
The results of recent studies indicate that post-
prandial hyperglycemia may be an independent risk fac-
tor for the development of macrovascular complications 
[1, 2].  Although tight glycemic control is important to 
prevent complications of diabetes [3-5], many patients 
who are well controlled based on their HbA1c values 
have post-challenge hyperglycemia in oral glucose toler-
ance tests (OGTTs) [6].  1,5-Anhydroglucitol (1,5-AG), 
a major 6-carbon dietary monosaccharide, is thought to 
reflect daily glycemic excursions, especially in patients 

Endocrine Journal 2011, 58 (1), 13-17

Correlation between baseline serum 1,5-anhydroglucitol 
levels and 2-hour post-challenge glucose levels during oral 
glucose tolerance tests 

Maki Goto1), 2), Ritsuko Yamamoto-Honda1), Takuro Shimbo3), Atsushi Goto1), 2), Yasuo Terauchi2), 
Yasunori Kanazawa4) and Mitsuhiko Noda1)

1) Department of Diabetes and Metabolic Medicine, National Center for Global Health and Medicine, Tokyo 162-8655, Japan
2) Department of Endocrinology and Metabolism, Yokohama City University Graduate School of Medicine, Yokohama 236-0004, 

Japan
3) Department of Clinical Research and Informatics, National Center for Global Health and Medicine, Tokyo 162-8655, Japan
4) Japan Diabetes Foundation, Tokyo 113-0033, Japan

Abstract.  Since there is increasing evidence that postprandial hyperglycemia is a risk factor for the development of mac-
rovascular complications, it is important to predict postprandial hyperglycemia in the early stages of glucose intolerance, 
and routine medical checkups provide a good opportunity to do so.  The aim of this study was to evaluate the usability of 
1,5-anhydroglucitol (1,5-AG) in routine medical checkups.  The subjects were 77 Japanese men who participated in a rou-
tine medical checkup.  First, we performed 75 g oral glucose tolerance tests (OGTTs), and examined the changes in glucose 
and 1,5-AG levels measured at 0, 30, 60, 90, 120, and 180 minutes (min).  1,5-AG levels did not significantly change until 
90 min after the glucose load.  Second, a linear regression analysis showed an inverse correlation between the 2-hour post-
challenge glucose (2h-PG) and baseline 1,5-AG levels during the OGTT (P = 0.001, r2 = 0.13), and the correlation was still 
significant after adjustment for age (2h-PG = 170 + 0.83 × (age in years) - 3.23 × (1,5-AG), P = 0.002, adjusted r2 = 0.12).  
Finally, to investigate the test characteristics of 1,5-AG levels as a predictor of a 2h-PG level ≥200 mg/dL, we plotted a re-
ceiver operating characteristic (ROC) curve.  The area under the ROC curve was 0.78, and the maximal sum of sensitivity 
and specificity (78% and 72%, respectively) was obtained at a 1,5-AG cutoff level of <14.2 μg/mL.  We conclude that 1,5-
AG values may provide an ancillary predictor of 2h-PG of 75 g OGTTs in routine medical checkups. 
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whose HbA1c levels are at or near the goal [7, 8], and 
1,5-AG levels have been reported to reflect postpran-
dial glucose values in diabetic patients [9, 10].  1,5-AG 
levels are also considered a useful indicator of glyce-
mic control, because they correlate with fasting plasma 
glucose and HbA1c levels [11, 12], and they have been 
suggested to be a predictor of microvascular complica-
tions, such as diabetic retinopathy [13].  However, few 
studies have evaluated the change of 1,5-AG levels dur-
ing OGTTs, or associations between baseline 1,5-AG 
levels and post-challenge glucose levels during OGTTs 
[14, 15].  Since it is important to predict postprandial 
hyperglycemia in the early stages of glucose intoler-
ance, we thought routine medical checkups would pro-
vide a good opportunity to do so.  Therefore, in the pres-
ent study we assessed the usability of the 1,5-AG levels 
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(ANOVA) was used to analyze the changes in serum 
1,5-AG and plasma glucose levels after the glucose 
load in the OGTT.  Second, a linear regression model 
was used to regress the 2h-PG against the baseline 
1,5-AG values.  Because 1,5-AG levels have been 
reported to vary with age [14], we performed the linear 
regression with adjustment for age.  Finally, to inves-
tigate the test characteristics of the 1,5-AG levels as 
a predictor of a 2h-PG level ≥200 mg/dL, we plotted 
a receiver operating characteristic (ROC) curve.  The 
significance level was defined as α = 0.05.  The statis-
tical analysis was performed by using the STATA 11.0 
software program. 

Results

The age of the subjects was 49.7 ± 7.9 years (mean 
± SD).  According to the results of the OGTTs, there 
were 37 subjects with normal glucose tolerance, 4 with 
impaired fasting glycemia (IFG), 12 with impaired glu-
cose tolerance (IGT), 4 with IFG/IGT, and 20 with dia-
betes.  Normal glucose tolerance, IFG, IGT, and dia-
betes were diagnosed according to the World Health 
Organization Criteria [18].  Glycated hemoglobin and 
body mass index data were unavailable.  

The changes in plasma glucose and serum 1,5-AG 
levels during the OGTT are shown in Table 1.  The 
mean fasting plasma glucose level was 107.5 ± 16.5 
mg/dL, and the mean 2h-PG level was 156.8 ± 66.2 
mg/dL. 

Serum 1,5-AG levels after the glucose load during the 
OGTTs 

The differences between the 1,5-AG levels at 0 min, 
30 min, 60 min, 90 min, 120 min, and 180 min were ana-
lyzed by ANOVA.  There were no significant changes 
in 1,5-AG levels between the baseline and either 30 
min or 60 min, but there were significant increases at 
90 min, 120 min, and 180 min (Table 1). 

Correlation between 2h-PG levels and 1,5-AG levels
The results of the linear regression analysis showed 

an inverse correlation between the 1,5-AG levels and 
the 2h-PG levels in the OGTTs (Fig. 1).  The regres-
sion coefficient (SE) of 1,5-AG was -3.42 (1.01), and 
2h-PG was calculated by using the formula: 2h-PG = 
214 - 3.42 × (1,5-AG) (P = 0.001, r2 = 0.13).  The cor-
relation was still significant after adjustment for age.  
The regression coefficients of age and the 1,5-AG lev-

by using the data obtained during the OGTTs of partici-
pants in a routine medical checkup.  

First, to assess whether 1,5-AG levels depend on 
fasting states, we examined the changes in serum 
1,5-AG levels during OGTTs.  Second, to assess base-
line 1,5-AG levels as a predictor of post-challenge 
hyperglycemia, we examined the relations between the 
baseline 1,5-AG levels and 2-hour post-challenge glu-
cose (2h-PG) levels after the glucose load.  2h-PG lev-
els have been found to be more strongly associated with 
atherosclerosis than fasting plasma glucose or maxi-
mal post-challenge glucose levels have [1].  Finally, to 
investigate the test characteristics of the 1,5-AG levels 
as a predictor of a 2h-PG level ≥200 mg/dL, we plot-
ted a receiver operating characteristic (ROC) curve and 
determined the optimal cutoff level.  A casual plasma 
glucose level ≥200 mg/dL is the threshold for the diag-
nosis of diabetes, and the incidences of ischemic stroke 
in both sexes and of coronary heart disease in women 
have been found to be significantly higher in Japanese 
with a 2-hour OGTT glucose level ≥200 mg/dL [16].  

Subjects and Methods 

Subjects
The subjects were 77 male Japanese office workers 

who received routine medical checkups in 1988.  The 
data were untraceable and anonymous.  Participants in 
the checkups who were being treated with oral hypo-
glycemic agents or insulin were excluded.  

Methods
Subjects ingested a 75 g glucose load (Trelan-G75, 

Shimizu Pharmaceutical, Shimizu, Japan) after an 
overnight fast.  Venous blood samples were collected 
at 0 minutes (min), 30 min , 60 min, 90 min, 120 min, 
and 180 min after ingestion of the glucose load, and the 
serum 1,5-AG concentration and plasma glucose con-
centration in each sample were measured. 

Measurements
Serum 1,5-AG concentrations were determined by 

a column enzymatic method that used pyranose oxi-
dase  (Nippon Kayaku, Tokyo, Japan).  The inter-assay 
coefficient of variation has been reported to be <5% 
[12, 17]. 

Statistical analysis 
First, a repeated measures analysis of variance 



151,5-AG and glucose level in OGTT

els were: age 0.83 (0.92) and 1,5-AG -3.23 (1.03).  The 
2h-PG level was calculated, thus: 2h-PG = 170 + 0.83 
× (age in years) - 3.23 × (1,5-AG), P = 0.002, adjusted 
r2 = 0.12.  However, the correlation did not remain sig-
nificant after adjusting for the fasting plasma glucose 
levels. 

ROC curve
The area under the ROC curve was 0.78 (95% con-

fidence interval: 0.67 to 0.87).  The maximal sum of 
sensitivity and specificity (78% and 72%, respectively) 
was obtained at a 1,5-AG cutoff level of <14.2 μg/mL 
(Fig. 2). 

Discussion

The 1,5-AG levels of participants in routine medical 
checkups may provide an ancillary predictor of post-
challenge hyperglycemia.  The unique aspect of this 

Table 1  Plasma glucose and serum 1,5-AG levels during oral glucose tolerance tests (OGTTs) .

0 min 30 min 60 min 90 min 120 min 180 min

Glucose (mg/dL) 107.5 ± 16.5 191.4 ± 38.7* 217.6 ± 53.0* 188.0 ± 62.3* 156.8 ± 66.2* 97.9 ± 52.1 
1,5-AG (μg/mL) 16.7 ± 7.0 16.5 ± 7.1  16.7 ± 7.1 17.1 ± 7.4* 17.3 ± 7.4* 17.1 ± 7.3*

Data are means ± SD. * Significant difference from the level at 0 min (ANOVA). Using Bonferroni adjustment for 
multiple testing, P < 0.01 were considered significant.

Fig. 1	 Correlation between 2h-PG and 1,5-AG levels.  The solid line is the fitted regression line. The regression coefficient (SE) of 1,5-
AG was - 3.42 (1.01), and the 2h-PG level was calculated by the formula: 2h-PG = 214 - 3.42 × (1,5-AG) (P = 0.001, r2 = 0.13). 

Fig. 2	 ROC curve for the ability of the 1,5-AG level to predict a 
2h-PG level ≥200 mg/dL.  The maximal sum of sensitivity 
and specificity (78% and 72%, respectively) was obtained 
at a 1,5-AG cutoff level of <14.2 μg/mL.
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fasting 1,5-AG is recommended, but our findings sug-
gest that the increase in 1,5-AG after a glucose load is 
clinically negligible. 

The limitations of our study were the small sample 
size, the limited generalizability, the subjects all being 
men, and the inability to compare the 1,5-AG lev-
els with HbA1c values.  However, a recent study has 
shown that 1,5-AG levels reflect glycemic excursions 
more robustly than HbA1c values do in patients with 
moderately controlled diabetes [24], and there were no 
differences between 1,5-AG cutoff levels according to 
gender [12, 14].  Also, 1,5-AG levels are affected by 
diet, which differs significantly from country to coun-
try, and differences between absolute 1,5-AG levels 
in Asians and Caucasians have been reported [25].  If 
1,5-AG is used as a predictor of post-challenge hyperg-
lycemia, it will be important to select cutoff levels that 
are appropriate for the subjects in each region, and pro-
spective studies with a large sample size will be neces-
sary to confirm 1,5-AG as a predictor of future athero-
sclerosis. 

To summarize, the results of this study revealed 
a correlation between serum 1,5-AG levels and the 
2h-PG levels during OGTTs, and the correlation was 
still significant after adjustment for age.  We conclude 
that 1,5-AG values may provide an ancillary predic-
tor of 2h-PG of 75 g OGTTs in participants in routine 
medical checkups.

study is that the values were obtained during routine 
medical checkups of Japanese office workers.  Their 
mean fasting plasma glucose level was 107.5 mg/dL, 
and this population included not only participants with 
normal glycemia, but also participants with IGT, IFG, 
and diabetes.  The results of the linear regression analy-
sis showed a correlation between their 2h-PG levels in 
OGTTs and baseline serum 1,5-AG levels. 

In view of the risk of 2-hour post-challenge hyper-
glycemia, we also presumed to use a 1,5-AG cutoff 
level of <14.2 μg/mL to screen for 2-hour post-chal-
lenge hyperglycemia, and its sensitivity and specificity 
for a 2h-PG level ≥200 mg/dL in the OGTT at the cut-
off level were 78% and 72%, respectively.  This is con-
sistent with the 1,5-AG cutoff level used for diagnos-
ing diabetes in previous studies in Japanese [12, 14]. 

We measured serum 1,5-AG during the OGTTs, and 
the data may be useful for evaluating the dynamics of 
1,5-AG.  In a preceding study in Japan, the increase 
of 1,5-AG measured by hours during OGTT has been 
reported [15].  In our study, there were no significant 
changes in 1,5-AG levels between the baseline and 
either 30 min or 60 min, but there were significant 
increases at 90 min, 120 min, and 180 min.  The mech-
anism responsible for the increases may be the move-
ment of 1,5-AG from the intracellular space to the 
extracellular space after a glycemic load, and a mem-
brane transport system has been hypothesized [19-23].  
When 1,5-AG is measured during routine checkups, 
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