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KEYWORDS ABSTRACT

) A Objective: Evaluate and correlate data between relevant cytokines, disease progression,
Quality of Life and handgrip and quality of life among RA patients at different stages of disease
i progression. Method: Thirty-three RA patients were recruited for analysis, using
DAS-28 comparisons and correlations, between levels of circulating cytokines (IFN-y, TNF-q,
SF-36 IL-4,1L-6,IL-10, IL-17,IL-1p, and TNF receptors [ and II), activity of the disease (evaluated
Hand Strength using the DAS-28), handgrip (Hydraulic dynamometer), and quality of life (SF-36).

PALAVRAS-CHAVE
Artrite Reumatoide

Result: RA patients in different disease stages showed increases of IL-6 and IL-10
compared control group. Positive correlation between IL-6 with TNF-q, and IL-4 with
IL-10 was found. Handgrip strength and quality of life were not related to cytokine
levels. However, remission patients had better strength and quality of life indices
compared to the active patients. In addition, handgrip of the non-dominant side,
physical functions, role limitations physical health, pain, energy/fatigue and social
functions have a negative correlation with the DAS28-PCR. Conclusion: High levels of
IL-6 and IL-10 were observed in the chronic RA patients, but the values did not show
correlation with disease activity, handgrip strength and quality of life. Disease activity
show correlation with handgrip strength and quality of life. Furthermore, remission
patients had better strength and quality of life indices compared to the active patients.

RESUMO
Objetivo: Avaliar e correlacionar dados entre citocinas relevantes, progressao da

Qualidade de Vida doenga, preensdo manual e qualidade de vida entre pacientes com AR em diferentes
Dor estagios de progressdo da doenca. Método: Trinta e trés pacientes com AR foram
DAS-28 recrutados para analise, por meio de comparagdes e correlagdes, entre niveis de
SF-36 citocinas circulantes (IFN-y, TNF-a, IL-4, IL-6, IL-10, IL-17, IL- 1 e receptores de TNF-I
Forca da Mao e -, atividade da doenca (avaliada pelo DAS-28), preensdo manual (dinamdmetro

hidraulico) e qualidade de vida (SF-36). Resultado: Pacientes com doenga ativa e
inativa apresentaram aumento de IL-6 e IL-10 comparados ao grupo controle. Foi
encontrada correlagao positiva entre IL-6 com TNF-a e IL-4 com IL-10. A forga de

*Corresponding author:

Universidade Federal do Tridngulo Mineiro

Addr.: Av. Gettlio Guaritd, s/n, Bairro Abadia, Uberaba, MG, Brasil. CEP: 38015-050.

Phone: +55 (34) 3318-5203
E-mail: rodolfo_pessa@hotmail.com

This study was conducted at the Universidade Federal do Tridngulo Mineiro.

Conflicts of interest: No conflicts of interest declared concerning the publication of this article.

Funding information: This study was funded by the Funda¢do de Amparo a Pesquisa de Minas Gerais (FAPEMIG).
Submitted 31 Oct 2023, revised 21 Mar 2024, accepted 31 Mar 2024, published 16 May 2024

How to cite this article: Travizan MS et al. Quality of life and strength, but not cytokines, are associated with DAS-28 in active and inactive
rheumatoid arthritis. HSJ. 2024;14(1):e1493. https://doi.org/10.21876/hsjhci.v14.2024.e 1493

ISSN 2966-0408/© 2024 HSJ. This is an open-access article distributed under a CC BY license.
BY (https://creativecommons.org/licenses/by/4.0/)

HS]J. 2024;14(1):e1493 | https://doi.org/10.21876/hsjhci.v14.2024.e1493

1/8


https://creativecommons.org/licenses/by/4.0/
https://portalrcs.hcitajuba.org.br/index.php/rcsfmit_zero
https://crossmark.crossref.org/dialog/?doi=10.21876/hsjhci.v14.2024.e1493&amp;domain=pdf&amp;date_stamp=2024-05-16
https://hcitajuba.org.br/
https://orcid.org/0000-0002-1703-6486
https://orcid.org/0000-0002-7013-2688
https://orcid.org/0000-0003-3469-0022
https://orcid.org/0000-0003-3415-9004
https://orcid.org/0000-0002-3745-831X
https://orcid.org/0000-0002-3514-2864
https://orcid.org/0000-0001-6694-0191
https://orcid.org/0000-0002-4273-8201

Travizan MS et al.

preensdo e a qualidade de vida ndo relacionaram aos niveis de citocinas. Entretanto,
pacientes em remissdo apresentaram melhores indices de forca e qualidade de vida
comparados aos pacientes com doenca ativa. Além disso, preensao manual do lado
ndo dominante, e quesitos dos SF-36, apresentam correla¢do negativa com o DAS28-
PCR. Conclusdo: Foram observados niveis elevados de IL-6 e IL-10 nos pacientes com
AR cronica, mas os valores ndo mostraram correlacdo com DAS-28, for¢a de preensdao
manual e SF-36. A atividade da doenga apresenta correlacdo com for¢a de preensao
manual e qualidade de vida. Além disso, os pacientes em remissao apresentaram
melhores indices de forca e qualidade de vida em comparagdo aos pacientes ativos.

BACKGROUND

Protein levels have shown association with disease
progression in Rheumatoid arthritis (RA), including
autoantibodies, rheumatoid factor, immunoglobulin M,
and cytokines'. Predetermined sets of these biomarkers
are called multi-biomarkers disease activity test (MBDA)
related to disease evolution and seem to offer a promising
way to obtain early diagnosis, predict the prognosis in
RA, and evaluate the effectiveness of drug treatments®*.
In patients with early and late RA, IL-6 and TNF are
evident in the pathogenesis of RA. The inhibition of then
through monoclonal antibodies can control the disease
in most cases®.

Regardless of the promising effects of new drugs,
the entire perspective of insertion of IL-6, TNF alone in
clinical practice failed precisely because of the lack of
correlation between disease activity and circulating levels
of these cytokines®. This lack of correlation with disease
activity is associated with multisystem factors such as:
age, circadian rhythm, diet, exercise and stress. Given the
complexity of RA, it is unlikely that a single cytokine may
provide sufficient discrimination. Biomarker signatures
may represent more realistic approach for the future of
personalised medicine in RA’.

On the other hand, IL- 6 and TNF-a blood levels are
associated with lower skeletal muscle mass index. Gradual
loss of skeletal muscle mass and chronic inflammation,
are linked to altered body composition and impaired
physical functionality, which are important contributing
factors to the disabling process in AR®. Furthermore, levels
of these same cytokines in AR patients were inversely
proportional to the handgrip® and these cytokines were
strongly associated with the presence and duration of the
AR inflammatory state'.

Therefore, muscle strength (handgrip) would be an
evaluative item that can associate cytokines and disease
activity? And, what would be the importance of measuring
to handgrip in the disease progression of RA? Try to
heal these questions, we evaluate and correlate data
between cytokines, disease progression, and physical and
psychological factors (handgrip and quality of life) among
RA patients at different stages of disease progression.

METHODS

The study recruited thirty-three patients with diagnosis
of RA as described by the American College of Rheumatology
(ACR). This patient group (PG) was under treatment
and follow-up at the Rheumatic and Collagen Diseases
Outpatient Clinic, in the Maria da Gléria Outpatient Center
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at UFTM (Minas Gerais State, Brazil). The inclusion criteria
were: age over 18 years; RA with a duration of disease/
symptoms of > 6 months; Rheumatoid factor (RF) positive;
Following up in the clinic with combined DMARDs including
Methotrexate and/or glucocorticoids at stable doses for >
4 weeks. Exclusion criteria for this cohort included: The
presence of a clinically significant comorbid condition,
others diseases and acute or chronic infection that can
interfere with cytokine expressions. Were considered RA
patients in disease remission DAS 28 < 2.6.

According to DAS-28 data PG were divided into two
groups: with disease in remission (RP) and active disease (AP).

The control group (CG) was composed of healthy
individuals age over 18 years who were previously
questioned about the existence of disease and drug use.
For inclusion in the control group, the participant should
not have had any disease with inflammatory, infectious,
and/or neoplastic characteristics, and should not have used
any anti-inflammatory medication in the last 30 days.

This study was approved by the Research Ethics
Committee of the Federal University of Tridngulo Mineiro
(UFTM, protocol n° 056661/2019).

Clinical information

The RA patients provided personal data (age and gender)
and information concerning the drugs used and the duration
of treatment. Collection of venous blood from the controls
for determination of cytokine levels was performed on the
same day as assessments using the DAS-28.

Measurements of cytokines and receptors

The levels of TNF-o, IL-4, IL-6, IL-10 and soluble TNF
receptors (STNF-RI and sTNF-RII) were determined with
specific kits (R & D Systems®, San Diego, CA, USA), based
on “sandwich” type immunoenzymatic ELISA assays,
according to the instructions of the manufacturer.

Analysis of disease progression using the DAS-28

Disease activity index values were determined using the
Disease Activity Score 28 (DAS-28). The calculations of the
values for these questionnaires were previously performed
by the physician responsible for and follow-up. The DAS-
28 counts the number of painful and swollen joints in
28 joints (shoulders, elbows, wrists, metacarpophalanges,
proximal interphalanges, knees), global health assessment
(scale 0-100) by the patient, assessment of the activity of
disease by the patient and physician (0-10) and markers
of inflammatory activity made within a period of up to
two weeks before the consultation (ESR - erythrocyte

HS]J. 2024;14(1):e1493 | https://doi.org/10.21876/hsjhci.v14.2024.61493



sedimentation rate and CRP - C-reactive protein). If the
patient’s clinical condition had changed after taking the
inflammatory markers, these were not taken into account
and a new assessment was scheduled. Patients with
categorical CRP results (reactive or non-reactive; < or >)
were not considered for the calculation of indices that
take CRP into account. Laboratory tests were performed
at the Central Laboratory of the HUWC and the methods
used were: VHS (Automated Sedi-System) and PCR (Roche-
Cobas immunoturbidimetry). DAS28 was calculated using a
computer program for specific DAS calculation, using both
ESR and CRP (mg/dL), the patient’s global health assessment,
and the number of painful and swollen joints (28 joints)".

Hand grip strength assessment

According to guidelines of the American Society of Hand
Therapists- (SATM)'?, the subject was seated, positioned
with the shoulder adducted, the elbow flexed at 909, the
forearm in a neutral position, allowing the wrist position
to vary from 0 to 30° of extension. When the subject was
ready, he was encouraged by a standard verbal command
(recorded in audio) to press the dynamometer with
maximum isometric effort, which was maintained for
about 5 seconds. No other body movement was allowed.
The test was carried out by alternating hands with no
need to rest, this procedure was done three times, and
the average of the three measurements was used as the
final result.

The hydraulic dynamometer used will be the Saehan®,
which structurally and functionally resembles the Jamar
Analogue Hand® hydraulic dynamometer®. According to
Reis and Arantes’, the Saehan® hydraulic dynamometer is
valid, reliable, and comparable with the Jamar Analogue
Hand® hydraulic dynamometer.

Quality of life assessment

Was used the Item short-form health survey SF-36,
translated, and validated for Portuguese for quality of
live assessment.

After weighing the data, the Raw Scale calculations
was performed the transformation of the values obtained
in the questions into grades ranging from 0 (zero) to
100 (one hundred), where 0 was equivalent to the worst
result and 100 the best for each domain, equivalent to
8 domains. For transformation, these notes was entered
into a standard calculation.

The domains evaluated were: functional capacity,
limitation due to physical aspects, pain, general health
status, vitality, social aspects, emotional aspects and
mental health.

Statistical analysis

All the measurement data were analyzed considering
their distribution and variance. Kolmogorov-Smirnov test
was used for normality. F test was used variance analysis.
For comparing three groups, the non-parametric Kruskal-
Wiallis test was applied when the data distribution was
non-Gaussian, while the parametric ordinary one-way
ANOVA was applied when the data followed a Gaussian
distribution.
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Correlation analyses were performed using the
Pearson test in cases of Gaussian distribution, while the
Spearman test was used for non-Gaussian distributions.
The differences were considered significant when
p<0.05 (5%).

The statistical analyses and construction of graphs
were performed using Graphpad Prism® v. 9.0 software
(GraphPad, La Jolla, CA, USA).

RESULTS

The control group (CG) consisted of 10 men and
13 women, while the patient group (PG) consisted of 8 men
and 25 women. CG and PG presented similar ages (Mann
Whitney test, p=0.968). The treatment time of the PG varied
between 9 months and over 20 years. According to DAS28-
CRP data it was found that 45.45% of the patients (N=15)
were in remission phase, 12.2% low activity (N=4), 30.3%
moderate (N=10) and 12.12% high activity (N=4). At the
time of research 14 patients (42,42%) used prednisone,
18 (54,54%) used methotrexate and 4 patients (12,12%)
used any biologic (2 patients used certolizumab, 1 patient
used infliximab, and 1 patient used etanercept). In turn,
the PG divided into patients with active disease (AP) and
in remission (RP). These clinical data are shown in Table 1.

AP (N=18) and RP (N=15) showed no differences between
them in terms of cytokine levels. Although, showed
increases of IL-6 and IL-10 compared CG (Kruskal-Wallis
test, p<0.0001). IL-4, TNF-a and soluble receptors did not
present significant differences between patients and CG

Table 1 - Clinical data of the AR patients (AP and RP) and control
group (CG).

N Mean SD

Age (years)

CG 23 4794 6.73

AP 18 49.00 9.37

RP 15 48.13 12.28
Gender M/F - -—-

CG M=10; W=13

AP M=6; W=12

RP M=1; W=13
Disease activity (DAS28-PCR)

Hight 4

Moderate 10

Low 4

Remission 15

Treatment time (years) 33 10.15 7.44

Prednisone 14 (42.42%)

Metrotrexate 18 (54.54%)

Any biologic 4(12.12%)

N=number of the patients; M=Mans; W=Women; SD= Standart derivation;
AP= activity patients; RP= Remission patients; CG= Control group; M=
male ; F = female.
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(Kruskal-Wallis test, p>0.05) (Figure 1). Due to the different
actions of IL-6 and IL-10, it was of interest to investigate
possible correlations between their levels. Application of
the Spearman test revealed no correlation between blood
levels of the two cytokines in the patients (r = 0.244,
p = 0.192). But there was a positive correlation between
IL-6 with TNF-a (r=0.4046; p=0.0195) and IL-4 with IL-
10 (r=0.479; p=0.0048) (Figure 2).

Handgrip strength and quality of life domains evaluated
by the SF-36 were not related to cytokine levels in this
study. However, the RP group had better strength and
quality of life indices compared to the AP. The handgrip
strength of the RP group was greater when compared to
the AP group on the dominant and non-dominant sides
(p=0.0458 and p=0.0228 respectively, Figure 3A and 3B).
Median values average on the dominant side between RP
and AP were 8.95 Kgf and 3.5 Kgf respectively, resulting in
a difference of 39.1% between groups in the dynamometry
test. Non domiant side presented 9.6 Kgf and 3.0 Kgf
respectively between grous RP and AP, resulting in a
difference of 31.25% in the dynamometry test (Figure 3).

Furthermore, it was verified that the strength of the
non-dominant side had a negative correlation with the
DAS28-PCR for both groups (r=-0.525; p=0.004, Spearman
test, Figure 3C). Although only the non-dominant side
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correlated with DAS28, there was a correlation of handgrip
strength between the dominant and non-dominant sides
in the group of patients evaluated (r=0.685; p<0.0001,
Spearman test, Figure 3D).

Among the domains evaluate by the SF-36, physical
capacity, pain, vitality and social aspects showed significant
differences when compared between RP and AP (Figure 4).
Most patients in the RP group (85%) had values above
50 in the physical functions and pain items. 64% of
the AP had values below 50 for physical functions and
pain (Figure 4). Negative correlations were also verified
between DAS28 and the items SF-36 physical functions,
role limitations physical health, pain, energy/fatigue and
social functions. Among these, physical functions and pain
were the ones that most correlated with DAS28-PCR values.
Correlation values (r values) are expressed in (Figure 5)
(Spearman test, p<0.05).

DISCUSSION

For a better monitorization of the disease activity has
proposed a test that includes several biomarkers under
the name “multi-biomarkers disease activity test (MBDA)".
Of these, IL-6, TNF and TNFR-I relationships of the patient
global assessment of disease activity (DAS28, CDAI,
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Figure 1 - Comparative graphs of circulating cytokineand receptors levels between control group (CG). remission patients (RP) and active
patients (AP) with rheumatoid arthritis (AR). A-D graphs representes pictograms values per milliliter (pg/ml) of circulating cytokines.
E and F graphs represent TNF receptors values in pictograms per milliliter (pg/ml). * Values considered statistically significant p<0.05.

Kruskal-Wallis test with Dunn’s post-test.
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Figure 2 - Cytokines correlations. A) TNF-a and IL-6 correlations. B) IL-4 and IL-10 correlations. Values of the levels in picograms for
mililiters (pg/ml). Spearman test. linear regression 95% confidence intervals. significative values p<0.05.
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Figure 3 - Comparison of handgrip strength between groups of active (AP) and remission (RP) patients with rheumatoid arthritis. (A)
Dominant site values. (B) Non dominant site values. * Values considered statistically significant p<0.05. Mann-Whitney test. Graphs C
and D: DAS28 and non-dominant site. D) Dominant and non-dominant site correlations. Values of the levels in picograms for mililiters
(pg/ml). Spearman test. linear regression 95% confidence intervals. significative values p<0.05.

SDAI).5 The use antibodies monoclonal to block cytokines
or receptors reinforces the central theory of the IL-6 and
TNF importance in RA pathophysiology™.

The levels of IL-10 and IL-4 increase during the treatment
of the disease, being cytokines predominant in patients in
the chronic phase. This effect occurs probably due to the
action of the main drugs used to control the disease, such
as methotrexate and glucocorticoids. This has been known
for over two decades". Eighteen patients in our study were
using methotrexate and/or prednisone for at least three
months. This may explain the predominance and equivalence
of IL-6 and IL-10 levels in both RP and AP groups.

In pathophysiological context, IL-6 and TNF levels are
associated with disease progression and its destructive effects.
IL-10 and IL-4 levels are associated with joint protective
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effects’®. These protective effects have been confirmed in in
vitro experiments which IL-4, IL-10, and IL-13 were all able
to significantly inhibit the production of IL-1beta, TNF-alpha,
IL-6, and IL-8 by freshly isolated RA synovial tissue cells®.
High IL-6 production and low IL-10 production support a
role dysregulated cytokine production in disease severity
predicting disease severity in autoantibody-positive and
autoantibody-negative patients, respectively®. Our study
showed that patients considered to be in the chronic phase
of the disease under different drug treatments had increased
levels of circulating IL-6 and IL-10. This data demonstrates
that regardless of the evolution of RA, assessed by DAS-28,
IL-6 and IL-10 remain at increased levels in patients when
compared to people without the disease.
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Figure 4 - Comparative graphs of SF-36 dominions between remission patients (RP) and active patients (AP) with rheumatoid arthritis
(AR). A-H graphs represent respective dominions values SF-36. * Values considered statistically significant p<0.05. Mann-Whitney test.
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Figure 5 - Correlation matrix between DAS28 and SF-36 dominions. The color gradient indicates the strength of correlation (the blue

gradient indicates positive correlation and the red gradient indicates negative correlation). The “r’

" values into the gaps. Values considered

statistically significant p<0.05. Spearman test. Physical functions (PF). role limitations physical health (RLPH). pain (PAIN). general
health (GH). energy/fatigue (E/F). social functions (SF). role limitations due to emotional problems (REP). emotional well-being (EW).
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Lower skeletal muscle mass index had associations with
IL-6 and TNF-a blood levels®?'. Furthermore, the levels of
these same cytokines were inversely proportional to the
handgrip®. These same relationships were also observed in
patients with RA. Handgrip strength is strongly associated
with the presence and duration of an inflammatory state
as rheumatoid arthritis.’® These facts corroborate the
protective effect against the loss of muscle mass associated
with the use of anti-rheumatic drugs that modify biological
diseases (DMARDSs)?%. The levels of cytokines evaluated in
this study did not correlate with handgrip strength or with
SF-36 domains. However, we show that grip strength and
some SF-36 domains differ between of active and inactive
RA patients groups. Hand grip strength was greater in the
RP group on the dominant and non-dominant sides. This
fact was confirmed by the analysis of the correlation of
handgrip values, which was inversely proportional to
disease activity (DAS-28). This result corroborates other
studies?®. In addition, was possible to verify that the mean
handgrip of the patients evaluated in our study showed a
reduction between 64% and 80% when compared to the
means of people without the disease. The strength of the
patients who participated in our study was approximately
10 kgf less compared with no disease persons. This data
was possible through the analysis of means of the normal
population?+%7,

Handgrip strength can collaborate in the assessment
of disease activity in an outpatient setting?>. However, this
relationship is part of a complex issue, taking into account
inflammatory mechanisms currently being studied. In AR
patients, a decreased ability to produce handgrip strength
may be directly linked to pain and edema. This inability
triggers impacts on quality of life?82°, Therefore, we used the
SF-36 as a complement in the assessment of physical and
psychological aspects in this study. Whereas joint damage
and joint pain are evaluated by Disease Activity Score
28 (DAS-28)", it was not the aim of this study to re-evaluate
the joints. As recommended in the handgrip strength test,
we only take into account the patient’s ability to perform
or not perform the test. All patients in this study were able
to perform the test without pain reports. Therefore, we
consider that the value of the handgrip test performed
indicates the consequences caused by momentary pain,
deformities and loss of strength caused by the disease over
time. Concerning this theme we conclude that the value
of handgrip strength complements the assessment of RA,
while the values of the quality of life items are indicative
of loss of physical and psychological function.

Some studies have identified differences in quality of
life between patients with RA and the general population®.
And although all SF-36 domains have less in individuals
with rheumatic diseases, RA patients present scores in the
‘physical performance’ domain®'. Our study also looked at
this characteristic, and in turn we found statistical differences
in physical function, pain, and energy/fatigue. Another
observation was that most RP (85%) had values above 50 in
the physical functions and pain items. 64% of the AP had
values below 50 for physical functions and pain. Despite
this observation, we were unable to find SF-36 values that
could categorize the state of disease progression or even
distinguish patients in active or inactive disease. But given
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our data, the difference in physical capacity issues between
patients with the disease considered active or inactive is
evident. The fact is that despite the role limitations physical
health item not having presented statistical difference
(p=0.07) between AP and RP, it can be observed a frequency
of values equal to zero (worst result) higher in the AP group.
As can be seen in Figure 4B, 10 patients of the AP group
presented value equal to zero. The RP group had 4 patients
with a value equal to zero.

CONCLUSION

Based on the pointed questions, the lack of correlation
between handgrip strength and circulating cytokine levels
indicates that measuring the strength of patients with
chronic RA cannot contribute as an association factor
between IL- 6, IL-10, and disease progression. However,
patients with inactive disease had greater strength and
better quality of life scores compared to patients with active
disease in chronic phase. This handgrip and SF-36 showed
to be good complementary indices for monitoring the
evolution of the disease, given the disease activity show
correlation with handgrip strength and quality of life.
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