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Oxidative stress and related factors in patients with
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Abstract

Objective: Ankylosing spondylitis (AS) is a chronic inflammatory disease of the spine and sacroiliac joints of unknown etiology.
Recent studies have reported increased oxidative stress, which is implicated in the pathogenesis of a number of diseases, in AS. The
purpose of this study was to investigate oxidative stress and related factors in AS.

Material and Methods: Eighty-five patients with AS [36 (16-64) years; 65 male/20 female] and 56 healthy subjects [36 (21-63) years;
39 male/17 female] with no known cardiovascular risk factors were enrolled. Serum total oxidant status (TOS) and total anti-oxidant
status (TAS) were studied. The Bath ankylosing spondylitis functional index (BASFI), Bath ankylosing spondylitis disease activity index
(BASDAV), and Bath ankylosing spondylitis metrology index (BASMI) were calculated. A logistic regression model was used to identify
the independent risk factors for TOS.

Results: No differences were observed in terms of demographic characteristics, laboratory findings, or TAS concentrations be-
tween the patient and control groups. However, the serum TOS levels were significantly higher in the AS group than in the controls
(p=0.003). The comparison of cases of active (BASDAI >4) and inactive AS revealed significantly higher TOS levels in the active dis-
ease group. The TOS and TAS concentrations did not differ between patients treated with biological agents and those treated with
conventional agents. Correlation analysis yielded significant correlations between TOS and TAS, BASMI, BASFI, BASDAI, erythrocyte
sedimentation rate (ESR), and high-sensitive C-reactive protein (hs-CRP) (p<0.05; r values ranged from 0.291 to 0.452) and a positive
correlation between TAS and BASMI (p<0.05; r=0.344). Based on regression analysis, BASDAI, BASMI, and hs-CRP independently
predicted the TOS levels [p<0.05, R% 0.262, and standard error of the estimate (SEE): 10.96]

Conclusion: Oxidative stress levels were higher in patients with AS than in healthy subjects. Patients with active disease status had signifi-
cantly higher oxidative stress than patients with inactive disease status and healthy controls. Treatment status has no effect on TOS, and
BASMI, BASDAI, and hs-CRP are independent variables associated with TOS. The TAS levels were found to be associated with only BASMI.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory disease of the spine and sacroiliac joints of unknown
etiology (1). Increased oxidative stress is implicated in the pathogenesis of some diseases such as rheu-
matoid arthritis (RA) and inflammatory bowel disease (IBD). Recent studies have also reported increased
oxidative stress in AS (2-5).

Under normal conditions, there is a balance between oxidative damage and antioxidant defense. Insuffi-
cient antioxidant defense or increased production of reactive oxygen species (ROS) generates a condition
known as oxidative stress (6).

Oxidative stress can be measured by total antioxidant status (TAS) and total oxidant status (TOS), systematic
reflections of it. Because the separate measurement of different oxidant and antioxidant molecules is not
practical and their oxidant and antioxidant effects are cumulative, the total oxidant and antioxidant capac-
ity of a sample is measured instead, providing TOS and TAS values, respectively (7).

This may help to explain the pathogenesis. Insufficient data are available concerning the relations between
oxidative stress, antioxidative capacity, and disease activity or biological treatment in AS.

Further studies on the subject are needed. The primary aim of this study was to investigate oxidative stress
and related factors in AS.
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Material and Methods

Patients and controls

Eighty-five patients with AS meeting the Mod-
ified New York criteria (6) and with no known
acute or chronic diseases were included. The
exclusion criteria were hypertension (HT), di-
abetes mellitus (DM), hyperlipidemia, and cig-
arette use. Fifty-six healthy controls subject to
the same exclusion criteria as the patients were
recruited from among the relatives of health
professionals and blood donors. Patients re-
ceiving corticosteroid therapy within 8 weeks
of the beginning of the study were also exclud-
ed. The disease duration and a detailed history
of biological treatment were recorded.

Patients were also evaluated using the Bath an-
kylosing spondylitis metrology index (BASMI)
(range: 0-10)(8), Bath ankylosing spondylitis
functional index (BASFI) (range: 0-10) (9, 10),
and Bath ankylosing spondylitis disease activ-
ity index (BASDAI) (range: 0-10) (11, 12). Writ-
ten informed consent was obtained from each
subject, and research protocols were approved
by the Local Ethical Committee.

Definition of variables
Hypertension: Average systolic BP >140 mmHg
or average diastolic BP =90 mmHg or receiving
treatment for HT (13).

Dyslipidemia: Total cholesterol level >260 mg/
dL or low density lipoprotein (LDL) cholesterol
>160 mg/dL or the use of lipid lowering med-
ication (14).

Diabetes mellitus (DM): Current use of medica-
tions prescribed to treat DM or fasting serum
glucose levels =126 mg/dL (15).

Smoking: Any tobacco consumption in the pre-
vious 30 days.

Active AS disease: Patients with BASDAI >4 at
the time of the study were defined as having
active disease.

Laboratory tests: Blood samples were collected
for tests after overnight fasting. The erythrocyte
sedimentation rate (ESR), high-sensitivity C-re-
active protein (hs-CRP), fasting blood glucose,
and serum lipids [total cholesterol, high density
lipoprotein (HDL) cholesterol, LDL cholesterol,
and triglycerides] were measured using standard
methods. Serum measurement of hs-CRP was
performed using enzyme-linked immunosor-
bent assay (ELISA). The serum total oxidant status
(TOS, umol H.,0,Eq/L) and total antioxidant sta-
tus (TAS, umolTroloxEg/L) were measured using
the method described by Erel (16, 17).
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Table 1. Comparison of ankylosing spondylitis (AS) patients and healthy controls in terms of

clinical and laboratory parameters

Patients with
ankylosing spondylitis Healthy controls
(n=85) (n=56) p
Age (years) 39(16-64) 36(21-63) 0.25
Sex (M/F) 65/20 39/17 0.78
BMI (kg/m?) 25.1(16.3-32.9) 24.9(16.9-34.3) 0.72
Waist circumference (cm) 88 (56—-104) 83(59-105) 0.39
ESR (mm/h) 11(2-70) 3(1-23) <0.001
Hs-CRP (mg/L) 10.9(0.5-17.3) 2.7 (0.2-5.5) <0.001
Glucose mg/dL 89(71-114) 89(78-122) 0.7
Total cholesterol mg/dL 178 (90-234) 185 (99-244) 0.2
HDL cholesterol mg/dL 43 (29-71) 47 (34-78) 0.16
LDL cholesterol mg/dL 109 (42-156) 117 (41-154) 0.4
Triglyceride mg/dL 82 (37-216) 73 (44-244) 0.53
TOS (umol H,0,Eq/L) 20.9(4.2-84.9) 16.2(3.7-74.9) 0.003
TAS (umolTroloxEq/L) 0.76(0.37-1.07) 0.78(0.39-1.17) 0.96
Systolic blood pressure (mmHg) 120 (90-135) 110 (90-130) 0.06
Diastolic blood pressure (mmHg) 75 (55-90) 70 (60-80) 0.08

ESR: erythrocyte sedimentation rate; Hs-CRP: high-sensitive C-reactive protein; BMI: body mass index; HDL: high density
lipoprotein; LDL: low density lipoprotein; TOS: total oxidant status; TAS: total antioxidant status; M: male; F: female
Results are presented as median (min-max). A two-tailed p value <0.05 was regarded as statistically significant.

Statistical analysis

The results are given as medians with mini-
mum and maximum values. The comparison
of continuous variables between groups was
performed using the Mann-Whitney U test.
Differences between categorical variables
were analyzed using Fisher's exact test. The
Kruskal-Wallis test was used to compare mul-
tiple groups, and the Mann-Whitney test was
used for pairwise comparisons. Relationships
between variables were analyzed using Spear-
man'’s rank correlation coefficient. A linear re-
gression model was used to determine the in-
dependent risk factors for TOS. Enter methods
was used for linear regression analysis.

Statistical analysis was performed using the
Statistical Package for the Social Sciences
(SPSS) (version 16.0 SPSS Inc,; Chicago, lllinois,
USA) software. A two-tailed p value of <0.05
was considered statistically significant.

Results

The study group consisted of 85 patients
with AS [age 36 (16-64) years; 65 male (M)/20
female (F)] and 56 healthy controls [age 36
(21-63) years; 39 M/17 F]. No differences were
determined between the groups in terms
of age, sex, body mass index (BMI), waist cir-

cumferences, glucose, blood pressure, or lipid
levels (p>0.05; Table 1). The mean duration of
disease was 10 (1-32) years. BASDAI, BASFI, and
BASMI were 2.8 (04-8.1), 1.85 (0-7.11), and 1
(0-8), respectively. The TOS concentrations
were significantly higher in the patients than in
the controls [20.9 (4.2-84.9) vs. 16.2 (3.6-74.9)
umol H,0,Eq/L; p=0.003]. The TAS levels did
not differ between the groups [0.76 (0.37-1.07)
vs. 0.78 (0.39-1.17) umolTroloxEq/L; p=0.96]

A- Comparison of subjects with AS based on
treatment

Of the 85 patients, 27 [21 M/6 F; 39 (19-55)
years] were being treated with tumor necrosis
factor- a (TNF-a) blocking agents (17 etaner-
cept, 5 adalimumab, and 5 infliximab). The
mean duration of treatment with biological
drugs was 31.1+£26 months. Fifty-eight patients
[44 M/14 F; 36 (16-52) years] were receiving
conventional treatments (non-steroidal an-
ti-inflammatory drugs and/or sulfasalazine),
and none had been previously treated with
anti-TNF-a agents. Age, sex distribution, BMI,
waist circumference, acute phase reactants,
disease activity indices, and TAS and TOS con-
centrations were similar in patients receiving
anti-TNF-a blocking agents and those on con-
ventional drug s (p>0.05; Table 2).

21



22

Solmaz et al. Oxidative stress in ankylosing spondylitis

Table 2. Comparison of subjects receiving conventional treatment or anti-tumor necrosis
factor-a (anti-TNF-a) drugs

AS with conventional

AS with anti-TNF

treatment (n=58) treatment (n=27) p
Age (years) 36 (16-64) 39(19-55) 0.23
Sex (M/F) 4414 21/6 0.8
BASFI 2.42 (0-7.11) 1.65(0-6.1) 0.34
BASDAI 4(0.35-8.1) 2.36(0.64-6.46) 0.1
BASMI 0(0-8) 1(0-6) 0.64
BMI (kg/m?) 25.2(16.3-32.5) 24.4(19-32.9) 0.94
Waist circumference (cm) 87 (56-100) 88.5(74-104) 0.3
ESR (mm/h) 11(2-70) 9 (2-40) 0.10
Hs-CRP (mg/L) 11.6(0.5-17.3) 6.9(1-16.4) 0.06
TOS (umol H,0, Eq/L) 22.9(4.2-84.9) 18.3(6.3-74.7) 0.2
TAS (umol Trolox Eq/L) 0.73(0.37-1.01) 0.77 (0.45-1.07) 0.4
Total cholesterol mg/dL 175 (90-234) 185(110-253) 0.5
HDL cholesterol mg/dL 44 (29-83) 48 (29-87) 0.4
LDL cholesterol mg/dL 108 (42-157) 114 (49-153) 0.6
Triglyceride mg/dL 89 (37-236) 86 (45-216) 0.7
Systolic blood pressure (mmHg) 120(90-135) 120(97-135) 0.2
Diastolic blood pressure (mmHg) 70(55-90) 80 (57-90) 0.02

ESR: erythrocyte sedimentation rate; Hs-CRP: high-sensitive C-reactive protein; BMI: body mass index; BASFI: Bath ankylosing
spondylitis functional index; BASDAI: Bath ankylosing spondylitis disease activity index; BASMI: Bath ankylosing spondylitis

metrology index; TOS: total oxidant status; TAS: total antioxidant status; HDL: high density lipoprotein; LDL: low density lipoprotein;

AS: ankylosing spondylitis; M: male; F: female; anti-TNF: anti-tumor necrosis factor
Results are presented as median (min-max). A two-tailed p value <0.05 was regarded as statistically significant.
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Figure 1. A correlation plot showing the relation between total oxidant status and bath ankylos-
ing spondylitis disease activity index
SEE: standard error of the estimate; BASDAI: bath ankylosing spondylitis disease activity index; TOS: total oxidant status
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B- Comparison of subjects based on disease
activity

Forty-four patients with AS had active disease
(BASDAI >4).The TOS concentrations were sig-
nificantly higher in patients with active disease
than in inactive patients and healthy controls
(Table 3). However, the TOS levels were not sig-
nificantly different between the patients with
inactive disease and the healthy controls. The
TAS concentrations were similar between the
groups.

C- Correlation and regression analysis
Correlation analysis yielded significant correla-
tions between TOS and TAS, BASMI, BASFI, BAS-
DA, ESR, and hs-CRP (p<0.05; r=0.291, 0451,
0.271,0.363,0.456, and 0.437, respectively). The
highest correlation values were between TOS
and BASDAI (Figure 1). In addition, a positive
correlation was observed between TAS and
BASMI (p<0.05; r=0.344). At regression analysis,
BASMI, BASDAI, and CRP independently pre-
dicted TOS levels (Table 4). R? was found to be
0.262, and the standard error of the estimate
(SEE) was found to be 10.96 for this model.

Discussion

In this study, patients with active AS patients
had significantly higher TOS levels than the in-
active group. The TAS levels were the same in all
groups. The TOS and TAS concentrations were
similar between patients treated with biologics
and those receiving conventional agents.

The TOS levels were correlated with TAS, BAS-
DAI, BASMI, and hs-CRP, but this correlation was
low or moderate. The TOS levels are thought to
be associated with activity and inflammation.

Markers of increased oxidative stress have pre-
viously been reported in AS (3-5). Some stud-
ies have also reported that oxidative stress is
more pronounced in the active disease status
(3, 4). In agreement with previous studies, we
observed an increase in TOS in AS, and sub-
group analysis revealed higher TOS levels in
AS patients with active disease than in healthy
controls. Additionally, BASDAI independently
predicted the TOS levels.

Inconsistent data are available regarding the
antioxidant status in AS. Yazici et al. (5) reported
decreased thiol levels, Ozgocmen et al. (4) ob-
served unchanged superoxide dismutase but
increased catalase activity, and Karakoc et al.
(3) reported decreased TAS levels in AS. In this
study, the TAS levels did not differ between the
groups. Oxidative stress originates from an im-
balance in the oxidative-antioxidative status. It
is therefore important to consider the complex
interactions that occur between individual an-
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Table 3. Comparison of subjects in terms of disease activity

Patients with Patients with Healthy controls

active AS (n=44) inactive AS (n=38) (n=56)
Age (years) 38.7+10.0 35.2+10.1 36(21-63)
Sex (M/F) 34/10 29/9 39/17
Waist circumference (cm) 89 (63-108) 87 (56-107) 83 (59-105)
BMI (kg/m?) 26 (16-34) 24 (18-34) 25(16-34)
ESR (mm/h) 26 (3-83)* 12 (2-49)** 3(1-23)
Hs-CRP (mg/L) 9.3(1.3-17.3)* 8.0(0.5-15.9)** 2.7(0.2-5.5)

TOS (pumol H,0, Eq/L)

28.6 (6.4-84.9)

15.2 (4.2-76.4)

16.2 (3.6-74.9)

TAS (umolTroloxEq/L) 0.76 (0.4-1.1) 0.88(0.3-1.63) 0.78(0.39-1.17)
Total cholesterol mg/dL 184 (90-253) 171(110-234) 190 (99-244
HDL cholesterol mg/dL 43(29-87) 47 (29-83) 185 (99-244)
LDL cholesterol mg/dL 113 (42-153) 103 (49-157) 47 (34-78)
Triglyceride mg/dL 98 (43-236) 74 (37-216) 117 (41-154)
Systolic blood pressure (mmHg) 120(95-135) 110(97-135) 73 (44-244)
Diastolic blood pressure (mmHg) 80 (55-90) 72 (57-90) 16.2 (3.7-74.9)

BMI: body mass index; ESR: erythrocyte sedimentation rate; Hs-CRP: high-sensitive C-reactive protein; TOS: total oxidant status; TAS:
total antioxidant status; HDL: high density lipoprotein; LDL: low density lipoprotein; AS: ankylosing spondylitis; M: male; F: female
Results are presented as median (min-max). P values <0.05 were regarded as statistically significant. *Indicates a significant

difference between active AS patients vs. healthy controls,
**inactive AS patients vs. healthy subjects,
factive AS patients vs healthy controls and inactive AS patients.

Table 4. Regression analysis of related factors for the total oxidant status (TOS) levels

Variables p B 95% CI
Age >0.05 1.2 0.8-2.04
BASMI <0.05 2.6 1.6-4.7
BASDAI <0.05 5.3 1.9-8.7
hs-CRP <0.05 2.8 1.2-5.2

BASDAI: bath ankylosing spondylitis disease activity index; BASMI: bath ankylosing spondylitis metrology index; hs-CRP: high-

sensitive C-reactive protein; Cl: confidence interval

tioxidants in vivo. We attributed our findings for
TAS to uncompensated increased protective
antioxidative total response to oxidative stress.
Similar to our results, a significant increase in
TOS and a significant decrease in TAS have also
been observed in patients with coronary artery
disease. This indicates an imbalance between
oxidant and antioxidant molecules (18). This
situation may also contribute to cardiovascular
risk in AS.

Pro-inflammatory ~ cytokines  (particularly
TNF-a) have in recent years been shown to
increase oxidative stress (19). A number of
studies have reported a decreased in the oxi-
dation response with a TNF-a targeting agent
(20, 21).To the best of our knowledge, only one
study has investigated the effect of anti-TNF-a

on oxidative stress. In that study, Feijoo et al.
(2) reported that infliximab therapy caused a
decrease in oxidative stress biomarkers. In the
current study, however, the TOS concentra-
tions did not differ between patients treated
with conventional or biological agents and
healthy controls.

The exact mechanisms involved in the in-
creased oxidative stress in AS are unknown, but
the correlation of TOS with ESR and hs-CRP and
increased TOS levels in active AS suggests that
disease-related factors are involved.

One limitation of this study is its cross-sectional
nature. The pre-treatment TOS/TAS levels were
unavailable, making it difficult to discuss treat-
ment efficacy.
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In conclusion, oxidative stress increases in
patients with AS, most probably mediated by
inflammation. The TAS levels are insufficient to
cope with the increased oxidative stress. The
treatment status seems to have no effect on
TOS. BASMI, BASDAI, and CRP emerge as inde-
pendent related factors associated with TOS.
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