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T wo thoughtful articles in the May
1994 issue of Diabetes Care argued
the case for screening for type II di-

abetes (1, 2). Harris and Modan (1)
pointed out that 1) large population sur-
veys repeatedly show that approximately
one-half of people with type II diabetes
are undiagnosed; 2) type II diabetes (i.e.,
hyperglycemia) is present for ~10 years
before the diagnosis is made; 3) compli-
cations are often present at the time of
diagnosis; 4) diabetes (of which type II
accounts for 90% of cases) exacts a dread-
ful toll on the population (e.g., 15% of all
blindness, 35% of all end stage renal dis-
ease, 50% of all nontraumatic lower ex-
tremity amputations, >100 billion dol-
lars annual cost); 5) it is well established
that hyperglycemia is the proximate cause
of the microvascular (retinopathy and ne-
phropathy) and neuropathic complica-
tions of diabetes; and 6) early interven-
tion (e.g., diet, exercise, medications) is
helpful in reducing hyperglycemia.

Knowler (2) discussed the general princi-
ples of screening and made the following
points that are pertinent for diabetes.
First, hyperglycemia is a continuum, and
therefore the choice of cutoff values for
diagnosis is somewhat arbitrary. Second,
screening for diabetes is unusual because,
depending on the test(s) chosen, the
screening test may also be the diagnostic
one. Third, as for all diseases, the screen-
ing test should have high test-perfor-
mance characteristics, i.e., sensitivity,
specificity, and predictive value. Finally,
in a nonresearch setting, relatively strin-
gent criteria should be selected to maxi-
mize the chance that detected subjects
will benefit from therapy. Interestingly,
Harris and Modan (1) concluded that the
oral glucose tolerance test (OGTT) should
be used as the primary screening (and di-
agnostic) method, whereas Knowler (2)
concluded that a glycated hemoglobin
level measurement should be the method
of choice.

BACKGROUND FOR
DIAGNOSTIC CRITERIA —
Before 1979, there were many different
criteria for interpreting OGTT results (3)
and no consensus existed regarding the
best cutoff points for diagnosing diabetes.
Studies performed in the 1970s and
1980s (4-7) evaluated the association be-
tween 2-h post-glucose load values
(two studies [6,7] also assessed fasting
plasma glucose [FPG] concentrations,
and in one, glycated hemoglobin levels
were also compared [7]) and the subse-
quent development of the microvascu-
lar complications of diabetes. These
complications, especially diabetic reti-
nopathy, are considered to be specific
for diabetes. Two of these studies (4,5)
evaluated patients who had abnormal
2-h capillary blood glucose values after
administration of 50 g of oral glucose
(fasting values were not considered).
The patients were classified as either di-
abetic (2-h blood glucose ^200 mg/dl
[11.1 mmol/1]) or "borderline" diabetic
(2-h blood glucose 120-199 mg/dl
[6.7-11 mmol/1]) and were followed for
5-8 years with ophthalmoscopic exam-
ination through dilated pupils to detect
diabetic retinopathy. Diabetic retinopa-
thy was defined in these studies as the
presence of vascular lesions, such as mi-
croaneurysms alone (small red dots) or
obvious hemorrhage with or without

Table 1—5- to 8-year follow-up in subjects
with IGT or diabetes based on a 2-h
capillary blood glucose measurement after a
50-g glucose load
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Subjects with diabetic retinopathy
and an initial 2-h blood glucose

measurement

120-199 mg/dl >200 mg/dl
Reference (6.7-11.1 mmol/1) (11.1 mmol/1)

5/245 *
0/112

20/108T
6/38

Three patients who had diabetic retinopathy at
baseline were excluded. TEight patients who had
diabetic retinopathy at baseline were excluded.
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Table 2—Results of a 3-year follow-up in Pima Indians

Initial FPG
<140 mg/dl (7.8 mmol/1)
>140 mg/dl (7.8 mmol/1)

2-h plasma glucose
<140 mg/dl (7.8 mmol/l)
140-199 mg/dl (7.8-11.1 mmol/1)
>200 mg/dl (11.1 mmol/1).

n

181
39

117
43
60

Retinopathy

2*
15

0
0
7t

Proteinuria

0
2

0
0
2

Data are n at risk at baseline. tThese two patients had a 2-h plasma glucose level ^200 mg/dl (11.1 mmol/1),
and one had an FPG between 130 and 139 mg/dl (7.2-7.7 mmol/1). TFive of these patients had FPG
concentrations S140 mg/dl (7.8 mmol/1). Data from Pettitt et al. (6).

exudates. Exudates alone did not con-
stitute diabetic retinopathy. The results
of these studies are summarized in Ta-
ble 1.

Several of these studies were car-
ried out in Pima Indians (6,7). There is a
high prevalence of diabetes in this popu-
lation, and fasting and 2-h plasma glucose
concentrations and glycated hemoglobin
levels are found in a bimodal distribution,
which allows for the clear identification of
patients with diabetes. Both cross-sec-
tional and longitudinal data on diabetes
and its complications in this population
have been collected since 1965. At least
two of the studies published provide lon-
gitudinal data on the development of ret-
inopathy and nephropathy in these pa-
tients for several years compared with
baseline data on glucose tolerance (6,7).
Initially, glycated hemoglobin levels were
not available. A 3-year follow-up was pro-
vided for patients who had a 75-g OGTT
with both FPG and 2-h plasma glucose
measured (Table 2), and 6-year follow up
was available for patients who had a mea-
surement of 2-h plasma glucose value
alone (Table 3). The presence or absence
of diabetic retinopathy (identified by mi-
croaneurysms, hemorrhages, and neovas-
cularization, but not hard exudates be-
cause they were considered less specific
for diabetes) was determined based on
ophthalmoscopic examination through
dilated pupils, and the presence of dia-
betic nephropathy was defined as "heavy
proteinuria" (urine protein-to-creatinine

ratio >1.0). These studies suggested that
FPG values > 140 mg/dl (7.8 mmol/1) and
2-h plasma glucose values ^200 mg/dl
(11.1 mmol/1) defined a subset of Pima
Indians who were more likely to develop
diabetic retinopathy or nephropathy.

In a later study in Pima Indians,
941 patients without retinopathy or ne-
phropathy at baseline were followed for
4.5 (1.4-8.3) years (7). The development
of retinopathy or nephropathy (assessed
using the same criteria described above)
during follow-up was compared with
baseline fasting and 2-h glucose concen-
trations and glycated hemoglobin levels.
The frequency distributions of these three
parameters of glycemia were analyzed by
a maximum-likelihood estimation using a
model of two overlapping distributions
(7). Antimodal cutpoints that provided
the minimum overlap between the two
components of the distribution were an
FPG concentration of 167 mg/dl (9.3
mmol/1), a 2-h plasma glucose concentra-
tion of 227 mg/dl (12.6 mmol/1), an
HbAlc level of 7.8%, and an HbA: level of

9.4% (7). The ~5 year incidence of mi-
crovascular complications in Pima Indi-
ans without these complications at base-
line above and below the cutpoints is
shown in Table 4.

This recent study using Pima In-
dians is the most complete in terms of
evaluating all of the glycemic tests for di-
agnosing diabetes and the development
of complications. It was not available at
the time the National Diabetes Data
Group (NDDG) criteria for diagnosing di-
abetes were developed (8) (see below),
and it uses somewhat higher glycemic
cutpoints for diagnosing diabetes than
had been used earlier. The conclusions
from all of these studies are based on the
premise that defining glycemic indicators
that predict the development of micro-
vascular complications (particularly reti-
nopathy) should be used to make the di-
agnosis of diabetes.

In the studies from the 1970s, the
data defining glycemic cutpoints for diag-
nosing diabetes are somewhat sketchy. In
two of the studies (4,5), FPG concentra-
tions were not available for the individu-
als with 2-h plasma glucose concentra-
tions ^200 mg/dl (11.1 mmol/1) who
subsequently developed microvascular
complications, making an analysis of FPG
versus 2-h plasma glucose concentrations
impossible. In the third study (6), FPG
concentrations were available for subjects
followed for 3 years (but not in those fol-
lowed for 6 years). Of the seven subjects
who developed retinopathy, all had a 2-h
value ^200 mg/dl (11.1 mmol/1) at base-
line. Five of these subjects also had an
FPG concentration ^140 mg/dl (7.8
mmol/1), one had an abnormal FPG con-

Table 3—Results of a 6-year follow-up in Pima Indians

Initial 2-h blood glucose level

<140 mg/dl (7.8 mmol/1)
140-199 mg/dl (7.8-11.1 mmol/1)
>200 mg/dl (11.1 mmol/1)

n

335
111
113

Retinopathy

3
3

23

Proteinuria

4*
0
5

Data are n at risk at baseline. *Three of these subjects had possible causes for developing proteinuria other
than diabetes. Data from Pettitt et al. (6).
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Table A—5-year incidence of retinopathy and nephropathy in Pima Indians

Retinopathy
Nephropathy

2-h plasma glucose
[mg/dl (mmol/1)]

<227(12.6) >227(12.6)

769 (0%) 158 (17.5%)
768 (1.2%) 173 (3.6%)

FPG
[mg/dl (mmol/1)]

<167 (9.3)

822 (1.3%)
824(1.3%)

> 167 (9.3)

105 (17.3%)
117(4.1%)

HbA

<9.4

842(1.1%)
844(1.4%)

i (%)

>9.4

85 (22.9%)
97 (3.8%)

Data are n at risk at baseline (5-year incidence).

centration between 130-139 mg/dl (7.2-
7.7 mmol/1), and in the remaining subject
the FPG level was <130 mg/dl (7.2
mmol/1) at baseline. In the most recent
study (7), the authors caution against
placing undue weight on the absolute val-
ues of the cutpoints used because the sta-
tistical models used to analyze the data
influence the results and were specific for
their population (a population with a
high prevalence of diabetes that favors a
bimodal distribution of indexes of glyce-
mia). Regardless of the cutpoints used,
these authors found that all three tests

were equivalent for predicting the devel-
opment of microvascular complications
in the Pima Indians.

NDDG CRITERIA— Based on the
early studies described above that con-
cern the development of diabetic retinop-
athy and, to a lesser extent, nephropathy,
the NDDG (8) developed guidelines for
the diagnosis of diabetes and impaired
glucose tolerance (IGT) in adults. (It
should be emphasized that the diagnosis

of diabetes per se has no predictive value
for the development of macrovascular
disease.) These guidelines were adopted
by the American Diabetes Association (9)
and are as follows:

Diabetes

• Unequivocal elevation of plasma glu-
cose (>200 mg/dl [11.1 mmol/1]) and
classic symptoms of diabetes, including
polydipsia, polyuria, polyphagia, and
weight loss.

• FPG >140 mg/dl (7.8 mmol/1) on two
occasions.

Table 5—Criteria for NGT, IGT, and diabetes in nonpregnant adults by NDDG (8) and WHO (10) criteria

NGT

Fasting
OGTT (2-h)
OGTT (1/2-, 1-,

and 1 1/2-h)
IGT

Fasting
OGTT (2-h)
OGTT (1/2-, 1-,

or 1 1/2-h)
Diabetes

Fasting
OGTT (2-h)
OGTT (1/2-, 1-,

or 1 1/2-h)
Random

Venous plasma
glucose

< 115 (6.4)
< 140 (7.8)
<200 (11.1)

< 140 (7.8)
140-199(7.8-11.1)

=£200(11.1)

> 140 (7.8)
>200(ll . l )
=£200(11.1)

NDDG

Venous whole
blood glucose

< 100 (5.6)
<120(6.7)
<180(10.0)

<120(6.7)
120-179 (6.7-10.0:

=£180(10.0)

> 120 (6.7)
==180(10.0)
>180 (10.0)

Capillary blood
glucose

<100 (5.6)
<140(7.8)
<200(ll.l)

<120(6.7)
) 140-199(7.8-11.1)

>200(ll.l)

>120(6.7)
>200(ll.l)
>200(ll.l)

"gross and unequivocal elevation" of glucose levels with classical
symptoms of uncontrolled diabetes

Venous plasma
glucose

<(115(6.4)
< 140 (7.8)

—

< 140 (7.8)
140-199(7.8-11.1)

—

> 140 (7.8)
>200(ll.l)

—

=£200(11.1)

WHO

Venous whole
blood glucose

<100 (5.6)
<120 (6.7)

—

<120 (6.7)
120-179 (6.7-10.0)

—

=£120(6.7)
=£180(10.0)

—

=£180(10.0)

Capillary blood
glucose

<100(5.6)
< 140 (7.8)

—

<120(6.7)

140-199(7.8-11.1)
—

=£120(6.7)

=£200(11.1)
—

=£200(11.1)

Data are mg/dl (mmol/1). For the NDDG criteria for NGT, subjects must meet the fasting and 2-h levels and have other measurements between 0 and 2 h that meet
the 1/2-, 1-, or 1 1/2-h level. For IGT, subjects must meet fasting and 2-h criteria and have 1 other measurement between 0 and 2 h that meets the 1/2-, 1-, or 11/2-h
level. For diabetes, levels must meet fasting or 2-h criteria. If only 2-h criteria are met, subjects must have one other measurement between 0 and 2 h for NDDG criteria.
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Table 6—Prevalence of nondiagnostic OGTT by NDDG criteria and diagnosis by
WHO criteria

Reference
12
13
14
15

Total

Total
OGTT

3704
543

2040
216

6503

Nondiagnostic
OGTT

536
179
405
54

1174(18)

Diagnosis of nondiagnostic OGTT by
WHO criteria

NGT

222
101
146

4
473 (40)

1GT

303
64

252
47

666 (57)

Diabetes

11
14
7
3

35(3)

Data are n'

• FPG < 140 mg/dl (7.8 mmol/l) and two
OGTTs with the 2-h plasma glucose
^200 mg/dl (11.1 mmol/l) and one in-
tervening value ^200 mg/dl (11.1
mmol/l) after a 75-g glucose load.

IGT

• FPG < 140 mg/dl (7.8 mmol/l) and 2-h
plasma glucose ^140 (7.8 mmol/l) and
<200 mg/dl (11.1 mmol/l) with one
intervening value ^200 mg/dl (11.1
mmol/l) after a 75-g glucose load.

WORLD HEALTH
ORGANIZATION (WHO)
CRITERIA — The criteria of the WHO
(10) use the fasting and 2-h values only. A
comparison of the NDDG and WHO cri-
teria for normal glucose tolerance (NGT),
IGT, and diabetes is furnished in Table 5.
The NDDG (8) and WHO (10) criteria
were designed to make the categories for
NGT, IGT, and diabetes mutually exclu-
sive—an individual can be categorized in
only one class at any given point in time,
although the diagnosis in an individual
can change over time. Both criteria sug-
gest the same preparation for the subject
before undergoing the OGTT (11). Sub-
jects must consume at least 150 g of car-
bohydrate/day for the 3 days preceding
the test. The test is to be performed after
an 8- to 16-h fast and should be done only
in ambulatory subjects (to minimize any

impact of acute illness on measurements
of glucose tolerance). Drugs that alter glu-
cose tolerance should be discontinued if
possible. The WHO recommendations
require that only two blood samples be
obtained, and there is no nondiagnostic
category. On the other hand, the NDDG
criteria require that five blood samples be
drawn and ~20% of OGTTs analyzed us-
ing the NDDG criteria fall into the nondi-
agnostic category (12-15).

COMPARISON OF NDDG
AND WHO CRITERIA—
All OGTTs classified as NGT, IGT, or di-
abetes by NDDG criteria have the same
classification in the WHO system (12,16).
However, when using the NDDG criteria,
~2% fall into the nondiagnostic category
because the FPG concentrations are be-
tween 115 and 139 mg/dl (6.4-7.7
mmol/l) with normal post-oral glucose
values, 6% are nondiagnostic because the
midtest values are ^200 mg/dl (11.1
mmol/l) while the 2-h values are <140
mg/dl (7.8 mmol/l), and 12% are nondi-
agnostic because the midtest values are
<200 mg/dl (11.1 mmol/l) while the 2-h
values are ^140 mg/dl (7.8 mmol/l) and
<200 mg/dl (11.1 mmol/l) (16). In Table
6, the results of four studies in which
OGTTs were evaluated by both sets of cri-
teria are presented (12-15). When the
nondiagnostic NDDG OGTTs were eval-

uated by WHO criteria, only 3% of the
patients were diagnosed as diabetic. The
major reason for discrepancy between the
two classifications was the midtest values
(12,16). There is no longitudinal epide-
miological evidence that a midtest value
has any additive predictive value for the
development of the complications of dia-
betes compared with the use of the FPG
and 2-h values. Therefore, use of the
NDDG criteria for diagnosing diabetes
adds no benefit over the WHO criteria
and creates an unnecessary nondiagnostic
category. In our view, if an OGTT is per-
formed, the WHO criteria (using only an
FPG and 2-h value) should be adopted as
the standard method of interpretation be-
cause every subject can be categorized,
the test is simpler to carry out, and the
midtest values not only do not add any-
thing but have the potential to confuse
the diagnosis.

PROBLEMS WITH THE OGTT—
In addition to possible interpretative dif-
ficulties, the OGTT is poorly reproduc-
ible (17,18). Among other factors, the re-
sponse to the OGTT may be abnormal
because of physical inactivity or carbohy-
drate intake of <150 g/day for several
days preceding the OGTT (8,19). OGTTs
performed in the late afternoon may pro-
duce more abnormal responses than
those performed earlier in the day (20).
Some subjects may be inadequately fasted
or may have fasted for too long an inter-
val, both of which can render the OGTT
abnormal (8). Even when the conditions
of the OGTT are standardized, the repro-
ducibility is poor when the test is re-
peated in the same (normal) individual
within 48 h (17) or within 1 week in sub-
jects with mild diabetes (18). In both of
these studies, as well as in data from the
Pima Indians (21), the fasting glucose
level was more stable and reproducible
than the 1- and 2-h glucose levels, which
showed a much higher variability on re-
peat testing.

A small survey of 76 primary care
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Table 7—Results of OGTTs in individuals with glycated hemoglobin levels >\% above
the ULN

Total Diabetes 1GT NGT Undetermined

Reference
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Total

22
22
23
14
25
18
38
57
43
22
49
12
87
14
12
8

466

21
22
23
13
24
17
37
54
41
22
46
12
84
14
6
8

444

1
—
—
—
1
1
1
1
2
—
3
—
3
—
3
—
16

—
—
—

—
—

2

3

5 1
Data are n. For those undetermined, information not available to determine if individual was normal or had
IGT. Positive predictive value = true positive X 100/true positives + false positives = 95.3%.

physicians revealed that over two-thirds
never considered ordering an OGTT to
diagnose diabetes (22). In fact, <20% of
diabetic patients are diagnosed by an
OGTT (23). Finally, OGTTs are incon-
venient to administer, unpleasant for
patients, and as currently recom-
mended, must be performed twice to
confirm the diagnosis of diabetes (9).
For these reasons, we feel that the
OGTT should be eliminated in routine
clinical practice.

AN ALTERNATIVE
APPROACH TO THE
DIAGNOSIS OF DIABETES —
Because FPG concentrations <115 mg/dl
(6.4 mmol/1) are considered normal while
those 5:140 mg/dl (7.8 mmol/1) are ac-
cepted to define diabetes (8,10), only the
appropriate diagnosis in subjects with in-
determinate FPG values in between re-
mains at issue. Because of the perceived
difficulties in using the OGTT discussed
above, we considered whether a glycated

hemoglobin level measurement would
help in this group. It has been well docu-
mented that mildly elevated glycated he-
moglobin levels do not reliably distin-
guish among OGTT tests that meet the
criteria for normalcy, IGT, or diabetes.
We would suggest, however, that a value
> 1 % above the upper limit of normal
(ULN) (if confirmed) be used to diagnose
diabetes in subjects with FPG levels be-
tween 115 and 139 mg/dl (6.4-7.8
mmol/1). This value was selected for four
reasons. The first (and most important)
reason concerns its clinical relevance. Pa-
tients in the intensively treated group of
the Diabetes Control and Complications
Trial (24) had a mean glycated hemoglo-
bin level < 1 % above the ULN for the as-
say. Patients with glycated hemoglobin
levels ^ 1 % above the ULN had increased
development and progression of the mi-
crovascular and neuropathic complica-
tions of diabetes. These clinical endpoints
are the same ones used to establish glyce-
mic criteria for the diagnosis of diabetes
(4-7). Moreover, the cutoff point to max-

imize the sensitivity and specificity for
predicting development of retinopathy in
a prospective study in the Pima Indians
was just below 1% above the ULN (7).

Second, patients with glycated he-
moglobin levels ^ 1 % above the ULN
have a very high probability of meeting
the glycemic criteria for diabetes. In 16
studies (25-40) in which individual val-
ues for OGTT results and glycated hemo-
globin levels were available, 95% of the
466 subjects with glycated hemoglobin
levels ^ 1 % above the ULN met the gly-
cemic criteria for diabetes (Table 7).
Third, subjects with IGT most always
have normal or only slightly elevated gly-
cated hemoglobin levels (14,25-48). Fi-
nally, a glycated hemoglobin level > 1 %
above the ULN is high enough to keep the
false-positive rate for the diagnosis of di-
abetes to <5%, most of whom would
have IGT (Table 7).

We realize that using a glycated
hemoglobin level ^ 1% above the ULN to
diagnose diabetes in individuals with in-
determinate FPG concentrations would
fail to make the diagnosis in many sub-
jects whose 2-h plasma glucose concen-
trations during an OGTT would meet the
criteria for diabetes. However, what
would be lost by not performing an
OGTT? Most clinicians would agree that
if a patient's glycated hemoglobin level
was < 1 % above the ULN, diabetes con-
trol is satisfactory and no change in ther-
apy is necessary. Therefore, patients with
an indeterminate FPG concentration and
a glycated hemoglobin level < 1 % above
the ULN would be given nutritional
counseling and exercise advice, not phar-
macological agents. Identifying these
people is important because these inde-
terminate FPG concentrations are also as-
sociated with an increased risk for hyper-
tension and certain dyslipidemias (as well
as diabetes) (49). Blood pressure, lipid
levels, and glycemic status would then be
followed and treated pharmacologically if
necessary.

It should be emphasized that FPG
concentrations between 115 and 139
mg/dl (6.4-7.8 mmol/1) would not con-
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stitute a diagnosis but would simply alert
these individuals (and their physicians) to
the potential benefits of altering their life-
styles to minimize these risks. Regardless
of the results if an OGTT were performed
in subjects with glycated hemoglobin lev-
els < 1 % above the ULN, the clinical ap-
proach would be the same for those with
IGT or diabetes (i.e., diet and exercise),
since those with diabetes would have a
mild form of it. In addition, there would
be no advantage and possibly insurance
(both life and health) and employment
disadvantages in labeling such individu-
als with the diagnosis of diabetes. Because
FPG concentrations increase very little
with age, those with indeterminate FPG
concentrations (even those with normal
2-h values) may still be at increased risk
for eventual progression to diabetes, hy-
pertension, or dyslipidemia. In any case,
since no official diagnosis is being given to
this group, there would be no labeling
harm done. An analogy might be made to
a group of markedly obese individuals
with FPG concentrations <115 mg/dl
(6.4 mmol/l), who are also at risk for dia-
betes, hypertension, and certain dyslipi-
demias. The clinical approach and fol-
low-up in both of these groups would be
similar.

CONCLUSIONS— Therefore, we
would urge the diabetes community to
consider using the FPG concentration
both to screen for and possibly to diag-
nose diabetes. Values <115 mg/dl (6.4
mmol/l) would be considered normal and
those >140 mg/dl (7.8 mmol/l), if con-
firmed, would make the diagnosis of dia-
betes. Intermediate concentrations (115—
139 mg/dl [6.4-7.7 mmol/l]) would be
considered indeterminate fasting glucose
(49). A glycated hemoglobin level ^ 1 %
above the ULN (if confirmed) in this
group would diagnose diabetes. A screen-
ing FPG concentration is recommended
for those individuals with one or more
risk factors for diabetes, i.e., those >40
years of age with any of the following: 1)

first degree relatives (parent, sibling, or
child) with type II diabetes; 2) obesity
(>120% of desirable body weight); 3)
Native American, African American, or
Hispanic ethnicity; 4) previously identi-
fied IGT; 5) hypertension or dyslipi-
demia; or 6) history of gestational diabe-
tes or delivery of a baby weighing >9 lb.
Since diabetes is so common in the eld-
erly, consideration should also be given to
measuring FPG concentrations in those
>65 years of age regardless of risk factors.
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