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Ischemic modified albumin increases in acute kidney injury
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Abstract
Purpose: Acute kidney injury (AKI) is a severe kidney disease carrying high morbidity and mortality. An isch-

emic process, at the cellular level, has been detected prior to the full-blown  AKI. An elevated ischemic modified 
albumin (IMA) was also found to be increased fast at several minutes following an ischemic process in the body. In 
this connection, we have investigated, in advance, the changes of IMA concentrations in patients with possible AKI. 

Methods: IMA and other biochemical and haematological parameters were measured in sera of thirty nine 
patients with AKI and of thirty eight healthy controls. AKI is defined by an increase in serum creatinine by ≥ 0.3 
mg/dl in 48 hours or an increase by ≥ 1.5-fold from a known or assumed baseline. The results in the two groups 
were compared.

Results: IMA, creatinine, blood urea nitrogen, white blood cell, neutrophil, neutrophil–lymphocyte ratio 
(NLR), platelet–lymphocyte ratio (PLR) and mean platelet volume were found to be higher in patients with AKI 
than in healthy controls. In contrast, total protein, albumin, lymphocyte, and haemoglobin were lower in patients 
with AKI than in healthy controls. No significant difference was recorded in platelet counts between the two groups.

Conclusion: Our results indicate that increased levels of NLR and PLR play a central role in a systemic inflam-
mation in AKI. Monitoring serum IMA could be a useful tool in the assessment of AKI.
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Introduction

Acute kidney injury (AKI)  is a serious kid-
ney disease carrying high morbidity and mortali-
ty (1). Many factors including ischemic reperfu-
sion injury, inflammation, hypoxia and oxidative 
stress play a central role in the physiopatholo-
gy of AKI (2–4). Oxidative stress is defined as 
tilting the balance between antioxidant defence 
mechanisms and attacks of free radicals in fa-
vour of free radicals (5).

AKI is usually diagnosed according to the el-
evation of creatinine in plasma. Although creati-
nine is a nonspecific marker, its level in plasma is 
affected by various variables including age, gen-
der, muscle mass and hepatic functions. It takes 
many days to rise until the loss of ca. 50% of glo-
merular functions (6,7). It is, therefore, inevitable 
to search new markers pinpointing a possible AKI 
in advance (8,9). These include neutrophil gelati-
nase-associated lipocalin (NGAL) (10), Interleu-
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kin (IL)-18 (11), kidney injury molecule-1 (KIM-
1), insulin-like growth factor binding protein 7 
(IGFBP7) and tissue inhibitor of metalloprotein-
ase 2 (TIMP-2) (12). NGAL is one of the most 
promising among others (13). 

Cell membrane integrity is damaged and 
disrupted by free radicals modifying binding ca-
pacity of heavy transition metals such as nickel 
and cobalt at the amino terminal ends of albumin 
structure. The newly formed albumin with re-
duced binding capacity to these metals is called 
ischemic modified albumin (IMA) (14). As a re-
sult of an ischemic process, increased levels of 
IMA have been detected in patients with ischem-
ic heart disease, end-stage renal disease and per-
inatal asphyxia (15–17). Some other diseases 
caused by ischemia give rise to elevated IMA 
concentration (18). 

IMA is the only laboratory test approved by 
the Food and Drug Administration in U.S.A. for 
ischemia (19). The level of IMA begins to rise in 
3 hours in plasma following an ischemic process. 
It peaks first in 24 hours and reduces gradually in 
several days to normal levels (20).

Two new tests were also recommended 
as inflammatory biomarkers.These are neu-
trophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR) (21,22). We, 
therefore, included,  these two parameters to this 
study for further investigation.

An increased mean platelet volume (MPV) 
was suggested as an important indicator of plate-
let activity in associations with inflammatory 
process, high platelets turnover and increased 
vascular damage (23). In this regard, we looked 
at the changes of MPV in association with in-
flammation in patients with AKI and healthy 
controls.

Material and methods
This study was carried out between Decem-

ber 2015 and June 2016 in our hospital nephrol-
ogy and emergency out-patient clinics. A total 

of 39 patients (age span 18 – 70 years old) with 
AKI (19 females 20 males) and 38 healthy con-
trols (18 females and 20 males) were included 
in this study. The study proto col was approved 
by the Erzincan University Clinical Etics Com-
mittee (number: 33216249-604.01.02-E.20063). 
All authors confirmed in writing that they have 
complied with the World Medical Association 
Declaration of Helsinki regarding ethical con-
duct of research involving human subjects. Writ-
ten informed consent was obtained from all the 
participants.

Exclusion criteria
Patients known to have chronic kidney dis-

ease, myocardial infarct, sepsis, acute respira-
tory distress syndrome, diabetes mellitus, rheu-
matic diseases, cardiovascular system disorders 
were excluded from this study as IMA level is 
affected by these conditions.

Definition of AKI  
“AKI is defined by an increase in serum cre-

atinine by ≥ 0.3 mg/dl in 48 hours or an increase 
by ≥ 1.5-fold from a known or assumed baseline 
(24). As a baseline creatinine level, we used the 
values belonging to patients who had been previ-
ously examined in the hospital Biochemistry Cen-
tral Laboratory at any time and for any reason. 

Laboratory process
The serum samples were kept at -80 °C af-

ter centrifugation until biochemical tests were 
performed. Full blood counts were carried out 
on fresh blood by using Sysmex XN-1000 auto-
matic haematology analyser (Sysmex Corpora-
tion, Kobe, Japan). Serum creatinine, BUN, total 
protein and albumin concentrations were meas-
ured by Beckman Coulter Olympus AU2700 au-
to-analyser. NLR and PLR values were calculated 
for the two groups. The levels of IMA were meas-
ured by using ELISA (Cusabio® Human IMA 
ELISA Kit). The results were reported as IU/ml. 
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Statistical analysis
The data were analysed using Excel (Micro-

soft) and MedCal. Descriptive statistics (mean, 
median, standard deviation, minimum, maxi-
mum, number) were generated for patients and 
healthy subjects.  The normality assumption 
was checked using the Kolmogorov-Smirnov 
test. Differences between the two groups were 
evaluated by the independent t-test when the 
assumptions of this parametric test were met. 
Mann–Whitney U test was used for the data with 
an abnormal distribution. A chi-square test was 
undertaken to evaluate the difference between 
the groups concerning the categorical variables. 
The p-value of <0.05 was considered  statistical-
ly significant.

Results

There were no differences for gender, weight 
and height between patients and control groups, 
but the mean age was higher in the patients’ 
group than in the healthy subjects (Table 1). 
BUN, creatinine, IMA, white blood cell (WBC), 

neutrophil, MPV, NLR and PLR values were 
found significantly higher in patients with AKI, 
whereas, total protein, albumin, haemoglobin 
and lymphocyte were found to be lower in AKI 
patients  than in healthy controls. The platelet 
count was not different between the two groups 
(Table 2). The following values were calculated 
as 51.5 (IU/mL) for the IMA cutting value, 53.8 
for sensitivity,78.9 for specificity, 0.666 for the 
area under curve,  0.543 to 0.774 for the 95% 

Table 1. Comparison of demographic 
data of acute kidney injury and control 

groups.
Demo-
graphic 

data

Control 
(mean±SD)

AKI 
(mean±SD) p- value

Age 41±15 66±19 <0.001a
Female (%) 18  (47.3) 19  (48.7)

0.9127Male  (%) 20  (52.7) 20  (51.3)
Weight (kg) 72.4±11.3 71±10.6 0.5895
Length (cm) 165.3 ±5 167.9±9 0.1724

a ; p< 0.0001

Table 2. Comparison of  biochemical and hematologic data between acute kidney injury and control 
groups.

Parameter Control (mean±SD) AKI (mean±SD) p-value
BUN (mg/dL) 24.8±7.6 129.3±85.1 <0.0001a

Creatinine (mg/dL) 0.9±0.1 3.0±1.5 <0.0001a

Total protein (g/dL) 7.14±0.56 6.67±0.73 0.0039b

Albumin (g/dL) 4.23±0.33 3.57±0.62 <0001a

IMA (IU/mL) 39±21.4 58±32.6 0.0035b

WBC (x103 /mm3) 7.9±1.5 9.3±3.3 0.013b

Hemoglobin (g/dL) 13.7±1.8 12.4±2.7 0.0081b

Platelet (x103 /mm3) 284±10 272±131.9 0.5547
Neutrophil (x103/mm3) 4.8±1.4 6.2±2.8 0.0047b

Lymphocyte(x103/mm3) 2.42±0.5 1.57±0.9 <0.0001a

MPV(fL) 10.3±0.69 10.8±1.2 0.0057b

NLR 1.95±0.71 3.33±2.32 0.0005b

PLR 113.7±28 181.4±107 0.0001c

a ; p< 0.0001, b ; p <0.05, c; p=0.0001.
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confidence interval at the diagnostic point for 
AKI (Figure 1).

Discussion

New studies are carried out to search more 
specific new markers in AKI diagnosis, serum 
creatinine falling short to meet the criterion 
of being a specific marker prior to full blown 
AKI (7). Despite the fact that NGAL, KIM-1, 
IL- 18, IGFBP7, liver-type fatty acid–bind-
ing protein 1 and N-acetyl-β-D-glucosami-
nidase are relevant in the diagnose of AKI,  
these parameters were not used routinely to 
show AKI because of difficulties related to relia-
bility and accuracy in the measurement methods 
(7,10–12).

In this study, we have shown that IMA could 
be an important biomarker in AKI diagnosis. It 
meets the criteria of specificity and sensitivity in 
AKI diagnosis, especially at the cut-off points of 
51.5 5 (IU/mL) (Figure 1).

The role of hypoxia and oxidative stress is 
known in the aetiology of AKI (3). In previous 
studies, an elevated IMA was demonstrated 
under the state of hypoxia and oxidative stress 
(15,16). Our results indicate a strong association 
between increased IMA and the level of hypoxia 
and oxidative stress in the process of AKI. Hy-
poxia is seen in both ischemic and non-ischemic 
AKI. In response to hypoxia, hypoxia-inducible 
factor gene is activated in AKI (3,25).

Sharma et al. have suggested that increased 
IMA associates increased mortality in myocardial 
infarction in patients with end-stage-renal-disease 
(ESRD) (16). Kotani et al. found that increased 
IMA is an important oxidative stress marker in 
ESRD (18).  An increased IMA was also found in 
post-haemodialysis compared to pre-haemodialy-
sis patients (26). Tilting of the balance between 
oxygen/nitrogen free radicals and antioxidant de-
fence system is disturbed in favour of free radicals 
in AKI (4). Similarly, our study has demonstrated 
that the measurement of IMA could be a useful 
biomarker in patients with AKI.

It is known that inflammation plays a signif-
icant role in the development of AKI, systemic 
inflammation could be secondary to local kid-
ney inflammation, and systemic inflammation 
accompanies AKI local injury and may be sec-
ondary to kidney inflammation (21). Our results 
demonstrated significantly increased values of 
NLR, PLR and MPV in AKI. Yilmaz et al. (21) 
have suggested that increased NLR was a predic-
tor of AKI in a serious sepsis. Platelet measure-
ments were found to be similar in both groups. 
In agreement with our study, they found similar 
platelet values   in both groups, but contrary to 
our study they found different values   WBC to 
be similar in both groups. The reasoning behind 
this is that their work is based on a disease char-
acterised by severe inflammation such as sepsis. 
Hence, their study yielded higher  WBC counts 
(16.7 ± 5.4 and 15.9 ± 5.6 x103/ mm3) than ours 
(9.3 ± 3.3 and 7.9 ± 1.5 x103/ mm3) respectively.

Figure 1. Receiver-operating characteristics 
(ROC) curve analysis of ischemic modified

albumin for the diagnosis of acute kidney injury 
(area under curve:0.666).
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Previously, two studies (22,27) drew atten-
tion to NLR and PLR values as an independent 
indicator in patients with contrast-induced ne-
phropathy. They also found increased WBC and 
neutrophils, but a reduced number of lympho-
cytes, decreased haemoglobin and unchanged 
platelets in AKI. Our results confirm these data 
in both studies. 

Similar to our results, Han et al. (23) have 
found high MPV values as an important predic-
tor of mortality   in AKI patients requiring contin-
uous renal replacement therapy. Again, they also 
found a reverse relationship between MPV val-
ues   and albumin levels. In agreement with this 
study, we also found lower albumin levels in the 
AKI group.

This is the first study investigating IMA 
levels in the diagnosis of AKI. However, in this 
study, we measured IMA level, while the diag-
nosis of AKI was made on the basis of creati-
nine levels (24). However, some early markers 
(predictors) are known to increase hours before 
creatinine based diagnosis process in AKI (12). 
The IMA level begins to rise within minutes of 
ischemia and peaks after 24 hours (20).  Further 
studies, however, are needed to investigate the 
early role of IMA in early changes leading to 
whole blown AKI.    

In conclusion, we think that measuring IMA 
before creatinine increase could be a time-saving 
method that gives us invaluable time in the ear-
ly diagnosis of AKI. We think that the measure-
ments of IMA constitute an important place in the 
diagnosis of AKI. In our forthcoming studies, we 
are aiming to further investigate the IMA levels 
in connection with the requirement of dialysis in 
oliguric and non-oliguric patients in large series. 
This would enable us to compare AKI in humans 
and animal models with different aetiology.

Study limitations
Limitations in our study include, firstly stud-

ying a limited number of cases, secondly using 

only serum creatinine levels as the diagnostic 
criteria for AKI, and thirdly using only healthy 
volunteers as the control group.
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