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BACKGROUND: Opportunistic screening using hemo-
globin A1c (HbA1c) may improve detection of undiag-
nosed diabetes but remains controversial.

OBJECTIVE: To evaluate the predictive validity of
HbA1c as a screening test for undiagnosed diabetes in
a risk-stratified sample of the US population.

DESIGN: Weighted cross-sectional analysis of diabetes
risk factors, HbA1c, and fasting plasma glucose (FPG)
in National Health and Nutrition Examination Survey
(NHANES), 1999–2004.

SUBJECTS: Six thousand seven hundred and twenty-
three NHANES participants from morning examination
session, aged ≥18 years and without prior physician-
diagnosed diabetes.

MEASUREMENTS: HbA1c and undiagnosed diabetes
defined by FPG ≥ 7.0 mmol/l (126 mg/dl).

RESULTS: The estimated prevalence of undiagnosed
diabetes in the US population was 2.8% (5.5 million
people). HbA1c had strong correlation with undiagnosed
diabetes, with an area under the receiver-operating
characteristic curve of 0.93. Independent predictors of
undiagnosed diabetes were older age, male sex, black
race, hypertension, elevated waist circumference, ele-
vated triglycerides, and low high-density lipoprotein
cholesterol. We derived a risk score for undiagnosed
diabetes and stratified participants into low (0.44%
prevalence), moderate (4.1% prevalence), and high
(11.1% prevalence) risk subgroups. In moderate and
high risk groups, a threshold HbA1c value ≥ 6.1%
identified patients requiring confirmatory FPG; HbA1c
≤ 5.4% identified patients for whom diabetes could be
reliably excluded. Intermediate HbA1c (5.5–6.0%) may
exclude diabetes in moderate, but not high risk groups).

CONCLUSIONS: Risk stratification improves the pre-
dictive validity of HbA1c in screening for undiagnosed
diabetes in the US population. Although opportunistic
screening with HbA1c would improve detection of
undiagnosed diabetes, cost-effectiveness studies are

needed before implementation of specific screening
strategies using HbA1c.
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INTRODUCTION

Of the 19 million Americans with type 2 diabetes, 6 million
remained undiagnosed.1,2 Early diagnosis, lifestyle modifica-
tion, and tight glycemic control reduce complications; however,
these cannot occur if diabetes is undiagnosed. Indeed, diabe-
tes may be present for up to 7 years before diagnosis.3

Although improving diabetes detection remains prominent in
thenation’spublic health agenda,4 there is insufficient evidence for
or against routine diabetes screening.5,6 One reason may be the
burden and inconvenience of fasting visits to meet the diagnostic
criteria. Diabetes is usually established by fasting plasma glucose
(FPG), values which require confirmation on a second visit.6

Opportunistic screening for high-risk individuals during un-
scheduled outpatient, urgent care, or hospital visits may improve
rates of diagnosis. Hemoglobin A1c (HbA1c) offers the potential for
amore practical alternative, as it is an establishedmeasure of long-
term glycemia and correlates directly with subsequent develop-
ment and progression of microvascular complications.7,8 In addi-
tion, HbA1c measurement does not require fasting and remains
unaffectedby transienthyperglycemia fromacute stress or illness.9

For these reasons, investigators have examined HbA1c for
diabetes screening in undifferentiated populations,10–21 but
utility as a diagnostic or screening test remains controversial,
primarily due to limited diagnostic accuracy.22–26 For instance,
Rohlfing et al. found 63% sensitivity and 97% specificity for
threshold HbA1c ≥ 6.2%, and 83% sensitivity and 84%
specificity for HbA1c≥5.7%, using the NHANES III dataset.11

These studies do not, however, explore diabetes risk factor data
to additionally stratify populations, and many were limited by
prior lack of HbA1c reliability, a problem rectified by the
National Glycohemoglobin Standardization Program.27 In the
present analysis, we evaluated the performance of HbA1c as a
screening test for undiagnosed diabetes in a risk-stratified,
nationally representative sample of the US population.
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METHODS

Study Design and Participants

The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative probability sample of
the noninstitutionalized US civilian population, released data
in two-year cycles. We received a waiver from our institutional
review board to analyze the three most recent cycles of released
NHANES data (i.e., data collected between January 1999 and
December 2004).

Details of survey methodology are described elsewhere.28

Briefly, the sample is obtained by using a complex, stratified,
multistage design, with oversampling of certain subgroups.
NHANES uses a four-stage sampling strategy covering geo-
graphic primary sampling units (PSUs).

During 1999 to 2004, NHANES collected household inter-
view data, including demographic characteristics, medical
conditions, and physical activity, for 31,126 (87%) of 35,960
invited participants. The majority (29,402 [94%]) subsequently
received physical and laboratory examination, including body
measurements, plasma glucose, and HbA1c. NHANES ran-
domly assigned these participants to morning, afternoon, or
evening examination sessions. Of the 7,768 participants
aged≥18 years assigned to the morning session, 7,345 (95%)
had valid FPG results; the remaining 5% had fasted <8 hours
or had missing data. For the present analysis, we excluded 622
participants who reported a physician-diagnosis of diabetes.
Thus, we analyzed 6,723 adult participants without known
diabetes, who represent 195 million Americans.

Diabetes Risk Factors

From the household interview data, we analyzed information
on self-reported age, sex, race/ethnicity, education, and
income. We also examined two healthcare access variables:
presence of health insurance and healthcare visit within the
past 3 years. Finally, we evaluated six factors that are strongly
related to diabetes risk: 1) physical activity based on moderate
or vigorous activity for at least 10 minutes during the past
30 days, 2) body mass index (BMI, kilograms/meters2[kg/m2])
3) hypertension (defined as systolic blood pressure≥
130 mmHg, diastolic blood pressure≥85 mmHg, or current
use of anti-hypertensive medications, 4) elevated waist cir-
cumference (≥102 cm for males or ≥88 cm for females), 5)
elevated triglycerides (≥1.7 mmol/l [150 mg/dl]), and 6) low
high-density lipoprotein (HDL) cholesterol (<1.0 mmol/
l [40 mg/dl for males or <1.3 mmol/l [50 mg/dl] for females).
The latter four criteria used thresholds defined by the meta-
bolic syndrome.29 Nearly all of the study subjects had data on
these variables (>97% for all). We excluded missing values as
recommended by NHANES; derivation of imputed values was
not required. Family history of diabetes was missing in nearly
half of the subjects so was not included in the analysis.

Laboratory Measurements

The Diabetes Diagnostic Laboratory at the University of
Missouri-Columbia measured plasma glucose using a hexo-
kinsase enzymatic method. Based on FPG results, we classi-
fied participants as normal (<5.6 mmol/l [100 mg/dl]),
impaired fasting glucose (5.6 to 7.0 mmol/l [100–125 mg/dl])

or diabetes (≥7.0 mmol/l [126 mg/dl]), according to standard
diagnostic criteria endorsed by the American Diabetes Associ-
ation (ADA).6 Our primary outcome measure was undiagnosed
diabetes, as defined by FPG results.

The same laboratory also performed the HbA1c measure-
ment using Primus CLC 330 and Primus CLC 385 (Primus
Corporation, Kansas City, MO). The instruments utilize a
boronate affinity high performance liquid chromatography
(HPLC) system, which has been standardized to the reference
method used for the Diabetes Control and Complications
Trial.7 The affinity chromatographic method has demonstrated
excellent, long-term precision with coefficient of variation <3%,
and is not affected by the presence of hemoglobin variants S,
C, D or elevated fetal hemoglobin (HbF).

Statistical Analysis

We performed statistical analyses using Stata 9.0 (College
Station, TX). We applied the recommended subsample weights
to account for unequal probabilities of selection and to
represent the US population based on 2000 Census data. We
estimated variance based on NHANES-provided masked vari-
ance units, using Taylor Series linearization method. All p-
values are two-tailed with p<0.05 considered statistically
significant.

We calculated proportions with 95% CI for diabetes risk factor
data for the entire sample and stratified by FPG results (undiag-
nosed diabetes (FPG≥7.0 mmol/l [126 mg/dl]) and impaired
fasting glucose (FPG≥5.6–6.9 mmol/l [100–125 mg/dl]). To
improve interpretability of the analysis, we converted age and
BMI from continuous to categorical variables. We determined
univariate associations between predictors and FPG outcome
using Pearson’s chi-square test.

Variables with p<0.10 on univariate analysis were eligible
for entry into a weighted multivariate logistic regression model
for the outcomes of undiagnosed diabetes. We utilized a
backward elimination technique and with reference strata
defined as age 18–44, non-Hispanic white, high school grad-
uate, and BMI 20–24.9 kg/m2). Only significant predictors (p<
0.05) were retained in the final model, unless a variable
significantly confounded the estimated associations. No inter-
action terms were evaluated for this model. We presented the
results of two final models, one that evaluated all variables and
the second that evaluated only variables that could be
obtained during a non-fasting visit (excluded triglycerides
and HDL). We reported results as OR with 95% CI for
significant predictors of each outcome.

Using the results of the multivariate analysis, we derived a
risk score for predicting undiagnosed diabetes based on the
ORs in the final model, using previously described methodol-
ogy.30 We created a point score by dividing multivariate OR by
1.8 and rounding to the nearest 0.5 point. To determine
categories for risk scores (low, moderate and high risk), we
examined the prevalence of undiagnosed diabetes for each risk
score and created categories to maximize homogeneity within
each group.

We measured the positive predictive value (PPV) and nega-
tive predictive value (NPV) for a range of threshold HbA1c
values (5.2 to 6.4%) in the total sample and risk-stratified
subgroups (≥threshold value considered abnormal, <threshold
value considered normal). We recommended a positive thresh-
old to approximate a true positive rate (i.e., PPV) of 50%, and a
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negative threshold to approximate a false negative rate (i.e., 1 –

NPV) of 1%. Our rationale was to recommend further confir-
matory FPG for patients above the positive threshold and no
further testing for those below the negative threshold. We
demonstrated these recommendations by creating Standards
for Reporting of Diagnostic Accuracy (STARD) flow diagram for
the total sample.31

Additionally, we determined sensitivity and specificity with
95% CI, and plotted a receiver operating characteristic (ROC)
curve. We calculated area under the curve (AUC) as a measure
of performance and determined 95% CI by the Bamber
method.32

RESULTS

The overall weighted prevalence was 6.3% for diagnosed
diabetes, 2.8% for undiagnosed diabetes, and 27% for im-
paired fasting glucose. Subsequent analysis is based only on
participants without known diabetes.

Risk Stratification

Table 1 shows the prevalence and univariate associations for
diabetes risk factors, stratified by FPG results. Table 2 pre-
sents the results of the weighted multivariate logistic regres-
sion models and risk score development, based on the ORs in

Model 3 (all factors evaluated for inclusion). We calculated risk
scores for participants with all required data (306 [4%] had at
least one missing element) to predict the outcome of undiag-
nosed diabetes.

We assigned points based on the OR of significant predictors—
age 45–64 (2.5 points), age ≥65 (4 points), male sex (1.5 points),
black race (1 point), hypertension (1 point), elevated waist
circumference (1.5 points), elevated triglycerides (1 point), and
low HDL (1 point). We stratified resulting scores into low (0 to 4.5
points), moderate (5 to 6.5 points), and high (≥7.0 points) risk
groups. The prevalence of undiagnosed diabetes increased
across the risk groups: 0.44% for low, 4.1% for moderate, and
11.1% for high. Thus, the high risk group was 25 times more
likely to have undiagnosed diabetes than the low risk group. The
distribution of risk scores, stratified by risk factor data are
presented in Table 3.

Hemoglobin A1c

The weighted mean HbA1c was 5.32% for the overall sample,
5.19% for normal FPG, 5.46% for impaired fasting glucose,
and 7.07% for undiagnosed diabetes. Table 4 shows the PPV
and NPV for a range of HbA1c threshold values (5.2–6.4%) in
predicting undiagnosed diabetes for the entire sample and
stratified by risk groups, using FPG as the gold standard.
Additionally, we present the sensitivity and specificity values in
Table 4 and plot the ROC curve for threshold values of HbA1c

Table 1. Prevalence of Impaired Fasting Glucose and Undiagnosed Diabetes Stratified by Risk Factors

Variable n US Population Estimate
(95% CI) [in millions]*

IFG† %
(95% CI)

Diabetes† %
95% CI)

p-value‡

Age <0.001
18–44 3,565 107 (102–112) 18% (16–20) 0.8% (0.4–1.5)
45–64 1,728 61 (55–67) 35% (32–39) 4.4% (3.4–5.8)
≥65 1,430 27 (24–30) 45% (41–49) 7.1% (5.5–9.3)
Male Sex 3,208 93 (91–96) 34% (31–37) 3.7% (3.0–4.5) <0.001
Race/ethnicity 0.024
Non-Hispanic white 3,290 141 (133–148) 28% (25–31) 2.9% (2.4–3.5)
Non-Hispanic black 1,321 21 (17–24) 19% (16–22) 3.0% (2.1–4.2)
Mexican-American 1,596 14 (11–18) 28% (25–31) 2.1% (1.2–3.4)
Other Hispanic 283 10 (5.5–15) 28% (21–35) 3.4% (1.6–7.2)
Other/Multiracial 233 9.1 (6.8–11) 28% (21–36) 2.2% (0.8–5.8)
Education level <0.001
< High school 2,209 40 (36–44) 32% (29–36) 4.6% (3.6–5.7)
High school grad 1,657 51 (46–57) 27% (24–31) 2.7% (2.0–3.8)
> High school 2,843 103 (99–108) 25% (22–28) 2.1% (1.5–3.0)
Income<$20,000/year 1,491 32 (27–37) 30% (27–34) 3.9% (2.8–5.5) 0.02
No Health Insurance 1,475 36 (31–40) 25% (20–30) 2.5% (1.8–3.5) 0.21
Last healthcare visit ≥3 years ago/never 403 11 (9.1–13) 32% (24–41) 3.4% (1.7–6.9) 0.19
No exercise in past month 2,841 70 (62–77) 30% (28–32) 3.9% (3.1–4.9) <0.001
BMI, kilograms/meters2 <0.001
<20 399 11 (9.3–13) 12% (8–17) 0.4% (0.1–1.3)
20–24.9 2,022 61 (56–66) 17% (14–20) 1.1% (0.7–1.7)
25–29.9 2,281 65 (59–71) 32% (29–35) 2.8% (2.2–3.6)
≥30 1,877 54 (49–59) 35% (33–38) 5.0% (4.0–6.2)
Hypertension 2,629 72 (65–79) 38% (34–41) 5.5% (4.6–6.7) <0.001
Waist circumference, ≥102 cm (M) or ≥88 cm (F) 3,161 89 (81–97) 34% (31–37) 4.6% (3.9–5.4) <0.001
Triglycerides, ≥150 mg/dl 2,128 60 (54–66) 37% (34–40) 5.1% (4.1–6.4) <0.001
HDL, <40 mg/dl (men) <50 mg/dl (women) 2,104 63 (57–69) 32% (29–36) 4.4% (3.5–5.7) <0.001
TOTAL 6,723 195 27% (25–30) 2.8% (2.4–3.3)

Abbreviations: IFG, impaired fasting glucose; BMI, body mass index; cm, centimeters; M, male; F, female; HDL. high-density lipoprotein
* Estimates based on weighted data from National Health and Nutrition Examination Survey (NHANES) 1999–2004
† Fasting plasma glucose classified according to American Diabetes Association threshold (5.6–7.0mmol/l [100–125mg/dl] for IFG;≥7.0mmol/l [126mg/dl]
for diabetes)
‡ p-value based on Pearson’s chi-square with <0.05 considered statistically significant
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in predicting undiagnosed diabetes in Figure 1. The AUC of
0.93 (95% CI, 0.91–0.95) revealed a high diagnostic accuracy
for HbA1c.

We chose a positive threshold of HbA1c≥6.1%, which
retained a PPV of approximately 50% for predicting undiag-
nosed diabetes in the entire sample. Additionally, the PPV for
detecting impaired fasting glucose or undiagnosed diabetes
(i.e., FPG≥5.6 mmol/l [100 mg/dl]) was 91% at this threshold.
This threshold also had an overall 99%NPV, 98% specificity and
68% sensitivity. We chose the negative threshold of HbA1c ≤
5.4%, whichmaintained a false negative rate of less than 1% for
the entire and had an overall 73% specificity and 91% sensitiv-
ity. The intermediate values of HbA1c (5.5 to 6.0%) had variable
performance depending on pretest probability, and risk strati-
fication was useful in interpreting results in this range.

Figure 2 is a STARD flow diagram for this proposed
algorithm of risk stratification and HbA1c in screening for
undiagnosed diabetes. This figure displays data from individ-
ual NHANES participants to demonstrate the algorithm’s
potential utility in clinical practice.

Table 3. Distribution of Diabetes Risk Score by Demographic
Variables and Significant Predictors of Undiagnosed Diabetes

Variable Low Risk*
%
(95% CI)

Moderate
Risk*
% (95% CI)

High
Risk* %
(95% CI)

Age
18–44 93% (92–94) 7.0% (5.9–8.3) 0.1% (0–0.3)
45–64 32% (29–34) 50% (47–53) 19% (16–21)
≥65 3 .2% (2 . 0 –

5.2)
46% (42–49) 51% (48–55)

Male sex 54% (51–56) 30% (27–32) 17% (15–18)
Race/ethnicity
Non-Hispanic
white

59% (57–61) 27% (25–29) 14% (13–15)

Non-Hispanic
black

61% (59–64) 23% (21–26) 15% (14–17)

Mexican-American 77% (73–81) 17% (14–20) 6% (4.5–7.7)
Other Hispanic 69% (59–78) 21% (14–29) 10% (6.8–14)
Other/Multiracial 69% (63–74) 25% (19–32) 7% (4.3–9.8)
Hypertension 27% (24–30) 43% (41–46) 30% (28–32)
Waist circumference,
≥102 cm (M) or
≥88 cm (F)

40% (38–43) 36% (34–38) 24% (22–25)

Triglycerides,
≥150 mg/dl

39% (35–42) 31% (28–34) 30% (28–33)

HDL, <40 mg/dl (M)
<50 mg/dl (F)

53% (51–56) 23% (21–26) 23% (21–26)

TOTAL 62% (60–64%) 26% (24–27) 13% (12–14)

Abbreviations: cm, centimeters; M, male; F, female; HDL. high-density
lipoprotein
Variables with p<0.10 eligible on univariate analysis for entry into
model. Backward stepwise elimination used, p<0.05 considered signif-
icant. Categorical variables dummy coded using indicated reference
groups. Only significant predictors listed were included in the final model
* Risk stratification: low risk=0.44% prevalence; moderate risk=4.1%
prevalence; high risk=11.1% prevalence for undiagnosed diabetes

Table 2. Significant Predictors and Risk Score Development for
Undiagnosed Diabetes by Multivariate Logistic Regression

Variable Model 1*
OR
(95% CI)

Model 2*
OR
(95% CI)

Model 3*
OR
(95% CI)

Risk
Score
Points†

Age
18–44 1.0

(referent)
1.0
(referent)

1.0
(referent)

45–64 4.3
(2.7–9.4)

4.0
(1.9–8.1)

4.5
(2.2–9.5)

+2.5

≥65 6.7
(2.7–17)

5.7
(2.5–13)

7.2
(3.1–17)

+4

Male sex 2.4
(1.7–3.4)

2.4
(1.7–3.3)

2.4
(1.7–3.3)

+1.5

Race/ethnicity
Non-Hispanic
white

1.0
(referent)

– 1.0
(referent)

Non-Hispanic
black

1.4
(0.84–2.4)

– 1.8
(1.2–2.9)

+1

Mexican-
American

0.83
(0.43–1.6)

– 1.3
(0.74–2.4)

Other Hispanic 1.1
(0.37–3.5)

– 1.4
(0.58–3.6)

Other/
Multiracial

1.7
(0.57–4.9)

– 1.5
(0.51–4.4)

Education level
< High school 1.3

(0.69–2.4)
– –

High school
grad

1.0
(referent)

– –

> High school 0.84
(0.46–1.5)

– –

Income
<$20,000/year

1.3
(0.80–2.1)

– –

No exercise
in past month

1.3
(0.78–2.2)

1.6
(1.1–2.4)

–

BMI, kilograms/
meters2

<20 0.53
(0.14–2.0)

– –

20–24.9 1.0
(referent)

– –

25–29.9 0.98
(0.54–1.8)

– –

≥30 1.2
(0.61–2.5)

– –

Hypertension 2.0
(1.2–3.1)

2.0
(1.4–3.0)

2.1
(1.4–3.1)

+1

Waist
circumference,
≥102 cm (M)
or ≥88 cm (F)

2.5
(1.6–3.9)

3.5
(2.4–5.3)

3.0
(1.9–4.6)

+1.5

Triglycerides,
≥150 mg/dl

1.7
(1.1–2.7)

– 1.7
(1.1–2.5)

+1

HDL, <40 mg/dl
(M) or <50
mg/dl (F)

1.8
(1.2–2.8)

– 2.0
(1.3–3.0)

+1

Abbreviations: OR, odds ratio; BMI, body mass index (kilograms/
meters2); cm, centimeters; M, male; F, female; HDL. high-density
lipoprotein
Variables with p<0.10 on univariate analysis eligible for entry into
models. Backward stepwise elimination used, p<0.05 considered signif-
icant. Categorical variables dummy coded using indicated reference
groups. Only significant predictors listed were included in the final
models
* Model 1, all eligible risk factor variables included; Model 2, significant
predictors only for non-fasting variables (excluded triglycerides and high-
density lipoprotein); Model 3, significant predictors only with all variables
evaluated
†Risk points based on OR/1.8 (rounded to nearest 0.5 point). Risk
stratification: 0–4.5 points=low risk (0.44% prevalence); 5–6.5 points=
moderate risk (4.1% prevalence); ≥7.0 points=high risk (11.1% prevalence)
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DISCUSSION

We report the predictive validity of HbA1c as a screening test
for undiagnosed diabetes in a large, nationally representative
and risk-stratified population. Given that the overall preva-
lence of undiagnosed diabetes is relatively low (2% to 3%), risk
stratification, although not performed in prior HbA1c screen-
ing studies,10–21 is an important tool to stratify pre-test
probabilities in order to better estimate the true predictive
value of HbA1c for subgroups of patients.

We found similar overall performance of HbA1c as in earlier
reports. For example, in a meta-analysis of 18 smaller studies
prior to 1996, Peters et al. found a comparable 66% sensitivity
and 98% specificity for HbA1c≥6.1%, with PPV 63%, using
oral glucose tolerance test (OGTT) as the gold standard10.
Rohlfing et al. analyzed the NHANES III dataset (collected 1988
to 1994) using FPG as the gold standard and found an area
under the ROC curve of 0.90, which was similar but slightly
lower than the current NHANES analysis.11 Additionally, they
reported comparable 63% sensitivity and 97% specificity for
threshold HbA1c ≥ 6.2%, and 83% sensitivity and 84%
specificity for HbA1c≥5.7%. Davidson et al. also evaluated
NHANES III but with OGTT as the gold standard, and found
similar results.12 These reports generated significant contro-
versy on both sides of the debate.22–26 Although other inves-
tigators have found similar parameters for HbA1c in a variety
of clinical settings,13–21 these data have been insufficient to
recommend its implementation in clinical practice.6

To help address these concerns, we have presented a
strategy of stratification by risk profile, before HbA1c testing,
and interpretation of HbA1c based on the pre-test probability
of diabetes. First, we recommend risk stratification by the
proposed or other mechanisms to create risk groups of low
(<0.5%), moderate (4% to 6%), and high (>10%) prevalence
rates. Patients in the low risk group may generally be excluded,
without further testing, based on the very low pre-test

probability of diabetes. The moderate and high risk groups
may receive HbA1c screening at a variety of healthcare visit
since fasting is not required.

We propose that patients in the moderate risk group receive
FPG testing for HbA1c values in the positive range (≥6.1%),
and the diagnosis may be reliably excluded for intermediate
and negative values (≤6.0%). Patients in the high risk group
may receive FPG testing if HbA1c ≥ 6.1%; the diagnosis can be
reliably excluded if HbA1c ≤ 5.4%. For high-risk patients with
intermediate HbA1c values (5.5% to 6.0%), clinical judgment
and cost-effectiveness analysis are needed to guide decision-
making, since the 6% prevalence of undiagnosed diabetes is

Table 4. Predictive Validity of Hemoglobin A1c in Screening for Undiagnosed Diabetes, Based on Threshold Values and Risk Stratification

Total Sample Risk Subgroups*

HbA1c Sensitivity Specificity LR PPV, NPV Low Risk† Moderate Risk† High Risk†

Threshold % (95% CI) % (95% CI) % % PPV, NPV % PPV, NPV % PPV, NPV %

(n) n=6,717 n=3,689 n=1,641 n=1,087

5.2% (776) 98 (94–99) 38 (35–41) 1.6 4, 100 1,100 5, 100 12, 98
5.3% (754) 98 (94–99) 50 (47–53) 2.0 5, 100 1, 100 6, 100 14, 99
5.4% (729) 94 (87–97) 62 (59–65) 2.5 7, 100 2, 100 7, 100 15, 97
5.5% (631) 91 (84–95) 73 (70–75) 3.3 9, 100 2, 100 9, 100 17, 97
5.6% (432) 88 (81–92) 82 (80–84) 4.9 12, 100 4, 100 12, 100 21, 97
5.7% (317) 88 (81–92) 88 (87–90) 7.5 18, 100 7, 100 17, 99 25, 97
5.8% (215) 86 (80–91) 93 (92–94) 12 25, 100 13, 100 23, 99 31, 98
5.9% (166) 79 (70–86) 95 (94–96) 16 32, 99 21, 100 27, 99 39, 97
6.0% (102) 70 (62–78) 97 (97–98) 24 41, 99 27, 100 38, 99 46, 96
6.1% (71) 68 (60–76) 98 (98–99) 36 51, 99 42, 100 49, 98 54, 96
6.2% (49) 62 (54–70) 99 (98–99) 47 58, 99 45, 100 52, 98 62, 97
6.3% (34) 59 (49–67) 99 (99–99) 73 68, 99 52, 100 61, 98 75, 95
6.4% (32) 55 (45–64) 99 (99–100) 105 75, 99 54, 100 76, 98 81, 95

Abbreviations: HbA1c, hemoglobin A1c; LR, likelihood ratio; PPV, positive predictive value; NPV, negative predictive value
Accuracy based on the gold standard of fasting plasma glucose ≥7.0 mmol/l (126 mg/dl)
* Unable to calculate risk score for 306 participants (missing values)
† low risk=0.44% prevalence; moderate risk=4.1% prevalence; high risk=11.1% prevalence for undiagnosed diabetes

Figure 1. Receiver operating characteristic (ROC) curve for accu-
racy of hemoglobin A1c in predicting undiagnosed diabetes.
Based on gold standard of fasting plasma glucose ≥7.0 mmol/
l (126 mg/dl) to define undiagnosed diabetes. Area under the

curve=0.93 (95% CI, 0.91–0.95).
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high enough that diabetes may not be excluded, but low
enough that further testing may be relatively low yield. One
strategy could be to recommend diet and lifestyle modification
and aggressive management of hypertension and dyslipidemia
for this group and then repeat screening (either HbA1c or FPG)
after 1 to 3 years.

The risk factors of age, black race, and elements of the
metabolic syndrome (hypertension, waist circumference, tri-
glycerides, and HDL cholesterol) are commonly recognized as
significant risk factors for diabetes. Interestingly, male sex was
an independent risk factor for undiagnosed diabetes. Although
not explored further, this finding has been reported in prior
NHANES analysis.33,34 While the prevalence of undiagnosed
diabetes varied by sex, the overall prevalence of diabetes
(diagnosed plus undiagnosed) was similar. This disparity may
merely reflect that males have 50% fewer outpatient preventive
care than females,35 but warrants further exploration. Al-
though the overall prevalence of diabetes is higher among
Hispanic individuals, we did not find an association between
Hispanic ethnicity and the rate of undiagnosed diabetes, which
is consistent with prior analyses.34

While providers may choose to use different tools for risk
stratification, the principle of deriving a low (<0.5%), moderate
(4% to 5%) and high pre-test probability (>10%) could remain
similar. Edelman et al. suggested a similar concept of the
utility of HbA1c in a risk-stratified cohort from one outpatient
clinic.14,17 Since fasting and well visits are not required for
reliable HbA1c testing, the proposed screening algorithm
would be more convenient for patients and providers and have
potential for generalizability to a variety of unscheduled
healthcare settings. Because of limited availability of some
diabetes risk factor data in NHANES (i.e., family history,

gestational diabetes, and history of IFG/IGT), we chose to risk
stratify based on best available data, which included fasting
lipid profile. However, the concept of risk stratification prior to
ordering and interpreting HbA1c still holds, and providers
should risk stratify based on data available to them.

Although HbA1c is more expensive than serum glucose,
opportunistic screening with HbA1c may prevent unnecessary
fasting office visits in over two-thirds of moderate and high risk
patients. Moreover, these strategies might advance two impor-
tant Healthy People 2010 objectives: to increase the rate that
asymptomatic diabetes is diagnosed and to increase the overall
proportion of adults whose condition has been diagnosed.4

Prior reports of diabetes screening in community and
clinical venues have yielded mixed results, often limited by
low prevalence rates and poor follow-up.36–38 Similar to any
disease screening, patient adherence with confirmatory testing
and subsequent therapy is vital to the successful implemen-
tation. Additionally, the cost-effectiveness of opportunistic
diabetes screening is unclear and will require further investi-
gation.39 However, the US Preventive Services Task Force and
ADA recommend diabetes screening for patients with defined
diabetes risk factors, with ADA adopting broader criteria.5,6

Implementation of HbA1c as a screening test for risk-stratified
populations may enhance screening efforts in appropriate
high-risk patients.

The study has several potential limitations. NHANES 1999–
2004 used FPG as the gold standard for diabetes, and OGTT
were not performed. Although endorsed by the ADA in the
diagnostic algorithm for diabetes,40 FPG is not as accurate as
OGTT for detecting glucose intolerance, especially in older
adults.41 However, OGTT is more cumbersome and rarely used
in US clinical practice. The algorithm developed was based on

Figure 2. STARD diagram for detection of undiagnosed diabetes by risk stratification and hemoglobin A1c. Abbreviations: STARD, Standards
for Reporting of Diagnostic Accuracy; HbA1c, hemoglobin A1c. Risk groups based on significant predictors of undiagnosed diabetes in

multivariate analysis.
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persons who had apparently escaped diabetes diagnosis and
may not perform similarly if used as a primary diagnostic
strategy. We derived a new risk score based on the data
available in NHANES in order to risk stratify the population,
which would need to be validated in an independent popula-
tion before implementation.

Additionally, several important known risk factors for diabe-
tes, including family history, history of gestational diabetes, and
history of IFG/IGT, were not available in this dataset. Never-
theless, we utilized this risk-stratification to create subgroups
of different levels of risk—i.e., the results of our HbA1c analysis
should apply regardless of the exact method of risk stratifica-
tion. The proposed algorithm of risk stratification and HbA1c
relied on pragmatic reasoning and interpretation of the data;
others may suggest thresholds corresponding to different
predictive values, and cost effectiveness analysis would further
clarify optimal thresholds for clinical practice. Finally, this
analysis provides a proposed algorithm, which, if validated,
can serve as a guideline for providers, but should not substitute
for sound clinical judgment for individual patients.

In summary, risk stratification improves the predictive
validity of HbA1c in screening for undiagnosed diabetes in
the US population. Opportunistic screening with HbA1c may
be utilized in a variety of healthcare encounters and probably
would improve detection of undiagnosed diabetes. Validation of
our clinical algorithm and decision analysis should be per-
formed to further understand the accuracy and optimal
threshold values of HbA1c and to determine the cost-effective-
ness of early detection of asymptomatic diabetes on a popula-
tion level.
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