
in Hb A1c assays and to be useless
for clinical diagnostic purposes (1–
4 ), these 2 examples show that
considering labile Hb A1c values
when validating Hb A1c results has
potential utility for monitoring
conformity with preanalytical pro-
cedures and for ensuring the global
quality of laboratory performance.
We propose, however, that the es-
timated labile Hb A1c value be used
only as a tool in interpreting Hb
A1c results. We recommend that la-
bile Hb A1c values should not be
used separately, because the ana-
lyzers that separate labile Hb A1c

from carbamylated Hb and Hb A1c

are not calibrated for quantifying
these subcomponents. Moreover,
any problem that could alter the
interpretation of labile Hb A1c

must be taken into account. For ex-
ample, extended storage of samples
before analysis could cause red
cells to consume glucose, which
could lead to the dissociation of la-
bile Hb A1c.

We believe that each Hb chro-
matogram must be studied care-
fully. Useful information may be
obtained from all Hb fractions (5 ).
Optimal use of Hb A1c values in
clinical practice may be achieved
only when both physicians (i.e.,
those ordering the test) and medi-
cal biologists (those performing
the assays and interpreting the re-
sults) fully exert their respective
responsibilities.
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Urinary Catalytic Iron in
Patients with Type 2 Diabetes
without Microalbuminuria—a
Substudy of the ACCORD Trial

To the Editor:

The presence of microalbuminuria
in patients with diabetes mellitus
(DM)1 is associated with a 3- to
5-fold higher risk of cardiovascular
mortality than in patients with DM
without microalbuminuria and a
risk of progression to end-stage
kidney disease that is 10-fold
higher. Predicting and/or prevent-
ing the development of albumin-
uria have substantial potential to
improve outcomes and reduce
costs in patients with DM.

Catalytic iron, also known as
labile iron, consists of chemical
forms that can participate in redox
cycling. This property makes cata-
lytic iron potentially hazardous be-
cause it can participate in the
generation of powerful oxidant
species, such as hydroxyl radicals
and/or reactive iron– oxygen com-
plexes such as the ferryl or perferryl
ion (1, 2 ). Animal models of glo-
merular disease exhibit increased
urinary catalytic iron, and admin-
istration of an iron chelator re-
duces concentrations and protects
against proteinuria (3 ). These
findings suggest a pathogenetic
role for catalytic iron. We postu-
lated that the concentrations of
catalytic iron may be higher in pa-
tients with DM, and if that is so,
higher concentrations could pre-
cede the occurrence of proteinuria.

We conducted an ancillary
study in a subgroup of 9 clinical
centers (in 2 networks from the
southeastern and western regions
of the US) of the NIH-sponsored
ACCORD (Action to Control Car-

1 Nonstandard abbreviations: DM, diabetes melli-
tus; ACCORD, Action to Control Cardiovascular
Risk in Diabetes.
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diovascular Risk in Diabetes) Trial
(4 ) to determine the prevalence of
increased catalytic iron in partici-
pants with nonpathologic renal
function and the absence of mi-
croalbuminuria (�30 �g/mg cre-
atinine) at baseline. We had 507
urine samples available and suit-
able for the analysis of catalytic
iron, as well as complete clinical
data. Of these samples, we ran-
domly selected 167 samples for ad-
ditional measurement of urinary
isoprostane, a marker of oxidative
stress.

We used the bleomycin-
detectable iron assay to measure
catalytic iron in urine (5 ). F2t-
isoprostane–isoprostane concen-
trations were measured at the Uni-
versity of Colorado with the liquid
chromatography–tandem mass
spectrometry assay (6 ). We ln-
transformed data for the following
outcome variables: the concentra-
tion ratios of urinary bleomycin-
detectable iron to creatinine and of
urinary microalbumin to creati-
nine. Logistic regression models

fitted to determine predictors of
abnormal urinary iron and iso-
prostane concentrations included
age, sex, race, weight, body mass
index, LDL, and HDL as covari-
ates. SAS software (version 9.1;
SAS Institute) was used to analyze
the data.

We used the NCCLS (now
CLSI) guidelines (7 ) to establish a
reference interval for the ratio of
urinary bleomycin-detectable iron
to creatinine [95% CI, 140.9 –253.2
nmol/mg (15.9 –28.6 nmol/�mol);
mean, 197.0 nmol/mg (22.3 nmol/
�mol)] with a population of 100
healthy people from New Orleans
(50 men and 50 women; mean age,
37.4 years; mean body mass index,
22.9 kg/m2) (5 ). None of the pa-
tients had DM, hepatitis C, or
hemochromatosis. This group of
healthy individuals served as an ex-
ternal reference population (con-
trol group) for the ACCORD study
participants.

Participants from the ACCORD
population with a urinary cata-
lytic iron value �253.2 nmol/mg

(�28.6 nmol/�mol) were classi-
fied as having increased iron, in ac-
cordance with the data from the
external referent population. Use
of this threshold indicated that 276
(54.4%) of the ACCORD partici-
pants had increased values for uri-
nary catalytic iron. Table 1 sum-
marizes the characteristics of the
participants with and without in-
creased catalytic iron so defined.
None of the baseline characteristics
examined were associated with in-
creased urinary catalytic iron.

In our study, 21% (35 of 167) of
the participants had increased uri-
nary isoprostane (�120 pmol/mmol
creatinine). There was no relation-
ship between the ratio of urinary
bleomycin-detectable iron to creati-
nine and the urinary isoprostane
concentration, either in the entire
cohort (r � �0.12; P � 0.12) or in
the patients with higher urinary iso-
prostane concentrations.

In this cross-sectional study, we
observed increased urinary catalytic
iron concentrations in 54% of the
participants with DM without mi-

Table 1. Clinical characteristics of patients with and without increased urinary catalytic iron.a

Without increased iron
(n � 231)

With increased iron
(n � 276) P

Urinary catalytic iron, nmol/mg 83.3 (90.5) 623.6 (405.6) �0.0001

Urinary isoprostane, pmol/mmol 111.1 (156.4) 101.4 (235.0) 0.76

Age, years 64.5 (5.6) 64.5 (5.8) 0.94

Males/female sex, n 123/108 140/136 0.57

Approximate DM duration, years 13.1 (7.5) 12.8 (7.4) 0.63

UALB/Ucreat,b �g/mg 26.2 (128.3) 18.3 (32.9) 0.37

Plasma creatinine, mg/dL 0.8 (0.2) 0.8 (0.2) 0.46

Hemoglobin A1c, % 8.2 (1.1) 8.2 (1.1) 0.47

Systolic BP, mmHg 136.6 (14.8) 135.6 (16.7) 0.5

Diastolic BP, mmHg 76.9 (9.5) 76.3 (10.1) 0.49

Total cholesterol, mg/dL 191.8 (44.4) 197.1 (42.8) 0.18

LDL cholesterol, mg/dL 110.7 (35.0) 114.7 (37.2) 0.22

HDL cholesterol, mg/dL 42.8 (11.1) 43.5 (12.2) 0.49

BDI/Ucreat, nmol/mg 95.6 (72.1) 846.3 (593.4) �0.0001

a Data are presented as the mean (SD) except for the sex data.
b UALB/Ucreat, urine microalbumin–urine creatinine ratio; BP, blood pressure; BDI/Ucreat, urine bleomycin-detectable iron–urine creatinine ratio.

Letters to the Editor

342 Clinical Chemistry 57:2 (2011)



croalbuminuria and with a non-
pathologic renal function. Our study
has limitations. The ACCORD trial
enrolled participants with DM and
an additional cardiovascular risk fac-
tor. Participants were in different
stages of DM. None of the traditional
risk factors (highly prevalent in this
population) were associated with
increased urinary catalytic iron
in participants without micro-
albuminuria. Thus, if urinary cata-
lytic iron is associated with future
cardiovascular or renal events, that
association is likely to be indepen-
dent of the covariates we examined.
Urinary catalytic iron has potential
to be useful as an independent pre-
dictor of risk of nephropathy and
cardiovascular events.

This cross-sectional study rep-
resents an initial step in the devel-
opment of a biomarker of risk
prediction—the demonstration that
urinary catalytic iron is abnormal in
a population with DM and cardio-
vascular risk factors but without in-
creased urinary albumin. Because
catalytic iron potentially provides a
direct target for a therapeutic inter-
vention, we recommend that longi-
tudinal studies be conducted to ex-
amine the potential role of urinary
catalytic iron in identifying patients
at risk for incident renal and cardio-
vascular events.
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Red Cell Transfusion Decreases
Hemoglobin A1c in Patients
with Diabetes

To the Editor:

Hemoglobin A1c (Hb A1c)
1 is a

mainstay of diabetes diagnosis and
management that allows clinicians
to estimate the recent mean blood
glucose concentration of a patient.
Glycation of hemoglobin is an
irreversible, nonenzymatic process
that depends on the glucose con-
centration in red blood cells
(RBCs), and Hb A1c represents the
integrated glucose concentration
in RBCs over their life span.

RBC transfusion can compli-
cate the interpretation of Hb A1c

values in diabetic patients be-
cause it introduces hemoglobin
molecules exposed to glucose
concentrations that may have
been different from the glucose
concentrations in the diabetic
transfusion recipient. The poten-
tial effect of transfusion on Hb
A1c has been recognized for some
time, but opinions on the direc-
tion of the effect are contradic-
tory. Data from the older litera-
ture (1–3 ) suggest that the high
concentration of glucose in RBC
storage medium promotes glyca-
tion and causes Hb A1c values to
increase over time, which would
predict that Hb A1c might in-
crease in transfused patients. This

concept has been stated in a re-
cent review article (4 ) and on
consumer Web sites, such as Lab
Tests Online (http://labtestsonline.
org/understanding/analytes/a1c/
test.html); however, a recent case
in which a pathology resident was
contacted to explain a patient’s Hb
A1c value decreasing from 7.4% to
5.4% in 3 days after the patient re-
ceived 3 units of RBCs suggested
that transfusion may lower Hb A1c

values in diabetic patients. Indeed,
the majority of blood donors are
not diabetic, and donor RBCs
would dilute the increased Hb A1c

value (�6.5%) in a diabetic pa-
tient. To our knowledge, no study
has used contemporary Hb A1c

methods to examine the effect of
RBC storage conditions on Hb A1c

or the overall effect of RBC trans-
fusion on Hb A1c in patients.

To investigate these questions,
we used an immunoassay (Siemens
Dimension RxL) to measure Hb
A1c in 2 unused RBC units stored in
additive storage medium (AS-1)
under standard blood bank condi-
tions. These 2 units were unaccept-
able for transfusion because they
had been out of the control of the
blood bank for �30 min. The Hb
A1c values for samples obtained
from the units on their expiration
date (42 days after collection) were
5.4% (B Rh-positive) and 5.7% (O
Rh-positive), which are within our
reference interval (�6.0%). The
glucose concentrations in the
blood units at this time were 36.9
mmol/L (665 mg/dL) and 32.5
mmol/L (586 mg/dL), confirm-
ing the supraphysiological glucose
content of the RBC storage me-
dium. We observed minimal in-
creases in Hb A1c values in the
units after additional incubation at
room temperature for 9 days (5.7%
and 5.9%) and at 37 °C for another
14 days (6.0% and 6.0%). This
finding strongly suggests that gly-
cation of hemoglobin in stored
RBC units is negligible despite the

high glucose concentrations in
stored RBC units.

To determine if RBC transfu-
sion has a measurable effect on Hb
A1c in patients, we retrospectively
queried an institutional review
board–approved database of dei-
dentified patient data from our
hospital for patients who received
RBC transfusions and had Hb A1c

measurements performed within
28 days before and 14 days after
they received at least 1 RBC trans-
fusion. We allowed a maximum of
7 days between the first and last
transfusions for patients who
received multiple transfusions;
therefore, the maximum time be-
tween the pre- and posttransfusion
Hb A1c measurements was 49 days.
Fig. 1 shows the change in Hb A1c

after transfusion for 45 patients
who met the inclusion criteria. The
Hb A1c decreased in 31 (69%) of
the patients overall and in all 21 pa-
tients whose pretransfusion Hb A1c

measurement was �7%. Of the 14
patients whose Hb A1c value in-
creased or remained unchanged,
12 had a pretransfusion Hb A1c

value of �6.5%; thus, one would
not expect the transfusion of RBCs
with a typical Hb A1c value to have
a large effect. The mean decrease in
Hb A1c across all patients was
0.829%, which is statistically signifi-
cant (P � 0.00124, 2-sided paired
t-test). The mean decrease for the 21
patients with pretransfusion values
�7% was 1.97% Hb A1c.

These results suggest that RBC
transfusion will reduce the Hb A1c

concentration in diabetic patients.
We did not design this study to fully
characterize this phenomenon, but it
does show that appreciable glycation
does not occur during typical blood
bank storage. Thus, we would expect
decreased Hb A1c values after trans-
fusion to be most pronounced in pa-
tients who receive large transfusion
volumes and/or who have a high
pretransfusion Hb A1c, because of
dilution with RBCs containing typi-
cal amounts of Hb A1c. Indeed, pa-

1 Nonstandard abbreviations: Hb A1c, hemoglobin
A1c; RBC, red blood cell.
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