
Total Short-term
Variability in Biomarkers
of Hyperglycemia in
Older Adults

To the Editor:

There is growing interest in the use
of nontraditional short-term bio-
markers of hyperglycemia [fruc-
tosamine, glycated albumin, and
1,5-anhydroglucitol (1,5-AG)]1 to
complement fasting glucose and he-
moglobin A1c (Hb A1c) for progno-
sis and management of diabetes (1 ).
Within-person variability in Hb A1c

and fasting glucose has been previ-
ously characterized (2–4), but little
is known about the variability of these
alternative biomarkers of hyperglyce-
mia in the general population. We
quantified the 6-week total variability
in fructosamine, glycated albumin,
and 1,5-AG in older adults with and
without diabetes and compared it to
that of fasting glucose and Hb A1c.

We included 153 participants
from the Atherosclerosis Risk in Com-
munities (ARIC) Study (5) who at-
tended the initial visit-5 exam (2011–
13), returned for a second visit
scheduled 4–8 weeks later, had com-
plete data, fasted �8 h at both visits,
and did not have outlying values. In-
stitutional review boards approved all
procedures, and all study participants
provided written informed consent.

Serum fructosamine, glycated al-
bumin, and 1,5-AG were measured
with the Roche Cobas 6000 (Roche
Diagnostics). Fructosamine was mea-
sured with a colorimetric method
(Roche Diagnostics). Glycated albu-
min (Asahi Kasei Lucica GA-L) and
1,5-AG (GlycoMark) were measured
with enzymatic methods. Glucose was
measured in plasma with an Olympus
480 analyzer (Beckman Coulter) and
a hexokinase method. Hb A1c was

measured in whole blood with HPLC
(Tosoh G7, Tosoh Medics) standard-
ized to the Diabetes Control and
Complications Trial assay. Interassay
CVs were 3.2% for fructosamine at
a mean concentration of 220.3
�mol/L, 4.4% for glycated albumin at
0.45 g/dL, 0.9% for 1,5-AG at 18.0
�g/mL, 2.7% for glucose at 121.7
mg/dL, and 1.9% for Hb A1c at
5.36%.

Analyses were conducted sepa-
rately in those with and without diag-
nosed diabetes. For each biomarker, we
calculated means by diabetes status: the
mean at the original exam, the mean at
the second exam, and the mean differ-
ence (second minus original). To parti-
tion the total variance of the repeated
measurements into the between-subject
variance (�BS

2 ) and within-subject vari-
ance (�WS

2 ),weused linearmixed-effects
models with each biomarker as
the dependent variable and the partici-
pant as a random effect. We calculated
the between-person CV (CVG):
����BS

2 )/�]*100, where � is the
mean of all values (both original and
second measurements). Similarly,
we calculated the within-person CV
(CVW): ����WS

2 )/�]*100. The CVW

is a function of the within-person
biological coefficient of variation
(CVI) and the analytical coefficient
of variation (CVA) (or each meth-
od’s CV reported by the laboratory):
CVW��CVA

2�CVI
2. We then cal-

culated the index of individuality:
��CVA

2�CVI
2)/CVG or equiva-

lently, CVW/CVG. We also calcu-
lated the intraclass correlation coef-
ficient (ICC): �BS

2 /(�BS
2 � �WS

2 ).
All statistical analyses were con-
ducted with Stata, version 13.0
(StataCorp).

The mean age was 76 years, 33%
had a diagnosis of diabetes, 39% were
male, and 74% were white. The mean
time between the original and second
examinations was 45 days (SD, 16
days) (range 23–102 days). Estimates
of total CVW for fructosamine, gly-
cated albumin, and 1,5-AG were
3.4%, 2.7%, and 2.9%, respectively,

in those without diabetes, and 3.7%,
3.8%, and 5.7% in those with diabe-
tes (Table 1). CVw values for fasting
glucose and Hb A1c were similar to
those previously reported (Table 1)
(2, 3). The point estimates for the
CVW values were greater in those
with diagnosed diabetes—60% of
whom reported taking glucose-
lowering medication—compared to
those without diagnosed diabetes, al-
though the CIs for fructosamine and
glycated albumin in those with and
without diabetes overlapped. The re-
sults in individuals with diabetes may
partially reflect the influence of diabe-
tes management on glycemic variabil-
ity. The CVw values of fructosamine,
glycated albumin, and 1,5-AG were
between those of fasting glucose and
Hb A1c. Of the nontraditional bio-
markers, the ICC was lowest for fruc-
tosamine and highest for 1,5-AG (Ta-
ble 1). Patterns of Spearman rank
correlation coefficients were similar to
those of ICCs (Table 1). All biomark-
ers had a favorably low index of indi-
viduality, with 1,5-AG having the
lowest (Table 1). Results for Hb A1c

and fasting glucose were similar to pre-
viously reported findings (2–4).

Estimates of total variability of
these biomarkers were intermediate
between fasting glucose and Hb A1c,
consistent with their biology (1). No-
tably, 1,5-AG had very high correla-
tions and estimates of reliability,
which may be partially attributed to
the relatively wide range of values for
this biomarker. All biomarkers of hy-
perglycemia had a low index of indi-
viduality, which suggests that changes in
biomarker levels over time within an in-
dividual primarily reflect biological
change.Limitationsofourstudyinclude
havingonly2measurementsforeachpar-
ticipant and the use of internal labora-
tory QC materials instead of duplicates
to obtain the analytical CV.

In summary, we found that non-
traditional biomarkers of hyperglyce-
mia are consistent over approximately
6 weeks and have lower within-person
variability than fasting glucose. These
data should help inform the use of
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tol; Hb A1c, hemoglobin A1c; ARIC, Atherosclerosis Risk
in Communities; ICC, intraclass correlation coefficient.
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these biomarkers in research and clin-
ical settings.
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Table 1. Total variability in biomarkers of hyperglycemia in older adults with and without diabetes, ARIC, 2011–13, n = 153.a

Original
exam

Second
exam

Difference
(second minus

original)
CVW

(95% CI)b
ICC

(95% CI)b r (95% CI)

Index of
individuality

(95% CI)b

No diagnosed diabetes
(n = 103)

Fructosamine, μmol/L 241.5 (22.9) 239.4 (21.0) −2.10 (11.3) 3.4 (2.9–3.8) 0.86 (0.83–0.89) 0.83 (0.76–0.88) 0.40 (0.34–0.46)

Glycated albumin, % 13.8 (1.5) 13.7 (1.7) −0.04 (0.5) 2.7 (2.3–3.0) 0.95 (0.94–0.96) 0.91 (0.88–0.94) 0.24 (0.20–0.27)

1,5-AG, μg/mL 17.5 (6.0) 17.6 (6.1) 0.04 (0.7) 2.9 (2.7–3.2) 0.99 (0.99–0.99) 0.99 (0.99–0.99) 0.09 (0.08–0.09)

Fasting glucose, mg/dL 104.7 (17.6) 104.5 (15.9) −0.18 (7.9) 5.3 (4.6–6.0) 0.89 (0.85–0.93) 0.72 (0.61–0.80) 0.35 (0.27–0.44)

Hb A1c, % 5.7 (0.4) 5.7 (0.4) −0.01 (0.1) 1.5 (1.3–1.7) 0.95 (0.95–0.96) 0.95 (0.92–0.96) 0.22 (0.19–0.25)

Diagnosed diabetes
(n = 50)

Fructosamine, μmol/L 263.2 (39.8) 261.8 (38.7) −1.46 (13.6) 3.7 (3.0–4.3) 0.94 (0.92–0.96) 0.84 (0.73–0.90) 0.25 (0.20–0.31)

Glycated albumin, % 15.5 (2.8) 15.7 (2.9) 0.2 (0.8) 3.8 (2.9–4.7) 0.95 (0.94–0.97) 0.91 (0.85–0.95) 0.22 (0.17–0.27)

1,5-AG, μg/mL 15.1 (6.5) 15.1 (6.5) 0.04 (1.2) 5.7 (4.2–7.2) 0.98 (0.98–0.99) 0.98 (0.97–0.99) 0.13 (0.10–0.17)

Fasting glucose, mg/dL 125.5 (29.8) 125.3 (32.7) −0.14 (17.1) 9.6 (7.3–11.8) 0.85 (0.80–0.90) 0.84 (0.73–0.90) 0.42 (0.31–0.53)

Hb A1c, % 6.3 (0.8) 6.3 (0.8) 0.04 (0.2) 2.0 (1.5–2.5) 0.98 (0.97–0.98) 0.96 (0.92–0.98) 0.16 (0.12–0.19)

a Data are mean (SD) unless noted otherwise.
b The 95% CIs were bootstrapped with 200 replications.

Letters to the Editor

Clinical Chemistry 61:12 (2015) 1541

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/61/12/1540/5611628 by guest on 21 August 2022


