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liable markers that indicate intestinal inflammation are requi­

red.3-5 

  Although evaluating disease activity according to clinical 

symptoms is simple and cost-effective, it is subjective and has 

a low concordance rate with disease activity on endoscopy, 

whereas blood systemic inflammatory markers present rela­

tively low sensitivity.6-9 The Selecting Therapeutic Targets in 

Inflammatory Bowel Disease (STRIDE-II) group has updated 

the recommendations for the targeted treatment of IBD, in­

cluding fecal calprotectin (FCP) as an important marker for 

disease activity1; however, it involves some patient discomfort, 

as a stool sample is required. 

  Oxidative stress has been suggested as a potential trigger 

for IBD.10,11 Ischemia prompts inflammatory reactions in the 

intestinal mucosa that release numerous reactive oxygen spe­

cies (ROS), such as superoxide, hydrogen peroxide, and hy­
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ORIGINAL ARTICLE

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, recurrent, and 

progressive condition of the gastrointestinal tract that com­

prises 2 major subtypes: ulcerative colitis (UC) and Crohn’s 

disease (CD).1 The objective assessment of intestinal inflam­

mation is the mainstay in the diagnosis and follow-up of IBD 

and mucosal healing (MH) the key therapeutic target.1,2 How­

ever, because of the invasiveness and cost of endoscopic ex­

amination, as well as its limited capacity, standardized and re­
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droxyl radicals.12 Reactive ROS generated during ischemic dis­

eases modify the N-terminal sequence of serum albumin, re­

sulting in ischemia-modified albumin (IMA) formation13; such 

IMA is considered an indirect reagent of oxidative stress, and 

its increase has been correlated with disease activity in vari­

ous diseases, including IBD.13-16 In this study, IBD endoscopic 

activity and IMA were evaluated and compared with FCP and 

other inflammatory blood markers.

METHODS

1. Patients
This study included 48 patients with IBD from March 2020 

and December 2022. Patients aged 18 to 80 years with clini­

cally stable disease (Crohn’s Disease Activity Index < 220 for 

CD patients and a partial Mayo score < 3 for patients with UC) 

were enrolled.1 To allow endoscopic evaluation, we attempted 

selecting patients with CD with colonic disease as study sub­

jects and, if possible, patients were limited to those who had 

disease only in the terminal ileum, which could be evaluated 

endoscopically. During the study period, if clinically stable pa­

tients with IBD underwent routine colonoscopy, they were 

screened, and informed consent was obtained. Subsequently, 

blood was collected for the measurement of IMA, serum C-re­

active protein (CRP), and erythrocyte sedimentation rate (ESR) 

within 3 months after endoscopy, and a fecal sample was col­

lected to evaluate FCP.

2. Endoscopy
To compare the endoscopic disease activity, the colonoscopy 

results were classified into 2 groups: with or without MH. For 

patients with UC, the Mayo Endoscopic Score was used. A score 

of 1 was classified as MH and a score ≥ 2 was considered non-

MH status.17 For patients with CD, a score between 0 and 2 of 

the Simple Endoscopic Score for Crohn’s Disease with 0 of the 

ulceration subscore, was considered endoscopic remission, 

and the case was assigned to the MH group.18

3. IMA Measurement
Bar-Or et al.19 developed an assay for assessing IMA based on 

measuring the degree of its interaction with metal ions, such 

as cobalt (Co2+); these findings were used to develop the albu­

min cobalt binding test by Ischemia Technologies Incorporat­

ed (Denver, CO, USA), which received U.S. Food and Drug Ad­

ministration approval in 2003.12,13 In principle, a known num­

ber of cobalt ions are added to a serum sample and bind to 

normal albumin, but not IMA. The remaining free cobalt ions 

react with dithiothreitol to form colored complexes, which can 

be spectrophotometrically quantified; the IMA concentration 

is directly proportional to the concentration of the colored com­

plex, and thus to the color intensity.

4. FCP Measurement
The FCP concentration was measured using a quantitative en­

zyme-linked immunosorbent assay (RIDASCREEN®; R-Bio­

pharm AG, Darmstadt, Germany). All fecal samples were pro­

cessed within 72 hours of collection. Fecal specimens were di­

luted to 1:2,500. Enzyme-linked immunosorbent assay (ELI­

SA) plates were read using a Spectra Mini Reader. According 

to the manufacturer’s instructions, samples containing ≥ 50 

mg/kg feces were considered calprotectin positive.20,21

Table 1. Baseline Characteristics of the Study Population

Characteristic Total patients 
(n=48)

Age at diagnosis (yr), median (IQR)  29 (22–45)

Sex, No. (%)

   Male 29 (60.4)

   Female 19 (39.6)

Diagnosis, No. (%)

   Ulcerative colitis 20 (41.7)

      E1/E2/E3a         0/5/15

   Crohn’s disease 28 (58.3)

      L1/L2/L3a         5/0/23

Concomitant medication, No. (%)

   5-Aminosalicyclates 12 (25.0)

   Immunomodulator (AZA/6-MP) 15 (31.3)

   Anti-TNF-α antibody 7 (14.6)

   Vedolizumab 9 (18.8)

   Ustekinumab 4 (8.3)

   Tofacitinib 1 (2.1)

Laboratory data, median (IQR)

   Ischemia-modified albumin (U/mL)  72.3 (68.7–77.7)

   Fecal calprotectin (mg/kg)  165.5 (87.7–332.1)

   ESR (mm/hr) 11 (5–35)

   Serum CRP (mg/dL)  0.18 (0.07–0.59)

   Serum albumin (g/dL)  4.4 (4.1–4.6)

aSubgroups were divided according to the Montreal classification.19

IQR, interquartile range; AZA, azathioprine; 6-MP, 6-mercaptopurine; TNF,  
tumor necrosis factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive 
protein.
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5. Statistics
For descriptive analysis, categorical variables were expressed 

as numbers with percentages, and continuous variables were 

expressed as medians with interquartile ranges (IQR). The t-

test was used to evaluate the associations between parametric 

numerical data, whereas the Mann-Whitney U test was used 

to explore the associations between nonparametric numerical 

data. Statistical significance was set at P < 0.05. Associations 

between endoscopic disease activity and FCP concentration, 

and CRP, ESR, and IMA levels were assessed using univariate 

and multivariate binary logistic analyses. Variables were se­

lected for inclusion in the multivariate model based on univar­

iate P-values < 0.2. The association between FCP concentration 

and IMA levels was assessed using the Spearman rank corre­

lation coefficient (r). Receiver operating characteristic (ROC) 

and area under the curve (AUC) analyses were performed to 

evaluate the test characteristics of the noninvasive items to 

predict endoscopically active disease. All analyses were per­

formed using the IBM SPSS software (version 24.0; IBM Corp., 

Armonk, NY, USA).

6. Ethical Considerations
All participants were informed about the study and provided 

written informed consent to participate in it. The study proto­

col was reviewed and approved by the Institutional Review 

Board of Ulsan University Hospital (IRB No. 2020-03-017) and 

conducted in accordance with the Declaration of Helsinki.

RESULTS

1. Patients
Baseline characteristics of the study population are summa­

rized in Table 1. The median age at the time of diagnosis was 

29 years; 29 males (60.4%) and 19 females (39.6%) were in­

cluded in the study. Twenty patients (41.7%) had UC, 5 had 

left-sided colitis, and 15 had pancolitis; the remaining 28 (58.3%) 

patients had CD. According to the Montreal classification,22 L1 

patients (n = 5) and L3 patients (n = 23) were included in the 

study. A total of 21 patients (40.8%) were concomitantly treat­

ed with biological or small-molecule agents. In cases in which 

the IMA level was measured, the median value was 72.3 U/mL, 

and the IQR was 68.7–77.7 U/mL. Regarding FCP, the median 

Table 2. Comparison of Baseline Characteristics According to Endoscopic Mucosal Healing

Characteristic
Endoscopic mucosal healing

P-value
Yes (n=23) No (n=25)

Age at diagnosis (yr), median (IQR)a 30 (25–45) 28 (20–46) 0.861

Sex, No. (%) 0.951

   Male 14 (60.9) 15 (60.0)

   Female  9 (39.1) 10 (40.0)

Diagnosis, No. (%) 0.157

   Ulcerative colitis 12 (52.2)  8 (32.0)

   Crohn’s disease 11 (47.8) 17 (68.0)

Concomitant medications, No. (%) 0.754

   5-Aminosalicyclates  6 (26.1)  6 (24.0)

   Immunomodulator (AZA/6-MP)  6 (26.1)  9 (36.0)

   Biologics and tofacitinib 11 (47.8) 10 (40.0)

Biochemical markers, median (IQR)a 

   Ischemia-modified albumin (U/mL)  69.3 (65.2–72.7) 75.5 (70.9–78.2) <0.001

   Fecal calprotectin (mg/kg)  82.4 (24.8–146.3)  292.6 (165.5–521.4) <0.001

   ESR (mm/hr) 10 (4–30) 12 (6–35) 0.516

   Serum CRP (mg/dL)  0.12 (0.04–0.43)  0.33 (0.10–0.89) 0.040

   Serum albumin (g/dL)  4.4 (4.1–4.8) 4.4 (4.0-4.5) 0.225

aThe P-value was derived using the Mann-Whitney U test.
IQR, interquartile range; AZA, azathioprine; 6-MP, 6-mercaptopurine; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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value was 165.5 mg/kg (IQR, 87.7–332.1 mg/kg). In the IBD 

subgroup analysis, no significant difference was identified in 

IMA levels between the 20 patients with UC and 28 with CD 

(median [IQR], 72.3 [67.0–77.7] in UC vs. 72.2 [69.3–78.0] in 

CD; P = 0.875]).

2. Characteristics According to Endoscopic Status
A comparison of baseline characteristics according to endo­

scopic MH is summarized in Table 2. Age, sex, and concomi­

tant medications of the study participants did not present any 

significant differences according to the MH. When comparing 

the IMA levels (Fig. 1A), the median value in the non-MH group 

increased significantly, that is, 69.3 U/mL versus 75.5 U/mL, 

compared to that in the MH group (P < 0.001). For FCP (Fig. 

1B), the non-MH group had a significantly higher median val­

ue of 82.4 mg/kg versus 292.6 mg/kg compared to the MH 

group (P < 0.001). Other inflammatory markers, such as CRP 

and ESR, did not present any differences according to endo­

scopic status in this study. When analyzing the difference in 

IMA levels according to endoscopic MH by dividing the pa­

tients into UC and CD groups, the IMA levels differed signifi­

cantly according to the mucosal state in both IBD groups (Sup­

plementary Table 1, Supplementary Fig. 1).

3. Prediction of Endoscopic Active Disease
As a result of the association between biochemical markers 

and endoscopic MH in the IBD analysis, both higher IMA and 

higher FCP levels showed a significant association in univari­

ate and multivariate analyses for the prediction of non-MH 

(IMA, odds ratio = 1.384, P = 0.009 and FCP, odds ratio = 1.013, 

P = 0.003, respectively) (Table 3). The correlation between IMA 

and FCP was not significant (r = –0.017, P = 0.912) (Fig. 2). ROC 

curve analysis revealed that both FCP and IMA possessed sig­

nificant diagnostic value in predicting non-MH (AUC, 0.867 in 

FCP vs. 0.801 in IMA) (Fig. 3A). However, no statistically sig­

nificant differences were identified in the diagnostic values of 

the 2 test methods (P = 0.980). To investigate the role of IMA in 

complementing FCP, various combinations of FCP and IMA 

were selected, as shown in Supplementary Fig. 2. When the 

value of Ln (FCP) + IMA/10 was calculated using both factors, 

the predictive value for non-MH increased (AUC, 0.944) (Fig. 

3B), yet no significant differences were identified when com­

Fig. 1. Levels of ischemia-modified albumin (A) and fecal calprotectin (B) according to endoscopic mucosal healing of inflammatory 
bowel disease. The P-value was derived using the Mann-Whitney U test.
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Table 3. Association between Biochemical Markers and Endoscopic Mucosal Healing of Inflammatory Bowel Disease

Univariate Multivariate

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Ischemia-modified albumin: endoscopic MH, no vs. yes 1.270 (1.093–1.476) 0.002 1.384 (1.085–1.767) 0.009

Fecal calprotectin: endoscopic MH, no vs. yes 1.010 (1.000–1.017) 0.004 1.013 (1.004–1.021) 0.003

ESR: endoscopic MH, no vs. yes 1.004 (0.979–1.029) 0.770 - -

Serum CRP: endoscopic MH, no vs. yes 1.693 (0.685–4.187)  0.254 - -

Serum albumin: endoscopic MH, no vs. yes 0.285 (0.047–1.741) 0.274 - -

CI, confidence interval; MH, mucosal healing; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Fig. 2. Correlation between ischemia-modified albumin and fecal 
calprotectin levels.
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Fig. 3. Receiver operating characteristic curve and area under curve (AUC) analyses of ischemia-modified albumin (IMA) and fecal calpro-
tectin (FCP). CI, confidence interval.
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Variables Cutoff value Sensitivity (%) Specificity (%) AUC P-value 95% CI

FCP (mg/g) 165.5 80.0 83.3 0.867 <0.001 0.762–0.971

IMA (U/mL)   72.9 68.0 78.3 0.801 <0.001 0.676–0.926

Ln(FCP)+IMA/10   12.4 96.0 88.9 0.944 <0.001 0.877–1.000

pared with IMA and FCP (P = 0.951 and P = 0.946, respectively).

DISCUSSION

IMA is acknowledged as an indirect indicator of increased oxi­

dative stress.13 Ischemia induces a cascade of inflammatory 

reactions that lead to ROS generation.12 Although several stud­

ies have associated IMA to various ischemia-related conditions 

such as acute coronary syndrome, and liver, brain, kidney, and 

intestinal ischemia in adults, limited data exists on the relation­

ship between IMA and IBD. Kaplan et al.,14 who measured IMA 

using ELISA, identified that serum IMA levels were significant­

ly higher in patients with IBD than those in the control group. 

Another study that measured IMA with the albumin cobalt 

binding method demonstrated that IMA levels were higher in 

patients with IBD than in healthy controls as well.15 Addition­

ally, it showed that IMA levels in patients with UC was higher 

than that in patients with CD; the authors concluded that IMA 

levels may have increased because of the hypoxia that occurs 

in tissues after intestinal microvascular ischemia, which is re­

sponsible for the classical clinical features of IBD.

  Intense bowel inflammation in IBD is accompanied by a 

demonstrable acute-phase response in the serum. Some in­

flammation serum markers have been extensively validated in 

IBD, with CRP and ESR being the most widely employed.4 FCP 

is a well-researched calcium-containing protein released into 

the lumen that is excreted in feces during acute and chronic 

inflammation and is noninvasive method that presents high 

sensitivity and specificity for the identification of inflamma­

tion in IBD; additionally, FCP shows a very high concordance 

rate regarding intestinal inflammation compared to endosco­

py or biopsy.20,21 However, in clinical practice, FCP has limita­

tions, such as discomfort in the collection and low patient com­

pliance with the fecal test. In this study, IMA was identified as 

a significant predictor of endoscopic non-MH. When the rep­

resentative inflammatory markers were compared between 

the MH and non-MH groups, significant differences were ob­
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served only between IMA and FCP; that is, the IMA and FCP 

levels increased in the non-MH group. However, no difference 

in ESR and CRP levels were identified in this study. This is con­

sistent with the results of previous studies; FCP was the most 

specific indicator of endoscopic activity in IBD. In this study, 

FCP levels showed statistical significance in predicting endo­

scopic MH.

  Notably, IMA was identified as a new marker that reflects 

endoscopic activity in the same study sample. However, it should 

be noted that no significant correlation was found between 

IMA and FCP; this suggests that these 2 indicators may com­

plement each other in predicting endoscopic MH. Therefore, 

in this study, IMA and FCP were calculated together to derive 

a new index, and ROC curve analysis was used to compare en­

doscopic non-MH in the study subjects. When the Ln(FCP)+ 

IMA/10 index was calculated, considering the numerical dif­

ference between the 2 indices, and applied to the statistics, the 

AUC of the ROC increased numerically. However, owing to 

the small sample size, no significant difference was identified 

compared with the AUC of either FCP or IMA.

  This study had several limitations. The first and most impor­

tant was its cross-sectional design and the small number of 

patients in both IBD groups, which may have influenced the 

findings. Second, because the IMA measurement method has 

not been universally validated, directly comparing the IMA re­

sults obtained at our laboratory center with those of previous 

studies is difficult. Third, as this study was conducted in a cross- 

sectional setting, it did not reveal changes in IMA during the 

acute phase of IBD. To act as a clinically significant marker of 

disease activity, longitudinal studies analyzing the differences 

in IMA levels are warranted in the future. However, as a new 

serum marker that reflects the endoscopic healing of IBD, the 

results showing a predictive value close to that of FCP are sig­

nificant. Therefore, IMA may be a candidate serum biomarker 

for predicting endoscopic MH in IBD.
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