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SUMMARY
Background: Ischemia-modified albumin (IMA) derives from naive albumin, modified in the binding region of bivalent ions, as cobalt and iron. The cobalt, released from some types of hip prosthesis seems to be metabolized differently in males and females but the iron ion is more prevalent than cobalt and is detectable in the healthy population. Our aim was to verify if there are any gender- and age-related differences in IMA concentrations and if
IMA correlates with cobalt and iron-related proteins.
Methods: IMA, albumin, iron, ferritin, transferrin, and cobalt were measured in 50 men and 50 women divided into two age/fertility-homogeneous groups.
Results: Men < 45-years-old showed a statistically significant lower IMA concentration than men ≥ 45 and fertile
and menopausal women. Considering all the population studied, IMA does not seem to be correlated with age and
is distributed differently by gender; also, Co distribution was different between males and females.
Conclusions: IMA did not correlate with cobalt, iron, ferritin, and transferrin in any group, except for fertile
women where IMA presented a statistically significant correlation with serum iron values.
Minor expression of IMA in young males together with the results obtained on serum iron in fertile females, could
explain the higher accumulation of circulating Co in women compared to men and their different cobalt metabolism.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.180811)
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INTRODUCTION
Albumin, the most abundant plasma protein, plays a
fundamental role in the distribution of many metabolites, hormones, drugs and essential transition metal
ions in the human body. Its action is achieved by the
presence of several specific binding sites. In some pathological conditions, including cardiac ischemia, an albumin variant called Ischemia-Modified Albumin (IMA)
has been identified. It has the same sequence as the
original protein with a post-transcriptional modification
of a few amino acids at the N-terminal, which repre-
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sents the binding site of some bivalent metals [1-3]. It
has been suggested that these changes are related to the
production of reactive oxygen species during ischemia
and/or hypoxia, acidosis, and reperfusion [4]. However,
increased IMA concentrations do not seem to depend
purely on myocardial involvement as it is also increased
in other diseases associated with oxidative stress such
as obesity, type 2 diabetes mellitus, hypercholesterolemia, renal disease [5-7], as well as in patients with gastric, prostate, neuroblastoma, and soft tissue cancers [811].
Evidence of differences in gender specificity are incomplete [12].
The modification is found in 90% of ischemia cases;
therefore, the IMA assay has been validated, and later
approved by the FDA (US Food and Drug Administration), as a clinical marker of ongoing myocardial infarction [13]. The quantification of IMA in circulating
blood is usually performed with a colorimetric test
(ACB® albumin-cobalt binding test) based on a side-effect of the post-transcriptional modification: the modification of IMA reduces its binding efficiency to transition metals [2]. The test was developed by Bar-Or et al.
to detect structural changes in the albumin N-terminus
[1] and later improved by Lee [2].
In this method, IMA concentration can be determined
by adding a known amount of Co(II) to a serum specimen and measuring the unbound Co(II) by colorimetric
assay using dithiothreitol (DTT). There is an inverse relationship between the amount of albumin-bound cobalt
and the intensity of the color formation.
Based on the knowledge of the principle that the dosage
of IMA is determined by the addition of cobalt ion, our
group, which has had a long-term interest and studied
the toxic effects produced in vivo by the cobalt ion, was
interested in further study. Cobalt can be released in abnormal quantities by a particular type of hip prosthesis,
in which the joint sliding surfaces are made of a cobaltchromium alloy (Metal-on-Metal, MoM). In the presence of some risk factors, circulating ion levels may
reach acute lethal or sublethal toxicity concentrations,
up to over 600 micrograms/liter, when the reference
value for non-exposed subjects is below 1.
It is also known that females are exposed to a greater
risk of failure when implanted with MoM implants [14].
In addition, a greater accumulation of cobalt in the female population has been observed after exogenous exposure [15-17], compared to values in non-exposed individuals ranging from 0.1 and 0.6 g/L, respectively.
Starting from these observations, we decided to verify if
IMA could represent one of the elements responsible for
different transport/clearance of cobalt ion in men and
women.
The primary aim of the study is to verify the distribution of IMA concentration in healthy subjects, stratified
by gender, age, and by fertility status in female subjects,
as this topic has not been treated up to now.
Secondary aim was to verify if IMA was correlated with
circulating cobalt and with the two main proteins in-

volved in iron metabolism, transferrin and ferritin.
MATERIALS AND METHODS
Patients enrollment
One hundred thirty-eight patients were screened, 38
were excluded due to either the presence of metallic implants (24) or diabetes (11) or both conditions (3).
This observational study enrolled 100 subjects in the
waiting list for elective orthopedic surgery (primary hip
or knee prosthesis, ligament reconstruction, arthroscopy). Written, informed consent was obtained from all
patients (according to Ethical Committee approval no.
8567 9/3/2015). Exclusion criteria were the presence of
metallic implants, recent fractures, pregnancy, current
or previous oncological pathologies, hemochromatosis,
current or previous hepatic disease, thalassemia, severe
anemia (Hb < 9), obesity and cholesterol status, renal
disease, and diabetes. Enrolled patients were uniformly
distributed for gender and age: there were 50 males and
50 females, in male group 25 were below 45 years old
and 25 over; in female group 25 were fertile and 25
menopausal (Table 1).
Fertility status was ascertained for each woman; menopause was considered as amenorrhea for at least 12
months in the fifth decade of age. All female subjects
with eumenorrhea were considered fertile. In case of
uncertainty, patients were not enrolled.
Samples collection and blood analysis
Peripheral blood samples were harvested using disposable intravenous cannulas, withdrawn, and transferred
into trace elements BD vacutainer tube (Becton Dickinson, Plymouth, PL6 7BP, UK).
Blood samples were centrifuged at 800 rcf (relative centrifuge force) for 7 minutes to collect serum; total albumin, ferritin, transferrin, and serum iron were measured
immediately following routine colorimetric test methods (Cobas analyzer, Roche Diagnostics, USA), while
the remaining samples were frozen and stored at -80°C
until IMA ELISA assays. (Cusabio Biotech Co., LTD.
Wuhan, Hubei Province 430206, P. R. China) and cobalt assay. ELISA IMA assay employs the quantitative
sandwich enzyme immunoassay technique. The ELISA
kit had a detection range up to 200 IU/mL, with an intra-assay precision < 8% (coefficient of variability,
CV%) and inter-assay precision of < 10% (CV%). The
normal value of IMA assessed by this kit is < 10
IU/mL, as declared by the manufacturer and previously
validated [18].
ICP-MS (ELAN DRC II, Perkin Elmer, Waltham, MA,
USA) equipped with dynamic cell reaction (DRC) was
used for the cobalt assay. A reaction system with ammonia gas was used for the elimination of spectral interferences. The samples of serum were diluted (1:20)
with Triton 0.05% for inorganic trace analysis (Merck
KgaA). The curve and sample solutions were pumped
into the spray chamber using a peristaltic pump. The
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4 of these cases, IMA values were very close to the normality range and only one menopausal woman had a
significantly high value of 39 U/mL.
The result of this analysis was that IMA concentration
in young men was significantly lower than in the other
3 groups both considering IMA and IMA normalized
(Kruskal-Wallis test, p = 0.001 for both) That is why
the results of IMA in women are higher than in men, regardless age.
These results were represented by the boxplots in the
Figure 1, where only IMA results were graphically represented.
We repeated the analysis considering women divided in
two age groups (19 < 45 and 31 ≥ 45): this also showed
no difference (data not shown).
A correlation was verified between IMA (normalized
and not) and age (Pearson’s correlation, p = 0.021 and
p = 0.041, respectively) but not between IMA and iron,
transferrin, ferritin or cobalt.
Both IMA and cobalt values are distributed differently
according to gender (Mann-Whitney, p = 0.004 and p =
0.001, respectively) even if the difference has no clinical value, such as always falling inside reference value
range.

blank samples were used to correct for any contamination in each batch. The concentration of metal ions was
expressed as ppb.
The calibration standards were prepared by standard solutions of single elements ranging from 0.5 to 1,000
ppb: cobalt in HNO3 2% mono elemental standard solution (Carlo Erba Reagenti, Milano, Italy) and chromium
in HCl atomic absorption standard solution (Sigma-Aldrich, Milwaukee, WI, USA).
The accuracy of the method was determined according
to the mean values obtained on certified reference materials (Environmental and Occupational G-EQUAS for
blood and serum, Erlangen, Germany). The coefficient
of variation was 6.1% and the limits of detection, calculated as three standard deviations of the background signal obtained on 10 white samples, were 0.05 ppb in all
the matrices.
The method accuracy was assessed by the external quality assessment program and it was certified for the
above-mentioned metallic elements by G-EQUAS of
the German Society of Occupational and Environmental
Medicine.
Statistical analysis
GPower was used to perform calculations on sample
size, effect size, and statistical power. The minimal significance (α) and statistical power (1-β) were set at 0.05
and 0.90, respectively. Calculations were performed for
multiple groups (one-way ANOVA; F-distribution)
[19].
The normality of the data distribution was verified with
the use of the Shapiro-Wilk test. Results are presented
as the median (range) for non-normal data.
A non-parametric statistical test (Kruskal-Wallis) was
used in evaluations of the difference in distribution in
the four groups for IMA and normalized IMA (IMA/albumin).
Pearson's correlation test was used for the correlation
between IMA or normalized IMA with age, iron, transferrin, ferritin, and cobalt. The Mann-Whitney test was
used to analyze the difference of expression levels of
Co and IMA between women and men. Statistical significance was set at p < 0.05.
The statistical analysis was performed using SPSS v.
14.0 software (SPSS Inc., Chicago, IL, USA).

DISCUSSION
Results for IMA dosage demonstrate that women have
higher circulating levels than men, and this is particularly true when women of any age or fertility status are
compared to younger men.
We measured IMA levels by immunoenzymatic assay
(ELISA) that specifically recognizes the epitope responsible of Co binding, instead of using the colorimetric assay, despite the latest being widely used and standardized. The main reason for this choice resides in the fact
that the colorimetric assay is based on the binding ability of IMA to Co and this would not be applicable to patients that have high levels of circulating Co due to professional exposure or, more likely, to the presence of a
cobalt releasing implant. Moreover, the albumin binding site for cobalt could be hampered by free fatty acids
[20].
Patients wearing a metal-on-metal hip prosthesis sometimes have high levels of circulating cobalt, particularly
in women. Females, despite the smaller dimension of
the prosthesis, have significantly higher levels of circulating cobalt (unpublished data).
Therefore, the present study investigated if there are
gender and age differences in IMA expression in unexposed subjects, determination of IMA with the immunoenzymatic assay, and also doing a correlation analysis
for IMA and other Co and iron related parameters.
Many papers that validated the role of IMA as a marker
of several pathologies, cardiopathies in particular, have
never considered any gender effect, or these have not
clearly emerged from the presented data [12]. Also, the
reference values used in the clinics do not take gender

RESULTS
Table 1 shows a summary of the results for IMA, total
albumin, serum iron, transferrin, ferritin, and cobalt expressed as median, maximum, and minimum.
IMA median values observed in the 4 groups were well
within the normality range. Only 5 patients had IMA
values above 10 U/mL (two menopausal women, two
men over 45 years old and one younger man); for none
of these 5 patients was it possible to verify the presence
of any cardiac pathology shortly after blood sampling,
which would justify the higher IMA value. However, in
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Table 1. Concentrations (expressed as median, maximum, and minimum of IMA, albumin, iron, transferrin, ferritin and cobalt in all groups: 25 fertile women (18 < 45 years and 7 ≥ 45 years), 25 menopausal women (1 < 45 years and 24 ≥ 45 years), 25
men < 45 years and 25 men ≥ 45 years.

Reference values

Fertile
women

Menopausal
women

Men ≥ 45
years

Men < 45
years

Total

n
median
minimum
maximum
n
median
minimum
maximum
n
median
minimum
maximum
n
median
minimum
maximum
n
median
minimum
maximum

Age
(years)
25.0
40.0
19.0
53.0
25.0
62.0
43.0
82.0
25.0
62.0
45.0
87.0
25.0
35.0
19.0
43.0
100.0
47.0
19.0
87.0

IMA

Iron

Transferrin

Ferritin

Albumin

Cobalt

(< 10 IU/mL)

(37 - 145
mg/100 mL)

(200 - 360
mg/100 mL)

M: 30 - 400
F: 15 - 150
(ng/mL)

(3.5 - 5.2
g/100 mL)

(0.1 - 0.6
μg/L)

25.0
6.4
0.0
9.8
25.0
3.4
0.0
39.6
25.0
3.3
0.0
16.7
25.0
0.0
0.0
12.5
100.0
2.6
0.0
39.6

25.0
73.0
24.0
165.0
24.0
72.0
46.0
136.0
24.0
94.0
51.0
148.0
25.0
91.0
52.0
158.0
98.0
84.5
24.0
165.0

25.0
272.0
178.0
351.0
25.0
259.0
162.0
336.0
25.0
262.0
182.0
326.0
25.0
251.0
222.0
309.0
100.0
261.5
162.0
351.0

25.0
38.0
10.0
179.0
25.0
82.0
23.0
1,623.0
25.0
177.0
52.0
682.0
25.0
139.0
36.0
303.0
100.0
89.0
10.0
1,623.0

25.0
4.7
4.4
5.2
25.0
4.6
4.1
5.3
25.0
4.8
3.6
5.1
25.0
4.9
4.4
5.3
100.0
4.7
3.6
5.3

25.0
0.4
0.3
1.1
25.0
0.3
0.3
0.8
25.0
0.4
0.0
1.3
25.0
0.4
0.3
1.1
100.0
0.4
0.0
1.3

Figure 1. IMA concentration in all groups.
Boxes are limited by values of the 25th and 75th percentile. The horizontal line crossing the box represents the median value. The vertical lines
are extended from min to max value. Outliers are indicated by * and °, depending on their distance from 75th percentile (* for values greater
than 3 interquartile differences and ° for values greater than 1.5 interquartile differences, respectively).
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Among the limitations of the present study is the lack of
data on the oxidative stress defense level presented by
the enrolled patients, which could in turn influence their
IMA level [28]. In addition, no nvestigation on diet and
smoking habits was performed. Conversely, the subjects
enrolled in our study belong to a population for which
all major risk factors responsible for the alteration of
IMA expression have been excluded.

into account and mainly assayed using the colorimetric
method. Conversely, our results demonstrated the presence of a gender and age difference. Our study showed
that male and young subjects had significantly lower
levels of IMA compared to the other studied categories.
From literature data, two different explanations for
these findings can be found.
Niki showed that an increased Total Antioxidant Capacity (TAC) reduces IMA expression [21]; this is because
the formation of free radicals may alter the ability of
three amino acids (aspartate, alanine, and histidine) at
the albumin N-terminus to bind free metal ions, including cobalt. Some studies have reported higher TAC levels in the saliva of younger subjects [22], and significantly lower salivary TAC in women than in men [23].
Moreover, age and gender differences were observed in
oxidative stress markers in plasma [24], and this could
explain the reason why younger male subjects have a
lower level of IMA compared to women of any age and
compared to older men.
In addition, it is known that there is a different response
to oral administration of Co ion in women compared to
men. In fact, some toxicological studies have demonstrated that by administering oral Co 1.0 mg/day to 10
healthy volunteers, 5 males and 5 females, for a period
of 31 or 89 days, Co concentration in serum or whole
blood was 2 times higher in female compared to male
subjects [17,25]. This is probably due to differences in
absorption and excretion of Co in women, who generally absorb more and excrete less Co than men [26].
This gender and age difference could be a co-cause that,
theoretically, could explain the different metabolism
and excretion of Co in male and female patients with
MoM prosthesis.
The secondary objective of this study was to verify if
there was a correlation between IMA and cobalt, iron
and some iron-correlated proteins, which have different
concentrations in men and women and mostly in fertile
and menopausal women. In fact, it is known that cobalt
and iron share a common intestinal uptake mechanism
of absorption [27].
IMA was not correlated with blood concentration of cobalt, iron, ferritin, and transferrin in any of the studied
groups with the exception of fertile women where IMA
was positively correlated with iron concentration.
As clinically expected, a statistically significant difference in transferrin, albumin, and ferritin values has also
been observed between fertile and menopausal women.
This evidence of gender difference in iron metabolism
and IMA involvement supports, at least indirectly, our
theory of a gender influence in the metabolism of bivalent ions, including Co, which is an important factor in
orthopedic settings; in fact, cobalt has a different distribution between man and women subjects.
The strength of the present study is related to the multiple determinations performed on patients, aiming at
clarifying a possible relationship between IMA and other metabolites.
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CONCLUSION
The different expression of IMA by gender and, in particular, the lower expression of IMA in young males together with the results on cobalt, iron, and iron related
proteins can explain the higher accumulation of circulating Co by exogenous or endogenous intake in the female compared to the male population.
This study gives important information on the expression of IMA in a population not exposed to metals and
therefore it represents the basis for further studies on
patients with MoM prosthesis.
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