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Abstract
Since 2010, the American Diabetes Association has endorsed both HbA1C (A1C) and fasting plasma glucose (FPG) to determine
diabetes risk. Given the discordance between classifications based on FPG and A1C and higher A1C levels among African Americans
(AAs) than whites, we sought to examine the prevalence of normoglycemia, prediabetes, and diabetes among a community sample
of adult AAs (n=704) screened for enrollment in a randomized Diabetes Prevention Program (DPP). We conducted a retrospective
analysis to estimate the degree of discordance between risk categories based on FPG and A1C and examine the risk factors that
predicted A1C and FPG levels. To determine differential effects on risk categories defined using FPG and A1C, we examined the
effects of the program on the measures at 12 weeks post-intervention among the intervention arm participants.

The tests revealed different prevalence levels at baseline: A1C, 36.2% normoglycemia, 52% prediabetes and 11.8% diabetes;
FPG, 81.1%, 16.8%, and 2%, respectively. There was discordance among A1C and FPG and among the risk categories (p<0.001).
Both final regression models included age and waist circumference as predictors. For FPG, additional predictors were family history
of diabetes and male gender. Post intervention, only those classified in the prediabetes category defined in terms of either test
demonstrated intervention effects. Screening test choice results in different sample composition; both A1C and FPG respond to
intervention effects among individuals classified in the prediabetes group only. These results have implications for research and
clinical practice.
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Introduction

Although the prediabetes rates among African Americans
(AAs) and non-Hispanic whites are similar (39% and 35%,
respectively), the type 2 diabetes rate among AAs is almost double
that of non-Hispanic Whites [1]. Type 2 diabetes develops over
a continuum of glycemic progression and beta cell dysfunction.
As early as seven years before the diagnosis of type 2 diabetes is
made the damaging microvascular effects of dysglycemia such as
nephropathy and retinopathy begin to develop [2,3]. Therefore,
it is imperative to halt prediabetes and its progression to type 2
diabetes. Data from the Diabetes Prevention Program (DPP) and
other community studies demonstrated compelling evidence that

lifestyle interventions that target modifiable risk factors such as
obesity and sedentary behavior can delay the onset of incident type
2 diabetes among individuals with prediabetes [4,5]. As efforts to
continue to implement the DPP evidenced-based programs into
community settings, DPP translation teams must carefully consider
the appropriate method to use for participant screening. DPP
translation teams primarily use the fasting plasma glucose (FPG) to
determine participant eligibility. However, since the endorsement
of HbA1C (A1C) by the American Diabetes Association (ADA) as a
screening test in 2010, A1C has been added as an additional option
[6]. Because there are no recommendations regarding the best
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glucose test choice, it is important to determine how FPG and A1C
perform in identifying prediabetes in high-risk individuals such as
overweight/obese AAs.

Evidence from prospective cohort and nationally representative
cross-sectional studies indicate that the prevalence of prediabetes
varies by choice of glucose test [7-9]. Moreover, higher A1C values
among AAs are well documented [10-14], yet the results are
mixed regarding whether the higher values are reflective of higher
diabetes risk [15-17]. These controversies have led to questions
regarding the performance of A1C among AAs for screening [1820]. To our knowledge, the impact on participant classification
of using both A1C and FPG to screen community-based AAs for a
DPP-like intervention has not been reported. Given the convenient
use of the A1C test compared to FPG, translation teams are likely
to increase the use of A1C as a screening method for community
based DPPs.

The Purpose of This Analysis was Threefold to

a. Compare the prevalence of normoglycemia, prediabetes, and
diabetes among a sample of AAs who were screened for enrollment
in a randomized community-based DPP Group Lifestyle Balance
Program (GLB) known as Fit Body and Soul;

b. Estimate the degree of discordance between risk group
classifications based on FPG and A1C; and

c. Examine the risk factors that predicted A1C and FPG levels.
In addition, we examined the effects of the GLB on the same
measures at 12-week post-intervention among the Fit Body and
Soul intervention arm [21,22].

Inclusion Criteria for Fit Body and Soul were: self-described
AA, ages 20–64 years, non-diabetic (FPG) <126 mg/dl),a body-mass
index (the weight in kilograms divided by the square of the height
in meters) ≥25, no medical contraindications to physical activity, no
history of gastric weight-loss surgery or weight loss of more than
10 % in the past 3 months for any reason other than childbirth,
no physical conditions or medications that might affect glucose
metabolism, no behaviors that might interfere with participation,
no illnesses that would limit life span, and for females, no current
pregnancy or planned pregnancy within the study period. The
primary outcome measure was weight reduction by week 12.
Secondary outcomes included A1C, FPG, anthropometrics, and
Self-Administered Questionnaires: International Physical
Activity Questionnaire LF, SF12, and the Euro-Quality of Life. Data
collectors obtained outcomes measures at baseline, 12 weeks
post-intervention and 12 months post- baseline measurements.
A complete description of full methodology and the results of Fit
Body and Soul are reported elsewhere.

Materials and Methods

A retrospective data analysis was conducted from the sample
of adult AAs who were screened for inclusion in Fit Body and Soul
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(n=704). The analysis presented here includes all individuals
who were screened for study eligibility, including those who were
subsequently excluded due to glucose values that exceeded the Fit
Body and Soul inclusion criteria. For post-intervention effects, we
analyzed the GLB intervention arm only. The study was approved by
the Augusta University Institutional Review Board. All participants
were consented.

Glucose level was classified as normal, prediabetes, or diabetes
according to the ADA guidelines [6]. For A1C, prediabetes was
defined as A1C between 5.7% and 6.4% (39 mmol/mol-46 mmol/
mol); normoglycemia, A1C<5.7% (39 mmol/mol); and diabetes,
A1C≥6.5% (48 mmol/mol). For FPG, prediabetes was defined
as FPG between 100 and 125 mg/dl; normoglycemia, FPG < 100
mg/dl; and diabetes, FPG>125. Multiple linear regression (MLR)
analyses were then performed to assess the predictive ability of
type 2 diabetes risk factors on both FPG and A1C. A separate MLR
model was developed for each dependent variable (A1C and FPG)
using forward selection, backward-elimination, and stepwise
variable-selection procedures. Final MLR models were assessed
for adherence to assumptions using standard statistical tests and
detailed graphical analysis of residuals for each model.
To test for significant improvement of A1C and FPG in the GLB
intervention arm participants from baseline to 12- weeks post
intervention, the Wilcoxin signed-ranks test was used due to the high
degree of skewness in the FPG and A1C data. The prediabetes and
normoglycemia groups were compared in terms of improvement
in A1C and FPG at 12-weeks post intervention by using the MannWhitney-Wilcoxon rank-sum test. Mc Nemar’s was used to test for
significant discordance between the classifications based on A1C
and FPG, and Cohen’s kappa to measure agreement between them.
All statistical tests were two-tailed and were performed at the 0.05
level of significance. SPSS, Version 21 (IBM Corp., 2012) was used
for all analyses.

Results

The mean age of participants was 46.7 years (SD =10.8. Most
were female (82.5%), married (52.0%), employed fulltime (72.7%)
and college-educated (83.2%). The mean body mass index was
35.4 (SD = 7.4) and mean waist circumference was 107.8 cm (SD =
15.7). According to A1C, the average participant was categorized in
the prediabetes group, mean A1C 5.85% (40 mmol/mol) [SD=0.57].
According to FPG, the average participant was categorized in the
normoglycemia group, mean 91.7 mg/dl (SD =13.6).

Discordance between FPG and A1C

McNemar’s test indicated significant discordance between
FPG and A1C in terms of the ADA classifications (p< 0.001). The
FPG classified more participants in the normoglycemia category at
baseline and the A1C classified more participants in the prediabetes
category. The agreement between ADA classifications based on A1C
and FPG was weak (Cohen’s Kappa =0.136), as shown in Table 1.
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Table 1: Sample Comparison of Participant Classification by Glucose Test (n = 646).
Normoglycemia
Criteria

Participants
n (%)

<5.6 %

234 (36.2)

ADA HbA1C
ADA FPG

<99 mg/dl

*McNemar Chi Square

p-value*

Prediabetes
Criteria

Participants
n (%)

5.7–6.4%

336 (52.0)

0.001

524 (81.1)

100–125
mg/ dl

Regression Analysis
β

Intercept

4.27

Age

Waist
Circumference
F

R2

Note: ***p < 0.001

Std. Error

Beta

0.002

0.266***

0.014
42.62**

0.009

0.001

0.001

Diabetes
Criteria

Participants
n (%)

≥6.5%

76 (11.8)

≥126 mg/ dl

13 (2.0)

p-value*

0.001

were age, waist circumference, family history of diabetes, and male
gender, with the model explaining 8.8% of the variance (Table 3).

Table 2: Final Regression Model Predicting HbA1C (n = 644).
Predictor

109 (16.8)

p-value*

Table 3: Final Regression Model Predicting Fasting Plasma
Glucose (n = 496).

0.238***

Predictor

β

Intercept

60.76

Waist
Circumference

0.178

Age

0.117

Family History

The final MLR model predicting A1C explained 11.7% of the
variance and included age and waist circumference as predictors
(Table 2). For FPG, the predictors included in the final MLR model

Male Gender
F

R2

11.81**

Std. Error

Beta

0.217

0.057

0.166***

3.595

1.22

0.127**

3.992

0.039
1.65

0.200***
0.105*

0.088

Note: *** p < 0.001; *p < 0.01; *p < 0.05

Analysis of Intervention Effects on A1C and FPG at Week 12 Follow up Among the GLB Arm Participants
Table 4: Change in FPG and A1C from Baseline to 12 Week Follow-Up Among GLB Arm Participants Classified in Prediabetes and
Normoglycemia Groups.
Improvement Outcome
HbA1C
Fasting Plasma Glucose

*Significant at p < 0.05.

Group

Sample

Pre-diabetes

159

Normo-glycemia
Pre-diabetes

Normo-glycemia

Change

p-value for Change

p-value Between Group Difference

-0.10 ± 0.25

< 0.001*

< 0.001*

-8.0 ± 9.7

< 0.001*

< 0.001*

106

+0.05 ± 0.26

243

-0.6 ± 9.4

50

A1C data were available for 265 (72%) of the 370 participants
enrolled in the GLB arm at week 12. Of these participants, 159 (60%)
were classified in the prediabetes group and 106 (40%) in the
normoglycemia group at baseline. FPG data were available for 293
(79%) of the 370 participants in the GLB arm at week 12. Of these
participants, 50 (17%) were classified in the prediabetes group
and 243 (83%) in the normoglycemia group at baseline (Table 4).
From baseline to week 12, A1C improved significantly (p=< 0.001)
among those classified in the prediabetes group, whereas those in
the normoglycemia group had a significant increase (p=0.002) in
their A1C level. The pre-diabetes group differed significantly from
the normoglycemia group in terms of change in A1C from baseline
to week 12 (p=0.001). At week 12, the improvement in FPG was
significant only among those classified in the prediabetes group.
As indicated in Table 4, the FPG improvement in the prediabetes
group was significantly greater than the small improvement in the
normoglycemia group.

0.002
0.447

Discussion
We found that screening high-risk AAs with A1C or FPG
identified different individuals in the prediabetes category and
that there was a significant discordance between the diagnosis of
prediabetes based on the A1C and FPG criteria among AAs. These
findings are consistent with other reports [9, 23]. Additionally,
regardless of the test used, significant glucose improvements
occurred among individuals with prediabetes.

Different participant classification according to the screening
test used emphasizes the implications of investigator choice of test.
According to our analysis, in this sample the A1C identified more
individuals in the prediabetes category than FPG. Therefore, the
use of FPG may over-classify AAs in the normoglycemia group,
which may result in potentially high-risk individuals being excluded
from participation in DPPs. On the other hand, the use of A1C may
over-identify AA participants as having prediabetes. Higher A1C
levels among AAs is consistent with results found in nationally
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representative samples [14, 24] and in those found in the original
DPP study [13]. Although the results are mixed, elevated A1C levels
may not be indicative of increased diabetes risk among AAs but may
reflect the known higher A1C levels among this population.

Given our regression analysis results and the high prevalence of
known diabetes risk factors among AAs such as overweight/obesity,
hypertension, and family history of diabetes, community-based DPP
translation teams might consider the use of non-invasive diabetes
risk assessment tools, such as the ADA or CDC questionnaires to
conduct participant screening [25,26]. These simple-to-use pencil
and paper tools are easy to apply in the community setting and they
have acceptable sensitivity and specificity [27].

Our results are consistent with those of others in that the
GLB intervention was most effective among those classified in the
prediabetes group [28,29]. To our knowledge, there is no evidence
that suggest metabolic benefits of weight loss among AAs with
normoglycemia. Moreover, because the majority of individuals
with normoglycemia are less likely than those with prediabetes to
progress to diabetes, DPP translation teams may consider limiting
enrollment to individuals with prediabetes. The clinical significance
of elevated A1C levels among AAs remains unclear. Selvin et al. [17]
found that elevated A1C was a predictor of renal and cardiovascular
outcomes as well as mortality. However, despite the higher baseline
A1C values among AAs, there were no differences in these outcomes
between AAs and whites.
Lacey et al. [30] included A1C in a 5-year diabetes risk prediction
model in a biracial cohort of AA and white adults. Although results
indicated that adding the baseline A1C as a predictor to the model
improved discrimination in both races, the model discrimination
was significantly higher (p=0.008) in whites than AAs. The results
of these studies indicate that additional prospective epidemiologic
investigations such as the Atherosclerosis Risk in Communities
(ARIC) cohort study are warranted to elucidate the predictive value
of A1C for incident diabetes and diabetes complications among AAs
in community-based samples [31].
Although our study elucidated the impact of choice of screening
test on sample composition, it is not without limitations. The
current study focus was not the original aim of Fit Body and Soul;
therefore, the data were limited by the variables collected during
the original study. Additional laboratory tests, such as lipid panel
and urine microalbumin might have explained more of the variance
in the regression models. Moreover, a gold standard measure
such as the oral glucose tolerance test would have provided more
information regarding test performance. Despite the limitations,
the findings of this study add to the body of literature regarding the
impact of DPP translation team’s choice of screening methods when
preparing to implement a community-based DPP.

Conclusion

The investigator choice of glucose test results in different
sample makeups. However, regardless of the glucose test used,
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significant glucose improvements occurred only among individuals
with prediabetes. These findings support evidence that DPP
interventions should be limited to high-risk individuals based on
glucose status.
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