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OBJECTIVE — To evaluate age-specific effects on diabetes prevalence estimates resulting
from the American Diabetes Association (ADA) recommendation against use of the oral glu-
cose tolerance test (OGTT), we contrasted the prevalence of two mutually exclusive groups:
undiagnosed diabetes according to ADA criteria (no report of diabetes and fasting glucose [FG]
=126 mg/dl) and isolated postchallenge hyperglycemia (IPH) (FG <126 mg/dl and OGTT
=200 mg/dl), a group designated to have diabetes by World Health Organization (WHO) cri-
teria but not ADA criteria.

RESEARCH DESIGN AND METHODS — The weighted age-specific ratios of undi-
agnosed diabetes:IPH were calculated for 2,844 subjects aged 40-74 years without reported dia-
betes who had both FG and OGTT. A ratio >1.0 indicated that the proportion of undiagnosed
diabetes was greater than that of IPH. Mean levels of HbA, _ and cardiovascular disease (CVD)
risk factors were contrasted among people with undiagnosed diabetes and IPH and those with-
out either abnormality (“nondiabetic”).

RESULTS — Both undiagnosed diabetes and IPH increased with age, but age-specific undi-
agnosed diabetes:IPH ratios decreased from 5.49 in the 40-44 age-group to 0.77 in the 70-74
age-group. Regression analysis showed a significant (P = 0.006) negative association between
age and these ratios. Mean HbA, . was 7.1% in the undiagnosed diabetes group and differed
significantly from that of the IPH and nondiabetic groups (5.6 and 5.3%, respectively). Indi-
viduals with undiagnosed diabetes had less favorable triglycerides, BMI, and HDL cholesterol
compared with people with IPH.

CONCLUSIONS — Compared with WHO criteria, the ADA criteria underestimate glucose
abnormalities more with increasing age. However, compared to those with undiagnosed dia-
betes, individuals with IPH had a mean HbA, _ level that is considered in the nondiabetic range,
and this group had significantly more favorable levels of several key CVD risk factors. These
findings suggest that the ADA criteria, although underestimating the abnormalities of postchal-
lenge hyperglycemia that occur frequently with increasing age, appear to be effective at iden-
tifying a group of individuals with both unfavorable CVD risk factor profiles and evidence of
long-term exposure to hyperglycemia.
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Diagnosis and Classification of Diabetes

Mellitus of the American Diabetes Asso-
ciation (ADA) recommended changes to
the criteria for diagnosing diabetes (1).
These changes included a reduction in the
fasting glucose (FG) threshold that is diag-
nostic of diabetes from 140 to 126 mg/dI
and a recommendation against use of the
oral glucose tolerance test (OGTT) to ascer-
tain undiagnosed diabetes. The Expert
Committee recommended that ADA crite-
ria replace the previously accepted World
Health Organization (WHO) criteria,
which call for use of the OGTT (2), and
that the ADA criteria be used both clinically
as well as in epidemiologic studies.

In the same report, the Expert Com-
mittee showed that the prevalence of undi-
agnosed diabetes in U.S. adults aged
40-74 years was reduced from 6.34%
under WHO criteria to 4.35% under the
ADA criteria. However, the Expert Com-
mittee did not address two important
issues: 1) whether the decrease in the
prevalence of undiagnosed diabetes under
the ADA criteria was similar across all age-
groups, and 2) if levels of HbA,  and car-
diovascular disease (CVD) risk factors were
similar in people with FG =126 mg/dl
(undiagnosed diabetes by ADA criteria)
and those with isolated postchallenge
hyperglycemia (IPH) (FG <126 and
OGTT =200). The latter group would
have been considered diabetic by both the
1985 WHO criteria (2) as well as revised
provisional criteria published by a WHO
consultation group in 1998 (3). The IPH
group is not considered diabetic by ADA
criteria.

For this article, “isolated postchallenge
hyperglycemia” is solely a descriptive term
used to define a group of individuals with
a combination of fasting and postchallenge
glucose values whose prevalence, HbA,
and CVD risk factor profiles are important
to evaluate in light of the ADA criteria,
which rely on FG only.

I n 1997, the Expert Committee on the
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Table 1—Frequency of ADA diabetes, isolated postchallenge hyperglycemia, and nondiabetic

individuals, NHANES 111, 1988-1994

Age-specific ratio of

Age-group ADA diabetes* IPHT Nondiabetict ADA diabetes:IPH
(years) ng % ng % ng %9 and 95% CI
40-44 21 1.92 3 0.35 551 97.93 5.49 ~0,11.92
45-49 22 3.85 11 0.84 355 95.31 4.58 ~0, 10.09
50-54 21 414 13 2.14 331 93.72 1.93 0.20,3.66
55-59 24 6.35 16 3.77 293 89.88 1.68 0.21,3.15
60-64 37 7.96 29 7.60 383 84.44 1.05 0.44,1.64
65-69 28 5.16 22 4.00 321 90.84 1.29 0.18,2.40
70-74 26 6.99 31 9.05 306 83.96 0.77 0.27,1.27
Total 179 4.73 125 3.27 2,540 92.00 1.44 1.00,1.88

Data are means. *Fasting glucose =126 mg/dl, tfasting glucose <126 mg/dl and postchallenge glucose =200
mg/dl, fasting glucose <126 mg/dl and postchallenge glucose <200 mg/dI, Sunweighted, Jweighted age-spe-

cific prevalence.

RESEARCH DESIGN AND
METHODS — The Third National
Health and Nutrition Examination Survey
(NHANES II1) was conducted from 1988 to
1994 and included a home interview fol-
lowed by a physical examination conducted
in a mobile examination center (4). Fasting
plasma glucose values were obtained from
subjects who were examined in the morn-
ing, and an OGTT was performed on a sub-
set of subjects aged 40-74 years who did not
report diabetes during the home interview.
Data on HbA, . and a number of established
CVD risk factors were also collected from
these fasting subjects. These data included
serum total cholesterol, HDL and LDL cho-
lesterol, serum triglycerides (TG), and BMI.
Criteria for selection of the 2,844 subjects
aged 40-74 years with both FG and OGTT
values have been reported in detail, as have
laboratory protocols for collection of anthro-
pometric measures and for processing of
blood (5,6). In brief, venous whole blood
was collected into a vacuum tube containing
the glycolytic inhibitors potassium oxalate
and sodium fluoride and was centrifuged
immediately at 1,500g for 10 min. The
plasma was frozen at —70°C, shipped on dry
ice to the University of Missouri Diabetes
Diagnostic Laboratory, and stored at —70°C
until analysis. Plasma glucose was measured
using a modified hexokinase enzymatic
method. Both within-assay and between-
assay quality-control procedures were used;
the coefficient of variation of the method was
1.6-3.7% during the 6 years of the study (6).
Age-specific prevalence of undiag-
nosed diabetes (FG =126 mg/dl) and IPH
(FG <126 mg/dl and OGTT =200 mg/dI)
were calculated. For the purposes of this

analysis, the term “glucose abnormality”
refers to either FG =126 mg/dl or OGTT
=200 mg/dl, and the term “nondiabetic”
refers to individuals with FG <126 mg/dI
and postchallenge glucose <200 mg/dl.
Age-specific ratios and 95% Cls (7) con-
trasting undiagnosed diabetes and IPH
(undiagnosed diabetes:IPH ratio) were cal-
culated to determine if these ratios were
consistent across age and if they were
significantly different from unity. Consis-
tent values for this ratio across age would
indicate that the overall decrease in preva-
lence of undiagnosed diabetes reported by
the Expert Committee occurred with simi-
lar frequency across age. Whether the ratio
values differ from 1.0 is an indication of the
frequency with which undiagnosed dia-
betes was present relative to IPH. Thus, a
ratio value >1.0 indicates that undiag-
nosed diabetes occurred more frequently
than IPH, a ratio ~1.0 indicates that the
two are about equally represented, and a
ratio <1.0 indicates that IPH occurs more
frequently than undiagnosed diabetes.
Regression analysis was used to test
whether age (in 5-year intervals with
4044 as the reference) significantly pre-
dicted the magnitude of these ratios.
HbA, . and CVD risk factors were
examined among individuals with undiag-
nosed diabetes and IPH and the nondia-
betic group. Because NHANES Il is based
on a complex sampling design, SUDAAN
(8) software was used to incorporate sam-
pling weights into statistical analyses.

RESULTS — Table 1 shows the un-
weighted age-specific number of individuals
with undiagnosed diabetes and IPH and
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nondiabetic individuals, as well as weighted
age-specific U.S. prevalence estimates of
these groups. A total of 179 people had
undiagnosed diabetes, and 125 had IPH.
IPH occurred infrequently in the younger
age-groups, with a total of only 14 cases
before age 50. Among adults aged 40-74,
the overall prevalence of undiagnosed dia-
betes according to ADA criteria is 4.73%,
and the prevalence of IPH in U.S. adults is
3.27%.

The prevalence of both undiagnosed
diabetes and IPH increases with age. At
younger ages, the ADA criteria appeared to
identify most glucose abnormalities: that is,
younger individuals rarely had IPH. For
example, although 1.92% of subjects aged
40-44 had undiagnosed diabetes, only
0.35% had IPH. However, as age increased,
the prevalence of IPH increased faster than
undiagnosed diabetes such that the separate
prevalence of undiagnosed diabetes and IPH
converged and then crossed in older age. In
the 60-64 age-group, the prevalence of both
undiagnosed diabetes and IPH was ~8%,
indicating that similar proportions of indi-
viduals in this age-group would be identified
as diabetic as would be missed under the
ADA criteria because of the focus on FG. In
the 7074 age-group, the prevalence of IPH
exceeded the prevalence of undiagnosed
diabetes (9.05 vs. 6.99%), suggesting that in
this age-group, IPH occurred at least as fre-
quently as undiagnosed diabetes, and possi-
bly more frequently.

The age-specific ratios of undiagnosed
diabetes:IPH showed a clear pattern with
age. The ratio in the 40-44 age-group was
5.49 but decreased to 0.77 in the 70-74
age-group, indicating that the prevalence of
undiagnosed diabetes relative to IPH
decreased with age. Despite the large ratios
in the 4049 age-groups (5.49 and 4.58,
respectively), the Cls for these ratios
included 1.0, indicating that these esti-
mates were not significantly different from
unity. Despite the trend with age, the rela-
tively small number of individuals with
both undiagnosed diabetes and IPH
resulted in Cls about each age-specific ratio
that included 1.0.

The curves presented in Fig. 1 pro-
vided the best fit to prevalence estimates of
undiagnosed diabetes and IPH, as mea-
sured by r? values, and emphasize impor-
tant patterns in the prevalence of these
groups as a function of age. If x increasing
age-groups are represented as integers 1, 2,
3...7, the equation of the curve for preva-
lence of undiagnosed diabetes was y =
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Figure 1—Age-specific prevalence of undiagnosed diabetes and IPH (solid lines), NHANES III,

1988-1994. The dotted curves show trends in prevalence of undiagnosed diabetes and IPH with increas -

ing age.

2.18x964 and the curve for prevalence of
IPH was y = 0.33x7. The equations for
undiagnosed diabetes and IPH had r? val-
ues of 0.84 and 0.94, respectively, indicat-
ing that the majority of variability in
prevalence of both groups could be
explained by age, with slightly more vari-
ance explained by age among those with
IPH. Importantly, the curves converge and
then cross in old age, suggesting that the
prevalence of undiagnosed diabetes and
IPH were similar in old age. Linear regres-
sion analysis that used the age-specific
undiagnosed diabetes:IPH ratios as the
dependent variable revealed a significant,
negative association with age. The intercept
of the regression equation was 5.48, esti-
mating the undiagnosed diabetes:IPH ratio
for the 40-44 age-group, and is similar to
the estimate in Table 1. These analyses
yielded a B coefficient associated with age
of —0.77 (P = 0.006), indicating a signifi-
cant decrease in the undiagnosed dia-
betes:IPH ratio with increasing age. This
negative association indicated that the ADA
criteria for ascertainment of glucose abnor-
malities results in these abnormalities being
ascertained relatively less frequently in
older adults compared with WHO criteria.

Table 2 shows weighted mean levels of
HbA, . and established CVD risk factors
among people with undiagnosed diabetes
and IPH and nondiabetic individuals. In
general, CVD risk factors were worst
among people with undiagnosed diabetes,
intermediate in the IPH group, and most
favorable in the nondiabetic group. As
expected, individuals with IPH were
significantly older than both those with
undiagnosed diabetes and nondiabetic

individuals. Despite their older age, indi-
viduals with IPH had more favorable mea-
sures of TG, HDL cholesterol, and BMI
than individuals with undiagnosed dia-
betes. However, the IPH group had worse
serum total cholesterol, TG, and BMI than
nondiabetic individuals. HDL cholesterol
was similar in the IPH and nondiabetic
groups, and LDL cholesterol did not differ
between groups. When analysis of CVD
risk factors was adjusted for age differ-
ences between the groups, results were
unchanged.

As expected, mean FG was highest in
the undiagnosed diabetes group and was
significantly higher than levels in the IPH
and nondiabetic groups (172, 111, and 97
mg/dl, respectively). Similarly, postchal-
lenge glucose was elevated in both the
undiagnosed and IPH groups but was con-

siderably lower in the nondiabetic group.
Of particular interest were mean levels of
HbA, . Although the difference in HbA,
between the IPH and nondiabetic groups
was statistically significant (5.6 vs. 5.3%),
the mean of both of these groups falls in the
range defined as normal by the ADA
(<6%). In contrast, mean HbA, A was con-
siderably higher among people with undiag-
nosed diabetes (7.1%) and was significantly
higher than HbA, in both the IPH and
nondiabetic groups. Of the undiagnosed
diabetes group, 67% had HbA, & =6%,
compared with 23% of the IPH group and
5% of the nondiabetic group.

CONCLUSIONS — Implications of
the ADA criteria for ascertainment of dia-
betes at different ages have not been
reported. An age-associated underestima-
tion of glucose abnormalities under the
ADA criteria is possible because it is known
that advancing age is a major diabetes risk
factor and because old and new reports
suggest that IPH is common in older age
(9,10). Of equal importance is evaluation of
the relationship of undiagnosed diabetes
and IPH to HbA, . and CVD risk factors. It
is important to examine these characteris-
tics in the two groups because people with
IPH were not counted as diabetic in the
diabetes prevalence estimates reported by
the Expert Committee.

Our findings show that compared with
the WHO criteria, FG-based ADA criteria
tend to underestimate glucose abnormalities
more in older age than in younger age. Our
results indicate that although the ADA crite-
ria identified most abnormalities under age
50 years, underestimation of these abnor-

Table 2—Mean levels of HbA, and CVD risk factors among individuals with ADA diabetes and
IPH and nondiabetic individuals, NHANES I11, 1988—-1994

ADA

Risk factor diabetes* IPHt Nondiabetict P P§
Age (years) 57.8 62.4 53.7 <0.001 <0.001
Total cholesterol (mg/dl) 216 230 215 <0.01 <0.001
HDL cholesterol (mg/dl) 41 51 <0.001 NS
LDL cholesterol (mg/dl) 131 139 137 NS NS
TG (mg/dl) 245 199 143 <0.001 <0.001
Fasting glucose (mg/dl) 172 111 97 <0.001 <0.001
2-h glucose (mg/dl) 269 233 110 <0.001 <0.001
HbA,, (%) 7.1 5.6 5.3 <0.001 <0.001
BMI (kg/m?) 315 29.1 27.0 <0.01 <0.01

Data are means. *Fasting glucose =126 mg/dl, tfasting glucose <126 mg/dl and postchallenge glucose =200
mg/dl, $fasting glucose <126 mg/dl and postchallenge glucose <200 mg/dl, fdifference in means between ADA
diabetes and IPH, &difference in means between IPH and nondiabetic individuals.
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malities in older age may be as high as 50%.
This is attributable to the large number of
older individuals with FG <126 mg/dl who
have postchallenge glucose =200 mg/dl.
The magnitude of underestimation of dia-
betes between the ADA and WHO criteria
that we report in the older age-groups in
NHANES Il is consistent with results from
the Cardiovascular Health Study, acohort of
adults aged >65 years, which recently
demonstrated a 50% underestimation of
diabetes prevalence in older adults compar-
ing the ADA with WHO criteria (10). Our
findings are also consistent with results from
Rancho Bernardo (a cohort of adults aged
50-89 years), which showed that of new
cases of glucose abnormalities, 48% of men
and 72% of women had IPH (11).

However, recent studies have not uni-
formly demonstrated decreases in diabetes
prevalence in older adults when ADA cri-
teria are compared with WHO criteria. The
DECODE study group showed an increase
in diabetes in older adults, while the Hoorn
Study of adults aged 50-75 years showed
similar numbers of diabetic subjects under
the two classification schemes (12,13). The
findings of the DECODE study group of
increased diabetes prevalence under the
ADA criteria can be explained by important
differences in statistical methods between
DECODE and other groups (14). How-
ever, differences in analytic methods do
not explain the findings from the Hoorn
Study, indicating that further studies are
needed to determine the basis for differ-
ences in the prevalence of IPH between
cohorts of older adults in the U.S. and
Europe.

Although NHANES III is a nationally
representative sample of U.S. adults, the
weighted prevalence estimates of people
with undiagnosed diabetes and IPH were
generated from small numbers of individu-
als (n = 125 for diabetes and n = 179 for
IPH). It is important to emphasize that
weighted cells based on small numbers
have large variances, even after weighting
has increased the cell size. Exacerbating
the methodological limitations associated
with working with small numbers is the
fact that, consistent with our hypothesis,
IPH does not occur frequently in the
younger age-groups. However, the decreas-
ing ratio of undiagnosed diabetes:IPH with
increasing age is consistent with the idea
that IPH is more common in older than in
younger adults and provided empirical
support for our hypothesis. Further sup-
porting our hypothesis were results from

regression analyses that clearly showed a
significant negative association between age
and the ratio of undiagnosed diabetes:IPH.
These analyses confirmed that when only
FG is used, glucose abnormalities are ascer-
tained less frequently in older, compared
with younger, adults.

Despite the high prevalence of IPH in
some populations of older adults (10,11),
physical and metabolic characteristics of
this group have been poorly described. We
showed that, compared with individuals
with undiagnosed diabetes, those with IPH
had significantly lower BMI and TG and
significantly higher HDL cholesterol. This
suggests that, for at least some CVD risk
factors, people with IPH have more favor-
able CVD risk factor profiles than those
with undiagnosed diabetes, supporting use
of the ADA criteria with respect to identi-
fying individuals with unfavorable levels of
these factors. Of equal importance, the IPH
group had significantly lower HbA, . than
the undiagnosed diabetic group (7.1 vs.
5.6%), lending further support to the ADA
criteria in identifying people with evidence
of long-term exposure to hyperglycemia.

Despite the ability of the ADA criteria to
distinguish important differences between
the undiagnosed diabetic and IPH groups, it
is important to note that the IPH group had
higher serum total cholesterol, TG, and BMI
than the nondiabetic group. This indicates
that for some CVD risk factors, people with
IPH appear to have less favorable CVD risk
factor profiles than individuals without a
postchallenge glucose abnormality. Adjust-
ment for age differences between the IPH
and nondiabetic groups did not abolish
these differences. Although HbA, . was sta-
tistically higher in the IPH group compared
with the nondiabetic group, both means
were clearly low. These findings support
specificity of the ADA criteria with respect to
excluding persons without evidence of long-
term hyperglycemia from classification as
having undiagnosed diabetes. The slightly
higher mean HbA, . levels in the IPH group
and the greater proportion of the IPH group
with HbA, . =6% might be explained by the
older age of this group and the fact that gly-
cation of proteins increases with aging
(15,16). However, adjustment for age did
not abolish the statistical difference in HbA
between the IPH and nondiabetic groups,
indicating that postchallenge hyperglycemia
is associated with a small, but statistically sig-
nificant, increase in HDA, .

Worse CVD risk factor profiles in IPH,
compared with nondiabetic, individuals

Resnick and Associates

may have played a role in recent studies that
showed increased risk of CVD and mortal-
ity among those with IPH. A prospective
study in the Rancho Bernardo cohort
showed that among women aged 50-89
years, those with IPH had increased 7-year
risk of fatal CVD and heart disease com-
pared with nondiabetic women, indicating
the potential impact of IPH on health out-
comes in old age (11). This general result
was echoed by a European group that
showed individuals with IPH had a mortal-
ity ratio of 1.6 compared with nondiabetic
individuals (17).

When interpreting results from the lat-
ter studies, it is important to consider that
people with IPH may constitute a hetero-
geneous group of individuals, some of
whom may be at increased risk of CVD and
mortality and others whose risk factor pro-
files do not differ significantly from older
adults without glucose abnormalities. Pres-
ence or absence of impaired fasting glucose
(IFG) (110 = FG <126) is one character-
istic that may help distinguish the hetero-
geneity of health risk among people with
IPH. Our results showed that the mean FG
among IPH individuals was 111 mg/dI.
The subset of IPH individuals who also
have IFG may carry much of the health risk
that has been observed in prospective stud-
ies that show increased risk of CVD and
mortality among people with IPH (11,17).
Prospective examination of this hypothesis
has not been reported and should be a
topic of future investigation.

If IFG is shown to predict adverse health
outcomes more effectively than IPH, then
intervention among people with IFG (who
can be identified easily in the clinical set-
ting), rather than screening using the OGTT,
might be an effective way of reducing CVD
and mortality among people who do not
meet the ADA FG cutpoint for diabetes.
This strategy is supported by evidence sug-
gesting that diabetic vascular complications
begin not only at FG levels <126 mg/dl but
also at levels <110 mg/dl (18,19).

In summary, we showed that, compared
with WHO criteria, the FG-based ADA cri-
teria underestimate glucose abnormalities
more as age increases. We also showed that
individuals with undiagnosed diabetes as
defined by the ADA criteria have signifi-
cantly worse CVD risk factors than individ-
uals with IPH and that mean HbA,_ in the
IPH group was in the normal range. The
ADA criteria appear to identify individuals
with unfavorable levels of several CVD risk
factors and evidence of long-term hypergly-
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cemia. Future research should continue to
evaluate the ADA criteria in both younger
and older adults, with a focus on identifying
whether IFG, a measure easily collected in
the clinical setting, plays a role in previously
observed associations between IPH and
adverse health outcomes.
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