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glucose (FPG) and glycated hemoglobin (HbA1c). Because it reflects the current status of
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hyperglycemia, urinary myo-inositol (UMI) may be useful. We evaluated UMI as a screening
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tool for glucose intolerance.
Design and methods: A cross-sectional, community-based population study of 1057 Japanese

Keywords:

residents. 173 with an FPG level between 5.5 and 6.9 mmol/L and an HbA1c under 6.5% had

Myo-inositol

an oral glucose tolerance test. We measured UMI level before (fasting UMI) and 2 h after (2 h-

Diabetes

UMI) glucose ingestion. D-UMI was defined as the difference between fasting UMI and 2 h-

Oral glucose tolerance test

UMI.
Results: D-UMI, 2 h-UMI and HbA1c levels significantly increased as glucose intolerance
worsened. D-UMI level was significantly positively correlated with 2 h-UMI level (r = 0.896,
p < 0.001). Using cutoff levels from receiver operating characteristic (ROC) analyses, the
sensitivity of D-UMI (82.1%) and 2 h-UMI (79.3%) were higher than that of HbA1c (48.3%). The
area under the ROC curve values for D-UMI (0.903) and 2 h-UMI (0.891) were higher than that
for HbA1c (0.785).
Conclusions: 2 h-UMI is useful as a non-invasive screening of glucose intolerance.
# 2013 Elsevier Ireland Ltd. All rights reserved.

1.

Introduction

Type 2 diabetes mellitus (DM) is increasing rapidly and has
become a worldwide health problem. The International
Diabetes Federation estimates that 522 million people worldwide will have DM by 2030 [1] and the World Health
Organization (WHO) that DM will become the seventh leading
cause of death in the world by 2030 [2]. According to large scale
epidemiological studies, even at the early stage of glucose
intolerance, large glucose fluctuations are likely to cause

macrovascular diseases, including cardiovascular and cerebrovascular diseases [3,4]. Because of its various complications, DM has a significant economic impact on patients,
families, healthcare systems, and countries. Prevention and
early diagnosis and intervention are effective for reducing the
burden of DM [5,6].
A fasting plasma glucose (FPG) sample and a subsequent
75 g oral glucose tolerance test (OGTT) [7] are commonly used
for the diagnosis of DM. The American Diabetes Association
and WHO have proposed the measurement of glycated
hemoglobin (HbA1c) as a diagnostic tool [8]. The advantages
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of HbA1c are that it does not require special preparation and
that it can be measured at any time of day, but it requires a
whole blood sample. It is often underestimated in women and
can be inaccurate in persons with anemia or hemoglobinopathies [9,10].
Myo-inositol is a form of inositol, a circular D-glucose
isomer, and it is an extremely stable circular alcohol. It is
known that urinary myo-inositol (UMI) excretion is increased
in persons with hyperglycemia [11–14]. Detection is possible
without blood collection at the early stage of glucose
intolerance, it is non-invasive to examinees, and it is possible
to test many examinees simultaneously [15,16]. Recently, an
easy to use, highly sensitive enzymatic cycling method for
measuring UMI has been developed and approved for clinical
use in Japan [17].
The aim of this large, cross-sectional, Japanese communitybased population study was to evaluate the utility of UMI as a
screening and diagnostic tool for the early stage of glucose
intolerance and DM as part of a follow-up medical examination.

2.

Subjects and methods

2.1.

Study population and design

The study began in 2007 as a survey of the incidence of
macrovascular events associated with lifestyle-related diseases among the general population as a part of the Kyushu
and Okinawa Population Study (KOPS) [18,19]. This substudy
evaluated the residents of two suburban areas: Iki city, an
isolated island in southwestern Japan with about 28 400
residents, and Hoshino village, a rural, mountainous village
with about 3300 residents. The lifestyle in these two areas is
similar to that of other parts of Japan. The participants were
notified, by local newspaper and public announcements, of a
free annual health examination given by our department.

2.2.

89

Study 1

A total of 1057 residents (348 men, 709 women, and age range
24–79 years) participated in the health examinations in 2010
and 2011. All underwent a medical evaluation and were
interviewed about their personal and family medical histories
and lifestyle-related habits. After the exclusion of 11 participants because of insufficient data, the data of 1046 were
available for analysis (Study 1). Common laboratory tests were
included in the examination, as outlined below.

2.3.

Study 2

As shown in Fig. 1, from among the 1046 with complete data,
232 eligible participants were selected for OGTT based on an
FPG level between 5.5 and 6.9 mmol/L, an HbA1c level under
6.5%, and no history of DM, viral hepatitis, thyroid disease,
anemia, or chronic renal disease. Chronic renal disease was
defined as an estimated glomerular filtration rate (eGFR) under
60 mL/min/1.73 m2 or the presence of macro-albuminuria. An
eGFR was calculated using the following formula proposed by
Japanese
Society
of
Nephrology:
194  serum
the
creatinine 1.094  age 0.287  0.739 (if women) [20]. Macroalbuminuria was considered positive when the dipstick test
(Ames dipstick, Bayer Medical, Tokyo, Japan) for spot urine
was positive, corresponding to a urinary protein level of over
300 mg/L.
Of the 232 eligible participants, 176 received an OGTT at a
later date (about 3 months later). OGTT was performed
following the standard protocol after at least 8 h of overnight
fasting. Urine samples for UMI were collected just before and
2 h after glucose ingestion. The participants were categorized
as newly diagnosed DM, impaired glucose tolerance (IGT),
impaired fasting glucose (IFG), and normal glucose tolerance
(NGT) according to the WHO criteria [21]. The plasma glucose
and serum insulin levels of each blood sample were measured,

1057 residents, participated our study
Eliminated 11 residents with insufficient data
Study 1: 1046 residents
Eliminated 39 residents with diabetes
Eliminated 43 residents with newly diagnosed diabetes
(with FPG ≥ 7.0 mmol/L and/or HbA1c ≥ 6.5%)
964 residents without diabetes
Eliminated 99 residents with hepatitis, thyroid disease, anemia, chronic renal disease
Eliminated 633 residents with FPG < 5.5 mmol/L
232 residents who requested OGTT
Eliminated 56 residents declining OGTT
176 residents who received OGTT
Eliminated 3 residents with insufficient data
Study 2: 173 residents
Fig. 1 – Cross-sectional study design. FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.
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as were UMI and creatinine in each urine sample. The
difference between the UMI level after 2 h (2 h-UMI) and that
just before glucose ingestion (fasting UMI) was calculated for
each participant (D-UMI). The HbA1c level of each fasting
blood sample was also measured.
Of the 176 participants who received OGTT, 3 were
excluded because of insufficient data, leaving the data of
173 available for analysis in Study 2. To ensure the validity of
the data, all doctors who participated in the study were staff
members of the General Internal Medicine Department of
Kyushu University Hospital who had been trained with regard
to the study protocol and the medical procedures. This study
was carried out in accordance with the principles of the
Declaration of Helsinki as revised in 2000. The study was
approved by the Kyushu University Hospital Ethics Committee, and written informed consent was obtained from each
resident prior to the examination.

2.3.1.

Anthropometry measurement

Anthropometric measurements were done with the participant wearing indoor clothing and without shoes. Body mass
index (BMI) was calculated as weight (kg) divided by height (m)
squared. The waist circumference was measured midway
between the lowest rib and the iliac crest, in a standing
position. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured on the right arm, in the sitting
position, with an automated sphygmomanometer (HEM-780,
Omron Healthcare, Kyoto, Japan) after a 5-min rest.

2.3.2.

Urinary myo-inositol assay

The UMI level was measured with a Lucica MI kit (Asahi Kasei
Pharma, Tokyo, Japan). This assay uses an enzymatic cycling
method that incorporates myo-inositol dehydrogenase, which
is highly specific for myo-inositol [17]. The measurement
range of this assay is linear between 10 and 2000 mmol/L. UMI
can be accurately measured because there is little influence
from coexisting glucose in the urine samples in this assay and
it is measured by a general-purpose biochemical autoanalyzer. The within-run and between-run coefficient of
variation values were 0.5–1.1% and 0.4–1.3%, respectively.
To correct for the influence of the amount of urine on the
measurement of UMI, urinary creatinine was measured using
an enzyme method and UMI was calculated as urinary myoinositol/creatinine (Cr) ratio (mg/g Cr).

2.4.

Laboratory measurements

All blood samples were collected after an 8-h overnight fast.
Aliquots of whole blood and fresh serum and plasma samples
from each participant were immediately separated and sent at
4 8C to a clinical laboratory testing company (SRL, Fukuoka,
Japan).
Plasma glucose concentration was measured using a
hexokinase-glucose-6-phosphate dehydrogenase method
(Quick Auto Neo GLU-HK, Sinotest, Tokyo, Japan). Serum
insulin concentration was measured by a chemiluminescent
enzyme immunoassay (Lumipulse Presto Insulin, Fujirebio,
Tokyo, Japan).
The HbA1c level (Japanese Diabetes Society (JDS)) (%)
was measured from fresh whole blood samples using an

immunoassay method (RAPIDIA Auto HbA1c; Fujirebio) based
on latex agglutination that has been shown to have acceptable
precision and good correlation with the high performance
liquid chromatography assay [22,23]. The values were adjusted
with standard reference materials (JCCRM 411) certified by the
Reference Material Institute for Clinical Chemistry Standards.
The level for HbA1c (JDS) was converted to the US National
Glycohemoglobin Standardization Program (NGSP) equivalent
level (%) calculated by the formula; HbA1c (NGSP) = HbA1c
(JDS)  1.02 + 0.25 [24]. The HbA1c levels are expressed as NGSP
level (%) and International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC) units (mmol/mol) [25].

2.5.

Statistical analyses

All statistical analyses were performed using JMP1 ver. 9 (SAS
Institute Inc., Cary, NC, USA). Data are reported as mean
 standard deviation, median [first quartile, third quartile],
or percentage within each category. Spearman correlation
coefficient analysis was used to analyze the characteristics of
the Study 1 population. The student’s t test and the Mann–
Whitney U-test were used to compare between-group differences, and the Tukey–Kramer honesty significant difference
test, the Steel test, and the Steel–Dwass test were used for
multiple group comparisons. The cutoff values were calculated by receiver operating characteristic (ROC) analysis using
the Youden Index. Comparison of the diagnostic ability of each
test was performed using the area under the ROC curve (AUC).
Statistical tests for comparison of AUCs were conducted by the
non-parametric approach [26]. A p-value of 0.05 was
considered statistically significant.

3.

Results

3.1.

Study 1

Table 1 shows the characteristics of the Study 1 participants
(1046 sets of complete data). Of these, 39 participants (3.7% of
total) had a history of DM, 43 (4.1% of total) were newly
diagnosed as having DM, and 89 (8.5% of total) were diagnosed
as having IFG. Of the 43 newly diagnosed DM, 6 had both
abnormal FPG (7.0 mmol/L) and HbA1c levels (6.5%), 23 had
abnormal FPG only, and 14 had abnormal HbA1c only.
Men had significantly higher BMI and waist circumference
than women. The percentages of men with a history of
smoking and hypertension were significantly higher than
those of women, and men had significantly higher SBP and
DBP than women. Although men had significantly higher
levels of FPG, percentage with a history of DM, and newly
diagnosed DM or IFG than women, there were no significant
differences in the levels of HbA1c and fasting serum insulin
between men and women. The percentage of women with a
history of dyslipidemia was significantly higher than that of
men, and women had significantly higher total cholesterol
and high and low density lipoprotein cholesterol than men,
but men had significantly higher triglyceride than women.
Men had significantly higher levels of creatinine and hemoglobin than women, but there was no significant difference in
the level of eGFR between men and women.
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Table 1 – Clinical characteristics of 1046 participating residents (Study 1).
Factors

Men (n = 346)

Women (n = 700)

Age (years)
Body mass index (kg/m2)
Body mass index  25, n (%)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
History of smoking, n (%)
Present smoking, n (%)
History of hypertension, n (%)
History of dyslipidemia, n (%)
History of diabetes, n (%)
Newly diagnosed as diabetes mellitus, n (%)
Diagnosed as impaired fasting glucose, n (%)
Glycated hemoglobin (%)
Glycated hemoglobin (mmol/mol)
Fasting plasma glucose (mmol/L)
Fasting serum insulin (mU/mL)
High sensitivity C-reactive protein (mg/L)
Creatinine (mg/mL)
Estimated glomerular filtration rate (mL/min/1.73m2)
Total cholesterol (mg/mL)
Triglyceride (mg/mL)
High density lipoprotein cholesterol (mg/mL)
Low density lipoprotein cholesterol (mg/mL)
Hemoglobin (g/L)

61 [54, 64]
23.3 [21.4, 25.3]
99 (28.6)
83 [78, 89]
127 [116, 138]
78 [70, 86]
248 (71.7)
87 (25.1)
108 (31.2)
30 (8.7)
19 (5.5)
21 (6.4)
44 (12.7)
5.5 [5.2, 5.7]
36.6 [33.2, 38.8]
5.4 [5.0, 6.0]
4.9 [3.2, 7.8]
0.33 [0.15, 0.77]
0.81 [0.73, 0.89]
75.4 [67.6, 84.9]
201 [176, 222]
98 [70, 143]
60 [50, 73]
117 [98, 134]
151 [142, 158]

59 [52, 64]
22.0 [20.2, 24.3]
141 (20.1)
80.5 [74, 86]
123 [113, 133]
72 [65, 80]
67 (9.6)
29 (4.1)
153 (21.9)
90 (12.9)
20 (2.9)
22 (3.1)
45 (6.4)
5.5 [5.2, 5.7]
36.6 [33.2, 38.8]
5.1 [4.8, 5.6]
5.1 [3.6, 7.7]
0.28 [0.13, 0.58]
0.62 [0.56, 0.70]
75.3 [67.1, 85.2]
212 [189, 233]
84 [62, 116]
68 [58, 80]
123 [103, 143]
134 [127, 141]

p-Value
0.056
<0.001
0.003
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.050
0.038
0.029
<0.001
0.524
0.524
<0.001
0.153
0.005
<0.001
0.698
<0.001
<0.001
<0.001
<0.001
<0.001

Data are shown as median [first-quartile, third-quartile], mean  SD, and number.

3.2.

Study 2

Table 2 shows the characteristics of the Study 2 participants
(173 who received OGTT). Of the 173, 28 (16.2%) were
newly diagnosed with DM, 63 (36.4%) had IGT, 9 (5.2%)
had IFG, and 73 (42.2%) were NGT. Of the 173, 105 had FPG
levels between 5.5 and 6.0 mmol/L at the health examination. From the results of OGTT, 9 of 105 (8.6%) were
newly diagnosed DM and 38 of 105 (36.2%) had IGT. Because
the number of participants with IFG was too small

for comparison with other groups, we categorized 173
participants into DM, prediabetes (IGT and IFG), and NGT
groups.

3.3.
Influence of sex, age and eGFR on the UMI level of the
NGT group
To evaluate the influence of sex, age, and eGFR on the UMI
level, we analyzed the data of the NGT group (33 men and 40
women).

Table 2 – Clinical characteristics of 173 residents who received oral glucose tolerance test (Study 2).
Factors
Men/women
Age (years)
Fasting plasma glucose (mmol/L)
1 h-plasma glucose (mmol/L)
2 h-plasma glucose (mmol/L)
Fasting UMI (mg/g Cr)
2 h-UMI (mg/g Cr)
D-UMI (mg/g Cr)
Glycated hemoglobin (%)
Fasting serum insulin (mU/mL)
Serum insulin 1 h postprandial (mU/mL)
Serum insulin 2 h postprandial (mU/mL)
Fasting urinary albumin (mg/g Cr)
Urinary albumin 2 h postprandial (mg/g Cr)

DM (n = 28)
12/16
63 [60, 65]
6.44 [5.93, 7.04]a
13.95  1.67a
13.01 [12.13, 15.07]a
21.9 [13.8, 32.4]a
113.4 [84.3, 162.3]a
97.1 [60.8, 136.7]a
6.21  0.49a
6.2 [4.0, 8.1]b
34.9 [29.6, 43.8]a
59.2 [41.0, 85.0]a
12.4 [5.1, 29.6]
8.7 [4.7, 21.9]

Prediabetes (n = 72)
34/38
62 [59, 66]
5.69 [5.34, 6.11]a
11.28  2.10a
8.81 [8.06, 9.65]a
18.0 [13.4, 27.2]
46.5 [26.5, 73.9]a
23.6 [8.6, 50.7]a
5.88  0.35a
4.7 [3.2, 7.3]
41.6 [29.2, 63.4]
48.3 [34.9, 74.2]a
8.7 [3.7, 16.9]
6.4 [3.2, 12.8]

NGT (n = 73)
33/40
62 [56, 64]
5.39 [5.06, 5.61]
8.25  2.11
6.00 [5.11, 6.69]
16.5 [12.8, 25.7]
27.2 [19.2, 40.8]
7.7 [2.3, 18.8]
5.56  0.26
4.2 [3.1, 5.9]
50.2 [34.4, 65. 5]
31.8 [23.1, 44.0]
6.1 [3.3, 15.6]
5.7 [3.6, 11.0]

Data are shown as median [first-quartile, third-quartile], mean  SD, and number.
DM, diabetes mellitus; NGT, normal glucose tolerance; UMI, urinary myo-inositol; Cr, creatinine; D-UMI was defined as the difference between
fasting UMI and 2 h-UMI.
a
p  0.005 (vs. NGT).
b
p  0.05 (vs. NGT).
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The fasting UMI levels (median [first quartile, third
quartile]) of women were significantly higher than those of
men, 21.9 [13.9, 35.0] and 14.1 [11.1, 20.3] mg/g Cr, respectively
(P = 0.002). However, the 2 h-UMI and D-UMI levels of women,
31.1 [20.6, 40.9] and 7.4 [3.4, 17.2] mg/g Cr, respectively were
not significantly higher than those of men, 23.1 [16.1, 42.3] and
8.7 [1.7, 20.3] mg/g Cr, respectively (P = 0.075 and 0.951,
respectively).
The average ages of men and women (median [first
quartile, third quartile]) of the NGT group were 63 [59,67]
and 62 [56,63] years, respectively. To evaluate the influence of
age, we divided 74 NGT participants into 10 year cohorts (49
years, 50–59 years, 60–69 years, and 70–79 years). There was a
significant difference in the age distribution of the fasting UMI
level (P = 0.009), but there was no significant difference in the
2 h-UMI (P = 0.060) or D-UMI level (P = 0.742). For fasting UMI, a
significant difference was observed only between the 49
years and 70–79 years cohorts (P = 0.026).
The average eGFR levels (median [first quartile, third
quartile]) of the NGT group were 74.2 [66.5, 80.9] mL/min/
1.73 m2. The correlation coefficient between eGFR and fasting
UMI was 0.106, that between eGFR and 2 h-UMI 0.051, and
that between eGFR and D-UMI 0.200. No influence of eGFR on
UMI was found in the NGT group.

3.4.

Influence of micro-albuminuria on the UMI level

The data of the Study 2 participants were analyzed to evaluate
the influence of micro-albuminuria on the UMI level. As
shown in Table 2, the levels of fasting and 2 h postprandial
urinary albumin tended to increase as glucose intolerance
worsened, but there was no significant difference among the
three groups. In the NGT group (33 men and 40 women), the
correlation coefficient between fasting urinary albumin and
fasting UMI was 0.005, and that between 2 h postprandial
urinary albumin and 2 h-UMI was 0.005. For the 173 Study 2
participants, the values were 0.012 and 0.003, respectively. No
influence of urinary albumin on UMI was found.

3.5.
Variations and correlations of D-UMI, 2 h-UMI, and
HbA1c
Table 2 shows that the D-UMI, 2 h-UMI, and HbA1c levels of the
DM and prediabetes groups were significantly higher than
those of the NGT group and that the values tended to increase
as glucose intolerance worsened.
D-UMI had a significant positive correlation to FPG
(r = 0.518, P < 0.001) and HbA1c (r = 0.389, P < 0.001), and
HbA1c had a significant positive correlation to FPG (r = 0.586,
P < 0.001). 2 h-UMI had a significant, positive correlation to DUMI (r = 0.896, P < 0.001). The positive correlation coefficient
between 2 h-UMI and FPG was 0.477 (P < 0.001), and between
2 h-UMI and HbA1c was 0.380 (P < 0.001).

3.6.
ROC analyses of the utility of D-UMI, 2 h-UMI, and
HbA1c in the diagnosis of DM
ROC analyses were performed on HbA1c, 2 h-UMI, and D-UMI
to determine their usefulness in making a diagnosis of DM.
Fig. 2 shows the ROC curves for the diagnostic accuracy of

HbA1c (Fig. 2a), 2 h-UMI (Fig. 2b), and D-UMI (Fig. 2c). From
these curves, the optimal threshold values for predicting DM
were 6.3% for HbA1c, 84.2 mg/g Cr for 2 h-UMI, and 51.1 mg/g
Cr for D-UMI. Using the above cutoff levels for HbA1c, D-UMI,
and 2 h-UMI, the sensitivities of D-UMI (82.1%) and 2 h-UMI
(79.3%) were higher than that of HbA1c (48.3%), and the
negative predictive values (NPV) of D-UMI (96.2%) and 2 h-UMI
(95.6%) were higher than that of HbA1c (90.1%). The specificities and the positive predictive values (PPV) of D-UMI (86.2%
and 53.5%, respectively) and 2 h-UMI (89.0% and 59.0%,
respectively) were similar to those of HbA1c (92.5% and
56.0%, respectively). The AUC values for D-UMI (0.903) and 2 hUMI (0.891) were higher than that for HbA1c (0.785), but not
significantly (P = 0.061 and 0.082, respectively).

3.7.
ROC analyses of the utility of D-UMI, 2 h-UMI, and
HbA1c in the diagnosis of glucose intolerance
ROC analyses were done for HbA1c, 2 h-UMI, and D-UMI to
determine their ability to detect glucose intolerance, including
IFG, IGT and DM. Fig. 3 shows the ROC curves for the diagnostic
accuracy of HbA1c (Fig. 3a), 2 h-UMI (Fig. 3b), and D-UMI
(Fig. 3c). From these curves, the optimal threshold values for
predicting glucose intolerance were 6.0% for HbA1c, 42.2 mg/g
Cr for 2 h-UMI, and 25.4 mg/g Cr for D-UMI. Using the above
cutoff levels, the sensitivities of D-UMI (61.0%) and 2 h-UMI
(68.3%) were higher than that of HbA1c (49.0%), and the NPVs
of D-UMI (62.5%) and 2 h-UMI (64.0%) were higher than that of
HbA1c (56.6%). The specificity and PPV of D-UMI (89.0% and
88.4%, respectively) were similar to those of HbA1c (91.9% and
89.3%, respectively), but those of 2 h-UMI (78.1% and 81.2%,
respectively) were inferior to those of HbA1c. The AUC values
for D-UMI (0.798) and 2 h-UMI (0.763) were equivalent to that
for HbA1c (0.785).

4.

Discussion

In this study, three major findings were obtained. First, both
the D-UMI and 2 h-UMI levels increased as the degree of
glucose intolerance worsened in the Study 2 participants who
had an OGTT, agreeing with previous studies [16,17]. In these
previous studies, the participants were healthy volunteers. In
this study, because the Study 2 participants had FPG levels
between 5.5 and 6.9 mmol/L and thus were considered to be at
high risk of DM, we were able to show the potential utility of
UMI in clinical practice. Second, both D-UMI and 2 h-UMI were
more effective than HbA1c in detecting the DM and glucose
intolerance of the Study 2 participants. For detecting DM, our
ROC curves showed the optimum cutoff values to be 51.1 mg/g
Cr for D-UMI and 84.2 mg/g Cr for 2 h-UMI. For detecting
glucose intolerance, the values were 25.4 mg/g Cr for D-UMI,
and 42.2 mg/g Cr for 2 h-UMI. Finally, because the data for 2 hUMI showed that it has power equivalent to D-UMI, we feel
that 2 h-UMI would be a useful option for screening for glucose
intolerance. UMI is a newer test than HbA1c and there are few
clinical studies that show its ability to detect DM and glucose
intolerance, thus its detection criteria remain to be clarified.
The HbA1c level reflects the mean plasma glucose level over 2–
3 months. Some studies have shown that the relative
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Fig. 2 – ROC analysis of the utility of HbA1c (a), 2 h-UMI (b), and D-UMI (c) for diagnosing type 2 diabetes mellitus. The AUC
values for HbA1c (a) (0.785, 95% confidence interval (CI): 0.668–0.869), 2 h-UMI (b) (0.891, 95% CI: 0.823–0.935), and D-UMI (c)
(0.903, 95% (CI): 0.830–0.946). ROC, Receiver operating characteristic; AUC, area under the curve; HbA1c, glycated
hemoglobin; 2 h-UMI, 2 hours postprandial urinary myo-inositol; D-UMI, the difference between 2 h-UMI and fasting UMI.

contributions of fasting and postprandial glucose levels differ
according to HbA1c levels [27,28]. Thus, the HbA1c level does
not always reflect fluctuations in plasma glucose levels. OGTT
is one of the most precise diagnostic tools for detecting glucose
intolerance, however, giving an OGTT to all persons who may
have glucose intolerance is expensive and requires considerable time and effort. Measuring UMI still requires fasting and a
wait of two hours after glucose ingestion. Because urine is
used for the sampling of UMI, it is non-invasive and most likely
a less burdensome test for both examinee and examiner, and it
can be done for many people simultaneously. We believe that
the measurement of UMI for persons with IFG is useful for
detecting postprandial hyperglycemia.
Myo-inositol is a form of nine inositol isomers and present
in all plant and animal tissues. It is obtained from food at
approximately 900–1000 mg/day and is completely absorbed
from the gastrointestinal tract. It is also synthesized at about
2000 mg daily in the kidneys, and more than 98% of that is
reabsorbed and filtered by the glomeruli [11,29]. The

concentration of myo-inositol in blood is maintained at a
certain level by incorporation into cells and by excretion,
reabsorption, and oxidization in the kidneys, and the
concentration of intracellular myo-inositol is several orders
of magnitude higher than that in blood. Myo-inositol plays an
important role in signaling and is a secondary messenger in a
number of biological processes [30,31]. Myo-inositol is
extremely stable in urine and can be preserved for a few
days at room temperature or for two weeks in a refrigerator
without special treatment. It is known that UMI levels are
higher in individuals with diabetes [12–14] or chronic renal
diseases [32,33] than in healthy individuals. However,
because the myo-inositol concentrations in serum and urine
are quite low, it was previously difficult to measure. An easyto-use, highly sensitive enzymatic cycling method of measuring UMI concentration [17] has been available for clinical
use in Japan since 2008. It costs about $7 or s6 for one
measurement, much lower than an OGTT. Although the
methods for measuring UMI are not yet standardized across
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Fig. 3 – ROC analysis of the utility of HbA1c (a), 2 h-UMI (b), and D-UMI (c) for diagnosing glucose intolerance. The AUC values
for HbA1c (a) (0.785, 95% confidence interval (CI): 0.712–0.843), 2 h-UMI (b) (0.763, 95% CI: 0.685–0.826), and D-UMI (c) (0.798,
95% (CI): 0.724–0.856). ROC, Receiver operating characteristic; AUC, area under the curve; HbA1c, glycated hemoglobin; 2 hUMI, 2 h postprandial urinary myo-inositol; D-UMI, the difference between 2 h-UMI and fasting UMI.

the world, the precision of UMI measurement can be assured
by use of a general-purpose biochemical auto-analyzer.
Recently, a study of the mechanism of how UMI excretion
increases in individuals with hyperglycemia has shown that
hyperglycemia itself directly regulates myo-inositol homeostasis and increases UMI excretion [34], thus we can easily
detect hyperglycemia by measuring UMI from urine. In
agreement with previous studies, the D-UMI and 2 h-UMI
levels of the participants with DM and glucose intolerance in
our study were elevated. We found that UMI would be a useful
marker for screening glucose intolerance, particularly postprandial hyperglycemia. In accordance with the mechanism
of UMI excretion increase, the UMI level reflects the current
status of plasma glucose, while the HbA1c level reflects the
mean plasma glucose level over 2–3 months [19]. Thus, both DUMI and 2 h-UMI are more sensitive than HbA1c for detecting
current glucose intolerance.
Although HbA1c may be influenced by sex, age, anemia or
hemoglobinopathies, renal failure, and many other factors
[9,10,35,36], UMI is reported to be influenced by chronic

glomerulonephritis and chronic renal failure [32,33]. Thus, we
excluded participants whose eGFR level was under 60 mL/min/
1.73 m2 or who had macro-albuminuria. In our study, we
found no influence of sex, age or micro-albuminuria to the DUMI and 2 h-UMI levels. Although the fasting UMI levels of
women were significantly higher than those of men in the NGT
group, the FPG levels of women were lower than those of men.
None of the factors tested had an influence on fasting UMI.
The reason for the equivalence of 2 h-UMI and D-UMI for
detecting DM, IGT and IFG may be that there was no significant
difference in fasting UMI among the four groups. This can also
be explained by the same mechanism of UMI excretion
increase [34]. The 173 participants of Study 2 had FPG levels
between 5.5 and 6.9 mmol/L, thus their fasting UMI was not
elevated. Generally, the marker we use for glucose intolerance
is an elevated FPG level. It has been reported that among
Asians, including Japanese, many people tend to have only
postprandial hyperglycemia in the early stage of glucose
intolerance [37,38]. One of the reasons is that the pathology of
glucose intolerance in Asians does not arise mainly from
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obesity or insulin resistance, as in Europeans and Americans,
but from impaired insulin secretion in lean persons [39].
Therefore, it is difficult to detect the early stage of glucose
intolerance using only the FPG level, particularly among
Asians. However, many large scale epidemiological studies,
such as the Diabetes Epidemiology: Collaborative Analysis of
Diagnostic Criteria in Europe study (DECODE) and the
Funagata study, have reported that large glucose fluctuations
are associated with macrovascular diseases, even in prediabetic stages such as IGT [3,4]. Because both 2 h-UMI and DUMI reflect the current status of postprandial hyperglycemia,
both 2 h-UMI and D-UMI are useful for the screening of the
early stages of glucose intolerance. In this study, although the
PPVs of 2 h-UMI for detecting DM and glucose intolerance were
similar to those of HbA1c, the sensitivities of 2 h-UMI for
detecting them were significantly higher than those of HbA1c.
The AUC value of 2 h-UMI for detecting DM was higher than
that of HbA1c. For detecting glucose intolerance it was
equivalent to that of HbA1c. The 2 h-UMI would seem to be
a valuable screening option because it has more power for
detecting DM and glucose intolerance than does HbA1c. Thus,
measuring UMI would be useful for narrowing down the
number of persons for whom it is necessary to have an OGTT.
There are some limitations to this study. One is that the
relationships between the UMI and FPG levels were unclear
because the FPG levels of the participants given OGTT were
between 5.5 and 6.9 mmol/L. Further investigation with a
wider range of FPG levels will be necessary. Another limitation
is that all of the participants were Japanese. Further studies of
a global nature will be necessary. In this study, OGTT was
given about three months after the health examination.
During these three months, it is possible that the participants
made changes to their lifestyle. The diagnoses of glucose
intolerance by OGTT may not be precisely the same as if we
had done the OGTT at the time of the health examination.
Furthermore, although WHO guidelines recommend that
OGTT be given to individuals with FPG levels between 6.1
and 6.9 mmol/L, we also gave OGTT to our participants with
FPG levels between 5.5 and 6.0 mmol/L, because individuals
with FPG levels between 5.5 and 6.0 mmol/L have been shown
in recent studies to be at high risk of glucose intolerance. Our
results showed that about 40% of our participants with an FPG
level between 5.5 and 6.0 mmol/L had glucose intolerance.
Finally, because our study was cross-sectional we do not have
any evidence of the association between the UMI level and the
risk for diabetic complications.
In conclusion, although the OGTT will continue to be
useful and necessary, measuring the UMI level is a valuable
option for the non-invasive screening for glucose intolerance
at the early stage in individuals with mild fasting hyperglycemia. The measurement of 2 h-UMI is also helpful. UMI is
useful as an alternative marker for the mass screening for
dysglycemia.

Conflict of interest
The authors declare that there are no conflicts of interest that
could be perceived as prejudicing the impartiality of the
research reported.

95

Funding
This work was supported by the Japan Multi-institutional
Collaborative Cohort Study (J-MICC Study), a Scientific Support
Programs for Cancer Research Grant-in-Aid for Scientific
Research on Innovative Areas (grant number 221S001), and
a Grant-in-Aid for Comprehensive Research of the 21st
Century COE Program from the Ministry of Education, Culture,
Sports Science and Technology of Japan.

Acknowledgements
We appreciate the efforts of Drs. Hiroaki Taniai, Kazuhiro
Toyoda, Hachiro Ohnishi, Motohiro Shimizu, Tsunehisa Koga,
Mami Unno, Kunimitsu Eiraku, Fujiko Mitsumoto, Koji
Takayama, Satoshi Hiramine, Norito Takeshima, Ayaka
Komori, Eri Kumade, Rinne Sakemi, and Kazuya Ura for
collecting data and checking the questionnaires and of Drs.
Masumi Ai and Takuji Kohzuma for their help in preparing the
manuscript.

references

[1] Whiting DR, Guariguata L, Weil C, Shaw J. IDF Diabetes
Atlas: global estimates of the prevalence of diabetes for
2011 and 2030. Diabetes Res Clin Pract 2011;94:311–21.
[2] Wild S, Roglic G, Green A, Sicree R, King H. Global
prevalence of diabetes: estimates for the year 2000 and
projections for 2030. Diabetes Care 2004;27:1047–53.
[3] The DECODE study group. Glucose tolerance and mortality:
comparison of WHO and American Diabetes Association
diagnostic criteria. The DECODE study group. European
Diabetes Epidemiology Group. Diabetes Epidemiology:
collaborative analysis of diagnostic criteria in Europe.
Lancet 1999;354:617–21.
[4] Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato T,
Sekikawa A. Impaired glucose tolerance is a risk factor for
cardiovascular disease, but not impaired fasting glucose.
The Funagata Diabetes Study. Diabetes Care 1999;22:920–4.
[5] Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF,
Lachin JM, Walker EA, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N
Engl J Med 2002;346:393–403.
[6] Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A,
Laakso M, et al. Acarbose for prevention of type 2 diabetes
mellitus: the STOP-NIDDM randomized trial. Lancet
2002;359:2072–7.
[7] World Health Organization (WHO) and International
Diabetes Federation (IDF). Definition and diagnosis of
diabetes mellitus and intermediate hyperglycaemia: report
of a WHO/IDF consultation; 2006, Available from http://
whqlibdoc.who.int/publications/2006/9241594934_eng.pdf
(accessed 21.09.2012).
[8] WHO. Report of a World Health Organization Consultation:
use of glycated haemoglobin (HbA1c) in the diagnosis of
diabetes mellitus. Diabetes Res Clin Pract 2011;93:299–309.
[9] Kim C, Bullard KM, Herman WH, Beckles GL. Association
between iron deficiency and A1c levels among adults
without diabetes in the National Health and Nutrition
Examination Survey, 1999–2006. Diabetes Care 2010;33:
780–5.

96

diabetes research and clinical practice 103 (2014) 88–96

[10] Ford ES, Cowie CC, Li C, Handelsman Y, Bloomgarden ZT.
Iron-deficiency anemia, non-iron-deficiency anemia and
HbA1c among adults in the US. J Diabetes 2011;3:67–73.
[11] Clements Jr RS, Reynertson R. Myoinositol metabolism in
diabetes mellitus. Effect of insulin treatment. Diabetes
1977;26:215–21.
[12] Daugfaday WH, Larner J, Houghton E. The renal excretion
of inositol in normal and diabetic human beings. J Clin
Invest 1954;33:326–32.
[13] Kennington AS, Hill CR, Craig J, Borgardus C, Raz I,
Ortmeyer HK, et al. Low urinary chiro-inositol excretion in
non-insulin-dependent diabetes mellitus. N Engl J Med
1990;323:373–8.
[14] Ostlund Jr RE, McGill JB, Herskowitz I, Kipnis DM, Santiago
JV, Sherman WR. D-Chiro-inositol metabolism in diabetes
mellitus. Proc Natl Acad Sci U S A 1993;90:9988–92.
[15] Yoshii H, Uchino H, Ohmura C, Watanabe K, Tanaka Y,
Kawamori R. Clinical usefulness of measuring urinary
polyol excretion by gas-chromatography/massspectrometry in type 2 diabetes to assess polyol pathway
activity. Diabetes Res Clin Pract 2001;51:115–23.
[16] Sarashina G, Yamakoshi M, Noritake M, Takahashi M, Kure
M, Katsura Y, et al. A study of urinary myo-inositol as a
sensitive marker of glucose intolerance. Clin Chim Acta
2004;344:181–8.
[17] Yamakoshi M, Takahashi M, Kouzuma T, Imamura S,
Tsuboi I, Kawazu S, et al. Determination of urinary myoinositol concentration by an improved enzymatic cycling
method using myo-inositol dehydrogenase from
Flavobacterium sp. Clin Chim Acta 2003;328:163–71.
[18] Furusyo N, Koga T, Ai M, Otokozawa S, Kohzuma T, Ikezaki
H, et al. Plasma glycated albumin level and atherosclerosis:
results from the Kyushu and Okinawa Population Study
(KOPS). Int J Cardiol 2013;167:2066–72.
[19] Furusyo N, Koga T, Ai M, Otokozawa S, Kohzuma T, Ikezaki
H, et al. Utility of glycated albumin for the diagnosis of
diabetes mellitus in a Japanese population study: results
from the Kyushu and Okinawa Population Study (KOPS).
Diabetologia 2011;54:3028–36.
[20] Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,
et al. Collaborators developing the Japanese equation for
estimated GFR. Revised equations for estimated GFR from
serum creatinine in Japan. Am J Kidney Dis 2009;53:982–92.
[21] Alberti KG, Zimmet PZ. 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
1998;15:539–53.
[22] John WG, Gray MR, Bates DL, Becham JL. Enzyme
immunoassay: a new technique for estimating hemoglobin
A1c. Clin Chem 1993;39:663–6.
[23] Goodall I, Colman PG, Schneider HG, McLean M, Baker G.
Desirable performance standards for HbA(1c) analysis –
precision, accuracy and standardization: consensus
statement of the Australasian Association of Clinical
biochemists (AACCB), the Australian diabetes Society
(ADS), the Royal College of Pathologists of Australasia
(RCPA), Endocrine Society of Australia (ESA), and the
Australian Diabetes Educators Association (ADEA). Clin
Chem Lab Med 2007;45:1083–97.
[24] Weykamp C, John WG, Mosca A. A review of the challenge
in measuring hemoglobin A1c. J Diabetes Sci Technol
2009;3:439–55.

[25] Geistanger A, Arends S, Berding C, Hoshino T, Jeppsson JO,
Little R, et al. Statistical methods for monitoring the
relationship between the IFCC reference measurement
procedure for hemoglobin A1c and the designated
comparison methods in the United States Japan, and
Sweden. Clin Chem 2008;54:1379–85.
[26] Delong ER, Delong DM, Clarke-Pearson DL. Comparing the
areas under two or more correlated receiver operating
characteristic curves: a nonparametric approach.
Biometrics 1988;44:837–45.
[27] Monnier L, Lapinski H, Colette C. Contributions of fasting
and postprandial plasma glucose increments to the overall
diurnal hyperglycemia of type 2 diabetes patients. Diabetes
Care 2003;26:881–5.
[28] Bonora E, Calcaterra F, Lombardi S, Bonfante N, Formentini
G, Bonadonna RC, et al. Plasma glucose levels throughout
the day and HbA1c interrelationships in type 2 diabetes.
Diabetes Care 2001;24:2023–9.
[29] Clements Jr RS, Diethelm AG. The metabolism of
myo-inositol by the human kidney. J Lab Clin Med
1979;93:210–9.
[30] Larner J. D-Chiro-inositol – its functional role in insulin
action and its deficit in insulin resistance. Int J Exp Diabetes
Res 2002;3:47–60.
[31] Gerasimenko JV, Flowerdew SE, Voronina SG, Sukhomlin
TK, Tepikin AV, Petersen OH, et al. Bile acids induce Ca2+
release from both the endoplasmic reticulum and acidic
intracellular calcium stores through activation of inositol
trisphosphate receptors and ryanodine receptors. J Biol
Chem 2006;281:40154–63.
[32] Pitkanen E. Changes in serum and urinary myo-inositol
levels in chronic glomerulonephritis. Clin Chim Acta
1976;71:461–8.
[33] Holub BJ. Metabolism and function of myo-inositol and
inositol phospholipids. Annu Rev Nutr 1986;6:563–97.
[34] Baibaswata N, Vinay KK, Ping X, Sun L, Navin V,
Kirtee R, et al. Transcriptional and post-transcriptional
modulation of myo-inositol oxygenase by high glucose
and related pathobiologocal stresses. J Biol Chem
2011;286:27594–611.
[35] Simon D, Senan C, Garnier P, Saint-Paul M, Paroz L.
Epidemiological features of glycated hemoglobin A1cdistribution in a healthy population. The Telecom Study.
Diabetologia 1989;32:864–9.
[36] Pani LN, Korenda L, Meigs JB, Driver C, Chamany S, Fox CS,
et al. Effect of aging on A1c levels in individuals without
diabetes: evidence from the Framingham Offspring Study
and the National Health and Nutrition Examination Survey
2001–2004. Diabetes Care 2008;31:1991–6.
[37] Qiao Q, Nakagami T, Tuomilehto J, Borch-Johnsen K,
Balkau B, Iwamoto Y, et al. Comparison of the fasting and
the 2-h glucose criteria for diabetes in different Asian
cohorts. Diabetologia 2000;43:1470–5.
[38] Kuzuya T, Nakagawa S, Satoh J, Kanazawa Y, Iwamoto Y,
Kobayashi M, et al. Report of the committee on the
classification and diagnostic criteria of diabetes mellitus.
Diabetes Res Clin Pract 2002;55:65–85.
[39] The DECODE-DECODA Study Group on behalf of the
European Diabetes Epidemiology Group, and the
International Diabetes Epidemiology Group. Age, body
mass index and type 2 diabetes – associations modified by
ethnicity. Diabetologia 2003;46:1063–70.

