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Chronic kidney disease (CKD) is highly
prevalent, with increasing numbers of pa-
tients affected by the disease world-wide,
and anemia is a common finding in patients
with CKD. Anemia impacts negatively on
cardiovascular disease, exercise capacity,
and quality of life, resulting in significant
mortality and morbidity. The aim of this
study was to evaluate the levels of ische-
mia-modified albumin and lactate in
patients with established anemia asso-
ciated with CKD and its correlations with
hemoglobin levels. Hematocrit, hemoglo-
bin, iron, ferritin, albumin, creatinine, lac-
tate, and ischemia-modified albumin (IMA)
were measured in 17 patients with estab-
lished anemia associated to CKD and 19
controls by standard methods. The results

of hematocrit, hemoglobin, iron, and albu-
min were lower in the anemia group than in
the control group. Ferritin, creatinine, and
lactate levels were higher in anemia of the
CKD group than the control group. IMA
increase in the anemia group
(0.8115+0.1304 absorbance units [ABSU])
compared to control (0.4951+0.0393
ABSU). Significant correlations between
IMA and lactate, IMA and hemoglobin,
IMA and creatinine, and hemoglobin and
lactate were observed. IMA and lactate
increase during anemia and this elevation
could be associated to hypoxia due to low
hemoglobin levels. However, our data
suggest that lactate is more sensitive to
anemia compared to IMA. J. Clin. Lab.
Anal. 22:1-5, 2008. © 2008 Wiley-Liss, Inc.

Key words: ischemia-modified albumin; lactate; hemoglobin; anemia; ischemia

INTRODUCTION

Chronic kidney disease (CKD) is highly prevalent,
with increasing numbers of patients affected by the
disease world-wide (1). Anemia is a common complica-
tion that contributes to the burden of disease associated
with CKD, and it impacts negatively on cardiovascular
disease, exercise capacity, and quality of life, resulting in
significant mortality and morbidity in patients with
CKD (2-5). Anemia is currently defined by the World
Health Organization (WHO) as a hemoglobin (Hb) level
<13g/dL in men and <12g/dL in women (6). Iron-
deficiency anemia (IDA) is the most common anemia
and it affects an estimated 1-2 billion people worldwide.
In developing countries, over 50% of pregnant women
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are anemic, as are 46—66% of children under 4 years old,
with one-half attributed to iron deficiency (7,8).
Human serum albumin, a single chain of 585 amino
acids, consists of three structurally homologous, largely
helical domains (I, II, and III), and each domain consists
of two subdomains, A and B (9). The first three amino
acids in the N-terminus, Asp-Ala-His, is a specific
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binding site for transition metals such as cobalt (II),
copper (II), and nickel (II), and the most susceptible
region for degradation compared with other regions of
albumin. Ischemia, hypoxia, acidosis, and free radical
formation can transiently alter the ability of the residues
to bind free metal atoms (10-13). On the basis of these
biochemical changes, Bar-Or et al. (13) described a rapid
colorimetric assay method measuring ischemia-induced
alterations of the binding capacity of human serum
albumin to exogenous cobalt. Ischemia-modified albu-
min (IMA) has been shown to be a rapidly rising and
sensitive biochemical marker especially for the diagnosis
of myocardial ischemia (13-15). Ceyhan et al. (16)
reported a negative linear correlation between lactate
levels and hemoglobin values in anemic children, and
hypoxia associated with anemia could be responsible for
the higher levels of lactate. Therefore, we reasoned that
IMA and lactate measurement could be useful for the
evaluation of hypoxia associated to lower levels of
hemoglobin in anemia. The aim of this study was to
evaluate the levels of IMA and lactate in patients with
established anemia associated to CKD and its correla-
tions with hemoglobin levels.

MATERIALS AND METHODS

We investigated 17 patients submitted to hemodialysis
with established anemia associated to CKD from
Caridade and Casa de Saude Hospitals, located in
Santa Maria, RS, Brazil. A total of 11 were men, and six
were women, and their age was 51.6+12.8 years (range,
29-77 vyears). Patients with alcoholism, smoking,
diabetes, viral hepatitis, and HIV were excluded
from this study. A total of 19 healthy subjects were
included in the control group. Of the 19 subjects, 10
were men, and nine were women, and their age was
43.7+5.4 years (range, 37-55 years). All patients gave
written informed consent, and this study protocol was
approved by the institutional ethics committee (number
0109.0.243.000-06). Blood samples were collected by
venous puncture into purple top, gray top, or red top
Vacutainer™ (BD Diagnostics, Plymouth, UK) tubes
containing ethylene diamine tetraacetic acid (EDTA),
sodium fluoride and potassium oxalate, or no antic-
oagulant, respectively. Specimens were routinely centri-
fuged within 1 hr of collection for 15min at 1,000 g, and
aliquots of serum samples were stored at —20°C for a
maximum of 4 weeks before IMA measurement.

Hematocrit and hemoglobin were measured in whole
blood collected in EDTA tubes by use of standard
methods with the fully automated PENTRA 120%
(ABX Diagnostics, Montpellier, France) system. Plasma
lactate and serum levels of iron and creatinine were
measured by use of standard methods with the fully
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automated VITROS 950® (Ortho-Clinical Diagnostics,
Rochester, NY) dry-chemistry system. The serum levels
of albumin were measured by the bromcresol green
method in Cobas MIRA®™ Plus (Roche Diagnostics,
Basel, Switzerland) analyzer, and serum ferritin was
measured by use of a chemiluminescence immunoassay
in the IMMULITE 2000® (Diagnostics Products
Corporation, Los Angeles, CA) system.

Serum IMA was measured by the albumin cobalt
binding test on a Cobas MIRA®™ Plus analyzer
according to the method described by Fagan et al. (12)
and validated in previous studies (12,17). A total of
95 uL of patient serum is pipetted to the reaction cuvette
on the Cobas MIRA ™ Plus analyzer. A total of SuL of a
16.8 mM CoCl, solution chased with 20 pL of barbital
buffer (pH 8.6) is added 25 sec later. The sample/cobalt/
buffer mixture is incubated for 275 sec to allow binding
of cobalt to albumin then a blank read optical
measurement is made at 500nm. A total of 25uL of
9.7mM dithiothreitol (DTT) is added 25sec later. DTT
reacts with unbound (non-N-terminal sequestered)
cobalt to form a colored product. The final reaction
mixture is incubated for an additional 100 sec and read
at 500 nm. All incubations are at 37°C. Total assay time
once the sample in pipetted is 7.5 min. IMA results were
expressed in absorbance units (ABSU) as described
previously (13,15).

Data were expressed as mean + standard error (SEM).
The Mann-Whitney test was used to evaluate the
difference between groups. Spearman rank correlation
was used to evaluate the associations between IMA,
lactate, hemoglobin, and creatinine, and P<0.05 was
considered statically significant.

RESULTS

We evaluated 36 patients in this study, and the levels
of hematocrit, hemoglobin, iron, and albumin were
lower in anemia of the CKD group than the control
group. Ferritin, creatinine, and lactate levels were higher
in the anemia group than the control group, as shown in
Table 1. The levels of IMA were elevated in anemia
associated with the CKD group (0.8115+0.1304 ABSU)
compared to control group (0.495140.0393 ABSU),
as indicated in Fig. 1. We also observed significant
correlations between IMA and hemoglobin (r=
—0.3442, P=0.0398), IMA and lactate (r=0.46160,
P =0.0046), IMA and creatinine (r=0.5008, P=
0.0019), and lactate and hemoglobin (r=—0.7195,
P<0.0001), as shown in Fig. 2.

DISCUSSION

The results of the present study indicate that IMA
levels and lactate concentrations increase in patients



TABLE 1. Characteristics of study participants’

Control Anemia

Hematocrit (%) 42.68+1.27 30.194 1.24™**
Hemoglobin (g/dL) 14.43+0.54 9.77+40.40***
Iron (pg/mL) 71.954+43.95 53.82+3.90*

Ferritin (ng/mL) 83.794+6.92 213.60+38.13**
Albumin (g/dL) 4.0040.06 3.1740.04***
Creatinine (mg/dL) 0.8640.04 5.5240.37***
Lactate (mmol/L) 1.07+0.05 2.75+0.29%%*

"Values are given as mean+SEM.
*P<0.05.

**P<0.01.

***P<0.001.

with anemia associated with CKD. Sharma et al. (18)
recently reported that IMA level predicts mortality in
patients with end-stage renal disease, and patients with
elevated IMA levels have larger left ventricular size,
decreased systolic function, and greater estimated left
ventricular filling pressures. Ischemia may alter the
metal binding capacity of circulating serum albumin,
and biochemical mechanisms involved in the in vivo
alterations to metal-albumin binding during either
ischemia or reperfusion may include hypoxia, acidosis,
free radical damage, membrane energy-dependent
sodium and calcium pump disruptions, and free iron
and copper ion exposure (13,19,20). The first three
amino acids in the N-terminus, Asp-Ala-His, are a
specific binding site for transition metals and the most
susceptible region for degradation compared with other
regions of albumin (10-13). However, Mothes and
Faller (21) recently suggested that the first two
equivalents of Co" bind to sites A and B, and only the
third may be bound to the N-terminal site. They also
speculate that the structural changes in human serum
albumin and subsequent lower levels of Co'' binding in
myocardial ischemia could be linked to fatty acid
binding.

Renal failure is associated with kidney function loss
with the increase of serum creatinine, and it is
accompanied by oxidative stress, which consists of the
damage of biological structures by reactive oxygen
species (ROS) due to their excessive generation
and impaired efficiency of antioxidant defense mechan-
isms (22). The increase of IMA levels in patients with
anemia associated with CKD could be attributed to the
increase of oxidative stress normally observed in
patients with chronic renal failure, and also to the
decrease of albumin levels observed and the resultant
increase in the nonbound portion of cobalt. Generation
of ROS can transiently modify the N-terminal region of
albumin and produce an increase in IMA levels (23,24).
Some authors (24,25) reported that ROS generation in
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Fig. 1. IMA values observed in the study participants. *P<0.05.

vitro causes structural changes in a synthetic N-terminus
tetrapeptide, an octapeptide, and human albumin with
loss of Co** binding capacity. High or low albumin
concentrations may affect IMA testing, producing lower
or higher values, respectively, even within the reference
interval. Some authors (26,27) recently reported for-
mulas for the adjustment of IMA by serum albumin, but
these were not still validated in any way for CKD
patients. The increase of IMA levels in anemic patients
could also be attributed to mild hypoxia due to low
hemoglobin levels, and this hypoxia is responsible for
the alteration in metal-albumin binding during anemia.
The reduction of hemoglobin levels could change the
tissue oxygen delivery. There are also reports suggesting
a role for hemoglobin-induced variations in arterial
O, content (28,29).

Our results confirm previous studies that reported the
increase of lactate levels in anemia (16,30-32). Lactate is
the end product of anaerobic glycolysis and high blood
lactate concentration can indicate tissue hypoxia in
trauma or septic, hypovolemic, or cardiogenic shock.
Anemia has been implicated in the decreased oxygen
tension. The high lactate dehydrogenase-5 levels found
in anemic patients are certainly in accordance with the
switch-on of anaerobic metabolism, presumably a result
of reduced oxygenation offered by the low hemoglobin
levels (33). Lactate and hemoglobin showed the best
relationship in this study, with a significant negative
correlation. The inverse correlation between lactate and
hemoglobin levels in anemia was previously reported,
and the hypoxia caused by anemia could be responsible
for the higher levels of lactate (16,30). Ohira et al. (32)
showed that lactate levels were significantly elevated
in whole blood and plasma from iron-deficient
anemic rats, and IDA induces an eclevation of lactate
production following an increase in total lactate
dehydrogenase (LDH) activity and change in LDH
isoenzyme patterns.
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Significant correlations between (A) IMA and hemoglobin (r = —0.3442, P =0.0398), (B) IMA and lactate (r = 0.4616, P = (0.0046),

(C) IMA and creatinine (r = 0.5008, P =0.0019), and (D) lactate and hemoglobin (r = —0.7195, P<0.0001).

In summary, we have shown that IMA and lactate
increase during anemia and this elevation could be
associated with hypoxia due to low hemoglobin levels.
Although lactate is an insensitive marker of ischemia,
our data indicate that it is more sensitive to anemia
compared to IMA. However, further epidemiological
studies are required to understand the mechanisms
leading to increase of IMA and lactate levels in anemia
and other different clinical conditions associated to
ischemia, and also to evaluate IMA value as a tool in the
diagnosis of diseases.
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