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Abstract
Objectives: We studied the effectivity of serum ischemia-modified albumin (IMA) levels in the diagnosis and
clinical activity of patients suffering from Ulcerative Colitis (UC).
Materials and Methods: Eighty-eight clinically and pathologically confirmed UC patients and 48 age- and sexmatched healthy volunteers were included in the study. The patients were classified according to the
Rachmilewitz Score [Endoscopy activity index (EAI)], and those with a score below five were considered in the
remission group, and those above five were considered as active disease group. The IMA levels were calculated
by the colorimetric method.
Results: When UC patients were compared to the control group, higher IMA levels were observed in the
patient’s serum (0.48±0.25 g/L vs. 0.28±0.08 g/L), and the difference was statistically significant (p<0.001).
Among UC patients, higher IMA levels were found in the active group (n:36) compared to the remission group
(n:52) (0.72±0.20 g/L vs. 0.32±0.12 g/L, and p<0.001). Positive and statistically significant correlations
between serum IMA levels and EAI scores (r:0.81, p<0.001) were detected.
Conclusion: Serum IMA level may be a suitable biomarker for the diagnosis and the clinical and endoscopic
activity of UC disease. It may have diagnostic and prognostic features in UC disease.
Keywords: Endoscopic activity index, ischemia-modified albumin, serum marker, ulcerative colitis.
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Introduction
Ulcerative colitis (UC) is an inflammatory disease of the colon causing diffuse fragility and superficial erosions
of the colonic membrane associated with blood loss of unknown origin. It is the most common type of
inflammatory bowel disease involving the inflammation limited to the colonic mucosa and submucosa.
Typically, the disease starts in the rectum and spreads to the proximal colon without interruption. 1, 2 Although
the etiology of UC is unknown, environmental and genetic factors, immune system diseases and oxidative stress
may play a role in the etiopathogenesis. The increase in reactive oxygen/nitrogen species (ROS/RNS) is
believed to take part in the oxidative stress in the UC. As a product of standard cellular metabolism, the
excessive production of ROS/RNS causes oxidative stress, ischemia and tissue hypoxia. ROS/RNS
corresponding to hydroxyl radicals were generated almost in every ischemic disease and adjusted the Nterminus of serum albumin leading to ischemia-modified albumin (IMA) formation. It is known that IMA
formed in this way is considered an indirect marker of oxidative stress.3-5 Since it has been shown that IMA was
associated with oxidative stress and tissue perfusion, we designed this study considering that IMA may play a
role in the pathogenesis of UC.
We aimed to assess serum IMA level as a diagnostic marker in UC patients and determine whether it is efficient
in assessing the disease severity or not.

Materials and Methods
Study population
This study was conducted in our hospital between August 2017 and January 2020. Eighty-eight patients with
UC and 48 healthy volunteers were enrolled in the study. UC and the control group were older than 18 years.
The control group consisted of volunteers without any disease who applied to our outpatient clinic for control
purposes and were similar to UC patients in terms of age and gender. Patients with any chronic systemic
disease, ischemic disease or a history of ischemic diseases, such as myocardial infarction and pulmonary
embolism, patients with hepatic and renal failure or infectious disease, were excluded from the study because
IMA levels may be affected.
Endoscopic evaluation
To evaluate the degree of the disease, the history of the patients at the time of admission and all blood values,
including inflammatory markers, were investigated. All procedures were performed by the same experienced
endoscopist under the same conditions to calculate the endoscopic activity index (EAI) of Rachmilewitz scoring
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(MC). Colonoscopy evaluation was performed by the same clinician using a high-definition white-light
colonoscope (Olympus Medical Systems, Tokyo, Japan), each lasting approximately 15-20 minutes, by
evaluating the colonic mucosa and calculating the EAI.
Clinical and endoscopic values were used for the staging of the disease. Endoscopic activity index values were
calculated for UC activity using the Rachmilewitz scoring system, and values of 5 and above were accepted as
active disease.6
Ischemia-modified albumin evaluation
For the measurement of IMA levels, 5 ml of blood was taken from all patients and controls between 08.00 and
10.00 a.m. after at least 12 hours of fasting, using the antecubital vein. Then the blood was centrifuged at 4000
rpm for 10 minutes, and the serum samples were placed in Eppendorf tubes and stored in -80-degree cabinets
until the day of the procedure. All the IMA measurements were done by the same operator throughout the
study period via Shimadzu UVmini-1240 spectrophotometry, including cobalt chloride, dithiothreitol, and
sodium chloride 0.9%, by the spectrophotometric method reported by Bar-Or et al.7
Biochemical parameters evaluation
Complete blood count, alanine aminotransferase (ALT), (aspartate aminotransferase (AST), total protein,
albumin, C-reactive protein (CRP) levels and erythrocyte sedimentation rates (ESR) were evaluated in the
morning of the colonoscopy procedure and then recorded as data for analysis. ALT, AST, total protein, and
albumin were calculated by using Roche Cobas Integra 800 (Roche Diagnostic Corp., Indianapolis, Indiana, USA)
autoanalyzer. CRP was assessed by using a Hitachi Modular P800 analyzer. Also, ESR was evaluated by Alifax
Test 1 THL (Alifax s.p.a Comp. Polvera, Italy) machine.
Statistical analysis
All statistical analysis was performed using SPSS (Statistical Program for Social Sciences) version 26 software.
To assess the normality of data Kolmogorov-Smirnov/Shapiro–Wilk tests were used. Quantitative factors with
normal distribution were indicated as mean ± standard deviation (SD), while those with non-normally
distributed were indicated as median (IQR). Categorical factors were presented by numbers and percentages.
In two group comparisons of normally distributed quantitative variables, the Student t-test was used, while for
comparison of non-normally distributed quantitative variables, the Mann–Whitney U test was used.
Comparison of categorical data was made by chi-square/ Fisher’s exact tests where appropriate. The
correlation analysis was done using Pearson/Spearman correlation analysis tests among quantitative
variables. A p<0.050 was considered statistically significant.
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Results
There were 88 patients at UC and 48 volunteers in the control group. No statistically significant difference was
found when the control group and the UC group were compared in terms of age, sex and body mass index (BMI).
There was no significant difference between the groups regarding hemoglobin, platelet, white blood cells
(WBC), glucose, total protein, albumin and ESR. CRP levels were significantly higher in the UC group compared
with the control group (1.5 (6.3) mg/L vs. 0.43 (0.2) mg/L) respectively, and p<0.001. When compared in terms
of IMA levels, it was determined that there were higher levels in the UC group than in the control group, and
the difference was statistically significant (0.48 ± 0.25 g/L vs. 0.28 ±0.08 g/L, respectively) and p<0.001.
Comparisons of demographic characteristics and laboratory findings of control and UC patients are
represented in Table1. The comparison of IMA levels between the control and UC group is shown in Figure 1.
Table 1. Comparison of Demographic and Clinical Factors of Ulcerative Colitis and Control Groups.
Factors
Gender, F (%)
Age, years
BMI (kg/m2)
Hemoglobin (g/dl)
Platelet (x103 μL)
WBC (x103 μL)
Glucose (mg/dl)
T protein (g/L)
Albumin (g/L)
ESR (mm/h)
CRP (mg/L)
IMA (g/L)

Control group (n:48)
16 (33.33%)
43 (21-77)
24.9 (3.48)
13.8 (1.8)
271.0 (68)
7640 (3100)
94.62 ± 17.2
7.40 ± 0.43
4.64 ± 0.36
12 (9)
0.43 (0.2)
0.28 ± 0.08

UC group (n:88)
33 (37.50%)
43 (18-77)
25.78 (3.59)
14.05 (1.2)
264 (96)
7095 (2500)
97.10 ± 16.3
7.31 ± 0.44
4.36 ± 0.29
13 (20)
1.5 (6.3)
0.48 ± 0.25

p
0.629
0.726
0.841
0.350
0.784
0.071
0.752
0.831
0.324
0.494
<0.001
<0.001

Factors were expressed as mean ± SD (Standard deviation) for normally distributed and median (Interquartile range) for
non-normally distributed factors. Categorical factors were defined as numbers (%).
(BMI; body mass index, CRP; C-reactive protein, EAI; endoscopic activity index, ESR, erythrocyte sedimentation rate, F;
female, IMA, ischemia modified albumin; NS, non-significant; UC, ulcerative colitis; WBC, white blood cell)

Patients with a diagnosis of UC were classified as having an EAI < 5 in remission (n:52) and those with a score
of greater than five as an active disease (n:36). There was a good positive correlation between IMA levels and
EAI scores (r:0.81 and p<0.001) and CRP levels (r:0.37 and p<0.001). There was no statistically significant
difference regarding age, gender, BMI, hemoglobin, platelet, WBC, ALT, AST, total protein, Albumin and ESR
between the remission and active groups. There was a significant difference among remission and active
groups regarding CRP levels (1.46 ± 1.04 mg/dL vs. 10.34 ± 9.6 mg/dL, respectively) and p<0.001. When the
remission and active UC groups were compared in terms of IMA levels, a statistically significant difference was
calculated (0.32 ± 0.12 g/L vs. 0.72 ± 0.20 g/L, respectively) and p<0.001. A comparison of demographic and
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clinical factors among remission and active UC group are demonstrated in Table 2. Figure 2 represents the
comparison of IMA levels between remission and active UC groups.
Table 2. Comparison of Demographic and Clinical Factors of Remission and Active Ulcerative Colitis Groups.
Factors
Gender F (%)
Age, years
BMI (kg/m2)
Hemoglobin (g/dl)
Platelet (x103 μL)
WBC (x103 μL)
ALT (IU/L)
AST (IU/L)
T protein (g/L)
Albumin (g/L)
ESR (mm/h)
CRP (mg/L)
IMA (g/L)

Remission group (n:52)
17 (32.69%)
55 (32-68)
24.43 ± 3.51
12.86 ± 3.35
323 ± 256
5720 ± 3900
10 ± 3.6
16.67 ± 3.21
7.40 ± 1.10
4.16 ± 0.90
15 ± 15.7
1.46 ± 1.04
0.32 ± 0.12

Active group (n:36)
16 (44.44%)
47 (20-66)
26.68 ± 3.30
13.8 ± 0.63
267 ± 70.4
6620 ± 1290
17 ± 9.2
16.29 ± 3.1
6.98 ± 0.36
4.3 ± 0.29
10.43 ± 7.77
10.34 ± 9.6
0.72 ± 0.20

P
0.263
0.365
0.203
0.519
0.783
0.368
0.663
0.974
0.191
0.691
0.212
<0.001
<0.001

Factors were expressed as mean ± SD (Standard deviation) for normally distributed and median (Interquartile range) for
non-normally distributed factors. Categorical factors were defined as numbers (%).
(ALT; alanine aminotransferase, AST; aspartate aminotransferase, BMI; body mass index, CRP; C-reactive protein, EAI;
endoscopic activity index, ESR, erythrocyte sedimentation rate, F; female, IMA, ischemia modified albumin; NS, nonsignificant; UC, ulcerative colitis; WBC, white blood cell.)

Figure 1. The Comparison of IMA Levels Between
the Control and the UC Groups

Figure 2. The Comparison of IMA Levels Between
Remission and Active UC Groups.
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Discussion
According to the results of our present work, when IMA levels were compared between the control group and
UC group, statistically significantly higher levels were found in the UC group. A good positive correlation was
found between IMA levels, CRP and EAI scores among patients in the UC group. The reason for the increased
level of IMA may be due to tissue hypoxia developing after intestinal microvascular ischemia in the classical UC
pathology. Therefore, a significant difference was observed between UC and healthy controls, and as the
endoscopic activity of the disease increased, the detection of increased IMA levels revealed its relationship with
tissue hypoxia.8-10
The IMA level, which has a valuable role in both diagnosis and disease severity in UC patients, gains value in
the diagnosis and follow-up of the UC as a non-invasive serum biomarker. It has been reported that IMA levels
have a significant role in some diseases, such as sepsis and cholestatic jaundice, both at the diagnostic and
prognostic level. 11 Our results also confirm these studies and support the usability of IMA in the diagnosis and
prognostic evaluation of UC.
Inflammatory bowel diseases are chronic inflammatory disorders and may also have the gastrointestinal
system and extraintestinal involvement, which are not clarified in terms of etiology.

12

Although the onset of

the deterioration of the immune system response and how the damage to the colonic mucosa occurs has not
been clarified; it has been proven that reactive oxygen radicals, redox modules, nitrogen particles (ROS/RNS)
and subsequent oxidative stress molecules may take part in its physiopathology.
reported that colonic oxidative stress may stimulate the formation of

colitis.9

9, 13

Recently, it has been

It has been shown that the IMA

level was an indirect marker of oxidative stress.14-16 In our study, the presence of higher serum IMA levels was
demonstrated in patients with UC compared to controls. Furthermore, higher levels were found in UC patients
with active disease compared to those in remission, which is important in terms of showing that this hypothesis
was proven in our study.
Several studies have shown that the proinflammatory cascade that causes the creation of reactive oxygen
species (ROS) is induced by ischemia.17, 18 In addition, the role of IMA in inflammation-related diseases has been
shown recently.14, 19 As a result of our study, we indirectly showed that serum IMA level could be obtained both
diagnostically and prognostically in UC disease which has chronic inflammatory pathophysiology.
Although IMA levels were associated with acute coronary syndrome, liver ischemia, and ischemic conditions in
organs such as the brain, kidney and intestine in adults, the association between IMA levels and UC disease and
activity has not been demonstrated.14-16 In the previous studies, the relationship between IMA levels and
inflammatory bowel diseases was investigated, but different results were found. 15,
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relationship between serum IMA levels and UC was important because it was significant both in diagnosis and
prognosis. With this study, we obtained results that support the studies showing that there is a relationship
between the level of ima and the UC.
Normally, IBD patients have more oxidative stress than healthy people. Due to ongoing chronic oxidative stress,
antioxidants that increase in the inflamed tissue decrease over time, and this causes an increase in oxidative
stress in the tissue due to the decrease in antioxidants.21 It is acknowledged that oxidative DNA damage is very
effective in the pathophysiology of UC and in the carcinogenesis that may develop in the later stages of the
disease.22 Therefore, patients with UC are at risk of developing colon carcinoma.23 This is thought to be due to
the increase in unmet oxidative stress. Consequently, we thought that high IMA levels in active UC patients
were due to oxidative stress.
Since some serum biomarkers are involved in severe inflammation as acute phase reactants, they have been
accepted for use in inflammatory diseases such as UC. Therefore, the good positive correlation between IMA
levels and CRP reinforces the usability of this marker in the diagnosis and prognosis of UC. 24, 25
In conclusion, serum IMA level may be a suitable biomarker for the diagnosis and the clinical and endoscopic
activity of UC disease. It may have diagnostic and prognostic features in UC disease.
Ethical considerations: The work was designed according to the Helsinki declaration, and the local ethics
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