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ABSTRACT
Objective: It is well known that A1c varies by race.
However, racial differences in other biomarkers of
hyperglycemia are less well characterized. The
objective of this study was to determine whether
average levels of glycemic markers differ by race in
adults with and without diagnosed diabetes, before and
after accounting for postchallenge glucose.
Research design and methods: This cross-
sectional study included 2692 middle-aged men and
women (5.5% with diagnosed diabetes; 44% African-
American; and 56% white) from the Coronary Artery
Risk Development in Young Adults Study (2005–2006)
who had fasting glucose, 2-hour postchallenge
glucose, A1c, glycated albumin, fructosamine, and
1,5-anhydroglucitol (1,5-AG) measured. Multiple linear
regression was used to evaluate racial differences in
mean levels of each glycemic marker stratified by the
diabetes status and adjusted for sociodemographics,
cardiovascular factors, and postchallenge glucose.
Results: Among those with diagnosed diabetes, racial
differences were not observed for any of the glycemic
markers. In contrast, among those without diagnosed
diabetes, African-Americans had higher mean levels
than whites of A1c (β=0.19% points; 95% CI 0.14 to
0.24), glycated albumin (β=0.82% points; 95% CI 0.68
to 0.97), fructosamine (β=8.68 μmol/L; 95% CI 6.68 to
10.68), and 2-hour glucose (β=3.50 mg/dL; 95% CI
0.10 to 6.90) after multivariable adjustment, whereas
there were no statistically significant racial difference in
1,5-AG. The racial differences observed for A1c,
glycated albumin, and fructosamine persisted after
further adjustment for fasting and 2-hour glucose and
were of similar magnitude (SD units).
Conclusions: Racial differences in glycemic marker
levels were evident among middle-aged adults without
diagnosed diabetes even after adjustment for
postchallenge glucose. Whether these racial differences
in biomarkers of hyperglycemia affect the risk of
complications warrants additional study.

INTRODUCTION
Current clinical practice recommendations
identify fasting glucose, 2-hour postchallenge
glucose, and hemoglobin A1c (A1c) as the

standard glycemic markers for the assess-
ment of type 2 diabetes and pre-diabetes
status.1 However, racial differences in mean
levels of these glycemic markers have been
observed across the glycemic continuum. A1c
has consistently been shown to be higher in
African-Americans compared with whites
among individuals with diabetes,2 3 pre-
diabetes,3 4 and normal glycemia.3 5 In con-
trast to findings for A1c, mixed findings have
been reported for fasting glucose and 2-hour
glucose among individuals without diabetes,
with studies reporting African-Americans
having lower fasting glucose and 2-hour
glucose levels than whites5 as well as no
racial differences.6

Less commonly used glycemic markers, such
as glycated albumin, fructosamine, and
1,5-anhydroglucitol (1,5-AG), reflect different
aspects of glycemia and may provide insights
into observed racial differences in measures of
hyperglycemia. Glycated albumin and fructo-
samine are indicative of short-term glycemic
control over 2–3 weeks based on glycation of
serum proteins,7 whereas serum 1,5-AG con-
centrations reflect postprandial hyperglycemia
in the setting of diabetes where lower levels
result from glucose peaks above the renal
threshold.8 In the Atherosclerosis Risk in
Communities (ARIC) study, A1c, glycated
albumin, and fructosamine levels were higher

Key messages

▪ Hemoglobin A1c, glycated albumin, fructosa-
mine, and 2-hour postchallenge glucose levels
were higher for African-Americans than whites
without diabetes.

▪ These racial differences were of similar magni-
tude and observed for multiple glycemic markers
that reflect distinct aspects of glycemia.

▪ No racial differences in glycemia were observed
for those with diagnosed diabetes.
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for African-Americans than whites among those with and
without diabetes after multivariable adjustment.9

Furthermore, 1,5-AG and fasting glucose also varied by
race among those without diabetes in the ARIC study, but
assessments of 2-hour glucose were not available.9 An
international study of 2094 individuals with diabetes
reported that Africans residing in the USA had higher A1c
than whites, yet more favorable 1,5-AG levels.10 Prior
studies have not investigated standard glycemic markers,
including 2-hour glucose, and emergent short-term and
long-term glycemic markers, in a community-based cohort
of individuals with and without diabetes. Thus, this study
compared levels of fasting glucose, 2-hour glucose, A1c,
glycated albumin, fructosamine, and 1,5-AG among
African-American and white middle-aged adults with and
without diagnosed diabetes from the Coronary Artery Risk
Development in Young Adults (CARDIA) study.

RESEARCH DESIGN AND METHODS
Study design and population
CARDIA is a prospective cohort study designed to inves-
tigate trends and determinants of cardiovascular disease
risk in the USA. A detailed overview of the study design,
recruitment, and objectives has been previously pub-
lished.11 Briefly, the baseline examination (1985–1986)
included 5115 African-American and white men and
women aged 18–30 years from Birmingham, Alabama;
Chicago, Illinois; Minneapolis, Minnesota; and Oakland,
California. Follow-up examinations were conducted at
years 2 (1987–1988), 5 (1990–1991), 7 (1992–1993), 10
(1995–1996), 15 (2000–2001), 20 (2005–2006), and 25
(2010–2011) following the baseline examination.
Participant retention rates for each of the follow-up
examinations have been high, with 72% (n=3549) of sur-
viving participants completing the year 20 examination
(baseline for this analysis). Centralized training and cer-
tification, standardized methods, and quality control
measures were implemented to ensure high data quality
for all examinations.12 The Institutional Review Board at
each participating site approved all protocols and partici-
pants provided written informed consent at each study
examination.
For the current cross-sectional analysis, only data col-

lected at the year 20 examination (2005–2006) were
used. We excluded 309 participants who were missing
stored blood samples for the measurement of glycated
albumin, fructosamine, or 1,5-AG; 398 missing A1c or
fasting glucose; and 150 missing covariate data for a final
sample size of 2692 participants. All analyses were strati-
fied by diagnosed diabetes, defined as a self-report of a
physician diagnosis of diabetes or use of insulin or oral
hypoglycemic medications, resulting in a sample size of
147 participants with diagnosed diabetes and 2545 parti-
cipants without diagnosed diabetes. Participants were
ineligible for the oral glucose tolerance test to assess
2-hour glucose if they reported using steroids (except
oral inhalers), insulin, or oral medications, or may have

been pregnant. As a result, 2-hour glucose was not
assessed for those with diagnosed diabetes and the
sample size for the analysis of 2-hour glucose was 2164
for those without diagnosed diabetes.

Glycemic markers
Fasting glucose was measured using a hexokinase method
coupled with glucose-6-phosphate dehydrogenase. After
the initial venipuncture, participants who met eligibility
criteria for the oral glucose tolerance test were asked to
drink a 75 g glucose solution for the oral glucose toler-
ance test and had a second venipuncture 2 hours later to
obtain 2-hour glucose measured using the hexokinase
method. A1c was measured from a whole blood aliquot
by ion-exchange high-performance liquid chromatog-
raphy using a Tosoh G7 (Tosoh Bioscience,
San Francisco, California, USA).13 Fasting glucose,
2-hour glucose, and A1c were analyzed at the University
of Minnesota during the year 20 examination (2005–
2006). The interassay coefficients of variation were 1.9%
for fasting glucose, 3.5% for 2-hour glucose, and 1.3%
for A1c.
Serum specimens from the year 20 examination were

stored at –70°C and used to analyze glycated albumin,
fructosamine, and 1,5-AG in 2014 using a Roche COBAS
6000 chemistry analyzer (Roche Diagnostics Corporation,
Indianapolis, Indiana, USA) at the University of
Minnesota. Glycated albumin was measured using an
enzymatic method coupled with a colorimetric method
using an albumin-specific proteinase, ketoamine oxidase,
and albumin assay reagent (Lucica GA-L, Asahi Kasei
Pharma Corporation, Tokyo, Japan).14 Fructosamine was
measured using a colorimetric method to detect total gly-
cated serum proteins resulting from the reduction of
nitro blue tetrazolium by ketoamines (Roche
Diagnostics).15 1,5-AG was measured using an enzymatic
assay coupled with a colorimetric method to detect the
oxidation of 1,5-AG by peroxidase (GlycoMark,
Winston-Salem, North Carolina, USA).16 17 The interas-
say coefficients of variation were 2.9% for glycated
albumin, 1.8% for fructosamine, and 3.6% for 1,5-AG.
The glycated albumin assay demonstrated stable perform-
ance in samples stored over 20 years and high correlation
with A1c.18

Ascertainment of covariates
Data on age, sex, race, education, and smoking status
were collected using standardized questionnaires.
Height and weight were measured by a certified study
personnel and were used to calculate body mass index
(BMI) in kg/m2. After resting for 5 min in the seated
position, blood pressure was measured three times at
1 min intervals using an appropriate sized cuff and a
standard automated measurement monitor (Omron
model HEM907XL), with the average of the second and
third measurements used to determine systolic blood
pressure (SBP). Total cholesterol was measured enzyma-
tically, HDL-cholesterol was determined by precipitation
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with dextran sulfate–magnesium chloride, and
LDL-cholesterol was estimated from the Friedewald
equation.19 Medication use was ascertained by a ques-
tionnaire and a pill bottle review.

Statistical analysis
All analyses were stratified by the diagnosed diabetes
status. Racial differences in participant characteristics
were assessed using χ2, Fisher’s exact, and t- tests as
appropriate. Multiple regression was used to assess dif-
ferences in mean levels of each glycemic marker for
African-Americans compared with whites. Model 1
adjusted for age, sex, and education. Model 2 adjusted
for model 1 variables plus study field center, smoking
status, BMI, SBP, use of antihypertensive medications,
total cholesterol, HDL-cholesterol, and use of
lipid-lowering medications. Model 3 adjusted for model
2 variables plus 2-hour glucose (for outcomes other
than 2-hour glucose) and fasting glucose (for outcomes
other than fasting glucose) for those without diagnosed
diabetes. Since the glycemic markers have different
measurement units, an additional analysis used multiple
regression to evaluate racial differences in standardized
values (mean=0 and SD=1) of each glycemic marker
stratified by diabetes status. Sensitivity analyses were con-
ducted for individuals with diagnosed diabetes to adjust
for diabetes medication and for individuals without diag-
nosed diabetes who had normal glucose tolerance
(2-hour glucose <140 mg/dL). All statistical analyses
were conducted using SAS V.9.4 (SAS Institute, Cary,
North Carolina, USA).

RESULTS
Participant characteristics are presented overall and
stratified by diagnosed diabetes status in table 1.
Diagnosed diabetes was more common among
African-Americans (8.0%) than whites (3.4%). Among
those with diagnosed diabetes, participant characteristics
were similar, except African-Americans were younger,
more likely to be current smokers, and had higher HDL
compared with whites. Among those without diagnosed
diabetes, African-Americans had more adverse health
characteristics than whites, including higher BMI,
higher SBP, and a parental history of diabetes.
The correlations among glycemic markers are pre-

sented by diagnosed diabetes status in online supple-
mentary table S1. Among participants with diagnosed
diabetes, the glycemic markers were moderately to
strongly correlated overall. Fasting glucose was positively
correlated with A1c (0.76), glycated albumin (0.77), and
fructosamine (0.78), and inversely correlated with
1,5-AG (−0.59). A1c exhibited a similar pattern with
positive correlations with glycated albumin (0.84) and
fructosamine (0.80), and a slightly stronger inverse cor-
relation with 1,5-AG (−0.76). Among the emerging gly-
cemic markers, glycated albumin and fructosamine
exhibited the strongest correlation (0.94).
Among participants without diagnosed diabetes, the

correlations were mostly weak to moderate. Fasting
glucose was positively correlated with A1c (0.37) and
2-hour glucose (0.31), but exhibited weak correlations
with glycated albumin (0.04) or 1,5-AG (0.02). Two-hour
glucose was positively correlated with A1c (0.26),

Table 1 Participant characteristics stratified by diagnosed diabetes status and race, the Coronary Artery Risk Development

in Young Adults study 2005–2006

Diagnosed diabetes

(N=147)

No diagnosed diabetes

(N=2545)

Characteristics*

Overall

(N=2692)

African-

American

(N=96)

White

(N=51) p Value

African-

American

(N=1100)

White

(N=1445) p Value

Age, years 45.3±3.6 44.9±3.8 46.6±3.2 0.008 44.7±3.8 45.7±3.3 <0.001

% Women 54.5 59.4 33.3 0.003 58.7 51.7 <0.001

% High school education or less 24.6 33.3 33.3 0.205 35.2 15.6 <0.001

% Current smoker 19.6 21.9 15.7 0.040 25.1 15.4 <0.001

Body mass index, kg/m2 29.3±6.7 35.3±8.0 33.6±7.5 0.212 30.7±7.1 27.7±5.7 <0.001

Systolic blood pressure, mm Hg 116.5±15.1 121.9±18.0 118.2±17.6 0.239 120.2±16.1 113.2±13.1 <0.001

% Use antihypertensive medications 17.2 50.0 47.1 0.734 23.1 9.4 <0.001

Total cholesterol, mg/dL 186.2±34.9 179.3±38.1 182.9±45.0 0.605 184.2±35.5 188.3±33.6 0.003

HDL cholesterol, mg/dL 54.1±16.7 49.6±15.1 42.5±13.9 0.006 54.8±16.3 54.2±17.0 0.349

LDL cholesterol, mg/dL 110.5±32.1 106.8±34.1 104.4±38.2 0.702 110.6±33.7 111.0±30.5 0.762

% Use lipid-lowering medications 9.2 35.4 43.1 0.359 5.8 8.8 0.005

% Parental history of diabetes 32.8 51.0 47.1 0.646 38.7 26.6 <0.001

% A1c ≥7% (≥53 mmol/mol) 3.9 50.0 35.3 0.088 2.5 0.8 <0.001

Diabetes medication type

% Insulin only – 1.0 9.8 0.041 – –

% Insulin and oral agents – 8.3 3.9 – –

% Oral hypoglycemic agents only – 57.3 52.9 – –

*Numbers presented are percentages or mean±SD.
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whereas it was weakly correlated with glycated albumin
(0.06), fructosamine (0.05), and 1,5-AG (−0.08).
Additionally, scatterplots and histograms for the distribu-
tion of the glycemic markers are presented in online
supplementary tables S2–S6 for those with diagnosed
diabetes and online supplementary tables S7–S12 for
those without diagnosed diabetes.
The crude mean and median glycemic marker levels

by diagnosed diabetes status and race are presented in
table 2. For individuals with diagnosed diabetes, there
were no statistically significant racial differences in
average levels for any of the glycemic markers. In con-
trast, racial differences were observed for several gly-
cemic markers among individuals without diagnosed
diabetes. African-Americans had higher A1c, higher gly-
cated albumin, higher fructosamine, and higher 2-hour
glucose, but no statistically significant differences were
noted for fasting glucose or 1,5-AG.
For multiple regression analyses, residual plots were

similar using non-transformed and transformed out-
comes, so analyses are presented for non-transformed
markers. The multiple regression models are presented
in table 3. Among individuals with diagnosed diabetes,
there were no statistically significant differences in gly-
cemic marker levels for African-Americans compared
with whites in minimally adjusted or fully adjusted
models. In sensitivity analyses with additional adjustment
for diabetes medication, the results did not change
(data not shown). However, racial differences were
apparent for some glycemic markers among individuals
without diagnosed diabetes. African-Americans without

diagnosed diabetes had higher A1c (β=0.19% points,
95% CI 0.14 to 0.24), glycated albumin (β=0.82% points,
95% CI 0.68 to 0.97), and fructosamine (β=8.68 μmol/L,
95% CI 6.68 to 10.68) than whites without diagnosed
diabetes. With further adjustment for 2-hour glucose
and fasting glucose, racial differences in A1c (β=0.19%
points, 95% CI 0.15 to 0.23), glycated albumin (β=0.79%
points, 95% CI 0.68 to 0.91), and fructosamine
(β=8.29 μmol/L, 95% CI 6.60 to 9.99) persisted.
African-Americans without diagnosed diabetes also had
higher 2-hour glucose and lower fasting glucose after
multivariable adjustment, whereas no significant racial
differences were observed for 1,5-AG. In a sensitivity ana-
lysis of those without diagnosed diabetes and who had
normal glucose tolerance (2-hour glucose <140 mg/dL),
African-Americans had lower FG (β=−1.60 mg/dL, 95%
CI −2.47 to −0.72), higher A1c (β=0.16% points, 95%
CI 0.12 to 0.20), higher glycated albumin (β=0.70%
points, 95% CI 0.59 to 0.80), and higher fructosamine
(β=6.60 μmol/L, 95% CI 4.97 to 8.22) than whites after
multivariable adjustment, whereas no racial differences
were observed in 2-hour glucose and 1,5-AG.
The analysis of standardized glycemic marker levels is

presented in figure 1. The SDs were 71.77 mg/dL for
fasting glucose, 2.11% (23.1 mmol/mol) for A1c, 6.71%
for glycated albumin, 84.22 μmol/L for fructosamine,
and 7.90 μg/mL for 1,5-AG for those with diagnosed dia-
betes. Among participants without diagnosed diabetes,
the SDs were 15.15 mg/dL for fasting glucose, 0.59%
(6.4 mmol/mol) for A1c, 1.69% for glycated albumin,
23.96 μmol/L for fructosamine, 6.14 μg/mL for 1,5-AG,

Table 2 Comparison of crude glycemic marker levels by diagnosed diabetes status and race, the Coronary Artery Risk

Development in Young Adults study 2005–2006

Diagnosed diabetes No diagnosed diabetes

Glycemic marker

African-American

(N=96)

White

(N=51) p Value*

African-American

(N=1100)

White

(N=1445) p Value*

Fasting glucose (mg/dL)

Mean±SD 151.2±70.2 155.6±75.3 0.724 96.5±17.7 95.8±12.9 0.274

Median (IQR) 130.2 (104.8–175.9) 132.6 (103.4–181.3) 94.6 (87.8–101.4) 94.6 (89.8–100.5)

A1c (%)

Mean±SD 7.5±2.0 7.3±2.4 0.587 5.6±0.7 5.3±0.5 <0.001

Median (IQR) 7.0 (6.0–8.6) 6.4 (5.9–7.9) 5.5 (5.2–5.8) 5.3 (5.1–5.5)

Glycated albumin (%)

Mean±SD 18.4±6.7 17.4±6.7 0.390 13.2±2.0 12.6±1.4 <0.001

Median (IQR) 16.3 (14.0–22.0) 14.2 (12.9–19.6) 13.0 (12.2–13.8) 12.5 (11.7–13.3)

Fructosamine (μmol/L)

Mean±SD 293.3±83.6 285.4±86.0 0.586 229.8±27.6 225.7±20.6 <0.001

Median (IQR) 270.0 (235.5–339.0) 256.0 (234.0–301.0) 228.0 (214.0–241.0) 225 (213–237)

1,5-Anhydroglucitol (μg/mL)

Mean±SD 10.7±8.1 10.5±7.6 0.914 18.8±6.3 18.8±6.0 0.979

Median (IQR) 9.2 (3.2–17.9) 10.8 (3.6–17.4) 18.8 (15.0–22.8) 18.8 (15.0–22.6)

2-hour postchallenge glucose† (mg/dL)

Mean±SD – – – 111.3±40.7 102.7±33.2 <0.001

Median (IQR) – – 103.4 (87.8–123.8) 97.5 (82.0–115.1)

*p Value for mean comparisons obtained from the t test.
†N=922 for African-American without diagnosed diabetes; N=1242 for white without diagnosed diabetes.
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and 36.81 mg/dL for 2-hour glucose. After adjustment
for age, sex, education, study field center, smoking status,
BMI, SBP, use of antihypertensive medications, total chol-
esterol, HDL cholesterol, and use of lipid-lowering medi-
cations, no racial differences in any standardized
glycemic markers were observed for individuals with diag-
nosed diabetes. In contrast, among individuals without
diagnosed diabetes, African-Americans had lower fasting
glucose (−0.07 SDs, 95% CI −0.13 to −0.01), higher A1c
(0.33 SDs, 95% CI 0.26 to 0.39), higher glycated albumin
(0.47 SDs, 95% CI 0.40 to 0.54), higher fructosamine
(0.35 SDs, 95% CI 0.28 to 0.42), and higher 2-hour
glucose (0.11 SDs, 95% CI 0.04 to 0.19) compared with
whites after adjustment for demographics, cardiovascular
risk factors, fasting glucose (for outcomes other than
fasting glucose), and 2-hour glucose (for outcomes other
than 2-hour glucose). No statistically significant racial dif-
ferences were observed for standardized 1,5-AG.

CONCLUSIONS
In this cross-sectional analysis of multiple glycemic
markers, no racial differences in mean glycemic marker
levels were observed among participants with diagnosed

diabetes. However, among those without diagnosed dia-
betes, mean A1c, glycated albumin, fructosamine, and
2-hour postchallenge glucose levels were higher for
African-Americans than whites after adjustment for
sociodemographic and cardiovascular factors. The find-
ings were similar after further adjustment for fasting and
2-hour glucose, suggesting that postprandial hypergly-
cemia does not fully explain the observed racial differ-
ences in glycemic markers. A1c represents glycemic
levels over 2–3 months and may be affected by red blood
cell turnover, whereas glycated albumin and fructosa-
mine represent glycemic levels over 2–3 weeks and may
be affected by serum protein metabolism.7 20 Although
these markers reflect glycemic levels over different time
periods and may potentially be affected by different
non-glycemic factors, the findings from this study show
that African-Americans without diagnosed diabetes have
higher levels of both short-term and long-term glycemic
markers compared with whites without diagnosed dia-
betes irrespective of fasting and 2-hour glucose levels.
Previous studies of individuals with diabetes have

reported racial and ethnic differences in glycemic
marker levels. In the National Health and Nutrition
Examination Survey 1999–2004, African-Americans with

Table 3 Adjusted β coefficients for glycemic marker mean levels comparing African-Americans with whites among

individuals with and without diagnosed diabetes, the Coronary Artery Risk Development in Young Adults study 2005–2006

Diagnosed diabetes No diagnosed diabetes

Glycemic marker

African-American

versus White p Value Model R2

African-American

versus White p Value Model R2

Fasting glucose (mg/dL)

Model 1 –3.79 (–29.89 to 22.31) 0.775 0.04 1.05 (–0.22 to 2.31) 0.106 0.03

Model 2 –3.13 (–30.71 to 24.44) 0.823 0.19 –0.35 (–1.62 to 0.93) 0.594 0.14

Model 3 – – – –1.06 (–2.04 to –0.08) 0.033 0.39

A1c (%)

Model 1 0.24 (–0.54 to 1.01) 0.548 0.02 0.24 (0.19 to 0.29) <0.001 0.06

Model 2 0.17 (–0.64 to 0.97) 0.684 0.20 0.19 (0.14 to 0.24) <0.001 0.15

Model 3 – – – 0.19 (0.15 to 0.23) <0.001 0.45

Glycated albumin (%)

Model 1 0.82 (–1.65 to 3.29) 0.512 0.02 0.74 (0.60 to 0.88) <0.001 0.05

Model 2 0.60 (–1.95 to 3.15) 0.642 0.20 0.82 (0.68 to 0.97) <0.001 0.09

Model 3 – – – 0.79 (0.68 to 0.91) <0.001 0.38

Fructosamine (μmol/L)

Model 1 8.47 (–22.31 to 39.24) 0.587 0.03 6.60 (4.61 to 8.60) <0.001 0.03

Model 2 11.85 (–19.73 to 43.43) 0.459 0.22 8.68 (6.68 to 10.68) <0.001 0.16

Model 3 – – – 8.29 (6.60 to 9.99) <0.001 0.40

1,5-Anhydroglucitol (μg/mL)

Model 1 0.17 (–2.73 to 3.06) 0.910 0.03 –0.22 (–0.71 to 0.26) 0.368 0.11

Model 2 0.15 (–2.98 to 3.27) 0.927 0.14 –0.49 (–1.01 to 0.02) 0.062 0.14

Model 3 – – – –0.36 (–0.91 to 0.18) 0.189 0.17

2-hour postchallenge glucose* (mg/dL)

Model 1 – – – 7.80 (4.45 to 11.14) <0.001 0.02

Model 2 – – – 3.50 (0.10 to 6.90) 0.044 0.13

Model 3 – – – 4.18 (1.29 to 7.07) 0.005 0.37

Model 1 adjusted for age, sex, and education. Model 2 adjusted for Model 1 variables plus study field center, smoking status, body mass
index, systolic blood pressure, use of antihypertensive medications, total cholesterol, HDL cholesterol, and use of lipid-lowering medications.
Model 3 adjusted for model 2 variables plus 2-hour glucose (for markers other than 2-hour glucose) and fasting glucose (for markers other
than fasting glucose).
*N=2164 for those without diabetes.
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diagnosed diabetes had higher A1c levels than whites.21

Additionally, a meta-analysis of 11 studies reported that
African-Americans with diabetes had 0.65% points
higher A1c than whites with diabetes.2 In an inter-
national study of 2094 adults with type 2 diabetes, A1c
was also 0.30% points higher for persons of African
descent (majority lived in the USA) compared with
whites, although paradoxically, persons of African
descent had more favorable 1,5-AG levels than whites.10

This finding persisted after adjustment for multiple
factors including diabetes duration, country of origin,
and self-monitored plasma glucose level, but did not
take into account differences in medication type. In the
ARIC Study, African-Americans with diagnosed diabetes
had higher A1c, glycated albumin, and fructosamine
than whites with diagnosed diabetes after adjustment for
sociodemographics and cardiovascular risk factors, while
differences in fasting glucose and 1,5-AG were not statis-
tically significant.9 In contrast, no racial differences were
observed for any of the glycemic markers among those
with diagnosed diabetes in the current study. Several
factors may have contributed to the different findings
observed in the current study including the low preva-
lence of diabetes in our study, younger population, and

the similar cardiovascular health profile observed for
African-Americans and whites with diabetes.
Among individuals without diagnosed diabetes, racial

and ethnic differences in glycemic markers have also
been demonstrated. In the Diabetes Prevention Program,
A1c was higher for African-Americans with impaired
glucose tolerance than whites with impaired glucose tol-
erance.4 Similarly, African-Americans had higher A1c
than whites in another study that investigated individuals
with impaired glucose tolerance and normal glycemia
separately.3 Another study of normal glycemic adults with
a parental history of type 2 diabetes also reported that
African-Americans had higher A1c levels than whites.5

Prior studies have consistently reported racial differences
in A1c, but few studies have investigated emerging short-
term glycemic markers among individuals without dia-
betes. In the ARIC Study, African-Americans without dia-
betes had higher levels of fasting glucose, A1c, glycated
albumin, fructosamine, and lower 1,5-AG compared with
whites, and these racial differences remained statistically
significant after multivariable adjustment.9 In the current
study, African-Americans without diabetes had higher
A1c, glycated albumin, fructosamine, and 2-hour glucose
levels than whites, while 1,5-AG levels were similar after

Figure 1 Adjusted* standardized β coefficients and 95% CIs for glycemic marker levels comparing African-Americans with

whites among individuals with (A) and without (B) diagnosed diabetes, the Coronary Artery Risk Development in Young Adults

study 2005–2006.
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multivariable adjustment. The magnitude of the differ-
ences was similar for A1c, glycated albumin, and fructosa-
mine and persisted after additional adjustment for
fasting glucose and 2-hour glucose, which have not been
previously reported. A1c, glycated albumin, and fructosa-
mine are affected by different factors (ie, red blood cell
lifespan for A1c and serum protein metabolism for fruc-
tosamine and glycated albumin), so the underlying
causes of the observed racial differences in these short-
and long-term glycemic markers are unclear.
Among individuals with diagnosed diabetes, all of the

glycemic markers were strongly correlated in the current
study. The magnitude of the Spearman’s correlations
(0.59–0.84) for A1c and fasting glucose with glycated
albumin, fructosamine, and 1,5-AG was similar in the
current study to those reported in the full population of
participants from the ARIC Study22 but stronger than
those previously reported for a subsample of older parti-
cipants.23 Among individuals without diagnosed dia-
betes, the correlations were moderate to weak. A1c,
fasting glucose, and 2-hour glucose exhibited moderate
correlations with each other (0.26–0.37) and very weak
or no correlations with glycated albumin, fructosamine,
and 1,5-AG. Similarly, moderate to weak correlations
were observed in the ARIC Study among individuals
without diabetes for A1c and fasting glucose with gly-
cated albumin, fructosamine, and 1,5-AG.23

The implications of these racial differences in gly-
cemic markers among individuals without diagnosed dia-
betes are not clear. Elevated fasting glucose, 2-hour
glucose, and A1c have been associated with macrovascu-
lar disease among individuals without diabetes.24–26

Findings on the association of emerging glycemic
markers with microvascular and macrovascular outcomes
among individuals without diagnosed diabetes are
limited. Prior studies have reported that adverse levels of
fructosamine, glycated albumin, and 1,5-AG were asso-
ciated with albuminuria and retinopathy22 27 28 and inci-
dent diabetes.28–30 Additionally, glycated albumin,
fructosamine, and 1,5-AG have been associated with an
increased risk of coronary heart disease, ischemic stroke,
heart failure, and all-cause mortality.31–33 Despite racial
differences in glycemic marker levels, prior studies have
not reported differences in the association of glycemic
markers with cardiovascular outcomes and mortality.26

Further research is needed to evaluate the association of
these glycemic markers with vascular outcomes in other
populations and determine their utility for identifying
individuals at high risk for developing diabetes and vas-
cular outcomes.
This study has several potential limitations. First,

fasting glucose, 2-hour glucose, and A1c were measured
at the year 20 examination (2005–2006) while glycated
albumin, fructosamine, and 1,5-AG were measured in
2014 using stored specimens collected at the year 20
examination. Prior studies have shown that stored speci-
mens are stable for the assessment of glycated albumin18

and our central laboratory reported very good

coefficients of variation for all of the assays (1.3–3.6%).
Second, the retention of CARDIA participants was high
at the year 20 examination (72%), but participants who
did not attend the examination were excluded from this
analysis and were more likely to be women, younger age,
and African-American when compared with those
included in this analysis. Third, a single measure of each
glycemic marker was available for this analysis. While the
different glycemic markers reflect varying time points
across the glycemic spectrum, multiple assessments of
these markers were not available. Finally, A1c levels may
be altered by conditions that affect red blood cell turn-
over such as anemia, and glycated albumin and fructosa-
mine levels may be altered by conditions that affect
serum albumin metabolism, such as hyperthyroidism. In
our study, these conditions were assessed by self-report
and not objective measurements. This study also has
numerous strengths, including the use of a well-
established biracial cohort of middle-age adults from
four communities in the USA, a central laboratory with
excellent quality control to conduct all specimen ana-
lyses, and a comprehensive assessment of glycemic
markers including 2-hour glucose.
In conclusion, racial differences in glycemic mar-

kers were evident for individuals without diagnosed dia-
betes but not for those with diagnosed diabetes in this
community-based cohort of middle-aged adults. These
findings were consistent and of similar magnitude
across glycemic markers for those without diagnosed
diabetes. The clinical implications, if any, of the
observed racial differences in glycemic marker levels
among individuals without diagnosed diabetes are not
clear. Future studies should investigate the association
of standard and emerging glycemic markers with micro-
vascular and macrovascular outcomes to determine
which glycemic markers best identify high-risk indivi-
duals and whether the predictive ability of these
markers differ by race.
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