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Abstract
BACKGROUND 
Metabolic memory is important for the diagnosis and treatment of diabetes in the 
early stage, and in maintaining blood glucose concentrations within the normal 
range. The clinical diagnosis of diabetes mellitus is currently made using fasting 
plasma glucose, 2 h-plasma glucose (2h-PG) during a 75 g oral glucose tolerance 
test, and hemoglobin A1c (HbA1c) level. However, the fasting plasma glucose test 
requires fasting, which is a barrier to screening, and reproducibility of the 2h-PG 
level is poor. HbA1c is affected by a shortened red blood cell lifespan. In patients 
with anemia and hemoglobinopathies, the measured HbA1c levels may be 
inaccurate. Compared with HbA1c, glycated albumin (GA) is characterized by 
more rapid and greater changes, and can be used to diagnose new-onset diabetes 
especially if urgent early treatment is required, for example in gestational 
diabetes. In this study, we provided cutoff values for GA and evaluated its utility 
as a screening and diagnostic tool for diabetes in a large high-risk group study.

AIM 
To evaluate the utility of GA in identifying subjects with diabetes in northeast 
China, and to assess the diagnostic accuracy of the proposed GA cutoff in the 
diagnosis of diabetes mellitus.

METHODS 
This cross-sectional study included 1935 subjects, with suspected diabetes or in 
high-risk groups, from 2014 to 2015 in the Second Affiliated Hospital of Harbin 
Medical University (Harbin, China). The use of GA to identify diabetes was 
investigated using the area under the receiver operating characteristic curve 
(AUC). The GA cutoffs were derived from different 2h-PG values with 
hemoglobin A1c cutoffs used as a calibration curve.
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RESULTS 
The GA cutoff for the diagnosis of diabetes mellitus was 15.15% from the receiver 
operating characteristic (ROC) curve. ROC analysis demonstrated that GA was an 
efficient marker for detecting diabetes, with an AUC of 90.3%.

CONCLUSION 
Our study supports the use of GA as a biomarker for the diagnosis of diabetes.

Key Words: Glycated albumin; Receiver operating characteristic; Cut-off; Hemoglobin 
A1c; Diagnosis; Diabetes mellitus
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Core Tip: Our study supports the use of glycated albumin (GA) as a biomarker for the 
diagnosis of diabetes. The GA cutoff for the diagnosis of diabetes mellitus was 15.15% 
from the receiver operating characteristic (ROC) curve. ROC analysis demonstrated 
that GA was an efficient marker for detecting diabetes, with an area under the ROC 
curve of 90.3%.

Citation: Li GY, Li HY, Li Q. Use of glycated albumin for the identification of diabetes in 
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INTRODUCTION
Diabetes mellitus has become a worldwide health problem in both developed and 
developing countries, even in the least developed countries[1]. Hyperglycemia is a 
major risk factor for heart disease, kidney disease, stroke, and blindness, which all 
reduce the quality of life of patients with diabetes[2]. “Metabolic memory” is important 
for the diagnosis and treatment of diabetes in the early stage and in maintaining blood 
glucose concentrations within the normal range[3]. The clinical diagnosis of diabetes 
mellitus is currently made using fasting plasma glucose (FPG), 2 h-plasma glucose (2h-
PG) during a 75 g oral glucose tolerance test (OGTT) and hemoglobin A1c (HbA1c) 
level[4]. However, the FPG test requires fasting, which is a barrier to screening, and 
reproducibility of the 2h-PG level is poor[5]. HbA1c is the standard for monitoring 
mean PG concentrations over 2-3 mo, and has been used in many clinical studies[6,7]. 
The guidelines from the American Diabetes Association and the World Health 
Organization propose the measurement of HbA1c as a diagnostic criterion for 
diabetes, suggesting a diagnostic cut-off of ≥ 6.5% (48 mmol/mol). The use of HbA1c 
for the diagnosis of diabetes is a complement to other measures. However, HbA1c is 
affected by a shortened red blood cell lifespan. In patients with anemia and 
hemoglobinopathies, the measured HbA1c levels may be inaccurate[8].

Glycated albumin (GA) as an additional clinical marker for average blood glucose 
level, reflects mean glycemia over approximately 2-3 wk[9]. Compared with HbA1c, GA 
is characterized by more rapid and greater changes, and can be used to diagnose new-
onset diabetes especially if urgent early treatment is required, for example in 
gestational diabetes[10]. An ongoing investigation has shown that GA is a potential 
diagnostic tool for diabetes[11].

The aims of this study were to provide cutoff values for GA and to evaluate its 
utility as a screening and diagnostic tool for diabetes in a large high-risk group study.

MATERIALS AND METHODS
Study population
This cross-sectional, high-risk based, large sample study evaluated the GA cut-off for 
the diagnosis of diabetes mellitus. A total of 1935 subjects aged 18-79 years took part in 
a comprehensive assessment, including a 75-g oral glucose tolerance test (OGTT), and 

mailto:qiangli1964@126.com
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the measurement of HbA1c and GA[12,13].

Laboratory examinations
Following 8-12 h overnight fasting, a 75 g OGTT was conducted. Blood samples were 
obtained at 0, 30, 60, and 120 min after the glucose load. Glucose concentrations were 
measured using the hexokinase glucose-6-phosphate dehydrogenase method and 
measured by an automatic biochemical analyzer (Cs400B; Dirui Industrial Co., Ltd., 
Changchun, China). HbA1c levels in fresh whole blood samples were determined 
using the automated high-performance liquid chromatography (HPLC) method 
(Variant II; Bio-Rad, Hercules, CA, United States)[14]. GA levels were measured with 
the Lucica GA-L Kit (Asahi Kasei Pharma, Tokyo, Japan) and by an automatic 
biochemical analyzer (Cs400B; Dirui)[11]. Within and between-run coefficients of 
variation for the GA assay were 1.43% and 2.15%, and for the HbA1c assay were 0.99% 
and 1.48%, respectively. Serum triglycerides, high-density lipoprotein cholesterol, and 
uric acid concentrations were measured by enzymatic methods.

Definition of newly acquired diabetes
Diabetes was diagnosed according to the American Diabetes Association guidelines. In 
participants with no history of diabetes or treatment for diabetes, or criteria for 
asymptomatic diabetes, a new diagnosis of diabetes mellitus was made if FPG was ≥ 
7.0 mmol/L and/or 2h-PG was ≥ 11.1 mmol/L and/or HbA1c was ≥ 6.5% (48 
mmol/mol)[4].

Statistical analysis
All continuous variables are presented as the mean ± standard deviation. A linear 
relationship between variables was determined using the Pearson correlation 
coefficient. P < 0.05 was considered statistically significant. A receiver operating 
characteristic (ROC) curve was drawn to determine diagnostic sensitivity and 
specificity. The cut-off value of GA for newly diagnosed diabetes using the OGTT was 
calculated by ROC analysis using the Youden index (Y = sensitivity + specificity-1). 
Statistical analyses were performed using SPSS version 17.0 software.

RESULTS
Characteristics of the study participants
The clinical characteristics of the study population are shown in Table 1. The mean age 
of the 1935 study subjects was 37.63 ± 10.56 years, and the mean body mass index was 
22.8 ± 3.43 kg/m2. The participants were allocated to each group according to the 
OGTT results. Of these subjects, 376 were newly diagnosed diabetics, 816 had pre-
diabetes, and 743 had normal glucose tolerance (NGT). Serum GA levels were 18.36%, 
13.69%, 12.36% in subjects with newly diagnosed diabetes, pre-diabetes, and NGT, 
respectively. In addition, HbA1c increased from 5.2% to 7.3% from NGT to pre-
diabetes and then diabetes.

Correlations between GA, OGTT and HbA1c
The Pearson correlation coefficient between the OGTT and GA showed a significant 
association at 0, 30, 60, and 120 min. The OGTT was also correlated with GA and 
HbA1c (Table 2). Correlations between the OGTT and both GA and HbA1c are shown 
in Figure 1. GA concentration was significantly and positively correlated with HbA1c 
level (r = 0.872, P < 0.001). The 2 h-PG levels were positively correlated with GA (r = 
0.793, P < 0.001).

GA and HbA1c for predicting diabetes
A ROC curve (Figure 2) was plotted to determine the sensitivity and specificity of GA 
and HbA1c in detecting diabetes. The area under the ROC curve (AUC) of the ROC 
curve of HbA1c to detect diabetes was 0.939 (95% confidence interval [CI] 0.924-0.954). 
The AUC of the ROC curve of GA to detect diabetes was 0.903 (95%CI 0.879-0.927), 
indicating that GA is a useful marker for predicting diabetes. From these curves, the 
cutoff for predicting the diagnosis of diabetes was 15.15% for GA and 6.15% for 
HbA1c. Using a GA cutoff value ≥ 15.15% to diagnose diabetes resulted in a specificity 
of 78.9% and a sensitivity of 90.7%.
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Table 1 Characteristics of the study participants

Characteristics NGT Pre-diabetes Newly diagnosed diabetes

Sample number 743 816 376

Age (yr) 28.11 ± 5.44 37.15 ± 12.81 47.63 ± 13.44

Height (cm) 162.04 ± 4.42 162.90 ± 6.85 164.15 ± 8.54

Weight (kg) 51.96 ± 5.53 61.17 ± 10.70 68.82 ± 12.32

BMI (kg/m2) 19.83 ± 2.39 23.07 ± 3.92 25.51 ± 3.99

SBP (mmHg) 109.68 ± 10.05 121.13 ± 17.15 132.24 ± 19.09

DBP (mmHg) 70.82 ± 7.30 77.53 ± 12.55 84.02 ± 13.14

TC (mmol/L) 3.65 ± 0.69 4.58 ± 0.91 5.25 ± 0.97

TG (mmol/L) 1.03 ± 0.44 1.65 ± 0.74 2.33 ± 0.99

GA (%) 12.36 ± 0.81 13.69 ± 1.45 18.35 ± 5.00

HbA1c (%) 5.22 ± 0.20 5.77 ± 0.49 7.31 ± 1.49

GLU 0 (mmol/L) 4.85 ± 0.44 5.77 ± 0.63 8.48 ± 2.30

GLU 30 (mmol/L) 7.76 ± 1.35 9.71 ± 1.65 13.50 ± 3.01

GLU 60 (mmol/L) 7.27 ± 1.65 10.71 ± 2.43 16.62 ± 3.80

GLU 120 (mmol/L) 6.28 ± 0.91 8.83 ± 1.37 15.34 ± 5.89

BMI: Body mass index; DBP: Diastolic blood pressure; GA: Glycated albumin; GLU: Glucose; HbA1c: Hemoglobin A1c; NGT: Normal glucose tolerance; 
SBP: Systolic blood pressure; TC: Total cholesterol; TG: Triglycerides.

Table 2 Pearson correlation coefficients between oral glucose tolerance test and glycated albumin

GLU 0 min (mmol/L) GLU 30 min (mmol/L) GLU 60 min (mmol/L) GLU 120 min (mmol/L) GA (%) HbA1c (%)

GLU 0 min(mmol/L) 1

GLU 30 min(mmol/L) 0.840 1

Pearson correlation P < 0.001

GLU 60 min(mmol/L) 0.835 0.888 1

Pearson correlation P < 0.001 P < 0.001

GLU 120 min(mmol/L) 0.824 0.764 0.854 1

Pearson correlation P < 0.001 P < 0.001 P < 0.001

GA (%) 0.809 0.717 0.735 0.793 1

Pearson correlation P < 0.001 P < 0.001 P < 0.001 P < 0.001

HbA1c (%) 0.834 0.747 0.800 0.842 0.872 1

Pearson correlation P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001

GA: Glycated albumin; GLU: Glucose; HbA1c: Hemoglobin A1c.

DISCUSSION
The OGTT is still the “gold standard” for the diagnosis of diabetes in clinical practice 
as it has appropriate sensitivity and specificity[4]. However, it is a time-consuming 
process, is poorly tolerated and there is a growing number of high-risk groups who 
require testing. Thus, the OGTT cannot be used in all patients[5]. GA and HbA1c are 
glycated proteins that can be used as glycemic control indicators. GA and HbA1c 
levels can be obtained at any time of the day irrespective of recent food intake. HbA1c 
has been introduced for the diagnosis of diabetes. However, HbA1c does not 
accurately reflect glycemic status in patients with anemia, variant hemoglobin and so 
on[15,16]. On the other hand, GA reflects short–term glycemic control and is not 
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Figure 1 Scatter plots. A and C: Scatter plots showing the relationships between glycated albumin (GA) with glucose level at 0 min (Glu0) and Glu120 during the 
oral glucose tolerance test (OGTT) (A), and hemoglobin A1c (HbA1c) (C); B: Scatter plots showing the relationships between HbA1c with Glu0 plasma glucose and 
Glu120 during the OGTT. FPG: Fasting plasma glucose.

influenced by the erythrocyte lifespan[17]. GA level is well correlated with the severity 
of diabetic complications[18]. Therefore, it is feasible to predict diabetes using GA level.

According to recent studies, GA measurement has become a more accurate and 
automated test for diabetes screening. However, the diagnostic cut-offs reported in 
different studies are inconsistent[11,19,20]. Thus, it is necessary to determine the cutoff for 
GA in different populations. This study showed that the best cutoff for GA as a 
diagnostic tool in northeast Chinese subjects with diabetes was 15.15%. The sensitivity 
and specificity of GA were found to be 78.9% and 90.7%, respectively[21]. Several 
studies using GA to diagnose diabetes have been reported. Wu et al[22], reported that 
the GA cutoff point for diabetes in Taiwan was 15%, with a sensitivity of 74% and a 
specificity of 85% in 1559 subjects. Hwang et al[23] reported that a GA cutoff of > 14.3% 
was optimal for the diagnosis of diabetes in Korean adults. Furusyo et al[11] reported 
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Figure 2 Receiver operating characteristic curve analysis. The receiver operating characteristic (ROC) curve of hemoglobin A1c (HbA1c) for detecting 
diabetes was 0.939 [95% confidence interval (CI) 0.924-0.954] and the ROC curve of glycated albumin for detecting diabetes was 0.903 (95%CI 0.879-0.927). 
Diagonal segments are produced by ties.

that the measurement of GA was a useful marker for the screening of diabetes in a 
Japanese population and the cut-off level of GA to diagnose diabetes was 15.5%. In 
addition, Ma et al[20] reported that in Chinese subjects the GA cutoff for diagnosing 
diabetes was 15.7%. It seems that these differences in GA cutoff values were due to 
differences in environmental and genetic factors. When taken together, these findings 
suggest an optimal GA cutoff of 14%-16% for the Asian population. In a recent study, 
Chiara et al[24] reported that at a cutoff of 13.5%, GA showed high sensitivity of 88.9% 
and good specificity of 60.4% for the diagnosis of diabetes in a European population. 
The differences in GA cutoff points may reflect differences in the study population.

In this study, the diagnostic cutoff was based on 2h-PG. In other diseases, e.g., 
retinopathy, 2h-PG is appropriate for standardization. In addition, 2h-PG eliminates 
errors from other sources, and a calibration curve of HbA1c cutoff values was included 
in this study to verify the validity of GA. Previous trials were based on a single value, 
and HbA1c was used for the calibration curve. In particular, the HbA1c cutoff showed 
properties in three phases, similar to current diagnostic criteria. The HbA1c cutoff is 
consistent with the results from other east Asian studies[25,26], and this further 
confirmed the effectiveness of the GA cutoff. This study used 15.15% as the cutoff for 
GA and 6.15% for HbA1c. This value was derived from the results of different 2h-PG 
tests, with the HbA1c cutoffs used in the calibration curve. Therefore, we have 
confidence in the GA cutoff as a reference for the diagnosis of diabetes.

Due to the heavy financial burden and required clinical care after the diagnosis of 
diabetes, current diabetes diagnostic criteria using HbA1c and FPG prefer specificity to 
sensitivity. Diabetes can cause many serious complications[27]. To prevent the 
development of diabetic complications and disability, diabetic patients should be 
diagnosed early; therefore, the diagnostic criteria for GA in diabetes should moderate 
the sensitivity to overemphasize specificity. In terms of “metabolic memory,” early 
intervention prolongs the benefits of good blood glucose control, and any newly 
diagnosed diabetic patients will be confirmed by another test or the presence of classic 
hyperglycemia symptoms. There is considerable controversy regarding the diabetes 
diagnostic criteria for HbA1c[25,26], and several studies in east Asia have suggested 
lowering the HbA1c cutoff for diabetes diagnosis. GA has moderate sensitivity and 
specificity in monitoring blood glucose[27]. Our study has added information on the GA 
cutoff for diabetes diagnosis in northern China.

Our study had some limitations. First, it was based on a cross-sectional design. 
Furthermore, the diagnostic criteria should be improved and validated in prospective 
studies as most previous studies were cross-sectional or retrospective[24]. Second, the 
GA cut-off of 15.15% was derived from the HbA1c cutoff of 6.15%[28]. This reference 
was not directly selected to optimize cutoff values with regard to the highest ratio of 
false-positive and false-negative results. Given the economic and social burden 
associated with diabetes, the reference should include diagnostic specificity over 
sensitivity. Third, the study was performed in a single center, and the results should 
be confirmed in multiple centers. Caution is needed when extrapolating the study 
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results to other ethnic groups.

CONCLUSION
Our study supports the use of GA as a biomarker for the diagnosis of diabetes.

ARTICLE HIGHLIGHTS
Research background
The use of hemoglobin A1c (HbA1c) for the diagnosis of diabetes is a complement to 
other measures. However, HbA1c is affected by a shortened red blood cell lifespan. In 
patients with anemia and hemoglobinopathies, the measured HbA1c levels may be 
inaccurate. Compared with HbA1c, glycated albumin (GA) is more rapid to diagnose 
new-onset diabetes.

Research motivation
To provide cutoff values for GA and to evaluate its utility as a screening and 
diagnostic tool for diabetes in a large high-risk group study.

Research objectives
This cross-sectional, high-risk based, large sample study evaluated the GA cut-off for 
the diagnosis of diabetes mellitus. A total of 1935 subjects aged 18-79 years took part in 
a comprehensive assessment, including a 75-g oral glucose tolerance test (OGTT), and 
the measurement of HbA1c and GA.

Research methods
A linear relationship between variables was determined using the Pearson correlation 
coefficient. P < 0.05 was considered statistically significant. A receiver operating 
characteristic (ROC) curve was drawn to determine diagnostic sensitivity and 
specificity. The cut-off value of GA for newly diagnosed diabetes using the OGTT was 
calculated by ROC analysis using the Youden index.

Research results
A significant association at 0, 30, 60, and 120 min. The OGTT was also correlated with 
GA and HbA1cCorrelations between the OGTT and both GA and HbA1c. GA 
concentration was significantly and positively correlated with HbA1c level (r = 0.872, 
P < 0.001). The 2 h-PG levels were positively correlated with GA.

Research conclusions
Our study supports the use of GA as a biomarker for the diagnosis of diabetes.

Research perspectives
The study should be confirmed in multiple centers and extrapolating the study results 
to other ethnic groups.
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