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Abstract

Aims: It is necessary to evaluate glucose variability and postprandial hyperglycemia in patients with well-controlled type 2
diabetes mellitus because of the limitations associated with hemoglobin A1c (HbA1c) measurements. We evaluated para-
meters reflecting postprandial hyperglycemia and glycemic variability in patients with optimal HbA1c.
Patients and Methods: Thirty-nine patients with HbA1c levels below 7% were recruited to the study. A continuous glucose
monitoring system (CGMS) was applied for two 72-h periods. 1,5-Anhydroglucitol (1,5-AG) and fructosamine (FA) were
measured as parameters for postprandial hyperglycemia and glucose variability. Using CGMS data, the following post-
prandial hyperglycemia parameters were calculated: mean postprandial maximum glucose (MPMG) and area under the
curve for glucose above 180 mg/dL (AUC-180). To measure glycemic variability, we calculated mean amplitude of glucose
excursion (MAGE) using a classical (MAGEc) and new method (MAGE group of sign [MAGEgos]).
Results: The baseline HbA1c level was 6.3 – 0.3%. The mean MPMG was 10.34 – 1.84 mmol/L, and the mean AUC-180 was
0.17 – 0.23 mmol/L/day. The mean MAGEgos was 3.27 – 1.29 mmol/L, and MAGEc was 4.30 – 1.43 mmol/L, indicating gly-
cemic variability in our patients. The mean levels of 1,5-AG and FA were 16.7 – 7.4 lg/mL and 273.0 – 22.5 lmol/L, re-
spectively. In a correlation analysis, FA was significantly correlated with MPMG, AUC-180, MAGEgos, and MAGEc. In
contrast, 1,5-AG was only correlated with AUC-180.
Conclusions: This study demonstrated postprandial hyperglycemia and glycemic variability in subjects with well-controlled
diabetes. FA may reflect postprandial hyperglycemia and glycemic variability, but 1,5-AG may be of limited value for
assessing glucose variability in patients with well-controlled type 2 diabetes mellitus.

Introduction

Glycemic monitoring is essential for the management
of type 2 diabetes mellitus, and various glycemic mark-

ers are available in clinical practice.1 Hemoglobin A1c
(HbA1c) is the most widely used parameter for glycemic
monitoring and reflects average glucose levels over 2–3
months.1 However, HbA1c is limited in its ability to reflect
short-term glycemic changes, and it cannot reflect postpran-
dial hyperglycemia and fasting hyperglycemia separately.2

A growing body of evidence suggests that postprandial
hyperglycemia and glycemic variability may be independent
risk factors for macrovascular complications in patients with
diabetes.3–5 Even patients with well-controlled diabetes who
have HbA1c levels below 7% (53 mmol/mol) may be subject
to glycemic variability and postprandial hyperglycemia.4 For
more advanced management to prevent chronic complica-

tions, it is necessary to monitor various glycemic parameters.
However, HbA1c levels may not effectively reflect hyper-
glycemic excursions that are compensated for by hypoglyce-
mia, something that is overlooked by most clinicians. A
continuous glucose monitoring system (CGMS) is the most
reliable and precise method for evaluating glycemic vari-
ability and postprandial hyperglycemia; however, it is in-
convenient and not easily accessible in general practice.

1,5-Anhydroglucitol (1,5-AG) and fructosamine (FA) are
circulating biomarkers that reflect short-term glucose control
in diabetes mellitus.6 Plasma 1,5-AG is a glucose analog present
in healthy subjects that shows extremely stable concentrations,
as its intake and excretion are well balanced.7 1,5-AG competes
with glucose for reabsorption in the renal tubules.7,8 Plasma
1,5-AG levels therefore decrease in the hyperglycemic state in
which glycosuria is present. 1,5-AG is very sensitive, changes
rapidly, and is known to reflect glycemic variability within a
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few days.9 FA is a measure of glycated serum proteins, the most
common of which is albumin. FA levels correlate best with
average glucose levels during the previous 10–14 days, and it is
used clinically as a complementary marker to detect short-term
changes in glucose management.6

One previous study reported that 1,5-AG levels well re-
flected both glycemic variability and postprandial hypergly-
cemia10; however, another study suggested that 1,5-AG
represented mean blood glucose and postprandial hypergly-
cemia, but not glycemic variability.11 There is no definite ev-
idence for either hypothesis due to differences between the
study protocols and subjects. In addition, until now there
have been few data regarding 1,5-AG measurements in pa-
tients with well-controlled diabetes (HbA1c £7%). Some
studies reported that glycosylated serum proteins or glycated
albumin (GA) is a better marker for evaluating glucose ex-
cursion in diabetes than HbA1c.12,13 However, few studies
have evaluated the association between FA and postprandial
hyperglycemia or glycemic fluctuations.

The aim of this study was to evaluate the glycemic status
beyond HbA1c, specifically postprandial hyperglycemia and
glycemic variability, in patients with well-controlled type 2
diabetes (HbA1c level <7%) using a CGMS. Furthermore, we
evaluated the glycemic biomarkers 1,5-AG and FA and ex-
amined the associations between these biomarkers and post-
prandial hyperglycemia and glycemic variability in patients
with well-controlled type 2 diabetes.

Patients and Methods

Participants

We recruited 53 patients 18–65 years old with type 2 diabetes
mellitus, HbA1c levels <7% (53 mmol/mol), and stable gly-
cemic control who visited the Kyung Hee University Medical
Center (Seoul, Korea) between February 2008 and June 2010.
Other inclusion criteria were an HbA1c change of <0.5%
(18 mmol/mol), no recent addition of oral hypoglycemic medi-
cations, and no change in insulin dose of >10% in the previous 3
months. Exclusion criteria were pregnancy, anemia (hemoglo-
bin <10.0 g/dL), liver disease (alanine aminotransferase more
than twice the upper normal limit), hypoalbuminemia (albumin
<3.5 g/dL), serum creatinine ‡1.3 mg/dL, acute or chronic renal
tubulointerstitial disease, and severe medical illness.

Study design

On the day of screening, patients were educated about the
CGMS (Medtronic MiniMed, Northridge, CA), which was
used to record glucose levels every 5 min for 72 h consecutively.
Patients were also instructed to self-monitor their blood glucose
levels (fasting glucose and postprandial glucose) several times
per day, to keep a diary of meals (content and times), and to
continue their usual lifestyle. In addition, patients were not
allowed to change their diabetes treatment during the study
period. Two CGMS studies were consecutively performed for 1
week in all participants. Data from the two CGMS runs were
analyzed using MiniMed Solutions software. On the day of
screening, levels of HbA1c, 1,5-AG, and FA were measured;
1,5-AG and FA levels were measured again at the end of each
CGMS study. We checked dietary patterns using 3-day diet
records for each CGMS study period in all patients. Food intake
(amount and the frequency) was analyzed by the Computer

Aided Nutrient Analysis program version 3.0 (CAN-Pro ver-
sion 3.0; The Korean Nutrition Society, Seoul). This study was
approved by the Kyung Hee University Ethical Review Board
(protocol number KMC IRB 0758-05), and written informed
consent was obtained from all participants.

Analysis of glycemic parameters using CGMS data

Using the CGMS software, we calculated mean glucose
levels and the area under the curve for glucose levels above
180 mg/dL (10 mmol/L) (AUC-180) during 24 h and mean
postprandial maximum glucose (MPMG) (the mean maximal
glucose level of postmeal glucose excursion after breakfast,
lunch, and dinner) as parameters of postprandial hyperglycemia.

As a measurement of glycemic variability, we calculated the
mean amplitude of glucose excursion (MAGE) using a new
method: group of signs (GOS).14 MAGE is the mean absolute
difference in the peak-to-nadir or nadir-to-peak direction in
glycemic excursions more than 1 SD during days. Most re-
searchers would calculate MAGE by hand using graphical ap-
proaches. However, the definitions of glycemic peaks and
nadirs are arbitrary or subjective and not based on a standard-
ized algorithm; this is the main limitation of its use in ambula-
tory, noncontrolled CGMS analyses.15–17 The GOS method is a
new objective algorithm proposed by Zaccardi et al.14 for cal-
culating MAGE. It was reported that MAGE values calculated
using the GOS algorithm are highly correlated with MAGE
values calculated by the physician (correlation coefficient of
96%).14 We calculated MAGE_abs_gos (abbreviated to MAGEgos

in Results) using this algorithm as an alternative to calculation
of classical MAGE (MAGEc) by the physician. Because there
have been few studies that have investigated MAGEgos, we
performed the validation study for MAGEgos. For measuring
MAGEc, we modified the graphical method of Service et al.15

so that MAGEc was calculated by averaging both peak-to-
nadir (downstroke) and nadir-to-peak (upstroke), which had
been originally used in the program developed by Baghurst.18

MAGEgos and MAGEc showed a good correlation with r = 0.94
(P < 0.001) according to Pearson’s correlation analysis.

Glycemic biomarker assays

HbA1c levels were measured with a G7 high-performance
liquid chromatography analyzer (Tosoh Corp., Chuo-ku,
Japan), using a method certified by the National Glycohe-
moglobin Standardization Program. Fructosamine levels
were measured using a colorimetric assay (BT 1000; Bio-
technica, Rome, Italy). Levels of 1,5-AG were measured by
automated 1,5-AG assay (Lana 1,5-AG Auto Liquid; Nippon
Kayaku, Tokyo, Japan) using a two-step enzymatic method.19

The intra-assay coefficient of variation (CV) ranged from 1.3%
to 3.8%, and the inter-assay CV ranged from 0.8% to 3.8%. All
biochemical assays were performed in the endocrine research
laboratory at Kyung Hee Medical Center.

Statistical analysis

Statistical analysis and data management were conducted
using the Statistical Package for the Social Sciences software
(SPSS version 16.0; SPSS Inc., Chicago, IL). Mean values of 1,5-
AG, FA, and glycemic parameters were calculated using
values from two CGMS studies. Values for continuous vari-
ables in the first and second CGMS studies were compared
using a paired t test. As for the correlation between
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parameters of CGMS and biomarkers, we performed Pear-
son’s correlation analysis at each visit. In addition, we used a
mixed model for analyzing the correlation of all repeatedly
measured data from visit 1 and 2. A mixed model addresses
the dependence of observations in a repeated measurement
design by modeling the within-person and between-person
variances simultaneously.20,21 It allows for an analysis of re-
peated measures with unbalanced times of measurement.22

We analyzed the correlations of 1,5-AG and FA with other
glycemic parameters calculated from CGMS data for the two
visits using a mixed model with AR(1) covariance between the
two visits.20–23 Statistical significance was established as P < 0.05.

Results

Baseline characteristics of the study subjects

Of the 53 patients who were originally enrolled, 14 dropped
out, and 39 completed the study. All of those who completed
the study had stable, well-controlled type 2 diabetes mellitus.
The clinical characteristics of the subjects are summarized in
Table 1. In total, 27 patients were male, and 12 were female;
the mean age was 56 – 9.6 years; and mean body mass index
was 25.4 – 3.6 kg/m2. Nearly one-quarter of the patients
(23.1%) received no diabetes medication and controlled their
disease only by modifying their lifestyles. In total, 26 patients
were treated with antidiabetes agents, and four were taking a
long-acting basal insulin analog. The detailed drug regimens
are shown in Table 1. Baseline clinical parameters were as
follows: HbA1c, 6.3 – 0.3% (45 – 20 mmol/mol); 1,5-AG,
16.2 – 7.4 lg/mL; and FA, 276.9 – 22.1 lmol/L.

Glycemic parameters calculated from CGMS
and glycemic biomarkers

Values for short-term biomarkers of glycemic control and
glycemic parameters calculated from two CGMS periods are

shown in Table 2. The glycemic values determined by CGMS
did not differ significantly between the two CGMS periods. In
addition, there were no significant differences in the ratios of
the three major nutrients between CGMS visit 1 and CGMS
visit 2 in the patients who completed the study. Mean calorie
intake was 1,679.3 – 297.3 kcal/day, and the proportions
of carbohydrates, proteins, and fats were 58.9 – 7.9%, 17.5 –
2.4%, and 22.2 – 5.4%, respectively.

Analysis of the two CGMS datasets showed that the mean
blood glucose level was 7.28 – 0.97 mmol/L. The mean AUC-
180 was 0.17 – 0.23 mmol/L/day, the mean MPMG level was
10.33 – 1.71 mmol/L, mean MAGEgos was 3.27 – 1.29 mmol/
L, and MAGEc was 4.30 – 1.43 mmol/L. These results indicate
the existence of postprandial hyperglycemia and glycemic
variability in patients with well-controlled type 2 diabetes
(HbA1c < 7%).

Levels of FA and 1,5-AG did not differ significantly between
CGMS visit 1 and visit 2. The mean levels of 1,5-AG and FA
were 16.7 – 7.4 lg/mL and 273.0 – 22.5 lmol/L, respectively.
This result demonstrates that there are various glycemic con-
trol statuses beyond HbA1c in well-controlled diabetes.

Correlations between glycemic biomarkers
and CGMS parameters

First, Pearson’s correlation analysis was performed to ob-
serve how CGMS parameters were correlated with FA and
1,5-AG at visits 1 and 2, respectively (Table 3). At visit 1, FA
showed significant correlations with mean glucose, MPMG,
AUC-180, and MAGEc. Also, FA showed a correlation with
SD and MAGEgos but with borderline significance. 1,5-AG
was significantly correlated with mean blood glucose and also
showed a correlation with AUC-180 but with borderline sig-
nificance. Other variables did not show any significant cor-
relation with 1,5-AG.

Table 1. Baseline Characteristics of the Subjects

Characteristic Value

Number (male/female) 39 (27/12)
Age (years) 56 – 9.6
BMI (kg/m2) 25.4 – 3.6
DM duration (years) 4.9 – 5.0
Protein (g/dL) 7.3 – 0.4
Albumin (g/dL) 4.4 – 0.2
Creatinine (mg/dL) 0.8 – 0.2
Urinary albumin:creatinine ratio

(lg/mg of creatinine)
4.8 – 2.6

HbA1c [% (mmol/mol)] 6.3 – 0.3 (45 – 3)
Diabetes therapy

No medication (n) 9
Oral antidiabetes agents (n)a 26
Insulin (n) 4

Glycemic biomarkers
Fructosamine (lmol/L) 276.9 – 22.1
1,5-AG (lg/mL) 16.2 – 7.4

Data are mean – SD values.
aOral antidiabetes agents were as follows: sulfonylurea (n = 1),

metformin (n = 6), sulfonylurea or meglitinide and metformin (n = 9),
thiazolidinediones and metformin (n = 6), thiazolidinediones and
sulfonylurea (n = 2), metformin and acarbose (n = 1), and metformin
and vildagliptin (n = 1).

1,5-AG, 1,5-anhydroglucitol; BMI, body mass index; DM, diabetes
mellitus; HbA1c, hemoglobin A1c.

Table 2. Glycemic Characteristics Based

on Continuous Glucose Monitoring System

Data and Biomarker Assays

CGMS
visit 1

CGMS
visit 2 Mean

CGMS data
Mean glucose

(mmol/L)
7.27 – 0.94 7.29 – 1.03 7.28 – 0.97

SD (mmol/L) 1.77 – 0.56 1.78 – 0.58 1.77 – 0.46
Coefficient of

variance (%)
23.85 – 6.56 24.66 – 7.24 24.31 – 4.75

AUC-180
(mmol/L/day)

0.17 – 0.23 0.18 – 0.24 0.17 – 0.23

MPMG (mmol/L) 10.33 – 1.67 10.34 – 1.84 10.33 – 1.71
MAGEgos (mmol/L) 3.29 – 1.31 3.26 – 1.32 3.27 – 1.29
MAGEc (mmol/L) 4.36 – 1.68 4.41 – 1.67 4.30 – 1.43

Glycemic biomarker
1,5-AG (lg/mL) 16.7 – 7.3 16.7 – 7.3 16.7 – 7.4
FA (lmol/L) 273.2 – 21.3 273.5 – 22.5 273.0 – 22.5

Data are mean – SD values.
1,5-AG, 1,5-anhydroglucitol; AUC-180, area under the curve for

glucose above 180 mg/dL (10 mmol/L); CGMS, continuous glucose
monitoring system; FA, fructosamine; MAGEc, classical mean
amplitude of glucose excursion; MAGEgos, groups of signs mean
amplitude of glucose excursion _abs_gos; MPMG, mean postpran-
dial maximum glucose.
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At visit 2, FA showed significant correlations with mean
glucose, MPMG, and AUC-180 but was correlated with bor-
derline significance in the case of MAGEgos and MAGEc. 1,5-
AG was significantly correlated with MPMG and also showed
a correlation with mean glucose and MAGEgos but with bor-
derline significance.

In order to investigate the correlation between all variables
that were repeatedly measured during both visits 1 and 2, we
analyzed the relationships of 1,5-AG and FA with the gly-
cemic parameters calculated from the CGMS data using a
mixed model with an AR(1) covariance structure (Table 4). FA
was significantly correlated with mean glucose, MPMG level,

AUC-180, MAGEgos, and MAGEc. In contrast, 1,5-AG was
only significantly correlated with mean glucose level and
AUC-180.

Discussion

It is currently emphasized that clinicians should consider
other glycemic factors beyond HbA1c for the prevention of
cardiovascular and microvascular complications and to im-
prove quality of life.3,5

We demonstrated glucose variability and postprandial hy-
perglycemia in patients with well-controlled type 2 diabetes
mellitus by using a CGMS. There is a lack of studies examin-
ing postprandial hyperglycemia and glycemic variability in
healthy Koreans; however, we can compare our results with
data for normal Asian subjects.24,25 Compared with normal
Asian subjects, our results showed not only high mean blood
glucose levels, but also high MPMG and MAGE values. These
results indicate the presence of postprandial hyperglycemia
and glycemic variability in well-controlled diabetes.24,25 This
suggests that it is important to recognize that despite having
‘‘normal’’ HbA1c values, patients may not have optimal con-
trol of their diabetes.

The levels of 1,5-AG in this study were outside the normal
range for healthy subjects (range, 23.16–69.85 lg/mL),26 and
the levels of FA (1.2–2.1 mmol/L, in subjects with HbA1c
< 6%) were higher than that of subjects with similar HbA1c
values in another study.27 It is already well established that
there is a good correlation between HbA1c and short-term
glycemic biomarkers such as 1,5-AG and FA; however, this
study showed that there are various glycemic statuses
through a diverse range of short-term glycemic biomarkers
even in well-controlled patients with similar HbA1c values.

Several methods can clinically assess postprandial hyper-
glycemia and glucose variability. Although CGMS is a precise
method, it is an invasive and uncomfortable procedure and
has limitations in terms of cost and the reliability. 1,5-AG or
FA monitoring may be a convenient method for evaluating
short-term glycemic excursion. These biomarkers may be
useful parameters for tight glucose control and for detecting
postprandial and glycemic variability in patients with well-
controlled diabetes mellitus.

In this study, plasma levels of both 1,5-AG and FA were
correlated with mean glucose levels and AUC-180. In addi-
tion, FA was correlated with MPMG, MAGEgos, and MAGEc

in patients with well-controlled diabetes (HbA1c £ 7%).
Few reports have compared short-term glycemic markers

such as 1,5-AG and FA within groups with similar HbA1c
levels.6 Dungan et al.10 performed a study in 40 patients with
type 1 and type 2 diabetes mellitus that revealed a significant
negative correlation between 1,5-AG and postprandial hyper-
glycemia in patients with moderate glycemic control. Further-
more, 1,5-AG was significantly correlated with glycemic
variability under various study conditions, including well-
controlled diabetes.28–30 In contrast, Kim et al.11 suggested that
1,5-AG did not correlate with glycemic variability and was only
correlated with mean glucose and postprandial hyperglycemia
in patients with moderately controlled diabetes (HbA1c £ 8%).

Until now, there has been no conclusive evidence in well-
controlled diabetes. Our results show that the plasma level of
FA, but not that of 1,5-AG, is correlated with MAGEgos and
MAGEc. In patients with moderate to poor diabetes control,

Table 3. Pearson’s Correlation Coefficient Between

Glycemic Biomarkers and Continuous Glucose

Monitoring System Parameters

Fructosamine 1,5-AG

CGMS visit 1
Mean glucose 0.512c - 0.361b

SD 0.307a - 0.142
MAGEgos 0.273a - 0.268
MAGEc 0.454c - 0.195
MPMG 0.525c - 0.227
AUC-180 0.437c - 0.308a

CGMS visit 2
Mean glucose 0.598c - 0.321a

SD 0.271 - 0.179
MAGEgos 0.312a - 0.304a

MAGEc 0.310a - 0.251
MPMG 0.463c - 0.371b

AUC-180 0.581c - 0.271

aP < 0.1, bP < 0.05, cP < 0.01.
1,5-AG, 1,5-anhydroglucitol; AUC-180, area under the curve for

glucose above 180 mg/dL (10 mmol/L); MAGEc, classical mean
amplitude of glucose excursion; MAGEgos, groups of signs mean
amplitude of glucose excursion _abs_gos; MPMG, mean postpran-
dial maximum glucose.

Table 4. Correlations Between Glycemic Markers

and Continuous Glucose Monitoring System

Parameters in a Mixed Model

Dependent variable,
parameter Estimate SE df t P value

Fructosamine
Mean glucoseb 0.23 0.11 54.6 2.05 0.045
MPMGb 0.13 0.05 40.4 2.37 0.023
AUC-180b 0.99 0.45 53.0 2.23 0.030
SDa 0.25 0.13 35.6 1.93 0.061
MAGEb

gos 0.14 0.06 42.9 2.28 0.028

MAGEb
c 0.12 0.04 35.9 2.88 0.007

1,5-Anhydroglucitol
Mean glucoseb - 0.03 0.01 35.6 - 2.49 0.018
MPMG - 0.01 0.01 31.9 - 1.18 0.247
AUC-180b - 0.11 0.05 35.5 - 2.43 0.021
SD - 0.01 0.02 30.6 - 0.60 0.555
MAGEgos - 0.00 0.01 34.8 - 0.68 0.501
MAGEc - 0.00 0.01 30.6 - 0.58 0.569

aP < 0.1, bP < 0.05.
AUC-180, area under the curve for glucose above 180 mg/dL

(10 mmol/L); MAGEc, classical mean amplitude of glucose excur-
sion; MAGEgos, groups of signs mean amplitude of glucose excur-
sion _abs_gos; MPMG, mean postprandial maximum glucose.
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mean levels of glucose, HbA1c, and FA may all reflect the
fasting state, postprandial state, and variability. Therefore, the
importance of 1,5-AG, which most sensitively responds to
postprandial hyperglycemia or variability, can be further
emphasized. As seen in the study by Dungan et al.,10 FA and
HbA1c were better correlated with mean glucose than 1,5-AG,
whereas 1,5-AG reflects postprandial hyperglycemia more
robustly than FA or HbA1c. Glycemic variability is defined as
the frequency or amplitude of glucose excursion, or as a
combination of glucose excursions in the hyperglycemic and
hypoglycemic ranges. Considering our results and the results
of previous studies, 1,5-AG may be particularly suited for
monitoring hyperglycemic excursions. However, it may have
limited ability to reflect glycemic variability in well-controlled
patients with glycemic excursions with narrow ranges.

FA primarily represents GA, as it is the most abundant
protein present. FA and GA levels were reported to be
strongly correlated with each other.31 There have been a few
studies outlining the associations between FA and glycemic
parameters from CGMS data. A recent study reported that
GA may reflect not only the average glucose level, but also
glucose fluctuations and postprandial glucose excursions.32

Our findings are consistent with these results. Because GA
levels increase as blood glucose levels rise33 and the rate of GA
level increase is 10 times faster than that of hemoglobin,34

serum GA levels may also be affected by temporary blood
glucose spikes.35 However, the exact reasons why FA and GA
are related to daily glycemic excursions remain unclear.36 FA
assays are cheap and fast and can be performed in routine
laboratories; however, they are currently underutilized.37

Some studies have reviewed the usefulness of FA.37–39 It has
been suggested that FA testing should be performed as a
routine check in diabetes patients with normal HbA1c con-
centrations to confirm that their glucose is under control.37

This study measured MAGEc and MAGEgos with CGMS
data as markers for glucose variability. In a previously pub-
lished literature,14 MAGEgos has been suggested as a stan-
dardized and objective approach to measure MAGE, and in our
study it was further found that MAGEgos showed a significant
correlation with MAGEc. However, SD, which is known to be
one of the most essential variables reflecting the glucose vari-
ability, also showed a higher correlation with MAGEc than
MAGEgos, and the correlation analysis between MAGEgos and
MAGEc demonstrated a systematic bias. Therefore, we suggest
MAGEc should be considered in future studies.

The present study has several limitations. First, the number
of patients was small. Studies using CGMS are difficult to
carry out with a large number of patients. Even previously
published studies were with small numbers of patients,10,11 as
was with our study. One study performed two consecutive
CGMS studies in 10 patients with type 2 diabetes and 24 with
type 1 diabetes.10 The other study was carried out in 60 pa-
tients with type 2 diabetes by a single CGMS study.11 Even
though the number of patients was small, in order to obtain
more reliable data, we performed two consecutive CGMS
periods in patients with the same type of diabetes, type 2
diabetes mellitus. Second, the study did not include many
patients with large glycemic excursions during the relatively
short study period. However, there was no intent to specifi-
cally select patients with small glycemic variability, and this
might be an accurate reflection of the reality of well-controlled
type 2 diabetes mellitus.

In conclusion, we showed the presence of glycemic vari-
ability and postprandial hyperglycemia in patients with well-
controlled diabetes (HbA1c <7%), which suggests that it is
necessary to evaluate glycemic parameters beyond HbA1c in
such patients. 1,5-AG and FA are convenient molecules for the
evaluation of short-term glycemic changes, even in patients
with well-controlled diabetes. Both FA and 1,5-AG are cor-
related with mean blood glucose and postprandial hyper-
glycemia. However, our study suggests that, in patients with
well-controlled diabetes (HbA1c <7%), FA may reflect post-
prandial hyperglycemia and glycemic variability, but 1,5-AG
may be of limited value for assessing glucose variability.
Additional studies are needed to identify appropriate bio-
markers for postprandial hyperglycemia and glucose vari-
ability and to assess the potential roles of these biomarkers in
well-controlled diabetes.
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