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Abstract

Aims/hypothesis Glycated albumin is a measure of the
mean plasma glucose concentration over approximately 2—
3 weeks. We determined reference values for glycated
albumin, and assessed its utility for the diagnosis of type 2
diabetes mellitus in the general population.

Methods We studied 1,575 men and women (mean age,
49.9 years; range, 2678 years) who participated in a
periodic health examination in a suburban Japanese town.
HbA,. and fasting plasma concentrations of glucose (FPG)
and glycated albumin were measured. Participants with
FPG >7.0 mmol/l or HbA;. >6.5% (48 mmol/mol) were
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diagnosed as having diabetes. In our laboratory, the
glycated albumin assay had intra-assay and inter-assay
CVs of 1.1% and 1.6%, respectively.

Results Glycated albumin levels were significantly corre-
lated with HbA . levels (»=0.766, p<0.001) and FPG (r=
0.706, p<0.001). The presence of diabetes was significantly
higher in participants with glycated albumin levels between
15.0% and 15.9% (five of 276, 1.81%) than in those with
glycated albumin <14% (three of 672, 0.45%) (p=0.037),
and was markedly increased in those with a glycated
albumin level >16% (58 of 207, 28.0%). Receiver operating
characteristic curve analysis indicated that a glycated
albumin level of >15.5% was optimal for predicting
diabetes, with a sensitivity of 83.3% and a specificity of
83.3%.

Conclusions/interpretation There is merit to further investi-
gating the potential for glycated albumin to be used as an
alternative measure of dysglycaemia for future research and
clinical practice.

Keywords Diabetes - Epidemiology - Glycated albumin -
HbA .

Abbreviations

ARIC Atherosclerosis Risk in Communities
FPG Fasting plasma glucose

HOMA-IR  HOMA of insulin resistance

JDS Japanese Diabetes Society

JSCC Japanese Society for Clinical Chemistry

KOPS Kyushu and Okinawa Population Study

NGSP National Glycohemoglobin Standardization
Program

ROC Receiver operating characteristic
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Introduction

Type 2 diabetes mellitus has become a worldwide health
problem especially in developed countries. Long-term
hyperglycaemia is a major risk factor for cardiovascular
disease, as are nephropathy, neuropathy and retinopathy,
which all worsen the quality of life of patients with diabetes
[1]. Tt is imperative to diagnose diabetes at an early stage
and to keep blood glucose concentrations within the normal
range [2]. According to the Diabetes Epidemiology:
Collaborative Analysis of Diagnostic Criteria in Europe
(DECODE) [3], the Funagata study [4], and the Study to
Prevent-NIDDM [5], individuals with large glucose fluctu-
ations are more likely to develop macrovascular disease,
including cardiovascular disease, even at early stages of
glucose intolerance. Screening and intervention for diabetes
in the earliest stages are advocated for the prevention of
diabetic complications and cardiovascular disease.

HbA,. is the standard for monitoring mean plasma
glucose concentrations over 2—-3 months, and has been used
in many clinical studies such as the Diabetes Control and
Complications Trial [2], United Kingdom Prospective
Diabetes Study [6], and Kumamoto studies [7], providing
evidence that patients with poor glycaemic control develop
diabetic nephropathy, neuropathy and retinopathy, and
indicating that intensive therapies for lowering plasma
glucose concentrations can reduce the risk for these diabetic
complications. The joint 2009 guidelines from the ADA [8]
and the new WHO guidelines [9] propose the measurement
of HbA . as a diagnostic criterion for diabetes, suggesting a
cut-off of >6.5% (48 mmol/mol) as being diagnostic.

Glycated albumin reflects mean glycaemia over approx-
imately 2-3 weeks. Compared with HbA,., glycated
albumin is characterised by more rapid and greater changes,
and can be used to confirm treatment effects when initiating
or changing medications. Glycated albumin can also be
used for patients with anaemia or haemoglobinopathies for
whom measured HbA . levels may be inaccurate [10—17].
Recently, a user-friendly, highly accurate, automated enzy-
matic assay for measuring glycated albumin has been
developed [14] and approved for clinical use in Japan.
Studies using self-monitoring of blood glucose and contin-
uous glucose monitoring have found glycated albumin
levels to better reflect glycaemic fluctuation [15, 16].
Moreover glycated albumin levels were better correlated
with severity of cardiovascular disease, and were also found
to be a better indicator of glycaemic fluctuations than
HbA . [17].

Although many previous studies have shown the utility
of glycated albumin, they were often based on a relatively
small number of participants (#<1,000) and have provided
very limited data on the utility of glycated albumin for the
screening and diagnosis of diabetes. Moreover, despite its

clinical approval in Japan, there are only limited normal
range data for glycated albumin. Our goals were to provide
reference range values for glycated albumin and to evaluate
its utility as a screening and diagnostic tool for diabetes in a
large Japanese community-based population study. In this
cross-sectional study, we tested the hypothesis that glycated
albumin can be a useful tool for diagnosing diabetes in the
general population as part of a medical evaluation.

Methods

Study population The current study began in 2007 as a
survey of the incidence of macrovascular events associated
with lifestyle-related diseases among the general population
as a part of the Kyushu and Okinawa Population Study
(KOPS) [18]. In this substudy we evaluated residents of
Kasuya Town, a suburban area with about 35,500 residents
and adjacent to Fukuoka City, the largest city on Kyushu
Island. The participants were residents notified by local
newspaper and public announcements of a free annual
health examination given by our department. Of 1,836
residents (544 men, 1,292 women, age range 22-96 years)
who underwent a health check at the Kasuya Health and
Welfare centre between May and September 2007, 33 who
were 80 years of age or over, 37 with incomplete data and
62 who did not agree to enrolment (response rate 99.9%)
were excluded, leaving 1,704 residents to participate in the
study. Of the 1,704 participants who reported for the
examination, 129 were excluded because they were being
treated for diabetes, anaemia, thyroid disease, liver disease
or nephropathy, leaving 1,575 participants available for
analysis (469 men and 1,106 women, mean age: 49.9 years,
age range 26—78 years). Nephropathy was defined as an
estimated GFR of <60 ml min ' 1.73 m " or the presence of
macro-albuminuria. Positive results for urinary protein were
identified using the dipstick test (Ames dipstick, Bayer
Medical, Tokyo, Japan) for spot urine. Subjects were
considered positive for macro-albuminuria when the dip-
stick result was positive, corresponding to a urinary protein
level of over 300 mg/l. Recently, it was reported that
stage II diabetic nephropathy with micro-albuminuria, but
not macro-albuminuria, did not affect the glycated albumin
level [19]. These participants underwent medical evalua-
tions in 2007, at which time they were interviewed about
their personal medical history (including menopause),
family medical history and lifestyle-related habits, as
described elsewhere [18]. About 75% of the women aged
>50 years (438 of 579) reported entering menopause.
Common laboratory tests were included in the examination
as outlined below. To ensure the validity of the data, all
doctors carrying out the study were staff members of the
General Internal Medicine Department of Kyushu Univer-
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sity, and were trained with regard to the study protocol and
the medical procedures necessary for the study. The present
study was approved by the Kyushu University Hospital
Ethics Committee, and written informed consent was
obtained from all participants prior to the examination.
This study was carried out in accordance with the principles
of the Declaration of Helsinki as revised in 2000.

Anthropometry and body fat distribution Anthropometric
measurements were performed with each participant wear-
ing indoor clothing and without shoes. BMI was calculated
as weight (kg) divided by height (m) squared. Waist
circumference was measured at a level midway between
the lowest rib and the iliac crest in a standing position. Hip
circumference was measured by putting a tape around the
widest part of the hip area over minimal clothing and in a
standing position. WHR was the ratio of the circumference
of the waist to that of the hip. Systolic BP and diastolic BP
were measured on the right arm in the sitting position with
an automated sphygmomanometer (HEM-780, Omron
Healthcare, Kyoto, Japan) after a 5 min rest.

Laboratory measurements All blood samples were collect-
ed 8 h after an overnight fast. Aliquots of whole blood, and
fresh serum and plasma samples from each participant were
immediately separated and sent at 4°C to a clinical
laboratory testing company (SRL, Fukuoka, Japan) for the
measurement of fasting plasma glucose (FPG), fasting
serum insulin and HbA ..

FPG concentrations were measured using a hexokinase-
glucose-6-phosphate dehydrogenase method (Quick Auto
Neo GLU-HK, Sinotest, Tokyo, Japan). Fasting serum
insulin concentration was measured by a chemiluminescent
enzyme immunoassay (Lumipulse Presto Insulin, Fujirebio,
Tokyo, Japan). HOMA of insulin resistance (HOMA-IR)
was calculated using the following formula: fasting serum
insulin (pmol/l)XFPG (mmol/1)/156 [20].

HbA,. levels were measured from fresh whole blood
samples with an immune coherent method (RAPIDIA Auto
HbA,.; Fujirebio). The levels were originally calculated
using the method of the Japanese Diabetes Society (JDS) and
Japanese Society for Clinical Chemistry (JSCC) and then
converted to US National Glycohemoglobin Standardization
Program (NGSP) format. The HbA,. levels that we report
are expressed as NGSP levels (%) [21] and International
Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) units (mmol/mol).

All remaining serum and plasma samples were immedi-
ately frozen and stored at —80°C until assayed. Aliquots of
serum and plasma samples from each participant were sent
on dry ice to the Lipid Metabolism Laboratory at Tufts
University (Boston, MA, USA) for an international collab-
oration comparing markers of lipid metabolism and glucose
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homeostasis in Japanese and US populations. In the
laboratory, the assays listed below were run by the first
four authors (NF, TK, MA and SO) on a Hitachi 911
Analyzer (Hitachi, Tokyo, Japan).

Plasma glycated albumin levels were measured with a
Lucica GA-L kit (Asahi Kasei Pharma, Tokyo, Japan). This
assay uses a glycated amino acid elimination reaction for an
improved enzymatic glycated albumin measurement assay,
which has correlated very highly (#=0.99) with values for
glycated albumin obtained by HPLC assay [14]. The assay
is stable even for samples stored for a long period of time
(frozen for 19-23 years) [22]. Although the actual CVs for
the automated assay had no international reference standard
or reference method, the assay had intra-assay and inter-
assay CVs of 1.1% and 1.6%, respectively, in laboratories
at both Tufts University and Asahi Kasei Pharma.

Plasma total cholesterol (Determiner L TC II, Kyowa
Medex, Tokyo, Japan) and triacylglycerol (Determiner L
TG II, Kyowa Medex) concentrations were measured using
automated standardised enzymatic analysis. Plasma HDL-
cholesterol was measured using a direct homogenous assay
of the plasma using detergents (Determiner L HDL-C,
Kyowa Medex). The Lipid Metabolism Laboratory main-
tains lipid standardisation with the Centers for Disease
Control, Atlanta, Georgia, for these assays, and intra-assay
and inter-assay CVs were less than 2% [13, 22].

Definition of newly acquired diabetes For participants with
no history of diabetes or treatment for diabetes, a new diagnosis
of diabetes mellitus was made if FPG was >7.0 mmol/l and/or
HbA . was >6.5% (48 mmol/mol).

Statistical analysis All statistical analyses were performed
using StatFlex (Artec, Osaka, Japan). Data are reported as
means+=SD, median, first quartile, third quartile, IQR or
percentage within each category. Spearman correlation coef-
ficient analysis was carried out using the entire population.
Student’s ¢ test and the Mann—Whitney U test were used to
compare between-group differences, while the Kruskal-
Wallis test was used for multiple group comparisons. The
cut-off value of glycated albumin for newly diagnosed
diabetes was calculated by receiver operating characteristic
(ROC) analysis. A p value of <0.05 was considered
statistically significant, except for the Kruskal-Wallis tests,
where a p value of <0.01 was considered significant.

Results

The influence of sex, age and BMI on glycated albumin and
HbA,;. Data on the men and women studied are shown in
Table 1. In this population the mean BMI was 23.7 kg/m? in
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Table 1 Characteristics of

1,575 participants from the gen- Variable Men (n=469) Women (n=1106) p value*

eral population of Fukuoka Pre-

fecture, Japan, classified by sex Age (years) 51.0+9.5 49.4+9.8 0.002
BMI (kg/m?) 23.7+3.2 21.643.0 <0.001
WHR (%) 88.545.8 84.3£7.0 <0.001
Systolic BP (mmHg) 127.8+18.3 119.7420.4 <0.001
Diastolic BP (mmHg) 76.2+13.3 69.0+12.2 <0.001
FPG (mmol/l) 5.53+1.85 4.9440.75 <0.001

Data are shown as mean + SD Serum albumin (g/1) 46.4+2.40 45.6£2.20 <0.001

unless stated otherwise Glycated albumin (%) 14.39+3.15 14.43+1.77 0.723

Datglare i}?"(;m as r.rl‘ed‘ta)“ (fisst oA, @) 5.54+0.91 5.38+0.49 <0.001

quartile, third quartile) because . » " 11mo1/mol) 37.0+10.0 353+523

of the skewed distributions Fasti insuli 11y 32.6 (21.5, 50.7 29.9 (20.8, 47.9 0.344

HOMA-IR was calculated using asting serllm insulin (pmol/l) @15, ) (208, )

the following formula: fasting ~ HOMA-IR 1.11 (0.68, 1.76) 0.93 (0.63, 1.53) 0.069

serum insulin (pmol/l)xFPG Total cholesterol (mmol/l) 5.47+0.95 5.49+0.93 0.751

(mmol/1)/156 HDL-cholesterol (mmol/l) 1.4740.35 1.7240.38 <0.001

*p value for the comparison of  Trigcylglycerol (mmol/l)* 1.32 (0.95, 1.92) 0.87 (0.64, 1.18) <0.001

men and women

men and 21.6 kg/m? in women. Only 2.3% of the
participants had a low plasma concentration of HDL-
cholesterol (<1.0 mmol/l in men and <1.3 mmol/l in women)
and 17.8% of the entire population had hypertriacylglycer-
olaemia (fasting plasma triacylglycerol >1.7 mmol/l). No
participants had a serum albumin concentration <35 g/1.

While no significant sex differences were observed for
glycated albumin, fasting serum insulin concentration or
HOMA-IR, mean HbA,. level and FPG were significantly
higher in men than in women (Table 1). The mean glycated
albumin level rose significantly with age, with levels at 30—
39 years of 13.7%, at 4049 years of 14.0%, at 50-59 years
of 14.8% and at 60-69 years of 14.8% (p<0.001). The mean
HbA,. level also rose significantly with age, with levels at
30-39 years of 5.2% (33 mmol/mol), at 40-49 years of 5.3%
(34 mmol/mol), at 50-59 years of 5.6% (38 mmol/mol) and
at 60-69 years of 5.5% (37 mmol/mol) (»p<0.001). While no
significant differences were found between the glycated
albumin levels in participants with BMI >25 kg/m* (14.3+
2.3%) and those with BMI <25 kg/m® (14.4£2.0%; p=
0.351), the HbA,. level and FPG were significantly (p<
0.001) higher in participants with BMI >25 kg/m* (5.7+0.6%
[39+7 mmol/mol] and 5.58+1.29 mmol/l) than in those with
BMI <25 kg/m® (5.4+0.5% [36+6 mmol/mol] and 5.02+
1.02 mmol/l).

Information on the differences between premenopausal
and postmenopausal women is provided in Table 2.
Postmenopausal women had significantly higher FPG, HbA .
and glycated albumin levels than premenopausal women.
Postmenopausal women also had significantly higher mean
values for BMI, WHR, systolic and diastolic BP, and plasma
concentrations of total cholesterol and triacylglycerol than
premenopausal women.

In Table 3, we present selected percentile concentrations
for glycated albumin, FPG, HbA,. and fasting serum insulin.
For glycated albumin, 75th percentile values were approxi-
mately 15.0%, while 90th percentile values were approxi-
mately 16.5% for both men and women. In this population
the approximate 90th percentile values for FPG, HbA . and
insulin were: 6.0 mmol/l, 6.0% (42 mmol/mol) and 60 pmol/l,
respectively.

Correlations among glycated albumin, FPG, and HbA;.
Figure 1 shows the correlations between glycated albumin
and FPG (Fig. 1a), HbA,. and FPG (Fig. 1b), and glycated
albumin and HbA,. (Fig. Ic). FPG concentrations had
significant positive correlations to HbA. level (»=0.836,
p<0.001) and glycated albumin level (»=0.706, p<0.001).
The positive correlation coefficient between HbA,. and
glycated albumin was 0.766 (p<0.001). FPG concentra-
tions of 5.56, 6.11 and 7.00 mmol/l corresponded to
HbA,. and glycated albumin levels of 5.6% (38 mmol/
mol), 5.9% (41 mmol/mol) and 6.3% (45 mmol/mol), and
15.0%, 15.7% and 16.9%, respectively. The ratio of
glycated albumin:HbA . (NGSP) was 2.68.

Newly diagnosed diabetes Diabetes was newly diagnosed
in 72 participants (4.6% of total). Of the 72, 16 had
abnormal FPG (>7.0 mmol/l) only, 36 had both abnormal
FPG and HbA;. (>6.5% [48 mmol/mol]) and 20 had
abnormal HbA . only. The respective median levels (IQR)
of FPG, HbA,. and plasma glycated albumin were 7.47
(2.75) mmol/l, 6.80 (1.46)% (49.4 [14.8] mmol/mol) and
18.2 (6.13)% for participants with diabetes, while they were
4.88 (0.61) mmol/l, 5.30 (0.40)% (34.1 [4.08] mmol/mol)
and 14.1 (1.91)% for those without diabetes. The preva-
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Table 2 Characteristics of
1,106 women participants from
the general population of
Fukuoka Prefecture, Japan,
classified by menopausal status

Data are shown as mean+SD
unless stated otherwise

*Data are shown as median (first
quartile, third quartile) because
of the skewed distributions

HOMA-IR was calculated using
the following formula: fasting
serum insulin (pmol/l)xFPG
(mmol/1)/156

*p value for the comparison of
premenopausal and postmeno-
pausal women

Variable Premenopausal (n=668) Postmenopausal (n=438) p value*
Age (years) 42.8+6.6 59.4+2.7 <0.001

BMI (kg/m?) 21.3£3.0 22.1+£2.9 <0.001

WHR (%) 82.7+6.6 86.8+6.8 <0.001

Systolic BP (mmHg) 113.8+17.1 128.5+21.8 <0.001

Diastolic BP (mmHg) 66.8+11.7 72.4+12.2 <0.001

FPG (mmol/l) 4.85+0.83 5.07+0.60 <0.001

Serum albumin (g/1) 45.5+£2.20 45.7+£2.00 0.089
Glycated albumin (%) 14.15+1.77 14.86+1.69 <0.001

HbA /. (%) 5.29+0.52 5.51+£0.41 <0.001

HbA . (mmol/mol) 343+5.6 36.7+4.5

Fasting serum insulin (pmol/1)* 29.2 (20.1, 46.5) 31.9 (22.9, 49.3) 0.218
HOMA-IR? 0.88 (0.58, 1.43) 1.01 (0.73, 1.58) 0.530
Total cholesterol (mmol/l) 5.24+0.88 5.87+0.88 <0.001

HDL-cholesterol (mmol/l) 1.70+0.37 1.70+£0.39 0.138
Triacylglycerol (mmol/1)* 0.78 (0.59, 1.08) 1.01 (0.76, 1.39) <0.001

lences of newly diagnosed diabetes by glycated albumin
range (glycated albumin <14.0%, 14.0-14.9%, 15.0-

15.9%, 16.0-16.9%, 17.0-17.9%, 18.0-18.9%,

Table 3 Means and selected
percentiles of glycated albumin
level, fasting plasma glucose
concentration, HbA . level and
fasting serum insulin concentra-
tion in participants from the
general population of Fukuoka
Prefecture, Japan, according to
sex and the menopausal status of
women

The numbers of men, women,
premenopausal women and
postmenopausal women tested
were 469, 1,106, 668 and 438,
respectively

@ Springer

19.9% and >20.0 %) were 0.45%, 1.43%, 1.81%, 3.81%,
28.0%, 47.1%, 75.0% and 96.3%, respectively (Fig. 2).

19.0-  According to ROC analysis, the cut-off level for glycated

Variable Mean (SD) Percentile
10th 25th 50th 75th 90th

Glycated albumin (%)
Men 14.39 (3.15) 11.8 12.8 13.8 15.0 16.8
Women 14.43 (1.77) 12.6 13.4 14.3 15.3 16.2
Premenopausal women 14.15 (1.77) 12.0 13.2 14.1 14.9 15.7
Postmenopausal women 14.86 (1.69) 13.0 13.8 14.7 15.7 16.6
FPG (mmol/l)
Men 5.53 (1.85) 4.56 4.82 5.11 5.56 6.50
Women 4.94 (0.75) 4.39 4.56 4.83 5.11 5.39
Premenopausal women 4.85 (0.83) 4.28 4.50 4.78 5.03 5.33
Postmenopausal women 5.07 (0.60) 4.50 4.72 5.00 5.28 5.39
HbA,. (%)
Men 5.54 (0.91) 5.0 5.1 5.3 5.6 6.3
Women 5.38 (0.49) 5.0 5.1 53 5.5 5.7
Premenopausal women 5.29 (0.52) 4.9 5.1 53 5.4 5.6
Postmenopausalwomen 5.51 (0.41) 5.1 5.3 5.5 5.6 5.9
HbA . (mmol/mol)
Men 37.0 (10.0) 31 32 34 38 45
Women 353 (5.3) 31 32 34 37 39
Premenopausal women 34.3 (5.6) 30 32 34 36 38
Postmenopausal women 36.7 (4.5) 32 34 37 38 41
Fasting serum insulin (pmol/l)
Men 37.1 (35.5) 12.0 18.6 28.2 43.8 64.2
Women 34.7 (50.0) 18.0 18.0 25.8 41.4 58.8
Premenopausal women 33.2 (47.0) 10.8 17.4 25.2 40.2 58.2
Postmenopausal women 37.0 (54.2) 12.6 19.8 27.6 42.6 59.4
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albumin that best predicted diabetes was 15.5%. The area
under the ROC curve was 0.910, with a sensitivity of
83.3% and a specificity of 83.3% (Fig. 3).

Discussion

Glycated albumin is a new measure of glycaemia based on
the amount of glucose in serum or plasma attached to
albumin, rather than to erythrocyte haemoglobin. The assay
is well standardised, and has been automated for high
throughput analysis. It has advantages over HbA . in that it
provides a marker of short-term glucose control (2—
3 weeks), rather than 2-3 months [10—17]. In the normal
population study presented here, glycated albumin levels
did not differ by sex. In contrast, HbA;. levels were
significantly higher in men than in women. Significant

100
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Prevalence of diabetes mellitus (%)

0 <14.0 14.0-14.9 15.0-15.9 16.0-16.9 17.0-17.9 18.0-18.9 19.0-19.9  220.0
3/669 6/414  5/271  4/101 14/36 8/9 6/2 26/1

Glycated albumin (%)
Diabetes n / Non-diabetes n

Fig. 2 The prevalence of newly diagnosed diabetes by plsma glycated
albumin range. For participants with no history of treatment for
diabetes; if FPG was >7.0 mmol/l, and/or HbA;. was >6.5%
(48 mmol/mol), newly acquired diabetes was diagnosed

differences between the sexes in BMI, WHR, FPG, HbA .,
HDL-cholesterol and triacylglycerol were found in our
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Fig. 3 ROC analysis of plasma glycated albumin cut-off level for
detecting newly diagnosed type 2 diabetes. In a, AUC=0.910. In b,
circles indicate sensitivity; diamonds indicate specificity
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population, suggesting a higher degree of insulin resistance
in the men than in the women. However, there were no
significant differences between the sexes in insulin,
HOMA-IR or glycated albumin. Therefore, insulin resis-
tance did not differ between the sexes. Thus, for glycated
albumin one does not have to take sex differences into
account. In fact, the Atherosclerosis Risk in Communities
(ARIC) study showed significant differences between the
sexes in HbA . and FPG, but no such significant difference
in glycated albumin (men 13.5% vs. women 13.6%) [23],
consistent with our data.

Both HbA,. and glycated albumin levels have been
recognised as markers for mean plasma glucose concentra-
tion. A highly positive correlation between HbA;. and
glycated albumin levels was observed in this study
(r=0.766). This correlation coefficient was somewhat
higher than that in previous studies: a case—control study
and a study in which all participants were diabetic, where
the correlations were approximately 0.70 [11, 13].

Both glycated albumin and HbA,. levels increased
significantly with age, as expected. Consistent with these
data, both glycated albumin and HbA,. levels were
significantly higher in postmenopausal women than in
premenopausal women. In the studies presented here, no
significant differences were found between the glycated
albumin levels in participants with BMI >25 kg/m® and
those with BMI <25 kg/m?, while the HbA,, and FPG
levels were significantly higher in participants with BMI
>25 kg/m? than in those with BMI <25 kg/m?. On the other
hand, Koga et al. [24] reported that glycated albumin levels
are negatively influenced by BMI in Japanese diabetic
patients. The present study was conducted with Japanese
residents without excluding individuals with high BMI, and
no effect of BMI was found. Further study will be required
in order to determine the effect of BMI when screening for
diabetes using glycated albumin.

In the present study, most participants were free of
diabetes, and thus their plasma glucose concentration was
supposed to be normal. It is well known that plasma
glucose concentration fluctuates widely in patients with
diabetes or impaired glucose tolerance. A study using self-
monitoring of blood glucose showed that glycated albumin
might be a better marker than HbA . for evaluating glycolic
fluctuations [15]. Another study using continuous glucose
monitoring also demonstrated that glycated albumin
reflected not only short-term mean plasma glucose concen-
trations, but also glucose fluctuations [16]. These findings
may account for the higher correlation coefficient between
HbA . and glycated albumin found in this study compared
with previous studies.

Previous studies have shown a significant positive
correlation between HbA,. and glycated albumin levels,
and the ratio of glycated albumin to HbA . was reported to
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be around 3 in patients with diabetes [25]. In the present
study the ratio of glycated albumin:HbA ;. (NGSP) was
2.68, which was lower than previously reported [25]. These
differences in the ratio may be due to population differ-
ences, since the prior studies included patients with
previously diagnosed diabetes.

Participants with high glycated albumin levels were
more likely than others to have diabetes, as expected. A
ROC analysis showed that a glycated albumin level of
15.5% was best for discriminating patients with diabetes
from those without diabetes, with a sensitivity of 83.3%
and a specificity of 83.3%. The area under the ROC curve
was 0.91. These data supported our hypothesis that
glycated albumin is a reasonable marker for the screening
of diabetes in a medical evaluation.

In this study, a glycated albumin level of 15.5%
corresponded to an FPG of 6.0 mmol/l, and therefore this
value serves as an excellent cut-off point for detecting
diabetes risk. Our criteria for diabetes in this study were
HbA. >6.5% (48 mmol/mol) or FPG >7.0 mmol/l. The
glycated albumin level that the ROC analysis provided for
the best cut-off line for finding diabetes was lower than the
level directly estimated from an HbA,. level of 6.5%
(48 mmol/mol) or an FPG of 7.0 mmol/l. This may mean
that only one of either HbA . or FPG reaches the threshold
for diagnosing patients with diabetes at an early stage, and
that glycated albumin can therefore be useful for detecting
patients with diabetes at an earlier stage than is currently
possible. Our FPG and HbA,. levels corresponded to a
glycated albumin level of 15.5%, and these values were
similar to the criteria for the detection of impaired glucose
tolerance recommended by the ADA and WHO [8, 9].
Therefore it would be reasonable to use the cut-off level of
glycated albumin for the early detection of glucose
intolerance.

Macrovascular diseases are associated with glycaemic
fluctuations [3-5] and, as mentioned above, glycated
albumin reflects the mean and the fluctuations of plasma
glucose concentration. Thus glycated albumin may be an
excellent marker for diabetic complications [16], especially
for macrovascular disease including cardiovascular dis-
eases. Because our study was cross-sectional, we do not
have any direct evidence for the usefulness of glycated
albumin for evaluating the risk for diabetic complications, a
limitation of this study. A prospective study is required to
provide direct evidence for the association between gly-
cated albumin and diabetic complications. However, from
the results of the ARIC study, glycated albumin and
fructosamine have positive trends in association with
microvascular conditions (chronic kidney disease, albumin-
uria and retinopathy) similar to HbA,., suggesting that
these two serum markers of glycaemia may be useful in
settings where whole blood is not available [26]. Another
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limitation of this study was that we did not perform OGTTs
for our study participants. However, we have begun an
investigation of the relationship between glycated albumin
and OGTT in the same population to clarify this issue.

Recently, the ARIC study confirmed that HbA ;. levels
are higher in black individuals than white individuals, even
in analyses stratified by diabetes status, and, after adjust-
ment for traditional factors and FPG, that markers of serum
protein glycation such as glycated albumin and fructos-
amine are also higher in black than in white individuals
[27]. The present study was conducted only in a general
population in Japan. Further studies should be carried out in
other ethnic groups.

According to the report by Freedman et al. [28], HbA . was
inversely associated with the GFR in all 254 nephropathy
cases, while glycated albumin did not vary significantly based
on GFR. Our study excluded cases with nephropathy with an
estimated GFR of <60 ml min '1.73 m 2 or the presence of
macro-albuminuria. In fact, we had no participants with
serum albumin concentration <35 g/l, which could affect
plasma glycated albumin level. Therefore, micro-albuminuria
probably does not affect our data for glycated albumin.

The JDS reported that glycated albumin reference
intervals were determined to be from 12.3% to 16.9% in
2006 (Report of the Committee on Standardization of
Laboratory Testing Related to Diabetes Mellitus of the
Japan Society) [29]. These data corresponded well to our
data, which showed that the reference intervals were from
12.2% to 16.5% when using the 10th and 90th percentile
values of glycated albumin for both men and women
(Table 3). However, there are as yet no external quality
assessment programmes or international standards for
glycated albumin. There is only one manufacturer of the
enzymatic method for glycated albumin, and this manufac-
turer provides standards and external quality assessment
materials. The JSCC has reported its recommended method
for glycated albumin measurement from serum [30].
International standardisation for glycated albumin is clearly
required, if this assay is to become widely used.

In conclusion, there is merit to further investigating the
potential for glycated albumin to be used as an alternative
measure of dysglycaemia for future research and clinical
practice. Our data indicate that glycated albumin can
discriminate patients with diabetes from normal individuals.
Glycated albumin can be measured from serum or plasma at
the same time as blood glucose, while a separate sample of
whole blood is required for HbA.. Therefore, glycated
albumin may be an optimal tool for diabetes screening, and
can be recommended as part of a routine examination to
determine if an individual has diabetes. This cross-sectional
study was a part of KOPS [18], a prospective, epidemio-
logical, Japanese population study that includes data on
intima-media thickness measured by ultrasound of the

carotid artery, started in 2004, in which over 15,000
individuals have been examined for the purpose of
preventing lifestyle-related diseases. In the future, prospec-
tive studies will need to be carried out in order to
investigate whether glycated albumin is superior to HbA ;.
in predicting diabetic complications, including cardiovas-
cular disease. At the present time, we would recommend
that glycated albumin >15.5% is optimal for predicting the
presence of early-phase diabetes in the general population.
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