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OBJECTIVE — To compare the prevalence of diabetes according to the American Diabetes
Association (ADA) and World Health Organization (WHO) classifications in a sample of elderly
Japanese-American men; to examine the association with total and cardiovascular mortality by
diabetes status using both classifications; and to determine whether the fasting or 2-h glucose
measurement is a stronger predictor of adverse outcomes.
RESEARCH DESIGN AND METHODS — Examinations given from 1991 to 1993 in
the Honolulu Heart Program were used as baseline for these analyses. Subjects were 71–93 years
of age at that time and were followed for total and cardiovascular disease mortality for up to 7
years.
RESULTS — A total of ⬃66% of individuals who had diabetes by WHO criteria were missed
when the ADA definition was used. The relative risks of total and cardiovascular mortality for
those with versus those without diabetes were similar for both definitions; however, when fasting
and postload glucose measures were analyzed as continuous variables, the 2-h measurement was
a superior predictor and was independent of fasting glucose. In contrast, fasting glucose was not
an independent predictor of these outcomes in the presence of the 2-h measurement.
CONCLUSIONS — The prevalence of glucose metabolism abnormalities was very high
among elderly Japanese-American men. The WHO classification was superior to the ADA classification in identification of subjects at high risk for adverse outcomes. Therefore, we conclude
that the 2-h glucose measurement is valuable and should be retained in epidemiologic studies.
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P

revious research has shown that
Asian-Americans have rates of diabetes that are at least two to three
times higher than Caucasians (1,2). Dia-

betes and glucose intolerance have been
established as major risk factors for cardiovascular disease and total mortality in
the Honolulu Heart Program and other
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middle-aged populations (3–9). During
the last few years, several reports have
compared the prevalence of diabetes and
cardiovascular risk factors using the
World Health Organization (WHO) 1998
(10) and American Diabetes Association
(ADA) 1997 (11) classifications (12–21).
Most of these studies have shown that
substantially more subjects with diabetes
are identified when the 2-h postload glucose is used in addition to the fasting glucose and suggest that there is value in
using the postload measurement. There is
also ongoing debate as to whether the
WHO (1998) classification for diabetes,
which considers both the fasting and the
2-h postload glucose measurement of an
oral glucose tolerance test (OGTT), is a
better predictor for adverse outcomes
compared with the classification recommended by the ADA (1997), which relies
on the fasting glucose measurement
alone. The DECODE (7,22) and Cardiovascular Health (23,24) studies suggest
that the OGTT provides additional predictive information for mortality and cardiovascular disease, respectively.
However, the Hoorn study found that the
two classifications were equally predictive
of mortality (25). None of these studies
examined the relative contribution of the
fasting and 2-h glucose measurements as
continuous variables. Research has also
shown that progression to diabetes is
common in subjects with postload hyperglycemia and a normal fasting glucose
(26). On the other hand, obtaining only a
fasting measurement is clearly much easier and less costly in epidemiologic studies.
The objectives of this project were 1)
to compare the prevalence of diabetes and
glucose intolerance using the ADA (1997)
and the WHO (1998) classifications in a
sample of elderly Japanese-American
men; 2) to examine the associations of diabetes and glucose intolerance with total
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Diabetes and total and cardiovascular mortality in the Honolulu Heart Program

Table 1—Glucose metabolism status by ADA and WHO classifications in subjects who did not
take medication for diabetes
WHO
ADA
Normal (n ⫽ 1,404)
Impaired fasting glucose (n ⫽ 455)
Diabetes (n ⫽ 175)
Percentage

Normal
(n ⫽ 678)

IFG/IGT
(n ⫽ 840)

Diabetes
(n ⫽ 516)

Percentage

678
0
0
33.33

544
296
0
41.3

182
159
175
25.37

69.03
22.37
8.60
100

Data are n or %. Subjects with complete OGGT and not taking diabetes medications (n ⫽ 2,034). IGT/IFG,
impaired glucose tolerance and/or impaired fasting glucose.

RESEARCH DESIGN AND
METHODS
Study design
In 1965, the Honolulu Heart Program began investigating the reported differences
in rates of heart disease and stroke between Japanese individuals living in Japan, Hawaii, and the U.S. mainland. The
study enrolled 8,006 Japanese-American
men aged 45– 68 years who had no cardiovascular diseases and who were living
on Oahu in 1965. The present analyses
involve a subset of men examined during
1991–1993, at which time they were aged
71–93 years. A total of 80% of all survivors of the original cohort were examined
(n ⫽ 3,741). This examination of the Honolulu Heart Program was undertaken as
a collaborative effort of the National
Heart, Lung, and Blood Institute and the
National Institute on Aging to examine all
Honolulu Heart Program survivors in a
study of dementia, cardiovascular disease, diabetes, and other conditions affecting elderly individuals.
Data collection
Longitudinal follow-up for total and cardiovascular disease mortality was based
on a hospital surveillance system, review
of death records, periodic examination,
and an autopsy study. Details of the surveillance methods have been described
elsewhere (27). The present analyses include up to 7 years of follow-up for total
mortality and up to 6 years of follow-up
952

for cardiovascular disease mortality. Cardiovascular disease mortality includes
stroke, coronary heart disease, and sudden death of unknown cause occurring in
⬍1 h.
The baseline examination included
demographics, lifestyle factors (smoking,
alcohol consumption, and physical activity), medical history, medication use, and
psychosocial information as well as anthropometric, physiologic, and laboratory measurements including glucose,
lipids, fibrinogen, and others.
Blood specimens were collected after
a recommended overnight fast of 12 h.
After the fasting specimen was collected, a
standard 75-g oral glucose load was administered, and a second blood specimen
was collected 2 h later. The OGTT was
offered to participants who were examined at the clinic, were not taking insulin,
and did not report the following conditions: active ulcer, stomach resection,
stomach cancer, and severely elevated
blood pressure (systolic ⬎200 mmHg or
diastolic ⬎115 mmHg). A total of 2,034
subjects who had both fasting and 2-h
postload glucose measurements and who
were not taking medications for diabetes
were the subjects included in the present
analyses. There were 412 subjects (11%
of the overall population, n ⫽ 3,741)
who reported taking medications for diabetes, and they were excluded from analyses. Glucose levels were measured at
the University of Washington (Diabetes
Endocrinology Research Center Core Radioimmunoassay Laboratory, Seattle,
WA) after continuous storage of serum at
–70°C for ⱕ2 years. Other details of the
data collection have been reported elsewhere (28).
Glucose tolerance was classified using
either the ADA or the WHO classification.
The ADA classification uses only the fast-

Statistical methods
Among the 2,034 subjects included in the
analyses, 358 died; in 103 of these cases,
death was due to cardiovascular causes.
The age-adjusted total mortality rates
were calculated based on the fasting glucose as well as the 2-h glucose measurement. Multivariate Cox proportional
hazards models were used to estimate the
relative risk using the normal group as the
reference. The covariates included age,
BMI, waist-to-hip ratio, physical activity,
hypertension, triglycerides, HDL cholesterol, and fibrinogen. The relative risk of
total and cardiovascular disease mortality
for men at the 80th versus the 20th percentile for fasting (6.4 and 5.3 mmol/l)
and 2-h (11.7 and 6.5 mmol/l) glucose
measurements were calculated using
multivariate Cox proportional hazards
models, after adjusting for other risk factors and the other glucose variable simultaneously. Glucose measurements were
treated as continuous variables.
RESULTS — Table 1 shows that the
number of individuals classified as normal by the ADA classification was more
than double that classified by the WHO
classification. Similarly, 66% of those diagnosed as having diabetes by the WHO
classification were classified as normal
when using the ADA definition. Analyses
were limited to subjects with a complete
OGTT who were not taking medications
for diabetes.
Figure 1 shows the age-adjusted mortality rates by fasting and 2-h glucose
level. In general, the mortality rates increase with increasing fasting glucose.
However, among subjects with fasting
glucose ⬍6.1 mmol/l, we found a near
twofold excess mortality rate among those
with 2-h glucose level ⱖ11.1 mmol/l
compared with those with 2-h glucose
DIABETES CARE, VOLUME 25, NUMBER 6, JUNE 2002
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and cardiovascular disease mortality using both classifications; and 3) to determine whether the fasting or 2-h glucose
measurement treated as a continuous
variable was a stronger predictor of both
total and cardiovascular disease mortality.

ing blood sample to classify the fasting
glucose level as normal (glucose ⬍6.1
mmol/l), impaired (glucose 6.1– 6.9
mmol/l), or diabetes (glucose ⱖ7.0
mmol/l). The WHO classification uses
both the fasting and the 2-h blood samples to classify glucose tolerance as normal (fasting glucose ⬍6.1 and 2-h glucose
⬍7.8 mmol/l), impaired (impaired fasting glucose 6.1– 6.9 and 2 h ⬍7.8
mmol/l, or impaired glucose tolerance,
fasting ⬍7.0 and 2-h glucose 7.8 –11.0
mmol/l), and diabetes (fasting glucose
ⱖ7.0 or 2-h glucose ⱖ11.1 mmol/l).

Rodriguez and Associates

level ⬍11.1 mmol/l. In fact, the group
with normal fasting and 2-h glucose
ⱖ11.1 mmol/l had the highest mortality
of all groups in this elderly population
(n ⫽ 182).
Table 2 shows the risk factor–
adjusted relative risk (RR) for total and
cardiovascular mortality by diabetes status, after excluding individuals taking
medications for diabetes or with an incomplete OGTT. We found that diabetes
based on the ADA or the WHO classifications similarly predicted total and cardiovascular disease mortality after risk factor
adjustment. In addition, (data not shown
in Table 2) subjects taking medications
for diabetes also showed an increased risk
for total and cardiovascular disease mortality compared with subjects with normal values according to the ADA and the
WHO criteria as the reference group, respectively (RR for total mortality was 2.2
by ADA and 2.5 by WHO criteria, and the
RR for cardiovascular disease mortality
was 2.6 by ADA and 3.4 by WHO criteria
for the reference group). The increased
risk among subjects with diabetes taking
medications compared with untreated or
unrecognized diabetes is presumably due
to the longer duration of the disease.
Table 3 shows that when fasting and
2-h glucose measurements are included
in the models simultaneously as continuous variables and after adjusting for other

*Data are n (range). Adjusted for age, BMI, waist-to-hip ratio, physical activity, hypertension, triglycerides,
HDL cholesterol, fibrinogen; †IGT/IFG, impaired glucose tolerance and/or impaired fasting glucose; ‡unrecognized or untreated diabetes; §P ⬍ 0.05. Subjects taking medications for diabetes or with incomplete
OGTT were excluded. A total of 358 deaths during follow-up, including 103 cardiovascular deaths (n ⫽
2,034).
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risk factors such as age, BMI, waist-to-hip
ratio, physical activity, hypertension, triglycerides, HDL cholesterol, and fibrinogen, the 2-h glucose measurement was a
superior predictor and was independent
of fasting glucose, both for total as well as
for cardiovascular disease mortality in
this elderly group. The present data indicate that fasting glucose contributed
nothing to relative risk if the 2-h measurement was used.
CONCLUSIONS — The present investigation suggests that the prevalence of
glucose metabolism abnormalities is very
high among elderly Japanese-American
men. Overall, 18% of this population re-

ported diabetes by history or use of medication. There are large differences in the
prevalence of diabetes, impaired glucose
tolerance and/or impaired fasting glucose,
and normal status, depending on which
classification is used. The ADA classification, using fasting glucose only, results in
66% fewer subjects with unrecognized or
untreated diabetes and more than twice
the number of normal subjects (33 vs.
69%) in this sample of elderly men. It
seems that these discrepancies are common, especially in studies that include elderly individuals (17); however, the
difference observed in this study is larger
than in any other population described in
the literature.

Table 2—Risk factor* adjusted relative risk for total and cardiovascular disease mortality by
glucose metabolism status
ADA (1997)
Total mortality
IGT/IFG†
Diabetes‡
Cardiovascular disease mortality
IGT/IFG
Diabetes

WHO (1998)

2-h OGTT only

1.12 (0.80–1.45) 1.10 (0.84–1.44) 1.12 (0.86–1.46)
1.75 (1.24–2.47)§ 1.86 (1.41–2.45)§ 1.87 (1.43–2.44)§
0.88 (0.52–1.47) 1.33 (0.81–2.20) 1.10 (0.68–1.78)
2.03 (1.14–3.61)§ 1.81 (1.07–3.08)§ 1.59 (0.97–2.61)
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Figure 1—Age-adjusted mortality rates by glucose levels. *Number of subjects and percent in each category (total number ⫽ 2,034).

Diabetes and total and cardiovascular mortality in the Honolulu Heart Program

Table 3—Relative risk of total and cardiovascular disease mortality at 80th versus 20th
percentile for fasting and 2-h postload glucose

Age-adjusted
Risk factor–adjusted*

Glucose

Total mortality

Cardiovascular mortality

Fasting
2-h
Fasting
2-h

0.91 (0.78–1.05)
1.50 (1.24–1.81)†
0.98 (0.85–1.13)
1.45 (1.20–1.75)†

0.97 (0.75–1.25)
1.48 (1.04–2.10)†
1.05 (0.81–1.37)
1.43 (1.01–2.03)†

Data are n (range). *Adjusted for age, BMI, waist-to-hip ratio, physical activity, hypertension, triglycerides,
HDL cholesterol, fibrinogen, and the other glucose measurement; †P ⬍ 0.05, n ⫽ 2,034. Subjects taking
medications for diabetes or with incomplete OGTT were excluded. A total of 358 deaths during follow-up,
including 103 cardiovascular deaths.
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subsequent outcomes in an elderly cohort.
In this investigation, we also analyzed the data treating the fasting and 2-h
glucose measurements as continuous
variables. We found that the 2-h measurement, supported by the WHO but not by
the ADA, is a superior predictor of total
and cardiovascular disease mortality
compared with fasting glucose alone. The
2-h measurement has an effect on total
and cardiovascular disease mortality that
is independent of the fasting glucose
value in this elderly population, whereas
fasting glucose is not independent of the
2-h value. Fasting glucose levels contribute nothing to relative risk if the 2-h glucose is used. The difference in the results,
based on categorical versus continuous
analyses observed, suggests that the application of the current cutoff points in the
ADA and WHO guidelines must be reevaluated. To our knowledge, this is the
first study to examine fasting and 2-h glucose measurements as continuous variables in an elderly cohort in order to
assess their relative role as predictors of
total and cardiovascular mortality. Our
findings suggest that future research must
be conducted to define more appropriate
cutoff points for diabetes, impaired fasting glucose, and impaired glucose tolerance categories, for different ethnic
groups, ages, and sexes. Currently, however, it is important to retain the 2-h
glucose measurements, especially in epidemiologic studies, until these discrepancies can be sorted out. Undoubtedly,
these discrepancies are explained by the
fact that hyperglycemia is due to a combination of insulin resistance, hepatic
glucose overproduction, and impaired
␤-cell function, and the relationship and
combination of each of these factors with
complications associated with diabetes.
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