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Serum 1,5-anhydroglucitol when 
used with fasting plasma glucose 
improves the efficiency of diabetes 
screening in a Chinese population
Lingwen Ying, Xingxing He, Xiaojing Ma   , Yun Shen, Hang Su, Jiahui Peng, Yufei Wang, 
Yuqian Bao, Jian Zhou & Weiping Jia

Serum 1,5-anhydroglucitol (1,5-AG) levels can not only accurately reflect the mean blood glucose over 
the previous 1–2 weeks in diabetic patients but also offers the advantage of representing postprandial 
glucose. To evaluate the clinical significance of 1,5-AG in diabetes detection, especially when used in 
combination with fasting plasma glucose (FPG), a total of 3098 participants at high risk for diabetes 
(1467 men, 1631 women) were enrolled. A total of 1471 (47.5%) participants were diagnosed with 
diabetes, and the mean 1,5-AG level in the diabetic group was significantly lower than that in non-
diabetic group [12.5 (7.8–17.5) μg/mL vs. 20.5 (15.3–26.4) μg/mL, P < 0.001]. The optimal cut-off point 
was 15.9 μg/mL, for which the sensitivity, specificity, and area under the curve (AUC) were 69.2%, 
72.3%, and 0.781, respectively. For the combination of FPG and 1,5-AG, the sensitivity, specificity, 
and AUC improved to 82.5%, 83.5%, and 0.912, respectively. This method helped 75.8% of the 
participants avoid an oral glucose tolerance test (OGTT), reducing the need to carry out the OGTT by 
43.9% compared to the use of the FPG criterion only. In conclusion, the addition of FPG to serum 1,5-AG 
improves the efficiency of diabetes screening in the Chinese population.

Diabetes mellitus has become a major problem affecting human health. According to the prediction of 
International Diabetes Federation (IDF), there will be 552 million individuals suffering from diabetes worldwide 
by 2030, and most patients will be in low-income countries1. An epidemiological survey conducted in 2013 also 
showed that the undiagnosed diabetes rate was estimated to be 6.9% in the Chinese population2. Patients usually 
have chronic hyperglycemia for quite a long time before being diagnosed with diabetes. Moreover, diabetes com-
plications caused by hyperglycemia, such as diabetic angiopathy and diabetic nephropathy, significantly affect 
patients’ quality of life and the clinical prognosis3,4. Thus, early detection, early diagnosis, and early intervention 
for patients with diabetes are of critical importance.

The 75-g oral glucose tolerance test (OGTT) serves as the “gold standard” in the clinical diagnosis of diabetes5. 
However, due to its complicated procedure and susceptibility to a variety of factors, the application of OGTT is 
limited6. Therefore, the fasting plasma glucose (FPG), rather than OGTT, is more commonly used in diabetes 
screening. However, it was reported that the patients with diabetes in Europe were featured with isolated fasting 
hyperglycemia7,8, whereas most Chinese diabetic patients presented with isolated postprandial hyperglycemia9. 
Without an OGTT, a majority of individuals with isolated postprandial hyperglycemia in the Chinese population 
would be missed if screened based on only FPG detection.

1,5-Anhydroglucitol (1,5-AG), a six-carbon chain monosaccharide, can accurately reflect the mean blood 
glucose level over the previous 1–2 weeks in diabetic patients10,11. Previous research also demonstrated that 
serum 1,5-AG offers an advantage of representing postprandial glucose12. Furthermore, some studies have inves-
tigated whether serum 1,5-AG can be used for diabetes screening. The present study aimed to evaluate the clinical 
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significance of 1,5-AG in diabetes screening, especially when combined with FPG, with respect to its ability to 
facilitate early diagnosis and intervention in diabetes patients.

Results
Clinical characteristics of study participants.  The characteristics of the 3098 subjects enrolled in the 
present study, including 1471 (47.5%) with diabetes and 1627 (52.5%) without diabetes, are shown in Table 1. 
The numbers of participants with isolated postprandial hyperglycemia, isolated elevated glycated hemoglobin 
A1c (HbA1c), and elevated 2-hour postload plasma glucose (2hPG) and HbA1c along with a FPG <7.0 mmol/L 
were 438 (29.8%), 111 (7.5%), and 227 (15.4%), respectively. These results indicated that 52.8% (776/1471) of 
participants with diabetes would be missed in screening based on merely FPG detection. Age, systolic blood 
pressure (SBP), body mass index (BMI), HbA1c, FPG, and 2hPG levels were significantly higher in patients with 
diabetes than in participants without diabetes in both genders (all P < 0.05). In addition, in female participants, 
the diastolic blood pressure (DBP) was significantly higher in those with diabetes than in those without diabetes 
(P < 0.05).

The mean serum 1,5-AG level in the total group was 16.5 (11.2–23.1) μg/mL, and no significant difference in 
1,5-AG levels was observed between males and females (P > 0.05). Furthermore, serum 1,5-AG levels in partic-
ipants with diabetes were significantly lower than those in participants without diabetes [12.5 (7.8–17.5) μg/mL 
vs. 20.5 (15.3–26.4) μg/mL, P < 0.001]. As shown in Fig. 1, serum 1,5-AG levels decreased as the HbA1c, FPG, and 
2hPG values increased. Further inter-group comparison analysis showed that serum 1,5-AG levels significantly 
and gradually declined when FPG, 2hPG, and HbAlc reached 6.0 mmol/L, 9.0 mmol/L, and 6.0%, respectively, 
and stayed steady once the FPG was ≥8.5 mmol/L or HbA1c ≥ 8.5%. Specifically, there was no plateau in 1,5-AG 
levels with changes in the 2hPG.

Correlation analysis of serum 1,5-AG level.  Spearman correlation analysis showed that the 1,5-AG level 
was negatively associated with FPG, 2hPG, HbA1c, and BMI (all P < 0.001). However, no significant correlation 
was observed between 1,5-AG and age, SBP, or DBP (all P > 0.05). Furthermore, multiple stepwise regression 
analysis with 1,5-AG as a dependent variable and FPG, 2hPG, HbA1c, BMI, and first degree relative with diabetes 
(FDR) as independent variables showed that HbA1c, 2hPG, and FDR were independently correlated with 1,5-AG 
levels (standardized β = −0.295, −0.298, and −0.061, respectively, all P < 0.001; Table 2).

Serum 1,5-AG in diabetes screening.  Figure 2a presents the receiver operating characteristic (ROC) 
curve for the use of serum 1,5-AG in detecting undiagnosed diabetes based on the 2010 American Diabetes 
Association (ADA) diabetes diagnostic criteria. The analysis demonstrated that the optimal serum 1,5-AG cut-off 
point for identification of diabetes was 15.9 μg/mL, with a sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and area under the curve (AUC) of 69.2% (95% confidence interval [CI]: 66.8–
71.6%), 72.3% (95%CI: 70.1–74.5%), 69.4% (95%CI: 66.9–71.7%), 72.2% (95%CI: 70.0–74.4%), and 0.781 (95%CI: 
0.766–0.796), respectively. For the combination of FPG with serum 1,5-AG, the sensitivity, specificity, and AUC 
further improved to 82.5% (95%CI: 80.4–84.4%), 83.5% (95%CI: 81.6–85.2%), and 0.912 (95%CI: 0.901–0.921), 
respectively. As for the combination of FPG and HbA1c, there was no significant difference in the AUC when com-
pared with the combination of FPG and 1,5-AG (0.911 vs. 0.912, P > 0.05). At the same time, the specificity was 
91.2%, while the sensitivity was merely 74.4%. Though the specificity of the combination of FPG and HbA1c was 
superior (91.2% vs. 83.5%, P < 0.001), its sensitivity was significantly lower when compared with the combination 
of FPG and 1,5-AG (74.4% vs. 82.5%, P < 0.001; Fig. 2b).

Variables Total

Male Female

Non-DM DM P Non-DM DM P

n (%) 3098 698 769 — 929 702 —

Age (years) 54 (42–61) 50 (39–60) 54 (45–61) <0.001 51 (36–60) 58 (51–63) <0.001

BMI (kg/m2) 24.3 (22.2–26.7) 24.5 (22.4–26.8) 25.3 (23.4–27.5) <0.001 23.3 (21.4–25.7) 24.2 
(22.1–26.7) <0.001

Systolic blood pressure (mmHg) 130 (119–142) 130 (120–140) 132 (121–143) 0.023 125 (114–139) 135 (123–147) <0.001

Diastolic blood pressure (mmHg) 80 (72–86) 80 (74–88) 82 (75–88) 0.067 76 (68–83) 80 (73–86) <0.001

1,5-AG (μg/mL) 16.5 (11.2–23.1) 22.2 (16.7–28.5) 11.3 (6.8–16.4) <0.001 19.3 (14.4–25.1) 13.6 (8.8–18.5) <0.001

HbA1c (%) 6.0 (5.6–6.5) 5.7 (5.4–5.9) 6.6 (6.2–7.2) <0.001 5.6 (5.3–5.9) 6.5 (6.1–6.9) <0.001

HbA1c (mmol/mol) 38 (34–44) 35 (32–37) 45 (40–51) <0.001 34 (31–37) 44 (39–48) <0.001

FPG (mmol/L) 6.0 (5.4–6.9) 5.6 (5.2–6.0) 7.0 (6.3–7.8) <0.001 5.4 (5.0–5.8) 6.8 (6.1–7.5) <0.001

2hPG (mmol/L) 9.9 (7.4–13.4) 8.0 (6.4–9.4) 13.9 (12.0–16.3) <0.001 7.4 (6.1–8.8) 13.3 
(11.8–15.6) <0.001

FDR, n (%) 1372 (44.3) 268 (38.4) 329 (42.8) 0.049 421 (45.3) 354 (50.4) 0.023

Table 1.  Characteristics of the study participants. Data were expressed as median (interquartile range), or n 
(%). Abbreviation: 1,5-AG: 1,5-anhydroglucitol; 2hPG: 2-hour postload plasma glucose; BMI: body mass index; 
DM: diabetes mellitus; FDR: first degree relative with diabetes; FPG: fasting plasma glucose; HbA1c: glycated 
hemoglobin A1c; Non-DM: non-diabetes mellitus.
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The ROC models were further stratified based on the existence of a FDR, because of the significant interaction 
between FDR and serum 1,5-AG. The AUC for 1,5-AG did not differ significantly between the subgroups with 
and without a FDR [0.769 (0.745–0.791) vs. 0.790 (0.770–0.809), P = 0.202; Fig. 2c,d].

Combination of FPG and serum 1,5-AG can guide the diagnosis of diabetes.  Among the 3098 
participants, 1068 participants had a FPG <5.6 mmol/L, and 695 had a FPG ≥ 7.0 mmol/L. These data indi-
cated that about 43.1% (1335/3098) of participants required an OGTT for further diagnosis after screening based 
merely on FPG detection. Further analysis showed that, of the 1468 individuals with a serum 1,5-AG level ≤15.9 

Figure 1.  Characteristics of 1,5-anhydroglucitol (1,5-AG) levels in the total group (a) compared with different 
FPG levels; (b) compared with different 2hPG levels; (c) compared with different HbA1c levels). *P < 0.05 versus 
the former group, **P < 0.01 versus the former group. Abbreviation: 2hPG, 2-hour postload plasma glucose; 
FPG: fasting plasma glucose; HbA1c, glycated hemoglobin A1c.

Variables Standardized β t P

2hPG −0.298 −13.697 <0.001

HbA1c −0.295 −13.530 <0.001

FDR −0.061 −4.061 <0.001

Table 2.  Multivariate regression analyses of factors associated with serum 1,5-AG levels. Independent variables 
originally included: FPG, 2hPG, HbA1c, BMI, and FDR. Abbreviation: 1,5-AG: 1,5-anhydroglucitol; 2hPG:2-
hour postload plasma glucose; BMI: body mass index; FDR: first degree relative with diabetes; FPG: fasting 
plasma glucose; HbA1c: glycated hemoglobin A1c.
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μg/mL, 1018 were diagnosed with diabetes (PPV 69.4% [95%CI: 66.9–71.7%], NPV 72.2% [95%CI: 70.0–74.4%]). 
Similarly, of the 1607 found to have a FPG ≥ 7.0 mmol/L and/or serum 1,5-AG level ≤15.9 μg/mL, 1157 were 
diagnosed with diabetes with an improved PPV of 72.0% (95%CI: 69.7–74.2%) and a NPV of 78.9% (95%CI: 
76.8–81.0%). Conversely, of those found to have a FPG < 5.6 mmol/L and serum 1,5-AG level >15.9 μg/mL 
(n = 741), only 61 were diagnosed with diabetes.

Thus, based on the FPG criteria only, 43.1% of the participants required an OGTT for identification of diabe-
tes (5.6 mmol/L ≤ FPG < 7.0 mmol/L), with sensitivity, specificity, PPV, and NPV values of 47.3%, 100%, 100%, 
and 67.7%, respectively (Fig. 3a). While with the combined criteria of FPG and HbA1c, 46.8% of the subjects need 
an OGTT for further confirmation (Fig. 3b). With the combined criteria of FPG and 1,5-AG, diabetes could be 
ruled out when FPG < 5.6 mmol/L and 1,5-AG > 15.9 μg/mL, and individuals should be diagnosed with diabetes 
if they have either a FPG ≥ 7.0 mmol/L or serum 1,5-AG level ≤15.9 μg/mL, If neither of these criteria are met, 
OGTT is recommended to confirm the diagnosis (Fig. 3c). With the criteria above, the sensitivity, specificity, PPV, 
and NPV for the combination of FPG and 1,5-AG were 78.7%, 72.3%, 72.0%, and 78.9%, respectively. Therefore, 
with use of the combination of FPG and 1,5-AG, OGTT analysis could be avoided in 75.8% (2348/3098) of our 
study participants. In other words, use of the combination criteria would reduce the need to carry out OGTT by 
43.9% in comparison with the use of the FPG criterion only.

Discussion
Our study indicated that the combined use of FPG and serum 1,5-AG criteria can improve the diagnostic effi-
ciency of diabetes screening in a Chinese population. With this approach, OGTT could be avoided in 75.8% of the 
participants, and thus, the need for OGTT was reduced by 43.9% compared to that when only the FPG criterion 
was used. Also, the optimal cut-off point for serum 1,5-AG in diabetes screening was 15.9 μg/mL.

Figure 2.  ROC curves for 1,5-anhydroglucitol (1,5-AG) ((a) in the total group; (b) in the total group with combined 
model; (c) in the non-FDR subgroup; (d) in the FDR subgroup) in the diagnosis of diabetes. For the combination of 
FPG with serum 1,5-AG, the sensitivity, specificity, and AUC were 82.5%, 83.5%, and 0.912, respectively. As for the 
combination of FPG and HbA1c, the sensitivity, specificity, and AUC were 74.4%, 91.2%, and 0.911, respectively. There 
was no significant difference in the AUCs (P > 0.05). However, the specificity and sensitivity differed significantly 
from each other (all P < 0.001). Abbreviation: AUC: area under the curve; FDR: first degree relative with diabetes; 
FPG: fasting plasma glucose; HbA1c: glycated hemoglobin A1c; ROC: receiver operating characteristic.
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Then, we further compare the predictive value of the combination of FPG and 1,5-AG with that of FPG and 
HbA1c. When compared with the combination of FPG and HbA1c, there’s no significant difference between the 
AUC of these two combined criteria. However, the sensitivity of the combination of FPG and 1,5-AG was higher 
than that of FPG and HbA1c, and the specificity was lower. As a screening method, the ability to predict the posi-
tive population (i.e. sensitivity) is more important than specificity when a certain screening efficiency is ensured. 
Thus, the combination of FPG and 1,5-AG is suitable for diabetic screening.

Figure 3.  Screening strategies for detecting diabetes by an OGTT after use of (a) the FPG criteria, (b) the 
combination of FPG and HbA1c, or (c) the combination of FPG and 1,5-AG. The proportions of the study 
population in specific diagnostic categories were: (a) FPG < 5.6 mmol/L to exclude and FPG ≥ 7.0 mmol/L 
to diagnose diabetes, with 43.1% participants needing an OGTT to confirm the diagnose. The sensitivity, 
specificity, PPV, and NPV for this strategy were 47.3%, 100%, 100%, and 67.7%, respectively. (b) As for the 
combined criteria of FPG and HbA1c criteria, FPG < 5.6 mmol/L and HbA1c < 5.7% to exclude diabetes, 
and FPG ≥ 7.0 mmol/L and/or HbA1c ≥ 6.5% to confirm diabetes, 46.8% participants needed an OGTT. The 
sensitivity, specificity, PPV, and NPV for this strategy were 70.2%, 100%, 100%, and 78.8%, respectively. (c) With 
the combined FPG and 1,5-AG criteria, which are FPG < 5.6 mmol/L and 1,5-AG > 15.9 μg/mL for exclusion 
of diabetes, and FPG ≥ 7.0 mmol/L and/or 1,5-AG ≤ 15.9 μg/mL for the diagnosis of diabetes, only 24.2% 
participants needed an OGTT. The sensitivity, specificity, PPV, and NPV for this strategy were 78.7%, 72.3%, 
72.0%, and 78.9%, respectively. Abbreviations: DM: diabetes mellitus; FPG: fasting plasma glucose; HbA1c: 
glycated hemoglobin A1c; NPV: negative predictive value; OGTT: oral glucose tolerance test; PPV: positive 
predictive value.
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The level of 1,5-AG, a polyol in the blood, is stable in individuals, with little fluctuation and no diurnal dif-
ference. 1,5-AG is mainly reabsorbed through the renal tube and maintained at a high level in normal circum-
stances. When the blood glucose exceeds the renal glucose threshold, the absorption of 1,5-AG will be inhibited 
by glucose13–15. Yamanouchi et al.16 found that the plasma 1,5-AG level multiplied by the urinary glucose level was 
relatively constant, indicating that 1,5-AG is negatively correlated with blood glucose. Therefore, serum 1,5-AG 
measurement can both provide information about glycemic control and reflect short-term (over 1–2 weeks) glu-
cose fluctuations10,11. In addition, another study conducted by Kim et al.17 showed that serum 1,5-AG might be 
a reliable glycemic index in mild-to-moderate renal dysfunction as well. Our study also found that the serum 
1,5-AG level was significantly negatively correlated with FPG, 2hPG, and HbA1c levels.

Previous studies have shown that glycemic distributions vary among different races. For example, in the 
European population, diabetes patients mainly present with increased FPG7,8, whereas in the Asian population, 
diabetes patients exhibit postprandial hyperglycemia18, which was also observed in the current study. It was 
reported that 1,5-AG is clearly superior to HbA1c in the accessment of postprandial glucose levels, especially 
for patients with HbA1c < 8%17,18. Similarly, the current study also found that the serum 1,5-AG levels corre-
lated negatively with glucose levels, and the association with 2hPG was superior to the association of FPG with 
serum 1,5-AG. In addition, serum 1,5-AG was more sensitive for diabetes in cases with 2hPG ≥ 9.0 mmol/L or 
HbA1c < 8.5%.

The current study, for the first time, indicates the combination of FPG and serum 1,5-AG can guide diabetes 
screening. Based on FPG criteria only, 43.1% of the study participants would require an OGTT for definitive diag-
nosis, whereas with the combined use of FPG with serum 1,5-AG for detecting diabetes, only 24.2% of the study 
participants would need an OGTT. These findings indicate that the number of subjects requiring an OGTT can be 
reduced by more than 40% based on the combined use of FPG and 1,5-AG criteria, making screening for diabetes 
more sensitive and convenient. Our results also showed that the optimal cut-off point for 1,5-AG for the detection 
of diabetes in our Chinese population was 15.9 μg/mL. Shirasaya et al.19 conducted a study in 891 Japanese sub-
jects undergoing routine health examination and reported that the optimal cut-off point for 1,5-AG was 17.1 μg/
mL. Another related study in Japan (with 77 enrolled outpatients) showed that a serum 1,5-AG concentration of 
14.2 μg/mL would be the best cut-off point for diabetes detection20. Based on the results outlined above, the ideal 
cut-off point for serum 1,5-AG in diabetes screening in Asian populations might fall in the range of 14.2–17.1 μg/
mL, and specific cut-off points for specific populations require further research. Interestingly, a study conducted 
by Wang et al.21 based on a community population in Nanjing (25.5% of the participants were diagnosed with 
diabetes), the optimal cut-off point for serum 1,5-AG was 11.18 μg/mL. As mentioned in the discussion part, 
the gender imbalance and small sample size may explain this discrepancy. Moreover, we further performed a 
subgroup analysis based on FDR and found no significant difference in the screening efficacy of 1,5-AG between 
individuals with FDR and those without FDR.

There are some limitations in the current study. First, this was a single-center study, and the results need to be 
confirmed in a larger multi-center study. Second, further prospective research is needed given the cross-sectional 
design of this study. In addition, the present study population was selected from outpatients at high risk of diabe-
tes, and future research is needed to confirm the findings in a larger cohort of general population.

In conclusion, we confirmed that the serum 1,5-AG level offers the advantage of reflecting postprandial glu-
cose. This might explain why the combination of FPG and serum 1,5-AG criteria improved the early detection of 
diabetes in our Chinese population. In addition, the use of both FPG and serum 1,5-AG criteria helps to deter-
mine whether an OGTT is needed, allowing 75.8% of the participants to avoid an OGTT.

Materials and Methods
Study population.  A total of 3098 individuals (1467 men, 1631 women; age range 20–80 years) who under-
went a 75-g OGTT in the outpatient clinic of the Department of Endocrinology and Metabolism of Shanghai 
Jiao Tong University Affiliated Sixth People's Hospital between January 2011 and March 2017 were enrolled in 
the study. All participants had no history of diabetes mellitus or impaired glucose regulation, no current use of 
hypoglycemic agents (α-glucosidase inhibitors, canagliflozin), and no history of use of some traditional Chinese 
medicines such as polygala tenuifolia and senega syrup therapy. In addition, those with chronic renal failure, 
chronic liver dysfunction, and acute infection were also excluded from the study. This study was approved by the 
Ethics Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital, and was in accordance with 
the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was 
obtained from all individual participants included in the study.

Anthropometric and biochemical assessments.  All participants received a comprehensive physical 
examination, including height, body weight, and blood pressure. BMI was calculated as weight/height2 (kg/m2). 
Blood samples were obtained from all participants in the morning after a 10-h overnight fast to measure the levels 
of FPG, HbA1c and 1,5-AG. A 75-g OGTT was administered to each patient to assay the 2hPG. Standard labora-
tory measurements were performed22. Serum 1,5-AG levels were measured by an enzymatic method (GlycoMark; 
GlycoMark Inc., New York, NY, USA) on a 7600 autoanalyzer (Hitachi, Tokyo, Japan) with inter- and intra- assay 
coefficients of variation (CVs) of <3.5% and <2.5%, respectively.

Definition and diagnostic criteria.  According to the 2010 ADA criteria23, those who meet the diagnostic 
criteria of FPG ≥ 7.0 mmol/L, 2hPG ≥11.1 mmol/L, or HbA1c ≥ 6.5% should be diagnosed with diabetes. FDR 
indicates the participant had at least one first-degree relative (parent, child, or sibling) with diabetes24.
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Statistical analysis.  SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA) and MedCalc version 15.2 were used 
for statistical analysis. Based on a normality test, normally distributed data are presented as mean ± standard 
deviation values, and skewed data are presented as median with interquartile ranges. Categorical variables are 
presented as percentages (%). Unpaired Student’s t test and Chi-squared test were carried out for inter-group 
comparisons of normally distributed data, and the Wilcoxon rank sum test along with the Kruskal-Wallis test 
were used for inter-group comparisons of non-normally distributed variables. Spearman correlation analysis and 
multiple stepwise regression analysis were conducted to identify independent factors. The ROC curve was gener-
ated to analyze the value of serum 1,5-AG in screening diabetes. The optimal cut-off point was confirmed based 
on the Youden index. A two-tailed P value < 0.05 was considered to be statistically significant.

Ethical approval.  This study was approved by the Ethics Committee of Shanghai Jiao Tong University 
Affiliated Sixth People’s Hospital, and was in accordance with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed consent.  Informed consent was obtained from all individual participants included in the study.

References
	 1.	 Whiting, D. R., Guariguata, L., Weil, C. & Shaw, J. IDF diabetes atlas: global estimates of the prevalence of diabetes for 2011 and 

2030. Diabetes Res Clin Pract. 94, 311–321 (2011).
	 2.	 Wang, L. et al. Prevalence and ethnic pattern of diabetes and prediabetes in China in 2013. JAMA. 317, 2515–2523 (2017).
	 3.	 Ding, D. et al. Hyperglycemia and mortality among patients with coronary artery disease. Diabetes Care. 37, 546–554 (2014).
	 4.	 Li, L., Jick, S., Breitenstein, S. & Michel, A. Prevalence of diabetes and diabetic nephropathy in a large U.S. commercially insured 

pediatric population, 2002–2013. Diabetes Care. 39, 278–284 (2016).
	 5.	 Alberti, K. G. & Zimmet, P. Z. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis 

and classification of diabetes mellitus provisional report of a WHO consultation. Diabet Med. 15, 539–553 (1998).
	 6.	 Jimenez-Navarro, M. F. et al. Poor reproducibility of the oral glucose tolerance test in the diagnosis of diabetes during percutaneous 

coronary intervention. Int J Cardiol. 142, 245–249 (2010).
	 7.	 DECODE Study Group on behalf of the European Diabetes Epidemiology Study Group. Will new diagnostic criteria for diabetes 

mellitus change phenotype of patients with diabetes? Reanalysis of European epidemiological data. BMJ. 317, 371–375 (1998).
	 8.	 DECODE Study Group, the European Diabetes Epidemiology Group. Glucose tolerance and cardiovascular mortality: comparison 

of fasting and 2-hour diagnostic criteria. Arch Intern Med. 161, 397–405 (2001).
	 9.	 Yang, W. et al. China National Diabetes and Metabolic Disorders Study Group, Prevalence of diabetes among men and women in 

China. N Engl J Med. 362, 1090–1101 (2010).
	10.	 Dungan, K. M. et al. 1,5-anhydroglucitol and postprandial hyperglycemia as measured by continuous glucose monitoring system in 

moderately controlled patients with diabetes. Diabetes Care. 29, 1214–1219 (2006).
	11.	 McGill, J. B. et al. Circulating 1,5-anhydroglucitol levels in adult patients with diabetes reflect longitudinal changes of glycemia: a 

U.S. trial of the GlycoMark assay. Diabetes Care. 27, 1859–1865 (2004).
	12.	 Ma, X. et al. 1,5-Anhydroglucitol is associated with early-phase insulin secretion in Chinese patients with newly diagnosed type 2 

diabetes mellitus. Diabetes Technol Ther. 17, 320–326 (2015).
	13.	 Koga, M., Murai, J., Saito, H., Mukai, M. & Kasayama, S. Habitual intake of dairy products influences serum 1,5-anhydroglucitol 

levels independently of plasma glucose. Diabetes Res Clin Pract. 90, 122–125 (2010).
	14.	 Yamanouchi, T., Akanuma, H., Nakamura, T., Akaoka, I. & Akanuma, Y. Reduction of plasma 1,5-anhydroglucitol (1-deoxyglucose) 

concentration in diabetic patients. Diabetologia. 31, 41–45 (1988).
	15.	 Kilpatrick, E. S., Keevilt, B. G., Richmond, K. L., Newland, P. & Addison, G. M. Plasma 1,5-anhydroglucitol concentrations are 

influenced by variations in the renal threshold for glucose. Diabet Med. 16, 496–499 (1999).
	16.	 Yamanouchi, T. et al. Plasma 1,5-anhydro-D-glucitol as new clinical marker of glycemic control in NIDDM patients. Diabetes. 38, 

723–729 (1989).
	17.	 Kim, W. J. et al. Serum 1,5-anhydroglucitol concentrations are a reliable index of glycemic control in type 2 diabetes with mild or 

moderate renal dysfunction. Diabetes Care. 35, 281–286 (2012).
	18.	 Wang, Y., Zhang, Y. L., Wang, Y. P., Lei, C. H. & Sun, Z. L. A study on the association of serum 1,5-anhydroglucitol levels and the 

hyperglycaemic excursions as measured by continuous glucose monitoring system among people with type 2 diabetes in China. 
Diabetes Metab Res Rev. 28, 357–362 (2012).

	19.	 Shirasaya, K. et al. Economic evaluation of alternative indicators for screening for diabetes mellitus. Prev Med. 29, 79–86 (1999).
	20.	 Goto, M. et al. Correlation between baseline serum 1,5-anhydroglucitol levels and 2-hour post-challenge glucose levels during oral 

glucose tolerance tests. Endocr J. 58, 13–17 (2011).
	21.	 Wang, Y. et al. Serum 1,5-anhydroglucitol level as a screening tool for diabetes mellitus in a community-based population at high 

risk of diabetes. Acta Diabetol. 54, 425–431 (2017).
	22.	 Su, H. et al. Serum 1,5-anhydroglucitol levels slightly increase rather than decrease after a glucose load in subjects with different 

glucose tolerance status. Acta Diabetol. 54, 463–470 (2017).
	23.	 American Diabetes Association. Standards of medical care in diabetes–2010. Diabetes Care. 33 (Suppl 1), S11–S61 (2010).
	24.	 Cederberg, H., Stančáková, A., Kuusisto, J., Laakso, M. & Smith, U. Family history of type 2 diabetes increases the risk of both 

obesity and its complications: is type 2 diabetes a disease of inappropriate lipid storage? J Intern Med. 277, 540–551 (2015).

Acknowledgements
We would like to thank all of the involved clinicians, nurses, and technicians for dedicating their time and skill 
to the completion of this study. We would like to thank all participants for their dedication in data collection 
and laboratory measurements. This work was funded by the Shanghai Municipal Science and Technology 
Commission Medical Guide Project (15411963500), the Natural Science Foundation of Xinjiang Uygur 
Autonomous Region of China (2016D01C084), the Shanghai Municipal Education Commission—Gaofeng 
Clinical Medicine Grant Support (20161430), the Shanghai United Developing Technology Project of Municipal 
Hospitals (SHDC12016108), and the innovation foundation of translational medicine of Shanghai Jiao Tong 
University School of Medicine and Shanghai SJTUSM Biobank (15ZH4006).



www.nature.com/scientificreports/

8Scientific ReportS | 7: 11968  | DOI:10.1038/s41598-017-12210-z

Author Contributions
X.M. and J.Z. designed the study. L.Y., X.H., H.S., Y.S., and J.P. collected the data. L.Y. performed statistical 
analysis and wrote the paper. Y.W. performed the 1,5-AG measurements. X.M., J.Z., Y.B., and W.J. revised the 
paper and contributed to discussion. L.Y. and X.H. had equal contribution to this paper and were the guarantors.

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Serum 1,5-anhydroglucitol when used with fasting plasma glucose improves the efficiency of diabetes screening in a Chinese  ...
	Results

	Clinical characteristics of study participants. 
	Correlation analysis of serum 1,5-AG level. 
	Serum 1,5-AG in diabetes screening. 
	Combination of FPG and serum 1,5-AG can guide the diagnosis of diabetes. 

	Discussion

	Materials and Methods

	Study population. 
	Anthropometric and biochemical assessments. 
	Definition and diagnostic criteria. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Acknowledgements

	Figure 1 Characteristics of 1,5-anhydroglucitol (1,5-AG) levels in the total group (a) compared with different FPG levels (b) compared with different 2hPG levels (c) compared with different HbA1c levels).
	Figure 2 ROC curves for 1,5-anhydroglucitol (1,5-AG) ((a) in the total group (b) in the total group with combined model (c) in the non-FDR subgroup (d) in the FDR subgroup) in the diagnosis of diabetes.
	Figure 3 Screening strategies for detecting diabetes by an OGTT after use of (a) the FPG criteria, (b) the combination of FPG and HbA1c, or (c) the combination of FPG and 1,5-AG.
	Table 1 Characteristics of the study participants.
	Table 2 Multivariate regression analyses of factors associated with serum 1,5-AG levels.




