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ABSTRACT

Objectives: This study aims to investigate the role of adipokines, oxidative stress, and inflammatory
markers in the pathogenesis of gout.

Patients and methods: Between September 2021 and December 2022, a total of 88 volunteers
including 44 patients (37 males, 7 females; mean age: 56.5+11.6 years; range, 30 to 77 years) with
gout disease and 44 age- and sex-matched healthy controls (37 males, 7 females; mean age: 54.3+12.1
years; range, 30 to 78 years) were retrospectively analyzed. Serum interleukin-10 (IL-10), tumor
necrosis factor-alpha (TNF-a), irisin, resistin, total oxidant status (TOS), and total antioxidant status
(TAS) levels were analyzed.

Results: The mean serum irisin levels were significantly higher in patients with gout than
in the healthy controls (405.6+97.3 and 316.0+80.8 pg/mL, respectively). The mean IL-10
levels were significantly lower in patients with gout than in healthy controls (90.8+71.9 and
172.7£128.6 pg/mL, respectively). There was no statistically significant difference in the serum
resistin, TNF-a, TOS, or TAS levels between the groups (p>0.05).

Conclusion: Our study results show that serum irisin and IL-10 seem to be candidate biomarkers of
diagnosis of gout.

Keywords: Gout, interleukin-10, irisin, oxidative stress.

Gout is a disease characterized by the
deposition of monosodium urate (MSU) crystals,
which is directly related to hyperuricemia
caused by impaired purine metabolism or
decreased uric acid excretion.! The disease
pathogenesis involves complex interactions
between genetic, metabolic, and inflammatory
factors. There is a significant link between
serum urate concentration and gout.? Other
factors involved in the pathogenesis of gout
are obesity, alcohol consumption, some drugs,
comorbid diseases, genetic mutations, and
excessive consumption of purine-rich foods.3

Although MSU crystal deposition is
a prerequisite for gout development, not all
individuals with hyperuricemia develop gout,
suggesting the involvement of other pathogenic
mechanisms. The mechanism of inflammation
in gout has not been fully clarified, and

various inflammatory and anti-inflammatory
factors, such as tumor necrosis factor-alpha
(TNF-a) and interleukin-10 (IL-10), have been
shown to be effective.? The IL-10 is an anti-
inflammatory cytokine produced in response
to proinflammatory signals.* Owing to its anti-
inflammatory effects, IL-10 is involved in sterile
wound healing, autoimmunity, and homeostasis
while preventing the host from overreacting to
pathogens.*®

Tumor necrosis factor-alpha is a
multifunctional cytokine which promotes the
synthesis and release of inflammatory molecules.
It contributes to the inflammation caused by
MSU crystals and is associated with the severity
of crystal-induced arthritis. In some cases, the
use of anti-tumor necrosis factors (anti-TNFs) in
the treatment of gouty arthritis has been found
to be beneficial.2°
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Gout is often accompanied by other
comorbidities. One of the marker groups
investigated to evaluate the metabolic effect
between these comorbidities and gout are
adipokines.” Adipokines are polypeptides
secreted from adipocytes which mediate
immune and metabolic responses. They are
involved in pathological conditions such as
inflammation, insulin resistance, obesity, and
metabolic syndrome (MetS).® Among these,
irisin and resistin have gained attention for their
potential roles in inflammatory and metabolic
diseases in recent years. Irisin is primarily
known for its role in energy metabolism and
has been associated with anti-inflammatory
effects in various conditions.®1° It reduces body
weight and insulin resistance by powerfully
stimulating energy expenditure.!! It is present
at lower concentrations in patients with type 2
diabetes mellitus (DM) than in those without
DM.12.13 However, studies on the role of irisin
in gout remain scarce.

Resistin, conversely, is a proinflammatory
adipokine which has been linked to insulin
resistance, chronic inflammation, and the
formation of reactive oxygen species (ROS).
It antagonizes the effects of insulin by
participating in the regulation of glucose
metabolism. It causes insulin resistance and
leads to the development of type 2 DM and
MetS. A strong association was observed
between rheumatoid arthritis (RA) and resistin
levels, but no association was found between
systemic lupus erythematosus (SLE) and resistin
levels.'* In a study conducted in patients with
gout in the intercritical period, blood levels of
leptin and adiponectin were found to be higher
to those in the control group.”

Oxidative effects cause general dysfunction
in biological order and immunity. This is
defined as oxidative stress.’®!7 Oxidative stress
is associated with chronic inflammation and
many metabolic diseases. A diet rich in fat or
carbohydrates and obesity increase oxidative
stress. Exercise acts as an antagonist against
oxidative stress and improves metabolic and
inflammatory responses.'® Total oxidant status
(TOS) and total antioxidant status (TAS) serve
as key markers of oxidative balance.'®

In the present study, we aimed to evaluate
the serum levels of the proinflammatory

and anti-inflammatory markers, TNF-o and
IL-10, the metabolic markers, irisin and
resistin, and oxidative stress markers, TOS
and TAS to enhance our understanding of
gout pathophysiology and identify potential
diagnostic or therapeutic targets.

PATIENTS AND METHODS

Study design and study population

This single-center, cross-sectional,
case-control study was conducted at Atatiirk
University, Faculty of Medicine, Department of
Physical Medicine and Rehabilitation between
September 2021 and December 2022. A
total of 88 volunteers who met the inclusion
criteria were included. Of them, 44 (37 males,
7 females; mean age: 56.5x11.6 vyears;
range, 30 to 77 years) were the study group
including gout patients and 44 (37 males,
7 females; mean age: 54.3+12.1 vyears;
range, 30 to 78 vyears) were the control
group including age- and sex-matched healthy
volunteers. Inclusion criteria for the patients
were having a diagnosis of gout according to
the 2015 American College of Rheumatology
(ACR) criteria, age between 18 and 80 years,
and volunteering to participate in the study.
Exclusion criteria were as follows: the presence
of other inflammatory or rheumatic diseases;
the presence of renal, hepatic, gastrointestinal,
or oncologic diseases; the use of antioxidants,
vitamin supplements, or medications which
affect lipoprotein metabolism; the presence of
acute infection; or having a history of acute
trauma which may cause stress reactions. A
written informed consent was obtained from
each participant. The study protocol was
approved by the Atatiirk University Faculty of
Medicine, Clinical Research Ethics Committee
(date: 24.06.2021, no: 289). The study was
conducted in accordance with the principles of
the Declaration of Helsinki.

Age, sex, duration of diagnosis, body mass
index (BMI), number of attacks in the previous
year, joint of the first attack, diagnostic method,
presence of tophi, family history of gout,
comorbidities, smoking status, alcohol use,
dietary patterns and other blood parameters
were collected from the patients’ files.
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Blood sampling

Following a 12-h overnight fast, 10 mL
of venous blood samples were collected
from the patient and control groups at
09:00 A.M. For complete blood count analysis,
5 mL of blood samples were placed in an
ethylenediaminetetraacetic acid (EDTA) tube
and, for other biochemical data, 5 mL of blood
samples were placed in a biochemistry tube.
To obtain serum, the tubes were centrifuged for
10 min at 1,500 to 2,000 rpm for 30 min. The
supernatant was removed and the serum was
obtained. The serum obtained was aliquoted
and divided into two parts. Routine biochemical
analyses were performed on the first part of the
serum samples. The second part of the serum
samples was stored at —80°C until the day of
analysis using enzyme-linked immunosorbent
assay (ELISA). When all samples were collected,
the samples were gradually thawed (-20°C, +4°C,
and +25°C) and analyzed for parameters to
be studied by ELISA (irisin, resistin, TNF-a,
and IL-10) and parameters to be studied by
calorimetry (TAS and TOS).

Biochemical analyses

Serum high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride, aspartate aminotransferase
(AST), alanine aminotransferase (ALT),
gamma glutamyl transferase (GGT), urea,
creatinine, uric acid, albumin, calcium (Ca)
and magnesium (Mg) levels were measured by
spectrophotometric methods on a Roche Cobas
702 (Roche Laboratories, Basel, Switzerland)
biochemistry autoanalyzer.

Serum glucose levels were measured by an
enzymatic method (glucokinase) (hexokinase)
on a Roche Cobas 702 autoanalyzer. Serum
erythrocyte sedimentation rate (ESR) levels
were measured using the Westergren method
on a Starrsed Interrliner autoanalyzer
(RR Mechatronics, Masters of Measurement,
Zwaag, Netherlands). Plasma hemoglobin
Alc (HbAlc) levels were measured by
high-performance liquid chromatography
(HPLC). Serum C-reactive protein (CRP) levels
were measured by the immunoturbidimetric
method on a Roche Cobas 702 biochemistry
autoanalyzer.
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Serum IL-10, TNF-a, irisin, and resistin
levels were determined by ELISA using human
ELISA kits according to the manufacturer's
instructions (Bostonchem Inc., Boston, MA,
USA). The catalog numbers/lot numbers
of IL-10, TNF-a, irisin and resistin were
BLS-1142 Hu/BUS0411W1, BLS-1190
Hu/BUS0411W1, BLS-6625/BUS0411W1,
and BLS-1225/BUS0411W1, respectively.

The serum TOS level was measured
spectrophotometrically at 590 nm by the
colorimetric method using a TOS colorimetric
assay kit (Cat. No: E-BC-K802-M, Lot No:
CV09608725778) (Elabscience Biotechnology
Inc., TX, USA). According to this method,
oxidants in the sample oxidize Fe*? to Fe*3. Fe*3
forms a colored complex with xylenol orange
in acidic media, and the intensity of this color
is proportional to the total oxidant level of
the sample. In this method, H20z2 is used as a
reference substance for TOS. The results are
expressed in ymoL H202 equiv./L.

Serum TAS levels were measured
spectrophotometrically at 660 nm by
a colorimetric method using a TAS
colorimetric assay kit (Cat. No: E-BC-K801-M,
Lot No: CV100X867342; Elabscience
Biotechnology Inc., TX, USA). According
to this method, the green ABTS radical is
converted to the colorless reduced ABTS
radical by the antioxidants in the sample.
The change in absorbance at 660 nm is
proportional to the total antioxidant level of
the sample. In this method, Trolox is used as
a reference substance for TAS. Trolox is an
analog of vitamin E. The results are expressed
in mmoL Trolox equiv./L.

Statistical analyses

Study power analysis and sample
size calculation were performed using
the G*Power wversion 3.1.9.4 software

(Heinrich-Heine-Universitat Diisseldorf,
Diisseldorf, Germany). Since there was no
available study similar to our study at the time
of study planning, sample size was calculated
using the program with the following inputs:
type 1 error (a): 0.05, type 2 error (1-B): 0.95,
independent samples t-test, two-tailed, effect
size (Cohen’s f): 0.8 (large).!®* Accordingly, the
minimum sample size was calculated as 42 for
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each group. However, considering that some
blood samples may undergo hemolysis, the
number of patients in each group was increased
by 5% and it was planned to start the study by
forming each group with 44 individuals.

Statistical analysis was performed using the
IBM SPSS version 25.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive data were
expressed in mean * standard deviation (SD),
median (min-max) or number and frequency,
where applicable. The normality of the data
was checked using the Kolmogorov-Smirnov
test. Group differences were determined using
the GraphPad Prism version 10.0 software
(GraphPad Software, San Diego, CA, USA).
The data showing a normal distribution were
analyzed with an independent samples t-test.
The data showing non-normal distributions
were analyzed using the Mann-Whitney U test.
Diagnostic values of serum IL-10 and irisin
levels determining gout were analyzed using the
receiver operating characteristic (ROC) analysis
and ROC comparison analysis in the MedCalc
program. A p value of <0.05 was considered
statistically significant at 95% confidence
interval (CI).

RESULTS

The clinical characteristics of the patients are
given in Table 1. Demographic characteristics,
biochemical data and comparisons of the patient
and control groups are given in Table 2.

Both groups are similar in terms of age
and sex (p>0.05). The mean BMI values of the
patients in the study and control groups were
29.27+3.25 kg/m? and 25.47+1.81 kg/m?,
respectively, indicating a significant difference
between the groups (p<0.01).

Considering the distribution of biochemical
data between the groups, the serum glucose,
HbAlc, uric acid, HDL-C, LDL-C, triglyceride,
total cholesterol, creatinine, AST, ALT, GGT,
CRP, ESR, albumin, and Mg levels were
significantly different between the groups
(p<0.05 for all) (Table 2).

The mean serum glucose and HbAlc levels
were higher in patients than in controls (p<0.01)
(Table 2 and Figure 1). The lipid profiles of the
patients were unfavorable compared to those
of the controls, as confirmed by high LDL-C,
triglyceride and total cholesterol levels and low
HDL-C levels (Table 2 and Figure 1).

Table 1. Clinical characteristics of the patient group

Time to diagnosis (month)

Diagnosis method
Microscopy
Clinical classification

The first, affected joint
First MTF
Ankle
Knee
Elbow

Alcohol consumption
Beer consumption
High red meat consumption

Comorbidities
Hypertension
Hyperlipidemia
Obesity
Cardiovascular disease
Diabetes mellitus
Renal stone

Family history of gout
Tofus

n % Mean+SD Min-Max
77.6+71.3 1-300

2 45

42 95.5

33 75.0

6 13.6

4 9.1

1 2.3

0 0

0 0

0 0

15 34.1

23 52.3

14 31.8

12 27.3

7 159

9 204

8 18.2

0 0

SD: Standard deviation; MTF: Metatarsophalangeal joint.
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The mean serum uric acid levels in the patient
and control groups were 7.34+1.65 mg/dL
and 4.79+1.18 mg/dL, respectively, indicating
a significant difference between the groups
(p<0.01) (Table 2 and Figure 2).

Serum CRP and ESR levels were significantly
greater in patients than in healthy controls
(Table 2 and Figure 3).

The serum IL-10 levels of the patients were
significantly lower than those of the controls.
The serum irisin levels were significantly higher
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in the patient group than in the control group
(Table 2 and Figure 4).

The results of the ROC analysis showing
the effects of serum IL-10 and irisin levels
in diagnosing gout and distinguishing
patients and healthy individuals are shown in
Figure 5. The cut-off value was <83.1 pg/mL for
IL-10 and >364.6 pg/mL for irisin. However,
ROC curve analysis revealed that the two
parameters were not superior to each other

in distinguishing between patients and healthy

Table 2. Demographic characteristics, biochemical data of the patient and control groups and group comparisons

Patient group (n=44)

n % Mean+SD Median

Age (year) 56.5+11.6
Sex

Male 37 84

Female 7 16
BMI (kg/m?) 29.27+3.25
Glucose (mg/dL) 96.6+18.7
HbAlc (%) 6.0+0.6
Uric acid (mg/dL) 7.34+1.65
HDL-cholesterol (mg/dL) 40.4+8.7
LDL-cholesterol (mg/dL) 124.3+31.5
Triglycerides (mg/dL) 239.0
Total cholesterol (mg/dL) 201.9+41.3
BUN (mg/dL) 16.5+5.9
Creatinine (mg/dL) 1.01+0.19
AST (U/L) 24.3+10.5
ALT (U/L) 28.1+17.3
GGT (U/L) 30.5
CRP (mg/dL) 16.2
ESR (mm/h) 11.7+12.9
Albumin (g/dL) 4.6+0.3
Ca (mg/dL) 9.5+0.4
Mg (mg/dL) 1.92+0.17
Irisin (pg/mL) 405.6+97.3
Resistin (ng/mL) 1.3+0.6
TNF-o (pg/mL) 30.5+11.11
IL-10 (pg/mL) 68.6
TAS (mmol trolox Eqiv./L) 1.1+0.1
TOS (pmol H202 Egiv./L) 44.2+37.8
OSI (pmol H2O2 Eqiv./L)/ 4.0+3.0

(mmol trolox Eqiv./L)

Control group (n=44)

Min-Max n % Mean+SD Median Min-Max P
54.3+12.1 0.396
0.923
37 84
7 16
25.47+1.81 <0.01**
87.0£12.4 0.006**
5.3x0.9 <0.01**
4.79+1.18 <0.01**
44.5+10.6 0.047*
111.8+20.4 0.031*
86.0-60.0 131.0 31.0-200.0 <0.01**
170.2+26.1 <0.01**
14.8+4.4 0.149
0.82+0.16 <0.01**
17.4+4.2 <0.01**
18.8+6.8 0.001*
8.0-161.0 23.0 6.0-71.0  0.004**
1.2-45.6 5.0 1.1-69 0.010*
6.2+5.0 0.010*
4.2+0.2 <0.01**
9.3+0.4 0.117
2.01+0.17 0.016*
316.0+80.8 <0.01**
1.2+0.4 0.223
30.3+8.0 0.939
10.5-388.6 130.1 8.2-4484  <0.01**
1.2+0.1 0.460
32.6+22.5 0.086
3.1x2.1 0.120

SD: Standard deviation; BMI: Body mass index; HbAlc: Glycosylated hemoglobin; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; BUN: Blood urea nitrogen; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma glutamyltransferase; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; Ca: Calcium; Mag:
Magnesium; TNF-a:: Tumor necrosis factor-alpha; IL: Interleukin; TAS: Total antioxidant level; TOS: Total oxidant level; OSI: Oxidative stress index; p: Independent samples t test

statistic p value,* p<0.05; ** p<0.01.
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Figure 1. Parameters of glucose and lipid metabolism in gout patients and

controls.

HbA1c: Hemoglobin Alc; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; * p<0.05,

" p<0.01, *** p<0.001, **** p<0.0001.

individuals (inter-regional difference for IL-10
and irisin comparison: 0.0661, p=0.414).

DISCUSSION

The present study provides new insights into
the inflammatory and metabolic aspects of gout.
The significantly lower IL-10 levels observed
in gout patients suggest a compromised anti-

inflammatory response. The IL-10 is known to
counteract proinflammatory cytokines, and its
deficiency in intercritical gout may contribute
to persistent low-grade inflammation. Previous
studies have reported conlflicting findings
regarding IL-10 levels in gout, possibly due to
differences in disease stages and medication
use. The serum IL-10 concentration was higher
in the intercritical gout group than in the
acute gout and healthy groups in the study by

17
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AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl
transferase; Mg: Magnesium; * p<0.05; ** p<0.01, ** p<0.001, **** p<0.0001.
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Zeng et al.? In the study by Kienhorst et al.,?°
the serum IL-10 concentration was found to be
low in patients with intercritical gout. In our
literature review, we observed that IL-10 levels
in patients with gout have not been investigated
sufficiently, and the existing studies have yielded
conflicting results. A similar contradiction was
observed in studies on other inflammatory
diseases. Since IL-10 has self-limiting effects on
diseases through its anti-inflammatory effect,
its level is expected to be high during the acute
period. The low level of IL-10 in our study
suggested that the gout patients included in
the study were in the intercritical period or
were affected by the anti-inflammatory effect of
colchicine. This finding suggests that subclinical
inflammation is not observed in the intercritical
period of gout.

To the best of our knowledge, there is only
one study available in the literature investigating
irisin levels in patients with gout. Studies
have suggested that irisin levels are higher
in RA patients, indicating its potential to
reduce inflammation. Rafaat et al.?! showed
that irisin administration reduced inflammation
and oxidative stress in RA models, while Ercan
et al.?? also found increased irisin levels in RA
patients. Pardo et al.?® linked irisin levels to
body fat index, connecting it to obesity-related
metabolic changes. Overall, these findings
suggest that irisin may play a key role in both
inflammatory and metabolic conditions. In the
literature, there is only one study similar to
our study. Dakhil et al.?* reported that gout
patients exhibited significantly lower irisin levels
compared to the control group.

The unexpected elevation of irisin in gout
patients raises intriguing questions about its
potential role in gout pathophysiology. While
irisin is commonly associated with metabolic
regulation and anti-inflammatory properties,
its relationship with gout remains unclear. One
hypothesis is that increased irisin levels may
represent a compensatory response to chronic
inflammation and metabolic dysregulation.
Alternatively, higher irisin levels may be linked
to obesity, as previous studies have reported
a positive correlation between body fat and
circulating irisin levels.

In our study, TNF-o levels were not
significantly different between the patients
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and healthy controls. This finding aligns with
previous studies suggesting that TNF-o levels
increase during acute gout attacks, but remain
comparable to controls in intercritical gout.
Given the role of TNF-« in inflammation, further
studies are needed to determine its temporal
variations in gout. Of note, TNF-o concentration
has been reported to be increased in the joint
after intra-articular injection of MSU,° greater
than healthy controls,?® greater in the acute
gout group than in intercritical gout patients
and healthy volunteers,'® lower in patients in
gout patients in intercritical stage,?° and similar
between the healthy group and intercritical gout
patients.” The fact that TNF-o levels in patients
with intercritical gout were similar to those
in healthy individuals in the existing studies
suggests that this may be related to the absence
of an active inflammatory process or the use of
anti-inflammatory drugs by the patients. About
90% of the patients included in the study used
regular colchicine treatment, while 10% used
colchicine intermittently. While evaluating our
results, it was taken into consideration that our
patients were in the intercritical period or were
using colchicine.

Resistin, a proinflammatory adipokine,
did not show significant differences between
groups. This may be due to antihyperuricemic
therapy mitigating resistin-associated
inflammation. The role of resistin in gout
remains controversial, with some studies
reporting increased levels and others finding no
association.”’* The literature and our present
results suggest that antihyperuricemic treatment
decreases resistin levels.

The fact that uric acid has antioxidant
properties outside the cell but prooxidant
properties inside the cell raises curiosity about
how gout affects oxidative markers.?® Oxidative
stress is implicated in many inflammatory
diseases, but our findings did not reveal significant
differences in TOS and TAS levels between gout
patients and controls. This may suggest that
oxidative stress markers are regulated during
intercritical gout, potentially due to long-term
urate-lowering therapy. Previous studies have
reported increased oxidative stress in acute
gout, indicating that oxidative balance may vary
with disease activity.
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In a study conducted by Richette et al.,?’ it
was demonstrated that long term pharmacologic
inhibition of xanthine oxidase in gout patients
decreased the production of free radicals that
occur during uric acid formation. In a study
by Saito et al.,?® xanthine oxidase inhibition
was shown to be beneficial in some disease
and inflammatory processes, such as blood
pressure, endothelial function, and proteinuria,
in a specific population. In our study, 75% of
the patients were found to be on allopurinol.
Currently, allopurinol treatment is thought to
regulate oxidative stress.?8

In the current study, we observed significant
differences in the serum uric acid, HDL-C,
LDL-C, triglyceride, total cholesterol, creatinine,
AST, ALT, GGT, CRP, ESR, albumin, HbAlc,
and Mg levels. Serum Mg and HDL-C levels
were lower in gout patients, whereas the
levels of other biochemical parameters were
higher in the healthy group. According to
these results, patients with gout are likely to
develop hyperlipidemia, DM, liver and kidney
dysfunctions, and related morbidities and should
be followed closely for these diseases.

The main limitations to the present study
include the inability to compare the groups with
acute gout patients, since acute gout patients
could not be recruited in the study. Acute
gout patients mostly apply to the emergency
department, patients in intercritical phase to our
clinic. In addition, the inability to eliminate the
confounding effect of medication use since an
adequate number of non-medicated intercritical
gout patients could not be recruited. Also,
we were unable to compare the analysis of
patients with and without obesity. There was
a significant difference between the baseline
BMI characteristics of the groups, but this is
not a limitation, as gout patients are usually
composed of patients with high BMI values, and
control patients have normal BMI values, as in
our case.

Moreover, the fact that the gout patients
in our study were in the intercritical period
and had low levels of IL-10 suggested that
subclinical inflammation was not observed in
the intercritical period of gout and that the
colchicine used by the patients had an effect
on IL-10, leading to a decrease in serum levels.

This raises the hope that IL-10 may provide
a reference for the diagnosis, treatment, and
pathogenesis of gout or improve diagnostic and
therapeutic options.

In conclusion, our study results show that
serum irisin and IL-10 seem to be candidate
biomarkers of diagnosis of gout. However, since
the relationship between disease severity and
markers has not been investigated, markers
are only considered candidates for diagnosis.
Further studies are warranted to elucidate the
mechanisms of antihyperuricemic agents and to
provide guidance for novel therapeutic targets to
prevent the development of diseases.
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