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ABSTRACT
OBJECTIVE: Recent studies have implicated increased oxidative stress in the pathogenesis of Ankylosing spondylitis (AS).
Ischemia-modified albumin (IMA), an altered form of albumin, increases oxidative stress. This study aimed to investigate the
relationship between IMA levels and other indicators of disease severity in AS.
METHODS: This study included 63 AS patients and 48 healthy controls. Patients were examined for serum lipid profile,
C-reactive protein (CRP), complete blood count, Bath Ankylosing Spondylitis Disease Activity Index, human leukocyte antigen
(HLA) B27, and treatment regimen. They were categorized based on disease activity, HLA-B27 status, and the drug treatment
and compared for IMA levels.
RESULTS: The patients had significantly higher IMA levels than controls (p=0.020); among patients, the levels were higher
in those with active disease (p=0.001) and positively correlated with the CRP levels. No significant difference was found
between the IMA levels of the patients with different HLA-B27 status or treatment method.
CONCLUSION: The IMA levels were higher in patients than controls and further increased in patients with active AS. IMA
was associated with disease activity and can be used as an inflammatory marker in AS. More comprehensive future studies
with a larger sample size may help understand the relationship in greater detail.
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A

nkylosing Spondylitis (AS) is a chronic rheumatic
disease that is characterized by inflammatory low
back pain, is often accompanied by peripheral arthritis,
and has a prevalence of 0.9% worldwide [1]. AS often
affects young men, causing loss of function and deterioration in the quality of life [2]. AS is characterized by
the inflammation of the sacroiliac joint, peripheral enthesis, and subchondral bone marrow. The mechanism of
pathogenesis has not been fully elucidated; however, sev-

eral genes, including human leukocyte antigen (HLA)
B27, chronic inflammation caused by intestinal bacteria,
cytokines, and oxidative stress, are known to have a role
in pathogenesis [3].
In an organism, the rate of formation and elimination of free radicals are at equilibrium, which is called
oxidative equilibrium. When the oxidative equilibrium is
achieved, free oxygen radicals do not affect the organism;
oxidative stress occurs when this balance is uneasy. A se-
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vere imbalance between free radical formation and the
antioxidant defense mechanism ultimately leads to tissue
injury [4].
The findings in the literature showed that oxidative
stress has an important role in the pathogenesis of AS,
as well as in the pathogenesis of inflammatory diseases,
such as rheumatoid arthritis, systemic lupus erythematosus, psoriasis, and Behçet disease [4–6] and that the molecular products of oxidative stress increase in AS [7, 8].
Albumin acts as an antioxidant by removing oxidative stress products. Free-radical damage to albumin
occurs due to hypoxia, acidosis, and oxidative stress.
Thus, the capacity of albumin to bind and remove ions,
such as copper, nickel, and cobalt in the N-terminus
decreases, and ischemia-modified albumin (IMA) is
formed. IMA is considered a biomarker indicating oxidative stress [9].
Although the role of oxidative stress in the pathogenesis of AS has not been fully elucidated, Biasi et al. [10]
have shown an abnormally high level of neutrophil migration during the active period of AS and an increased
response to reactive oxygen species by circulating neutrophils. Additionally, recent studies have shown that IMA,
a product of oxidative stress, has increased concerning
inflammation in both rheumatic and non-rheumatic diseases [11–13]. However, studies evaluating the IMA levels in patients with AS are limited.
This study aimed to evaluate the levels of IMA in patients with AS, an inflammatory disease, and to investigate the relationship between the IMA levels and disease
activity criteria, such as Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), C-reactive protein (CRP), HLA-B27, and medical treatment. To our
knowledge, this study is the first study to evaluate the
relationship between the IMA levels and the HLA-B27
and medical therapy.
MATERIALS AND METHODS
Case-Control Study
This study was initially planned to include 70 patients
who had been diagnosed according to the modified New
York criteria and treated in the Health Science University
Izmir Tepecik Training and Research Hospital in 2018.
Final analyses included 63 patients (28 female and 35
male) and 48 healthy controls (22 female and 26 male)
since five patients were excluded due to cardiac problems
and two patients due to having diabetes mellitus.
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Highlight key points
•

Ankylosing Spondylitis (AS) is a chronic rheumatic disease
that is characterized by inflammatory.

•

Ischemia-modified albumin is considered a biomarker indicating oxidative stress.

•

Ischemia-modified albumin is associated with disease activity and can be used as an inflammatory marker in AS.

All patients and/or their relatives read the Helsinki
Declaration of Patients’ Rights and signed an informed
consent form. Ethical approval was taken from the local
Ethics Committee for this study (Ethics Committee Approval Number: 2018-8-4).
This study included the AS patients diagnosed according to the modified New York criteria and healthy
volunteers who were aged 18 or above and signed the
informed consent form. Those who did not sign the consent form, had an acute or chronic infection, myocardial infarction, other cardiac problems, diabetes mellitus,
liver disease, hypertension, hyperlipidemia, renal failure,
ischemic cerebrovascular disease, or history of a non-AS
rheumatic disease, smoked, or were obese or pregnant
were excluded from this study. Patients with a disease,
which -except for AS- may increase the CRP level, were
not included in this study.
Medical records were mined for demographic information (age, gender, education, medical treatments,
and exercise status) and the BASDAI scores and the
HLA-B27 levels at the time of admission.
Serum albumin, IMA, total cholesterol, high-density
lipoprotein (HDL-c), low-density lipoprotein (LDL-c),
triglycerides, and CRP levels were also evaluated. The
HLA-B27 results of 56 patients were obtained from records; they were grouped as positive and negative for this
antigen. Disease activity was evaluated with BASDAI,
which consists of visual analog scales that question five
major AS symptoms: fatigue, spine pain, joint pain/swelling, localized sensitivity, and morning stiffness [14]. Patients with a BASDAI score of ≥4 were considered active
AS, those with a score of <4 were considered inactive [14].
Initially, patients with AS were compared with healthy
controls for CRP, albumin, IMA, cholesterol, triglyceride, HDL-c, and LDL-c. Then, the patients were divided into two groups based on BASDAI scores (active vs.
inactive), into two groups based on HLA-B27 (positive
vs. negative), or into three groups based on the medical treatment they received (anti-tumor necrosis factor
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(TNF), sulfasalazine, and non-steroid anti-inflammatory drug (NSAID) and were compared.
Laboratory Analysis
The complete blood count measurement was performed
using a Beckman Coulter LH 780 (Olympus Diagnostics, GmbH, Hamburg, Germany) blood count device
immediately. Biochemical tests were performed on the
same day on the obtained serum samples. For IMA level, serum samples were transferred to Eppendorf tubes
and stored at -80°C. Serum total cholesterol, triglyceride,
HDL-c, and CRP levels were measured using a Beckman Coulter AU 5800 (Olympus Diagnostics, GmbH,
Hamburg, Germany) analyzer. The LDL-c levels were
calculated with the Friedewald formula.
Ischemia-Modified Albumin
The IMA levels were determined spectrophotometrically using the method described by Bar-Or et al. [15]. For
this, 200 μL of venous serum (after 12-hour fasting) was
mixed with 50 μL cobalt chloride and incubated for 10
minutes. Then, 50 μL dithiothreitol was added to fix unbound cobalt and form a colored complex in order to determine the amount of unbound cobalt; the reaction was
stopped after two minutes by adding 1 mL of physiological saline solution. The resulting colored complex was
measured with a spectrophotometer at 470 nm using the
same sample without the addition of DTT as blank; results were given as absorbance units [16].
Blood was taken from the cannulated antecubital vein
between 08:00 and 09:00 h after 12-h overnight fasting.
Blood samples for serum preparation were allowed to
clot. Samples were centrifuged for five min at 5000 rpm
and serum was separated. The resulting colored complexes were measured by the absorbance at 470 nm using a
spectrophotometer (UV–1800, Shimadzu Corporation,
Kyoto, Japan) using the same sample without the addition
of DTT as blank; results were given as absorbance units.
Statistical Analysis
Statistical analyses were performed with the Statistical
Package for the Social Sciences 20 (SPSS, SPSS Inc.,
Chicago, IL, USA). Data were expressed as the mean±standard deviation (SD). Shapiro-Wilk test was used to
determine the normal distribution of the data. Chi-square
test was used to compare the gender distribution among
groups. The independent samples t-test was used for in-
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Table 1.

Demographic data for the patients with AS

		
Age, Mean±SD (Min.–Max.)
Sex
Male
Female
Education
Non-literate
Primary education
Secondary
University
Occupation
Housewife
Worker
Retired
Medical treatment
Not receiving medical treatment
Non-steroid anti-inflammatory drug
Sulfasalazine
Anti-TNF
Exercise
No
Regular exercise
Irregular exercise
BASDAI Score
≥4
<4
HLA-B27 status
Positive
Negative

%
43.9±11.7 (21–69)
56
44
3
35
54
8
33
54
13
5
32
33
30
37
30
33
52
48
63
37

AS: Ankylosing spondylitis; SD: Standard deviation; Min.: Minumum; Max.: Maximum; BASDAI: Bath ankylosing spondylitis disease activity index; HLA: Human
leukocyte antigen; TNF: Tumor necrosis factor

ter-group comparisons regarding the parameters with a
normal distribution. Mann-Whitney U test was used for
other parameters. Pearson correlation test was used for the
analysis of the relationships between the data with a normal
distribution; otherwise, the Spearman correlation test was
used. The statistical significance level was set at p<0.05.
RESULTS
This study included 63 patients with AS and 48 healthy
volunteers. Demographic data for patients with AS are
shown in Table 1.
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Table 2. Comparison of the patients and controls
Patients
(n=63)
(Mean±SD)

Controls
(n=48)
(Mean±SD)

p*

Age (year)
43.9±11.7
Gender (Female/Male)
28/35
Albumin
4.42±0.26
Ischemic modified albumin 0.442±0.12
C-reactive protein
1.21±1.36
Cholesterol
206±53
Triglyceride
176±151
HDL-c
48±15
LDL-c
135±57

40.3±10.5
22/26
4.16±0.99
0.388±0.09
1.00±0.96
209±54
146±70
48±11
131±46

0.900
0.884
0.882
0.020
0.339
0.812
0.707
0.419
0.988

SD: Standard deviation; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; *: p<0.05 was considered statistically significant (in bold typeface).

Table 3. Comparison of the patients with active and inactive AS

Active
(n=33)
(Mean±SD)

Inactive
(n=30)
(Mean±SD)

p*

C-reactive protein
1.59±1.70
0.77±0.65 0.003
Ischemic modified albumin 0.511±0.074 0.376±0.109 0.001
Total cholesterol
212±51
205±40
0.561
Triglyceride
193±19
157±84
0.806
HDL-cholesterol
48±18
47±11
0.696
LDL-cholesterol
141±74
127±28
0.707
AS: Ankylosing spondylitis; SD: Standard deviation; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; *: p<0.05 was considered statistically significant (in bold typeface).

No significant difference was found between the AS
patients and controls concerning age and gender distribution (p=0.900 and p=0.884). Biochemical findings
are shown in Table 2.
The IMA (absorbance) values were higher in the AS
patients compared to those of the controls (p=0.020).
The mean CRP value of the AS patients was higher
than that of the controls, but the difference was not statistically significant (p=0.339).
The BASDAI score was high (active AS) in 33 (52%)
of the patients with AS; 30 (48%) of them were considered to have inactive AS. The CRP and IMA levels were
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found significantly higher in patients with active disease
(p=0.003 and p=0.001, respectively). A significant positive correlation was found between the CRP and IMA
values (p=0.001, r=0.320) as shown in Table 3.
The BASDAI scores were higher among the patients
who were positive for HLA-B27 compared to those who
were negative, but the difference was not statistically significant (p=0.832). Similarly, the IMA levels were higher
among the patients who were positive for HLA-B27, albeit not statistically significant (p=0.776).
No significant difference was found between the patients receiving anti-TNF, sulfasalazine, or NSAIDs regarding the IMA levels (p=0.335).
DISCUSSION
A significant difference was found between the IMA levels in patients with AS and healthy controls. The IMA
and CRP levels in the patients with active AS were higher than those with inactive AS. In patients with AS, the
IMA levels had a positive correlation with the disease
activity criteria, BASDAI and CRP. No significant difference was found between the IMA levels in HLA-B27
positive and negative groups and the groups receiving
different medical treatments.
The disturbance of the oxidative balance happens to
an increase in free radicals, the products of oxidative
stress [15]. They also attack proteins, lipids, and carbohydrates, causing modifications in these structures at
the cellular level. Lipids are among the most sensitive
molecules; disruptions in cell membrane lipids due to
oxidative stress are the most important cause of tissue
damage [17–19].
The levels of IMA increased in diseases involving
ischemia and hypoxia, such as myocardial infarction,
pulmonary embolism, cerebrovascular ischemic diseases, end-stage cancers, systemic sclerosis, and diabetes mellitus and in disease involving inflammation,
such as obesity, multiple sclerosis, psoriasis, and inflammatory rheumatic diseases [20–23]. Inflammation increases the rate of proinflammatory cytokines,
such as TNF-α and interleukin-1β, which leads to
tissue damage by increasing the rate of free radical
formation. Increased IMA levels were found in rheumatoid arthritis and Behçet disease [24, 25]. On the
other hand, a study on the inflammatory parameters,
IMA levels, and their relationship with atherosclerosis in Sjögren syndrome, an inflammatory rheumatic
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disease, found no relationship between the IMA levels
and inflammatory parameters [26].
In our study, the IMA levels were higher in patients
with AS than healthy controls. Consistent with our results, other recent studies have also found increased
IMA levels in patients with AS than healthy controls
[13]. A recent study has found that the oxidant levels
were higher and the antioxidant levels were lower in the
AS patients compared to healthy controls [27].
Wang et al. [28] have investigated bone markers, bone
mineral density, and oxidation status in AS patients.
They found increased inflammatory markers, bone destruction products, and oxidation products in patients
with active disease and suggested that oxidative stress
plays an important role in the pathogenesis of AS and
also influences bone mineral density.
The IMA levels in AS patients with active disease
were higher than those with inactive disease. In a similar study, Türkön et al. [13] investigated the relationship
between serum IMA levels and the oxidant/antioxidant
ratio in patients with AS. IMA and IMAR positively
correlated with BASDAI, Bath Ankylosing Spondylitis
Functional Index, Bath Ankylosing Spondylitis Metrology Index, ASDAS, and CRP, which suggested that increased IMA levels are related to the pathogenesis and
activity of the disease.
The CRP levels are frequently used to determine the
degree of inflammation and to assess the acute phase response in rheumatic diseases [29, 30]. CRP is a sensitive
indicator of acute inflammation in patients with AS. The
synthesis of CRP occurs in the liver through the action
of cytokines, mainly IL-6, which is secreted from the inflamed tissue. It has been shown that serum IL-6 levels
were higher in patients with AS than healthy individuals
[31]. BASDAI, CRP, and the Ankylosing Spondylitis
Disease Activity Score are frequently used in the evaluation of disease activity and in determining the treatment
[16]. In our study, BASDAI and CRP were used to assess disease activity. The CRP and IMA levels were high
in patients with active AS, and there was a positive correlation between them. Consistent with our study, it was
previously found that high CRP values were associated
with radiological changes and sacroiliac joint inflammation and also correlated with the BASDAI scores [31].
Oxidative stress products are increased during the
active period of AS, which increase the levels of TNF
and inflammatory cytokines IL-6, -17, and -23, initiating the inflammation and causing tissue damage [32]. In
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this process, the increased CRP might be considered an
indicator of inflammation and high IMA an indicator of
oxidative stress. Karataş et al. [33] found that the IMA
levels were higher in the acute period and correlated with
acute phase reactants in patients with acute rheumatic
fever and that the levels were similar to healthy controls
in the chronic period. IMA levels might be associated
with acute inflammation. Among patients with Behcet’s
disease, the IMA levels were found to increase in those
with active disease and vascular involvement [34].
HLA-B27 is an allele for the B locus encoding major histocompatibility complex class I molecules and
is the best known genetic marker for AS. Misfolding
of HLA-B27 leads to the excessive stimulation of IL23, which leads to activation of T helper cells [35]. In
AS, 72–90% of patients are positive for HLA-B27
[36]. In our study, 63% of the patients were positive for
HLA-B27. No significant relationship was found between IMA levels and HLA-B27 positivity in patients.
To our knowledge, there is not any study evaluating the
oxidative status in HLA-B27 positive and negative patients in the literature.
Studies investigating the effect of drugs on oxidative
stress are limited. In our study, no difference was found
between the IMA levels of patients receiving anti-TNF,
sulfasalazine, or NSAID treatment. Possible mechanisms
of action for 5-aminosalicylic acid -the active metabolite of
sulfasalazine- include the inhibition of natural killer cells,
antibody synthesis, cyclooxygenase and lipoxygenase pathways, and neutrophil functions and scavenging oxygen free
radicals. Kocabaş et al. [37] did not find a significant difference between the oxidant/antioxidant levels in patients
with AS who do or do not receive sulfasalazine treatment.
TNF-α is an inflammatory cytokine released from
monocytes and macrophages. TNF-α stimulates chondrocytes and increases the release of oxygen free radicals
and nitric oxide. The TNF-α levels provide information
about the inflammatory process [38]. In AS, the increase
in the activation of neutrophils is known to trigger oxidative stress. Anti-TNF treatments are effective on both
TNF-α and neutrophils. The treatment is known to
decrease calcium flow through the cation channel modulation and to decrease apoptosis and oxidative stress.
Kageyasa et al. [39] reported that infliximab, an anti-TNF agent, inhibited the oxidative DNA damage and
lipid peroxidation in patients with rheumatoid arthritis
and acted as an antioxidant. In a study of the effects of
anti-TNF agents and NSAIDs on oxidative stress in pa-
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tients with AS, the former was found to alleviate oxidative stress while the latter had limited effect [40].
Limitations of this study include small sample size,
lack of consideration of other markers for oxidant/antioxidant status or other disease activity scales, such as
BASFI and BASMI.
The duration and details of medical treatments were
also not questioned.
In conclusion, our study has shown that the levels of
IMA and CRP, two oxidative stress markers, were significantly higher in patients with active AS than healthy
controls or patients with inactive AS. There was no difference in the IMA levels of the patients receiving different
medical treatments or of those carrying the HLA-B27
allele or not. IMA is associated with disease activity and
can be used as an inflammatory marker in AS. More
comprehensive future studies with a larger sample size
may help understand the relationship in greater detail.
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