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Introduction

Hyperglycemia is a major risk factor for the micro‑ and 
macro‑vascular complications of  diabetes,[1] and lowering 
blood glucose levels has been shown to reduce the 
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incidence of  diabetes complications.[2] Recently, it has been 
shown that a decrease in glucose excursions might also be 
important for reducing the risk of  vascular complications.[3] 
Studies have reported that glucose excursions are associated 
with oxidative stress,[4,5] coronary artery disease,[6] and may 
contribute to vascular damage independently of  mean 
glucose concentration.[7,8] Glycemic variability is usually 
measured by self‑monitoring of  blood glucose  (SMBG) 
or using a continuous glucose monitoring system. These 
are often inconvenient for the patients and difficult to use 
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in clinical practice because of  the pain and cost associated 
with these procedures.[9] Therefore, there is a need for 
a simple surrogate biochemical marker for glycemic 
variability. Glycated hemoglobin (HbA1c) is the standard 
clinical measurement used to monitor glycemic status and 
is recommended to assess control of  diabetes over the 
preceding 2–3 months.[10,11] However, being a measure of  
mean glucose, it does not reflect glucose variability.[12]

1,5 anhydroglucitol (1,5 AG) is a circulatory polyol originating 
mainly from foods and is structurally similar to glucose.[13] 
Due to this similarity, glucose inhibits renal reabsorption of  
1,5 AG by competitive inhibition,[14] resulting in an inverse 
correlation of  1,5 AG with hyperglycemia. 1,5 AG reflects 
the average maximum blood glucose level during the past 
1‑2 weeks and is reported to be a more sensitive marker 
of  glucose variability and postprandial hyperglycemia than 
HbA1c, even for patients with prediabetes and for those 
with well or moderately controlled diabetes.[15‑17] Some 
studies have reported that 1,5 AG predicts the incidence of  
cardiovascular diseases[18] and moderate renal dysfunction,[19] 
and that it could be a useful biomarker for prognosis of  
microvascular outcomes.[20] There are reports which suggest 
that compared to fructosamine (FA) or HbA1c, 1,5 AG 
shows a much greater sensitivity to glycemic variability, 
which makes 1,5 AG reliable in monitoring recent changes 
of  glycemia.[21] There is a need for studies on 1,5 AG 
among Asian Indians because they are known to be more 
susceptible to T2DM.[22] In this study, we report on 1,5 AG, 
FA, and HbA1c levels and their association with various 
degrees of  glucose intolerance, we also look at 1,5 AG 
as a marker of  postprandial hyperglycemia among Asian 
Indians with Type 2 diabetes.

Materials and Methods

Recruitment
The following study subjects were recruited from a large 
tertiary diabetes care center at Chennai in South India, those 
with normal glucose tolerance (NGT, n = 60), impaired 
glucose tolerance  (IGT, n  =  50), and Type  2 diabetes 
mellitus  (T2DM, n  =  100). All individuals, excluding 
those with known diabetes, underwent an oral glucose 
tolerance test  (OGTT) using 75‑g glucose load. Sample 
size was calculated to have power (>90%) for obtaining a 
correlation coefficient of  0.3 between the study parameters. 
We calculated a sample size of  95 had a power of  >90% 
to detect a difference of  12 μg/ml between groups for 1,5 
AG, with a standard deviation of  4.0 and an alpha error of  
0.05. Institutional Ethics Committee approval was obtained 
before the start of  the study and written informed consent 
was obtained from the study participants.

Anthropometric measurements
Anthropometric measurements including weight, height, 
and waist circumference were obtained using standardized 
methods.[23] Body mass index  (BMI) was calculated as 
weight (kg)/height (m)2. Blood pressure was recorded from 
the right arm in a sitting position to the nearest 2 mmHg 
with a mercury sphygmomanometer (Diamond Deluxe BP 
apparatus, Pune, India). Two readings were taken 5 min 
apart, and the mean of  the two was recorded as the blood 
pressure.

Biochemical tests
Fasting plasma glucose  (hexokinase method), serum 
cholesterol  (cholesterol oxidase–peroxidase–amidopyrine 
method), serum triglyceride (glycerol phosphate oxidase–
peroxidase–amidopyrine method), high‑density lipoprotein 
(HDL) cholesterol (direct method‑immunoinhibition 
method) and creatinine (Jaffe Kinetic Method) measurements 
were performed using kits supplied by Beckman and measured 
using Beckman Coulter AU2700  (Fullerton, CA, USA). 
HbA1c was measured by high‑performance liquid 
chromatography using the Variant II Turbo  (Bio‑Rad, 
Hercules, CA, USA). The intra‑ and inter‑assay coefficients 
of  variation for the biochemical assays ranged between 
3.1 and 7.6%. All measurements were performed in our 
laboratory, which is certified by the College of  American 
Pathologists and the National Accreditation Board for 
Testing and Calibration Laboratories.

1,5 Anhydroglucitol measurements
Serum 1,5 AG levels were assessed using an enzymatic, 
colorimetric assay kit (Glycomark®, New York, NY)[14,24,25] 
using the Beckman Coulter AU2700 (Fullerton, CA, USA). 
The assay has a sensitivity of  1.5 µg/ml, linearity <50 µg/ml, 
and intra‑ and inter‑assay coefficients of  variation <5%.

Fructosamine measurements
FA (NBT/kinetic) using kits supplied by Roche Diagnostics, 
Switzerland, was measured using the Beckman Coulter 
AU2700 (Fullerton, CA, USA). The assay has a sensitivity 
of  10 µmol/L, and intra‑ and inter‑assay coefficients of  
variation ranged between 0.9% and 2.9%.

Definitions
Subjects with fasting plasma glucose  <5.5 mmol/L 
(<100 mg/dL) and 2 h postglucose value <7.8 mmol/L 
(<140  mg/dl) were considered as NGT. Those with 
2 h postglucose value of  ≥ 7.8 mmol/L (≥140 mg/dL) 
and  <11.1 mmol/L  (<200  mg/dL) were diagnosed as 
IGT[26] confirmed by OGTT. Subjects were classified as 
T2DM if  they have past medical history  (self‑reported 
diabetes under treatment by a physician) or drug treatment 
for diabetes (insulin or oral hypoglycemic agents).[26]
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Statistical analysis
Student’s t‑test or one‑way ANOVA (with Tukey’s HSD) as 
appropriate were used to compare groups for continuous 
variables and the Chi‑square test or Fisher’s exact test as 
appropriate was used to compare proportions. Pearson’s 
correlation analysis was carried out to determine the 
correlation between 1,5 AG, FA, and HbA1c. All analyses 
were done using SPSS statistical package  (version  22.0, 
Chicago, IL, USA) and P < 0.05 was considered statistically 
significant.

Results

Individuals with glucose intolerance (i.e., IGT and T2DM) 
were older compared to NGT (P < 0.001). Systolic blood 
pressure (P < 0.05), fasting plasma glucose (P < 0.001), and 
2 h postglucose blood sugar (P < 0.001) were higher among 
individuals with glucose intolerance. BMI  (P  <  0.01), 
waist circumference  (P  <  0.01), HbA1c  (P  <  0.001), 
FA (P < 0.001), and serum triglyceride  (P < 0.05) were 
higher in T2DM when compared to NGT and IGT 
individuals [Table 1]. Patients with T2DM in this study were 
either on oral antidiabetic drugs (OADs) (n = 40) or OADs 
plus insulin  (n = 60). Patients on OADs alone included 
24 on metformin, 7 on metformin  +  DPP4 inhibitors, 
and 9 on both sulfonylureas  +  metformin. Among the 
patients with OADs plus insulin treatment, 38 were on 

Table 1: Clinical and biochemical characteristics of the 
study subjects
Variables NGT 

(n=60)
IGT 

(n=50)
T2DM 

(n=100)
Age (years) 41±13 52±14* 55±13*
Male, n (%) 30 (50) 24 (48) 51 (51)
BMI (kg/m²) 25.9±4.5 26.7±4.6 28.8±4.9*,##

Waist circumference (cm) 90±12 91±11 100±12*,#

Systolic blood pressure (mmHg) 120±13 126±16*** 128±18**
Diastolic blood pressure (mmHg) 76±9 78±7 78±9
Fasting blood sugar (mg/dL) 91±6 101±10* 153±55*,#

Postprandial blood sugar (mg/dL) ‑ ‑ 232±81
2 h postglucose blood sugar 
(mg/dL)

104±19 163±15* ‑

Glycated hemoglobin (%) 5.4±0.4 5.8±0.3* 8.3±1.8*,#

Fructosamine (µmol/L) 200±20 237±30* 313±85*,#

Total cholesterol (mg/dL) 182±35 180±44 153±36*,#

Serum triglyceride (mg/dL) 122±57 127±52 157±86**,###

HDL cholesterol (mg/dL) 39±10 40±8 37±10
Creatinine (mg/dL) 0.72±0.2 0.76±0.2 0.85±0.4**
Duration of diabetes (years) ‑ ‑ 13±9
Statin use, n (%) ‑ ‑ 78 (78)
Hypertension drugs use, n (%) ‑ ‑ 44 (44)
OHA, n (%) ‑ ‑ 40 (40)
Insulin with OHA, n (%) ‑ ‑ 60 (60)

*P<0.001 compared to NGT, **P<0.01 compared to NGT, ***P<0.05 compared to 
NGT, #P<0.001 compared to IGT, ##P<0.01 compared to IGT, ###P<0.05 compared to 
IGT. Data presented as mean±SD. NGT: Normal glucose tolerance, T2DM: Type 2 
diabetes mellitus, HDL: High‑density lipoprotein, IGT: Impaired glucose tolerance, 
SD: Standard deviation, OHA: Oral hypoglycemic agents, BMI: Body mass index

insulin + metformin, 12 on insulin + metformin + DPP4 
inhibitors, and 10 on insulin + sulfonylureas + metformin. 
There was no statistically significant difference in 1,5 AG 
levels between these groups. However, as the number of  
patients is small, this would have to be investigated further 
in future studies.

Mean levels of  1,5 AG were lowest in those with T2DM 
(7.9  µg/ml, P  <  0.001) followed by individuals with 
IGT (18.8  µg/ml, P  <  0.05) and NGT  (21.8  µg/ml) 
[Figure 1].

Serum 1,5 AG showed a significant negative correlation 
with glycemic control markers FA (r = −0.618, P < 0.001) 
and HbA1c (r = −0.700, P < 0.001) [Figure 2a and b].

Figure 3 shows 1,5 AG stratified according to quartiles 
of  postprandial glucose. 1,5 AG decreased significantly 
with increasing quartiles of  postprandial glucose 
(P for trend  <0.001). To examine the relationship 
between 1,5 AG and HbA1c in T2DM individuals, 
T2DM individuals were stratified according to their 
HbA1c levels as HbA1c  ≤7% and  >7%. About 87% 
of  those with HbA1c  >7% had 1,5 AG  <10  µg/ml. 
However, in the well‑controlled group (HbA1c ≤7%), 
27% individuals had lower 1,5 AG (<10 µg/ml), which 
suggests that even among individuals with clinically 
acceptable HbA1c levels, over a quarter of  them may 
have glucose variability with elevated postprandial 
spikes [Figure  4]. In patients with HbA1c  <7%, we 
observed that 50% individuals had higher FA levels 
(≥260 µmol/L), but it was not significantly correlated 
with 1,5 AG [Supplementary Figure 1].

Figure 1: Mean 1,5 anhydroglucitol levels in individuals with different grades 
of glucose intolerance
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Discussion

Epidemiological and clinical studies have reported that 
controlling blood glucose in the nonfasting state, especially 
the postprandial period can reduce the risk of  diabetic 
complications.[27,28] Recent evidence shows that factors 
other than glycemic control as assessed by HbA1c should be 
considered for the prevention of  cardiovascular disease.[29] 
In this context, the usefulness of  1,5 AG[30] correlated with 
postprandial hyperglycemia or glycemic variability, becomes 
significant. This study shows that circulatory levels of  
1,5 AG are progressively lower as glucose intolerance 
increases, with NGT individuals having the highest values 
followed by those with IGT and T2DM. Further, when 
stratified according to postprandial glucose levels in T2DM, 
1,5 AG levels were significantly lower in those with higher 
postprandial glucose values. Finally, 1,5 AG levels were 
low in 27% of  T2DM individuals who had HbA1c ≤7% 
suggesting that these individuals might have hyperglycemic 
excursions. However, this is purely speculative, and further 
studies are needed.

Glucose fluctuations are shown to be associated with 
markers of  oxidative stress, and these fluctuations could 
have deleterious effects on endothelial function and 
oxidative stress over and above the effects of  constantly 
high levels of  blood glucose.[4,31] A recent case–control 
study[31] has shown that acute fluctuations in blood glucose 
have a greater effect on oxidative stress, as indicated by 
urinary isoprostane excretion, than overall glycemic control. 
HbA1c only reflects the average glucose level over the 
prior 2–3 months and cannot indicate the level of  risk that 
may be associated with acute glucose fluctuations. FA is 
formed via nonenzymatic glycation reactions[32,33] and is 
elevated in the setting of  high circulating concentrations 
of  glucose. Based on the turnover rate of  total serum 
protein, FA represents average glycemia over a 2‑  to 
3‑week period.[34] Conversely, 1,5 AG levels are reflective of  
hyperglycemia and glucose variability, even in patients with 
well or moderately controlled diabetes.[24,30] Our findings 
are consistent with the physiology of  1,5 AG, where 
plasma concentrations of  1,5 AG are thought to show 
decreases at the highest levels of  blood glucose and reflect 
glucose excursions.[35,36] Currently, 1,5 AG is approved 
by the United States Food and Drug Administration 
for monitoring intermediate‑term glycemic control in 
persons with diabetes and is sometimes used for monitoring 
postprandial hyperglycemia.[24,30]

The ability to detect excessive exposure to postprandial 
hyperglycemia in individuals otherwise appearing to have 
acceptable glycemic control has the potential to be of  

Figure 3: Mean 1,5 anhydroglucitol levels in quartiles of postprandial plasma 
glucose in individuals with Type 2 diabetes mellitus

Figure 4: Mean levels of 1,5 anhydroglucitol in relation to glycemic control 
based on glycated hemoglobin levels

Figure 2: (a) Correlation between 1,5 anhydroglucitol and fructosamine. 
(b) Correlation between 1,5 anhydroglucitol and glycated hemoglobin

b

a
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clinical importance in reducing glycemic variability and 
excessive postprandial glycemic excursion.[37] Studies have 
reported that 1,5 AG was more sensitive and specific 
than HbA1c in predicting postprandial hyperglycemia.[24] 
Moreover, many individuals with HbA1c levels below the 
target value of  7% have low 1,5 AG levels. This suggests 
that excessive glycemic excursions may be occurring in 
these individuals. Because HbA1c is related to average 
glucose levels, it is also possible that hypoglycemia may 
have contributed to the overall lower HbA1c.[24] We found 
that levels of  1,5 AG were significantly correlated with 
FA or HbA1c and reduced with increased quartiles of  
postprandial glucose in T2DM patients. These observations 
support the usefulness of  1,5 AG as an ancillary measure 
of  postprandial hyperglycemia for evaluation of  worsening 
glycemic control. Thus, 1,5 AG measurements may be an 
important tool to assess diabetes control as an adjunct 
to HbA1c and FA. However, the addition of  agents that 
specifically address postprandial hyperglycemia with the 
goal of  improving 1,5 AG levels needs to be tested in future 
clinical trials. The cost‑effectiveness of  measuring 1,5 AG 
also needs to be studied.

The strength of  this study is that it is the first study 
to demonstrate the usefulness of  1,5 AG levels along 
with traditional glycemic markers in Asian Indians with 
NGT, IGT, and T2DM. One of  the limitations of  the 
study is that being a cross‑sectional study, no cause and 
effect relationship between 1,5 AG and T2DM could be 
established; prospective studies will be needed to further 
explore this relationship. The second limitation is that we 
did not perform continuous glucose monitoring or SMBG 
to correlate them with 1,5 AG levels.

Conclusion

In summary, we report on the usefulness of  1,5 AG as 
an additional tool to assess short‑term glycemic control, 
compared to serum FA and HbA1c in Asian Indians with 
different degrees of  glucose intolerance.
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