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ABSTRACT
Objectives: Our aim is to compare the Ischemia modified albumin (IMA) in patients with acute exacerbation

of Chronic Obstructive Pulmonary Disease (COPD) with a high oxidative and inflammatory biologic marker

like C-reactive protein (CRP) and to investigate its employability in AECOPD and the relationship between

arterial blood gas and pulmonary function parameters. 

Methods: Forty-six patients diagnosed with acute exacerbation of COPD between March 2015 - September

2016 at Ufuk University School of Medicine were included. The 1st and 5th days of IMA and CRP levels were

measured. Also, IMA levels were given in absorbance units (ABSU). 

Results: Total 46 patients of COPD, 13 (28.3%) were females and 33 (71.76%) were males. The mean age of

the patients was 71.39 ± 10.04 years. The 1st and 5th day values of IMA, ABSU and CRP were 1.08 ± 0.33

and 0.49 ± 0.24; 1.06 ± 0.34 and 0.49 ± 0.26; and 29.25 (3.10-288.00) and 6.35 (0.30-149.00), respectively (p

< 0.001). No significant correlation was determined between IMA and CRP. Also, no correlation were

determined between the parameters of arterial blood gas and pulmonary function. 

Conclusions: Although IMA values showed significant increase during acute exacerbation of COPD and

decreased after treatment, CRP still appeared more effective in evaluating the exacerbation status and following

up of the treatment of patients with COPD. 

Keywords: Chronic obstructive pulmonary disease, exacerbation, C-reactive protein, ischemia modified

albumin 

hronic obstructive pulmonary disease (COPD) is

one of the leading causes of morbidity and mor-

tality worldwide [1]. It is well-established that COPD

is not only associated with pulmonary inflammation,

but also with systemic inflammation. The mechanistic

basis underlying COPD involve recurrent inflamma-

tion, oxidative stress, protease/antiprotease imbalance,

environmental insult, and host genetics [2]. Increased

plasma pro-inflammatory cytokines, hypoxia and in-

creased oxidative stress may cause endothelium dam-

age [3]. Acute exacerbation of COPD is an important

event in the natural history of COPD that negatively

impacts health status, increases the rates of hospital-

ization, and disease progression. COPD exacerbations

are associated with increased airway and systemic in-

flammation and physiological changes, especially the

C
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development of hyperinflation [4].

      C-Reactive Protien (CRP) is an acute-phase pro-

tein produced by the liver in response to IL-6 stimula-

tion. CRP is raised in most conditions associated with

infection, inflammation, or tissue damage and it

iswidely used for the assessment of acute exacerbation

of COPD [5].

I     schemia modified albumin (IMA) is a form of al-

bumin modified by oxidative stress. The pathophysi-

ological events of ischemia, including hypoxia and

free oxygen radicals changed the N-terminus of albu-

min, and this molecule is called as IMA [6]. IMA was

first discribed as a marker of myocardial ischemia, but

now it has been shown that elevated in various states

of noncardiac ischemia and oxidative stress conditions

such as cerebrovascular diseases, inflammatory bowel

diseases, chronic liver diseases, obstructive sleep

apnea (OSA) and pulmonary embolism [7-13].Addi-

tionally, it was suggested to be a strong indicator of

short-term mortality in patients with end-stage renal

disease [14] and myocardial infarction with ST eleva-

tion [15]. 

      Therefore the need for a useful biomarker to pro-

vide objective confirmation of exacerbation and pre-

dict the severity of COPD, we examinethe serum

IMA, and compare between ABSU and CRP levels, in

patients with acute exacerbation of COPD.

METHODS

      The study was conducted on 46 acute exacerbation

of COPD patients between March 2015- September

2016 applying to Emergency Unit of Ufuk University

School of Medicine, Ankara, Turkey. Exclusion

criteria were being under 18 years of age, the

diagnosis of acute coroner syndrome, pulmonary

emboli, acute or chronic renal failure and acute

cerebrovascular disease and being reluctant to

participate in the study, while inclusion criteria were

being over 18 years old with diagnosis of COPD.

Blood samples were taken from the patients on the

first and the fifth day of IMA and CRP. CRP levels

were measured by immunoturbidimetricassay

(Abbott® Architect c8000, USA). Hemogram

parameters were measured with autoanalyzer (Abbott

Cell-Dyn Ruby-Serial Number 54507BG/Abbott

Diagnostics). Electrolyte measurements and the other

biochemical parameter assays were performed with

autoanalyzer (Abbott® Architect c8000, USA). The

Architect cSystems ICT (Integrated Chip

Techonology) is used for the quantitation of sodium,

potassium and chloride in human serum. The Quantita

D-Dimer assay were performed by the quantitative

determination of D-Dimer in human citrated plasme

using the Abbott ARCHITECT cSystems. The

cholesterol and the other lipid parameter levels were

performed for the quantitation of lipids in human

serum with Abbott® Architect c8000, USA. CK-MB

and hsTnI levels were measured with autoanalyzer

(Abbott® Architect i2000, USA). Architect STAT CK-

MB and STAT High Sensitive Troponin-I assays are a

chemiluminescent microparticle immunoassay

(CMIA) for the quantitative determination of the MB

isoenzyme3 of creatine kinase (CK-MB) and cardiac

troponin I (cTnI) in human serum. 

      Body mass index (BMI) was calculated as weight

divided by the square of the height (kg/m2). Modified

British Medical Research Council (mMRC) Dyspnea

Scale of patients were taken from patients’ medical

records at their latest polyclinic control during stable

COPD period. The ethical commission approval was

taken from the same hospital. 

      A 5 cc of venous blood sampling was performed

on all patients before treatment (for ischemia-modified

albumin assay) and to non-anticoagulant biochemistry

tubes with gel. After waiting for about 30 minutes for

coagulation of the blood in the tubes, they were

centrifuged at 4000 rpm for 10 minutes. Serum

samples were stored at -80°C deep freeze. Ischemia

modified albümin levels were analyzed by the

difference in the capacity of albumin cobalt binding.

A decrease in this abovementioned binding capacity

was evaluated by a rapid and colorimetric assessment

method developed by Bar-Or et al. [6]. The analyses

in the spectrophotometer (Human HumalyzerVR

2000, Germany) were performed at 470 nm for the

detection of absorbance of the specimens, and the

results were given as absorbance units (ABSU). For

the accurate estimation of maternal IMA levels,

correction formula [individual serum albumin

concentration/median albumin concentration of the

population × IMA] defined by Lippi et al. [16].

Results were proportioned with serum albumin levels

and expressed in terms of absorbance unit (ABSU)/g

albumin.
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Pulmonary function tests (PFTs) results were taken

from medical records of the patients at their latest

polyclinic control. They were performed by

‘‘VMAX’’; ‘‘Encore system (Germany)’’ device.

During PFTs, post-bronchodilator FEV1%, FVC%

and FEV1/FVC values were recorded based on GOLD

criteria. For COPD staging, patients with FEV1 values

> 80% were considered to have mild, FEV1: 80-50%

were considered to have moderate, FEV1: 50-30%

were considered to have severe, and FEV1 < 30%

were considered to have very severe COPD.

      Arterial blood gase (ABG) analyses were

performed by 2001 version of the “Instrumentation

Laboratory-Synthesis 25” device. pH, partial oxygen

pressure (PaO2), partial carbon dioxide pressure

(PaCO2) and arterial oxygen saturation (SaO2) values

were recorded. 

Statistical Analysis 

      All statistical analyses were performed by SPSS

for Windows version 18.0 (SPSS Inc, Chicago,

Illinois, USA). Definitive statistics were expressed as

number (N) and percentage (%) ratio. Proportions

were compared with the chi-square test. Distribution

of numeric values was evaluated by Kolmogorov

Smirnov test. Data with non-normal distribution were

expressed as median (minimum-maximum), while

data with normal distribution were expressed as mean

± standard Deviation. In the presence of comorbid

diseases, comparisons of groups in pairs was made

with the Student’s t-test for data with normal

distribution and Mann Whitney U test for data with

non-normal distribution. For comparisons of paired

data, Paired-sample T-test was used for data with

normal distribution, while Wilcoxon test was used for

data with non-normal distribution. For correlation

analyses, Pearson correlation coefficient or Spearman

correlation coefficient was used in accordance with

the status of data distribution. Reciever operator

characteristics (ROC) curves were performed to

evaluate the prognostic values of IMA and adj IMA

for predicting acute exacerbation of COPD. A p value

< 0.05 was considered statistically significant.

RESULTS

      A total of 46 patients were included in the study,

13 (28.3%) females and 33 (71.76%) males. The mean

age of the patients was 71.39 ± 10.04 years. The

average package of cigarette smoked was 44.74 ±

33.38 (Table 1). IMA, ABSU and CRP values were
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shown on the first day and on the fifth day in Table 2.

There was a significant decrease in all these values

after treatment (p < 0.001). However, we could not

find the same correlation for the admission day results

of CRP and IMA among COPD stage, COPD years,

and attack numbers of year (Table 3). 

      ROC analysis resulted a cut-off value for IMA

level ≥ 0.845 as higher inflammation with sensitivity

= 0.79 and specificity = 0.34 (Fig. 1A). Additionally,

ROC analysis resulted a cut-off value for adj IMA

level ≥ 0.838 as higher inflammation with sensitivity

= 0.72 and specificity = 0.29 (Fig. 1B). ROC analysis

showed that although the sensitivity of our test results

was partially high their specificity to show

exacerbation was low. 

DISCUSSION

      As our knowledge, our study is the first to

investigate the IMA levels in patients with acute

exacerbation of COPD before and after the treatment.

The values of serum IMA, ABSU and CRP were

assessed at first and fifth days and we observed that

although there was no correlation between CRP and

IMA and ABSU levels at the first day of hospital

admission, a significant decrease was demonstrated

for these values at the fifth day of treatment. The

reason of this can be explained with IMA half-life

being shorter than CRP and IMA is studied manually

while CRP is studied with automatic standardized

devices, leading to a possible discrepancy. 

      In COPD, especially in advanced stage and during

exacerbations, various cytokines showing systemic

inflammation, acute phase proteins, and chemokines

are increased and abnormal changes in the circulating

cells are observed [17]. Oxidative stress is defined as

the decrease in anti-oxidant capacity against oxidants

and/or the increase in oxidants. Oxidant matters form

reactions with various biological molecules like

protein, lipid, and nucleic acid and damage in the

structure of extracellular matrix, biologic membranes,

genetic cell structure by DNA damage, and ciliary

function. Enzymatic events are affected, surfactant

activity is decreased, and mucus production is

increased along with the increase in the effectiveness

of cytokines and proteases [18]. IMA is a modified

serum albumin formed under conditions of oxidative

stress and accepted as a biological marker of ischemia.

Ischemic stress (like hypoxia, acidosis, and free

radical damage), reactive oxygen radicals that appear

during ischemia changes the N-terminal of the

albumin and this results in the decrease of the binding

ability of the albumin to nickel, cobalt and copper. It

The European Research Journal   Volume 6   Issue 5   September 2020 392

Fig. 1. ROC curve for IMA level (A), ROC curve for ABSU levels (B). 
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increases in the few minutes after the start of ischemia,

rises for 6-12 hours, and returns to normal in 24 hours

[18]. Many studies have been published about IMA in

acute cardiac and noncardiac ischemic events,

however only few studies were related to COPD [7-

13]. Can et al. [19] compared serum IMA, ox-LDL

(Oxidized Low-Density Lipoprotein), TAS (Total

Anti-oxidant Status), and TOS (Total Oxidant Status)

levels in 51 patients with stable COPD and 45 healthy

cases. Their results revealed that TAS levels did not

show any difference between two groups while IMA,

ox-LDL, and TOS levels were significantly increased

in the COPD group, and furthermore ox-LDL and

TOS levels were high only in stage IV while IMA

levels were high in GOLD stages I, III, and IV. The

author suggested that this finding indicated IMA being

a marker showing hypoxia and oxidative stress in

COPD [19]. Also, a study by Yang et al. [20], showed

a significant correlation between the severity of COPD

as per GOLD criteria and increased serum

concentrations of oxidative parameters such as IMA.

In the present study, IMA levels of COPD patients

were compared on the day of admission because of

exacerbation and on the 5th day, which is relatively a

more stable period, and it was found that IMA levels

decreased along with the treatment response. This is

indicative of decreased oxidative stress as the

exacerbation is being controlled. 

      On the other hand, in the study of Roy et al. [21]

with marathon runners, a decrease in IMA

concentrations was observed immediately after

exercise, and an increase after 24-48 h. Paulraj et al.

[22] found low IMA values and positive correlation

between the levels of IMA and the degree of smoking

in their study. They explained decreased IMA levels

are reason of a rise in lactate. Another reason could be

low albumin levels that given falsely a low IMA value.

Zapico-Muniz et al. [23] also revealed an immediate

and transient decrease in IMA concentrations after the

induction of forearm ischemia. In the present study,

IMA and CRP levels at admission showed significant

decrease as a response to treatment in patients with

acute exacerbation of COPD. However, this

correlation of CRP could not be detected with IMA

and ABSU. 

Limitations 

      One of the limitations of the present study is the

limited number of patients. Second, no comparison

with the stable period after discharge from hospital

was made. Instead of this, control levels on the 5th day

were measured because of the short half-life of IMA.

Furthermore, no comparisons with healthy controls

were studied. 

CONCLUSION

      IMA is studied in many diseases, however, data

regarding COPD is very limited. In accordance with

the present findings, it can be stated that as the present

patients had advanced age, mostly positive smoking

history, and had a high rate of comorbidities,

especially cardiac problems, IMA can be indicative of

oxidative stress and possible complications in patients

with COPD. The short half-life of IMA will accelerate

the patients’ scanning phase in terms of determining

treatment priorities. Nonetheless, as IMA increases in

many ischemic, neoplastic, and traumatic events, CRP

still seems to be a cheaper and more efficient marker

when compared with IMA. Further investigations are

required for determining the employability of IMA in

following-up the prognosis of COPD acute

exacerbations.
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