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ABSTRACT
Objective: To compare the associations of diabetes
mellitus risk factors with nontraditional markers of
hyperglycemia (glycated albumin, fructosamine,
1,5-anhydroglucitol (1,5-AG)) to those observed with
traditional markers (fasting glucose, hemoglobin
A1c (HbA1c)).
Design: Cross-sectional study.
Setting: The community-based Atherosclerosis Risk in
Communities (ARIC) Study cohort.
Participants: A subsample of 1764 participants (309
with diagnosed diabetes and 1455 without diagnosed
diabetes) from the ARIC Study who attended a clinic
visit in 2005–2006.
Main outcome measures: Elevated levels of
glycated albumin, fructosamine, 1,5-AG, fasting
glucose, and HbA1c in persons with and without a
diagnosis of diabetes.
Results: The mean age of participants was 70 years
(SD, 6), 43% were men, and 20% were African-
American. Black race and family history of diabetes
were generally positively associated with elevated levels
of all biomarkers of hyperglycemia except 1,5-AG,
which showed inverse but weaker associations with the
risk factors examined. In general, patterns of risk factor
associations observed for fasting glucose and HbA1c
were similar to those observed for the nontraditional
biomarkers of hyperglycemia but with one clear
exception: body mass index (BMI). In persons without
a diagnosis of diabetes, BMI was positively associated
with fasting glucose and HbA1c, but the associations
of BMI with glycated albumin and fructosamine were
inverse, with high values of these markers at low levels
of BMI. 1,5-AG, which is lowered in the setting of
hyperglycemia, was positively associated with BMI.
Conclusions: Traditional diabetes risk factors have
similar associations with glycated albumin and
fructosamine as those for fasting glucose and HbA1c,
with the exception of BMI. Risk factor associations
with 1,5-AG were mostly inverse. The inverse
associations of BMI with glycated albumin and
fructosamine, and positive associations with 1,5-AG,
may reflect pathways independent of glucose
metabolism and merit further examination.

Fasting glucose and hemoglobin A1c (HbA1c)
are the standard measures of hyperglycemia
used for the diagnosis and management of

diabetes.1 Fasting glucose provides an acute
assessment of glycemia, whereas elevations
in HbA1c reflect long-term (2–3 months)
exposure to high circulating blood
glucose. Glycated albumin, fructosamine, and
1,5-anhydroglucitol (1,5-AG) are non-
traditional markers of hyperglycemia that are
not routinely used in clinical practice. There is
ongoing debate about whether these markers
may have utility as measures of glycemic
control in the management of diabetes.2–6

Fructosamine forms via nonenzymatic glyca-
tion of total serum proteins (mostly albumin).
Glycated albumin is the nonenzymatic glyca-
tion specifically of serum albumin.
Fructosamine and glycated albumin are ele-
vated in the presence of increased blood

Key messages

▪ Glycated albumin, fructosamine, and
1,5-anhydroglucitol (1,5-AG) are of growing
interest as alternative markers of hyperglycemia
in persons with type 2 diabetes. An important
question is whether risk factor associations for
these nontraditional markers of hyperglycemia
are similar to those for standard markers,
namely, fasting glucose and hemoglobin A1c
(HbA1c).

▪ With the exception of obesity, we found that the
associations of traditional risk factors with gly-
cated albumin and fructosamine were largely
similar to those for fasting glucose and HbA1c.
Risk factor associations for 1,5-AG were inverse
(as expected) but tended to be weaker than the
other biomarkers. In particular, black race and
family history of diabetes were positively asso-
ciated with elevated fasting glucose, HbA1c, gly-
cated albumin, and fructosamine, and low
concentrations of 1,5-AG.

▪ The association of obesity with fasting glucose
and HbA1c were roughly linear, whereas inverse
trends were observed with glycated albumin and
fructosamine, and positive trends with 1,5-AG.
This result may have implications for the use of
these biomarkers for monitoring glycemic
control in obese persons.
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glucose and reflect glycemic exposure in the preceding
2–3 weeks.7 8 1,5-AG is a monosaccharide that is not meta-
bolized and is normally stable in serum. In the setting of
overt hyperglycemia, high amounts of glucose competi-
tively inhibit renal tubular reabsorption of 1,5-AG; 1,5-AG
is excreted in the urine, leading to a decrease in circulat-
ing serum levels. As a result, blood concentrations of
1,5-AG are lowered in the setting of elevated glucose con-
centrations and are thought to reflect hyperglycemia and
glycemic excursions over the preceding 1–2 weeks.9–11

There is growing interest in the potential use of gly-
cated albumin, fructosamine, and 1,5-AG in settings
where short-term glycemic control is of interest or where
measures of fasting glucose and HbA1c may not be
optimal12 (eg, among persons with anemia, hemolysis,
hemoglobinopathies, dialysis, or altered red blood cell
turnover). Because glycated albumin, fructosamine, and
1,5-AG are not confounded by the same conditions, they
may have added clinical utility. However, before these
nontraditional biomarkers can be adopted in practice,
additional information is needed to understand if their
associations with known diabetes risk factors are similar
to or different from those observed with standard
markers, namely, fasting glucose and HbA1c. We under-
took this study to compare the association of diabetes
risk factors with glycated albumin, fructosamine, and
1,5-AG (nontraditional markers) to those observed with
fasting glucose and HbA1c (traditional markers).

RESEARCH DESIGN AND METHODS
Study population
We analyzed data from a subsample of participants from
the Atherosclerosis Risk in Communities (ARIC) Study,
an ongoing community-based prospective cohort of
black and white adults from Forsyth County, North
Carolina; Jackson, Mississippi; the suburbs of
Minneapolis, Minnesota; and Washington County,
Maryland.13 The ARIC Carotid MRI (CARMRI) substudy
was originally designed to identify correlates of carotid
plaque, and utilized stratified sampling to increase
informative plaque prevalence. The study included 2066
ARIC participants who attended a clinical examination
from 2005 to 2006.14 The CARMRI study visit included
an interview, physical examination, blood collection,
laboratory testing, and CARMRI.15 Institutional review
boards at each clinical site reviewed the study, and
written informed consent was obtained from all partici-
pants. Our final study population included 1764 partici-
pants (309 with diagnosed diabetes and 1455 without a
diagnosis of diabetes) after excluding persons fasting
fewer than 8 h (n=20) or missing information on vari-
ables of interest (n=282).

Measurement of glycemic markers
Fasting glucose (mg/dL) and HbA1c (%) were measured
in 2005–2006 using a Roche Hitachi 911 analyzer.
Glucose was measured in serum using the hexokinase

method (Roche Diagnostics). HbA1c was measured in
whole blood via a Tina-quant II immunoassay method
(Roche Diagnostics, Basel, Switzerland) and calibrated to
the Diabetes Control and Complications Trial assay.
Glycated albumin and total albumin (% and g/dL,
respectively; Lucica GA-L; Asahi Kasei Pharma
Corporation, Tokyo, Japan), fructosamine (µmol/L;
Roche Diagnostics), and 1,5-AG (µg/mL; GlycoMark,
Winston-Salem, North Carolina) were measured in 2009
in serum samples with a Roche Modular P800 system
(Roche Diagnostics).16 Glycated albumin was expressed
as a percentage of total serum albumin according to the
manufacturer’s instructions, that is, [(glycated albumin)/
(serum albumin)×100/1.14+2.9]%. The interassay coeffi-
cients of variation for glycated albumin, fructosamine,
and 1,5-AG were 2.7, 3.7, and 4.8%, respectively.

Other variables of interest
Age, sex, race, family history of diabetes, and smoking
status were self-reported. We calculated body mass index
(BMI, kg/m2) from measured weight and height.
Participants were asked to bring current medications to
the visit, which were used to determine use of
cholesterol-lowering and blood pressure-lowering medi-
cations in the past 4 weeks. Total cholesterol concentra-
tions (mg/dL) were assayed from blood samples using
standard techniques. Hypercholesterolemia was defined
as a total cholesterol concentration ≥240 mg/dL17 or
use of cholesterol-lowering medications in the past
4 weeks. Systolic blood pressure and diastolic blood pres-
sure were measured after 5 min of rest using a random-
zero sphygmomanometer. Mean systolic blood pressure
and diastolic blood pressure were calculated by aver-
aging the second and third blood pressure measure-
ments. We defined hypertension as mean systolic blood
pressure ≥140 mm Hg, a mean diastolic blood pressure
≥90 mm Hg,18 and/or use of blood pressure-lowering
medications in the past 4 weeks. Diagnosed diabetes was
defined based on self-reported physician diagnosis or
current use of a diabetes medication.

Statistical analysis
The characteristics for our study population were summar-
ized by elevated fasting glucose, HbA1c, glycated albumin,
and fructosamine levels, and low 1,5-AG levels, stratified by
diabetes diagnosis. Among persons without a prior dia-
betes diagnosis, elevated concentrations of fasting glucose
and HbA1c were defined at their diagnostic thresholds,
126 mg/dL (the 93rd centile) and 6.5% (the 95th
centile), respectively. Because there are no standard clin-
ical cut-points for glycated albumin and fructosamine, we
defined elevated values of these markers using the 95th
centile (≥16.2% and ≥270.3 µmol/L, respectively). Since
1,5-AG is lowered in the setting of hyperglycemia, we
defined low levels of 1,5-AG at the 5th centile (≤6.8 µg/
mL). Among persons with a diagnosis of diabetes, we
defined elevated HbA1c as a value greater than or equal to
7.0% (the 75th centile). Based on this threshold, elevated
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levels of fasting glucose (≥160 mg/dL), glycated albumin
(≥19.5%), and fructosamine (≥292.1 µmol/L) were
defined using the 75th centile. For comparability, low con-
centrations of 1,5-AG were defined using the 25th centile
(≤6.3 µg/mL).
We used multivariable logistic regression models to

evaluate the associations of the diabetes risk factors with
elevated values of fasting glucose, HbA1c, glycated
albumin, and fructosamine. For 1,5-AG, we evaluated
risk factor associations with low concentrations of this
glycemic marker. We conducted analyses separately
among persons with and without a diagnosis of diabetes.
A sensitivity analysis was conducted to characterize the
associations in the overall population. The multivariable
models included age (≥70 years or <70 years), sex (male
or female), race (African-American or Caucasian), BMI
(>30, 25 to <30, <25 kg/m2),19 family history of diabetes
(yes or no), hypercholesterolemia (yes or no), hyperten-
sion (yes or no), and smoking status (current or
former/never). We used linear regression models to
evaluate the associations of diabetes risk factors with log-
transformed values of each glycemic marker stratified by
diagnosis of diabetes (log transformation was used
because all distributions were right skewed). To deter-
mine the percent difference in mean biomarker value
per unit increase of the predictor variable, regression
coefficients were exponentiated, subtracted from 1.0,
and then multiplied by 100, that is, [100×(eβ−1)].20

Because we observed pronounced inverse associations
of BMI with several of the glycemic markers, we con-
ducted additional analyses to rigorously characterize the
shape of the associations of BMI with each of the differ-
ent markers of hyperglycemia. We used linear regression
with restricted cubic splines21 with knots at the median
of each quartile to characterize the shape of the associa-
tions of BMI with each glycemic marker. In the spline
models, glycemic marker values were truncated at the
1st and 99th centiles to minimize the influence of
extreme values at either tail of the distribution. All ana-
lyses were weighted to account for the complex sample
survey design of the CARMRI substudy.14 Analyses were
conducted using Stata V.12.0. All p Values were two-
sided, and p<0.05 was considered statistically significant.

RESULTS
The characteristics of our study population are summar-
ized by elevated levels of fasting glucose, HbA1c, gly-
cated albumin, and fructosamine, and low levels of
1,5-AG, and stratified by diagnosis of diabetes in table 1.
Among participants without a diagnosis of diabetes,
mean age was slightly higher in persons with elevated
values of each biomarker and lower concentrations of
1,5-AG. Black participants were more likely than white
participants to have elevated fasting glucose, HbA1c, gly-
cated albumin, or fructosamine. The prevalence of a
family history of diabetes was higher among persons
with elevated values of fasting glucose, HbA1c, glycated

albumin, and fructosamine, and low 1,5-AG. Obesity
prevalence was substantially higher in those persons with
elevated fasting glucose, HbA1c, and glycated albumin
compared with persons without elevated levels of these
biomarkers. Obesity prevalence was only slightly higher
at elevated levels of fructosamine compared with nonele-
vated values (35.5% vs 33.0%). For 1,5-AG, obesity preva-
lence was slightly lower at low levels (31.2%) compared
with higher levels (33.2%). In general, similar risk factor
patterns were observed among persons with diagnosed
diabetes.
Multivariable logistic regression models for the associ-

ation of diabetes risk factors with elevated levels of
fasting glucose, HbA1c, glycated albumin, and fructosa-
mine, and low levels of 1,5-AG stratified by diabetes diag-
nosis are shown in table 2. Among participants without a
diagnosis of diabetes, older age was significantly and
independently associated with elevated levels of glycated
albumin and fructosamine. Older age was also associated
with elevations in fasting glucose and HbA1c and low
concentrations of 1,5-AG, but these results were not stat-
istically significant. Black race/ethnicity was positively
and significantly associated with elevated HbA1c, gly-
cated albumin, and fructosamine but not fasting glucose
or 1,5-AG. Obesity (BMI ≥30 kg/m2) was strongly asso-
ciated with elevated fasting glucose (OR 1.78, 95% CI
1.05 to 3.02) and categories of BMI appeared to be asso-
ciated with elevated fasting glucose in a graded fashion.
This was not the case for the other biomarkers of hyper-
glycemia, which demonstrated nonlinear associations
(HbA1c, glycated albumin, 1,5-AG) or lack of association
(fructosamine). Family history of diabetes was strongly
and significantly associated with elevated levels of fasting
glucose, HbA1c, and glycated albumin. The associations
of family history with elevated fructosamine (OR 1.71,
95% CI 0.89 to 3.28) and low 1,5-AG (OR 1.61, 95% CI
0.83 to 3.14) were not significant. As might be expected,
results for the overall population (persons with and
without diagnosed diabetes combined) generally showed
similar but stronger associations. The nonlinear associa-
tions with BMI categories also persisted in the overall
population (etable 1 and efigure 1).
When looking separately among persons with a diag-

nosis of diabetes, older age was not significantly asso-
ciated with any of the biomarkers (table 2). Black race
was strongly and significantly associated with elevated
HbA1c, glycated albumin, and fructosamine. Black race
was also associated with elevated fasting glucose (OR
1.96, 95% CI 0.89 to 4.33) and low 1,5-AG (OR 1.75,
95% CI 0.86 to 3.54), but these results were not statistic-
ally significant. Similar to the results in persons without
a diagnosis of diabetes, we observed nonlinear associa-
tions of BMI categories with glycated albumin, fructosa-
mine, and 1,5-AG, although for fasting glucose and
HbA1c the associations appeared roughly linear. Other
risk factor associations were less robust and largely not
statistically significant in the subgroup of the population
with a diagnosis of diabetes.

BMJ Open Diabetes Research and Care 2014;2:e000002. doi:10.1136/bmjdrc-2013-000002 3

Epidemiology/Health service research



Table 1 Characteristics of study participants with and without diagnosed diabetes by elevated* levels of fasting glucose, hemoglobin A1c (HbA1c), glycated albumin,

fructosamine, and 1,5-anhydroglucitol (1,5-AG) in a subsample of the Atherosclerosis Risk in Communities Study, 2005–2006, n=1764

Fasting glucose HbA1c* Glycated albumin* Fructosamine* 1,5-AG*

No diagnosis of diabetes, n=1455 <126 mg/dL ≥126 mg/dL <6.5% ≥6.5% <16.2% ≥16.2% <270.3 µmol/L ≥270.3 µmol/L >6.8 µg/mL ≤6.8 µg/mL

Age in years, mean (SD) 70.2 (5.5) 70.8 (5.6) 70.3 (5.5) 70.8 (5.5) 70.2 (5.5) 71.6 (6.1) 70.2 (5.5) 71.2 (5.7) 70.2 (5.5) 71.7 (5.6)

Men (%) 41.7 47.5 42.8 30.7 42.1 43.4 41.5 54.3 41.7 50.9

African-American (%) 17.3 24.4 16.3 44.7 16.4 44.8 17.2 30.5 17.9 16.5

Obese (%) 31.6 51.1 32.3 46.8 32.6 42.4 33.0 35.5 33.2 31.2

Family history of diabetes (%) 19.8 36.1 20.4 31.4 20.3 34.8 20.5 31.1 20.6 28.8

Hypercholesterolemia (%) 46.8 48.6 46.9 47.9 46.9 47.5 47.1 45.4 47.2 43.0

Hypertension (%) 66.9 83.2 67.5 79.0 67.3 82.3 67.4 81.2 68.4 61.9

Current smoker (%) 7.8 5.1 7.8 3.4 7.9 1.0 7.7 6.0 7.7 6.1

Diagnosed diabetes, n=309

Fasting glucose HbA1c* Glycated albumin* Fructosamine* 1,5-AG*

<160 mg/dL ≥160 mg/dL <7.0% ≥7.0% <19.5% ≥19.5% <292.1 µmol/L ≥292.1 µmol/L >6.3 µg/mL ≤6.3 µg/mL

Age in years, mean (SD) 70.6 (5.6) 69.6 (5.8) 70.4 (5.5) 70.0 (6.3) 70.6 (5.6) 69.7 (5.8) 70.4 (5.6) 70.2 (5.8) 70.7 (5.7) 69.3 (5.3)

Men (%) 52.8 36.8 49.4 46.6 51.0 42.1 47.3 52.9 48.0 50.7

African-American (%) 29.3 47.1 27.1 54.0 25.0 59.8 26.1 57.1 29.9 45.3

Obese (%) 53.4 74.1 57.1 63.3 58.6 58.8 60.1 54.3 57.7 61.4

Family history of diabetes (%) 33.6 46.8 34.4 44.2 33.8 46.1 37.5 35.1 31.6 52.5

Hypercholesterolemia (%) 71.3 64.7 70.9 65.9 74.7 54.8 75.2 53.1 73.0 59.9

Hypertension (%) 85.1 93.0 85.4 92.3 85.3 92.4 85.2 92.9 87.3 86.6

Current smoker (%) 8.2 9.6 8.2 9.7 7.5 11.7 8.5 8.8 8.5 8.7

*In persons without a diagnosis of diabetes, the diagnostic threshold of 6.5% was used to define elevated HbA1c (the 95th centile). Cut-points for elevated glycated albumin (≥16.2%) and
fructosamine (≥270.3 µmol/L) were also defined at the 95th centile. Low 1,5-AG (≤6.8 µg/mL) was defined as values below the 5th centile. Elevated fasting glucose was defined using the
diagnostic threshold of 126 mg/dL (the 93rd centile). In persons with a diagnosis of diabetes, elevated HbA1c was defined as ≥7.0% (the 75th centile). Cut-points for elevated fasting glucose
(≥160 mg/dL), glycated albumin (≥19.5%), and fructosamine (≥292.1 µmol/L) were also defined at the 75th centile. Low 1,5-AG (≤6.3 µg/mL) was defined as values below the 25th centile.
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Table 2 Multivariable adjusted† associations (ORs and 95% CIs) of diabetes risk factors with elevated levels‡ of fasting glucose, hemoglobin A1c (HbA1c), glycated

albumin, fructosamine, and 1,5-anhydroglucitol (1,5-AG) in persons with and without diabetes in a subsample of the Atherosclerosis Risk in Communities Study,

2005–2006, n=1764

No diagnosis of diabetes, n=1455

Elevated fasting

glucose (≥126 mg/dL)

Elevated HbA1c

(≥6.5%)

Elevated glycated albumin

(≥16.2%)

Elevated fructosamine

(≥270.3 µmol/L)

Low 1,5-AG

(≤6.8 µg/mL)

Age ≥70 (vs <70 years) 1.38 (0.84 to 2.27) 1.65 (0.93 to 2.93) 1.92 (1.09 to 3.40)* 1.96 (1.08 to 3.55)* 1.32 (0.69 to 2.52)

Men (vs women) 1.35 (0.83 to 2.21) 0.71 (0.40 to 1.26) 1.33 (0.74 to 2.40) 1.83 (1.01 to 3.29)* 1.46 (0.79 to 2.73)

African-American (vs Caucasian) 1.37 (0.79 to 2.38) 4.01 (2.28 to 7.06)* 4.75 (2.57 to 8.80)* 2.36 (1.26 to 4.44)* 1.04 (0.51 to 2.11)

Body mass index categories (kg/m2)

<25 0.56 (0.24 to 1.31) 1.08 (0.46 to 2.52) 1.28 (0.62 to 2.64) 0.93 (0.44 to 1.97) 1.77 (0.84 to 3.73)

25 to <30 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

≥30 1.78 (1.05 to 3.02)* 1.48 (0.81 to 2.69) 1.32 (0.68 to 2.55) 1.02 (0.53 to 1.98) 1.25 (0.61 to 2.57)

Family history of diabetes (vs no) 2.24 (1.36 to 3.70)* 1.85 (1.03 to 3.31)* 2.23 (1.22 to 4.06)* 1.71 (0.89 to 3.28) 1.61 (0.83 to 3.14)

Hypercholesterolemia (vs no) 1.01 (0.61 to 1.67) 1.17 (0.66 to 2.07) 1.13 (0.65 to 1.97) 0.92 (0.52 to 1.64) 0.91 (0.49 to 1.67)

Hypertension (vs no) 2.03 (1.04 to 3.98)* 1.32 (0.66 to 2.62) 1.75 (0.85 to 3.61) 1.88 (0.89 to 3.95) 0.76 (0.39 to 1.46)

Current smoker (vs nonsmoker) 0.71 (0.22 to 2.22) 0.38 (0.11 to 1.24) 0.10 (0.02 to 0.41)* 0.75 (0.18 to 3.13)* 0.66 (0.17 to 2.51)

Diagnosed diabetes, n=309

Elevated fasting

glucose (≥160 mg/dL)

Elevated HbA1c

(≥7.0%)

Elevated glycated albumin

(≥19.5%)

Elevated fructosamine

(≥292.1 µmol/L)

Low 1,5-AG

(≤6.3 µg/mL)

Age ≥70 (vs <70 years) 0.74 (0.38 to 1.44) 0.98 (0.50 to 1.90) 0.62 (0.31 to 1.23) 0.89 (0.45 to 1.77) 0.66 (0.34 to 1.29)

Men (vs women) 0.68 (0.35 to 1.30) 1.16 (0.61 to 2.23) 0.83 (0.41 to 1.68) 1.52 (0.75 to 3.10) 1.34 (0.68 to 2.64)

African-American (vs Caucasian) 1.96 (0.89 to 4.33) 3.33 (1.61 to 6.92)* 3.63 (1.66 to 7.93)* 3.03 (1.39 to 6.60)* 1.75 (0.86 to 3.54)

Body mass index categories (kg/m2)

<25 0.77 (0.23 to 2.58) 0.88 (0.30 to 2.57) 4.02 (1.34 to 12.06)* 2.91 (1.02 to 8.35)* 1.11 (0.37 to 3.39)

25 to <30 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

≥30 1.85 (0.80 to 4.30) 1.13 (0.53 to 2.44) 1.32 (0.59 to 2.97) 1.09 (0.49 to 2.42) 1.07 (0.49 to 2.36)

Family history of diabetes (vs no) 1.65 (0.84 to 3.26) 1.70 (0.89 to 3.23) 1.87 (0.93 to 3.76) 0.97 (0.48 to 1.96) 2.46 (1.29 to 4.72)*

Hypercholesterolemia (vs no) 0.95 (0.42 to 2.12) 1.22 (0.61 to 2.46) 0.61 (0.28 to 1.33) 0.50 (0.23 to 1.10) 0.72 (0.36 to 1.42)

Hypertension (vs no) 1.74 (0.55 to 5.51) 1.75 (0.63 to 4.89) 2.33 (0.77 to 7.11) 2.56 (0.82 to 7.97) 1.15 (0.40 to 3.30)

Current smoker (vs nonsmoker) 1.34 (0.47 to 3.85) 1.28 (0.33 to 4.93) 1.50 (0.48 to 4.64) 0.78 (0.21 to 2.90) 1.11 (0.32 to 3.89)

*p<0.05.
†Each model was adjusted for the listed variables.
‡In persons without a diagnosis of diabetes, the diagnostic threshold of 6.5% was used to define elevated HbA1c (the 95th centile). Cut-points for elevated glycated albumin (≥16.2%) and
fructosamine (≥270.3 µmol/L) were also defined at the 95th centile. Low 1,5-AG (≤6.8 µg/mL) was defined as values below the 5th centile. Elevated fasting glucose was defined using the
diagnostic threshold of 126 mg/dL (the 93rd centile). In persons with a diagnosis of diabetes, elevated HbA1c was defined as ≥7.0% (the 75th centile). Cut-points for elevated fasting glucose
(≥160 mg/dL), glycated albumin (≥19.5%), and fructosamine (≥292.1 µmol/L) were also defined at the 75th centile. Low 1,5-AG (≤6.3 µg/mL) was defined as values below the 25th centile.
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The unadjusted percentage differences in mean levels
of hyperglycemia by risk factor categories stratified by
diabetes diagnosis are shown in figure 1. Among persons
without diagnosed diabetes, we observed significantly
higher mean fasting glucose and significantly lower
mean HbA1c for men, but no gender differences with
the other biomarkers (figure 1A). No gender differ-
ences in mean levels of the biomarkers were observed in

persons with diagnosed diabetes (figure 1B). Mean
fasting glucose, HbA1c, glycated albumin, and fructosa-
mine were higher for black compared with white
persons in persons with and without diagnosed diabetes.
For 1,5-AG, mean marker levels were lower in black par-
ticipants without diagnosed diabetes (% difference:
−5.44, 95% CI −1147 to 1.00), but this result was not
statistically significant. In general, the other risk factor

Figure 1 Continuous associations* of diabetes risk factors with ( ) fasting glucose, ( ) hemoglobin Alc, ( ) glycated albumin,

( ) fructosamine, and ( ) 1,5-anhydroglucitol in the study population with and without diagnosed diabetes, n=1,764.

*Associations are expressed as percent differences in marker levels between risk factor groups and their respective reference

groups.
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associations for mean differences in the biomarkers
were similar to those observed in our multivariable logis-
tic models but less robust.
When BMI was modeled continuously using splines,

the profoundly divergent associations across biomarkers
of hyperglycemia were evident (figure 2 and efigure 1).
In persons without diagnosed diabetes, the association
of BMI with fasting glucose was roughly linear, whereas
the association with HbA1c was J-shaped (figure 2A,B).
The association of BMI with glycated albumin was
slightly U-shaped (figure 2C) and the association with
fructosamine was actually inverse (figure 2D). The asso-
ciation of BMI with 1,5-AG was positive (figure 2E).
When persons with diagnosed diabetes were included in
the study population, the association of BMI with HbA1c
became more linear (efigure 1, panel B) and the asso-
ciations with glycated albumin and fructosamine became
more U-shaped (efigure 1, panels C and D).

CONCLUSIONS
The goal of this study was the comparison of associations
of standard diabetes risk factors with traditional and non-
traditional markers of hyperglycemia in an older
community-based, predominantly nondiabetic population.

Our logistic models examining risk factor associations with
elevated fasting glucose, HbA1c, glycated albumin, or fruc-
tosamine or low 1,5-AG addressed the question of whether
risk factor associations for extreme (hyperglycemic) values
differed across these biomarkers in the population. Our
models examining percent difference addressed the ques-
tion of whether there were differences in risk factor asso-
ciations for average values across these five markers of
hyperglycemia in this community-based population. In
general, the most consistent risk factor associations we
observed were for black race and family history of diabetes.
The associations of the biomarkers with hypertension,
hypercholesterolemia, and smoking status with all five gly-
cemic markers were generally weaker, but the observed
patterns were relatively similar across the biomarkers, with
associations for 1,5-AG being generally inverse (as
expected). By contrast, the associations of BMI with the
different biomarkers were quite diverse.
With the exception of BMI, associations of diabetes

risk factors with traditional glycemic markers were
similar to those observed with nontraditional markers.
The consistently higher levels of markers of hypergly-
cemia (and lower levels of 1,5-AG) in African-Americans
compared with Caucasians have been shown previously
in this study sample22 and other study populations.23–25

Figure 2 Continuous associations* of body mass index with fasting glucose (Panel A), hemoglobin Alc (Panel B), glycated

albumin (Panel C), fructosamine (Panel D), and 1,5-anhydroglucitol (Panel E) in the study population without diagnosed diabetes,

n=1,455. *Linear regression models with restricted cubic splines are shows in panels A-E. The solid lines are the predicted

values from the regression model; the dashed lines represent the corresponding 95% confidence intervals. In the spline midels,

knots were placed at the median of each quartile to characterize the continuous associations of body mass index with each

glycemic marker. The levels of each glycemic marker were truncaated at the 1st and 99th percentiles to minimize the influence of

extreme values at either tail of the distributions.
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The strong associations of a family history of diabetes
with all five markers of hyperglycemia is reassuring and
is consistent with the well-established genetic basis for
hyperglycemia and type 2 diabetes26 and previous epi-
demiological studies showing robust associations
between a parental history of diabetes and hypergly-
cemia.27 28 The inverse associations of BMI with non-
traditional markers of hyperglycemia were in contrast to
the more linear ones observed for fasting glucose and
HbA1c.
The association of obesity with hyperglycemia is well

established29; obesity is one of the strongest and most
important risk factors for type 2 diabetes.30 Previous
studies have demonstrated strong, positive associations
of BMI with fasting glucose and HbA1c with both pre-
diabetes and diabetes,31 32 consistent with our results.
The inverse associations of BMI with glycated albumin
and fructosamine in persons without diagnosed diabetes
and the U-shaped associations in the overall population
are in contrast to this literature. Interestingly, the inverse
association of BMI with fructosamine has been observed
in several previous studies, including in nondiabetic
persons.33–36 The mechanism underlying the inverse
association of BMI with serum glycated protein biomar-
kers is unclear. One possibility is altered serum protein
turnover in obese and/or older persons.37–39 Because
the inverse associations observed with glycated albumin
and fructosamine were quite pronounced, this observa-
tion may have implications for the use of glycated
albumin and fructosamine in monitoring glycemic
control. To the best of our knowledge, no previous
studies have examined the shape of the association of
BMI with 1,5-AG. The observed positive association
of BMI with 1,5-AG may reflect overall dietary intake
and/or dietary differences between obese and non-
obese adults, particularly in nondiabetic persons, as the
majority of circulating 1,5-AG in the body originates
from food.40–42 1,5-AG is a monosaccharide that resem-
bles glucose in structure and is thought to be present in
almost all foods, but in varying amounts. In normogly-
cemic persons, 1,5-AG concentrations are at a steady
state of distribution, balanced by ingestion and
excretion.43

Several limitations of this study warrant discussion.
First, our study design was cross-sectional, which limits
our ability to establish the temporality of the observed
associations. Second, our study population was predom-
inantly nondiabetic; we had only a limited number of
persons with diagnosed diabetes in the study population
(n=309). Third, our population was older (mean: 70,
SD: 6) and consisted of only black and white adults,
which may affect the generalizability of our results.
Fourth, we had few persons with very low BMI (n=11
with BMI <18.5 kg/m2), so we were unable to rigorously
examine associations at the low end of the range of
BMI. The strengths of our study include the relatively
large, biracial, community-based population; the rigor-
ous assessments of diabetes risk factors using

standardized protocols; and, finally, the low interassay
coefficients of variation for each marker, indicating
excellent laboratory performance of these assays.
In conclusion, we found that traditional diabetes risk

factors tended to have similar associations with glycated
albumin and fructosamine as compared to their associa-
tions with fasting glucose and HbA1c, with the exception
of obesity. Associations of diabetes risk factors with
1,5-AG were mostly inverse, but less robust. The inverse
associations of glycated albumin and fructosamine, and
positive associations of 1,5-AG with BMI, may reflect
pathways independent of glucose metabolism and merit
further examination.
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