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Abstract. Rheumatoid arthritis (RA), gout (GT), and fibromyalgia (FM) are diseases that
reduce patients' working capacity and quality of life. Despite the well-studied pathogenesis of
RA, GT, and FM, research on tolerance to physical load is scarce. Studies on tolerance to
intellectual and communicative loads in these patient groups have not been found.

The aim of this pilot trial is to assess coping intelligence, stress index, and serum levels of
hormonal and immunological parameters in patients with RA, gout, and FM compared to
randomized control groups. Methods. The study involved 126 individuals aged 20 to 54,
including 27 patients with rheumatoid arthritis (2 male/25 female; 28-54 years), 24 patients
with gout (22 male/2 female; 35-48 years), and 12 patients with fibromyalgia (4 male/8 female;
26-45 years). Control groups were randomized by sex, age, and education. The assessment of
coping intelligence and tolerance to complex loads included: (1) laboratory evaluation of serum
hormonal and immunological parameters before and after load; (2) anthropometric
measurements; (3) heart rate variability analysis; (4) load testing consisting of psychomotor,
intellectual, and communicative tests; (5) scales of perceived stress from psychomotor,
intellectual, and communicative loads; (6) behaviorally anchored rating scales of coping
intelligence (BARS of CI). Results. Patients with rheumatoid arthritis exhibited higher serum
IL-6 levels before and after complex load and reported lower subjective strain from
communicative load compared to the control group. No significant differences in coping
intelligence properties were found between RA patients and the control group.

Patients with gout, compared to controls, demonstrated a significantly lower willingness to
cooperate (WE) under complex loads; had lower pre-load serum DA levels; and presented with
greater weight, waist circumference, and body mass index. They also recovered more easily
after physical load and reported lower strain from communicative load.

Patients with fibromyalgia showed a less positive emotional response (ER) to load, lower self-
efficacy (SE) in managing it, and a reduced willingness to cooperate (WE). They had lower pre-
load norepinephrine (NE) levels and lower post-load adrenaline levels compared to the control
group. Serum IL-6 levels were significantly higher in FM patients both before and after the
complex load. No significant differences in stress index were found between fibromyalgia
patients and the control group. Conclusion. The findings of the research could be beneficial for
rheumatologists in enhancing patient compliance with treatment for rheumatoid arthritis,
gout, and fibromyalgia.
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1. Introduction

The economic burden of rheumatological
diseases is significant, affecting nearly one-third
of the population. These diseases can reduce
working capacity and lifespan, making daily
activities such as walking, climbing stairs,
hygiene, and cooking difficult. Smoking,
overweight, genetic predisposition, aging, as well
as professions associated with injuries and joint
overload are considered as factors that increase
the risk of developing rheumatological
pathologies. At present, achieving clinical
remission is becoming an increasingly realistic
task. Preventing the occurrence and spread of
diseases, improving well-being and ensuring the
quality of life of patients is very problematic
without taking into account the influence of
stress factors of varying duration and nature on
both professional and personal aspects of a
person's life. To achieve sustainable remission, it
is important to understand not only the features
of the course of the disease, the external factors
that provoke this disease, but also the personal
characteristics of patients, their ability to cope
with everyday problems and difficulties caused
by a chronic disease. Prolonged overloads lead to
a negative change in physiological and
biochemical parameters, worsening human
health. The ability to resolve difficult situations
while maintaining health and personal growth is
called coping intelligence.

Coping intelligence, unlike resilience,
hardiness, and coping, is associated with the
process of analyzing resources and choosing
specific behavioral strategies consistent with
personality traits, stressors, and collective
coping experiences. The subjective price of
resolving a difficult life situation is in the center
of a person's attention. A multidimensional
model of coping intelligence is presented in the
monograph by E.V. Volkova and I1.O. Kuvaeva
(see Fig. 1, Volkova & Kuvaeva, 2022).

Clinically, patients with rheumatoid arthritis
(RA), gout (GT), and fibromyalgia (FM) are
characterized by a set of certain obligatory signs,
which are observed in most cases, and comorbid
disorders that make it difficult to verify the
disease and make its course more difficult.

Rheumatoid arthritis is a multifactorial
autoimmune disease of partially unknown
etiology, characterized by persistent synovitis,
which eventually causes damage to the articular
cartilage and bone erosion. Many patients have
joint deformities and various extra-articular

manifestations such as cardiovascular disease,
respiratory disease, lung disease, osteoarthritis
and osteoporosis (Wang & Zhao, 2024), sleep
disorders. The prevalence of RA in adults varies
from 0.5% to 2.7%, according to various studies
(Almutairi et al.,, 2021; Murata, 2024). This
condition is more common in women, affecting
them 2.5-3 times more frequently than men. It
also appears to be more prevalent in
industrialized countries and urban areas
compared to rural settlements (Almutairi et al.,
2021; Finckh & Gilbert, 2022).

Chronic stress can trigger the onset and
worsening of RA. Excessive activation of the
hypothalamic-pituitary-adrenal system (HPA-
axis) can lead to its dysfunction, which is
accompanied by reduced cortisol production and
the development of chronic systemic
inflammation (Lisitsyna & Veltischev, 2016).

Stress is correlated with poor sleep quality
(r=0.27), anxiety (r=0.49), and depression
(r=0.37). In addition, depression (r=-0.34) and
stress (r=-0.24) are negatively associated with
mental health (Teixeira, Castelar-Pinxeiro,
Rodrigues, 2025). A randomized trial of
rheumatoid arthritis patients revealed that
women with higher cortisol levels used in
stressful situations such coping strategies as
positive reappraisal, seeking emotional and
instrumental support, and denial. In men, higher
stress levels were associated with twice the levels
of C-reactive protein compared to those with
lower stress levels. As levels of C-reactive protein
and the disease activity index increased
(DAS28), patients used denial strategies more
frequently (Wrobel et al., 2023).

Currently, rheumatologists have few
parameters to make decisions about the
treatment of RA (Humby et al., 2017), moreover,
clinical factors and standard blood tests are not
always useful prognostic markers (Isaacs et al.,
2013). Patients undergo ineffective treatment,
which increases the risk of irreversible damage
to the joints and other consequences of the
disease (Jonsson, 2024).

Gout is considered as a potentially curable
disease (Cheryomushkina & Eliseev, 2022). Its
prevalence varies from 0.1% to 10%, and it is
more common among men than among women
(Lipatov & Buksha, 2021). Typical signs of gout
are severe pain, local hyperthermia, swelling of
the joints, decreased joint function, or the
formation of tofuses (Cheryomushkina &
Eliseev, 2022). The main risk factors for the
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disease include  hyperuricemia, genetic
predisposition, dietary factors, medication,
concomitant diseases, and lead exposure (Kuo,
Grainge, 2015). There is evidence that an
increased risk of gout is associated with hearing
loss (Fu, Zhao, 2024). Patients with GT are
diagnosed with motor and cognitive
impairments, and they are highly vulnerable to
such diseases as dementia, Parkinson's disease,
and essential tremor. The risk of developing
neurodegenerative diseases in people with gout
is linked to a smaller brain size and a higher
concentration of iron in the brain (Topiwala &
Mankia, 2023). Gout is associated with an
increased risk of obesity, chronic kidney disease,
hypertension, type 2 diabetes, dyslipidemia,
heart disease (including coronary artery disease,
heart failure, and atrial fibrillation), stroke, and
peripheral artery disease (Bardin & Richette,
2017). The relationship between blood uric acid
levels and the risk of cardiovascular disease
remains unclear. Studies using Mendelian
randomization revealed that elevated serum
urate is not a direct cause of cardiovascular
disease or a risk factor for it, and it is also not
associated with intermediate risk factors such as
kidney function, obesity, metabolic syndrome,
glycemic  parameters, or blood lipid
concentrations (Choi, MecCormick, Yokose,
2022).

Since obesity leads to increased levels of uric
acid and weight gain increases the risk of
developing gout, it is recommended to lose
weight through daily exercise and limiting extra
calorie intake. However, intense physical
activity, which causes the breakdown of adenine
nucleotides, and starvation, which reduces uric
acid excretion, as well as dehydration, can
increase uric acid levels in the blood and provoke
gout attacks. Increased consumption of purine-
rich foods, such as meat and seafood, can lead to
higher levels of uric acid in the blood, which is
associated with an increased risk of gout. In
contrast, dairy products, especially those with a
low-fat content, may be associated with a
reduced risk of gout (Kakutani et al., 2015).

Meta-analyses suggest a positive association
between mental health conditions and gout, with
the overall odds ratio (OR) being 1.29 (95%
confidence interval (CI) 1.07-1.56) for
depression and 1.29 (95% CI 0.96-1.73) for
anxiety. Four studies on the prevalence of
depression in people with gout yielded an overall
OR of 1.17 (95% CI 1.01-1.36). Factors that
significantly influenced the risk of depression
included the number of flare-ups, frequency of

gout attacks, and oligoarthritis/polyarthritis.
Depression and anxiety are strongly linked to
gout, highlighting the need for more research
into the development of mental health issues
following a diagnosis of gout (Howren et al.,
2020).

Fillingim and colleagues emphasize that
biomarkers and psychosocial factors do not act
independently, but rather synergistically,
influencing the development and prognosis of
pain-related diseases. Indeed, psychosocial
factors are the only reliable determinants of the
presence, distribution, and impact of chronic
pain (Fillingim et al., 2025). One of the main
markers of the body's stress response is cortisol,
which is released during an acute attack of gout.
The change in cortisol levels is associated with
uric acid excretion in the urine (24 h UFC), as
well as the levels of interleukins IL-18 and IL-6
(Zhang et al., 2023). It should be noted that the
effects of specific stress hormones, such as
adrenaline, norepinephrine, and cortisol, on
gout are rarely the focus of large-scale research.

Despite the high prevalence of fibromyalgia,
ranging from 2% to 7.3% (White & Tompson,
2003), it is usually diagnosed when other
conditions, such as inflammation, injury, or
other causes of chronic widespread pain, are
ruled out. Patients seek medical attention
because of generalized debilitating pain that
lasts for more than three months and worsens
during times of fatigue, emotional, or physical
stress. Pain also worsens when the body is
exposed to cold temperatures. Physical and
psychological stressors contribute to a chronic
pro-inflammatory state in the central nervous
system and in peripheral tissues, which affects
the central processing of pain. Pain syndrome is
often associated with depressive disorders,
asthenia, impaired sleep quality, and decreased
cognitive function (Lin, Ko, Chow, 2021). Among
comorbid disorders, the leading role belongs to
mental, vegetative, and pain manifestations
(Weier, 2006). Moreover, the higher is the BMI,
the greater is the severity of the disease (Correa-
Rodriguez, 2019). Characteristic features of FM
patients are alpha-delta sleep (Moldofsky &
Patcai, 2011), hypersensitivity, and central
sensitization (Liew & Valera-Calero, 2022).
Fibromyalgia is more common in women than in
men (White, Speechley, 1999).

Dysregulation of the hypothalamus-pituitary-
adrenal (HPA) axis and the sympathetic nervous
system is linked to chronic stress reactions and
neuroinflammation. Neuroimaging and
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preclinical studies confirm changes in pain and
stress perception that are associated with these
dysregulations. Mild inflammation and
metabolic  disorders, including cytokine
imbalances and increased infiltration of adipose
tissue, further exacerbate the symptoms.
Changes in the gut microbiota contribute to
impaired immune and emotional regulation.
MRI studies continue to reveal changes in the
brain that distinguish fibromyalgia from other
chronic  pain  disorders. = Mitochondrial
dysfunction is also a key factor, as impaired
energy metabolism appears to correlate with
symptom severity. Physical activity and
psychosocial interventions play a key role
(Iannuccelli, et al., 2025).

A study of patients with FM's ability to cope
with physical, intellectual, and communicative
stress showed a decrease in cortisol and
adrenaline levels in the blood, regardless of their
phenotype. The changes in dopamine were
diverse. The level of serotonin in the blood did
not change significantly in any patient, but there
was a four-fold increase in interleukin-4 levels in
patients with over-reactive regulatory systems
(Volkova, Teplyakova, & Kuvaeva, 2025).

Despite the well-studied pathogenesis of
rheumatoid arthritis, gout, and fibromylagia,
there are only a few studies on exercise tolerance.
No studies have been found on the tolerance of
intellectual and communicative loads in these
groups of patients (Nature, PubMed). As noted
above, patients with PA and FM have cognitive
and motor impairments, which indicates a
reduced tolerance to these loads in these patients
and lower coping intelligence compared to the
control group. Thus, the aim of the pilot trial was
to compare coping intelligence (CI) and
tolerance to physical, intellectual, and
communicative loads (Bayevsky stress index,
hormonal and immunological levels in blood
serum) in patients with RA, PA, and FM
compared with randomized control groups.

2. Method
2.1. Sample

The sample consists of 126 participants aged 20
to 54 years. The study participants signed a
voluntary informed consent to participate in the
study. The patient groups and control groups were
randomized by gender, age, and education.
Participants in the control groups were not
diagnosed with RA, GT, FM and other chronic or
autoimmune diseases, as well as mental
disorders. Among the patients with RA, there

were two men and twenty-five women aged
between 28 and 54 years old; among those with
GT, there were twenty-two men and two women,
aged 35 to 48; and among those with FM, there
were four men and eight women, aged between 26
and 45. None of the patients had any joint pain or
swelling on the day of the study.

2.2. Procedure

The study design was approved by the local
ethics committee of the Ural State Medical
University of the Ministry of Health of the Russian
Federation (Protocol No 5 dated 06.16.2023). The
study was carried out from October 2023 to July
2024 in Moscow and Yekaterinburg. The
rheumatologist informed the patient about the
goals and objectives of the experimental study, the
benefits and possible risks.

The experiment begins at 7:30 a.m. The patient
fills out the following documents: (1) a
questionnaire confirming the possibility of
participating in the experiment; (2) informed
voluntary consent to unpaid participation in
research for the development of science; (3)
consent to the collection of venous blood; (4)
consent to the processing of personal data.
Venous blood is taken twice on an empty stomach:
at 7.40 (before the tests) and at 11.30 (after the
tests). The total examination time is about 4 hours
per patient. The patient's nutrition is after the end
of the experiment.

2.3. The CI assessment technology includes: (1)
laboratory methods for assessing hormonal and
immunological parameters in the blood serum
before and after complex loading; (2) assessment
of anthropometric data; (3) assessment of heart
rate variability; (4) stress testing, consisting of
motor, intellectual and communicative tests; (5)
scales of perceived strain of psychomotor,
intellectual and communicative load; and (6)
Behaviorally Anchored Rating Scales of Copping
Intelligence (BARS of CI).

2.3.1. Laboratory methods

Hormonal studies of the level of cortisol,
adrenaline, noradrenaline (NE), serotonin (5-
HT), dopamine (DA) in serum are performed on
the equipment of Abbott Architect i2000 SR,
Abbott Diagnostics, USA. Immunological studies
of the level of interleukin-4 (IL-4), interleukin-6
(IL-6), interleukin-10 (IL-10), tumor necrosis
factor (TNFa) are performed on the equipment of
SUNRISE, Tecan (Austria) by enzyme-linked
immunosorbent assay and UniCel DXI800,
Beckman Coulter (USA). The place of research is
the scientific center for molecular genetic
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research “DNKOM Laboratory” (Moscow).

2.3.2. Assessment of anthropometric data of
study participants

Height, weight, and waist circumference are
measured in each study participant; the body
mass index (BMI) is calculated.

BMI less than 16 ~ Severe underweight

16-18.5 Underweight

18.5-25 Normal

25-30 Overweight (pre-obesity)
30-35 Obesity of the first degree
35-40 Obesity of the second degree
40 or more Obesity of the third degree

(morbid)

2.3.3. Method for assessing heart rate
variability

Heart rate variability reflects “the degree of
tension of regulatory systems due to the activation
of the pituitary-adrenal system and the reaction of
the sympathoadrenal system arising in response
to any stressor influence” (Baevsky & Ivanov,
2001, p. 110). Analysis of heart rate variability at
rest and during stress tests is carried out using the
VNS-Microcomputer  electrocardiograph  of
Neurosoft LLC (Ivanovo). The electrodes are
applied as follows: red (left subclavian region) —
yellow (right subclavian region) — green (right
subcostal region) — black (left subcostal region).
The wires from the electrodes are fixed with a tg
soft tubular bandage (size E).

The Baevsky Stress Index (SI) reflects the
tension of the body's regulatory systems and is
calculated based on the analysis of the graph of
the distribution of cardiac intervals (Mikhailov,
2017, p. 28). To minimize the error in calculating
the stress index, the load should last at least 5
minutes. Gradations of the Baevsky stress index:

SI<30 c.u. — a state of pronounced distress with
a predominance of activity of stress-limiting
systems;

31<SI<60 — a state of compensated distress
with a tendency to predominate the activity of
stress-limiting systems;

61<SI<120 — state of eustress (optimal
physiological regulation);

121<SI<200 — state of tension of adaptation
mechanisms and increased activity of stress-
realizing systems;

SI >201 — a state of pronounced distress,
excessive activity of stress-realizing systems,
damaging the impact on systems and organs.

2.3.4. Load testing

The duration of physical activity is determined
by the physical capabilities of the study
participant. First, the patient lies for 5 minutes
(background load). The patient then pedals on the
CardioPower B37 at 120 watts until failure for at
least 5 minutes. After that, the patient pedals in
recovery mode for 5 minutes, i.e. at minimum
power.

The intellectual load lasts for more than one
hour. The study participant solves logic tests
(Rusalov & Volkova, 2021) and the intelligence
test “Standard Progressive Matrices” by Raven
(Raven, et al., 2012). They also complete tests of
conceptual thinking and collect figures from
cubes according to pictures.

The communicative load lasts 45 minutes. The
participant performs the Rosenzweig test
(Yasyukova, 2021), answers the questions of a
structured interview, reads and retells a complex
text.

2.3.5. Scales of perceived stress from
psychomotor, intellectual, and communicative
loads

The Borg scale is used to subjectively assess the
severity of symptoms (palpitations, shortness of
breath, sweating) caused by physical activity. The
scale ranges from 6, which is considered
extremely easy, to 20, which represents maximum
effort.

The scales of perceived tension of intellectual
(Volkova N., 2025) and communicative
(Varlamov, 2024) load are developed based on the
Borg scale to assess the severity of symptoms
caused by these types of loads. The grades of these
loads are the same as for physical load, ranging
from 1 to 20 points.

2.3.6. Behaviorally Anchored Rating Scales of
Coping Intelligence (BARS of CI)

The BARS of ClI is designed to identify patterns
of behavior that are relevant to the successful or
unsuccessful overcoming of psychomotor,
intellectual, and communicative stress.

The structure of coping intelligence
measurements and the technology for their
assessment are presented in (Kuvaeva & Volkova,
2025). The levels of the integral indicator of
coping intelligence are: 25-52 is low, 53-64 is
medium, and 65-71 is high. The characteristics of
CI include: (1) Analyzing the Problem (AP), (2)
Transformation of the Situation (TS), (3)
Emotional Response (ER), (4) Self-Efficacy, and
(5) Willingness to Cooperate (WE).



Natural Systems of Mind, 2025, 5(3), 4—21

The modal-specific manifestations of CI are
also evaluated, namely, CI when overcoming
psychomotor, intellectual, and communicative
loads. The study protocol was verified in our
previous studies (Teplyakova, Volkova, Kuvaeva,
2025; Volkova et al., 2025).

2.4. Statistical data processing

Statistical data analysis was performed using
the IBM Statistics 28 software package. The
Mann-Whitney U-test was used to compare the
patient group with the control group. The
significance of changes in hormonal and

immunological parameters in blood serum before
and after a complex load was assessed using the
Wilcoxon test.

3. Results
3.1. Anthropometric data of the groups

Patients with RA as well as patients with FM
not differ from their respective control groups in
weight, height, waist circumference, or body mass
index. In contrast, patients with GT exhibited
greater weight, waist circumference, and body
mass index compared to the control group (Table

1).

Table 1. Age, weight, height, waist circumference, and body mass index in patient and control groups

Sample Age, years Weight, Growth Waist BMI,
Circumference,
kg M) kg/m?
sm
Patients with rheumatoid 37.5248.46 65.20+13.76 164.83+6.81 77.70+ 11.95 23.95+4.27
arthritis (N=27)
Control Group (N=27) 38.67+7.74 63.37+13.31 166.37+5.34 75.20+11.26 22.7844.05
p 0.659 0.749 0.179 0.476 0.401
Patients with gout (N=24) 41.9246.61 97.92+18.55 178.71+8.33 106.42+22.99 30.54+4.56
Control Group (N=24) 38.67+7.79 87.19+£22.08 180.08+10.15 890.01+16.68 26.71+5.46
p 0.107 0.026 0.657 0.001 0.005
Patients with fibromyalgia 35.8349.81 63.33+13.69  165.75+7.56 76.92+10.99 22.94+4.14
(N=12)
Control Group (N=12) 35.75+9.79 68.75+20.52 169.58+9.17 79.09+15.48 23.531+4.93
p 0.977 0.630 0.319 1.000 0.932
changes in hormonal or immunological

3.2.  Patients with rheumatoid arthritis

No significant differences were found between
the experimental and control groups in either the
overall or partial measures of coping intelligence.
Participants in both groups demonstrated an
average level of coping intelligence, showing a
tendency to analyze and transform stressful
situations rather than to collaborate (Table 2).

Patients with RA showed higher serum levels of
the proinflammatory cytokine IL-6 both before
and after complex loads compared to the control
group (Table 3). No significant within-group

parameters were detected following the loads
(Wilcoxon test, p > 0.05).

The stress index in patients with RA indicated
optimal physiological regulation under various
loads (Table 4). They perceived physical load as
heavier and communicative load as less strenuous
(Wilcoxon test, p < 0.05). In contrast, the control
group experienced distress during
communication and rated the physical load as
heavier than the RA patients did. It should be
noted that the duration of physical load did not
differ significantly between the two groups.
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Table 2. Coping intelligence in patients with rheumatoid arthritis and control group

(mean, standard deviation)

Descriptive statistics Significance of
differences between

RA-patients and the

Indicators control group
Patients with Control U p
rheumatoid arthritis group
Integral Index of Coping Intelligence, 57.26+7.72 58.56+6.09 275.00 0.795
IICI
Scales of Coping Intelligence
Analyzing the problem, AP 12.83+2.77 12.56+2.61 274.00 0.776
Transformation of the situation, TS 12.43+1.99 12.48+2.55 259.00 0.550
Emotional response, ER 11.70+1.52 11.60+1.58 260.00 0.560
Self-efficacy, SE 11.39+2.45 11.64+1.72 275.00 0.793
Willingness to cooperate, WE 8.65+2.28 9.48+2.48 234.00 0.265
Modality-Specific Scales of Coping Intelligence

Coping Intelligence in overcoming 15.70+2.38 15.27+4.17 286.00 0.793
motor load, CIM
Coping Intelligence in overcoming 15.96+3.05 16.00+4.09 256.00 0.510
intellectual load, CII
Coping Intelligence in overcoming 16.96+3.48 16.54+4.21 284.00 0.768

communicative load, CIC

Table 3. Serum cytokine and hormone levels in patients with rheumatoid arthritis and control groups before
and after complex loads

Indicators RA-patients Control group The significance of the differences (Mann-Whitney
(Before complex (Before complex test) in indicators between RA-patients and control
load/ load/ groups (p)
after complex after complex Before complex load After complex load
load) load)
Cortisol, 308.64+131.49/ 335.22+116.02/ 0.983 0.364
nmol/] 184.91+78.48 220.60£126.30
Adrenaline, 44.36+13.41/ 42.10+13.56/ 0.447 0.920
pg/ml 42.27+£21.61 40.48+9.30
NE, pg/ml 395.95+198.76/ 390.70+144.03/ 0.426 0.210
452.41+201.74 504.99+214.29
DA, pg/ml 18.99+15.18/ 14.57411.00/ 0.268 0.674
16.73+14.87 16.46+18.83
5-HT, pg/ml 187.11+73.58/ 192.30+84.44/ 0.707 0.763
186.19+69.59 192.73+87.55
IL-4, pg/ml 15.11+15.39/ 14.77+12.31/ 0.545 0.533
22.064+20.07 23.58+19.89
IL-6, pg/ml 30.04+96.75/ 16.82+57.04 / 0.001 0.004
0.19£14.10 4.02+£7.55
IL-10, pg/ml 6.82+2.18/ 6.18+2.63/ 0.182 0.226
6.37+2.00 5.77+2.56
TNFa, pg/ml 2.04+4.07/ 4.15+9.36/ 0.582 0.541
2.02+6.72 5.63+12.12

10
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Table 4. The stress index and the subjective assessment of the tolerance to psychomotor, intellectual, and
communicative loads in patients with rheumatoid arthritis and control group

Means, SD

Significance of
differences between RA-
patients and the control

Indicators group
Patients with Control U )
rheumatoid group
arthritis

Stress index (SI, c.u.)
Background test (lying at rest) 102.224+101.33 108.51+£95.08 202.00 0.920
Physical load (bicycle ergometer) 102.19+78.41 199.96+204.81 213.50 0.093
Recovery after a maximum physical 120.28+104.99 202.61+220.96 210.50 0.273
load
Intellectual load 89.48+63.73 233.03+297.28 198.00 0.169
Communicative load 108.78+ 83.24 212.9+147.45 123.00 0.002

Subjective assessment (score)

Physical load (bicycle ergometer) 16.19+2.47 17.70+1.64 234.00 0.022
Intellectual load 14.09+3.80 11.96+3.14 225.50 0.146
Communicative load 9.2043.12 9.20+2.00 69.50 0.757

3.3 Patients with gout

The overall level of coping intelligence was
average in both patients with gout and the control
group. However, the willingness to cooperate in
difficult situations was significantly higher in the
control group (Table 5).

Patients with gout presented lower morning serum
dopamine levels compared to the control group
(Mann-Whitney test, p=0.023; Table 6). The
response to complex loads was notably different:
dopamine levels decreased in the control group but
showed a statistically significant increase in
patients with gout (Wilcoxon test, p=0.016).

Table 5. Coping intelligence in patients with gout and control group

Means, SD Significance of
differences between
GT-patients and the
Indicators control group
Patients Control U p
with gout group
Integral Index of Coping Intelligence, 58.42+5.65 59.50+6.44 233.00 0.495
IICI
Scales of Coping Intelligence
Analyzing the problem, AP 13.21+1.88 12.2742.27 203.00 0.169
Transformation of the situation, TS 13.20+1.82 12.50+1.84 191.00 0.102
Emotional response, ER 11.88+1.62 11.68+2.12 260.50 0.938
Self-efficacy, SE 12.21+1.41 11.55+2.06 204.00 0.177
Willingness to cooperate, WE 7.79+1.88 10.73+2.05 95.50 0.000
Modality-Specific Scales of Coping Intelligence
Coping Intelligence in overcoming 17.46+1.56 17.18+2.57 265.50 0.867
motor load, SIM
Coping Intelligence in overcoming 16.50+1.44 15.91+2.84 236.50 0.540
intellectual load, SII
Coping Intelligence in overcoming 16.67+4.23 15.68+3.37 201.50 0.164

conversational load, SIC

11
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Table 6. Serum cytokine and hormone levels in patients with gout and control groups before and after

complex loads
GT-patients Control group The significance of the differences (Mann-Whitney
(Before complex (Before complex test) in indicators between GT-patients and control
Indicators load/ load/ groups (p)
after complex after complex Before complex load After complex load
load) load)
Cortisol, 336.05+115.62/ 339.73+82.84/ 0.853 0.127
nmol/] 242.87+97.21 202.524+68.30
Adrenaline, 37.44+14.71/ 48.49+22.42/ 0.076 0.149
pg/ml 41.44+£14.52 45.87+14.51
NE, pg/ml 346.80+124.82/ 463.12+255.89/ 0.161 0.789
444.45+152.27 496.40+228.32
DA, pg/ml 13.77+18.51/ 17.09£11.17/ 0.023 0.409
19.85+19.06 15.08+12.41
5-HT, pg/ml 165.98+78.63/ 141.39+58.34/ 0.322 0.353
167.76+76.32/ 144.05+61.87
IL-4, pg/ml 10.324+9.69/ 17.60+20.34/ 0.244 0.409
16.99+10.21 17.42419.94
IL-6, pg/ml 9.15+29.52/ 7.00+£22.48/ 0.173 0.577
3.45+4.72 5.17411.45
IL-10, pg/ml 7.21+£3.13/ 6.58+2.37/ 0.749 0.781
6.86+3.56 5.88+1.79
TNFa, pg/ml 0.63+0.92/ 2.45+8.06/ 0.723 0.712
1.01+2.80 1.84+4.92

Table 7. The stress index and the subjective assessment of the tolerance to psychomotor, intellectual, and
communicative loads in patients with gout and control group

Indicators

Means, SD

Significance of
differences between
GT-patients and the

control group

Patients with gout

Control U p
group

Stress index (SI, c.u.)

Background test (lying at rest) 150.34+202.05 124.47 £120.03 204.00 0.937
Physical load (bicycle 143.47+189.95 102.18493.75 179.00 0.462
ergometer)

Recovery after a maximum 96.03+£90.18 212.48+150.27 90.00 0.002
physical load

Intellectual load 158.22+191.46 91.19+£50.97 189.00 0.636
Communicative load 120.83+86.13 222.10+129.87 98.00 0.004

Subjective assessment (score)

Physical load (bicycle 22.20+36.87 15.21+3.24 265.50 0.640
ergometer)

Intellectual load 15.13+4.03 12.06+1.52 103.50 0.010
Communicative load 10.33+3.51 9.05%1.91 24.50 0.467

3.3. Patients with fibromyalgia

Patients with fibromyalgia demonstrated a
lower level of coping intelligence compared to the
control group (Table 8). The control group
showed a more positive response to complex
loads, greater confidence in their ability to cope
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with them, and a higher willingness to cooperate
in difficult situations (p<0.05).

Patients with fibromyalgia showed lower
morning levels of norepinephrine and a lower
level of adrenaline after complex loads (Table 9).
While norepinephrine increased post-load in both
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groups, adrenaline levels decreased in
fibromyalgia patients (Wilcoxon test, p=0.014)
and increased in controls.

Serum IL-6 levels were significantly higher in
fibromyalgia patients, both in the morning and

after complex loads. In contrast to the decrease
observed in the control group, IL-6 increased in
patients following the loads. Furthermore,
serotonin levels increased significantly after loads
in the fibromyalgia group (Wilcoxon test,
p=0.028) but decreased in the control group.

Table 8. Coping intelligence in patients with fibromyalgia and control group

Significance of

differences
Means, SD between FM-
Indicators patients and the
control group
Patients with Control U )
fibromyalgia group
Integral Index of Coping 53.00+6.05 59.45+7.48 20.50 0.023
Intelligence, IICI
Scales of Coping Intelligence
Analyzing the problem, AP 13.33+1.61 12.55+3.11 65.00 0.976
Transformation of the situation, TS 12.67+1.73 12.73+2.14 58.50 0.651
Emotional response, ER 10.17+1.26 12.18+1.99 27.00 0.016
Self-efficacy, SE 9.67+2.74 12.27+1.84 27.00 0.016
Willingness to cooperate, WE 7.42+1.67 9.18+1.60 20.00 0.023
Modality-Specific Scales of Coping Intelligence
Coping Intelligence in overcoming 15.25+2.26 16.09+3.17 53.50 0.449
motor load (CIM)
Coping Intelligence in overcoming 15.50+2.54 16.82+2.48 47.50 0.260
intellectual load (CII)
Coping Intelligence in overcoming 14.83+5.27 17.36+2.97 40.00 0.118

communicative load (CIC)

Table 9. Serum cytokine and hormone levels in patients with fibromyalgia and control groups before and
after complex loads

FM-patients
(Before complex

Control group
(Before complex

The significance of the differences (Mann-Whitney
test) in indicators between FM-patients and control

Indicators load/ load/ groups (p)
after complex after complex Before complex load After complex load
load) load)
Cortisol, 392.93+94.29/ 368.40+90.99/ 0.551 0.410
nmol/] 236.46+88.44 205.05+76.02
Adrenaline, 38.76+10.21/ 37.61+10.90/ 0.671 0.033
pg/ml 29.35+13.64 47.95+26.83
NE, pg/ml 341.08+121.67/ 450.14+161.09/ 0.045 0.114
401.65+127.12 517.10£179.98
DA, pg/ml 13.79+12.55/ 15.97+17.20/ 0.671 0.443
15.90+12.61 12.524+11.77
5-HT, pg/ml 177.32+87.85/ 154.67+72.55/ 0.713 0.266
182.84+79.13 144.95+61.99
IL-4, pg/ml 18.91£16.29/ 11.7449.62/ 0.178 0.977
26.85+22.31 27.46+23.20
IL-6, pg/ml 2.19+1.27/ 1.83+2.93/ 0.014 0.006
2.254+1.05 1.1440.87
IL-10, pg/ml 5.87+1.80/ 6.00+1.96/ 0.671 0.887
5.56+1.68 5.97+1.82
TNFa, pg/ml 4.67+11.98/ 0.97+2.23/ 0.551 0.378
2.70+6.24 0.39+0.79
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Table 10. The stress index and the subjective assessment of the tolerance to psychomotor, intellectual, and
communicative loads in patients with fibromyalgia and control group
Significance of differences between FM-

Means, SD patients and the control group
Indicators Patients with Control U p
fibromyalgia group
Stress index (SI, c.u.)
Background test (lying at 146.67+82.72 158.60+145.11 68.00 0.843
rest)
Physical load (bicycle 328.50+219.91 205.46+167.43 52.00 0.266
ergometer)
Recovery after a maximum 154.58+104.00 213.50+190.83 65.00 0.713
physical load
Intellectual load 400.95+366.74 228.86+307.58 41.00 0.134
Communicative load 172.82+113.31 152.27+111.07 58.00 0.443
Subjective assessment (score)
Physical load (bicycle 17.67+2.10 16.50+2.81 53.00 0.264
ergometer)
Intellectual load 12.50+2.43 13.27+3.17 64.00 0.555
Communicative load 10.00+3.22 7.91+2.17 40.00 0.105

No significant differences were observed in the
stress index or subjective tolerance to
psychomotor, intellectual, and communicative
loads between individuals with fibromyalgia and
the control group (Table 10). However, it is
important to note that during psychomotor and
intellectual loads, the stress index in individuals
with fibromyalgia can exceed 300, indicating a
state of severe stress. This over-activation of
stress-response systems may have detrimental
effects on multiple organ systems.

4. Discussion

We hypothesized that all patient groups would
demonstrate lower coping intelligence and lower
tolerance to complex loads compared to the
control group. However, this hypothesis was only
partially confirmed.

Individuals with rheumatoid arthritis, gout,
and fibromyalgia, as well as those in the control
group, exhibited an average level of coping
intelligence. They prefer to analyze (AP) and alter
(TS) a challenging circumstance, rather than
cooperate (WE). There are no significant
differences in coping intelligence between
patients with rheumatoid arthritis and the control
group. Patients with gout were significantly less
willing to cooperate (WE) under complex loads.
Patients with fibromyalgia showed a less positive
emotional response (ER) to complex loads, have
less self-efficacy (SE) in managing them, and were

14

less inclined to collaborate (WE) in challenging
circumstances compared to the control group.

Patients with rheumatoid arthritis had higher
serum levels of the proinflammatory cytokine IL-
6 both before and after complex loads compared
to the control group. Rheumatoid arthritis is
characterized by a consistently high concentration
of pro-inflammatory cytokines, which are
considered endogenous stressors (Zeltyn et al.,
2009). As emphasized by Jia and Gao (2023), the
balance of pro- and anti-inflammatory
macrophages is crucial for maintaining immune
homeostasis and preventing excessive
inflammation in RA. Their research suggests that
metabolic reprogramming of pro-inflammatory
macrophages via roburic acid (RBA-NP) can
effectively alleviate symptoms by reducing
glycolysis via the ERK/HIF-1a/GLUT1 pathway,
thereby promoting a phenotypic switch from M1
to M2 macrophages.

Compared to the control group, patients with
gout had lower serum dopamine (DA) levels in the
morning and significant change in this hormone
following complex loads.

Patients with fibromyalgia presented with
lower baseline levels of norepinephrine and
higher post-load levels of epinephrine compared
to controls. Serum levels of IL-6 were also
significantly elevated in fibromyalgia patients
both before and after complex loads. Significant
changes in the levels of epinephrine and serotonin
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(5-HT) in response to loads were also observed in
this group.

Assessment of physiological regulation
revealed that patients with rheumatoid arthritis
maintained optimal regulation under
psychomotor, intellectual, and communicative
loads. Subjectively, however, they perceived
psychomotor load as heavier and communicative
load as lighter. In contrast, patients with gout
showed signs of regulatory system overexertion
(ST >120 cu.) during psychomotor and intellectual
loads. Patients with fibromyalgia also experienced
significant distress during these types of loads.

While patients with rheumatoid arthritis and
fibromyalgia had a standard body mass index
(BMI), patients with gout had a higher BMI and
larger waist circumference compared to the
control group. BMI and waist circumference are
established indicators of risk for obesity-related
pathologies. In gout, metabolic syndrome can
trigger a pronounced inflammatory cascade that
exacerbates the primary pathology and promotes
comorbid conditions, most notably
cardiovascular disease (Zhigulina, Shilova,
Aleksandrov, 2023), chronic kidney disease, and
diabetes mellitus (Lipatov, Buksha, 2021). The
link between gout and diabetes is associated not
only with common risk factors but also with
hyperuricemia and microcrystalline
inflammation (Zhilyabina et al., 2022). Studies
report a higher prevalence of hypertension,
diabetes, hyperlipidemia, stroke, and coronary
heart disease in gout patients compared to
controls, as well as a significantly higher
cumulative incidence of depression (Changchien
et al., 2016).

5. Conclusion

Data from randomized trials involving patients
with various rheumatological pathologies are
needed to develop a comprehensive medical
management strategy. It is important not only to
understand the specifics of treatment for the
disease, but also how different types of load affect
heart rate variability, biochemical parameters,
and the patient's well-being. Without such data,
health management and achieving a sustainable
remission become considerably more challenging.

A pilot randomized trial revealed a range of
alterations in serum hormonal parameters in
patients with rheumatoid arthritis, gout, and

fibromyalgia compared to control groups.
Specifically,  patients with  fibromyalgia,
compared with the control group, are

characterized by lower coping intelligence, lower
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serum levels of NE and higher levels of IL-6;
however, no differences in the stress index are
found when performing different types of loads.
Patients with gout have lower willingness to
engage (WE), lower morning serum dopamine
levels, and a higher stress index during a
communication load. Patients with rheumatoid
arthritis, compared with the control group, have
higher serum IL-6 levels, a lower stress index
during a communicative load, and a lower
perceived severity of physical load.

It is important to note the limitations of this
study. First, the sample size was small. Second,
the analysis did not account for gender differences
in coping intelligence as well as tolerance to
psychomotor, intellectual and communicative
loads. Third, the findings cannot be generalized to
other age groups outside the range considered in
this study.

CRediT author statement:

Kuvaeva 1.0.: conducting an experiment,
writing a draft version of the manuscript.

Volkova E.V. methodology and
conceptualization, statistical data processing,
editing and preparation of the final version of the
manuscript

Conflict of interest. The authors declare no
conflicts of interest. The authors are solely
responsible for submitting the final version of the
manuscript for publication. All authors
contributed to the development of the article
concept and to writing the manuscript. The final
version of the manuscript was approved by all
authors.

Acknowledgements. The authors thank A.V.
Varlamov, N.E. Volkova, and D.A. Dokuchaev for
their assistance in data collection and primary
processing. The authors express their gratitude to
doctors O.V. Teplyakova, A.V. Sarapulova, O.Yu.
Sannikova, O.P. Betina, V.N. Salmina, and O.B.
Ovsyannikova for recruiting patients to the study.

Funding: This work was supported by the
state assignment of the Ministry of Science and
Higher Education of the Russian Federation

(Project No. 0138-2025-0016, "Intellectual
Systems and Human Abilities").

Highlights
e Patients with rheumatoid arthritis

demonstrated higher serum IL-6 levels both before
and after the load and reported lower subjective
strain from the communicative load compared to
the control group. No significant differences in
coping intelligence indicators were found between
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the groups.

e Patients with gout differed from the control
group by a significantly lower willingness to engage
(WE) under load conditions, reduced pre-load
dopamine (DA) levels, and higher values for body
weight, waist circumference, and body mass index.
However, this patient group demonstrated faster
recovery after physical load and reported lower
strain from the communicative load.

e Patients with fibromyalgia, compared to the
control group, showed a less positive emotional
response (ER) to the load, lower self-efficacy (SE),
and a reduced willingness to engage (WE). They
had alower baseline norepinephrine (NE) level and
a lower adrenaline level after the load. Serum IL-6
concentration in fibromyalgia patients was
significantly higher both before and after the load.
No significant differences in the stress index were
found between the groups.
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PaHI0OMHU3UPOBaHHOE MWIOTHOE UCCIEA0OBAHNUE COBJIAIAIONIET0 HHTE/LJIEKTA U
YCTOMYHMBOCTH K KOMILIEKCHBIM HAarpy3KaM y IAallHE€HTOB ¢ PEBMAaTOU/IHBIM apTPUTOM,
noaarpou u ¢pudpomuaaruen

H.0. Kysaesa?, E.B. Boaxosa®

a Ypaawvckuil pedepanvHbulil yHusepcumem umeHu nepgozo npesuderma Poccuu B.H. EavyuHa,
Examepunbype, Poccus

b Hnemumym ncuxonozuu Poccuiickotl akademuu Hayk, Mockea, Poccus

Pe3rome. PeBMaToOuIHBI apTpUT, mojarpa U (pUOPOMHUANTHSA SBJSIOTCS 3a00JIEBAaHUSIMH, KOTOPBIE
CHIDKAIOT TPY/IOCIIOCOOHOCTh M KAUeCTBO JKU3HHU MalueHToB. HecMOTpst Ha XOPOIIO U3YYeHHBIN MaTOTeHe3
PA, I'T u ®M, umeroTcs eIUHUYHBIE UCCIIEZIOBAHUSA YCTONYNBOCTH K HU3MUECKOH Harpyske. McemenoBanuil
TOJIEPAHTHOCTH K WHTEJUIEKTYaJIbHOU M KOMMYHWKATUBHOW Harpy3Ke y 3THX TPyHI NalWeHTOB He
obHapyskeHbI. 1[eslbl0 MIJIOTHOTO WCCJIEOBAHUA SBJISETCS OIEHKA COBJIA/IAIOINIETO0 WHTEJJIEKTA, CTPECcC-
WH7IeEKCa baeBCcKOro, ypoBHA TOPMOHAIBHBIX M MMMYHOJIOTUUECKUX IIOKa3aTesJed B CHIBOPOTKE KPOBH Y
marueHToB ¢ PA, TTA u ®M 1o cpaBHEHHIO C PAaHIOMU3UPOBAHHBIMU KOHTPOJIBHBIMH TpyImamu. Memoobt.
B ucciiejoBaHuM NPUHAIN ydacTHe 126 YeJ0BeK B BO3pacTe OT 20 JI0 54 JIeT, CPeAN HUX 27 IMAI[UEeHTOB C
PEeBMaTOUIHBIM apTPUTOM (2 M/25 K; 28-54 JI€T), 24 MamnueHTa ¢ moaarpou (22 M/2 x;35-48 jyer) u 12
manueHToB ¢ ¢pudbupomuanruein (4 m/8:; 26-45 jer). ['pynmbsl KOHTPOJIS PaHIOMH3HUPOBAHBI II0 IIOJIY,
BO3pacTy © o00Opa3oBaHUIO. TeXHOJIOTHSA OIEHKH COBJIAJAIONIETO WHTEJUIEKTA W I€PEHOCHUMOCTH
KOMIUIEKCHOH Harpysku BKiIouaer (1) Jr1abopaTOpHble METOABI OIEHKH TOPMOHAJIBHBIX U
MMMYHOJIOTUUECKUX TIOKa3aTeJell B CHIBOPOTKE KpPOBH /IO M IIOCJe Harpyskw; (2) oIeHkKa
AHTPOIIOMETPUYECKUX JIAHHBIX; (3) OIEHKA BapuabeJIbHOCTH CEpPAEYHOro pUTMa; (4) Harpy304HOe
TECTUPOBAHUE, COCTOSIIEE U3 JBUTATEIbHBIX, MHTEJUIEKTYAJTbHBIX 1 KOMMYHUKATUBHBIX TECTOB; (5) IIIKAJIbI
BOCIIPHHUMAEMOT0 HAMIPSI?KEHUS TICUXOMOTOPHOM, HHTEIJIEKTYAIbHON U KOMMYHUKATUBHOHN Harpysku; (6)
[TOBEJIEHYECKH BhIBEPEHHbBIE OIIEHOUYHbIE HMIKAJIBI coBiamaoiiero uureaekra (BARS of CI). Pesyabmamot.
[TarueHThI ¢ pEBMATOUJTHBIM aPTPUTOM OTJIMYAIOTCS 60J1ee BRICOKUM ypoBHEM IL-6 B CHIBOPOTKE KPOBU JI0
U TI0CJIE KOMILJIEKCHOM HAaTPY3KH U JIETUE IIEPEHOCAT KOMMYHUKATUBHYIO HarPy3KY 110 CPDABHEHUIO C TPYIIIIOHN
KOHTpOJIsA. [lalueHTHI ¢ PEBMATOUAHBIM AapPTPUTOM JOCTOBEPHO HE OTJIMYAKTCA II0 CBOMCTBAM
COBJIQJIAIOIIET0 UHTEJIJIEKTA II0 CPABHEHHUIO ¢ KOHTPOJIBHOH Ipynmioi. IlamueHTs! ¢ ToAarpoi B OTJIMYNE OT
KOHTPOJILHOH TPYIIIbI 3HAYUMO PeEXe IMPOSBJISIOT TOTOBHOCTh K coTpymuudectBy (WE) B ycioBusx
KOMILIEKCHOU HATPy3K1; UMeIOT 00jiee HU3KUM ypoBeHb DA B CHIBOPOTKE KPOBU [0 HATPY3KU U OTJIMYAIOTCS
OOJIPIIIIM BECOM, OXBATOM TaJIMHM M WH/IEKCOM MAaCChI TeJIa; JIerdye BOCCTAHABJIMBAIOTCA TOCTie (PU3UIECKOU
Harpy3KH U TEPeHOCAT KOMMYHUKATHBHYIO Harpy3ky. IlanueHTsl ¢ ¢puOpoMUaITHEN MEHEe IMO3UTUBHO
pearupytot (ER) Ha HArpy3Ky, MeHbIIIe BEPAT B CBOM CUJIBI CIIPaBUThCA ¢ Hel (SE) U pexke IeMOHCTPUPYIOT
rOTOBHOCTh K cotpyaHuuectBy (WE); ommmuarmorcs Oonee Hu3kuMm ypoBHeM NE 10 mpemabsBiieHUs
KOMIUIEKCHOW HATPY3KH U 060J1ee HU3KUM YPOBHEM a/IpEHATMHA ITOCJIe HarPy3KH 110 CPABHEHHUIO C TPYTIIION
KOHTPOJIA. YPOBeHb IL-6 B CHIBOPOTKE KPOBU JIOCTOBEPHO BBIIIIE Y MAIrieHToB ¢ ®M 710 1 1Mocsie KOMILIEKCHOU
Harpy3KW. 3HAUMMBIX Pa3IU4Ydi B CTPECC-MHIEKCE MEXKAy MmarueHTaMu ¢ GudpoMuaarved U Tpymmnon
KOHTPOJIsA He 0OHapy:KeHo. 3akatoueHue. Pe3ybTaThl UCCIEA0BAaHUS MOTYT OBITh ITOJIE3HBI PEBMATOJIOTAM
JlJ1 TIOBBIIIIEHU S TIPUBEP>KEHHOCTH JieueHUA nanueHToB ¢ PA, I'T u ©M.

KiaroueBble cJIOBa: pEeBMATOWJHBIMN apTPUT, MOAarpa, (puOPOMHAITHSA, COBJIAAOIINNA WHTEJUIEKT,
cTpecc-uHJleKe baeBckoro, epeHOCUMOCTh Harpy3KH, TOPMOHBI CTpecca, UHTepJIeHKUHbBI, KOHTPOJIbHBIE
TPYTIIIBI
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