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Purpose: Oxidative stress has been implicated in several disorders, including acute pancreatitis 

(AP). Ischemia-modified albumin (IMA), which reflects the ability to bind cobalt, has been 

found to be elevated in conditions of oxidative stress and tissue hypoxia. This study examined 

IMA and adjusted IMA levels in patients with AP, and examined the associations of IMA and 

adjusted IMA levels to the severity of AP.

Patients and methods: A total of 42 consecutive patients with AP and 43 age- and sex-

matched control subjects were enrolled. Serum samples were obtained from patients with AP 

on admission as well as 48–72 hours after hospitalization, and from the controls, at the time of 

enrollment. Adjusted IMA was calculated by multiplying the IMA value of each patient with the 

ratio of the patient’s albumin value and the median albumin value of the study population. The 

severity of AP was assessed according to the modified Atlanta classification, and the patients 

were divided into 2 groups: mild AP and severe AP.

Results: The serum IMA and adjusted IMA values of patients with AP on admission and those 

of the controls did not differ (p=0.86 and p=0.99, respectively). The second measurements of 

IMA and adjusted IMA in the AP group were higher than the first measurements of both the 

AP group and controls (for all, p,0.01). Among the IMA measurements, only adjusted IMA on 

admission had the ability to predict the severity of AP. Severe AP was correlated with albumin, 

and the area under the curve of adjusted IMA values on admission was 0.746 for differentiating 

patients with severe AP from mild AP with statistical significance (p=0.005).

Conclusion: It was shown that IMA and adjusted IMA levels rise with the progression of AP. 

Lower levels of adjusted IMA predict the severity of AP. Further studies with serial measure-

ments of IMA are warranted to explore the indicative role of IMA in the course of AP.

Keywords: ischemia modified albumin, adjusted ischemia modified albumin, acute pancrea-

titis, severity

Introduction
Acute pancreatitis (AP) is the sterile, localized inflammation of the pancreas and 

has a highly variable clinical course. Releasing active pancreatic enzymes into the 

bloodstream and stimulating the production of inflammatory cytokines are key events 

in the development of inflammatory cascade, which leads to systemic inflammatory 

response syndrome.1 In about 75% of patients, AP appears as a benign, self-limiting 

inflammatory reaction accompanied by pancreatic edema. The remaining 25% suffer 

from severe necrosis, and this group of patients shows a longer hospital stay, higher 

morbidity, and even mortality, which can reach up to 30%.2 The prognosis of AP 

depends on the degree of pancreatic necrosis and the intensity of multisystem organ 

failure generated by the systemic inflammatory response.
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The early risk assessment of patients with AP using reli-

able methods is necessary to predict the clinical outcome and 

to reduce patient mortality and morbidity.3 For this purpose, 

several laboratory parameters and multi-factorial scoring 

systems have been used to predict the severity of AP and 

patient prognosis.4,5 The most widely used scoring systems 

are the Atlanta classification and the Ranson criteria.1,6 Aside 

from these scoring systems, many other scoring systems 

have also been used in clinical practice.7 Although these 

scoring systems can help to predict the severity of AP, they 

are sophisticated tools that require many clinical and labora-

tory parameters.

Releasing active pancreatic enzymes into the bloodstream 

initiates an inflammatory cascade, which is involved in 

stimulating the production of many inflammatory cytokines, 

including interleukins and tumor necrosis factor-α.8 This 

cytokine storm can be determined by several serum markers.5 

C-reactive protein (CRP) is the most widely studied and used 

serum marker to assess the severity of AP.9 Aside from CRP, 

many other acute-phase reactants and inflammatory markers, 

including cytokines, have been studied to assess the severity 

of AP. However, none of them are the gold standard for 

monitoring disease course and for predicting organ failure 

and mortality.5

Despite being the products of normal cell metabolism, 

the overproduction of reactive oxygen species (ROS) 

causes oxidative stress.10 The increase in ROS in the early 

stages of AP with the reduction of antioxidants is thought 

to play a prominent role in the in the pathogenesis of AP.11 

Ischemia and the generation of ROS can alter the ability 

of the N-terminal region of the albumin molecule to bind 

transitional metallic ions, such as cobalt, copper, and nickel, 

and this modification results in the formation of ischemia-

modified albumin (IMA).12 Elevation of IMA was initially 

described in ischemic disorders, such as acute coronary 

syndrome, pulmonary embolism, stroke, and mesenteric 

ischemia.13,14 Recently, several studies investigated the IMA 

levels in disorders in which oxidative stress plays an impor-

tant role in the pathogenesis, including diabetes, cirrhosis, 

end-stage renal disease, sepsis, and inflammatory bowel 

disease.15–19 This study aims to compare the serum IMA levels 

of patients with AP and healthy controls, and to investigate 

IMA as a marker of disease severity.

Patients and methods
Study population
A total of 42 consecutive patients who were diagnosed 

with AP and 43 sex- and age-matched healthy control 

subjects were enrolled to the study between July 2017 and 

December 2017. After obtaining written informed consent 

from the participants and the approval of the institutional 

review board of Firat University Faculty of Medicine 

(09/02, June 8, 2017), the study was conducted in accordance 

with the Declaration of Helsinki. Patients were diagnosed 

with AP based on the combination of clinical (acute, severe 

upper abdominal pain, often radiating to the back), laboratory 

(serum amylase or lipase levels .3 times the upper limit of 

normal), and radiological (abdominal imaging consistent with 

AP) findings. After the hospitalization of patients with AP, 

the course of the disease was noted, including the presence of 

local complications, the emergence of organ failure, duration 

of hospitalization, duration of nil per mouth or cessation of 

eating or drinking, and death. The severity of AP was assessed 

according to the Ranson criteria and revised using the Atlanta 

classification of 2012. According to the Atlanta classifica-

tion, AP is divided into mild AP, which is defined as the 

absence of organ failure and local or systemic complications; 

moderately severe AP, which is defined as the absence of or 

transient organ failure for ,48 hours, with or without local 

complications; and severe AP, which is defined as persistent 

organ failure for .48 hours that may involve one or multiple 

organs.1 In this study, patients with AP were divided into  

2 groups according to AP severity: mild AP (MAP) (acronym 

use is according to the modified Atlanta classification) and 

severe AP (SAP) (moderately severe AP and severe AP, 

according to the modified Atlanta classification).

Laboratory analysis
Blood samples were taken from control subjects between 

8:30 and 10:30 am after fasting for 8–12 hours and from 

patients with AP upon admission (first measurements) and 

48–72 hours following admission (second measurement). 

Complete blood counts and CRP levels, routine examination 

results for aspartate aminotransferase (AST), alanine amin-

otransferase (ALT), bilirubin, amylase, blood urea nitrogen 

(BUN), creatinine, albumin, calcium, and glucose were 

obtained. Common blood counts, biochemical parameters, 

and CRP were studied on the same day using standard labora-

tory methods in central laboratories and using standard auto-

mated methods. Common blood counts, including white blood 

cell (WBC) count, polymorphonuclear leucocyte (PMNL) 

count, lymphocyte count, hemoglobin count, hematocrit 

count, and platelet count were measured automatically 

using standard methods with a Siemens Advia 2120i 

Hematology system (Siemens Healthcare Diagnostic Inc., 

Tarrytown, NY, USA). Biochemical studies were performed 
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using photometric methods with an Olympus AU 2700 

autoanalyzer (Olympus Corporation, Tokyo, Japan). CRP 

levels were measured nephelometrically using a DIAsource 

ImmunoAssays SA, Louvain-la-Neuve, Belgium.

IMA measurements
Serum samples were collected from patients with AP and 

control subjects at the time of venipuncture for taking rou-

tine blood samples. The serum samples that were taken for 

the measurement of IMA were centrifuged for 6 minutes at 

5,000 rpm, and the obtained 1–2 mL serum samples were 

stored at −80°C until the study day. IMA level was measured 

using a colorimetric assay developed by Bar-Or et al, which is 

based on the measurement of unbound cobalt after incubation 

with the patient’s serum.20 According to this method, 50 μL 

of cobalt dichloride reagent was added to 200 μL of serum 

and incubated for 10 minutes. During the incubation period, 

cobalt bound to the N-terminal of unmodified albumin. Fifty 

microliters of dithiothreitol (DTT), at a concentration of 

1.5 mg/mL, was added as a colorizing agent, and the reaction 

was stopped 2 minutes later by adding 1.0 mL of 0.9% NaCl. 

The colored product was measured at 470 nm and compared 

to a serum-cobalt blank without DTT and reported in absor-

bance units. An adjusted IMA was used to eliminate the effect 

of albumin on IMA. An adjusted IMA was calculated by mul-

tiplying each individual’s IMA value with the value of each 

individual’s serum albumin concentration/the median serum 

albumin concentration of the population.21 The median serum 

albumin values of each group at admission and 48–72 hours 

following admission were used separately.

Statistical analysis
All statistical analyses were carried out using SPSS version 

22 (SPSS Inc., Amrok, NY, USA). The normality of variables 

was investigated by properly using the Kolmogorov–Smirnov 

and Shapiro–Wilk tests. Variables with a normal distribution 

were represented as mean ± SD; those with a non-normal 

distribution and ordinal variables were described as median ± 

SE or interquartile range (25%–75%), unless otherwise stated. 

The Student’s t-test was used for normally distributed parame-

ters, whereas for non-normally distributed factors, the Mann–

Whitney U-test was used to compare the 2 groups. The paired 

sample t-test and the Wilcoxon test were used to compare 2 

dependent variables. The correlation of severity of AP with 

laboratory markers, including IMA and adjusted IMA, was 

assessed using Spearman’s correlation coefficient. The area 

under the receiver operating characteristic curve (AUROC) 

was used to assess the predictive accuracy of the laboratory 

markers to demonstrate SAP. AUROC was calculated using 

the 95% CI. Sensitivity, specificity, positive predictive value, 

and negative predictive value were also calculated. A p-value 

of ,0.05 was considered statistically significant.

Results
The demographic and clinical features of patients with AP 

and control subjects were presented in Table 1. When the 

patient and control groups were compared, there was no 

difference in terms of age, sex, or body mass index. The most 

common etiology of AP was biliary (81%). The severity of 

AP was classified as mild in 23 patients (54.8%), moder-

ately severe in 13 patients (30.9%) and severe in 6 patients 

(14.3%). One patient (24.4%) died from AP due to multi-

organ failure.

Laboratory data are given in Table 2. On comparison 

of the laboratory values of patients with AP on admission 

and control group, leucocyte and its subgroups’ – CRP, 

ALT, AST, glucose, albumin, and calcium – values had 

statistically significant differences (for all, p,0.01). When 

first measurements and second measurements of patients 

with AP were compared, all CBC parameters, CRP values, 

and biochemical values were significantly different. While 

WBC, PMNL and platelet counts, hemoglobin, hematocrit 

Table 1 Demographic and clinical data for patients with acute 
pancreatitis and control subjects

Variable Acute pancreatitis 
(n=42)

Control 
(n=43)

p-value

Age, years 55.5±10.6 58.3±20.1 0.21
Sex, female/male 27/15 28/15 0.93
BMI 28.9±5.8 28.9±5.5 0.66
Etiology, n (%)

Biliary 34 (80.9)
I
.
diopathic 4 (9.5)
Drug-induced 1 (2.4)
Hypertriglyceridemia 1 (2.4)
IPMN 1 (2.4)
Post ERCP 1 (2.4)

Severity, n (%)
Mild 23 (54.8)
Moderately severe 13 (30.9)
Severe 6 (14.3)

Ranson criteria, median 
(minimum–maximum)

1.5 (0–7) –

Local complication 18 –
Hospital stay, day median 
(minimum–maximum)

7 (4–32) –

Nil per os, day median 
(minimum–maximum)

3 (2–12) –

Death, n (%) 1 (2.4) –

Abbreviations: BMI, body mass index; ERCP, endoscopic retrograde colangio
pancreatography; IPMN, intraductal papillary mucınous neoplasm.
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glucose, ALT, AST, albumin, BUN, creatinine, and calcium 

values were decreasing, lymphocyte count and CRP values 

increased (for all, p,0.05).

Among patients with AP, first and second measure-

ments of IMA and adjusted IMA according to the severity 

of AP are presented in Figure 1. The median (interquartile 

range) IMA levels were higher in the second measurements 

compared with first measurements (0.204 [0.165–0.275] 

vs 0.150 [0.103–0.189], respectively; p,0.01). Similarly, 

the adjusted IMA levels in the second measurements of 

Table 2 Comparison of laboratory parameters from first (admission) and second measurements of patients with AP with control 
subjects

AP, first 
measurement 
(n=42)

AP, second 
measurement 
(n=42)

Control 
(n=43)

p-valuea p-valueb p-valuec

WBC 10,750 (8,240–15,660) 7,740 (6,000–10,360) 6,125 (5,140–7,150) ,0.01 ,0.01 ,0.01
PMNL 9,150 (6,345–13,650) 5,330 (3,900–7,910) 3,400 (2,880–3,970) ,0.01 ,0.01 ,0.01
Lymphocyte 1,055 (640–1,450) 1,400 (920–1,900) 1,810 (1,430–2,245) ,0.01 ,0.01 ,0.01
Hemoglobin 13.2±2.4 11.9±1.4 13.8±1.3 0.13 ,0.01 ,0.01
Hematocrit 40.5±4.6 34.9±6.1 42.3±3.7 0.06 ,0.01 ,0.01
Platelet, ×103 278 (222–341) 240 (182–293) 266 (234–324) 0.88 0.03 ,0.01
CRP 6 (2–41) 62 (31–156) 3 (2–6) ,0.01 ,0.01 ,0.01
Glucose 116±10 76±6 95±2 ,0.01 ,0.01 ,0.01
ALT 168±34 116±17 21±2 ,0.01 ,0.01 ,0.01
AST 166±47 48±8 21±1 ,0.01 ,0.01 ,0.01
BUN 29±3 24±4 32±2 0.20 ,0.01 0.03
Creatinine 0.80±0.04 0.70±0.05 0.77±0.03 0.53 0.48 0.03
Albumin 4.01±0.42 3.59±0.43 4.39±0.27 ,0.01 ,0.01 ,0.01
Calcium 8.89±0.66 8.19±0.77 9.38±0.37 ,0.01 ,0.01 ,0.01
IMA 0.150 (0.103–0.189) 0.204 (0.165–0.275) 0.149 (0.119–0.177) 0.86 ,0.01 ,0.01
Adjusted IMA 0.153 (0.097–0.189) 0.189 (0.140–0.270) 0.148 (0.120–0.187) 0.99 ,0.01 ,0.01

Notes: ap-value between first measurements of AP and control subjects; bp-value between second measurements of AP and control subjects; cp-value between first and 
second measurements of AP. Data are presented as mean ± standard error. Bold font represents statistical significance.
Abbreviations: ALT, alanine aminotransferase; AP, acute pancreatitis; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; IMA, ischemia-
modified albumin; PMNL, polymorphonuclear leucocyte; WBC, white blood cell.

Figure 1 First and second measurements of IMA (A) and adjusted IMA (B) in patients with AP.
Abbreviations: AP, acute pancreatitis; IMA, ischemia-modified albumin.
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AP were also higher than those of the first measurements 

(0.189 [0.140–0.270] vs 0.153 [0.097–0.189], respectively; 

p,0.01). Although there was no difference between the 

median IMA level of AP group and control group (0.150 

[0.103–0.189] vs 0.149 [0.119–0.177], respectively; p=0.86) 

at first measurement, the median IMA level of AP group 

was higher than of control subjects (0.204 [0.165–0.275] vs 

0.149 [0.119–0.177], respectively; p,0.01) at second mea-

surement. On comparison of adjusted IMA levels between 

the groups, the median adjusted IMA levels did not differ 

between first measurement of patients with AP and control 

group (0.153 [0.097–0.189] vs 0.148 [0.120–0.187], respec-

tively; p=0.99). On the other hand, at the second measure-

ment, median adjusted IMA levels of the AP group was 

higher than that of the control group (0.189 [0.140–0.270] 

vs 0.148 [0.120–0.187], respectively; p,0.01). The IMA and 

adjusted IMA levels of groups are presented in Figure 2.

According to the modified Atlanta classification, the 

MAP group consisted of 23 patients and the SAP group 

patients had 19 patients. On comparison of the MAP and 

the SAP groups, the WBC and PMNL counts, and CRP 

values did not differ between the groups at both the first and 

secondary measurements (for all, p.0.05; Table 3). On the 

other hand, the albumin and calcium values of the patients 

in the MAP group were higher, and the BUN values were 

lower than those of patients in the SAP group at both the 

first and second measurements (for all, p,0.05). The only 

significant difference found was in the adjusted IMA values 

on admission in the IMA measurements. The adjusted IMA 

values on admission were higher in the MAP group com-

pared with the SAP group (0.174 [0.148–0.209] vs 0.120 

[0.090–0.158]; p,0.01). Although these results do not have 

statistical significance, other IMA-related measurements 

were also higher in the MAP group.

The AUROC analysis (applied to predict cases of SAP) 

showed that the predictive value of adjusted IMA on admis-

sion (AUROC; 0.746) was comparable with albumin, 

calcium, and BUN values on admission (AUROC, 0.746, 

0.699, 0.760, respectively) and second measurements 

(AUROC, 0.762, 0.748, 0.684, respectively). AUROC 

analyses of significant parameters to predict SAP are given 

in Table 4.

Discussion
The results of this study show that the IMA and adjusted IMA 

measurements 48–72 hours after admission were significantly 

higher than that of the IMA values of admission in both 

patients with AP and controls. The lower adjusted IMA mea-

surements on admission were associated with severe AP.

IMA is a form of serum albumin in which the N-terminal 

amino acids are unable to bind to transition metals. In 

ischemia, the generation of free radicals and acidosis results 

in changes in the ability of the N-terminus of albumin to bind 

to transition metal ions and to initiate IMA generation.12 

Ischemia and oxidative stress are the major determinants 

of forming IMA, and an increase in serum IMA levels was 

demonstrated in ischemic disorders and in disorders that 

oxidative stress contributes to its pathogenesis.13,14 Oxidative 

stress and the production of free radicals are responsible for 

the progression of pancreatic inflammation, and triggering 

the generation of inflammatory cytokines is the key event 

in the pathogenesis of acute pancreatitis.10,22

Figure 2 IMA (A) and adjusted IMA (B) levels of AP group (first and second measurements) and control group.
Abbreviations: ABSU, absorbance units; AP, acute pancreatitis; IMA, ischemia-modified albumin.
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A few studies in the literature evaluate IMA in AP. 

An increase in serum IMA levels in AP was demonstrated 

in both animal and human studies.23,24 We demonstrated in 

this study that IMA levels at 48–72 hours after admission, 

but not on admission, were higher in patients with AP. Data 

demonstrating the kinetics of serum IMA levels come from 

acute ischemia-related disorders. Das et al demonstrated a 

decrease in IMA levels with treatment among those followed 

for carbon monoxide poisoning.25 In this study, IMA levels 

were the highest on admission and decreased significantly at 

the first, third and sixth hour from previous levels and were 

similar to that of the control subjects at the sixth hour of 

admission with the treatment. Gunduz et al also demonstrated 

gradually increasing IMA levels at 6th, 12th, and 24th hours 

among patients with acute stroke.26 The results of the men-

tioned studies indicate that IMA levels change over time with 

Table 3 Demographic and laboratory data of patients with mild and severe AP

Mild AP (n=23) Severe AP (n=19) p-value

Age 45 (33–67) 69 (62–79) ,0.01
Sex, female/male 14/9 13/6 0.75
BMI 28.0±4.4 29.9±7.2 0.98
Hospital stay, day median 
(minimum–maximum)

6 (4–15) 7 (4–32) 0.15

Nil per os, day median 
(minimum–maximum)

3 (2–5) 4 (2–12) 0.01

Death, n (%) 0 (0) 1 (5.2) 0.45
First measurements

WBC 10,995 (8,370–14,980) 10,600 (8,165–16,980) 0.62
PMNL 931 (7,310–11,340) 9,100 (6,120–14,935) 0.68
Lymphocyte 1,055 (830–1,450) 940 (560–1,535) 0.69
Hemoglobin 12.8±2.9 13.7±2.8 0.32
Hematocrit 40.3±4.4 40.4±5.0 0.88
Platelet 289 (236–346) 272 (217–318) 0.57
CRP 1.7 (0.6–3.6) 2.4 (1.2–5.5) 0.33
Glucose 110±6 147±19 0.09
ALT 177±35 150±65 0.98
AST 198±34 286±96 0.81
Albumin 4.19±0.26 3.81±0.49 ,0.01
BUN 22±2 37±5 ,0.01
Creatinine 0.80±0.05 0.80±0.08 0.49
Calcium 9.11±0.48 8.62±0.76 0.03
Amylase 1,795±216 1,357±267 0.69
IMA 0.173 (0.146–0.195) 0.135 (0.095–0.158) 0.06
Adjusted IMA 0.174 (0.148–0.209) 0.120 (0.090–0.158) ,0.01

Second measurements
WBC 8,295 (6,080–9,330) 7,320 (5,955–11,120) 0.69
PMNL 5,130 (4,330–7,910) 5,560 (3,690–8,250) 0.95
Lymphocyte 1,495 (1,300–1,920) 1,120 (825–1,810) 0.08
Hemoglobin 12.1±1.5 11.6±1.4 0.18
Hematocrit 34.6±7.4 35.0±4.3 0.47
Platelet 249 (203–319) 211 (174–284) 0.25
CRP 5.3 (1.0–8.5) 7.6 (2.4–16.7) 0.26
Glucose 75±3 79±13 0.10
ALT 119±19 123±31 0.76
AST 41±9 54±14 0.26
Albumin 3.77±0.39 3.37±0.14 ,0.01
BUN 18±2 33±8 ,0.01
Creatinine 0.66±0.05 0.74±0.10 0.07
Calcium 8.38±0.70 7.92±0.79 0.04
IMA 0.220 (0.167–0.334) 0.188 (0.158–0.220) 0.20
Adjusted IMA 0.229 (0.146–0.357) 0.170 (0.143–0.199) 0.06

Notes: Values in parenthesis demonstrate age by median (IQR) values. Data are also presented as mean ± standard deviation. Bold font indicate statistical significant 
p-values.
Abbreviations: ALT, alanine aminotransferase; AP, acute pancreatitis; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CRP, C-reactive 
protein; IMA, ischemia-modified albumin; PMNL, polymorphonuclear leucocyte; WBC, white blood cell.
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the grade of oxidative stress and tissue hypoxia. Our results 

suggest that oxidative stress at the beginning of AP may not 

be enough to cause an increase in the serum levels of IMA. 

Accelerating the production of free radicals, oxidative stress, 

and tissue hypoxia may result in higher IMA concentrations 

in the sera from patients with AP.

One of the results of this study was that the adjusted IMA 

levels of patients with SAP on admission were significantly 

lower than that of patients with MAP. Moreover, although 

they do not show any statistical significance, IMA levels 

were lower in patients with SAP than in patients with MAP 

at both the first and second measurements. In a recent study, 

serum IMA levels were found not to be correlated with the 

severity of AP.27 Although the correlation of IMA levels with 

the degree of tissue hypoxia and organ failure in patients with 

severe sepsis exists, a conflicting result by Li et al demon-

strated among patients with carbon monoxide poisoning that 

more severe poisoning and more severe heart and other organ 

damages were associated with lower IMA levels in the serial 

measurements of IMA.18,28 It seems that the duration and 

severity of tissue hypoperfusion and the cause of oxidative 

stress and concomitant disorders influence serum IMA level 

and its kinetics. We conclude that the type of underlying 

mechanism that causes a rise in serum IMA levels, such as 

tissue hypoxia, hypoperfusion, inflammation, and oxidative 

injury, determines serum IMA kinetics. The mechanism of 

production of IMA in AP is complex and not clear as of yet. 

However, it may be influenced by a combination of oxidative 

stress, mitochondrial dysfunction, systemic inflammatory 

stress syndrome, secondary infections, anti-inflammatory 

responses, and hypoalbuminemia.

In normal circumstances, serum IMA levels are nega-

tively correlated with serum albumin levels.29 Serum IMA 

levels should be interpreted cautiously in the states of 

hypoalbuminemia and hyperalbuminemia that result from 

hemodilution, hemoconcentration, and various diseases or 

physiological conditions.29,30 The inflammatory processes in 

AP results in a lowering effect on serum albumin concentra-

tions. However, the underlying mechanisms are not yet fully 

understood.31 Some of the hypotheses include the following. 

First, the liver synthesizes CRP and several other cytokines, 

and that albumin synthesis is decreased at acute inflamma-

tion. Second, inflammatory processes and mediators increase 

vascular permeability and then allow the extravasation of 

large molecular weight proteins, such as albumin, into the 

tissues. Finally, stopping enteral nutrition, together with 

accompanying hypercatabolism may contribute hypoalbu-

minemia. As the effect of albumin is eliminated with the 

calculation of the adjusted IMA, it is more reliable than IMA 

in the evaluation of oxidative stress in disorders that affect 

serum albumin concentrations.

Although CRP is demonstrated to be a marker of SAP 

at levels over 150 mg/L, we could not find any difference 

between the patients in the MAP group and the SAP group in 

terms of CRP levels and WBC counts for both measurements.5 

On the other hand, patients with AP in SAP group had higher 

BUN values, and lower albumin and calcium values at both 

measurements, as well as lower adjusted IMA values on 

admission. Some of the components of the Ranson criteria, 

including BUN, calcium, and serum albumin, were reported 

in previous studies as independent predictors of persistent 

organ failure and SAP.31–35 As a marker of oxidative stress 

and ischemia, IMA levels in conjunction with serum albumin, 

which is named adjusted IMA, may be a useful predictor of 

the severity of AP.

Limitations
There are some limitations to our study, including the small 

case numbers of the study population. Since both the mod-

erately severe and severe AP group had a small number of 

patients, these 2 groups were assessed as 1 group in the current 

study. On the other hand, it is demonstrated that moderately 

Table 4 AUROC analyses of significant parameters to predict SAP

Value AUROC (95% CI) Sensitivity Specificity PPV NPV p-value

First measurement
Albumin 4.05 0.746 (0.599–0.893) 63.2 73.9 66.7 70.8 0.005
BUN 28.5 0.760 (0.605–0.915) 78.9 69.6 68.2 80.0 0.001
Calcium 8.55 0.699 (0.523–0.875) 52.6 95.7 90.9 71.0 0.025
Adjusted IMA 0.163 0.746 (0.591–0.901) 89.5 60.9 65.4 87.5 0.005

Second measurement
Albumin 3.55 0.762 (0.613–0.911) 73.7 69.6 66.7 76.2 0.003
BUN 30.0 0.748 (0.591–0.906) 63.2 91.3 85.7 75.0 0.005
Calcium 8.15 0.684 (0.521–0.847) 52.6 65.2 55.6 62.5 0.040

Abbreviations: AUROC, area under the receiver operating characteristic curve; BUN, blood urea nitrogen; IMA, ischemia-modified albumin; NPV, negative predictive value; 
PPV, positive predictive value; SAP, severe acute pancreatitis; CI, confidence interval.
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severe AP, which is defined as the absence or transient organ 

failures with or without local complications, has a self-limited 

clinical course similar to mild AP rather than severe AP.36 

Further studies are required with larger numbers of patients to 

determine the role of serum IMA levels in differentiating mild 

AP, moderately severe AP, and severe AP from each other. 

Second, the differences in the albumin values of patients 

with AP and control subjects may influence the serum IMA 

levels. Subjects in the control group with similar albumin 

values were enrolled in this study to eliminate the effect of 

serum albumin values on IMA levels. Unfortunately, age- and 

sex-matched subjects, irrespective of albumin values, were 

enrolled in this study as a control group. Further studies are 

needed on groups with similar serum albumin values. Third, 

the development of organ failure, which increases serum IMA 

levels among patients in the AP group, including ischemic 

events – such as myocardial ischemia, venous thromboembo-

lism, or acute ischemic cerebrovascular disease – could not 

be assessed independently. Exploring the effects of ischemic 

organ involvements and inflammatory response syndrome 

on serum IMA levels in patients with AP needs to be done 

separately. Until then, our conclusions may not be validated 

for patients with AP. Another limitation is that albumin cobalt 

binding assay, which has been used for many years for IMA 

measurement, has several deficiencies.37,38 Hence, this method 

may not reflect the accurate N-terminus binding affinity of 

cobalt for albumin. Finally, we demonstrated in this study 

that the IMA measurements on admission and from 48 to 

72 hours were different. Studies investigating the effect of 

serial measurements of the IMA levels to demonstrate the 

course of AP are warranted.

Conclusion
The findings from this study reveal that, while there is no 

increase in the baseline IMA measurements, serum IMA 

measurements between 48 and 72 hours increased in AP. 

Lower adjusted IMA values indicate the progression of 

disease and the development of SAP. These results need to 

be validated in further studies. Use of adjusted IMA, a form 

of IMA that is corrected according to serum albumin level, 

is a more reliable approach in disorders related to hypoal-

buminemia, such as AP.
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