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Abstract
Objective—To compare test performance of hemoglobin A1c (HbA1c) for detecting diabetes/
prediabetes for US adolescents vs. adults.

Study design—Individuals were defined as having diabetes (fasting plasma glucose (FPG)
≥126 mg/dl; 2-hour plasma glucose (2-hr PG) ≥200 mg/dl) or prediabetes (100≤FPG<126 mg/dl;
140≤2-hr PG<200 mg/dl). HbA1c test performance was evaluated using receiver operator
characteristic (ROC) analyses.

Results—Few adolescents had undiagnosed diabetes (n=4). When assessing FPG to detect
diabetes, an HbA1c of 6.5% had sensitivities of 75.0% (30.1–95.4) and 53.8% (47.4–60.0) and
specificities of 99.9% (99.5–100.0) and 99.5% (99.3–99.6) for adolescents and adults,
respectively. Additionally, when assessing FPG to detect diabetes, an HbA1c of 5.7% had
sensitivities of 5.0% (2.6–9.2) and 23.1% (21.3–25.0) and specificities of 98.3% (97.2–98.9) and
91.1% (90.3–91.9) for adolescents and adults, respectively. ROC analyses suggested that HbA1c
is a poorer predictor of diabetes (AUC 0.88 vs. 0.93), and prediabetes (FPG: AUC 0.61 vs. 0.74)
for adolescents compared with adults. Performance was poor regardless of using FPG or 2-hr PG
measurements.

Conclusions—Use of HbA1c for diagnosis of diabetes and prediabetes in adolescents may be
premature, until information from more definitive studies is available.
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In 2009, an International Expert Committee consisting of experts from the American
Diabetes Association, the European Association for the Study of Diabetes, and the
International Diabetes Federation was convened to assess the role of the Hemoglobin
HbA1c (HbA1c) for the diagnosis of diabetes.1 Traditionally, for both adolescents and
adults, a diagnosis of diabetes was determined based on a fasting plasma glucose (FPG)
level or a 2-hour plasma glucose (2-hr PG) level after a 75 gram load of glucose.2 Both tests
require that individuals be fasting, an inconvenience in the clinical setting that may lead to
lower testing rates and possible under-diagnosis of diabetes in the population.3 HbA1c is a
measure of longer-term glycemia which does not require fasting, and at specific thresholds
has been associated with increased rates of diabetes complications (i.e. retinopathy).2
Therefore, the American Diabetes Association recommended that HbA1c be preferentially
used for diagnosis of diabetes in the clinical setting, phasing out both the FPG and the 2-hr
PG measurements. According to the new guidelines, asymptomatic individuals would be
classified as having diabetes if they had HbA1c values of 6.5% or greater on two separate
occasions. Individuals with an HbA1c ≥6.0% (International Expert Committee
recommendations)1 or HbA1c ≥5.7% (ADA recommendations)4 are considered to be at
increased risk for diabetes and targeted for diabetes prevention interventions.

The committee recommended that HbA1c testing also be used for diagnostic purposes in
asymptomatic adolescents; however it is unclear whether similar HbA1c cut points are
appropriate for the pediatric and the adult populations. Both of the HbA1c thresholds
selected were based on studies performed exclusively in adults,5, 6 without consideration of
studies from the pediatric population. Therefore, the objective of our study was to assess the
utility of the new HbA1c guidelines for diagnosis of diabetes among asymptomatic US
adolescents from a nationally representative sample.

Methods
Our data source was the National Health and Nutrition Examination Surveys (NHANES
1999–2006), a cross-sectional, nationally representative examination study of the US
civilian non-institutionalized population. NHANES has a stratified multistage probability
sampling design,7 which oversamples adolescents, non-Hispanic black and Mexican-
American individuals to provide reliable statistical estimates.

We focused on individuals who had both FPG and HbA1c measures, and for a subanalysis
of individuals with a 2-hr PG and HbA1c. Both FPG and the 2-hr PG have limitations for
identifying diabetes due to poor concordance8 and lack of reproducibility.9, 10 However,
because abnormal levels of FPG or 2-hr PG were the recommended tests for diagnosis of
diabetes and we use them as the best method to compare with HbA1c. Procedures regarding
assessment of fasting status, blood collection, sample processing, and analysis of FPG and
2-hr PG in NHANES have been described in previous publications.11, 12 HbA1c was
measured using two High Performance Liquid Chromatography systems (Primus
Corporation, Kansas City, MO and Tosoh Medics, Inc., San Francisco, CA, respectively),
which were standardized to the reference method used for the Diabetes Control and
Complications Trial.13

Of the 21056 and 6873 subjects aged 12–79 years from NHANES 1999–2004 and NHANES
2005–2006, respectively, we evaluated individuals with both HbA1c and FPG measures
during the morning examination after fasting for a minimum of 8 hours. We excluded
subjects who were pregnant at the time of the exam (n=1350) or who reported a previous
diagnosis of diabetes (n=1824). We analyzed data on 1156 overweight and obese
adolescents aged 12–18 years as the ADA recommends that only overweight and obese
adolescents be screened,14 and compared them with 6751 adults aged 19–79 years.4 Our
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adult population included normal weight as well as overweight/obese individuals given that
adults regardless of weight can be targeted for screening.4 Furthermore, we also conducted
our analyses on a subpopulation of adults aged 45–79 given the recommendation to screen
adults 45 years and older. Because these findings were similar to those for our entire adult
population, the results are not shown. In addition, we analyzed data from a subsample of 267
adolescents and 1476 adults who had 2-hr PG measures from an oral glucose tolerance test
(OGTT) during NHANES 2005–2006.

Our outcomes of interest were diabetes and prediabetes, based on definitions using both
FPG, which was available for all study years, as well as 2-hr PG, which was available for
NHANES 2005–2006. Individuals were classified as having diabetes if they had an FPG
≥126 mg/dl or prediabetes if they had an FPG ≥100 mg/dl and <126 mg/dl. In the 2-hr PG
subsample, individuals were classified as having diabetes if they had a 2-hr PG ≥200 mg/dl
or prediabetes if they had a 2-hr PG ≥140 mg/dl and <200 mg/dl. To evaluate the
International Expert Committee and the ADA’s new recommendations, we first calculated
sensitivity, specificity, positive and negative predictive values15 at an HbA1c threshold of
6.5% for diabetes and thresholds of 6.0% (International Expert Committee) and 5.7%
(ADA) for prediabetes, separately for adolescents and adults.

We then created receiver operator characteristic (ROC) curves evaluating the test
performance of various HbA1c level cut points for detecting diabetes and prediabetes for
adolescents vs. adults. ROC analysis is a formal method of assessing the trade-offs between
sensitivity and specificity at various test cut points or thresholds,16 providing a measure of
diagnostic accuracy called area under the curve (AUC). Tests with an AUC close to 0.5 have
very poor discrimination, whereas tests with an AUC close to 1.0 have excellent
discrimination.17 We also tested the equality of AUC for adolescents vs. adults. For the
ROC analyses for prediabetes, we combined the outcomes of prediabetes and diabetes.

Statistical analyses were performed using Stata 9 (Stata Corporation, College Station, TX,
USA) which applies the appropriate sampling weights to adjust for the complex multi-
cluster sample design. We used Taylor series linearization for variance estimation. For
description of the sample which required the availability of survey weights, we reported
demographics separately for NHANES 1999–2004 and 2005–2006. However, for assessing
test performance, we combined individuals across all surveys.

Results
The demographic characteristics of the overall study population, which includes weighted
estimates of the proportion of individuals with prediabetes and previously undiagnosed
diabetes based on FPG or 2-hr PG levels, are presented in Table I. Compared with adults,
few adolescents had undiagnosed diabetes, and there were no cases identified with the 2-hr
PG (Table II). Although there were substantially more adolescents with prediabetes (based
on either FPG or 2-hr PG measures) than with undiagnosed diabetes, prediabetic adolescents
were still fewer in number than prediabetic adults (Table II).

Table II shows estimates of test performance of an HbA1c cut point of 6.5% for detecting
diabetes and cut points of 6.0% and 5.7% for detecting prediabetes as defined by FPG or 2-
hr PG, in adolescents and adults. For detecting diabetes, an HbA1c cut point of 6.5%
resulted in a higher point estimate for sensitivity for adolescents compared with adults;
however, the confidence intervals for sensitivity in adolescents were quite large, related to
the small number with diabetes (n=4). Estimates of specificity were similar for both groups,
and PPV was lower and NPV was higher for adolescents due to their lower prevalence of
disease.
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For detecting prediabetes based on FPG, an HbA1c cut point of 6.0% resulted in a lower
estimate of sensitivity for adolescents compared with adults. As with diabetes, specificity
was similar for both groups, and again, PPV was lower and NPV was higher for adolescents
compared with adults, due to the low prevalence of prediabetes among adolescents. For
detecting diabetes based on FPG, an HbA1c cut point of 5.7% resulted in slightly higher
estimates of sensitivity, slightly lower estimates of specificity, and a slightly higher PPV.
HbA1c under-diagnosed prediabetes even more severely based on 2-hr PG results compared
with FPG results.

Figure 1 shows the ROC curves for predicting diabetes (FPG ≥126 mg/dl) in adolescents
and adults at various thresholds of HbA1c. HbA1c was not as good a predictor of diabetes
for adolescents (AUC 0.88 (95% CI 0.66–1.00)) compared with adults (AUC 0.93 (95% CI
0.91–0.95)) although the difference was not statistically significant (p=0.68).

Figure 2 shows the ROC curves for predicting prediabetes using either FPG or 2-hr PG in
adolescents and adults at various thresholds of HbA1c. HbA1c was a poor predictor of
prediabetes for adolescents compared with adults using either FPG (AUC 0.61 (95% CI
0.56–0.65) (adolescents) vs. 0.74 (95% CI 0.72–0.75) (adults),p<0.01) or 2-hr PG (AUC
0.53 (95% CI 0.39–0.67) (adolescents) vs. 0.73 (95% CI 0.70–0.76) (adults), p<0.01).

The summary of test performance characteristics predicting diabetes and prediabetes across
HbA1c thresholds are shown in Table III (available at www.jpeds.com).

Discussion
When the International Expert Committee recommended using HbA1c to diagnose diabetes
in the pediatric population as in adults, it did so without considering the test performance of
HbA1c in adolescents. We found that at the recommended HbA1c threshold of 6.5% for
diagnosis of diabetes according to FPG in adolescents, the sensitivity estimate (75%) was
highly unstable with wide confidence intervals (95% CI (30.1–95.4)). This instability is due,
in large part, to the low prevalence of diabetes in the pediatric population. Moreover, our
ROC curves for predicting diabetes demonstrate that HbA1c does not appear to have the
same level of discrimination for adolescents compared with adults. Taken together, these
findings highlight that extrapolation of adult HbA1c testing recommendations to the
pediatric population is likely premature.

Alternative HbA1c thresholds to those used in adults may be useful for the pediatric
population. The ROC curve for predicting diabetes in adolescents was based on a limited
number of individuals, therefore additional analyses with sufficient numbers of adolescents
with diabetes are necessary before any firm recommendation can be made as to what
constitutes an appropriate HbA1c level for diagnosis of diabetes in this age group. However,
we speculate that a lower HbA1c threshold should be explored for adolescents, given that
studies have shown that HbA1c increases with age in the population.18 In fact, the
committee’s choice of an HbA1c threshold of 6.5% for adults was in part based on the fact
that an HbA1c of 6.5% represents just 3 standard deviations above the mean for US adults,
as well as the high specificity (99.6%) and reasonable sensitivity (43–44%) at this threshold
based on NHANES III and NHANES 1999–2004 data.3

The notion of a lower threshold for adolescents is supported by the findings of one recent
study based on the Bogalusa Heart Study, albeit based on FPG criteria. Nguyen et al found
that children with an FPG of 86 to 99 mg/dL had a greater than 2-fold risk of developing
adult prediabetes and type 2 diabetes compared with children with an FPG less than 86 mg/
dL, even after controlling for other traditional cardiometabolic risk factors.19 As a result,
ranges that are considered “normal” for adults may in fact be abnormal for children and
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adolescents. However, we do acknowledge that the majority of the Bogalusa Heart Study
participants with elevated FPG in childhood did not continue with prediabetes nor develop
diabetes by approximately age 32 years. Therefore, some elevations in FPG in childhood
may be explained by the transient insulin resistance that occurs during Tanner stages 2–4 of
puberty.20

We also evaluated the performance of the recommended HbA1c thresholds of ≥5.7% or
≥6.0% for detecting individuals with prediabetes based either on a FPG or a 2-hr PG. We
found that HbA1c had a much lower sensitivity for adolescents compared with adults using
either of the measures. Moreover, HbA1c for predicting prediabetes in adolescents had poor
sensitivity over a range of values and was generally a poor marker for detecting adolescents
with prediabetes compared with adults, whether diagnosed by FPG (AUC 0.61 (adolescents)
vs. 0.74 (adults) or 2-hr PG (0.53 for adolescents vs. 0.73 for adults). Even though HbA1c
may be useful for detecting adults with prediabetes, it may not adequately serve as a
diagnostic tool for identifying adolescents with prediabetes, given the poor concordance
with 2-hr PG and FPG. Even more concerning is that by following the Committee
recommendations of phasing out glucose measurements for detecting prediabetes and using
HbA1c in its place, a majority of adolescents with prediabetes would be missed.

We acknowledge the practical appeal of using HbA1c over plasma glucose levels for
detecting diabetes, especially in the pediatric population. Compared with HbA1c levels,
plasma glucose levels are not perfectly stable and are subject to diurnal21 as well as
laboratory variation.22 In contrast, the HbA1c test can be obtained non-fasting, is stable at
room temperature, and has less day-to-day and within person variability. Furthermore, there
has been standardization of HbA1c assays across laboratories,3 and a variety of
epidemiologic studies have demonstrated a link between HbA1c levels ≥6.5% and increased
rates of diabetic retinopathy among adult populations.23, 24 We also note that because of the
high negative predictive values of HbA1c for predicting diabetes and prediabetes, HbA1c
may be a clinically useful test to exclude a diagnosis of prediabetes or diabetes for at-risk
adolescents.

However, there are disadvantages regarding the use of HbA1c such as racial/ethnic variation
in HbA1c levels (i.e. higher levels of HbA1c by 0.4%–0.7% for African-Americans
compared with Caucasians)25 and medical conditions that can affect HbA1c levels
independent of glucose levels. For example, hemolytic anemia and active bleeding can lead
to decreases in erythrocyte age, which lowers HbA1c; this glucose-independent lowering of
HbA1c could possibly lead to a missed diagnosis of diabetes. In contrast, iron-deficiency
anemia, splenectomy, or aplastic anemia can lead to higher HbA1c levels; this glucose-
independent increase in HbA1c could possibly lead to an erroneous diagnosis of diabetes.3
Although the Committee recommends that providers perform glucose tests (FPG or 2-hr PG)
rather than HbA1c for patients with these conditions, most pediatric providers in the primary
care setting are not familiar with these limitations of HbA1c, potentially leading to
diagnostic errors.

Our findings contrast with a recent study suggesting that HbA1c could be a useful marker
for identifying adolescents with prediabetes and diabetes.26 They found that optimal
sensitivity and specificity to detect type 2 diabetes were, respectively, 99% and 96% at an
HbA1c ≥ 6.0%. Their reported levels of sensitivity and specificity were notably higher than
our estimates. However, their population of obese adolescents and subgroup of obese
insulin-resistant adolescents were referred to an obesity clinic and may have had symptoms
of diabetes. Therefore these results are not generalizable to an asymptomatic population-
based sample of adolescents in the pediatric primary care setting. Furthermore, their
estimates were based on a total of 4 cases of type 2 diabetes out of 468 children. They do not
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report confidence intervals for their estimates of sensitivity and specificity, but based on the
low number of cases, it is likely that the confidence intervals, similar to our study, were
quite high.

We do acknowledge limitations to our study. We note that our findings relate to HbA1c
testing of asymptomatic, rather than symptomatic, overweight and obese children. We
recognize that previous studies have used NHANES data to evaluate the performance of
HbA1c for predicting diabetes in adults,5, 6 but we are unaware of studies that have
systematically compared its performance for adults compared with children. Despite the fact
that FPG was measured in the morning, which maximizes the prevalence of diabetes
detected,21 the number of individuals with diabetes in the sample was low, which is related
to the overall low prevalence of diabetes among US children and adolescents compared with
adults.27

The findings of our study highlight the dilemma of screening for diabetes in adolescents.
The prevalence of undiagnosed diabetes in the pediatric population is only 0.02%,27 As a
result, any test, not just HbA1c, will have a low positive predictive value for detecting
diabetes. The ADA guidelines were published in 2000, when there was believed to be an
epidemic of type 2 diabetes in children. However, more recent studies suggest that the
epidemic is not as large as was initially anticipated.27–29

Our ability to diagnose undiagnosed diabetes and prediabetes was limited due to the absence
of repeat testing of FPG or 2-hr PG on a different day in NHANES. Without a repeat
measure, some adolescents or adults who would not have had a confirmatory FPG or 2-hr
PG may have been erroneously diagnosed with diabetes or prediabetes. Despite this lack of
repeat testing, studies of diabetes prevalence using NHANES have employed similar
methods for identifying undiagnosed diabetes and prediabetes.30 Furthermore, studies in
both adolescents9 and adults10 suggest that FPG has better reproducibility compared with a
2-hr PG. We do however recognize that one abnormal measurement of HbA1c is not
sufficient for diagnosis of diabetes, as additional testing in the clinical setting would likely
be needed to confirm the clinical diagnosis.

Abbreviations

HbA1c Hemoglobin A1c

FPG fasting plasma glucose

2-hr PG 2-hour plasma glucose

OGTT oral glucose tolerance test

ROC receiver operator characteristic

AUC area under the curve
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Figure 1.
Receiver operator characteristic curves of various thresholds of HbA1c for predicting
diabetes (defined using fasting plasma glucose ≥126 mg/dl) in adolescents (AUC 0.88 (95%
CI 0.66–1.00)) and adults (AUC 0.93 (95% CI 0.91–0.95)).
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Figure 2.
Receiver operator characteristic curves of various thresholds of HbA1c for predicting
prediabetes in adolescents and adults. Prediabetes was defined either by a fasting plasma
glucose ≥100 mg/dl [AUC 0.61 (95% CI 0.56–0.65) (adolescents) vs. 0.74 (95% CI 0.72–
0.75) (adults)] (2a) or 2-hour plasma glucose ≥140 mg/dl [AUC 0.53 (95% CI 0.39–0.67)
(adolescents) vs. 0.73 (95% CI 0.70–0.76) (adults)] (2b).
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