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Abstract

Aims—To examine the ability of FPG and/or 2-hr glucose to confirm diabetes and to determine
the proportion of participants with HbAlc >6.5%.

Methods—Diabetes confirmation rates were calculated after a single elevated FPG and/or 2-hr
glucose on an oral glucose tolerance test (OGTT) using a confirmatory OGTT performed within 6
weeks.

Results—772 (24%) participants had elevated FPG or 2-hr glucose on an OGTT that triggered a
confirmation visit. There were 101 triggers on FPG alone, 574 on 2-hr glucose alone, and 97 on
both. Only 47% of participants who triggered had confirmed diabetes. While the confirmation rate
for FPG was higher than that for 2-hr glucose, the larger number of 2-hr glucose triggers resulted
in 87% of confirmed cases triggering on 2-hr glucose. Confirmation rates increased to 75% among
persons with FPG =126 mg/dl and HbAlc =6.5%.

Conclusions—Only half of persons with elevated FPG and IGT were subsequently confirmed to
have diabetes. At current diagnostic levels, more persons trigger on 2-hr glucose than on FPG, but
fewer of these persons have their diagnoses confirmed. In individuals with FPG =126 mg/dl and
HbAlc =6.5%, the confirmation rate was increased.
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Introduction

Subjects

The implications of screening for diabetes using fasting plasma glucose (FPG) versus 2-hour
plasma glucose have been debated for decades (Rushforth et al., 1979). Studies comparing
results of these two approaches for identifying glucose abnormalities typically used a single
oral glucose tolerance test (OGTT). Results from these studies consistently show that FPG
and 2-hr glucose definitions for diabetes lack concordance, and that 2-hr glucose identifies a
larger number of individuals with abnormal glucose than FPG according to criteria in effect
at the time (Carter et al., 2006; Flegal et al., 1991; Harris et al., 1987; Harris et al., 1998; Lee
et al., 1995; Mooy et al, 1995; Resnick et al., 2001; Wingard et al., 1990). Recent criteria,
which reduced the level defining an abnormal FPG, result in only a slightly more
comparable number of abnormal tests defined by FPG versus 2-hr glucose (ADA, 2007).
Although these studies provide information on interrelationships between FPG and 2-hr
glucose, none has ascertained diabetes in a manner consistent with current clinical practice
recommendations, which, in the absence of classic signs and symptoms, require repeat
glucose testing on a different day (ADA, 2007). Other weaknesses of previous studies
include the lack of individuals with a clinical profile consistent with an elevated risk of
diabetes, and the absence of measurements not typically collected during an OGTT, such as
HbAlc.

Furthermore, an International Expert Committee has recommended the use of HbAlc,
beyond its current use as a tool to monitor glucose control among persons with established
diabetes, as a means for diagnosing diabetes, with a value of >6.5% as a diagnostic level
(International Expert Committee, 2009). The American Diabetes Association adopted this
recommendation, but also specified that diagnoses could be made by FPG or 2-hr glucose,
as before (ADA, 2010). However, the approach using glucose measurements is likely to
remain a common approach to making the diagnosis, especially in countries where HbA1c is
not readily available.

The Diabetes Prevention Program (DPP) followed practice recommendations closely with
respect to repeat glucose testing to confirm new cases of diabetes in DPP participants who
were selected based on their increased risk of developing diabetes (DPP, 1999). The DPP
therefore provides a rare opportunity to examine the utility of repeat FPG and 2-hr glucose
measures among individuals similar to those most likely to be screened for diabetes in
clinical practice. Accordingly, the objective of this report is to examine the ability of FPG
and 2-hr glucose to confirm a case of diabetes according to American Diabetes Association
criteria among adults at high risk for diabetes. Further, we have used concurrent HbAlc
measurements to determine the proportion of individuals diagnosed using glucose criteria
that have an HbA1c =6.5% or 27.0%.

The Diabetes Prevention Program

The DPP was a randomized clinical trial of prevention of type 2 diabetes in persons at high
risk of the disease (DPP, 1999). The study design (DPP, 1999; DPP, 2002b), recruitment
(DPP, 2002a), measurement methods (DPP, 2000), and characteristics of randomized
participants (DPP, 2000) have been described previously in detail. Briefly, eligibility criteria
included age =25 years, body mass index (BM1) =24 kg/m? (=22 kg/m? only in Asian
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Americans), and FPG levels between 95-125 mg/dl (<125 mg/dl only in American Indian
clinics) in addition to impaired glucose tolerance (IGT, 2-hr glucose of 140-200 mg/dl). The
objective of the DPP inclusion criteria was to identify a cohort of participants at high risk for
diabetes. Participants were excluded if they had conditions or took medicines that would
impair their ability to participate. All participants gave informed consent and signed
documents approved by the Institutional Review Board at each center. Eligible participants
received standard advice on healthy diet and physical activity and were randomized to one
of three study arms: a) intensive lifestyle modification (ILS) with a goal of 2150 minutes/
week of activity and =7% loss of body weight; b) metformin 850 mg twice a day; or c)
matching placebo. The main results of the DPP have been reported, with the lifestyle and
metformin interventions reducing the incidence of diabetes by 58% and 31%, respectively
(DPP, 2002c).

Materials and Methods

The primary outcome was the diagnosis of diabetes, which required confirmation on a
second visit. A “trigger visit” that required confirmation of the diagnosis of diabetes was
defined as an annual visit at which a provisionally diagnostic FPG (=126 mg/dl) or 2-hr
glucose (=200 mg/dl) measure was observed on an OGTT (Figure 1a). In addition to FPG
and 2-hr glucose, HbAlc was also measured during these annual visits using a dedicated
ion-exchange high-performance liquid chromatography instrument (Variant; BioRad,
Hercules, CA) (Ellis et al., 1984), but was not used for determining eligibility or defining the
primary outcome. During the trial, participants were called back for a “confirmation visit”,
to be performed within 6 weeks of the trigger visit, if they triggered on either their fasting or
2-hour post-glucose load plasma glucose. The clinical centers remained masked to the
triggering results, in that the coordinating center also requested re-testing of some
participants who had not triggered. Clinical centers were encouraged not to intensify the
intervention for the participants who were called back for repeat tests. A repeat OGTT was
performed at this confirmation visit, and the diagnosis of diabetes was confirmed by either
FPG =126 mg/dl or 2-hr glucose =200 mg/dl. Thus, for each DPP participant with a trigger
visit, two sets of FPG and 2-hr glucose values were available. For a participant that triggered
but did not get a diagnosis of diabetes during the confirmation visit, even though there was a
chance of triggering again, only data from their first trigger visit was included in the
analysis. Participants in the placebo and metformin arms of the study were instructed not to
take their study medications on the day of the clinic visit.

In addition to annual visits when an OGTT was performed, DPP participants also came to
the clinic for 6-month visits, when FPG was measured (Figure 1b). Participants triggering on
FPG at a 6-month visit returned to the clinic for a confirmation visit when FPG was again
measured. Thus the 6-month visits provided supplementary information on diabetes
confirmation based solely on FPG.

The outcome of interest in this report is the proportion of DPP participants with elevated
FPG or 2-hr glucose values detected by an OGTT at an annual visit that was confirmed as
diabetes on a repeat OGTT. Confirmation rates were calculated for both FPG and 2-hr
glucose (Figure 1a) overall and by study treatment arm, as well as by ethnicity (Caucasian
vs. not) and by gender.

Statistical Analysis

For each individual, the coefficient of variation (CV) was calculated as the standard
deviation of the trigger and the confirmation visit FPG or 2-hr glucose values divided by the
corresponding mean of the trigger and the confirmation visit values of FPG or 2-hr glucose.
Participant characteristics, determined at the trigger visit, are described using means (SD)
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for quantitative variables and percentages for qualitative variables. Comparisons among
groups were performed using categorical data modeling for qualitative variables and
generalized linear models for quantitative variables, after adjusting for treatment and further
adjustment for sex and age. The contingency chi-square test was used to compare
confirmation rates in different subgroups. Analyses were conducted using the Statistical
Analysis System (SAS; Version 9.1, Cary, NC) and a two-sided p-value <0.05 was
considered statistically significant.

Among the 3,234 participants enrolled in the DPP, 772 (24%) had first an increase in FPG to
levels =126 mg/dl or 2-hr glucose to levels =200 mg/dl on an annual OGTT, a level that
triggered a confirmation visit for diabetes. There were 101 triggers on FPG alone, 574 on 2-
hr glucose alone, and 97 on both measures (Figure 1b).

Table 1 shows clinical and demographic characteristics of the sample by type of glucose
trigger, at the time of the first trigger. A number of differences were observed across the
three groups, with the group triggering on both FPG and 2-hr glucose having the least
favorable measures for a number of factors, including diastolic blood pressure, fasting and
2-hr glucose, HbAlc, HDL cholesterol and triglycerides, after adjusting for treatment. After
further adjustment for sex and age at the trigger visit, HDL cholesterol and waist
circumference among males were no longer significant but all other significant results were
maintained (data not shown).

An additional 312 participants triggered first at a 6-month visit when only FPG was
measured and returned to the clinic for a confirmation visit when FPG was again measured.
This group of participants was similar as far as clinical and demographic characteristics at
the trigger visit to those that triggered on FPG at their annual visit (data not shown).

Of the 772 participants with a trigger visit on an OGTT, 47.3% (n=365) were confirmed to
have diabetes. Of the 365 confirmed cases, 66% triggered on 2-hr glucose alone, 13% on
FPG alone, and 21% triggered on both measures. Thus, 87% of confirmed cases triggered on
2-hr glucose while only 34% triggered on FPG.

In addition, out of the 772 participants with a trigger visit, 300 (38.9%), 306 (39.6%), and
166 (21.5%) were in the placebo, metformin, and lifestyle arms, respectively. Figure 2a
shows groupings of glucose trigger groups and diabetes confirmation rates by treatment arm.
The confirmation rate of FPG (triggering on FPG regardless of the 2-hr glucose value) in
predicting a confirmed case of diabetes was 63.1% across all treatment arms, and ranged
from 55.8% in the ILS group to 67.0% in the placebo group (Table 2a). By contrast, the
confirmation rate for 2-hr glucose (triggering on 2-hr glucose regardless of the FPG value)
was 47.1% across all treatment arms, ranging from 41.4% in the ILS group to 52.1% in the
placebo group. Although the confirmation rate for FPG in each treatment arm exceeded that
of 2-hr glucose in absolute terms, this difference was not statistically significant. In the
subset of participants who triggered on both FPG and 2-hr glucose, the confirmation rate
was significantly better than among those who triggered on only FPG or only 2-hr glucose:
78.4% across all treatment arms, ranging from 71.9% in the placebo arm to 91.3% in the
metformin arm (Table 2). With the exception of the group with simultaneous triggers on
both glucose measures in the placebo group, the diabetes confirmation rate in the ILS arm
was the lowest within each glucose trigger group. Confirmation rates were generally higher
in Caucasians and in males (Table 2b—c) though without reaching statistical significance.

As participants also had a FPG measurement at their 6-monthly visits, we repeated our
analyses of FPG confirmation rates using the FPG data from the 312 participants who had
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their first trigger visit at a semi-annual visit. The 40% confirmation rate based on a FPG
trigger at the 6-month visit was similar to the 46% observed when using FPG values only
from the OGTTs at the annual visits. Calculation of confirmation rates by treatment arm also
yielded similar results for FPG at the annual and 6-month visits (data not shown).

The CV for FPG ranged from about 52% to about 70% that of 2-hr glucose across study
arms, confirming the well-known smaller variability in repeat measures of FPG compared to
2-hr glucose (Figure 2b).

Figure 3 shows diagrammatically the proportion of participants with a trigger visit (out of a
total n=769 having all FPG, 2-hr glucose and HbA1c values available) that had elevated
FPG, 2-hr glucose, HbAlc or any combination of these at their trigger visit. For example 67
of these participants had all three values elevated, which represents 8.7% of those who
triggered based on fasting and/or 2-hr glucose levels and 54 of those (80.6%) were
confirmed of having diabetes at the confirmation visit based again on fasting and/or 2-hr
glucose values.

To determine whether the addition of HbAlc levels to FPG improved the prediction of
confirmation of diabetes, we determined the confirmation rates in participants who had FPG
<100, 100-125 and =126 mg/dl at their trigger visit, according to their level of HbAlc. In
general, confirmation rates of diabetes were higher with higher HbAlc, within each category
of FPG (Figure 2c). Although some subgroups in this analysis were small, confirmation
rates of 63% and 75% were observed for HbAlc at or above 6.5% among persons who had
FPG of 100-125 mg/dl and =126 mg/dl, respectively. This indicates that when 2-hr glucose
is not available, adding HbAlc to FPG as a screening measure increased the diabetes
confirmation rate from 63% when using only FPG =126 mg/dl to 75% when using a
combination of FPG =126 mg/dl and HbAlc =6.5%. Confirmation rates increased further
and were 67% and 81% for HbAlc at or above 7.0% among persons who had FPG of 100-
125 mg/dl and =126 mg/dI, respectively.

Discussion

The DPP recruited individuals with elevated fasting glucose, IGT, and overweight/obesity, a
clinical profile that conveys an elevated risk of developing diabetes. Thus it provides a rare
opportunity to evaluate recommendations for diabetes screening relevant to high-risk
persons in clinical practice. Several key findings merit emphasis: (1) of 772 individuals who
triggered on FPG or 2-hr glucose and had a confirmation visit, only 47.3% (n=365) were
diagnosed with diabetes based on glucose data from a confirmation visit within 6 weeks; (2)
triggers on 2-hr glucose (n=671) occurred 3.4 times as often as those on FPG (n=198), and
(3) only 34% of confirmed cases of diabetes were initially identified with FPG compared
with 87% of cases initially identified by 2-hr glucose; however, 2-hr glucose triggers present
a greater test-retest variability. Diabetes confirmation rates were lowest in the ILS group,
consistent with the DPP trial results that participants assigned to ILS experienced the lowest
risk of developing confirmed diabetes.

Less than half of these high-risk individuals who triggered on an OGTT were actually
confirmed to have diabetes on a second test indicating that a single glucose measure,
whether FPG or 2-hr, is not a reliable indicator of diabetes status among obese individuals
with glucose intolerance. This supports current guidelines that a repeat glucose test must be
performed to confirm a diagnosis of diabetes. Even though high-risk individuals may be
expected to have somewhat more consistent elevations in plasma glucose than others (Mooy
et al., 1996), our data confirm substantial test-retest variability in glucose measures.
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Another important implication of the low proportion of confirmed cases of diabetes on
repeat testing is that diabetes prevalence is most likely overestimated in national surveys and
other large epidemiologic studies that utilize a single glucose tolerance test (Harris et al.,
1987; Harris et al., 1998; Cowie et al., 2003). However, since the use of repeat testing in
population studies would be cost prohibitive in many settings, our findings suggest that
diabetes estimates based on a single OGTT should be interpreted with caution when these
data are used to estimate the public health burden of diabetes. It is important to emphasize
that most cases of confirmed diabetes in high-risk DPP participants were initially identified
by an elevated 2-hr glucose measurement, a test that is often not performed in clinical
practice; the prevalence of diabetes in many population studies is based on only the FPG,
thus underestimating the burden of diabetes. Use of FPG alone for diabetes screening under
diagnoses diabetes as defined by the combined FPG and 2-hr glucose criteria. By contrast,
use of the 2010 ADA diagnostic criteria (ADA, 2010), by which a diagnosis can be made by
any one of FPG, 2-hr glucose, or HbAlc, will increase the prevalence of diabetes if all three
measures are used in the same individual.

Major criteria for selecting a diabetes screening tool are that it be able to have a high
fraction of those screening positive having a confirmed diagnosis (positive predictive value),
correctly identify persons with diabetes (sensitivity), and also correctly identify persons
without diabetes (specificity). Our data suggest that in people with IGT and elevated fasting
glucose there is a higher proportion of confirmed cases triggering on 2-hr glucose, and hence
the OGTT is a better tool than FPG alone for presumptive diabetes diagnosis; however, a
key limitation is that the 2-hr glucose results in more false positives on initial screening than
FPG. In practice, false positives would lead to additional health care expenditures associated
with repeat testing, as well as inconvenience for the patient. However, these costs and
inconvenience may represent an acceptable tradeoff relative to the public health benefit
associated with increased ascertainment of diabetes which may lead to benefits of early
intervention and better management. Results from future clinical trials may provide
definitive answers to important questions regarding these complex issues.

It should be remembered that DPP was not a population-based study, but instead identified
persons at high risk of developing diabetes -- persons with the metabolic and anthropometric
profile associated with diabetes. These are the individuals who are most likely to be
identified as being potentially at high risk for diabetes when seen by primary care
physicians, and it is in this context that our results should be interpreted. Another advantage
of the DPP was the high proportion of ethnic minority participants, with treatment arms
being balanced by race/ethnicity; when proportions of race/ethnicity were compared across
trigger groups, there were no statistical differences observed. Thus, the racial and ethnic
diversity of the DPP cohort did not influence our results.

Despite the insensitivity of FPG in identifying a majority of diabetic individuals, there is
practical interest in finding ways to utilize information obtained from a single fasting blood
draw to identify individuals with diabetes. One way to achieve this goal is to identify
combinations of FPG and HbA1c that are highly predictive of a confirmed case of diabetes.
While our analysis of diabetes confirmation rates by FPG and HbA1c categories often
resulted in small subgroups, they nevertheless provide intriguing data on this important
question. As anticipated, in our cohort, within each FPG category, higher HbAlc was
associated with higher diabetes confirmation rates. Diabetes confirmation rates of 63% and
75% were observed for HbAlc =6.5% among persons who triggered and had FPG of 100—
125 mg/dl and =126 mg/dI, respectively (these figures were 67% and 81% respectively for
HbA1c at or above 7.0%). Using the more recently proposed diagnostic criteria that include
HbA1c =6.5% (International Expert Committee, 2009), such people already meet diagnostic
criteria without the confirmation test. Taken together, these data suggest that consideration
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should be given to using the combination of FPG and HbA1c for initial diabetes screening
when the 2-hr glucose level is unknown. Clearly, when it is not easy to obtain an HbAlc
measure, then a confirmation glucose test should be used.

In conclusion, in high risk adults, post challenge glucose was more sensitive than fasting
glucose for the confirmed identification of incident diabetes. Because only half of high risk
individuals with an initial elevation in glucose were confirmed to have diabetes, the
limitations of a single glucose measure needs further attention whether used for clinical
research or clinical practice and consideration should be given to changing current
recommendations to require an OGTT for diagnosis of diabetes. However, in the absence of
2-hr glucose, the addition of an HbAlc measure to FPG increased the diabetes confirmation
rate. Consideration should thus be given to using the combination of FPG and HbAlc, when
performing an OGTT is impractical, for identifying individuals who should be further
evaluated for the diagnosis of diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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3234 Participants in DPP

2120 Participants with
no trigger visit

1114 Participants with
21 trigger visit
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end-of-study exam

1087 Trigger visits
with confirmation visits

776 Triggered by OGTT FPG only analysis sample:
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at semi-annual follow-up

4 Participants with only FPG 1
at confirmation visit J

OGTT analysis sample: N=772
* FPG triggers only, N=101
* 2-hr glucose triggers only, N=574
* Both FPG and 2-hr glucose triggers, N=97

Figurel. Key variables and sample
a. Schematic Diagram of Diabetes Confirmation and Definitions of Key Variables
b. Identification of the analysis sample
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Figure 2. Diabetes confirmation rates and coefficient of variation

a. Diabetes confirmation rates according to trigger type and treatment arm.
b. Coefficient of variation for FPG and 2-hr glucose by treatment arm.

c. Diabetes confirmation rates by FPG and HbA1c.
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M 2-hr only M 2-hr and HbA1c ® FPG only
M FPG and HbA1c W FPG and 2-hr W FPG, 2-hr, and HbA1c
Figure3.

Pie chart of the number (proportion) of individuals triggering a confirmation visit based on
2-hr glucose 2200 mg/dl and/or FPG =126 mg/dl, further subdivided based on HbAlc
>6.5%. Included in parenthesis is the proportion that was actually confirmed of having
diabetes at the confirmation visit.
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