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Glycated Albumin and Glycated
Hemoglobin Are Influenced Differently by
Endogenous Insulin Secretion in Patients
With Type 2 Diabetes
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RESEARCH DESIGN AND METHODS — A1C, GA, and GA-to-A1C ratio were compared in 202 type 2 diabetic patients by type of treatment. Effect of ␤-cell function determined
by homeostasis model assessment (HOMA-%␤) on GA-to-A1C ratio was examined. In addition,
GA-to-A1C ratio was compared between type 2 diabetic patients and 16 patients with type 1
diabetes.
RESULTS — In type 2 diabetic patients, GA-to-A1C ratio was significantly higher in those
treated with insulin than in those treated with diet or oral hypoglycemic agents. HOMA-%␤
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.
CONCLUSIONS — In diabetic patients with decreased insulin secretion, serum GA levels
are higher relative to A1C.
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A

1C is used clinically as a parameter
of glycemic control state over the
previous 1–2 months (1). Measurement of A1C may be affected by conditions that shorten the life span of
erythrocytes and variant hemoglobin,
causing erroneous values for glycemic
control (2). As other markers of glycemic
control, serum glycated albumin (GA)
and serum fructosamine are useful to reflect shorter-term glycemic control (⬃2
weeks) (3). However, these glycated proteins do not accurately reflect glycemic
control in disorders of albumin metabolism.
Recently, GA-to-A1C ratio has been
reported to be significantly higher in patients with type 1 diabetes than in those
with type 2 diabetes, indicating that se-

rum GA is a more sensitive marker than
A1C for glucose excursions (4). The underlying mechanism may involve marked
fluctuation in plasma glucose levels associated with decreased insulin secretion in
type 1 diabetic patients (4). The present
study investigated whether endogenous
insulin secretion has different effects on
GA and A1C levels.
RESEARCH DESIGN AND
METHODS — This study enrolled
202 outpatients with type 2 diabetes (119
male subjects and 83 female subjects) as
diagnosed based on American Diabetes
Association criteria (5). Exclusion criteria
were variation ⬎0.5% in A1C values during the previous 3 months, chronic liver
disease, renal disease, thyroid disorder, ane-

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1Department of Internal Medicine, Kinki Central Hospital, Itami, Hyogo, Japan; and the 2Department of Medicine, Nissay Hospital, Osaka, Japan.
Corresponding author: Masafumi Koga, koga_m@kich.itami.hyogo.jp.
Received 2 June 2009 and accepted 14 October 2009. Published ahead of print at http://care.
diabetesjournals.org on 21 October 2009. DOI: 10.2337/dc09-1002.
© 2010 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for profit, and the work is not altered. See http://creativecommons.
org/licenses/by-nc-nd/3.0/ for details.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

270

DIABETES CARE, VOLUME 33, NUMBER 2, FEBRUARY 2010

RESULTS — We compared A1C, GA,
and GA-to-A1C ratio in 202 type 2 diabetic patients with type of treatment. Both
A1C and GA were significantly higher
in 49 patients treated with insulin and in
112 patients treated with OHAs than in
41 patients treated with diet alone (data
not shown). By contrast, GA-to-A1C ratio
did not differ between patients treated
with OHAs (2.86 ⫾ 0.34) and those
treated with diet alone (2.79 ⫾ 0.28), and
it was significantly higher in patients
treated with insulin (3.00 ⫾ 0.37) than in
those treated with OHAs (P ⬍ 0.05) and
those treated with diet alone (P ⬍ 0.01).
In multivariate analysis performed with
sex, age, BMI, and insulin therapy as explanatory variables for GA-to-A1C ratio
in type 2 diabetic patients, BMI, age, and
insulin treatment were identified as indecare.diabetesjournals.org
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OBJECTIVE — Glycated albumin (GA) relative to A1C is a useful marker of short-term
glycemic control. We investigated whether endogenous insulin secretion in type 2 diabetes has
different effects on GA and A1C levels.

mia, and corticosteroid treatment. The
mean age was 64.2 ⫾ 10.7 years, BMI was
24.2 ⫾ 3.7 kg/m2, and duration of diabetes was 13.1 ⫾ 9.7 years. Treatment involved diet alone in 41 patients, oral
hypoglycemic agents (OHAs) in 112 patients, and insulin in 49 patients. Fasting
C-peptide and fasting plasma glucose
were measured, and ␤-cell function was
quantified using homeostasis model assessment (HOMA-%␤) (6). In addition,
GA-to-A1C ratio was compared between
the 202 type 2 diabetic patients and 16
type 1 diabetic patients (8 male subjects
and 8 female subjects, aged 60.6 ⫾ 14.0
years, BMI 22.7 ⫾ 2.8 kg/m2, and all receiving insulin therapy).
Serum fasting C-peptide was determined by chemiluminescent enzymeimmunoassay (Fujirebio, Tokyo, Japan).
A1C was measured with an ADAMS-A1C
HA-8160 automatic A1C analyzer
(Arkray, Kyoto, Japan) based on highperformance liquid chromatography. Serum GA was determined by a Hitachi
7600 autoanalyzer (Hitachi Instruments
Service, Tokyo, Japan) based on an enzymatic method using an albumin-specific
proteinase, ketoamine oxidase, and an albumin assay reagent (Lucica GA-L; Asahi
Kasei Pharma, Tokyo, Japan).

Koga and Associates

pendent explanatory variables (data not
shown). GA-to-A1C ratio was significantly higher in 16 type 1 diabetic patients (3.15 ⫾ 0.26) than in 202 type 2
diabetic patients (2.87 ⫾ 0.36) (P ⬍
0.001) but showed no significant difference compared with 49 type 2 diabetic
patients treated with insulin. By power
analyses, each number of patients was
found statistically adequate to make the
conclusions when the analytical power
was set at 80%.
HOMA-%␤ was significantly lower in
type 2 diabetic patients treated with insulin than in those treated with diet alone
and those treated with OHAs (Fig. 1A). A
significant inverse correlation was observed between GA-to-A1C ratio and
HOMA-%␤ (Fig. 1B). Stepwise multivariate analysis including HOMA-%␤, sex,
age, and BMI to identify explanatory variables for GA-to-A1C ratio showed that
BMI (␤ ⫽ ⫺0.203, F ⫽ 9.6, P ⫽ 0.015),
age (␤ ⫽ 0.215, F ⫽ 8.2, P ⫽ 0.006), and
HOMA-%␤ (␤ ⫽ ⫺0.237, F ⫽ 6.4, P ⫽
0.020) were found to be independent explanatory variables.
CONCLUSIONS — O u r fi n d i n g s
suggest that decreased endogenous insulin secretion is involved in elevated GAto-A1C ratios. Yoshiuchi et al. (4)
reported that in type 1 diabetic patients,
glucose excursions or maximum glucose
levels based on diurnal plasma glucose
variations influence GA-to-A1C ratios. In
addition, GA-to-A1C ratio in 158 subjects
with normal glucose tolerance was
2.73 ⫾ 0.22 in our previous study (7),
significantly lower than that in 202 type 2
care.diabetesjournals.org

diabetic patients in the present study. Together with these findings, it is suggested
that decreased insulin secretion may increase the GA-to-A1C ratio by causing
marked glucose excursions.
The reasons why serum GA reflects
postprandial hyperglycemia better than
A1C are unknown. The shortened life
span of erythrocytes in patients with diabetes and poor glucose control (8), lagging GLUT1-mediated glucose uptake by
erythrocytes resulting in a relatively lower
degree of rise in A1C (9), different glycation rates between albumin and hemoglobin (10), and the direct effect of insulin
and OHAs on serum albumin metabolism
(11) may be involved.
In the present study, BMI was an independent negative risk for GA-to-A1C
ratio, as we previously reported (7,12),
and was significantly lower in type 2 diabetic patients treated with insulin and
type 1 diabetic patients than in type 2 diabetic patients treated with OHA or diet
alone. Thus, elevated GA-to-A1C ratio in
type 2 diabetic patients treated with insulin and type 1 diabetic patients may be
caused by a lower BMI. However, adjustment of GA-to-A1C ratio by BMI gave the
same conclusions (data not shown).
In the Diabetes Control and Complications Trial (DCCT), type 1 diabetic patients treated with intensive insulin
therapy had a markedly reduced prevalence of diabetic retinopathy and macrovascular complications compared with
those who had the same A1C levels
treated with conventional insulin therapy
(13). The reason proposed was that intensive insulin therapy decreased glycemic

Acknowledgments — No potential conflicts
of interest relevant to this article were
reported.
The authors thank Dr. Yasuhiro Tahara for
his help in the statistical analyses of the data.

References
1. Koenig RJ, Peterson CM, Jones RL,
Saudek C, Lehrman M, Cerami A. Correlation of glucose regulation and hemoglobin A1c in diabetes mellitus. N Engl J Med
1976;295:417– 420
2. Jeffcoate SL. Diabetes control and complications: the role of glycated haemoglobin,
25 years on. Diabet Med 2004;21:657–
665
3. Takahashi S, Uchino H, Shimizu T, Kanazawa A, Tamura Y, Sakai K, Watada H,
Hirose T, Kawamori R, Tanaka Y. Comparison of glycated albumin (GA) and glycated hemoglobin (HbA1c) in type 2
diabetic patients: usefulness of GA for
evaluation of short-term changes in glycemic control. Endocr J 2007;54:139 –144
4. Yoshiuchi K, Matsuhisa M, Katakami N,
Nakatani Y, Sakamoto K, Matsuoka T,
Umayahara Y, Kosugi K, Kaneto H, Yamasaki Y, Hori M. Glycated albumin is a
better indicator for glucose excursion
than glycated hemoglobin in type 1 and
type 2 diabetes. Endocr J 2008;55:503–
507
5. The Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus.
Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care 2003;26:
3160 –3167
6. Otsuki M, Kasayama S, Saito H, Mukai M,
Koga M. Sex differences of age-dependent
changes of insulin sensitivity in Japanese
nondiabetic subjects (Letter). Diabetes
Care 2005;28:2590 –2591
7. Koga M, Otsuki M, Matsumoto S, Saito H,
Mukai M, Kasayama S. Negative association of obesity and its related chronic in-

DIABETES CARE, VOLUME 33, NUMBER 2, FEBRUARY 2010

271

Downloaded from http://diabetesjournals.org/care/article-pdf/33/2/270/604989/zdc00210000270.pdf by guest on 10 August 2022

Figure 1—HOMA-%␤ by treatment type in patients with type 2 diabetes (A) and its correlation
between this score and GA-to-A1C ratio (B). The HOMA-%␤ was calculated from fasting plasma
glucose and serum fasting C-peptide concentrations using the correct HOMA evaluation and a
computer program (7). Treatment involved diet alone in 41 patients, OHA in 112 patients, and
insulin in 49 patients. *P ⬍ 0.001 vs. diet, #P ⬍ 0.001 vs. OHA.

excursions thus emphasizing the need to
reduce glucose fluctuations. If serum GA
levels had been measured in that study,
the relationship between serum GA levels
and the diabetes complications in intensive versus conventional insulin therapy
would have been an interesting observation.
Postprandial hyperglycemia reportedly increases the prevalence of cardiovascular diseases (14). If serum GA is
higher relative to A1C in the state of postprandial hyperglycemia, serum GA may
offer a better surrogate marker of cardiovascular risk. Along this line, it has recently been reported that serum GA was
significantly elevated in patients with coronary artery stenosis (15).
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