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Abstract Glycated albumin (GA) is recognized as a

reliable marker for short-term glycemic monitoring in

diabetic patients. We investigated the clinical relevance of

GA and the ratio of GA to glycated hemoglobin (A1c) in

Korean type 2 diabetic patients. In this retrospective study,

we compared A1c, GA, and the GA/A1c ratio and analyzed

the relationship between glycemic indices and various

parameters in 1,038 Korean type 2 diabetic patients. The

patients were divided into two groups: a stably maintained

A1c group whose A1c levels did not fluctuate by more than

0.5% for at least 6 months and an unstably maintained A1c

group whose A1c levels fluctuated by more than 0.5%.

Serum GA was strongly correlated with A1c in both

groups. Fasting plasma glucose and postprandial glucose

were correlated with GA in unstably maintained A1c

group, whereas they were correlated with A1c in stably

maintained A1c group. The GA/A1c ratio tended to

increase as A1c increased. Postprandial glucose and body

mass index affected the GA/A1c ratio. Our data show that

serum GA may be a more useful glycation index than A1c

for monitoring glycemic control in type 2 diabetic patients

with fluctuating and poorly controlled glycemic excursions.
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Introduction

The results of the United Kingdom Prospective Diabetes

Study (UKPDS) and its follow-up studies demonstrated

that intensive glycemic control reduced or delayed hyper-

glycemia-induced vascular complications in newly onset

type 2 diabetic patients [1, 2]. In addition, the duration and

severity of hyperglycemia was strongly associated with

complications, such as diabetic nephropathy and cardio-

myopathy [3–5].

Glycated hemoglobin (A1c) has been used as the gold

standard parameter for monitoring diabetes. An average

A1c level is closely associated with the onset or prediction

of diabetic micro- or macro-vascular complications. [1, 2,

6, 7] However, the use of A1c as an indicator of glycemic

control over a 2- 3-month period does not provide infor-

mation on earlier changes in glycemic control or on various

conditions affecting the lifespan of red blood cells [8, 9].

In this regard, the focus has recently been on the use of

glycated albumin (GA) as a glycation indicator over

2–3 weeks for diabetic patients. The use of GA as glycemic

indicator or the relationship between levels of A1c and GA

has been reported already [10, 11]; however, clinical

implications of GA and the clinical value of GA compared

to Alc in type 2 diabetic patients have not been well elu-

cidated in Korea. We therefore investigated the clinical

relevance of GA and the relationship between GA and A1c

by measuring GA-to-A1c ratio (GA/A1c ratio) in Korean

type 2 diabetic patients.

Materials and methods

In this clinic-based, retrospective study of type 2 diabetic

patients, we analyzed patients who satisfied the following
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criteria based on their medical records. Inclusion criteria

were patients who were enrolled in the diabetes registry of

Severance Hospital and those who had been tested for A1c,

GA, and fasting/postprandial plasma glucose (FPG/PPG)

every 3 months on C2 occasions. Exclusion criteria

included severe liver or kidney diseases, thyroid disorders,

pregnancy, steroid therapy, nephrotic syndrome, and

hematological and malignant diseases. The study protocol

was approved by the ethics committee of the Yonsei Uni-

versity College of Medicine. A total of 1,038 patients

satisfied the criteria, and they were classified into two

groups according to A1c fluctuation (Group I, stably

maintained A1c group with \0.5% fluctuation in A1c

across 6 months; Group II, unstably maintained A1c group

with C0.5% fluctuation in A1c across 6 months).

Serum GA was determined by an enzymatic method

using an albumin-specific proteinase, ketoamine oxidase

and albumin assay reagent (LUCICA GA-L, Asahi Kasei

Pharma Co., Tokyo, Japan), and a Hitachi 7699 Pmodule

autoanalyzer (Hitachi Instruments Service, Tokyo, Japan)

[12, 13]. The coefficient of variation (CV) was 1.43%. A1c

was measured by high-performance liquid chromatography

(HPLC) using a Variant II Turbo (Bio-Rad Laboratories,

Hercules, CA). The reference intervals of A1c were

between 4.0 and 6.0%, while those of GA were between

11.0 and 16.0%.

Statistical analysis

All data are shown as the mean ± standard deviation.

Student’s t-test was used to compare continuous variables

between the stably maintained A1c group and unstably

maintained A1c group. To evaluate the relationship

between A1c and GA levels and other variables, Pearson’s

correlation coefficient (R) was used to assess the strength

of the relationships between clinical and laboratory vari-

ables. Variables with P \ 0.05 in univariate analysis were

used in the multivariate analysis. Multiple linear regression

analysis by stepwise selection was performed using the

GA/A1c ratio as a dependent factor. A P-value of \ 0.05

was considered significant. The SAS program (version 9.1;

SAS Institute, Cary, NC) was used to test the difference

between two correlated correlation coefficients. Other sta-

tistical analyses were performed using the SPSS package

for Windows (version 15.0; SPSS, Chicago, IL).

Results

Baseline characteristics of the patients

Of 1,626 subjects with Korean type 2 diabetes who satis-

fied the inclusion criteria, 1,038 (561 men and 477 women)

patients were finally analyzed in this study. The patients’

demographic and clinical characteristics are summarized in

Table 1. The mean age was 59.8 years, and the gender

distribution was relatively even. There were no significant

differences in age, sex, height, body mass index (BMI),

hemoglobin (Hb), total protein, and creatinine between the

two groups. The levels of A1c, GA, FPG, and PPG were

significantly higher in the unstably maintained A1c group

(8.15 ± 1.64, 21.90 ± 8.35%, 7.85 ± 2.87, and 13.14 ±

4.94 mmol/l, respectively) than in the stably maintained

A1c group (7.04 ± 0.90, 17.73 ± 4.81%, 6.92 ± 1.74, and

11.33 ± 3.68 mmol/l, respectively) (P \ 0.001 for all).

Serum albumin levels were different (4.59 ± 0.29 g/dl in

Table 1 Baseline

characteristics of the subjects

(n = 1,038)

Group I Stably maintained A1c

group with \0.5% fluctuation

for 6 months; Group II Unstably

maintained A1c group with

C0.5% fluctuation for 6 months

BMI Body mass index,

A1c Glycated hemoglobin,

GA Glycated albumin,

FPG Fasting plasma glucose,

PPG Postprandial plasma

glucose, Hb Hemoglobin,

NS Not significant

All subjects

(n = 1,038)

Group I

(n = 270)

Group II

(n = 768)

t-test P

Age (year) 59.8 ± 12.0 61.0 ± 11.5 59.3 ± 12.2 NS

Sex (M/F) 561/478 (54.0/46.0%) 139/131 (51.5/48.5%) 422/346 (54.9/45.1%) NS

Height (cm) 162.24 ± 8.98 162.09 ± 8.82 162.30 ± 9.04 NS

Weight (kg) 66.10 ± 12.39 66.32 ± 12.59 66.03 ± 12.33 NS

BMI (kg/m2) 25.01 ± 3.71 25.13 ± 3.68 24.97 ± 3.72 NS

A1c (%) 7.87 ± 1.72 7.04 ± 0.90 8.15 ± 1.64 \0.001

GA (%) 20.82 ± 7.81 17.73 ± 4.81 21.90 ± 8.35 \0.001

GA/A1c ratio 2.60 ± 0.54 2.49 ± 0.45 2.63 ± 0.56 \0.001

FPG (mmol/l) 7.61 ± 2.66 6.92 ± 1.74 7.85 ± 2.87 \0.001

PPG (mmol/l) 12.67 ± 4.71 11.33 ± 3.68 13.14 ± 4.94 \0.001

Hb (g/dl) 13.47 ± 1.61 13.59 ± 1.48 13.43 ± 1.64 NS

Total protein (g/dl) 7.11 ± 0.53 7.16 ± 0.45 7.09 ± 0.55 NS

Albumin (g/dl) 4.52 ± 0.37 4.59 ± 0.29 4.50 ± 0.39 \0.001

Creatinine (mg/dl) 0.97 ± 0.26 0.97 ± 0.25 0.96 ± 0.27 NS
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Group I vs. 4.50 ± 0.39 g/dl in Group II, P \ 0.01). The

mean GA/A1c ratio was 2.60 ± 0.54. The GA/A1c ratio of

the unstably maintained A1c group was significantly higher

than that of the stably maintained A1c group (2.63 ± 0.56

vs. 2.49 ± 0.45, respectively).

Correlation between plasma glucoses levels (fasting

and postprandial) and glycation indices (GA and A1c)

Figure 1 shows the correlation between plasma glucose

(FPG and PPG) and glycation indices (GA and A1c). Both

FPG and PPG were significantly correlated with GA as

well as A1c. In group I, both FPG and PPG were more

strongly correlated to A1c levels (r = 0.623, 0.643,

respectively, P \ 0.001 for both) than to A1c (r = 0.547,

0.524, respectively, P \ 0.001 for both). However, in

group II, GA showed a higher correlation with FPG and

PPG (r = 0.527, 0.640, respectively, P \ 0.001 for both)

than with A1c (r = 0.502, 0.579, respectively, P \ 0.001

for both). In all patients, both FPG and PPG were more

strongly correlated to patient’s GA (r = 0.544, 0. 636,

respectively, P \ 0.001 for both) than to A1c (r = 0.531,

0.6, respectively, P \ 0.001 for both).

Correlation between serum GA or A1c levels

and the GA/A1c ratio

A very strong (at least 0.8) linear relationship was observed

between serum GA and GA/A1c ratio in all patients, group

I, and group II (r = 0.810, 0.853, and 0.811, respectively,

P \ 0.001). However, poor (less than 0.3) or fair (0.3–0.5)

linear relationship was found in A1c and the GA/A1c ratio

in all patients, group I, and group II (r = 0.343, 0.283, and

0.336, respectively, P \ 0.01).

Distribution of the GA/A1c ratio and other values

according to the A1c levels

The values of GA, FPG, PPG and GA/A1c ratio were

analyzed according to A1c levels, which is a well-validated

Fig. 1 Correlation between

plasma glucose levels (fasting

and postprandial) and glycation

indices (GA and A1c). a b;

Group I (n = 270), c d;

Group II (n = 768). Group I,

stably maintained A1c group
with \0.5% fluctuation in

A1c across 6 months; Group II,

unstably maintained A1c group
with C0.5% fluctuation in A1c

across 6 months. A1c Glycated

hemoglobin, GA Glycated

albumin, FPG Fasting plasma

glucose, PPG Postprandial

plasma glucose
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glycation index (Table 2). As expected, plasma glucose

levels (FPG and PPG) and GA increased along with A1c

levels. The mean GA/A1c ratio ranged between 2.39 and

3.13. The incremental values of GA–A1c were dependent

on poor glycemic control.

Linear relationship and simple linear regression model

to relate GA with A1c

A very strong (at least 0.8) linear relationship was observed

between mean serum GA and mean A1c levels in all

patients and group II (r = 0.81 and 0.805, respectively,

P \ 0.001), and a moderately strong (0.6–0.8) linear rela-

tionship was observed in group I (r = 0.733, P \ 0.001).

Once adjusted for age, sex, BMI, Hb, and albumin, which

are known to influence measurement of GA or A1c, the

measured Pearson product-moment correlation between

serum GA and A1c levels increased to 0.832 in all patients,

to 0.771 in Group I and to 0.828 in Group II (P \ 0.001 for

all).

When GA was assumed to be an independent variable,

the simple linear regression model relating GA to A1c

became ‘‘A1c = 4.14 ? 0.18 9 GA’’. Conversely, when

A1c was assumed to be an independent variable, the linear

regression model became ‘‘GA = -8.01 ? 3.66 9 A1c’’.

Multiple regression analysis of factors

for the GA/A1c ratio

We analyzed the factors affecting the GA/A1c ratio. Mul-

tiple regression analysis of various clinical and laboratory

factors was performed to evaluate their independent asso-

ciation with the GA/A1c ratio in type 2 diabetic patients. In

univariate analysis, the GA/A1c ratio was related to age,

albumin, Hb, uric acid, cholesterol, triglyceride, FPG, PPG,

and BMI. In multiple regression analysis, only PPG

(b = 0.052, 95% CI: 0.045–0.06, P \ 0.001) and BMI

(b = -0.039, 95% CI:-0.049 to -0.029, P \ 0.001) sig-

nificantly influenced the GA/A1c ratio (Data not shown).

Discussion

Accurate determination of glycemic control is of paramount

importance in managing diabetes and in improving out-

comes and survival of diabetic patients. A1c has been used

as the gold standard for monitoring diabetes and as a

diagnostic tool [14]. However, there are several problems

concerning A1c. Although most studies suggested A1c as a

screening tool for diabetes, there is still no consensus on a

suitable cutoff values of A1c across different ethnic popu-

lations [15]. Furthermore, it is obvious that A1c levels are

affected in hematologic disorders shortening erythrocyte

lifespan [16–18], such as abnormal iron metabolism [16].

As a result, A1c may be not reliable for monitoring glyce-

mic control under these conditions. GA as a short-term

(2–3 weeks) glycation index for diabetes control had been

considered as an adjunctive to A1c. Recently, its usefulness

has been demonstrated, and it is now gaining popularity as

an index of glycemic control during intensive treatment, as

a more accurate glycation index for patients with end-stage

diabetic nephropathy [19, 20] or gestational diabetes [9, 21]

However, clinical implications of GA compared to A1c are

not well elucidated for type 2 diabetic patients in Korea.

Based on previous studies on GA [9–11, 19–23], we

hypothesized that GA could serve as a better marker of

glycemic control than A1c for fluctuating glycemic

excursions. We tried to identify (1) which glycation index

for diabetes monitoring (A1c or GA) would be more cor-

related with fasting and postprandial glucose levels and (2)

relative clinical implication of GA compared with A1c in

Korean type 2 diabetic patients. To address these questions,

we analyzed type 2 diabetic patients regardless of glucose

control status and classified them into two groups accord-

ing to A1c fluctuation. Although there was a difference in

serum albumin levels (0.09 g/dl) between two groups, the

clinical implication of this difference may be negligible.

There were no patients with disorders affecting albumin

metabolism in this study.

With respect to correlation of glycation index, the

results demonstrate two main findings: first, correlation

Table 2 Mean values of glycemic parameters according to A1c (n = 1,038)

A1c (%) N (%) Mean A1c (%) Mean GA (%) GA/A1c FPG (mmol/l) PPG (mmol/l)

A1c B 6.5 219 (21.0) 6.13 14.71 2.39 6.06 9.22

6.5 \ A1c B 7.5 327 (31.5) 7.02 17.44 2.48 6.91 11.03

7.5 \ A1c B 8.5 226 (21.8) 7.97 21.06 2.64 7.73 13.64

8.5 \ A1c B 9.5 115 (11.1) 9.04 25.09 2.77 8.94 15.35

9.5 \ A1c B 10.5 62 (6.0) 9.98 28.93 2.89 9.20 16.16

10.5 \ A1c B 11.5 35 (3.4) 11.00 32.72 2.97 10.05 16.88

11.5 \ A1c B 12.5 27 (2.6) 11.95 35.57 2.99 11.02 18.38

A1c [ 12.5 27 (2.6) 13.48 42.34 3.13 11.69 20.76

A1c Glycated hemoglobin, GA Glycated albumin, FPG Fasting plasma glucose, PPG Postprandial plasma glucose
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between A1c and GA was very high in patients with type 2

diabetes regardless of glycemic variations. However, cor-

relation between GA and A1c levels was stronger in

patients with group 2 than in group 1. Second, in group I,

levels of FPG and PPG showed significantly higher cor-

relation with A1c, but in group II, levels of FPG and PPG

showed significantly higher correlation with GA (Fig. 1).

Although this relationship was demonstrated on a limited

number of type 2 diabetic patients, similar result was

observed by Paroni R et al. [24]. It suggests that GA may

be a more useful glycemic marker than A1c, especially in

patients with poor glycemic control.

With respect to relationship between A1c and GA, we

adopted the GA/A1c ratio and classified the mean values of

GA/A1c ratio according to A1c level. We found the mean

GA/A1c ratio had a tendency to increase with higher A1c

levels. As shown in Table 2, serum GA level increased by

3–4% for every 1% increase in serum A1c level. Therefore,

the GA/A1c ratio increased along with higher A1c may be

attributable to more marked increases in GA level than A1c

level, especially in patients with poor glycemic control.

Koga et al. showed that GA-to-A1C ratio was significantly

higher in those treated with insulin than in those treated

with diet or oral hypoglycemic agents. HOMA-b showed a

significant inverse correlation with GA-to-A1C ratio. This

ratio was higher in type 1 diabetic patients than in type 2

diabetic patients [25]. Their result postulated that diabetic

patients with decreased insulin secretion, serum GA levels

are higher relative to A1c. Based on these result, GA might

better reflect postprandial hyperglycemia, which was

known to be mainly caused by inadequate or dysfunctional

endogenous insulin secretion. Furthermore, we found that

the GA/A1c ratio showed significant inverse correlation

with BMI, similar to previous reports [23, 25–27]. In

contrast, the ratio was positively affected by PPG.

There are some limitations to this study. First of all, this

relationship is applicable only to GA measured by enzy-

matic assay, because there are several methods of GA

measurement available and each method provides different

reference ranges [9]. Also, its usefulness is more limited to

fluctuating and poorly controlled type 2 diabetics, not to

all subjects with type 2 diabetes. Finally, there were no

analytic results relating the insulin secretory status of

diabetes and the usage of glucose-lowering agents (insulin

vs. oral glycemic agents or type of oral glycemic agents).

However, this study is the first well-designed, large-scale

study including more than 1,000 patients that investigated

the clinical implications of GA for Korean type 2 dia-

betics. We suggest that GA measurement might be prac-

tically applied as a follow-up monitoring index 3 weeks

after intensified antidiabetic treatment to guide the efficacy

of intensified regimens in poorly controlled type 2

diabetics.

In conclusion, our data show that serum GA may be a

more useful glycation index than A1c for monitoring gly-

cemic control in type 2 diabetic patients with fluctuating

and poorly controlled glycemic conditions. Further studies

on clinical relevance of glycated albumin on type 2 dia-

betic patients will make our observations useful for clinical

management of these patients.
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