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OBJECTIVE

In 2010, the American Diabetes Association (ADA) added hemoglobin A1c (A1C) to
the guidelines for diagnosing type 2 diabetes. However, existing models for pre-
dicting diabetes risk were developed prior to the widespread adoption of A1C.
Thus, it remains unknown how well existing diabetes risk prediction models pre-
dict incident diabetes defined according to the ADA 2010 guidelines. Accordingly,
we examined the performance of an existing diabetes prediction model applied
to a cohort of African American (AA) and white adults from the Coronary Artery
Risk Development Study in Young Adults (CARDIA).

RESEARCH DESIGN AND METHODS

We evaluated the performance of the Atherosclerosis Risk in Communities (ARIC)
diabetes risk prediction model among 2,456 participants in CARDIA free of di-
abetes at the 2005–2006 exam and followed for 5 years. We evaluated model
discrimination, calibration, and integrated discrimination improvement with in-
cident diabetes defined by ADA 2010 guidelines before and after adding baseline
A1C to the prediction model.

RESULTS

In the overall cohort, re-estimating the ARIC model in the CARDIA cohort resulted
in good discrimination for the prediction of 5-year diabetes risk (area under the
curve [AUC] 0.841). Adding baseline A1C as a predictor improved discrimination
(AUC 0.841 vs. 0.863, P = 0.03). In race-stratified analyses, model discrimination was
significantly higher in whites than AA (AUC AA 0.816 vs. whites 0.902; P = 0.008).

CONCLUSIONS

Addition of A1C to the ARIC diabetes risk predictionmodel improved performance
overall and in racial subgroups. However, for all models examined, discrimination
was better in whites than AA. Additional studies are needed to further improve
diabetes risk prediction among AA.

In 2010, the American Diabetes Association (ADA) modified the diagnostic guide-
lines for type 2 diabetes to include hemoglobin A1c (A1C) (1,2). However, existing
models for predicting diabetes risk were developed before the widespread adoption
of A1C as a diagnostic test for diabetes (3–5). Thus, established diabetes risk
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prediction models do not include A1C.
Additionally, most existing risk predic-
tion models were developed in popula-
tions with few or no African Americans
(AA), despite the fact that AA are at in-
creased risk of type 2 diabetes and vas-
cular complications (6). Three of the
more commonly used risk prediction
models for incident type 2 diabetes
were developed in the Atherosclerosis
Risk in Communities (ARIC) study (N =
7,916; 85% white, 15% AA), the Framing-
ham Offspring Study (N = 3,140; 99%
white), and the San Antonio Heart Study
(N = 3,004; 61% Mexican American, 39%
white) (7–9). An article comparing the
validity of these three models in a mul-
tiethnic cohort reported good discrimi-
nation (area under the curve [AUC]
0.78–0.81) for all three models, though
model discrimination was lower in AA
than whites across all three models
(10). Importantly, A1C was not included
in any of these risk prediction models.
Findings from a number of studies

have established that AA have higher
A1C than whites, with estimates of the
absolute A1C difference between AA
and whites ranging from 0.40 to 0.65%
after adjustment for glucose levels (11–
13). Despite consistent evidence of
higher A1C values in AA, the clinical sig-
nificance of this difference in A1C is un-
clear. No racial differences were found
for the association of A1C with incident
coronary heart disease, stroke, or chronic
kidney disease in a prospective study of
older AA and whites; however, a cross-
sectional study found that the prevalence
of retinopathy was elevated in AA versus
whites at the same A1C (14,15). These
findings suggest that the benefit of A1C
as a potential predictor of incident diabe-
tes should be further explored in different
racial groups. The objectives of this study
were as follows: 1) to examine the perfor-
mance of an existing risk prediction
model in a biracial cohort of AA andwhite
adults from the Coronary Artery Risk
Development Study in Young Adults
(CARDIA) using ADA 2004 guidelines,
2) to examine model performance when
diabetes status is ascertained using ADA
2010 guidelines, and 3) to examine
change in model performance with the
addition of baseline A1C as a predictor
of diabetes risk.
With the recent changes to diagnostic

guidelines for type 2 diabetes, we hy-
pothesized that model discrimination

would be lower using ADA 2010 diagnos-
tic guidelines compared with ADA 2004
guidelines (the guidelines that were in
use when existing models were devel-
oped). Additionally, we hypothesized
that including baseline A1C as a predictor
in the ADA 2010 model would improve
prediction of diabetes in both whites
and AA. However, given the increased
risk of diabetes in AA and A1C differences
in AA compared with whites, we hypoth-
esized that model discrimination would
be significantly lower in AA than whites
when A1C was incorporated into the pre-
diction models.

RESEARCH DESIGN AND METHODS

Study Population
Details regarding the CARDIA study de-
sign have previously been published
(16). In brief, CARDIA is an ongoing,
multicenter longitudinal study of the
determinants of cardiovascular disease
in 5,115 adults aged 18–30 years at
the baseline assessment in 1985–1986.
A stratified sample of 2,637 AA and
2,478 white men and women were re-
cruited fromMinneapolis, MN; Chicago,
IL; Birmingham, AL; and Oakland, CA.
Participants had follow-up examina-
tions at 2, 5, 7, 10, 15, 20, and 25 years
after enrollment. In CARDIA, fasting
glucose was measured at baseline and
years 7, 10, 15, 20, and 25; 2-h 75-g
oral glucose tolerance test was per-
formed in years 10, 20, and 25; and
A1C was measured at years 20 and 25.
For construction of a diabetes definition
based on the current ADA diagnostic
guidelines (which include A1C), analy-
ses were restricted to follow-up exami-
nations at which A1C was measured,
i.e., years 20 and 25 of follow-up.

Therefore, the year 20 exam (2005–
2006) was the baseline for the current
study and incident diabetes was deter-
mined at the year 25 exam (2010–2011).
A total of 3,549 participants completed
the year 20 exam (74% of the surviving
cohort). Participants with prevalent dia-
betes at the year 20 exam (n = 332) and
those who were missing diabetes status
at year 20 (n = 41) or year 25 (n = 379) or
who were missing covariate information
(n = 341) were excluded, resulting in
2,456 participants included in current
study. Because fasting glucose levels
were used as a covariate and in the out-
come definition, analyses were restricted
to participants who were fasting.

Data Collection
CARDIA data were collected according to
standardized protocols across the four
study sites as previously published in de-
tail (16). All covariates were measured at
the year 20 examination, except parental
history of diabetes, which was measured
at the year 10 examination by self-report.
Interviewers collected data on partici-
pants’ self-reported race, sex, and date
of birth at the baseline examination and
verified these data at each subsequent
examination. Self-reported medication
use was ascertained by trained inter-
viewers at the year 20 assessment. Height
and weight were measured with partici-
pants wearing light clothing and no shoes.
Body weight was measured to the nearest
0.2 kg using a calibrated balance-beam
scale, and height was measured with a
vertical ruler to the nearest 0.5 cm; BMI
was calculated as weight in kilograms di-
vided by the square of height in meters.
Waist circumference was measured to
the nearest 0.5 cm at the minimum ab-
dominal girth with participants standing
upright; the average of two waist circum-
ference measurements was used. Three
seated blood pressure measurements
were taken for each participant after a
5-min rest using an automated blood
pressure monitor, with the average of
the last two measurements used to de-
termine systolic and diastolic blood pres-
sure. Lipid assays were used to measure
total, HDL, and LDL cholesterol and tri-
glycerides. At the year 20 and 25 follow-
up, fasting and 2-h postload glucose were
measured by the hexokinase ultraviolet
method and A1C was assessed using a
Tosoh G7 high-performance liquid chro-
matography instrument. The coefficient
of variation for all assays was ,6%.

Risk Prediction Models
We calculated the 5-year predicted prob-
ability of developing type 2 diabetes for
CARDIA participants based on the existing
type 2 diabetes prediction model derived
in the ARIC study (7). The ARIC model was
developed on 7,915 participants (85%
non-Hispanic white, 15% AA) using
;9 years of follow-up starting in 1987–
1989. The ARIC model includes the fol-
lowing predictors: age, race (AA vs.
White), waist circumference, height, par-
ent history of type 2 diabetes, systolic
blood pressure, HDL cholesterol, triglyc-
erides, and fasting glucose. We selected
this model as our primary exposure, as it
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is the only existing model that explicitly
included an indicator variable for AA race
(3–5,7). The ARIC model predicts incident
diabetes over 9 years of follow-up. To ac-
count for the different length of follow-up
available for CARDIA participants, we di-
vided each CARDIA participant’s pre-
dicted probability by the number of
years of follow-up used in the prior study
(e.g., in ARIC, 9 years of follow-up) and
multiplied this number by 5 to obtain
the 5-year predicted probability of devel-
oping diabetes; this method assumes a
constant risk of diabetes (10).
In sensitivity analyses, we examined the

performance of two additional published
type 2 diabetes prediction models from
the Framingham Offspring Study and the
San Antonio Heart Study (8,9). In contrast
to the ARIC model, neither Framingham
nor the San Antonio Heart Study had any
AA participants. Thus, the diabetes predic-
tion models from these two cohorts pro-
vide an interesting comparison. Model
components and selected cohort charac-
teristics are described in Table 2.

Assessment of Diabetes
We evaluated incident type 2 diabetes
using two definitions: 1) an outcome
definition adapted from the ADA 2004
diagnostic guidelines, which included
reported use of antidiabetes medica-
tion, fasting glucose $126 mg/dL,
or 2-h oral glucose tolerance test
$200 mg/dL (1), and 2) an outcome def-
inition adapted from the ADA 2010 di-
agnostic guidelines, which included
reported use of antidiabetes medication
or fasting glucose $126 mg/dL, 2-h oral
glucose tolerance test $200 mg/dL, or
A1C $6.5% (2). Our definition of diabe-
tes required only one elevated measure
to define diabetes; confirmatory testing
was not available.
In a sensitivity analysis, we examined

an alternate definition of type 2 diabetes
using an outcome definition adapted
from the ADA 2010 diagnostic guidelines
as indicated above with the addition of
self-reported physician diagnosis of diabe-
tes (i.e., reported use of antidiabetes med-
ication or fasting glucose$126 mg/dL, 2-h
oral glucose tolerance test $200 mg/dL,
or A1C $6.5% or self-reported physician
diagnosis of diabetes).

Statistical Analysis
Using the data from the CARDIA year
20 clinical assessment (the baseline for
this study), we examined the distribution

of demographics, anthropometrics,
medical history, and clinical covariates
overall and by race. We also examined
the 5-year incidence of type 2 diabetes in
the overall population and stratified by
race using both the ADA 2004 and ADA
2010 guidelines.

For each risk prediction model, we
ran two sets of logistic regression mod-
els. The first set of models (model 1)
used CARDIA data and the regression
coefficients from the original published
ARIC model to calculate the predicted
probability of developing diabetes for
each participant using ADA 2004 and
ADA 2010 diagnostic guidelines. In the
second set of models (model 2), we refit
the regression models using the same
predictors from the original published
ARIC model and estimated new regres-
sion coefficients using the CARDIA data.
We also examined change in model per-
formance after adding baseline A1C as a
predictor of risk. All regression models
were estimated for the overall cohort
and in subgroups stratified by race. To
determine whether A1C results varied
by other sociodemographic factors,
we calculated the odds of developing
type 2 diabetes in subgroups defined
by sex, age (,45 years old vs.$45 years
old), and education level (did not com-
plete high school vs. graduated high
school) in addition to race (AA vs.
white). Models were evaluated using
three criteria to assess model fit: 1)
model discrimination was evaluated us-
ing area under the receiver operating
curve, a measure of how well the model
ranked individuals who developed dia-
betes as at higher risk than those who
did not (17,18); 2) model calibration,
which assesses how close the predicted
risks are to the observed risks (summa-
rized using the Hosmer-Lemeshow
goodness-of-fit test) (19); and 3) inte-
grated discrimination improvement
(IDI) after addition of baseline A1C as a
predictor (20–22). IDI is a measure of
the separation in predicted probabilities
for events and nonevents across the
“old” (ARIC predictors only) and “new”
(ARIC predictors + A1C) models. Relative
IDI compares the relative contribution
of the new predictor (A1C) with the av-
erage contribution of the predictors
from the original model. The original
ARIC model has nine predictors; with
the assumption that each variable con-
tributes equally to the discrimination

slope, the average contribution of each
predictor is 11.1%. Estimates and 95%
CIs for absolute and relative IDI findings
were estimated using 999 bootstrap replica-
tions with replacement (18,23). Analyses
were conducted using SAS 9.3 statistical
software (SAS Institute, Cary, NC).

RESULTS

Of the 2,456 participants included in anal-
yses, 40.7% were AA and 59.3% were
white. Whites tended to be older than
AA, were more likely to be male, and had
higher mean levels of triglycerides and
fasting glucose. AA were more likely to
have a parent with a history of type 2 di-
abetes, weremore likely to be prediabetic,
and had significantly higher mean values
of BMI,waist circumference, systolic blood
pressure, and A1C (Table 1).

The 5-year cumulative incidence of
type 2 diabetes differed substantially
when using the ADA 2004 diagnostic
guidelines compared with the ADA
2010 diagnostic guidelines. In the over-
all sample, the 5-year incidence of
type 2 diabetes was 3.0% (n = 74) under
the ADA 2004 diagnostic guidelines ver-
sus 5.1% (n = 124) using the ADA 2010
guidelines. AA were significantly more
likely than whites to develop diabetes
using either guideline: under ADA 2004
diagnostic guidelines, 4.5% (n = 45) of
AA developed type 2 diabetes versus
2.0% (n = 29) of whites (P , 0.0001);
under ADA 2010 guidelines, 7.6% (n =
76) of AA developed type 2 diabetes ver-
sus 3.3% (n = 48) of whites (P, 0.0001).

Components for the ARIC model are
presented in Table 2.With use of the pre-
viously published regression coefficients,
the ARICmodel yielded very high discrim-
ination (AUC 0.846) for incident diabetes
defined according to the ADA 2004 diag-
nostic guidelines (Table 3) (model 1a).
Model discrimination was slightly lower
when incident diabetes was defined ac-
cording to theADA2010diagnostic guide-
lines (model 1b) (AUC 0.822 vs. 0.846, P =
0.48 for difference between the two
AUCs). With use of the same set of pre-
dictors from the published ARIC model
and re-estimation of the regression equa-
tion in CARDIA, the prediction model
achieved similar discrimination (AUC
0.841) for diabetes defined according to
the ADA 2010 diagnostic guidelines
(model 2a). Adding baseline A1C as a co-
variate in the prediction model improved
discrimination significantly (model 2b)
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(AUC 0.841 vs. 0.863, P = 0.03 for differ-
ences between the two AUCs). Hosmer-
Lemeshow goodness-of-fit tests revealed

no evidence ofmodelmisspecification for
any of the models in the overall sample
(all P values.0.20).

Interaction terms examining the ef-
fect of A1C on diabetes risk in subgroups
defined by sex, age, education level, and
race indicated that the effect of A1C did
not differ in any of these subgroups ex-
cept for race (P values for interaction
terms: sex * A1C, P = 0.74; age * A1C,
P = 0.45; education * A1C, P = 0.26; and
race * A1C, P = 0.05).

Race-specific analyses revealed impor-
tant differences in model discrimination.
Across all models, model discrimination
was higher among whites than AA,
though these differences were not all sta-
tistically significant. With use of the ADA
2004 diagnostic guidelines (model 1a),
model discrimination was higher in
whites than in AA, though differences
did not reach statistical significance
(AUC in AA 0.802 vs. AUC in whites
0.887, P = 0.10). For all models that de-
fined diabetes according to the ADA
2010 diagnostic guidelines (models 1b,
2a, and 2b), model discrimination was
significantly higher in whites than in AA
(model 1b, AUC in AA 0.778 vs. AUC in
whites 0.860, P = 0.04; model 2a, AUC in

Table 1—Characteristics of CARDIA participants at year 20 (2005–2006)

Characteristic
Overall

(N = 2,456)
AA

(n = 999)
Whites

(n = 1,457) P†

Age (years) 45.29 6 3.56 44.59 6 3.81 45.78 6 3.30 ,0.0001

Male (%) 43.04 38.24 46.33 ,0.0001

BMI (kg/m2) 28.80 6 6.39 30.55 6 6.81 27.60 6 5.78 ,0.0001

Waist circumference
(cm) 90.42 6 14.35 92.37 6 14.18 89.08 6 14.31 ,0.0001

Parental history of
diabetes (%) 17.79 22.82 14.34 ,0.0001

Systolic blood
pressure (mmHg) 114.58 6 14.07 118.62 6 15.43 111.81 6 12.32 ,0.0001

HDL cholesterol
(mg/dL) 54.87 6 16.65 55.24 6 16.16 54.62 6 16.98 0.37

Triglycerides (mg/dL) 106.16 6 73.15 94.32 6 68.28 114.27 6 75.27 ,0.0001

Fasting glucose
(mg/dL) 94.33 6 9.35 93.72 6 10.37 94.74 6 8.56 ,0.01

A1C (%) 5.34 6 0.37 5.46 6 0.41 5.26 6 0.31 ,0.0001

A1C (mmol/mol) 35 6 4.0 36 6 4.5 34 6 3.4 ,0.0001

Prediabetes (%)‡ 39.05 46.55 33.91 ,0.0001

Data are means 6 SD unless otherwise indicated. †Comparison by x2 for categorical
variables and unpaired t tests for continuous variables. ‡Prediabetes defined as fasting glucose
100–125 mg/dL, A1C 5.7–6.4%, or oral glucose tolerance test 140–199 mg/dL.

Table 2—Summary of select existing type 2 diabetes prediction models and characteristics of original cohort

Study/version N

Average
follow-up
(years)

Baseline for
model

development Population sample Variables Outcome ascertainment

ARIC: clinical model plus
fasting glucose and lipids

7,915 9 1987–1989 85% white, 15% AA Age, race, waist
circumference, height,
parental history of
diabetes, HDL
cholesterol,
triglycerides, fasting
glucose, systolic blood
pressure

Elevated 2-h glucose,
elevated fasting glucose,
diabetes medications, or
report of a clinical diagnosis
during follow-up

Framingham: multivariate
prediction with
continuous variables

3,140 7 Mid-1990s 99% white,
0% AA

Age, sex, BMI, waist
circumference, parent
history of diabetes,
HDL cholesterol,
triglycerides, fasting
glucose, systolic blood
pressure

Diabetes medications or
elevated fasting glucose

San Antonio Heart Study:
clinical model with no
2-h glucose

3,004 7.5 1979–1982,
1984–1988

61% Mexican
American, 39%
white, 0% AA

Age, sex, Mexican
American ethnicity, BMI,
family history of
diabetes, HDL
cholesterol, fasting
glucose, systolic blood
pressure

Diabetes medications,
elevated fasting glucose,
elevated 2-h glucose, or
self-report of physician
diagnosis

Prediction models used to calculate probability (diabetes) = exp(x) / [1 + exp(x)]. ARIC study logistic regression model: x =29.9808 + 0.0173 * age in
years + 0.4433 * AA race + 0.4981 * 1; if parent history of diabetes is present, + 0.0880 * fasting glucose inmg/dL + 0.0111 * systolic blood pressure in
mmHg + 0.0273 * waist circumference in cm 2 0.0326 * height in cm 2 0.0122 * HDL cholesterol in mg/dL + 0.00271 * triglycerides in mg/dL.
Framingham Study logistic regression model: x = 218.607 2 0.0101 * age in years 2 0.4308 * sex (1 if male, 0 if female) + 0.4383 * 1 if parent
history of diabetes; if present, + 0.03922 * BMI + 0.001 * systolic blood pressure inmmHg2 0.0488 * HDL inmg/dL + 0.0488 *waist circumference in
cm + 0.1398 * fasting glucose in mg/dL. San Antonio Heart Study logistic regression model: x = 213.415 + 0.028 * age in years + 0.661 * sex (1 if
female, 0 if male) + 0.412 * 1 if Mexican American (all 0 for this study) + 0.079 * fasting glucose in mg/dL + 0.018 * systolic blood pressure in mmHg2
0.039 * HDL in mg/dL + 0.070 * BMI + 0.481 * 1 if family history of diabetes is present.
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AA 0.796 vs. AUC in whites 0.875, P =
0.04; and model 2b, AUC in AA 0.816 vs.
AUC in whites 0.902, P = 0.008). Hosmer-
Lemeshow goodness-of-fit tests revealed
no evidence ofmodelmisspecification for
any of the models in race-specific analy-
ses (all P values .0.20).
In the overall sample, the difference in

mean predicted probabilities of type 2 di-
abetes between participants who devel-
oped diabetes and those who did not
was 14.2% (model 2a); this increased to
17.3% with the addition of predictor A1C
(model 2b), resulting in a statistically sig-
nificant absolute IDI of 0.031 (95% CI
0.014, 0.047; P , 0.0001) (Fig. 1) and a
relative IDI of 21.8% (95% CI 9.4, 34.3;
P , 0.0001). In AA, the absolute IDI was
0.029 (95% CI 0.006, 0.049; P , 0.0001)

and the relative IDI was 21.7% (95%
CI 4.3, 38.2; P , 0.0001). In whites, the
absolute IDI was 0.031 (95% CI 0.005,
0.055; P , 0.0001) and the relative IDI
was 22.8% (95% CI 4.3, 43.4; P, 0.0001).

Findings from sensitivity anal-
yses evaluating discrimination of the
Framingham and San Antonio Heart
Study models among CARDIA partici-
pants were similar to findings with the
ARIC model (Supplementary Table 1).
For each of these models, model discrim-
ination was consistently higher in whites
than in AA. Results from a sensitivity anal-
ysis that examined an alternate outcome
definition (which included self-reported
physiciandiagnosis of diabetes)were sim-
ilar to results from our main analysis
(Supplementary Table 2).

CONCLUSIONS

In the current study, a previously pub-
lished type 2 diabetes risk predictionmodel
maintained high levels of discriminative
validity when applied to a modern, bira-
cial cohort of U.S. adults. We found that
model discrimination was high when
using the ADA 2004 diagnostic guidelines
among CARDIA participants. Defining in-
cident diabetes using the ADA 2010 diag-
nostic guidelines, which include A1C,
resulted in a decrease in model discrimi-
nation, which was reversed with the addi-
tion of baseline A1C as a predictor of
type 2 diabetes risk. In the overall sample,
there was no evidence of lack of model
calibration. The addition of predictor
A1C yielded a statistically significant in-
crease in IDI and a relative IDI of 21.8%, a
contribution that is well above the aver-
age contribution of the other nine predic-
tors in the ARIC model (11.1%). These
findings suggest that including A1C in the
prediction model results in significant
improvement in model performance.

When racial subgroups in CARDIA
were analyzed separately, model perfor-
mance was better among whites than
AA. For all models that used ADA 2010
diagnostic guidelines, model discrimina-
tion was significantly higher in whites
than AA. The addition of baseline A1C
improved model discrimination in whites
and AA to a similar degree, and IDI anal-
yses suggested that A1C significantly
improved model performance in both
whites and AA. Results from the current

Table 3—Discrimination of 5-year incident diabetes using the ARIC risk prediction model: the CARDIA study (2005–2011)

Overall
AUC (95% CI)

AA
AUC (95% CI)

Whites
AUC (95% CI) P*

Model 1: previously published regression coefficients†
Model 1a: ADA 2004 diagnostic guidelines 0.846 (0.794, 0.898) 0.802 (0.721, 0.884) 0.887 (0.827, 0.947) 0.10
Model 1b: ADA 2010 diagnostic guidelines 0.822 (0.782, 0.862) 0.778 (0.716, 0.840) 0.860 (0.814, 0.906) 0.04
P‡ 0.48 0.64 0.48

Model 2: regression equations re-estimated in CARDIA
using ADA 2010 diagnostic guidelines§
Model 2a: original predictors 0.841 (0.806, 0.876) 0.796 (0.737, 0.854) 0.875 (0.830, 0.920) 0.04
Model 2b: original predictors + A1C 0.863 (0.832, 0.894) 0.816 (0.763, 0.869) 0.902 (0.867, 0.936) 0.008
Pk 0.03 0.14 0.08

*P for unpaired receiver operating characteristic comparison of models estimated in AA vs. whites. †Models 1a and 1b used the following
published ARIC prediction model to calculate diabetes risk: probability (diabetes) = [[exp(x)/(1+exp(x))]/9] * 5, where x =29.9808 + 0.0173 * age in
years + 0.4433 * AA race + 0.4981 * 1 if parent history of diabetes is present + 0.0880 * FPG in mg/dL + 0.0111 * SBP in mmHg + 0.0273 * waist
circumference in cm2 0.0326 * height in cm2 0.0122 * HDL cholesterol in mg/dL + 0.00271 * triglycerides in mg/dL. ‡P value for unpaired receiver
operating characteristic comparison of models estimated within overall cohort, AA, and whites comparing change in model discrimination when
diagnostic guidelines are updated from ADA 2004 to ADA 2010 diagnostic guidelines. §Model 2a included the following predictors from the
published ARIC prediction model: age, parent history of diabetes, fasting glucose, systolic blood pressure, waist circumference, height, HDL
cholesterol, and triglycerides. Model 2b included the same predictors as model 2a with the addition of A1C. kP value for paired receiver operating
characteristic comparison of models estimated within overall cohort, AA, and whites comparing change in model discrimination when diagnostic
guidelines are updated to include baseline A1C as a predictor.
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Figure 1—Change in 5-year predicted probability of developing diabetes when updating from
the ARIC model predictors (age, parent history of diabetes, fasting glucose, systolic blood
pressure, waist circumference, height, HDL cholesterol, triglycerides) to the ARIC model predic-
tors plus predictor A1C in the overall cohort and in racial subgroups. All models defined diabetes
using ADA 2010 diagnostic guidelines.
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analysis confirm our hypothesis that
when type 2 diabetes prediction models
are updated to include A1C, a reflection
of current clinical practice for the diagno-
sis of type 2 diabetes, there exists a racial
divide in model performance. This dif-
ference in model performance may re-
flect racial differences in diagnostic
practices among other factors. There-
fore, we also examined other subgroups
defined by sex, age, and education
level to determine whether racial differ-
ences inmodel performancewere being
influenced by other key sociodemo-
graphic factors. These subgroup analy-
ses indicated that the effect of A1C did
not differ in any of these subgroups
(P values for interaction term .0.20
for all subgroups).
Potential limitations of this study

included the availability of A1C measure-
ments only at the year 20 and 25 follow-
up. This short follow-up time (5 years)
may have affected our study’s power to
detect significant differences in model
performance, particularly among the ra-
cial subgroups. Also, our study defined
diabetes based on modified diagnostic
guidelines using reported use of antidia-
betes medication, a single measurement
of fasting glucose, or 2-h glucose or A1C;
we did not have confirmatory testing
available for fasting glucose. The diabe-
tes definition used in our study differed
slightly from the definition used in the
ARIC study: both studies included fasting
glucose and use of antidiabetes medica-
tions, but our definition included 2-h glu-
cose where ARIC did not, and ARIC
included self-report of diabetes diagno-
sis where our study did not. Because in-
cident diabetes was assessed at the
follow-up exam 5 years after baseline,
our analyses assume a constant risk of
diabetes over the study period, and
we were unable to assess whether the
risk of diabetes varied at specific time
points. Additionally, while it is not sur-
prising that the inclusion of baseline
A1C improved model performance, our
findings highlight the extent to which
addition of baseline A1C improves diabe-
tes prediction in this biracial population
and provide evidence of differential pre-
diction by race in models with and with-
out A1C. Lastly, the existing diabetes risk
prediction models did not include life-
style factors, such as diet and physical
activity, so these variables were not
evaluated in our study. Strengths of our

study included the use of a large biracial
cohort from four cities across the U.S.
with detailed clinical and metabolic
data available, including all of the recom-
mended tests for assessing diabetes sta-
tus (i.e., fasting glucose, 2-h glucose, and
A1C).

Overall, an existing type 2 diabetes
risk prediction model derived from the
ARIC study maintained relatively strong
discriminatory power in a biracial co-
hort comprised of AA and whites from
four geographically diverse cities across
the U.S. Existing type 2 diabetes risk
prediction models should be updated
to incorporate ADA 2010 diagnostic cri-
teria, as these criteria reflect current
clinical guidelines. Findings from our
analysis support the inclusion of A1C
as a predictor of incident type 2 diabe-
tes for AA and whites, yet suggest that,
specifically in AA, there is a need for
closer examination of the optimal pre-
diction of diabetes risk in AA. Further
investigation in additional cohorts that
include racial and ethnic minorities is
warranted.
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