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Abstract
Background: A new glycemic index, 1,5-anhydroglucitol (1,5-AG), can re�ect glucose �uctuation over 3–7
days. The aim of this study was to evaluate the possibility of 1,5-AG in diagnosing diabetes based on the
prevalence of diabetic retinopathy in the Chinese population.

Method: The study enrolled 3579 adults aged 20–70 years. Values for 1,5-AG, fasting plasma glucose
(FPG), 2-hour postprandial glucose (2hPG), and glycated haemoglobin(HbA1c) were measured. Retinal
photographs were taken, and diabetic retinopathy was assessed and graded according to the Early
Treatment Diabetic Retinopathy Study (ETDRS). Retinopathy with an ETDRS level≥21 was de�ned as
diabetic retinopathy, with level≥31 as “diabetic-speci�c retinopathy.” A receiver operating characteristic
curve was used to determine the optimal cut-off point.

Results: Serum 1,5-AG was negatively correlated with FPG, 2hPG, and HbA1c. The 1,5-AG level was
signi�cantly lower in the diabetic retinopathy group. The optimal cut-off point of 1,5-AG was 13.05μg/m.
At this point, the sensitivity and speci�city were 74.1% and 91.2%, respectively, and the area under the
receiver operating characteristic curve was 0.846. The optimal cut-off point remained unchanged after
excluding participants on hypoglycemic medication. Combining 1,5-AG with FPG or HbA1c could raise the
speci�city in diagnosis.

Conclusion: Our data found that 1,5-AG at 13.05μg/mL had a good speci�city for diagnosing diabetes in
the Chinese population. In combination with FPG or HbA1c, 1,5-AG was a good tool for detecting diabetes
without symptoms.

1 Introduciton
There is a large instance of undiagnosed diabetes in China. The early diagnosis and treatment of
diabetes is of vital importance in the prevention of high medical expenditure due to diabetic
complications.

A relatively new glycemic index, 1,5-anhydroglucitol (1,5-AG), can re�ect glucose �uctuation over 3–7
days. The level of 1,5-AG is usually stable in serum. When glucose levels exceed the renal threshold, 1,5-
AG reabsorption is reduced by glucose competition, causing a sharp decrease in serum 1,5-AG levels [1–
3]. Several studies [4–7] have reported the feasibility of 1,5-AG for diagnosing diabetes. However, the cut-
off point has not yet been established in China.

Diabetic retinopathy (DR) is one of the most speci�c diabetic microangiopathies [8] and often appears in
the early stage. It is often considered as the basis for diagnostic criteria of diabetes mellitus[9, 10]. The
cut-off points to de�ne diabetes that are currently used in clinical practice nowadays (fasting plasma
glucose ≥ 7.0 mmol/L, HbA1c ≥ 6.5%) were established based on the association between glycemic
levels and the sharp increase in DR prevalence [11–12].
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We aimed to explore the optimal diagnostic threshold of 1,5-AG for diabetes in the Chinese population
based on the prevalence of DR.

2 Materials And Methods

2.1 Study population
We analyzed data from the study “Early identi�cation, early diagnosis and cut-off points of diabetes”
conducted by Southeast University. It was a large-scale multi-center study including ten provinces from
�ve districts of China. Ten villages were selected randomly from each province. All household residents
aged from 20 to 70 years who volunteered to participate were enrolled in the research. The research
began in 2017, and a second follow-up was conducted in 2020. All the participants from Jiangsu and
Xinjiang Province during the second follow-up were enrolled in our study. Exclusion criteria were cancer,
chronic liver disease, chronic kidney disease, history of glucocorticoid treatment, and participants with
incomplete data. In total, 3579 participants were enrolled, consisting of 1370 males and 2209 females.
The study protocol was approved by the ethics committee of South-East University. Written informed
consent was obtained from all subjects.

2.2 Physical and biochemical variables
Physical parameters were collected, including heart rate, blood pressure, height, and weight. Body mass
index (BMI) was calculated as weight (kg) divided by the square of height (m). Blood samples were
collected after eight hours of fasting. Postprandial blood glucose was collected two hours after the
standard 75g oral glucose tolerance test (OGTT). High density lipoprotein cholesterol (HDL), low density
lipoprotein cholesterol (LDL), total cholesterol (TC), triglycerides, alanine aminotransferase, aspartate
aminotransferase, creatinine, uric acid, and HbA1c were measured. Details were elaborated in our
previous study [13]. Levels of 1,5-AG were measured by the GlycoMark assay [14] (Kyowa Medex Co Ltd,
Shanghai) in an AU5821 auto biochemistry analyzer (Beckman Coulter, USA), with inter- and intra-assay
coe�cients of variation of < 2.60% and < 3.10%, respectively. The estimated glomerular �ltration rate was
calculated by the Cockgroft-Gault formula.

Bilateral retinal photographs were obtained with a nonmydriatic digital retinal camera (Canon CR-2AF).
Two 45°images were taken of each eye centered on the macula and the optic disk. Topivacaine and
phenylephrine were used for pupil dilation when necessary. All the photographs were assessed blindly
and separately by two quali�ed ophthalmologists from the Department of Ophthalmology in Beijing
Tongren Hospital.

A questionnaire was collected from each participant concerning age, smoking habit, history of chronic
disease (including diabetes), and concomitant use of medication.

2.3 De�nition of diabetes
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(1) Meeting the diagnostic criteria as fast plasma glucose (FPG) ≥ 7.0 mmol/L and/or 2-hour
postprandial plasma glucose (2hPG) ≥ 11.1 mmol/L according to WHO guidelines [15]; (2) self-reported
diabetes; (3) previous or present antidiabetic medication. Participants who met any one of the criteria
(1)–(3) were de�ned as having diabetes, and those who only met criterion (1) were de�ned as newly
diagnosed with diabetes.

2.4 De�nition and classi�cation of diabetic retinopathy
DR was assessed based on the Early Treatment Diabetic Retinopathy Study adaptation of the modi�ed
Airlie House classi�cation of DR, which was elaborated in the Wisconsin Epidemiologic Study [16, 17]. DR
score was assessed based on the worse eye. According to the Wisconsin study, participants with an
ETDRS score ≥ 21 were de�ned as having DR. Among them, EDTRS = 21 was de�ned as very mild non-
proliferative diabetic retinopathy (NPDR); EDTRS = 31 as mild NPDR; EDTRS = 43 as moderate NPDR [18,
19]. In this study, we de�ned retinopathy with an EDTRS level ≥ 31 as “diabetic-speci�c retinopathy,”
indicating the existence of diabetes.

2.5 Statistical analysis
Normality was tested using the Kolmogorov–Smirnov test. All variables were expressed as median
(interquartile range). T-test or ANOVA was used to compare differences between groups. Pearson’s
correlation was used to examine the relationships between 1,5-AG and FPG, 2hPG, and HbA1c.

We drew a line chart to evaluate the relationship between the prevalence of different levels of DR and 1,5-
AG deciles and estimate the best cut-off point from the curve trend.

Receiver operating characteristic (ROC) curves were plotted to assess the ability of 1,5-AG in detecting
any DR or diabetic-speci�c retinopathy. The Youden index was calculated as the sum of sensitivity and
speci�city minus one, and was used to identify the optimal cut-off threshold to discriminate any DR or
diabetic-speci�c retinopathy.

Multivariate logistic regression was constructed to further examine the association between 1,5-AG and
the prevalence of DR. Age, gender, BMI, hypertension, triglyceride, TC, HDL, and LDL were adjusted.

We then drew an ROC curve in the population, excluding individuals with hypoglycemic therapy. We
examined the diagnostic e�ciency of 1,5-AG, FPG, and HbA1c in this population and also evaluated the
ability of 1,5-AG to diagnose diabetes in combination with FPG or HbA1c.

SPSS software (version 20, SPSS Inc., Chicago, IL, USA) and MedCalc19.4 were used for the statistical
analyses. P < 0.05 was considered statistically signi�cant.

3 Results

3.1 Baseline characteristics
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Among the 3579 participants, 845 (23.61%) had diabetes, and 163 (4.55%) were newly diagnosed
diabetes. 196 participants had EDTRS ≥ 21, and the prevalence of DR was 5.48% among the entire
population and 10.4% among people with diabetes.

As shown in Table 1, levels of FPG, 2hPG, and HbA1c were higher in the DR group than in the non-DR
group, and much higher among people with ETDRS ≥ 31. On the contrary, 1,5-AG decreased among the
more severe DR group. The DR group had higher systolic blood pressure and HDL and a higher
prevalence of diabetes.
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Table 1
Characteristics of study population by diabetic retinopathy status

  Non-DR any DR diabetic-speci�c
retinopathy

p

N 3383 196 54  

Age 55.9(50.65, 62.55) 56.1(50.95, 63.2) 56.9(51.17, 66) 0.021

Gender (male%) 38.08% 41.49% 45.10% 0.189

Diabetes(%) 22.82% 44.68% 78.43% < 
0.001

FPG(mmol/L) 5.36(5.04, 5.85) 5.74(5.16, 8.08) 8.41(4.78, 10.76) < 
0.001

2hPG(mmol/L) 6.94(5.93, 8.35) 7.82(6.55, 9.23) 8.65(7.32, 10.89) 0.027

HbA1c(%) 5.6(5.3, 6.0) 5.85(5.55, 7.28) 8.1(6.4, 9.3) < 
0.001

Serum1,5-
AG(µg/mL)

28.6(21.6, 35.6) 21.15(8.3,30.53) 5.3(2.0, 17.1) < 
0.001

Serum UA(µmol/L) 294(246, 354) 289(230,352) 290(214, 344) 0.120

TC(mmol/L) 4.54(3.99, 5.15) 4.50(4, 5.11) 4.40(4.01, 5.14) 0.482

Triglyceride(mmol/L) 1.34(0.97, 1.93) 1.50(1.03, 1.98) 1.50(1.08, 1.68) 0.005

HDL(mmol/L) 1.42(1.26, 1.60) 1.37(1.22, 1.54) 1.37(1.23, 150) 0.022

LDL(mmol/L) 2.49(2.08, 2.96) 2.54(2.10, 2.93) 2.49(2.13, 2.93) 0.636

eGFR

(mL/min×1.73 m2)

134.73(115.49,
155.41)

138.65(115.32,
158.49)

127.82(105.92,
171.65)

0.754

SBP(mmHg) 134(121, 147) 142(127, 155) 151(138, 167) < 
0.001

DBP(mmHg) 84(76, 92) 86(78, 94) 87(81, 97) 0.081

BMI(kg/m2) 24.91(22.72,
27.22)

25.35(23.17,27.46) 25.39(22.58,27.41) 0.369

Data are given as percentage or Median (interquartile range).

SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2hPG, 2
hours postprandial plasma glucose; UA, uric acid; TC, total cholesterol; HDL, high density lipoprotein;
LDL, low density lipoprotein; 1,5-AG, 1,5-anhydroglucitol; BMI, body mass index; eGFR, estimated
glomerular �ltration rate.

There were signi�cant negative relationships between 1,5-AG FPG, 2hPG, and HbA1c, especially in the DR
group. In the group with an ETDRS level ≥ 31, the correlation index with FPG, 2hPG, and HbA1c were − 
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0.758, -0.753, and − 0.713, respectively (Supplementary Table 1).

3.2 Cut-off points of 1,5-AG for diagnosing diabetes
Figure 1 shows the prevalence of different levels of DR by 1,5-AG deciles. The prevalence of three
different levels of DR all decreased sharply between the �rst and second deciles, corresponding to a 1,5-
AG level ≤ 13.2 µg/mL. The prevalence of any DR (ETDRS ≥ 21) was 18.99% in the �rst decile and 4.74%
in the second decile. The prevalence of diabetic-speci�c retinopathy (ETDRS ≥ 31) was 11.17% and
0.56% in the �rst and second decile, respectively.

Figure 2 shows the ROC curve of 1,5-AG for discriminating DR (any DR or diabetic-speci�c retinopathy).
The area under the curve for detecting diabetic-speci�c retinopathy was 0.846 (0.775–0.917) and for
detecting any DR was only 0.66 (0.61–0.71).

We analyzed the cut-off points based on the ROC curve of diabetic-speci�c retinopathy (Fig. 2b). At the
1,5-AG cut-off point of 13.05µg/mL, we got the greatest Youden index. The sensitivity and speci�city were
74.1% and 91.2%, respectively. We also analyzed some other points with a relatively high Youden index.
As can be seen in Table 2, the sensitivity for diagnosing diabetes increased slightly as the level of 1,5-AG
increased, accompanied by sharp decreasing speci�city. Notably, our previous study [20] showed that 23
µg/mL was a reasonable point for 1,5-AG to screen for diabetes. In this study, the sensitivity and
speci�city were 81.5% and 67.7%, respectively, at the point of 23.55 µg/mL.

Table 2
Cut-points of 1,5-AG in detecting diabetic-speci�c retinopathy de�ned by sensitivity and

speci�city

  Sensitivity Speci�city PPV NPV Accuracy Youden

1,5-AG ≤ 12.85µg/mL 72.2% 91.4% 11.4% 99.5% 90.9% 0.636

1,5-AG ≤ 13.05µg/mL 74.1% 91.2% 11.4% 99.6% 90.9% 0.653

1,5-AG ≤ 14.65µg/mL 75.9% 89.2% 9.7% 99.6% 89.0% 0.651

1,5-AG ≤ 17.15µg/mL 77.8% 85% 7.4% 99.6% 89.0% 0.628

1,5-AG ≤ 19.25µg/mL 79.6% 80.6% 5.9% 99.6% 80.9% 0.602

1,5-AG ≤ 23.55µg/mL 81.5% 67.7% 3.7% 99.6% 68.0% 0.492

PPV, positive predictive value; NPV, negative predictive value

Multivariate logistic regression was constructed to investigate the association between 1,5-AG categories
and DR. An 1,5-AG > 23.55 µg/mL was set as the reference group. Table 3 shows that participants with
1,5-AG ≤ 13.05 µg/mL had about 6 times higher prevalence of any DR (OR 5.80, CI 4.03–8.35, p < 0.01)
and about 25 times higher prevalence of diabetic-speci�c retinopathy (OR 25.16, CI 12.08–52.39, p < 
0.01) compared with 1,5-AG > 23.55 µg/mL.
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Table 3
Relationship between 1,5-AG categories and DR prevalence

1,5-AG categories Odds Ratio (95%CI)

  ETDRS ≥ 21 ETDRS ≥ 31

≤ 13.05µg/mL ** 5.80 (4.03–8.35) ** 25.16 (12.08–52.39)

13.05–23.55µg/mL 1.38 (0.94–2.04) 1.01 (0.31–3.29)

> 23.55µg/mL 1.00 (Reference) 1.00 (Reference)

CI, con�dence interval

1,5-AG > 23.55 ug/mL as the reference group. Data were adjusted for age, gender, BMI, hypertension,
Triglyceride, total cholesterol, HDL and LDL.

“**” indicated for p < 0.01

Table 4
Ability of 1,5-AG combined with FPG or HbA1c to diagnose diabetes in population without

hypoglycemic drugs

  Sensitivity Speci�city PPV NPV Accuracy

1,5-AG ≤ 13.05µg/mL 54.2% 93.5% 5.7% 99.7% 93.6%

FPG ≥ 7.0mmol/L 41.7% 93.5% 4.5% 99.6% 83.1%

HbA1c ≥ 6.5% 45.8% 87.1% 3.4% 99.6% 86.8%

1,5-AG and FPG* 41.7% 96.7% 8.4% 99.6% 96.4%

1,5-AG and HbA1c# 41.7% 96.6% 8.0% 99.6% 96.2%

*1,5-AG and FPG: individuals both met the criteria 1,5-AG ≤ 13.05µg/mL and FPG ≥ 7.0mmol/L

#1,5-AG and HbA1c: individuals both met the criteria 1,5-AG ≤ 13.05µg/mL and HbA1c ≥ 6.5%

3.3 Repeating analysis after excluding participants who had
antidiabetic medication
We then examined the cut-off point after excluding 202 participants who had antidiabetic medication,
including 33 with ETDRS ≥ 31. The AUC under the ROC curve (Supplementary Fig. 1) was 0.751 (0.623–
0.879). At the cut-off point of 13.05 µg/mL, the sensitivity was 54.2% and the speci�city was 93.5%.
Meanwhile, the sensitivities and speci�cities were 41.7% and 93.5% 45.8% and 87.1% for HbA1c at 6.5%.
The combination of 1,5-AG with FPG or HbA1c could increase the speci�cities to 96.7% and 96.6%, and
also increase positive predictive values (PPV) to 8.4% and 8.0%.

4 Discussion
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There has been increasing attention to 1,5-AG as a new kind of glycemic index. Several studies have
explored the possibility of using 1,5-AG to diagnose diabetes for its relatively convenient and low-cost
measuring procedure. Yamanouchi et al. [4] found the best cut-off point was 14.0 µg/mL and Goto’s
group [5] recommended 14.2µg/mL. Our previous study explored the reference intervals of 1,5-AG and
found that the inferior threshold of the healthy population was around 14–16 ug/mL [13]. One study from
Shanghai [21] pointed out that the best point of 1,5-AG for screening diabetes was 15.9 ug/mL, and the
sensitivity and speci�city were 69.2% and 72.3%, respectively.

As we know, this research explored the cut-off points of 1,5-AG for diagnosing diabetes in China based on
diabetic-speci�c retinopathy for the �rst time. We found 13.05 µg/mL was the most effective point for
diagnosis. This was in accordance with former conclusions [4, 5, 13, 21]. The sensitivities were partly
sacri�ced to ensure higher speci�cities to avoid overdiagnosis of diabetes, causing an extra burden on
the healthcare system. This was why our recommended point was a little lower than some previous
results. We also analyzed other points with a relatively high Youden index and found that elevation of the
cut-off point may raise the sensitivity a little, but reduce the speci�city and PPV greatly. Thus,
13.05µg/mL was a reasonable cut-off point.

We further examined this point after excluding those participants using hypoglycemic drugs and found
1,5-AG had similar ability with FPG in discriminating diabetic-speci�c retinopathy with a speci�city of
93.5%. Moreover, 1,5-AG had even higher sensitivity and PPV than FPG in this group. Epidemiology [22]
showed that 50% of Chinese patients with diabetes only had elevated postprandial blood glucose, which
meant using FPG only would miss large quantities of diabetes. A previous study found that 1,5-AG had a
good correlation with blood glucose, especially postprandial glucose, and this relationship existed even in
impaired glucose tolerance and pre-diabetes groups [23–25]. In our study, we did not practice OGTT
among patients who had already been diagnosed with diabetes or had an FPG ≥ 7.0 mmol/L for the sake
of safety. However, we still found a signi�cant negative correlation between 1,5-AG and 2hPG in the
diabetic-speci�c retinopathy group, with a correlation coe�cient of -0.753. Therefore, we supposed that
1,5-AG provided an advantage in diagnosing diabetes with elevated postprandial glucose.

According to the guideline [26], two abnormal test results from the same sample or in two separate
samples are required for diagnosis in those who do not have typical clinical symptoms. Many early-stage
patients often have an absence of classic symptoms in the clinic, which means a repeated FPG test on
another day or an OGTT test is required. And this may lead to a waste of money and time. Since 1,5-AG
was effective with postprandial glucose, the combination of 1,5-AG and FPG could substitute for OGTT in
some way. We found that 1,5-AG in combination with FPG or HbA1c could both improve the speci�cities
over 95%, and also increase the PPVs, thus preventing overdiagnosis and overtreatment of diabetes.
Although a previous study [27] found that glucose load could slightly elevate extracellular 1,5-AG levels, it
had a negligible impact on serum 1,5-AG levels due to the existence of a large 1,5-AG pool in the human
body [1]. Thus, we considered the level of 1,5-AG to be relatively stable in one day and independent of
fasting. Random blood samples were quali�ed enough for diagnosis. We suggested choosing two to
three indicators based on the individual conditions of patients to simplify the diagnostic process.
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Previous studies tended to choose moderate DR as the gold standard when exploring the threshold of one
glycemic indictor. This is because in addition to hyperglycemia, hypertension, and hyperlipidemia are also
risk factors for DR [28, 29]. In this research, among 196 patients with any kind of DR (ETDRS ≥ 21), only
88 had diabetes (including newly diagnosed diabetes and self-reported diabetes). Among the remaining
108 participants, 80 had hypertension or hyperlipidemia. The area under the ROC curve based on ETDRS 
≥ 21 was only 0.66, which meant 1,5-AG had a poor ability to discriminate between non-speci�c DR.
Therefore, we chose ETDRS ≥ 31, identi�ed as diabetic-speci�c retinopathy, as the gold standard,
referring to some previous studies [10, 30, 31]. According to Wisconsin research [19], the de�nition of level
31 was “Microaneurysms and one or more of the following: venous loops 31 µ or greater; questionable
soft exudate, intraretinal microvascular abnormalities or venous beading, and retinal hemorrhages.”
However, there were still 11 participants without diabetes in the group of ETDRS ≥ 31 (Supplementary
Fig. 3). Interestingly, 7 of these 11 individuals had 1,5-AG levels under 13.05 µg/mL. We could not explain
whether these people were non-diabetic individuals with shifting 1,5-AG levels or true diabetic patients
missed by the OGTT test unless further follow-up investigations were conducted. If raising the level of
ETDRS level up to 43 (moderate NPDR), only 20 individuals remained in this group, and only 1 of them
was without diabetes. This is in accordance with the comparatively low prevalence of DR in China [10].
The area under the ROC curve based on level 43 could be up to 0.952 (Supplementary Fig. 2). The most
effective point to diagnose was still 13.05µg/mL, with sensitivity and speci�city up to 95% and 90.7%,
respectively. DR became more speci�c with the rising ETDRS level, becoming more representative of
diabetes. However, excessive strict de�nition for diabetic-speci�c retinopathy would cause a large amount
of missing data on diabetes. Taken together, we still chose retinopathy with ETDRS ≥ 31 to indicate the
existence of diabetes.

Our research had several limitations. First, we considered whether to exclude those participants using
hypoglycemic drugs, as many previous studies did. In this study, most diabetic-speci�c retinopathy
individuals were on hypoglycemic treatment. Excluding these participants would lead to huge numbers of
missing data and cause bias. However, inclusion of these people could in�uence the level of 1,5-AG since
it was sensitive to glucose �uctuations, resulting in a predicted threshold higher than the true level. This
contradiction has been discussed at length in many other studies [10, 11, 32, 33]. Our decision was to
establish the threshold in the total population and then examined it in the non-treated group. We found
that the optimal diagnostic point remained effective after excluding individuals under treatment. Second,
this was a cross-sectional study, and we could not tell the relationship between 1,5-AG and the incidence
of DR. Third, we found that 1,5-AG was in�uenced by gender, uric acid, and renal function in our previous
study [13], but we did not adjust these factors in this study. We expect to make improvements in future
research.

5 Conclusion
In summary, we explored the relationship between serum 1,5-AG and the prevalence of diabetic-speci�c
retinopathy. Our data proved that a 1,5-AG of 13.05µg/mL was reasonable to diagnose diabetes with
excellent speci�city. The combination of 1,5-AG with FPG or HbA1c was a good method to diagnose
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diabetes without clinical symptoms, and it is worth being promoted in communities and outpatient
departments.

Abbreviations
1,5-AG, 1,5-anhydroglucitol; ETDRS, Early Treatment Diabetic Retinopathy Study; FPG, fasting plasma
glucose; 2hPG, 2-hour postprandial glucose; HbA1c, glycated haemoglobin
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Figure 1

Prevalence of different levels of diabetic retinopathy by deciles of 1,5-AG distribution

Figure 2
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Receiver operating characteristics (ROC) curves for 1,5-AG to predict the presence of different levels of
diabetic retinopathy. (a) any DR (ETDRS≥21);(b) diabetic-speci�c retinopathy (ETDRS≥31)
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