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HbA,, incidence rates were 13% (n=663 individuals and
83 incident cases), 24% (n=221, 54 cases), and
64% (n=159, 101 cases), respectively (log-rank test,
p<0-0001).

Results of Cox analysis showed that the HR for incident
diabetes was similarly increased for individuals with
prediabetes discordantly diagnosed by either HbA, or
fasting glucose criteria alone (table 5). The age-adjusted
and sex-adjusted HR was 6-86 (95% CI 4.84-9-71) in
those diagnosed with prediabetes by impaired fasting
glucose alone and 6-53 (4-10-10-4) for those diagnosed
with prediabetes on the basis of HbA, alone compared
with normoglycaemic individuals. However, prediabetic
individuals who fulfilled both criteria had a substantially
increased risk, with an HR of 386 (95% CI 27-6-54-0).
Although further adjustments for a parental history of
diabetes, smoking habit (never, former, or current
smokers), BMI, hypertension (systolic blood pressure
=140 mm Hg or diastolic blood pressure 290 mm Hg, or
both, or treatment), y-glutamyltransferase, HDL choles-
terol, and log-transformed triglycerides attenuated the
HRs, the results were fundamentally the same.

Multivariate-adjusted HRs for impaired fasting glucose
alone, HbA, 5-7-6-4% alone, and both HbA, and
impaired fasting glucose were 6-16 (95% CI 4-33-8-77),
6-00 (3-76-9-56), and 31-9 (22-6-45-0), respectively. We
noted similar associations irrespective of the diagnostic
criteria for incident diabetes (table 5). The association of
a diagnosis of prediabetes and risk of diabetes was
fundamentally the same irrespective of the presence of
anaemia, obesity, or becoming obese at follow-up (data
not shown).

Discussion

This study showed that diagnosis of prediabetes by both
new HbA, and fasting glucose criteria identified
individuals in a Japanese population at a substantially
increased risk for progression to diabetes within 5 years.
Although the new HbA, criterion identified fewer
participants at high risk than were identified by impaired
fasting glucose, the predictive value for progression to
diabetes assessed by HDbA,. 5-7-6-4% without impaired
fasting glucose was similar to that assessed by fasting
glucose alone. Our results suggest that introduction of
the new HDA, criterion in addition to assessment of
fasting plasma glucose could efficiently target patients
who are most likely to progress to diabetes and allow for
early intervention (panel).

A fifth of prediabetic individuals discordantly met the
HbA, but not the impaired fasting glucose criterion for
diagnosis in our study, which is in line with results of the
National Health and Nutrition Examination Survey
(NHANES) in US adults, which showed a rate of 17-2%.?
Conversely, with respect to screening accuracy, the
NHANES had a sensitivity of 27% and specificity of 93%,
and showed that 61% of individuals with prediabetes
diagnosed by HbA, also had impaired fasting glucose.
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Our results in a Japanese population showed lower
sensitivity (219) and specificity (91%), and only 50% of
those with prediabetes diagnosed by HbA, also had
impaired fasting glucose. Evidence has suggested that
screening performance using HbA, values might differ
according to ethnic origin.**®* Since only half of the
prediabetic individuals in our study who met the new
HbA, criterion also had impaired fasting glucose, a
discrepancy in the degree of overlap might be more likely
in Japanese than in US adults. A recent report of the New
Hoorn Study” indicated that correlations between glucose
and HDbA, were moderate in the general population,
although a strong correlation was seen in patients with
known diabetes; therefore, the discrepancy in the degree
of overlap might be higher for diagnosis of prediabetes
than for diagnosis of type 2 diabetes. Other results of
cross-sectional studies in US populations and Asian
Indians**¢ also reported a limited performance of the
new HbA,_ criterion for identification of individuals at
increased risk of diabetes compared with screening by
impaired fasting glucose or impaired glucose tolerance,
although none of these studies prospectively investigated
the subsequent risk of progression to diabetes.

In our study, diagnosis of prediabetes on the basis of
both criteria was strongly predictive of the risk of future

diabetes. The increased HR shown by the overlap

between the two prediabetic criteria might suggest that
the predictive power achieved through use of the two
criteria was multiplied rather than having an additive
effect. Additionally, this association was noted irrespective
of the diagnostic criteria for incident diabetes. Two cohort
studies offered prospective data for new criteria for
diagnosis of prediabetes including HbA, testing and the
subsequent risk of diabetes.”® The Atherosclerosis Risk in
Communities (ARIC) study, which investigated the
10-year risk of diagnosed diabetes, reported that the
10-year cumulative incidence of diabetes was 10% for
FPG lower than 5-6 mmol/Land HbA, 5.7-6-5%, 7% for
FPG 5-6-7-0 mmol/L and HbA, less than 5.7%, and
23% for FPG 5.6-7-0 mmol/L and HbA, 5-7-6-5%,
suggesting a dual role for HbA, and glucose in prediction
of diabetes.® In Cederberg and colleagues’ study,” which
followed up 553 Finnish adults, 66% of incident cases of
diabetes at 10 years were predicted by either HbA,
5-7-6-4%, impaired fasting glucose, or impaired glucose
tolerance, and a raised HbA, 576 -4% preceded diabetes
in 33% of incident cases. Results of our study with a
shorter follow-up showed that 86% of incident cases were
predicted by either glucose tolerance or HbA, 5-7-6-4%,
and that in 54% of incident cases a range of HbA, of
5.7-6-4% was seen at the baseline examination.

Two meta-analyses showed that the risk of development
of diabetes established by HbA, was similar to that
described for FPG and 2-h glucose.*® Gerstein and
colleagues® reported that dysglycaemic individuals were
at about a five-to-ten times increased risk of diabetes
compared with individuals without impaired fasting

www.thelancet.com Vol378 july 9,2011



Articles

glucose or impaired glucose tolerance. In a systematic
review,” raised HbA, in the 5-0-6-5% range steeply
increased the risk of diabetes and HbA, 5-5-6-5% was
associated with a substantially increased risk of future
diabetes. By contrast with FPG, which reflects acute
dysglycaemia, HbA, reflects chronic hyperglycaemia,
including postprandial glucose spikes.! The pathological
disturbances of hepatic insulin resistance and reduced
insulin secretion (first-phase and early-phase) led to
isolated impaired fasting glucose.”® In isolated impaired
glucose tolerance, a severe deficit in late insulin secretion
with muscle and hepatic insulin resistance leads to
extended hyperglycaemia after a carbohydrate load.”
Therefore, overlap with criteria for HbA, and impaired
fasting glucose might allow for assessment of a
substantially increased risk of diabetes.

Although we cannot establish the wunderlying
mechanism in this observational study, we noted that
prediabetic individuals discordantly diagnosed by either
impaired fasting glucose or HbA, alone had significantly
different cardiovascular risk profiles at the baseline
diagnosis of prediabetes. The prevalence of obesity
(BMI =225-0 kg/m?) was lower in individuals with
prediabetes diagnosed by HDA, alone compared with
those diagnosed by impaired fasting glucose alone in this
study. These different factors* might affect progression
to diabetes within each case of discordantly diagnosed
prediabetes. However, the results were fundamentally
the same after adjustments in multiple regression
models. Data from an epidemiological study on the
insulin resistance syndrome showed that HbA, predicted
diabetes only in individuals with impaired fasting
glucose.® On the other hand, the ARIC study reported
that HbA,, values were associated with a risk of diabetes
irrespective of baseline FPG.** In this study, even without
impaired fasting glucose, the new HbA, 5-7-6-4%
criterion could be predictive of progression to diabetes,
which was previously missed by screening for impaired
fasting glucose.

In a more recent British prospective cohort study,* only
36% of incident cases of diabetes (defined as self-reported
or HbA, =6-5%, or both) arose from the 6% of the total
study population with baseline HbA,, 6-0-6-4%, which
suggests that most incident cases of diabetes occurred in
those with baseline HbA, lower than 6-0%. Although we
used a different threshold for HbA,, 46% of incident
cases were without raised HbA,, at baseline. Efficacy of
the new HbA, 5-7-6-4% criterion will improve as a
screening test and will be more predictive when used
with impaired fasting glucose criterion for identification
of individuals at substantially increased risk of developing
diabetes. Nonetheless, the prediabetic state only indicates
an individual’s glycaemic condition at a single point in
time of the natural history of development of diabetes.
An analysis from the Whitehall II study® showed that
individuals who developed diabetes had raised FPG as
early as 13 years before diagnosis of diabetes compared
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with those who did not develop diabetes. Further studies
will be needed to investigate the long-term trajectories of
clinical markers, including HbA,, before the diagnosis of
diabetes, especially in non-western populations.

Although the HDbA, test has been standardised
nationwide in Japan, there might be concerns about its
cost and lack of standardisation in some countries.
Investigations into how the predictive power would be
improved by inclusion of simple risk factors for diabetes
such as family history, obesity, or smoking habits and the
derivation of algorithms would be of great importance.
Also, whether introduction of HbA, into glucose testing
is appropriate for detection of not only future diabetes
but also cardiovascular disease events and mortality
should be studied in various ethnic groups.

Strengths of our study include the assessment of a
large sample size with annual data for HbA, and FPG
and the investigation of a major topic in relation to the
Asian population, in view of the increasing prevalence of
prediabetes and diabetes.®* Our findings through
introduction of HbA, criteria in addition to impaired
fasting glucose for screening of prediabetic individuals

— 241 —

153



Articles

154

contributed to identification of different groups of people
who subsequently progressed to diabetes who would
otherwise have been missed. These results have the
potential to reduce the incidence of diabetes in the future
by allowing such individuals to undertake strategies to
prevent progression to diabetes. Our study also includes
a systematic assessment of the incidence of diabetes with
either FPG or HbA, alone and both FPG and HbA,
diagnostic criteria for diabetes. Results suggested that
use of both criteria could detect many individuals in need
of early clinical care, in line with a recent study showing
that use of either HbA,_ or FPG alone identified only 63%
of incident cases of diabetes defined by a combination of
FPG and HbA,_ criteria.”

Several limitations should be considered. First, data
for the oral glucose tolerance test were not available for
our study, and whether these data could have changed
our results should be considered. Since we might have
included individuals with postprandial hyperglycaemia
in the category of HDbA, 5-7-6-4% alone, the risk of
development of diabetes for this group of patients
might be overestimated by comparison with
investigations using data for oral glucose tolerance.
Second, we cannot deny the possibility of selection bias
due to study participants being those who underwent
routine medical checkups, and thus who paid more
attention to health issues than those who did not. All
participants might not have been properly fasting,
although the prevalence of diabetes, obesity, and
smoking were similar to those in general population-
based studies in Japan.® Since we assessed the
development of diabetes yearly, the incidence might be
overestimated, although we noted that the incident rate
of diabetes was similar to that of general Japanese
populations.”? We also need to consider that there
could be many confounding factors such as differences
in dietary habit of the participants for which we were
not able to fully adjust. Additionally, the effect of factors
that might change HbA, levels independently of
glycaemia, such as anaemia or haemoglobinopathies,
should be considered. Although the prevalence of
haemoglobinopathies is reported to be very low in Japan
(0-04%),” concern should be noted in some areas of
southeast Asia that have high rates of
haemoglobinopathies.®

In conclusion, diagnosis of prediabetes by introduction
of the new HDA,, criterion in addition to assessment of
impaired fasting glucose could identify prediabetic
individuals with a substantially increased risk of
progression to diabetes. Although the new HDA,
criterion identified fewer individuals at high risk than
did impaired fasting glucose, the predictive value for
progression to diabetes assessed by the HbA,_ criterion
alone was similar to that assessed by impaired fasting
glucose alone. The two tests used together could target
individuals most likely to progress to diabetes and allow
for early intervention.
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first author year

%

RR(85%CI) weight

physical activity

highest

lowest

Ford 1831
+u 2001
Gregg 2003

Tanasescu 2003

0.38(0.15. 0.84)
0.55(0.26. 1.15)
0.76(0.57, 1,02)
0.72(0.47, 1.10)

273
3.87
10.77
799

much exercise for
recreation |
moderate Or vigorous
PAZ7hours/week

LTPAZ2hours/week

=37 2MET-h/week
moderate or vigorous

little or no exercise for

recreation |
maderaie or vigorous
PA<{hoursfweek

LTPA<ihour‘week
<5.1 MET-h/week

(-squared=73.3%, p=0.000"

NOTE : Weights are from )
randorm effects analysis

Hu 2005 0520042, 082) 1382 pRToE L0 o 1
Smitr 2007 1.05¢0.48, 2.30) 352 walkingZ imile/day no walking |
Spencer 2008 090(081, 1.00) 1538 gﬁet?n?gswi";{mse Stenous exercise
Li 2009 070082, 094)  {0go FPUUOUS Walking g ygiing |
¢ Olivarius. 2010 (0.84(0.43. 095 849 LTPAZ4dhours/week only sedentary activities
Vepsalainen 2011 078082, 098 1285 pieise ARAMETs of o ewere a4 METs
Cipoliini 2011 ; 076(055. 1.08) 989 KOOV PA DY 00, DRING. ng vigoraus PA
O ared=106%. 0=0000) 0.7)(0.60. 084> 10000
| i\fDTE:Weights are from random 1
effects analysis '
0_1050(.1 OE2 0?5 1 é
b Z2REET % physical activity
first author year RR(95%CD weight highest lowest
Ford 199} _gé 040(026. 064 604 Tach exercise for Iifle Of no exercise for
Moy 1993 men —— 66—+ 016004, 070 0.93 PA dose>4.228 keal week <398 kcal week
women ---—$——-,:r—- 0250005 110y 0.87 PA dose>2.380 keal wesk <168 keal week
Wef 2000 i& 058(0.42. 0.81) 853 did aerobic exercise récantly 10 Serabic exercise
Grees 2002 g 0710058 0.86) 1182 LTPAZZh week LTRA< N week
' Tanasescu 2003 Q 0720067 0.78) 1443 =37.2MET-h week =81 MET-h-week
{(No author] 2005 -ﬂ%" 0.48(0.33. 073 204 Vé%%ﬁ:giffgfe rarély or no exeraise
o B|  ososom e fEsEblsoos  emeyee
Trighopouiou 2006 —@—| 024011, 052> 281 LT hnay FIET h e
Smith 2007 ~B- 0540033, 0.88) 550 walkingZimile day no walking
 Nothlings 2010 B 1000066 150} 661 LTPA>3Shours week  LTPA<33 hours week:
Olivarius 2010 E 0.62¢0.46. 0.83) 920 LTPA>35haurs week LTPA<3E hours week
vepsaiainen 2011 A 0.73¢0.68. O‘,QH 1313 %i%rrc’:g;atgﬂ. METs of gf\%éi’?g?tﬁgensny
overall @ 0600052, 0707 100.00
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' Allen(1980) _ 047035, 082) 184
Sobolski (1387) 2 ! 057(0.35. 0,94  0.73
Allan (1980) —_— 0.58(0.49. 067>  3.80
Erikksen (1998) —— 0.78¢0.67. 0.92) 370

. Milier (2008) —_——— 0.74(059. 084)  2.45

~ Bruce(1980) — 075(0.65. 0.85)  4.29
Sangdvik (1993) e 0.75(061, 093)  2.77

| Peters(1983) S e ey 0.77(0.60. 0.8® 2.30

| Arraiz(1932) 0.77(0.66. 0.89)  4.02
Gulati (2005) 0.78¢0.67, 091y 379
Rywik (2002) 0.79(0.68. 0.93)  3.67
Cumming (1975) = 0.80¢062. 1.03) 216
Jouven (2005) - 0.80¢0.71. 090 477
Gyntelberg(1980) — 081(075. 0.8%) 571

| Mora(2003) 5 0.83(0.79. 0.87)  B6.46 |
Laukkanen (2004) —— 0.84¢0.78. 091) 588
Stevens (2004) - 0.00(0.84. Q.96 6.0

© B3I (20072 0910089, 0.94) 679
Stevens{(2002) < 003(0.88, 0.98) 639
Balady(2004) 0.94(0.89. 0.99) 636
Sui(2007; < 0050085, 1.08) 4.8
Siatteryi1388) 097(0.92. 1.01) 649
Balady (2004) 097(0.87. 1.09) 4.8
overall(I-squared=81.7%, p=0.000} €> 0.83(0.79. 0.873 100,00
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