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Abstract
Objective  Serum 1, 5-AG is a glycaemic marker reflecting control and fluctuations of short-term glucose. To reveal the 
relationship between 1, 5-AG with β-cell function, we investigated a certain number of Chinese adults with different glucose 
metabolisms.
Methods  In clinical cross-sectional study, 2184 subjects with no prior diabetes history are included and underwent an OGTT. 
HOMA-IR and HOMA-β were calculated. Correlations between 1, 5-AG and HOMA-IR or HOMA-β were observed, cor-
recting for interference factors, and independent factors for HOMA-β and HOMA-IR were analysed. Subjects were divided 
into three groups according to OGTT results, and 1, 5-AG levels differed significantly between them.
Results  A significant positive correlation existed between 1, 5-AG and HOMA-β only in the diabetes mellitus group (r = 
0.265, p < 0.001). Above phenomenon remained after adjusting for indicators, however, disappeared after considering serum 
uric acid. Both 1, 5-AG and HbA1c were independent factors for HOMA-β (1, 5-AG: β = 0.772, p = 0.023; HbA1c: β = 
-7.52, p = 0.003). Conclusion: 1, 5-AG remained a factor for HOMA-β only for those with NUA. 1, 5-AG reflects different 
glucose metabolism statuses and is an auxiliary observation reflecting the secretory function of β cells in NUA patients.
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Abbreviations
1, 5-AG	� Serum 1, 5-anhydroglucitol
OGTT​	� Oral glucose tolerance test
HOMA-IR	� Homeostasis model assessments for insulin 

resistance
HOMA-β	� Homeostasis model assessments for β cells
NUA	� Normal serum uric
T2DM	� Type 2 diabetes mellitus
OGIRT	� Oral glucose insulin release test
HbA1c	� Glycosylated hemoglobin
GA	� Glycated albumin
FPG	� Fasting blood glucose
2hPG	� 2-Hour postprandial plasma glucose

TC	� Total cholesterol
TG	� Triglycerides
HDL-c	� High-density lipoprotein cholesterol
LDL-c	� Low-density lipoprotein cholesterol
BUN	� Blood urea nitrogen
SCr	� Serum creatinine
SUA	� Serum uric acid
eGFR	� Estimated glomerular filtration rate
NGT	� Normal glucose tolerance
IGR	� Impaired glucose regulation
HUA	� High uric acid

Introduction

According to statistics for 2021 from the International Dia-
betes Federation (IDF), China is ranked first in the world for 
number of diabetes mellitus patients [1]. It is well known 
that islet β-cell dysfunction and insulin resistance are 
important pathological factors in T2DM [2]. Furthermore, 
Chinese subjects with T2DM are characterized by a worse 
secretory function of β cells and a more serious early phase 
secretion defect [3]. Therefore, a timely understanding of 
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the functional status of islets in diabetic patients is helpful 
for adjusting treatment plans and determining prognosis. 
Although an OGIRT and hyperinsulinaemic-euglycaemic 
clamp can be used to reflect insulin function, their strict 
operational methods limit random and flexible application. 
Therefore, a simple and easy way to estimate the status of 
β-cell function in diabetic patients is needed. Recently, a 
new glucose indicator, serum 1,5-AG, has gradually become 
known to the public [4]. It is a naturally occurring 1-deoxy 
form of glucose that can reflect dynamic changes in blood 
glucose through the mechanism of renal reabsorption [5–7]. 
A considerable number of studies in the literature have con-
firmed its superiority in monitoring short-term glycaemic 
levels (3–7 days) and glycaemic variability [8–12]. How-
ever, few studies in China or abroad have reported on the 
relationship between 1, 5-AG and the pathophysiological 
mechanisms of diabetes [13, 14]. So far, no study has been 
performed on the relationship between 1, 5-AG and β-cell 
function among people with different glucose metabo-
lism levels, especially among people with normal glucose 
metabolism.

Therefore, a natural adult population without a history of 
prior diabetes was assembled from Jiangsu Province, China 
as research subjects for this study. Each subject underwent 
an OGTT and OGIRT to explore the relationship between 
1, 5-AG and β-cell function in those with differing glucose 
metabolism levels and to see possible influencing factors.

Methods

Study design

The multi-center cross-sectional study was conducted in six 
cities in Jiangsu Province over a 1 year period (November 
2015 to June 2016).

Selection of subjects

2500 individuals (18 to 65 years) were selected using a mul-
tistage, stratified sampling method. Patients with known dia-
betes/on treatment, liver dysfunction, or those with chronic 
kidney disease stage 4–5 were excluded. Non-resident pop-
ulation, pregnant subjects and those with incomplete data 
were also excluded. Ultimately, 2184 subjects were included 
in the final analysis.

Anthropometry and biochemical measurements

Each subject underwent OGTT, physical examination (height, 
weight, waist circumference, hip circumference), and bio-
chemical examination (liver function, renal function, blood 
lipids). HbA1C was determined by high-performance liquid 

chromatography using a D-10 HbA1C analyser (Bio-Rad, 
USA); GA was measured using a liquid enzymatic method 
with a Glamour 2000 biochemical automatic analyser (Lucica 
GA-L, Tokyo, Japan); Serum insulin levels were determined 
by electrochemiluminescence immunoassay using a Gobas 
e411 analyser (Roche Diagnostics GmbH, Mannheim, Ger-
many). The plasma concentration of FPG, 2hPG, TC, TG, 
HDL-c, LDL-c, BUN, SCr and SUA levels were all measured. 
The calculation of the eGFR was based on a revised formula 
for Chinese subjects [15]. We collected blood samples from 
patients after overnight fasting, which were stored at − 80 °C 
prior to the further measurement of 1, 5-AG. Serum 1, 5-AG 
levels were measured with a GlycoMark assay using a Hitachi 
917 analyser (Roche Diagnostics, USA).

Definition of β‑cell function

Β-cell function was assessed by the calculation of insu-
lin resistance index and secretion index. The homeostasis 
model assessment for insulin resistance (HOMA-IR) was 
calculated as follows: HOMA-IR = FINS (in mU/L) * FPG 
(in mmol/L)/22.5. The homeostasis model assessment 
for β-cell function (HOMA-β) was calculated as follows: 
HOMA-β = 20 *FINS [mU/L]/(FPG [mmol/L] – 3.5) [16].

Statistical analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics 22.0 (International Business Machines Corporation, 
USA). With the normality test, all variables were divided 
into normally distributed data (presented as mean ± SD) and 
skewed data (presented as quartile P50 [P25, P75]). A one-
way ANOVA was used to analyse differences among the 
three groups of the study. A Pearson or Spearman's simple 
correlation analysis was used to analyse the correlations 
between 1, 5-AG and the other indicators. A partial correla-
tion analysis was used to adjust the other confounding vari-
ables. Finally, a stepwise linear regression analysis was used 
to find the independent factors for HOMA-β. A two-tailed p 
value of < 0.05 was considered to be statistically significant.

Results

Clinical characteristics of the three groups

The 2184 subjects in the study were divided into three groups 
according to the WHO diabetes diagnostic criteria from 1999 
[17]. 307 subjects were diagnosed as belonging in the T2DM 
group, 685 in the IGR group, and 1192 in the NGT group, 
accounting for 14.06%, 31.36%, and 54.58%, respectively. 
1, 5-AG levels gradually decreased from the NGT group to 
the IGR group to the T2DM group (26.99 ± 7.23 μg/mL, 
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21.58 ± 8.29 μg/mL, and 15.74 ± 9.6 μg/mL, respectively, 
all p < 0.001). HOMA-IR gradually increased (all p < 0.001) 
and the T2DM group showed the most serious insulin resist-
ance. HOMA-β was the highest in NGT group and the low-
est in T2DM groupT2DM (all p < 0.001), so insulin secre-
tion function was the worst in the T2DM group. The other 
indicators, including gender, age, glycaemic indexes (FPG, 
2hPG, HbA1c, GA), blood pressure, lipid profile, blood urea 
nitrogen (BUN), serum uric acid (SUA), BMI, and W/P, 
had significant differences among the three groups. SCr and 
eGFR had no significant differences among the groups, as 
shown in Table 1. T2DM.

The correlations between 1, 5‑AG and both HOMA‑IR 
and HOMA‑β in the three groups and their 
interference factors

A Spearman's simple correlation analysis was used to find 
the correlations between 1, 5-AG and both HOMA-IR and 

HOMA-β in the three groups. A significant positive cor-
relation was shown between 1, 5-AG and HOMA-β in the 
T2DM group (r = 0.265, p < 0.001), which still existed 
after adjusting for gender, age, blood pressure, BMI, W/P, 
blood lipid profile (HDL, LDL, TG, TC), glycaemic indexes 
(HbA1c, GA, FPG, 2hPG), as show in Table 2. Meanwhile, 
1, 5-AG and HOMA-IR showed a weak negative correlation 
in the T2DM group (r = -0.119, p = 0.038), but this negative 

Table 1   Demographic and 
Clinical Characteristics

Data were expressed as mean ± SD for normal distribution variables or as the median (P25, P75) for 
skewed distribution variables. * means p < 0.05 compared with NGT; # means p < 0.05 compared with IGR
NGT, normal glucose tolerance; IGR, impaired glucose regulation; T2DM, diabetes mellitus; 1,5-AG, 
1,5-anhydroglucitol; M, male; F, female; FPG, fasting plasma glucose; 2 h-PG, 2-h postprandial glucose; 
HbA1c, glycated hemoglobin; GA, glycated albumin; HOMA-IR, homeostasis model assessment of insulin 
resistance; HOMA-β, homeostasis model assessment of β-cell function; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; BUN, urea nitrogen; SCr, serum creatinine; SUA, serum uric acid; eGFR, estimated 
glomerular filtration rate; BMI, body mass index; W/P, waist-to-hip ratio

Characteristics NGT IGR T2DM P-value

N (%) 1192(54.58%) 685(31.36%) 307(14.06%)
1, 5-AG, μg/mL 26.99 ± 7.23 21.58 ± 8.29* 15.74 ± 9.6*#  < 0.001
Gender, M/F 456/736 308/377* 162/145#  < 0.001
Age, years 46(34, 53) 49(42, 56)* 51(46, 57)#  < 0.001
FPG, mmol/L 5.45 ± 0.41 5.93 ± 0.57* 7.83 ± 2.07*#  < 0.001
2 h-PG, mmol/L 5.97 ± 0.93 8.10 ± 1.47* 13.24 ± 4.11*#  < 0.001
HbA1C, % 5.58 ± 0.32 5.81 ± 0.42* 6.98 ± 1.29*#  < 0.001
GA, % 12.57 ± 1.75 12.93 ± 1.96* 16.72 ± 5.26*#  < 0.001
HOMA-IR 1.39(0.88, 2.08) 1.79(1.17, 2.55)* 2.30(1.43, 3.67)*#  < 0.001
HOMA-β, % 59.82(40.38, 88.15) 57.97(36.02, 86.16)* 34.31(20.78, 59.52)*#  < 0.001
SBP, mmHg 127.53 ± 18.33 135.80 ± 19.91* 141.52 ± 18.92*#  < 0.001
DBP, mmHg 79.29 ± 11.34 83.58 ± 11.85* 86.33 ± 10.47*#  < 0.001
TG, mmol/L 1.17(0.83, 1.72) 1.42(0.97, 2.06)* 1.80(1.30, 2.67)*#  < 0.001
TC, mmol/L 4.72 ± 0.97 4.94 ± 0.94* 5.12 ± 1.00*#  < 0.001
HDL, mmol/L 1.41 ± 0.51 1.39 ± 0.39 1.31 ± 0.33*# 0.004
LDL, mmol/L 2.63 ± 0.74 2.82 ± 0.78* 2.89 ± 0.78*#  < 0.001
BUN, mmol/L 5.08 ± 1.43 5.25 ± 1.49 5.32 ± 1.48# 0.009
SCr, μmol/L 70.60 ± 15.85 71.27 ± 15.84 71.93 ± 17.09 0.376
SUA, μmol/L 302.75 ± 84.74 327.95 ± 91.83* 332.45 ± 91.44*  < 0.001
eGFR, mL/min/1.73 m2 126.67 ± 31.29 125.46 ± 32.33 126.96 ± 35.49 0.78
BMI, Kg/m2 24.99 ± 3.74 26.24 ± 3.60* 27.38 ± 3.97*#  < 0.001
W/P 0.87 ± 0.06 0.90 ± 0.06* 0.92 ± 0.06*#  < 0.001

Table 2   Spearman correlation analysis between serum 1, 5-AG and 
HOMA-IR, HOMA-β in three groups

* means p < 0.05

correlation NGT IGR T2DM

HOMA-β r -0.041 -0.078 0.265
P 0.159 0.041*  < 0.001*

HOMA-IR r 0.05 0.056 -0.119
P 0.086 0.145 0.038*
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correlation was lost after adjusting for other factors. In 
addition, we did not find a significant correlation between 
1, 5-AG and HOMA-IR or HOMA-β in the NGT and IGR 
groups. Table 3 presents partial correlation analyses of fac-
tors correlated with the association between serum 1, 5-AG 
and HOMA-β, HOMA-IR in the T2DM group. In Table 3, 
Mode 1 indicates adjustment for age and gender. Model 2 
represents model 1 plus SBP, DBP, BMI, W/P, HDL, LDL, 
TC and TG. Model 3 represents model 2 plus HbA1c, GA, 
FPG and 2H PG. Model 4 represents model 3 plus eGFR, Cr 
and BUN. Model 5 means model 4 plus UA.

Independent factors for HOMA‑β for different SUA 
levels in the T2DM group

In the T2DM group, a multiple stepwise linear regression 
analysis was used by employing HOMA-β as a dependent 
variable. We found that both 1, 5-AG and HbA1c were inde-
pendent factors for HOMA-β (1, 5-AG: β = 0.772, p = 0.023; 
HbA1c: β = -7.52, p = 0.003) after adjusting for age, blood 
pressure, BMI, W/P, lipid profile (TG, TC, LDL, HDL), 
glycaemic indexes (FPG, 2hPG, HbA1c, GA, 1, 5-AG), and 
renal function indicators (BUN, Cr, SUA, eGFR). As shown 
by the above results, SUA may be considered an interference 
factor between 1, 5-AG and HOMA-β. To study this further, 
the T2DM group was further divided into a NUA group and 
HUA (SUA male ≥ 420 μmol/L, female ≥ 360 μmol/L) [18, 
19] group. In sub-group analysis, 1, 5-AG was observed 
to be an independent predictor in NUA group(β = 0.677, 
p = 0.017) but not HUA group. Furthermore, we found 
that there was no positive correlation between 1, 5-AG and 
HOMA-β in the HUA group. However, there was still a sig-
nificant positive correlation between 1, 5-AG and HOMA-β 
in the NUA group, which was stronger in males than 
females. Figure 1 shows pearson's correlation coefficient 
between levels of serum 1, 5-AG and HOMA-β.

Discussion

Maintaining β-cell function and improving insulin resistance 
are considered to be the most effective measures for prevent-
ing diabetes and its progression [20] as they are both part of 
the pathological mechanisms of the development of T2DM. 

Studies have shown that once hyperglycaemia has obviously 
occurred, islet β-cell dysfunction is clearly manifest [21, 22]. 
Even in high-risk populations still in the NGT stage, β-cell 
function has been impaired [23, 24]. Therefore, the early 
evaluation and protection of β-cell function plays a key role 
in the prevention and treatment of diabetes. In addition to 
the invasive glucose clamp test, the monitoring of previous 
β-cell function can also be indirectly estimated by an insulin 
release test and some glycaemic indicators such as HbA1c, 
GA, and GA/A1c [25].

Serum 1, 5-AG, a new glycaemic marker, has received 
increasing attention since it was first described in 1972 
[26]. It is a naturally occurring 1-deoxy form of glucose 
that undergoes glomerular filtration and tubular reabsorption 
and has a closed pyran ring structure that confers metabolic 
stability [27]. When glucose fluctuates beyond the renal 
threshold of glucosuria, the reabsorption of 1, 5-AG in the 
renal tubules is competitively inhibited by high levels of 
glucose, resulting in a decrease in serum 1, 5-AG levels [28]. 
Previous articles have confirmed that 1, 5-AG have a good 
correlation with 2hPG even in prediabetes [29]. Moreover, 
one study in China has confirmed that on the cellular level, 
1, 5-AG is a good glycaemic marker [30]. In that study, the 
Michaelis constant and maximum velocity were determined 
to measure the affinity of glucose oxidase and hexokinase for 
1, 5-AG and glucose. The authors concluded that 1, 5-AG is 
difficult to metabolize in vivo, and its transport is influenced 
by an acute glucose load in the hepatocytes. There have been 
few recent studies on the relationship between 1, 5-AG and 
β-cell function. A Korean study of a small sample in 2009 
showed that low levels of 1, 5-AG were closely related to 
an elevation of 2hPG and a decline in islet secretion func-
tion in subjects with pre-diabetes and well-controlled T2DM 
[31]. In addition, a report on a small sample in China from 
2015 showed that 1, 5-AG was closely associated with early-
phase insulin secretion in newly diagnosed T2DM patients 
[32]. Our study took a natural population from Jiangsu Prov-
ince, China that had no prior history of diabetes as a subject 
of research and explored for the first time the relationship 
between 1, 5-AG and β-cell function in people with different 
glucose metabolism statuses [33].

In the natural population of Jiangsu Province, 1, 5-AG, 
HOMA-IR, and HOMA-β had significant differences among 
the NGT, IGR, and T2DM groups [34]. In addition, 1, 5-AG 

Table 3   Partial correlation 
analyses of factors correlated 
with the association between 
serum 1, 5-AG and HOMA-β, 
HOMA-IR in the T2DM group

* means p < 0.05

correlation Model 1 Model 2 Model 3 Model 4 Model 5

HOMA-β r 0.216 0.252 0.132 0.129 0.107
P  < 0.001*  < 0.001* 0.024* 0.028* 0.071

HOMA-IR r 0.014 0.046 0.086 0.087 0.062
P 0.811 0.425 0.14 0.141 0.293
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was able to reflect different glucose metabolism statuses. 
With the gradual aggravation of glucose metabolism disor-
ders, 1, 5-AG and HOMA-β showed gradually decreasing 
trends while HOMA-IR showed the opposite [35, 36]. It 
can be found that 1, 5-AG and HOMA-β maintained good 
positive correlations in the T2DM group as a whole and in 
the NUA group within the T2DM group (r = 0.265, 0.322, 
p < 0.001). Meanwhile, 1, 5-AG was an independent factor 
for HOMA-β (T2DM: β = 0.882, p = 0.023; NUA: β = 0.677, 
p = 0.017), proving that 1, 5-AG can reflect the secretory 
function of β cells. However, this correlation was lost in 
the HUA group. In the NUA group, 1, 5-AG could be used 
as an auxiliary observation index reflecting the secretory 
function of β cells.

SUA is a product of the metabolic breakdown of purine 
nucleotides and is excreted and absorbed via the kidney. 
Under physiological conditions, SUA levels in males are 
usually higher than in females [37]. In the three of groups of 
our study, men had higher SUA levels than women, and an 
independent sample t-test also proved that there were signifi-
cant differences between males and females (all p < 0.001), 
which was consistent with previous observations. One possi-
ble explanation for this result is that oestrogens may promote 
renal clearance of SUA by inhibiting the active reabsorption 

of uric acid [38]. In recent years, the relationship between 
uric acid and 1, 5-AG has attracted much attention. In 2009, 
Koga et al. studied 158 male subjects with normal glucose 
tolerance and found that SUA was positively correlated with 
1, 5-AG concentration. 1, 5-AG and SUA may share a com-
mon renal tubular transport system [39]. Another study in 
2013 found that there was an independent positive correla-
tion between 1, 5-AG and SUA in both T2DM and non-DM 
subjects [40]. In our study, we indeed found a positive rela-
tion between 1, 5-AG and SUA in the NGT, IGR, and T2DM 
groups (r = 0.168, r = 0.125, r = 0.14, respectively, p < 0.05). 
We suspect that 1, 5-AG and SUA share a common renal 
tubular transport system, causing 1, 5-AG to interfere with 
hyperuricemia in response to islet β-cell function in the 
HUA population of the T2DM group.

Interestingly, recent studies have shown that uric acid 
levels can also affect islet β-cell secretion, whether in dia-
betic or nondiabetic subjects [41]. A cross-sectional study 
was designed and performed on a total of 403 newly diag-
nosed T2DM patients and finally concluded that SUA may 
be considered as a predictor for β-cell function in clinical 
practice [42, 43]. Other studies have also supported this find-
ing [44–46]. Our study also found that there was a positive 
correlation between SUA and HOMA-β in the T2DM group 

Fig. 1   Pearson's correlation coefficient between levels of serum 1,5-AG and HOMA-β: (a) n T2DM group(r = 0.265, p < 0.001); (b) n NUA of 
T2DM group(r = 0.322, p < 0.001); (c) n male of NUA group(r = 0.352, p < 0.001); (d) n female of NUA group (r = 0.232, p = 0.009)
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(r = 0.148, p = 0.009). However, the mechanism that causes 
SUA to interfere with a positive correlation between 1, 5-AG 
and HOMA-β needs further exploration.

The mechanism of the positive correlation between 1,5-
AG and islet β-cell secretion has also been deeply studied 
recently. One study confirmed that 1,5-AG could stimulate 
insulin release in a dose-dependent manner at a cytological 
level [18]. Another study suggested that 1,5-AG appeared to 
inhibit the activity of disaccharidase to inhibit postprandial 
blood glucose and insulin secretion [19], however, the exact 
mechanism still needs further exploration.

The current study has some limitations. First, it would be 
better to use more prospective or cohort studies to enhance the 
efficacy of the cross-sectional research. On this point, our team 
is currently involved and working hard on achieving this goal. 
Second, it would be more accurate to use the internationally 
recognized gold standard glucose clamp test. By taking into 
account of manoeuvrability, a more suitable method approved 
by domestic and foreign experts is applied in our study.

In general, this study is based on the findings from a large-
scale and multicentric adult population in Jiangsu, China. As a 
result of this study, we make the following conclusions: 1. In the 
natural adult population of Jiangsu, China, 1,5-AG can reflect 
different glucose metabolism statuses. 2. 1,5-AG, HOMA-IR, 
and HOMA-β show significant differences among NGT, IGR, 
and T2DM groups. In the T2DM group, 1,5-AG was positively 
correlated with HOMA-β. For those in the NUA group within 
the T2DM group, 1,5-AG could be used as an auxiliary obser-
vation index reflecting the secretory function of β cells.

Conclusions

In this paper, we investigate the relationship between serum 
1, 5-anhydroglucitol and β-cell function in Chinese adults 
with different glucose metabolism statuses. In a natural 
population from Jiangsu Province, China with no previ-
ous history of diabetes, there were significant differences 
in 1, 5-AG, HOMA-IR, and HOMA-β among the NGT, 
IGR, and T2DM groups. Therefore, 1, 5-AG can reflect 
different glucose metabolism statuses. In the T2DM group, 
1, 5-AG was positively correlated with HOMA-β, and 1, 
5-AG could also be used as an auxiliary observation index 
reflecting the secretory function of β cells for those in the 
NUA group within the T2DM group. From the results, we 
can obtain that 1, 5-AG can reflect different glucose metab-
olism statuses in the natural adult population of Jiangsu, 
China. We did not find a significant correlation between 
1, 5-AG and HOMA-IR or HOMA-β in the NGT and IGR 
groups, so 1,5-AG may not be a predictor of β-cell function 
until a certain level of blood glucose elevation. In addition, 
1, 5-AG, HOMA-IR, and HOMA-β show significant differ-
ences among NGT, IGR, and T2DM groups. In the T2DM 

group, 1, 5-AG was positively correlated with HOMA-β. 
For those in the NUA group within the T2DM group, 1, 
5-AG could be applied as an auxiliary observation index 
reflecting the secretory function of β cells.
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