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Original Article

Aims: The associations between increased glycated albumin (GA) in the serum and diabetic complications and 
mortality have been revealed in the general population. However, less is known regarding the prognostic value of 
GA in patients diagnosed with acute coronary syndrome (ACS).

Methods: In this study, all patients admitted for ACS who underwent a successful percutaneous coronary 
intervention (PCI) at our center from January 2018 to February 2019 were retrospectively examined. Clinical 
characteristics, laboratory results (e.g., serum GA levels), and procedural details were collected. The primary 
outcome included a composite of major adverse cardio-cerebral events (MACCE), such as death, myocardial 
infarction, stroke, and unplanned revascularization. The association between serum GA levels and clinical 
outcomes was tested in three multivariable models using Cox proportional hazard analysis. Subgroup analysis 
was performed in patients who were diagnosed with diabetes versus patients without diabetes.

Results: A total of 1,806 ACS patients (mean age of 59.4 years; 77.8% were men; 44.9% were diagnosed with 
diabetes) were enrolled in this study, where the majority exhibited unstable angina (81.6%) and showed 
preserved left ventricular systolic function. Patients in the high GA level group were commonly female and were 
more likely to have metabolic disorders and to exhibit severe CAD (all p＜0.05). MACCE occurred in 126 
patients (7.0%) during a mean follow-up time of 17.2 months. The cumulative risk of MACCE at the 18-month 
follow-up visit significantly increased in a stepwise fashion along with increased GA levels (log-rank p=0.018) in 
the serum. The association between serum GA levels and MACCE was further determined after adjusting 
traditional risk factors and hemoglobin A1c (HbA1c) (GA, per 1% increase: hazard ratio [HR] 1.09, 95% 
confidence interval [CI] 1.06–1.13; GA, higher vs. lower tertial: HR 1.92, 95% CI 1.01–3.67). In a subgroup 
analysis, the prognostic role of serum GA only existed in diabetic patients, even when adjusting for traditional 
risk factors and HbA1c levels.

Conclusions: Elevated GA levels in the serum were associated with poor intermediate-term outcomes in low-
risk ACS patients who underwent PCI, especially in patients with preexisting diabetes.

occurrence and development of coronary artery disease 
(CAD). In diabetic patients, increased fasting glucose 
levels and poor long-term glycemic control (e.g., 

Introduction

Type 2 diabetes mellitus is a risk factor for the 
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Capital Medical University were retrospectively 
reviewed. The main patient exclusion criteria are as 
follows: (1) age ＜18 years; (2) presentation of stable 
angina; (3) not suitable for PCI treatment or 
unsuccessful procedures; (4) acute decompensated 
heart failure or cardiogenic shock; (5) severe 
dysfunction in the liver, kidney, or thyroid that could 
affect the interpretation of GA results; and (6) lack of 
baseline data or follow-up time ＜1 month. This study 
complied with the Declaration of Helsinki and was 
approved by the Ethics Committee of Beijing Anzhen 
Hospital, Capital Medical University.

Procedures
Diagnostic coronary angiography, PCI, and peri-

procedural management were performed following 
current guidelines. Coronary angiography was 
performed using a 5 F or 6 F (1 F=0.33 mm) catheter 
with transradial or transfemoral access. CAD was 
defined as the presence of at least one lesion with a 
luminal diameter stenosis ≥ 50% in any major 
epicardial coronary artery. The decision for PCI was 
based on the discretion of the operator. All coronary 
stents were second-generation drug-eluting stents. 
Generally, patients received dual antiplatelet therapy 
(e.g., aspirin and clopidogrel) for 12 months after 
receiving a stent and then received lifelong aspirin 
monotherapy.

Data Collection
Clinical characteristics, echocardiographic 

findings, laboratory results, and procedural details 
were collected by trained physicians using a dedicated 
case report form. Diabetes was defined as fasting 
glucose levels ≥ 7.0 mmol/L or a prior diagnosis of 
diabetes or current administration of hypoglycemic 
treatment. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2). 
Biochemical indexes (e.g., GA) were measured using 
serum samples at the central laboratory of our hospital 
prior to the PCI procedure. Generally, blood samples 
from all patients were collected in the morning after 
patients fasted for 12 h overnight.

Clinical Outcomes
The primary outcome in this study included a 

composite of major adverse cardio-cerebral events 
(MACCE), such as death, myocardial infarction (MI), 
stroke, and unplanned revascularization, while 
secondary outcomes included death, MI, stroke, and 
unplanned revascularization. MI was defined as an 
elevation in cardiac troponin levels above the 99th 
percentile upper reference limit accompanied by 
ischemia symptoms, new ischemic electrocardiography 

elevated hemoglobin A1c [HbA1c]) are associated 
with worse cardiovascular outcomes1, 2). Even mild 
disturbances in glucose metabolism contribute to 
CAD3, 4). HbA1c has been used in clinical practice for 
the diagnosis and monitoring of diabetes. However, 
HbA1c is unable to show short-term glycemic 
variability when glucose-lowering therapies are 
initiated or adjusted. Meanwhile, the accuracy of 
interpreting HbA1c is affected by hemoglobin uptake 
rate, medications, race, and certain diseases (e.g., 
hemodialysis)5).

Given these limitations, there has been growing 
interest in determining new hyperglycemic markers as 
adjuncts or alternatives6). Out of these novel potential 
markers, glycated albumin (GA) has been shown to 
perfectly correlate with HbA1c and has also shown to 
be excellent in overcoming the disadvantages observed 
when using HbA1c7). Importantly, the predictive 
value of GA for diabetic complications and mortality 
has been identified for both general and diabetic 
populations. In a large community-based population 
(n=12,306) study, serum GA levels were found to be 
significantly associated with the incidence of diabetes, 
diabetic microvascular complications, vascular 
outcomes, and mortality during a two-decade 
follow-up8, 9). Recently, a meta-analysis that included 
dialysis patients diagnosed with diabetes showed that 
increased GA was a predictor of all-cause mortality 
(hazard ratio [HR] 1.02, 95% confidence interval [CI] 
1.01–1.03), but not cardiac mortality (HR 1.03, 95% 
CI 0.99–1.06)10). However, the prognostic value of 
GA was only minimally examined in CAD patients, 
particularly patients diagnosed with acute coronary 
syndrome (ACS), a severe manifestation of CAD. 
Given the close relationship between glucose 
metabolism disorders and CAD, we performed a study 
to investigate the predictive value of serum GA for 
intermediate-term outcomes in a large number of 
diabetic and non-diabetic hospitalized patients who 
underwent successful PCI for ACS.

Aim

To investigate the predictive value of serum GA 
for intermediate-term outcomes in a large number of 
diabetic and non-diabetic hospitalized patients that 
underwent successful PCI for ACS.

Methods

Study Population
Patients who were admitted for ACS and who 

subsequently underwent successful PCI from January 
2018 to February 2019 at Beijing Anzhen Hospital, 
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Results

Patient Characteristics
A total of 1,806 ACS patients who underwent 

successful PCI (mean age was 59.4 years; 77.8% were 
men) were enrolled in this study. In this group, 811 
patients (44.9%) were diagnosed with diabetes, with 
average GA levels being 16.8%. Most of the patients 
presented unstable angina (81.6%) with preserved left 
ventricular systolic function (mean ejection fraction, 
61.1%) (Table 1). Multi-vessel coronary stenosis was 
common (56.6%) and nearly half of the patients 
underwent PCI for left anterior descending artery 
stenosis (Table 2).

Based on serum GA levels, the entire study 
population was divided into three groups: the lower 
GA group (9.2%–14.4%), median GA group 
(14.4%–17.1%), and higher GA group (17.1%–
46.9%). Patients with increased GA levels in the 
serum were more likely to be female; have higher 
systolic blood pressure, higher triglyceride levels, and 
total cholesterol levels, and have been diagnosed with 
diabetes (all p＜0.05, Table 1). Meanwhile, the extent 
of CAD was more severe (e.g., multi-vessel stenosis) in 
patients in the higher GA group (p＜0.05, Table 2).

Clinical Outcomes
All patients had a clinical follow-up ＞1 month, 

with a mean follow-up time being 17.2 months. 
MACCE, composed of death, MI, stroke, and 
unplanned revascularization, occurred in 126 patients 
(7.0%), predominately driven by unplanned 
revascularization (5.0%), while the incidence of death 
(0.8%), MI (1.3%), or stroke (0.5%) was generally 
low (Table 3).

Fig.1A shows that the cumulative risk of 
MACCE at the 18-month follow-up significantly 
increased in a stepwise fashion with increased serum 
GA levels (from lower to higher GA levels) (log-rank 
p=0.018). This time-to-risk pattern was not observed 
in patients without diabetes (log-rank p=0.777, 
Fig.1B) but persisted in diabetic patients (log-rank p
＜0.001, Fig.1C).

Multivariate Analysis
When GA was modulated as a continuous 

variable, GA levels (per 1% increase) were significantly 
associated with the occurrence of MACCE based on 
univariate analysis. This association was further 
demonstrated in multiple multivariate models 
adjusting for demographics (model 1), demographics, 
cardiac comorbidities, medical histories, and the 
extent of CAD (model 2) and model 3 (consisting of 
variables in model 2 plus HbA1c). Moreover, the 

changes, development of pathologic Q waves, or new 
imaging evidence consistent with ischemic etiology. 
Procedure-related MI (type 4 or 5) was not considered 
an adverse outcome11). Stroke was diagnosed by a 
neurologist based on the presence of neurologic 
de f ic i t s  and imaging  s tudies .  Unplanned 
revascularization referred to a percutaneous or surgical 
coronary revascularization procedure that was not 
planned during hospitalization. Patients were routinely 
followed up every 3 months after being discharged 
from the hospital by telephone, through office 
interviews, or by reviewing medical records.

Statistical Analysis
Since there were no established cut-points for 

GA, we divided patients (main analysis) or patient 
subsets with or without diabetes (subgroup analysis) 
into three groups based on serum GA levels. 
Continuous variables were expressed as mean±
standard deviation. Mean (or median) values were 
compared using one-way analysis of variance or the 
Kruskal–Wallis H test when appropriate. Categorical 
variables were expressed as percentages and analyzed 
using the Chi-square test or Fisher’s exact test. 
Cumulative risk of clinical outcomes was assessed 
using Kaplan–Meier estimates. Statistical significance 
was evaluated using the log-rank test. The association 
between serum GA levels (modulated as continuous or 
categorical variables) and clinical outcomes was 
examined in four multivariable models using Cox 
proportional hazard analysis. Variables in each model 
showed a p＜0.1 in univariate analysis or were 
clinically relevant to the outcomes. Model 1 consisted 
of demographics (age, sex, and BMI). Model 2 
included cardiac comorbidities, medical history, the 
extent of CAD on angiograms, and demographics 
(age, sex, BMI, smoking status, hypertension, 
hyperlipidemia, eGFR ＜90 ml/min/1.73 m2, prior 
MI, stroke, prior coronary intervention, prior 
coronary bypass surgery, SYNTAX score, multi-vessel 
disease, and long lesion). Model 3 was a 
comprehensive model containing variables in model 2 
and HbA1c. The receiver operating characteristic 
curve and the Youden Index were used to further 
identify the optimal cutoff value for serum GA levels 
in predicting clinical outcomes with maximum 
potential effectiveness. A p＜0.05 was considered 
statistically significant. All statistical analyses were 
performed using SPSS 22.0 software (IBM, Armonk, 
New York).
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Table.1. Baseline characteristics according to glycated albumin levels

Overall
N=1806

Tertiles of glycated albumin levels P value

Lower 
(9.2%-14.4%) 

n=637

Median 
(14.4%-17.1%) 

n=581

Higher 
(17.1%-46.9%) 

n=588

Demographics
Age, years 59.4±10.0 55.7±10.2 61.7±9.2 61.0±9.6 ＜0.001
Male, % 1405 (77.8) 528 (82.9) 445 (76.6) 432 (73.5) ＜0.001
BMI, kg/m2 26.0±3.2 26.3±3.3 25.7±3.4 26.0±3.0 0.004
Heart rate, bpm 70.5±14.8 70.1±14.7 69.8±14.6 71.6±15.2 0.078
SBP, mmHg 126.8±23.5 124.5±25.7 127.6±20.1 128.5±23.9 0.007

Clinical presentations, %
Unstable angina 1473 (81.6) 508 (79.7) 480 (82.6) 485 (82.5) 0.341
NSTEMI 163 (9.0) 60 (9.4) 48 (8.3) 55 (9.4) 0.737
STEMI 170 (9.4) 69 (10.8) 53 (9.1) 48 (8.2) 0.267

Medical histories, %
Current smoking 668 (37.0) 260 (40.8) 198 (34.1) 210 (35.7) 0.038
Hypertension 1166 (64.6) 393 (61.7) 372 (64.0) 401 (68.2) 0.056
Diabetes 811 (44.9) 53 (8.3) 206 (35.5) 552 (93.9) ＜0.001
Hyperlipidemia 1278 (70.8) 465 (73.0) 411 (70.7) 402 (68.4) 0.205
Stroke 86 (4.8) 25 (3.9) 26 (4.5) 35 (6.0) 0.231
Prior myocardial infarction 263 (14.6) 89 (14.0) 82 (14.1) 92 (15.6) 0.661
Prior coronary intervention 585 (32.4) 206 (32.3) 183 (31.5) 196 (33.3) 0.798
Prior coronary bypass surgery 46 (2.5) 11 (1.7) 22 (3.8) 13 (2.2) 0.061

Echocardiographic findings
Left ventricular ejection fraction, % 61.1±8.2 61.7±7.8 61.0±8.3 60.5±8.4 0.085

Laboratory tests
Fasting glucose, mmol/L 7.1±2.7 5.6±0.9 6.4±1.5 9.4±3.3 ＜0.001
Glycated hemoglobin, % 6.6±1.4 5.7±0.5 6.2±0.6 8.0±1.4 ＜0.001
Glycated albumin, % 16.8±4.4 13.3±0.8 15.6±0.8 21.8±4.3 ＜0.001
Serum creatinine, µmol/L 77.2±43.4 74.7±38.9 76.8±31.7 80.3±55.9 0.079
eGFR, ml/min/1.73m2 124.8±46.6 131.8±66.4 121.4±28.2 120.5±32.2 ＜0.001
Triglycerides, mmol/L 1.8±1.5 1.9±1.5 1.7±1.4 2.0±1.5 0.003
Total cholesterol, mmol/L 4.1±1.1 4.1±1.1 4.0±1.0 4.1±1.1 0.012
HDL-C, mmol/L 1.1±0.3 1.1±0.2 1.1±0.3 1.0±0.3 0.003
LDL-C, mmol/L 2.4±0.9 2.4±0.9 2.3±0.8 2.4±0.8 0.026

Medications at discharge, %
Any hypoglycemic agents 670 (37.1) 31 (4.9) 130 (22.4) 509 (86.6) ＜0.001

Metformin 155 (8.6) 8 (1.3) 36 (6.2) 111 (18.9) ＜0.001
Sulfonylureas 95 (5.3) 1 (0.2) 23 (4.0) 71 (12.1) ＜0.001
α-glucosidase inhibitor 334 (18.5) 16 (2.5) 76 (13.1) 242 (41.2) ＜0.001
Insulin 353 (19.5) 9 (1.4) 47 (8.1) 297 (50.5) ＜0.001

Aspirin 1777 (98.4) 630 (98.9) 567 (97.6) 580 (98.6) 0.162
Clopidogrel 1296 (71.8) 440 (69.1) 417 (71.8) 439 (74.7) 0.095
ACEI or ARB 800 (44.3) 264 (41.4) 241 (41.5) 295 (50.2) 0.002
β-blocker 1186 (65.7) 417 (65.5) 367 (63.2) 402 (68.4) 0.172
Statins 1775 (98.3) 625 (98.1) 572 (98.5) 578 (98.3) 0.903

Data are reported as mean±standard deviation or no. (%). BMI, body mass index; SBP, systolic blood pressure; NSTEMI, non ST-segment 
elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; eGFR, estimated glomerular filtration rate; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin 
receptor blocker.
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Table 2. Coronary angiography and intervention according to glycated albumin levels

Overall
N=1806

Tertiles of glycated albumin levels P value

Lower 
(9.2%-14.4%)

n=637

Median 
(14.4%-17.1%)

n=581

Higher 
(17.1%-46.9%)

n=588

Angiography
Left main artery lesion, % 406 (22.5) 149 (23.4) 136 (23.4) 121 (20.6) 0.404
Multi-vessel lesion, % 1022 (56.6) 320 (50.2) 303 (52.2) 399 (67.9) ＜0.001
Chronic total occlusion lesion, % 412 (22.8) 139 (21.8) 140 (24.1) 133 (22.6) 0.634
Long lesion (＞20 mm), % 763 (42.2) 186 (29.2) 194 (33.4) 383 (65.1) ＜0.001
SYNTAX score 13.1±7.3 12.6±7.3 13.2±7.4 13.5±7.1 0.111

Intervention
Left main artery lesion, % 215 (11.9) 81 (12.7) 71 (12.2) 63 (10.7) 0.535
Left anterior descending artery lesion, % 915 (50.7) 328 (51.5) 298 (51.3) 289 (49.1) 0.669
Left circumflex artery lesion, % 502 (27.8) 176 (27.6) 159 (27.4) 167 (28.4) 0.919
Right coronary artery lesion, % 626 (34.7) 214 (33.6) 203 (34.9) 209 (35.5) 0.763
Number of stents, /patient 1.7±0.8 1.7±0.8 1.7±0.8 1.7±0.8 0.075
Length of stents, mm/patient 38.2±23.9 37.2±23.0 39.8±27.4 37.7±21.1 0.242

Data are reported as mean±standard deviation or no. (%).

Table 3. Clinical outcomes according to glycated albumin levels

Overall
N=1806

Tertiles of glycated albumin levels

Lower (9.2%-14.4%)
n=637

Median (14.4%-17.1%)
n=581

Higher (17.1%-46.9%)
n=588

Primary outcome
Composite of death, MI, stroke
and unplanned revascularization 126 (7.0) 25 (3.9) 32 (5.5) 69 (11.7)

Secondary outcomes
Death 15 (0.8) 4 (0.6) 5 (0.9) 6 (1.0)
MI 24 (1.3) 5 (0.8) 11 (1.9) 8 (1.4)
Stroke 9 (0.5) 3 (0.5) 3 (0.5) 3 (0.5)
Unplanned revascularization 91 (5.0) 18 (2.8) 19 (3.3) 54 (9.2)

Data are reported as no. (%). MI, myocardial infarction.

Lower (9.2-14.4)

Median (14.4-17.1)

Higher (17.1-46.9)

Tertiles of glycated
albumin levels,% No. at risk

A B C

266

270

275 Lower (10.1-13.5)
Median (13.5-14.8)

Higher (14.8-21.4)

Lower (9.2-17.3)

Median (17.3-20.9)

Higher (20.9-46.9)

Fig.1. Cumulative risk of the primary endpoint in the entire population (A), patients without diabetes (B), and patients with 
diabetes (C) according to tertiles of glycated albumin levels
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with a 9% increased risk of adverse outcomes 
(moreover, markedly elevated GA levels (e.g., ＞
17.1%, in the higher tertial) were associated with a 
~2-fold risk of adverse outcomes); and (3) the 
prognostic value of GA, either modulated as 
continuous or categorical variables, was demonstrated 
only in diabetic patients, even after adjusting for 
co-variables and HbA1c levels but not in non-diabetic 
patients.

GA, a main Amadori-modified early glycation 
product, reflects glycemic control over the past 14 to 
21 days. In addition to being a glycemic control index, 
GA is also involved in inflammatory diseases, 
particularly in diabetes-related diseases, including 
CAD12). In the Hisayama Study that included 2,702 
Japanese community dwellers, Naoko et al. found that 
increased serum GA levels were significantly associated 
with elevated carotid intima-media thickness (a sign 
of early atherosclerosis)13). A series of studies further 
showed that elevated serum GA levels positively 
correlated with the presence and severity of CAD in 
diabetic patients. In addition, this study showed that 
GA levels were correlated with CAD as opposed to 
HbA1c levels that were not as strongly correlated with 
CAD14, 15). In line with these findings, ACS patients 
(~45% diabetes) with increased serum GA levels 
contained more prevalent cardiovascular risk factors 
and extensive CAD. More recently, Akane et al. 
reported 10-year follow-up results of the Hisayama 
Study showing that the highest quartile of serum GA 
levels (≥ 15.7%) was associated with a 2.2-fold 
increased incidence of CAD and a 2.5-fold higher risk 

independent prognostic value of GA persisted in the 
three multivariate models when GA was modulated as 
a categorical variable (Table 4). In particular, this was 
observed in patients showing obviously elevated GA 
levels (e.g., GA ＞15.9% [additional file: Supplemental 
Fig.1]).

Importantly, the prediction of GA (modulated as 
a continuous or categorical variable) was demonstrated 
only in a subset of diabetic patients but not in non-
diabetic patients, as shown by the comprehensive 
multivariate model 3 (Table 4). Diabetic patients with 
a GA ＞19.5% were at an increased risk for adverse 
outcomes (additional file: Supplemental Fig.2). 
Notably, the prognostic value of GA, modulated as a 
continuous or categorized variable, was independent 
of HbA1c in either the entire population or the 
diabetic patients (Table 4).

Discussion

To the best of our knowledge, this is the first 
study to demonstrate that increased serum GA levels 
are independently associated with poor intermediate-
term outcomes in a large number of low-risk ACS 
patients who underwent PCI. The following are the 
main findings of this study: (1) compared to the lower 
and median GA level groups, patients in the higher 
GA group were commonly female and were more 
likely to have metabolic disorders and more severe 
CAD, thus showing an increased risk of adverse 
outcomes; (2) in a comprehensive multivariable 
model, each 1% increment in GA levels was associated 

Table 4. Association of glycated albumin levels with adverse cardiac events in Cox multivariate regression models

Univariate analysis Multivariate analysis

Model 1＊ Model 2† Model 3§

Entire Population
Glycated albumin, per 1% increase 1.09 (1.06-1.12) 1.10 (1.06-1.13) 1.09 (1.05-1.12) 1.09 (1.06-1.13)
Tertiles of glycated albumin levels, %

Lower (9.2-14.4) Reference Reference Reference Reference
Median (14.4-17.1) 1.40 (0.83-2.37) 1.33 (0.77-2.31) 1.33 (0.77-2.30) 1.21 (0.69-2.15)
Higher (17.1-46.9) 3.05 (1.93-4.82) 3.00 (1.86-4.85) 2.98 (1.85-4.82) 1.92 (1.01-3.67)

Diabetic subgroup
Glycated albumin, per 1% increase 1.05 (1.01-1.10) 1.06 (1.02-1.11) 1.06 (1.02-1.10) 1.06 (1.02-1.10)
Tertiles of glycated albumin levels, %

Lower (9.2-17.3) Reference Reference Reference Reference
Median (17.3-20.9) 1.27 (0.72-2.26) 1.50 (0.81-2.78) 1.53 (0.83-2.84) 1.53 (0.83-2.84)
Higher (20.9-46.9) 2.02 (1.20-3.41) 2.16 (1.21-3.86) 2.09 (1.17-3.73) 2.09 (1.17-3.73)

Data are reported as hazard ratio (95% confidence interval). ＊Model 1, adjusting for age, sex and body mass index; †Model 2, adjusting for 
variables in model 1, current smoking, hypertension, hyperlipidemia, eGFR ＜90 ml/min/1.73m2, prior myocardial infarction, stroke, prior 
coronary intervention, prior coronary bypass surgery, SYNTAX score, multi-vessel disease and long lesion; §Model 3, adjusting for variables in 
model 2 and HbA1c.
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indicator for glucose fluctuation and excursion (e.g., 
poor glycemic control) prior to ACS onset than 
HbA1c23, 24). Large glucose excursion has been shown 
to enhance oxidative stress and accelerate 
atherosclerosis25, 26). These hypotheses were further 
supported by our previous publication and a recent 
meta-analysis demonstrating that greater glucose 
excursion is an independent predictor of MACE in 
patients with CAD who underwent PCI during a 
short-term and an intermediate-term follow-up27, 28). 
Another reason could be that high GA, while not 
HbA1c, is an independent predictor of low response 
to clopidogrel in ACS patients29-31), which is associated 
with higher risk of ISR, stent thrombosis, and 
recurrent of MI. Collectively, the prognostic value of 
GA superior to HbA1c remains unclear; therefore, 
more dedicated studies are needed to elucidate the 
underlying complex pathophysiological mechanisms.

The study presented here faced some limitations. 
The study population comprised young, low-risk 
Chinese patients diagnosed with ACS. Thus, further 
investigation is needed to generalize our findings to 
populations of other ages and races. Although multiple 
multivariable models were built to establish the 
independent association of GA with MACCE, 
information on some important confounders (e.g., 
proteinuria, adherence to angiotensin-converting 
enzyme inhibitor, or angiotensin-II receptor blockers) 
is lacking. Meanwhile, we were unable to determine 
the causality between GA and adverse outcomes due 
to the retrospective nature of this study. Considering 
the low incidence of clinical endpoints during an 
intermediate-term follow-up, there was not enough 
statistical power to detect the association between GA 
and clinical outcomes. Lastly, we were unable to 
determine the specific reasons for unplanned 
revascularization, including native lesion progression 
and stent-related restenosis or thrombosis. 
Intracoronary imaging may provide some information 
on potential mechanisms related to the role of GA on 
coronary plaques and arteries.

Conclusion

Increased GA levels in the serum are associated 
with MACCE in ACS patients after PCI, and this is 
independent of traditional risk factors and HbA1c, 
during an intermediate-term follow-up. Measuring 
GA levels in the serum is not only a method that can 
be used for glycemic control when using HbA1c is 
problematic but is also useful to identify ACS patients 
(particularly patients with preexisting diabetes) who 
are at an increased risk for future adverse events 
despite PCI (e.g., GA ＞15.9%). Future studies are 

of stroke. Importantly, this association between higher 
serum GA levels and CAD development was 
independent of preexisting diabetes16). Collectively, 
increased serum GA levels positively correlated with 
the incidence, presence, and severity of CAD. Studies 
investigating outcomes of CAD patients with different 
serum GA levels are still needed.

Diabetic patients are more likely to show an early 
occurrence and accelerated CAD and exhibit less 
favorable outcomes despite revascularization therapy17, 18). 
Yang et al. demonstrated that serum GA levels were an 
independent predictor of cardiac death, MI, and 
stroke in 576 stable CAD patients diagnosed with 
diabetes (HR 1.22, 95% CI 1.16–1.28) during a 
2-year follow-up post-PCI19). To extend these findings, 
1,806 ACS patients with or without diabetes were 
enrolled in this study to demonstrate that high GA 
serum levels were associated with a significantly 
increased risk of death, MI, stroke, and unplanned 
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successful PCI. This association was further tested by 
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demonstrated that the prognostic role of serum GA 
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for traditional risk factors and HbA1c levels.
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intermediate-term follow-ups. Therefore, the observed 
prognostic role of GA in this study was predominately 
driven by unplanned revascularization in diabetic 
patients. Consistent with our findings, several studies 
investigating Chinese diabetic patients showed that 
higher serum GA levels were associated with in-stent 
restenosis (ISR), negative coronary artery remodeling, 
and impaired coronary collateralization20-22).

Notably, in this study, the prognostic value of 
GA and HbA1c was different–GA was able to predict 
MACCE independent of traditional risk factors and 
HbA1c, whereas HbA1c was unable to predict 
MACCE when adjusting for GA (HR 1.17, 95% CI 
0.92–1.12). To explain the prognostic superiority of 
GA to HbA1c, one reason may be that GA is a better 
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Supplemental Fig.1.  The receiver operating characteristic curve shows the prognosis predictive value of glycated albumin in the 
entire population. AUC, area under the curve

Supplemental Fig.2.  The receiver operating characteristic curve shows the prognosis predictive value of glycated albumin in a 
subset of patients with diabetes. AUC, area under the curve
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