaque and media (P&M) 
CSA was calculated as EEM CSA minus lumen CSA. 
Plaque burden was calculated as EEM CSA divided by 
P&M CSA [22, 23].

Remodeling index (RI) was defined as lesion EEM CSA 
divided by mean reference EEM CSA (the average of the 
proximal and distal reference segments). Positive remod-
eling was defined as an RI > 1.05; intermediate remodeling 
was defined as an RI between 0.95 and 1.05; and nega-
tive remodeling as an RI < 0.95 [24] (Fig.  1). The lesions 
were classified into two groups according to the RI: 
negative remodeling (NR) group with RI < 0.95 [25]; and 
intermediate or positive remodeling (IR/PR) group with 
RI ≥ 0.95. Plaque composition was defined as soft, hard, 
or calcified according to the acoustic signal that arises 
from plaque in IVUS, following previously described 
guidelines [26]. At the lesion site, maximal and minimal 
thickness of the plaque was measured, and atheroma 
eccentricity index (EI) was calculated as maximum minus 
minimum plaque thickness divided by maximum plaque 
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thickness. Concentric plaque was defined as EI < 0.5, and 
eccentric plaque as EI ≥ 0.5 [27].

Biochemical investigation
Blood samples were collected after overnight fasting and 
stored at − 80°. Plasma levels of glucose and lipid profiles 
including total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), lipoprotein (a) (Lp (a)), apoprotein-A and -B 
(Apo-A and -B), and triglycerides (TG) were measured 
(HITACHI 912 Analyser, Roche Diagnostics, Germany). 
Serum GA levels were determined with an improved 
bromocresolpurple method using the lucica™ glycated 
albumin-L assay kit (Asahi Kasei Pharma, Japan). The lin-
ear range for this assay was 3.2–68.1% and the maximum 
inter-assay coefficient of variation was < 3.0%. Serum lev-
els of esRAGE were determined by an ELISA kit (Phoe-
nix Biotech Co, LTD, USA), which specifically measures 
esRAGE but not c-RAGE as detailed in protocol provided 
by the manufacturer. The linear range of the measure-
ment and interassay coefficient of variation for esRAGE 
were 0.05–3.2 ng/mL and < 10%, respectively.

Statistical analysis
Statistical analysis was performed using the SPSS statis-
tical package, version 13.0 (SPSS Inc, USA). Continuous 
variables were presented as mean ± SD and compared by 

one-way ANOVA with post hoc analysis in two-group 
comparisons using Fisher PLSD or Dunnett’s T3 tests. 
Categorical variables were presented as frequencies and 
compared with Chi square test or Fisher’s exact test. The 
strength of association between two continuous variables 
was evaluated with Pearson correlation analysis or Spear-
man rank order correlation test, as appropriate. Using a 
2-sided 5% significance level, we estimated that total 113 
patients were needed with correlation coefficient of 0.3 
and a statistical power of 90%. To identify independent 
predictors of NR, logistic regression with generalized 
estimating equations (GEE) method was used accounting 
for the within-subject correlation due to multiple lesions 
analyzed within the same patient. Those variables associ-
ated with RI with a P-value less than 0.05 in the univari-
ate analysis or which were clinically relevant were entered 
into the multivariate model. All tests of significance were 
two-tailed and a P < 0.05 was considered significant.

Results
Baseline characteristics
A total of 136 diabetic patients with 143 lesions were 
enrolled in this study. Baseline characteristics are pre-
sented in Table 1. Mean plaque burden at the lesion site 
was 70.96 ± 9.98%, and overall, RI was 0.96 ± 0.18. 81 
lesions (56.6%) had negative remodeling (Table 2).

Fig. 1  Measurements of coronary artery remodeling



Page 4 of 10Du et al. Cardiovasc Diabetol          (2018) 17:149 

IVUS findings
There were no significant differences between NR 
group and IR/PR group with regard to parameters of 
proximal and distal reference vessels. The Eccentricity 
index was also similar in the two groups. At the culprit 
lesion site, NR group had smaller EEM CSA, P&M CSA 
and Plaque burden. No significant differences were 
observed in the plaque composition between the two 
groups (Table 2).

Biochemical measurements
Metabolic profiles were impaired in lesions with nega-
tive remodeling with lower levels of esRAGE and higher 
levels of GA, LDL-C and total cholesterol when com-
pared with lesions with RI ≥ 0.95 (Table 3) (Fig. 2).

Predictors of remodeling
No significant correlation of RI with clinical find-
ings and plaque composition were found in the two 
groups by univariate analysis. RI positively correlated 
with serum level of esRAGE (r = 0.236, P = 0.005) and 
was inversely related to GA (r = − 0.240, P = 0.004), 
LDL-C (r = − 0.206, P = 0.014) and total cholesterol 
(r = − 0.183, P = 0.028) (Fig. 3). GEE logistic regression 
analysis identified esRAGE (OR 0.037; 95% CI 0.012–
0.564, P = 0.021), GA (OR 1.093; 95% CI 1.013–1.179, 
P = 0.018) and LDL-C (OR 1.479; 95% CI 1.072–2.835, 
P = 0.023) as independent predictors for negative 
remodeling.

Discussion
The current study is the first to show increased GA and 
decreased esRAGE levels in serum aggravate RAGE- 
and, possibly, non-RAGE-mediated vascular damage, 
resulting in coronary artery negative remodeling in 
type 2 diabetic patients.

Coronary artery remodeling and incidence in diabetes
Coronary artery remodeling, initially described by 
Glagov et al. [28], is a common adaptive vessel response 
during the process of atherosclerosis. The outer wall of 
the artery, encompassed by EEM, enlarges to accom-
modate the atherosclerotic plaque growth, thus the 
lumen size could be maintained. However, such a com-
pensatory vascular enlargement (positive remodeling) 
does not usually occur, but conversely, coronary arte-
rial shrinkage (negative remodeling) is prevalent in 
diabetes [29]. In a pooled analysis of five IVUS trials, 
diabetic patients demonstrated a greater atheroma vol-
ume and exhibited a smaller lumen with no differences 
in EEM compared with non-diabetic counterparts 
[30]. Likewise, negative coronary artery remodeling 
occurs in about 72% of lesions in the DIABETES trial 

[10]. In this study, we observed that almost two-thirds 
of patients with type 2 diabetes developed negative 
coronary artery remodeling, which substantiated the 
concept that compensatory positive remodeling was 

Table 1  Baseline characteristics

DM, diabetes mellitus; LVEF, left ventricle ejection fraction; LAD, left anterior 
descending; LCX, left circumsflex; RCA, right coronary artery; HDL-C, high 
density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; Apo-
A, apolipoprotein-A; Apo-B, apolipoprotein-B; Lp (a), lipoprotein (a); BUN, blood 
urea nitrogen; hsCRP, high sensitive C-reactive protein; esRAGE, endogenous 
secretory receptors for advanced glycation endproducts; GA, glycated albumin

Characteristics (N = 136 DM patients)

Age (years) 65.3 ± 9.28

Women n, (%) 53 (39.0)

Body mass index (kg/m2) 26.94 ± 3.01

Blood pressure (mmHg)

 Systolic blood pressure 133.34 ± 15.66

 Diastolic blood pressure 78.98 ± 8.82

Risk factors

 Hypertention n, (%) 102 (75.0)

 Hyperlipidemia n, (%) 78 (57.4)

 Smoking n, (%) 54 (39.7)

LVEF (%) 63.79 ± 6.28

Clinical presentation

 Stable angina n, (%) 45 (33.1)

 Unstable angina n, (%) 63 (46.3)

 Acute myocardial infarction n, (%) 24 (17.7)

 Old myocardial infarction n, (%) 4 (2.9)

Target vessels n (%)

 LAD 77 (53.8)

 LCX 20 (14.0)

 RCA​ 46 (32.2)

Laboratory study

 Total cholesterol (mmol/L) 4.27 ± 1.00

 Triglycerides (mmol/L) 2.18 ± 1.27

 HDL-C (mmol/L) 1.08 ± 0.25

 LDL-C (mmol/L) 2.42 ± 0.85

 Apo-A (mmol/L) 1.13 ± 0.18

 Apo-B (mmol/L) 0.90 ± 0.22

 Lp (a) (g/L) 0.19 ± 0.15

 Fast glucose (mmol/L) 7.55 ± 2.50

 BUN (mmol/L) 5.98 ± 1.65

 Creatinine (mg/L) 86.19 ± 24.58

 Glycated haemoglobin (%) 7.84 ± 1.51

 hsCRP (mg/L) 5.47 ± 6.11

 esRAGE (ng/ml) 0.20 ± 0.15

 GA (%) 21.63 ± 5.54

Oral hypoglycemic agents n, (%) 112 (82.4)

Insulin n, (%) 31 (22.8)

Duration of DM treatment (years) 11.2 ± 8.5

Antiplatalet n, (%) 136 (100)

Statins n, (%) 132 (97.1)
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impaired in diabetic patients, and constrictive remod-
eling might itself be attributed to an inability for adap-
tive remodeling.

The underlying determinants of coronary artery 
remodeling
The mechanism that induces arterial remodeling in dia-
betes is likely to be complex. Positive remodeling is com-
monly associated with vulnerable plaque characterized 
by greater plaque volume, necrotic core [31] and thin-
ning change of the fibrous cap [32]. In diabetic patients, 
advanced plaque phenotype and further atherosclerosis 
progression could still be found despite lipid-lowering 
therapy [33]. Worse glucose control and higher blood 
glucose variability were documented to independently 
increase lipid and decrease fibrous contents with larger 
plaque burden and necrotic core volume through vari-
ous mechanisms [34–39]. Renal function could also 
contribute the effects of blood glucose fluctuations and 
blood levels of inflammatory cytokine concentrations 
on the tissue characteristics of coronary plaques in dia-
betic patients [40]. In addition, increased insulin resist-
ance (IR) was proved to be significantly associated with 
a higher remodeling index and positive coronary artery 
remodeling [41]. The underlying pathophysiological 
determinants which promote impaired arterial remod-
eling in diabetes remain unclear. It is possible that 
increasing deposition of fibrous and calcific tissue in the 
arterial wall, in addition to impaired endothelial-depend-
ent relaxation [42, 43], may limit vessel wall expansion 
with plaque accumulation. Previous studies including 
ours showed that serum LDL level was independently 
related to negative coronary artery remodeling in dia-
betic patients [10]. In this study, we found that serum 
GA levels were elevated but serum esRAGE levels were 
decreased in diabetic patients with RI < 0.95. Multivariate 
analysis identified GA and esRAGE as independent pre-
dictors for negative remodeling.

GA/esRAGE and negative remodeling
GA may reflect, to some extent, the severity of cross-link 
of collagen caused by AGEs in extracellular matrix. The 
exposure of GA of proximal tubular cells may also induce 
a decrease of metalloproteinase activities and an subse-
quent increase of secreted collagen (type I, III, and IV) 
[44, 45]. Non-enzymatic glycosylation of matrix proteins, 
especially collagen, induces protein cross-linking, which 
could lead to subsequent reduction in arterial elastic-
ity [43]. AGEs may also inhibit synthesis and activity 
of matrix metalloproteinases, which are central to the 
definition of extracellular matrix composition, structure 
and remodeling, by accentuating production of growth 
factors and cytokines (such as transforming growth 

Table 2  IVUS measurements

NR, negative remodeling; IR/PR, intermediate or positive remodeling; CSA, cross 
sectional area; P&M, Plaque and media; EEM, external elastic membrane

NR group
(N = 81)

IR/PR group
(N = 62)

P value

Lesion site

 EEM CSA (mm2) 12.54 ± 4.39 16.50 ± 4.51 < 0.001

 Lumen CSA (mm2) 3.91 ± 1.73 4.08 ± 1.76 0.564

 P&M CSA (mm2) 8.63 ± 3.50 12.42 ± 4.04 < 0.001

 Plaque burden (%) 68.08 ± 10.04 74.71 ± 8.62 < 0.001

Eccentricity index 0.77 ± 0.20 0.74 ± 0.20 0.423

Eccentric lesion, n (%) 70 (86.4) 54 (87.1) 0.906

Proximal reference

 EEM CSA (mm2) 15.67 ± 4.67 15.63 ± 3.76 0.949

 Lumen CSA (mm2) 10.44 ± 3.62 9.75 ± 3.19 0.241

 P&M CSA (mm2) 5.31 ± 2.97 5.87 ± 2.67 0.245

 Plaque burden (%) 31.80 ± 16.39 35.88 ± 17.03 0.150

Distal reference

 EEM CSA (mm2) 14.32 ± 6.70 14.34 ± 4.76 0.983

 Lumen CSA (mm2) 9.07 ± 3.28 9.05 ± 4.06 0.983

 P&M CSA (mm2) 4.79 ± 3.65 5.29 ± 3.42 0.404

 Plaque burden (%) 31.81 ± 15.68 35.81 ± 19.52 0.176

Plaque composition

 Soft, n (%) 18 (22.2) 19 (32.3) 0.178

 Fibrous, n (%) 45 (55.6) 33 (53.2) 0.782

 Calcific (< 90°), n (%) 13 (16.0) 7 (11.3) 0.416

 Mixed, n (%) 5 (6.3) 3 (4.8) 0.718

Table 3  Biochemical assessments

NR, negative remodeling; IR/PR, intermediate or positive remodeling; HDL-C, 
high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; 
Apo-A, apolipoprotein-A; Apo-B, apolipoprotein-B; Lp (a), lipoprotein (a); 
BUN, blood urea nitrogen; hsCRP, high sensitive C-reactive protein; esRAGE, 
endogenous secretory receptors for advanced glycation endproducts; GA, 
glycated albumin

NR group
(N = 81)

IR/PR group
(N = 62)

P value

Total cholesterol (mmol/L) 4.43 ± 1.00 4.06 ± 0.96 0.029

Triglycerides (mmol/L) 2.11 ± 1.06 2.26 ± 1.51 0.498

HDL-C (mmol/L) 1.10 ± 0.26 1.06 ± 0.23 0.331

LDL-C (mmol/L) 2.57 ± 0.92 2.23 ± 0.71 0.017

Apo-A (mmol/L) 1.14 ± 0.18 1.11 ± 0.18 0.330

Apo-B (mmol/L) 0.90 ± 0.22 0.90 ± 0.22 0.902

Lp (a) 0.19 ± 0.11 0.19 ± 0.20 0.873

Fast glucose (mmol/L) 7.67 ± 2.82 7.38 ± 2.02 0.489

BUN (mmol/L) 5.94 ± 1.52 6.04 ± 1.82 0.718

Creatinine (mg/L) 84.84 ± 18.74 87.96 ± 30.66 0.454

Glycated haemoglobin (%) 7.92 ± 1.61 7.73 ± 1.39 0.451

hsCRP (mg/L) 5.33 ± 5.35 5.67 ± 7.02 0.745

esRAGE (ng/mL) 0.17 ± 0.09 0.24 ± 0.20 0.003

GA (%) 23.15 ± 5.24 19.64 ± 5.33 < 0.001
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Fig. 2  Comparison of serum levels of esRAGE, glycated albumin, LDL-C and total cholesterol (TC) between negative remodeling (NR) and 
intermediate or positive remodeling (IR/PR) groups. *P < 0.05 vs. IR/PR group

Fig. 3  Correlation of remodeling index (RI) with serum levels of esRAGE, glycated albumin, LDL-C and total cholesterol (TC)
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factor beta) in vascular smooth muscle cells (SMCs), 
thus reducing the degradation of collagen and hydro-
lyzation of elastin [46]. Clinical studies had documented 
that esRAGE and GA were significantly associated with 
arterial stiffness in type 2 diabetic patients [42] and in 
hemodialysis patients with type 2 diabetes [47]. The loss 
of arterial elasticity impairs the ability of artery wall to 
expand in response to accumulation of plaque, while 
further progression of protein cross-linking may cause 
vessel shrinkage. On the other hand, AGEs may impaire 
the endothelium-dependent vasorelaxation by signifi-
cantly reducing endothelial nitric oxide synthase (eNOS) 
expression level and NOS activity as well as NO availabil-
ity in coronary artery endothelial cells [48]. Furthermore, 
GA and decreased esRAGE independently contribute 
to vascular calcification [49, 50], which could reduce 
remodeling capacity, thus could predict subsequent 
decreased arterial remodeling [51]. Taken together, these 
results support an independent mechanism of elevated 
GA and decreased esRAGE in serum contributory to 
negative coronary artery remodeling in diabetic patients.

Remodeling and clinical events
The relationship between negative remodeling and clini-
cal events remain unclear. Vessel shrinkage in diabetes 
appeared as a late event in the development of atheroscle-
rosis, thus appeared as the major determinant of lumen 
reduction during follow-up in nonsignificant stenotic 
plaques [10]. In patients with acute coronary syndrome 
(ACS), negative lesion site remodeling was documented 
to be associated with unanticipated nonculprit lesion 
major adverse cardiac events (MACE) [52]. However, 
compared with negative remodeling, culprit lesion posi-
tive remodeling in ACS was associated with a higher rate 
of adverse cardiac events. Acute myocardial infarction 
(AMI) patients with culprit lesion positive remodeling 
had more plaque vulnerability and higher frequency of 
plaque prolapse accompanied by post-procedural cardiac 
enzyme elevation than patients with negative remod-
eling [53]. During the long term follow-up, both target 
lesion revascularization (TLR) and non-TLR rates were 
significantly higher in ACS patients with positive remod-
eling than in those with negative remodeling [54]. Car-
diac event-free survival was significantly lower in culprit 
lesion positive remodeling group than that in the IR/NR 
group. Culprit lesion PR, but not IR/NR, was associated 
with a poor long-term prognosis in patients with ACS 
[25].

Potential clinical application
Circulating GA and esRAGE might be directly impli-
cated as an independent mechanism, thus could serve as 
novel biomarkers in the development of coronary artery 

remodeling in diabetes. Previous animal studies showed 
that genetically engineered esRAGE and sRAGE could 
prevent the development of micro- [55] and macrovascu-
lar [56, 57] complications in diabetes. Currently available 
pharmacological agents were demonstrated to modulate 
the levels of esRAGE and sRAGE [58]. Given their role 
in inadequate arterial remodeling which could pro-
mote obstructive disease, the AGE-RAGE system could 
become potential target for therapeutic modification in 
diabetic patients with coronary artery disease.

Limitations
Our study assessed coronary artery remodeling by com-
paring the lesion EEM to the reference segments at one 
time point, thus any conclusion about natural history 
of vascular remodeling of atherosclerotic plaques, dur-
ing time in diabetic patients could not be drawn, and the 
relationship between negative remodeling and clinical 
events could also not be evaluated. The sample size was 
relatively small. We did not examine the coronary lesions 
by IVUS with angiographic diameter stenosis > 70% 
and < 50%, so the remodeling pattern and relationship of 
serum levels of GA and esRAGE with remodeling sta-
tus in mild and severe stenotic lesions were not known. 
Serum GA and esRAGE levels may vary by race [59, 60]. 
Our findings may also not be applicable to overtly cal-
cified lesions, as these lesions were excluded from this 
study considering the unreliable measurement of EEM 
area. While some inaccuracy of measurement of EEM 
area of plaques contacting deposits of calcium could not 
also be ruled out.

Conclusions
This study demonstrates an association of increased GA 
levels and decreased esRAGE levels in serum with nega-
tive coronary artery remodeling in patients with type 2 
diabetes mellitus.
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