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and efficiently used to identify subjects at high-risk for DM
who should be targeted for intensive prevention intervention.

The 2h PG depends on insulin secretary capacity of
pancreatic beta cells, peripheral insulin sensitivity, and
hepatic glucose output and uptake whereas FPG largely
depends on hepatic glucose production. While HbA1c reflects
glucose metabolism over the past 1-2 months [16], can be
converted into the estimated average glucose levels [20], has
smaller variability than FPG and 2h PG [21], and is closely
correlated with post-load glucose in its low range and
correlated with FPG in its high range [22]. Thus, HbA1lc could
cover a wider range of pathophysiological processes of DM
than FPG. In our study, HbA1lc showed almost the same overall
predictability for DM in the future as FPG. In some previous
studies, HbAlc seemed to be inferior to FPG with respect to the
risk prediction and detection [11,12]. This might partly be due
to the application of ADA criteria for the diagnosis of DM
[11,12]. In our data, 70% of new cases of DM was identified by
isolated 2 h PG (data not shown) and these subjects would not
be identified as DM by the ADA criteria. In our country, HbAlc
>6.5% has been used as a supportive test for the diagnosis of
DM for past 10 years [23]. The International Expert Committee
appointed by the ADA, the European Diabetes Association for
the Study of Diabetes, and the International Diabetes Federa-
tion has recommended diagnosing DM by using HbA1c, since
June 2009 [24]. Moreover, HbAlc has been provided a
treatment target for patients with DM in many organizations
including JDS [23]. Thus, HbAlc could be used in different
stages of the diseases: screening, diagnosis and treatment.
Meanwhile, HbAlc measurement by enzymatic method
(Arkray, Kyoto) has become possible at a reasonable cost
[25]. This satisfactorily correlates with HbAlc measurement by
the HPLC method, does not need standardization, and is more
economical than it measurement by HPLC method. This might
be a rationale for recommending HbAlc in evaluating future
DM risk.

Recently, we have shown that FPG >5.56 mmol/l is the
better predictor than metabolic syndrome or a constellation
of cardiovascular risk factors except for FPG >5.56 mmol/l
regardless of abdominal adiposity in the Funagata Study [26].
The same trend was obtained when HbA1lc >5.3% replaced
FPG >5.56 mmol/l (data not shown). This highlighted glucose
itself as the screening test for DM in the future. In our data,
HbA1lc 5.3% corresponded to FPG 5.56 mmol/1 for predicting
DM (Fig. 1and Table 2) and both cut-offs identified similar risk

of DM (Table 1) and had equal detection rate of DM, especially
from the group of subjects with baseline IGT (Tables 1 and 2).
On the other hand, the proportion of people above the cut-off
was significantly lower in HbAlc 5.3% than FPG 5.56 mmol/l.
Thus, HbAlc 5.3% rather than FPG 5.56 mmol/l might be
efficient to identify those targeted for intensive intervention.
Since the decision of the screening cut-off is tentative, the
cut-off for HbAlc applied in Japan of 5.2% [8] might be too low
in our study subjects. Since HbAlc 5.2% could identify
significantly more incident cases from those with IGT than
FPG 5.56 mmol/l or HbA1lc 5.3%, the use of HbAlc 5.2% would
make markedly high proportion of subjects (= one third of the
entire screened population) who would be followed by
intensive intervention.

There are limitations in our study. First, despite concerted
efforts to maximize follow-up, the participation rate at 5-year
of follow-up was 60%, which, although comparable to other
studies of this nature, could potentially bias our results.
When comparing baseline characteristics between those who
did and did not participate in follow-up, the participants were
younger and were healthier than non-participants (data not
shown). This is in line with the frequent observation of
“healthy participants’ effect”, which has also been reported
in other studies [27]. This would lead to an underestimation of
the true cumulative incidence in the general population, and
thus our results are conservative. Second, the study popula-
tion is approximately 10-years older than the representative
sample of the Japanese general population [7], and this may
have influenced ourresults. The relevance of Japanese cut-off
of 5.2% for HbAlc to screen subjects requiring health
guidance in the screening program [8] should be further
examined in other Japanese studies. Third, FPG and 2 h PG in
this population were assessed only once at both baseline and
follow-up. The inter- and intra-coefficients of variations in
glucose values may have caused some random misclassifica-
tion in glucose categories [21], and thereby influenced our
results. Fourth, the total number of incident cases is too small
to obtain conclusive cut-off discriminating risks and perfor-
mance as the screening between different strata. Fifth, we did
not run sex-stratified analysis due to limited number of
incident cases but did adjustment by sex. Since the crude
proportion of incident case in men was double-folds higher
than women, the overall predictabilities of DM based on ROC
curve analysis did not differ between sexes for each glucose
indicators or not differ across three glucose indicators in both

Table 2 - Performance (%) [95% confidence interval] of cut-offs on three glucose indicators for predicting DM at 5-year

follow-up.

Variables Cut-offs Number (%) % Sensitivity % Specificity 100-Positive 100-Negative
predictive value (%) predictive value (%)
FPG 5.56 mmol/l 233 (19.6) 61.4 [48.8-74.0] 82.5 [80.3-84.7) 85.0 [80.4-89.6] 2.3 [1.4-3.3]
2h PG 7.80 mmol/l 136 (11.4) 61.4 [48.8-74.0] 91.1 [89.4-92.7] 74.3 [66.9-81.6) 2.1[1.2-3.0]
HbA1lc 5.1% 490 (41.2) 86.0 [76.9-95.0) 61.0 [58.2-63.9] 90.0 [87.3-92.7] 1.1 [0.4-1.9]
5.2% 360 (30.3) 73.7 [62.3-85.1] 71.9 [69.3-74.5] 88.3 [85.0-91.6 1.8 [0.9-2.7]
5.3% 170 (14.3) 56.1 [43.3-69.0] 87.8 [85.9-89.7) 81.2 [75.3-87.1] 2.5 [1.5-3.4]
5.4% 113 (9.5) 45.6 [32.7-58.5] 92.3 [69.3-74.5] 77.0 [69.2-84.8] 2.9 [1.9-3.9]

FPG: fasting plasma glucose, 2 h PG: 2 h plasma glucose.
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sexes (data not shown). Sixth, the application of micro- and
macro-vascular complication as the hard end point was not
unable in the current study. However, notwithstanding the
limitations, our study has notable strengths, being popula-
tion-based, consisting of both men and women, having FPG
and 2 h PG to enable rigorous biochemical diagnosis of DM
based on either FPG or 2 h PG criteria and a well-phenotyped
sample at baseline and follow-up.

In conclusion, HbAle can be practically used to screen
high-risk of future DM in a general Japanese population. It
could also effectively be used in association with IGT who
could be targeted for intensive prevention intervention.
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