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Abstract

The aim of the study was to assess the screening test properties of HbAlc for undiagnosed diabetes (DM) according to the 1999-
WHO criteria and its relevance of the Japan National Diabetes Survey Cut-off points for possible and probable DM: HbAlc >5.6
and 6.1%. Screening properties of HbAlc predicting undiagnosed DM was examined and compared with that of fasting plasma
glucose (FPG) in 1904 Funagata-town inhabitants aged 35-89 years old. The prevalence of previous DM, undiagnosed DM, and
impaired glucose regulation (IGR) were 5.5, 6.0, and 18.6%, while the prevalence of probable and possible DM were 7.7 and 5.4%.
The area under the receiver operating characteristic curve for undiagnosed DM was similar between HbAlc (0.856 [95% CI: 0.812~
0.8991) and FPG (0.902 [0.869-0.936]). HbAlc of 5.6% gave a sensitivity of 56.5%, a specificity of 95.1%, positive and negative
predictive values of 44.2 and 97.0%, and a proportion of people above the cut-off point of 8.2%. True positive tests were
significantly higher with mean levels of BMI, fasting, and 2-h plasma glucose, and HbAlc, but lower with mean levels of high-
density-lipoprotein cholesterol than in false negative tests. The measurement of HbAlc alone may be efficient to screen
undiagnosed DM and the cut-off point of 5.6% might be proper with respect to screening tests properties for undiagnosed
DM, and prediction of vascular complications in Japan.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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characteristic; WHO, World Health Organization

#* Corresponding author. Tel.: +81 3 3353 8111; fax: +81 3 3417 3434.

E-mail address: nakagami@dme.twmu.acjp (T. Nakagami).

0168-8227/$ - see front matter © 2006 Elsevier Treland Litd. All rights reserved.
doi: 10.1016/j.diabres.2006.09.015

—108—



252 T. Nakagami et al./ Diabetes Research and Clinical Practice 76 (2007) 251-256

1. Introduction

Tn Japan, stable glycated hemoglobin (HbAlc) was
standardized in the mid 1990s by the Japan Diabetes
Society (JDS) [1] and has been used to estimate the
number of people with possible and probable diabetes
(DM) in the Japan National Diabetes Survey (JNDS) [2].
In this survey, probable DM was defined as HbAlc over
6.1% or under treatment for DM, and possible DM was
defined as HbAlc between 5.6 and 6.0% among those
without treatment for DM [2]. These cut-off points for
HbA1c were chosen with respect to equivalent diagnostic
cut-off points for fasting plasma glucose (FPG) and 2-h
plasma glucose (2-h PG) in an oral glucose tolerance test
(OGTT) for undiagnosed DM in health-check examina-
tiondata [2]}: HbA 1c of 6.1% corresponded to the diabetic
2-h PG value in an OGTT in the linear regression analysis
[3], whereas an HbAlc range between 5.6 and 6.1%
showed a sensitivity of 80% and a specificity of 70% for
undiagnosed DM (Sasaki, unpublished data). Then,
according to the JNDS performed in 2002, the total
number of people having probable and possible DM has
been estimated as 7.4 and 8.8 million among the Japanese
general population over 20 years old [2]. However, it is
unknown to what extent these cut-off points for HbAlc
accurately estimate the number of people with full DM
based on glucose cut-offs according to the World Health
Organization (WHO) criteria [4]. Thus, we assess the
screening test properties of HbA lc for undiagnosed DM
and the relevance of the JNDS cut-off points, in the
general population-based data from the Funagata study.

2. Subjects and methods

Details of the Funagata study have been published else-
where [S5]. Briefly, the Funagata study is a population-based
study designed to clarify risk factors, related conditions, and
consequences of Type 2 DM. In Funagata, an agricultural area
400 km north of Tokyo, the population aged 35-89 years was
4644 in 2001. From 2000 to 2002, 3972 inhabitants aged 35—
89 years registered in the study and 1918 inhabitants (parti-
cipation rate: 48.3%) participated. Of those, 1904 inhabitants
(men: 43.3%, age: 61 =+ 12 years old (mean £ S5.D.)) over 35
years were analysed for this study.

After overnight fast, all subjects had blood samples drawn
from the antecubital vein for measurement of FPG and 2-h PG
on a standard 75 g OGTT (Trelan-G™, Shimizn Pharmaceu-
tical, Shimizu), HbAlc, and other biochemical tests from 16th
June 2000 to 7th July 2002. Blood samples were assayed at
the laboratory in Yamagata University Hospital. Blood was
transferred to fluoride-heparin tubes and kept cold until
centrifugation and separation of plasma at 2500 rpm (within
6 h). Plasma was frozen immediately, stored at —20 °C, and

subjected to automated glucose analysis by the glucose
dehydrogenase method (GA1160; Arkray, Kyoto). Intra-assay
coefficient of variation for glucose was 0.8% at 72 mg/dl and
0.6% at 238 mg/dl. Sample aliquots for HbAlc analysis were
placed in EDTA tubes, kept cold until processing (within 6 h)
and measured by the high-performance liquid chromatogra-
phy (HPLC) method (HA-8150; Arkray, Kyoto {manufactared
reference range: 2-16%]) after the standardized calibration
from the JDS [1}]. Intrd-assay coefficient of variation for
HbAlc was 1.0% at values 5.2 and 10.5%. The JDS assigned
HbAlc values are converted to the National Glycoprotein
Standardization Program (NGSP) assigned values by follow-
ing the formula [6]: NGSP value (%) = JDS value (%) + 0.3
(%). Body mass index (BMI) was calculated as weight (kg)
divided by squared height (m?), and systolic and diastolic
blood pressures were measured in the sitting position after a
5-min rest using a mercury sphyngomanometer. Total choles-
terol, triglyceride, and high-density-lipoprotein (HDL) cho-

) lesterol were measured by cholesterol oxidase method,

enzymatic method, and direct method, respectively.

In this study, subjects who were previously diagnosed as
DM or undiagnosed DM who had FPG >126 mg/dl and/or 2-h
PG >200 mg/dl on an OGTT by the WHO criteria [4] were
considered as DM, whereas those who had FPG 110-125 mg/
dl and/or 2-h PG 140-199 mg/d] on an OGTT by the WHO
criteria [4] were considered as impaired glucose regulation
(IGR). Subsequently, people were classified according to
glucose categories based on cut-off points of HbAlc applied
by the INDS [2]: probable DM, people under treatment for
DM, or those with HbAlc >6.1% without treatment for DM;
possible DM, people with HbAlc 5.6-6.0% in those without
treatment for DM; not abnormal, people with HbAlc <5.6%
in those without treatment for DM.

Individuals with previously diagnosed DM were included
in total DM estimate but excluded from the analyses of
screening properties. The area under the receiver operating
characteristic (ROC) curve [7] for HbAlc and FPG predicting
undiagnosed DM was compared. The performance of HbAlc
and FPG in relation to identify undiagnosed DM included
sensitivity: percentage of individuals with undiagnosed dia-
betes who had a positive screening test; specificity: percentage
of individuals without undiagnosed diabetes who had a nega-
tive screening test; predictive values for positive (PPV):
percentage of individuals with screening test positive who
had undiagnosed diabetes; and negative (NPV): percentage of
individuals with screening test negative who had non diabetes,
and the proportion of people with above the cut-off value.

Sum total number was estimated and compared between
people with possible plus probable DM applied by the INDS,
and those previously diagnosed plus undiagnosed DM defined
by the WHO criteria [4], after age-adjusting for the projected
Japanese population on Ist October 2002 [8].

Cardiovascular disease (CVD) risk profiles were compared
between true positive tests (HbAlc >5.6% in those with
undiagnosed DM) and false negative tests (HbAlc <5.6%
in those with undiagnosed DM) by Student’s T-test.
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The study was approved by the International Review Board
of Yamagata University and informed consent to participate
was obtained from the participants.

SPSS for Windows Version 14.0 (SPSS, Chicago, IL,
USA) was used for statistical analysis. p-Values were based
on two-sided tests and the cut-off point for statistical sig-
nificance was p < 0.05.

3. Results

3.1. Distribution of people according to glucose
categories applied by the JNDS and the 1999-WHO
criteria

The crude prevalence of previously diagnosed DM,
undiagnosed DM, and IGR according to the 1999
WHO criteria were: 5.5% (105/1904), 6.0% (115/
1904), and 18.6% (354/1904) among 1904 inhabitants
aged 35-89 years (Table 1). Whereas the crude
proportion of people classified as possible and
probable DM according to the glucose categories
applied by the JNDS were: 5.4% (103/1904) and 7.7%
(146/1904) (Table 1). The prevalence of all DM
increased with deterioration of glucose categories
applied by the JNDS (Table 1) while the prevalence of
IGR was highest in possible DM (35.0%) and lowest in
probable DM (4.8%). Forty-four percent of people
with undiagnosed DM and the 88% with IGR were
included in the glucose category of not abnormal
applied by the JNDS.

3.2. ROC curve analysis for HbAlc predicting
undiagnosed DM

Fig. 1 shows the ROC curve for HbAlc and FPG
predicting undiagnosed DM among 1799 individuals

Table 1

without previously diagnosed DM. The AUC of the
ROC curve for HbAlc (0.856 [95% confidence interval;
0.812-0.899)) predicting undiagnosed DM was similar
to that for FPG (0.902 [0.869-0.936]). FPG gave a
sensitivity of 64.3% (74/115), a specificity of 95.3%
(1605/1684), and the proportion of people above the
cut-off of 8.5% (153/1799) with a cut-off value
>110 mg/dl (IFG level) (Fig. 1). A similar sensitivity
(62.6%) and specificity (92.5%) for HbAlc corre-
sponded to HbAlc of 5.5%, where 28.D. above the
mean HbAlc for people with normal glucose by the
WHO criteria (4.9 + 0.3%) (Fig. 2).

3.3. Performance characteristics of HbAlc for
undiagnosed DM

The JNDS cut-off point of HbAlc >5.6% gave a
sensitivity of 56.5% (65/115), a specificity of 95.1%
(1602/1684), a PPV of 44.2% (65/147), a NPV of 97.0%
(1602/1652), and the proportion of people above the
cut-off point of 8.2% (147/1799) (Table 1 and Fig. 2). At
HbAlc value of 5.3% where maximizing sensitivity
plus specificity, the sensitivity, specificity, PPV, NPV,
and the proportion of people above the cut-off point
were: 77.4% (89/115), 82.1% (1382/1684), 22.8% (89/
391), 98.2% (1382/1408), and 21.7% (391/1799)
(Figs. 1 and 2). The PPV, 100 — NPV, and the
proportion of people above the cut-off level increased
with higher HbAlc (Fig. 2).

3.4. Estimated number of people with DM based on
the JNDS cut-off points in the Funagata study

After age-adjusting for the projected Japanese
population in 1st October 2002, the respective numbers

Distribution of people according to glucose categories defined by the JNDS and the 1999-WHO criteria among 1904 inhabitants aged 35-89 years in
the Funagata-town inhabitants during the period between year 2000 and 2002

Glucose category by JINDS

Glucose category according to the 1999 WHO criteria

Plasma glucose Normal, IGR, Undiagnosed DM, Previously Overall
(mg/dl) On a FPG < 110 and FPG 110-125 or FPG > 126 or diagnosed
75 g OGTT 2-h PG < 140 2-h PG 140-199 2-h PG > 200 DM
HbAlc (%) '
Not abnormal <5.6 1291 311 50 3 1655
Possible DM 5.6-6.0 35 36 30 2 103
Probable DM >6.1 4 7 35 1 47
Probable DM Treated DM 0 0 0 99 99
Overall 1330 354 115 105 1904

Possible DM: HbA 1¢ 5.6-6.0% in people without treatment for diabetes. Probable DM: people under treatment for diabetes and/or those with HbAlc

>6.1% in people without treatment for diabetes.
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Fig. 1. Receiver-operating characteristic curves for HbAlc and FPG

corresponding undiagnosed diabetes defined 1997-WHO criteria

among 1799 Funagata-town inhabitants. Straight line: AUC for

HbAlc predicting newly diagnosed diabetes. Dotted line: AUC for
FPG predicting newly diagnosed diabetes.

of people with probable and possible DM have been
estimated as 4.8 and 3.4 million, and the sum total of 8.2
million was larger than the 7.4 million who actually had
DM by the WHO criteria. When the cut-off point of
HbAIc for possible DM was raised from 5.6 to 5.7%,
the total number of people with all DM was estimated as
7.2 million,
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3.5. Comparison of CVD risk profiles between true
positive tests and false negative tests

Undiagnosed DM identified at HbAlc >5.6% (true
positive tests) were significantly higher with mean levels
of BMI (25.7 kg/m? versus 24.4 kg/m?, p < 0.05), FPG
(136 mg/dl versus 107 mg/dl, p < 0.005), 2-h PG
(263 mg/dl versus 224 mg/dl, p < 0.005), and HbAlc
(6.5% versus 5.2%, p < 0.005) but lower with mean
levels of HDL cholesterol (53 mg/dl versus 60 mg/dl,
p < 0.05) than undiagnosed DM unidentified at HbAlc
>5.6% (false negative tests).

4. Discussion

HbAlc is a reliable index of glucose metabolism
over the 1-2 months before testing [9-11], and the
prevalence of diabetic retinopathy in relation with
HbAIlc has a similar pattern to the relation with FPG
and 2-h PG on a 75 g OGTT [12-14}. However, its use
as a screening test for undiagnosed DM remains
inconclusive [15-18]. Since the measurement of HbAlc
does not require fasting, the JNDS is currently using
HbA ¢ for an estimation of number of people with DM
[2]. In the Funagata study, the predictability of HbAlc
for undiagnosed DM defined by the WHO criteria [4]
was almost the same as FPG. However, the glucose
categories of probable DM and possible DM based on
HbAlc applied by the INDS were not identical to the
glucose categories of diabetes and IGR based on plasma

Specificity

100—NPV

B B

58 60 62 64 66 68 7.0

HbA1C (%)

Fig. 2. Sensitivily, specificity, positive predictive value (PPV), 100 — negative predictive value (NPV), and the proportion of people above the cut-

T¥E A1

off point of HbAlc fur undiugnosed diabetes, according to different HbA lc concentrations among 1799 Funagata-town inhabitants without
previously diagnosed diabetes. Black circle: sensitivity. Black triangle: specificity. While circle: PPV, While triangle: 100 — NPV. White square: %

of people above the cut-off point of HbAlc.

—111—



T. Nakagami et al./Diabetes Research and Clinical Practice 76 (2007) 251-256 255

glucose according to the WHO criteria {2]. The cut-off
point of HbAlc >5.6% as possible plus probable DM
gave a very high specificity (95%) and a moderate
sensitivity (57%), and PPV (44%) for undiagnosed DM.
Identified cases of DM using this cut-off point had
worse glucose metabolism and lipid profile than those
unidentified. Thus, using the current cut-off point of
possible DM in the JNDS might be relevant for the
identification of the higher risk of vascular complica-
tions among those with undiagnosed DM in Japan.

The appropriate cut-off of HbAlc for defining the
true prevalence of DM in a population is important for
pubic health planning and action. In the Funagata study,
the glucose categories of possible and probable DM
applied by the JNDS did not correctly estimate the
number of people with IGR and DM in Japan. Because
the glucose categories of probable and possible DM
based on HbAlc are not identical to the glucose
categories of DM and IGR based on plasma glucose on
an OGTT, respectively. However, the cut-off point of
HbAlc for possible DM could be used to estimate
number of people with undiagnosed plus diagnosed
diabetes.

In terms of agreement about diagnosis of DM, the
maximum agreement was found at HbAlc of 5.3%,
with a sensitivity of 77% and a specificity of §2%, in our
study. Whereas HbAlc of 5.6% gave a sensitivity of
57% and a specificity of 95%, and thus, not surprisingly,
total agreement of diagnosis was different from that
found at HbAlc of 5.3%. Moreover, the predictability of
DM given positive test result (i.e. PPV) at HbAlc of
5.3% was half of that at HbAlc of 5.6%. Since total
agreement of diagnosis of DM was similar at HbAlc of
5.6 and 5.7, the former cut-off point gave 3% higher
sensitivity (57% versus 54%) and 9% lower PPV (44%
versus 53%) than the latter cut-off point. However, the

PPV at HbAlc of 5.6% seemed to be still moderate.

Thus, the choice of HbAlc of 5.6% as a cut-off point
may be reasonable to detect more people with
undiagnosed DM in Japan.

The diagnostic screening cut-off points should be
decided by their relevance for likelihood of complica-
tions. The Hisayama study [19] has reported that HbAlc
had a similar predictability of future retinopathy to 2-h
PG or FPG, and the optimal HbAlc associated with
future retinopathy was 5.7% with a sensitivity of 87%
and a specificity of 90%. This study also identified the
threshold of mean HbA ¢ associated with prevalence of
retinopathy at a range between 5.5 and 5.8%. However,
a longitudinal smdy of Pima Indians [12] has shown a
clear cut-off for mean HbAlc of 7.0% (6.7% in our
country), above which the incidence of retinopathy

steeply increased. In the cross-sectional data from the
Third National Health and Nutrition Examination
Survey [14], prevalence of retinopathy started to
increase at a range of mean HbAlc between 5.9 and
6.2% (5.6-5.9% in our country), which has an almost
similar level to the Hisayama study. Thus, our results,
together with findings of others, suggest that the current
INDS cut-off point may be reasonable with respect to
the prediction of retinopathy in Japanese living in Japan.

A recent population-based study from the U.K. [20]
has demonstrated a graded increase in all-cause and
CVD mortality across the population range of HbAlc,
independent of other CVD risk factors. The same holds
true with FPG and 2-h PG [21]. So far, there is no
available data confirming the continuous relationship
between the population range of HbAlc and CVD in our
country. However, the cut-off point of HbAlc asso-
ciated with CVD risk might be lower in comparison to
microvascular complications, as even lesser impair-
ments of glucose regulation are already associated with
an increased CVD risk [22].

The treatment goal of HbA ¢ is practically important
as a screening cut-off when the disease is present and
identified. In Japan, the upper limit of good control of
HbAlc in diabetic patients was less than 6.5% [23]
because the Kumamoto study showed that diabetic
retinopathy and nephropathy rarely occurred among
diabetic patients with lower than this cut-off point [24].
However, those subjects were all previously diagnosed
cases with mean duration of diabetes of 6.5-6.6 years
[24] and the treatment target among newly diagnosed
cases has not yet been identified.

HbA1c has been established as a strongest risk factor
for microvascular complications in patients with DM
[25], and FPG, 2-h PG, and HbA 1c are continuous risk
factors for developing CVD [20-22]. Thus, people with
DM identified by the INDS cut-off point for possible
DM were at higher risk for vascular complications than
those unidentified, since the former group had worse
glucose and HDL cholesterol profiles than the latter
group.

In conclusion, measurement of HbAlc seems to be
as efficient as measuring FPG to screen people with
undiagnosed DM. The current screening cut-off point of
HbAlc of 5.6% may be reasonable, with respect to
screening properties of undiagnosed DM, as well as
prediction and prevention of vascular complications in
Japan.
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