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Background. Myostatin is a regulator of muscle size. To date, there have been no published studies focusing on the relation
between myostin levels and myopenia in rheumatoid arthritis (RA). Objective. Evaluate the value of serum myostatin as a
biomarker of cachexia and low skeletal muscle mass (LSMM) in RA patients, along with whether high serum myostatin is
associated to these conditions after adjusting for potential confounders. Methods. This cross-sectional study included 161
female RA patients and 72 female controls. In the RA group, we assessed several potential risk factors for LSMM and
rheumatoid cachexia. Dual-energy X-ray absorptiometry was used to quantify the skeletal muscle mass index (SMMI)
(considering LSMM ≤ 5:5 kg/m2) and the presence of rheumatoid cachexia (a fat-free mass index ≤ 10 percentile and fat mass
index ≥ 25 percentile of the reference population). Serum myostatin concentrations were determined by ELISA. To identify a
cut-off for high serum myostatin levels, we performed ROC curve analysis. Multivariable logistic regression analysis was used
to identify the risk factors for LSMM and rheumatoid cachexia. The risk was expressed as odds ratios (ORs) and their 95%
confidence intervals (95% CIs). Results. Compared to the controls, the RA group had a higher proportion of LSMM and
exhibited high serum myostatin levels (p < 0:001). ROC curve analysis showed that a myostatin level ≥ 17 ng/mL was the most
efficient cut-off for identifying rheumatoid cachexia (sensitivity: 53%, specificity: 71%) and LSMM (sensitivity: 43%, specificity:
77%). In the multivariable logistic regression, RA with high myostatin levels (≥17 ng/mL) was found to increase the risk of
cachexia (OR = 2:79, 95% CI: 1.24-6.29; p = 0:01) and LSMM (OR = 3:04, 95% CI: 1.17-7.89; p = 0:02). Conclusions. High
serum myostatin levels increase the risk of LSMM and rheumatoid cachexia. We propose that high myostatin levels are useful
biomarkers for the identification of patients in risk of rheumatoid cachexia and myopenia.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
rheumatic disease clinically characterized by synovial joint
inflammation, high levels of proinflammatory cytokines,
autoantibodies (rheumatoid factor, anticyclic citrullinated
peptide antibodies) and a chronic inflammatory response.
This autoimmune disease causes pannus formation, leading
to subchondral bone and joint cartilage erosions and diverse
sequelae [1]. In addition to articular inflammatory charac-
teristics, patients with RA frequently experience a decrease
in skeletal muscle mass at a frequency ranging from 20%
to 43% [2, 3]. Furthermore, a considerable proportion of
patients with RA can develop rheumatoid cachexia, which
is defined as muscle wasting with or without an increase in
fat mass index (FMI) usually accompanied by a stable weight
[4]. Rheumatoid cachexia is frequently observed in these
patients, and a meta-analysis reported that its prevalence
ranged from 15% to 32% [5]. Cachexia has been associated
with the development of osteoporosis, an inadequate
response to infection, deteriorating physical capacity,
fatigue, and metabolic and cardiovascular morbidities.
Although the pathogenesis of rheumatoid cachexia is multi-
factorial, some recent experimental studies have found that
several myokines can influence the integrity of myocytes
and self-regulation of muscle function [6]. Myokines are
cytokines produced by myocytes that possess autocrine and
para/endocrine functions; they regulate the metabolism of
muscles and participate in the regulation of several functions
in adipose tissues, the liver, and the brain [7]. One of the
main myokines is myostatin, a protein that belongs to the
transforming growth factor-β family, and it has been sug-
gested to negatively regulate muscle growth [8]. Myostatin
is expressed in several tissues, primarily in skeletal muscle
and secondarily in cardiac muscle and adipose tissue [9].
Several investigations performed in experimental models
have demonstrated that elevated myostatin concentrations
inhibit fibroblast proliferation, induce atrophy in muscle
tissues by increasing ubiquitin-proteasomal activity, and
decrease the activity of the insulin-like growth factor-serine/
threonine kinase (IGF-AKT) signalling pathway [9].

To date, there is growing interest from physicians and
researchers regarding the effects of myostatin on skeletal
muscle in patients with chronic diseases. Regarding RA,
some works have investigated the relationship of myostatin
with some relevant clinical variables [10–12]. Recently, we
identified a relationship between high serum concentrations
of myostatin and an increase in joint inflammation as well as
a decrease in skeletal muscle mass in patients with RA [10].
However, that study had an insufficient sample size to eval-
uate whether a cut-off value for high myostatin levels could
help to identify myopenia or to demonstrate an increase in
the risk of rheumatoid cachexia [10]. To date, the relevance
of elevated levels of this myokine in the myopenia observed
in RA patients has not been proven, and some authors have
reported conflicting results, making it difficult to determine
the clinical value of serum myostatin; for example, Wada
et al. observed that lower myostatin levels were associated
with myopenia in patients with RA [11], while in an abstract

published by Silva et al., there was no correlation found
between myostatin concentrations and the quantity of
appendicular lean mass or the fat mass indices [12]. How-
ever, the results of both studies contradict the experimental
evidence regarding the effect of myostatin on regulating
the growth of skeletal myocytes decreasing the number and
size of muscle fibers [8]. These contradictory findings make
it necessary to conduct additional studies to assess the rela-
tionship between myostatin and rheumatoid cachexia and
low skeletal muscle mass controlling by confounders. There-
fore, the objective of our study was to evaluate the value of
high serum myostatin levels as a biomarker of rheumatoid
cachexia and myopenia in women with RA and to assess
whether the elevated serum levels of this myokine constitute
a relevant risk factor for rheumatoid cachexia independent
of other factors.

2. Patients and Methods

2.1. Design: A Cross-Sectional Study

2.2. Study Population. We included 233 Mexican Mestizo
women from western Mexico: 161 women had RA, and 72
women without inflammatory rheumatic diseases were
included as controls. All patients were recruited from an
outpatient research department of a university centre
(Universidad de Guadalajara). (Instituto de Terapeutica
Experimental y Clinica, Centro Universitario de Ciencias
de La Salud, University of Guadalajara) in Guadalajara city,
Mexico. This study was performed by researchers of the
Group for the Assessment of Prognosis Biomarkers in Auto-
immune Disorders. The characteristics and members of this
group had been published elsewhere [13]. This is a multidis-
ciplinary group of researches estblished for the assessment of
diagnostic tests, biomarkers, and prognosis and the treat-
ment of chronic diseases. At this centre, a cohort of RA
patients has been ongoing since 2010, recruiting persons pri-
marily from the Mexican Mestizo population in the western
part of Mexico (mostly from Guadalajara city, the second
largest city of Mexico in population). Controls were Mexican
Mestizo individuals from the same geographical area who
were assessed at the same university centre for the preven-
tion, diagnosis, or treatment of chronic diseases, mainly
including persons of the community interested in being
assessed for the prevention or early diagnosis of over-
weight/obesity, hypertension, endocrine diseases, chronic
renal diseases, osteoarthritis, or osteoporosis, among others.
Patients and controls were invited to participate from March
2020 to March 2021. All RA patients and controls signed a
voluntary consent form prior to inclusion in the study. For
RA patients, the inclusion criteria were patients aged ≥18
years who met the 1988 American College of Rheumatology
criteria for RA [14]. For the control group, women of a similar
age as those in the RA group were included. For both RA
patients and controls, we excluded individuals with diabetes
mellitus, chronic renal failure (serum creatinine >1.5mg/dL),
transaminase levels > 2-fold higher than the normal labora-
tory values, cancer, thyroid diseases, active infection, preg-
nancy, or lactation. Persons with hypertension were allowed

2 Journal of Immunology Research



to participate if the disease was considered controlled by their
physicians.

The study was approved by the Ethics Committee of the
Institute of Experimental and Clinical Therapeutics (INTEC)
at the University Center of Health Sciences (CUCS),
University of Guadalajara (approval code CEI/482/2019). This
research protocol adhered to the tenets outlined in the Decla-
ration of Helsinki given in Fortaleza, Brazil, 2013. All the per-
sons included in the study signed a voluntary consent form
prior to participating.

2.3. Clinical Evaluation of the RA Patients and Controls. We
administered a structured questionnaire to assess the socio-
demographic characteristics, lifestyle habits (sedentarism),
menopausal status and duration since menopause, and
hypertension. In all the participants, weight, height, and body
mass index (BMI) (estimated with the Quetelet formula) were
assessed [15]. We classified the participants as sedentary if
they did not report performing physical exercise for a mini-
mum of 150 to 300 minutes per week (of moderate intensity
or, alternatively, 75 to 150minutes per week of vigorous inten-
sity) [16]. Menopause was considered the cessation of ovarian
function in women who reported that their last menstruation
was at least one year ago [17], and we excluded women who
underwent oophorectomy for any reason.

2.4. Specific Assessment for RA Patients. RA patients were
assessed with a structured questionnaire to identify the dis-
ease duration, history of medical treatment, and functional
class of the patient. We evaluated the functional class
according to the criteria validated by the American College
of Rheumatology for global functional status in RA [18].
According to these criteria, stage I was defined as normal
function, and stages II to IV were defined as a patient with
a deteriorated physical function, with II being defined as
limited avocational activities (recreational and/or leisure)
and a handicap or limited motion at one or more joints,
III being defined as limited vocational (work, school, and
homemaking) and avocational activities but the ability to
perform usual self-care activities, and IV being defined as a
limited ability to perform usual self-care, being bedridden,
or being dependent on a wheelchair as consequence of RA
[18]. Disease activity was determined by the Disease Activity
Score for 28 joints (DAS28-ESR). This index assesses the
count of 28 swollen joints and 28 tender joints, and the
subjective global assessment of the patient is based on a
visual analogue scale of disease severity ranging from 0 to
100mm and including the erythrocyte sedimentation rate
(ESR) or C-reactive protein (CRP) [19]. For this study, we
used the ESR (erythrocyte sedimentation rate) to compute
the DAS28-ESR score (DAS28-ESR), and the patients were
classified into two groups according to the severity of disease
activity by this index [19]: (1) DAS28-ESR < 3:2, RA patients
with low disease activity or remission, and (2) DAS28-ESR
≥ 3:2, RA patients having moderate or severe disease
activity [19].

2.5. Dual X-Ray Absorptiometry Studies for the Determination
of Low Skeletal Muscle Mass and Rheumatoid Cachexia. The

measurement of body composition in all patients was carried
out using dual-energy X-ray absorptiometry (DXA) with a
densitometer iDXA GE LUNAR equipment (software encore
version 16.0, Madison, WI, USA). The segmental lean mass
of the arms and legs was obtained, and the skeletal muscle
index (SMI) was computed (½arms + legs�/adjusted by height
squared) [20]. According to the SMI, patients were classified
as having a low skeletal muscle mass (SMI < 5:5kg/m2) or
normal skeletal muscle mass (SMI ≥ 5:5kg/m2) [21]. In addi-
tion, we identified RA patients who had cachexia as those who
had loss of skeletal muscle mass plus stable or increased fat
mass following standardized criteria [22]. For the determina-
tion of rheumatoid cachexia in these patients, we determined
the fat-free mass index (FFMI) and the fat mass index
(FMI). According to Engvall’s criteria, we classified individuals
with rheumatoid cachexia according to whether they had an
FFMI below the 10th percentile plus FMI above the 25th per-
centile or FMI normal based on the reference population
[23]. In our population, the 10th percentile of FFMI was
13.74 kg/m2, and the 25th percentile of FMI was 11.27kg/m2.

2.6. Serum Myostatin Determination. Serum samples
obtained from RA patients and controls were deposited in
the Eppendorf tubes coded for the anonymized measure-
ment of myostatin. Therefore, to eliminate confirmation
and observer biases, the researchers who measured myo-
statin serum levels were blinded to the clinical information
including group or clinical characteristics. The code was
revealed after the conclusion of the study for the statistical
analysis. We quantified the serum myostatin levels by
enzyme-linked immunosorbent assay (ELISA) with a commer-
cial kit (Human Myostatin BioSource®). The measurement of
myostatin using this kit has a coefficient of variation < 15%,
specificity of 99%, and sensitivity of 1.0ng/mL.

2.7. Determination of High Serum Myostatin Levels. To iden-
tify the cut-off for a high myostatin level, we conducted a
percentile analysis of myostatin levels, and we chose a value
for myostatin above the 75th percentile as the cut-off. To val-
idate this cut-off, we performed receiver operating character-
istic (ROC) analysis using the presence of low muscle mass
(IMME < 5:5 kg/m2) in RA patients as a classifier.

2.8. Statistical Analysis. According to the Kolmogorov–
Smirnov test, the myostatin levels followed a nonparametric
distribution; therefore, we used nonparametric statistics.
Quantitative variables were expressed as medians (and
ranges), and qualitative characteristics were expressed as
frequencies (and %). For comparison of the quantitative
variables between two groups, Mann–Whitney U tests were
performed, and for qualitative variables, chi-square tests (or
Fisher’s exact tests if applicable) were performed. To identify
the cut-off value for a highmyostatin level in the RA group, we
used the 75th percentile value, corresponding to 17ng/mL. To
validate this cut-off value for classifying low muscle mass and
rheumatoid cachexia, we examined the performance of these
myostatin values using receiver operating characteristic
(ROC) curves. The area under the curve when assessing those
myostatin levels as a biomarker of rheumatoid cachexia was
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0.538, and the area under the curve when assessing those myo-
statin levels as a biomarker of low muscle mass (myopenia) in
RA was 0.605. The referred cut-off value was used to estimate
the sensitivity, specificity, positive predictive value, and nega-
tive predictive value of high levels of myostatin in identifying
low skeletal muscle mass or rheumatoid cachexia. We used a
multivariable analysis to determine whether high myostatin
levels are an important risk factor for myopenia or rheumatoid
cachexia, two multivariable logistic regression models were
developed. The first model was applied to identify the risk fac-
tors for low skeletal muscle mass (myopenia) in RA, and the
second model was applied to identify the variables associated
with the risk of rheumatoid cachexia. The covariates for these
models were variables that were significant in the univariable
analyses or variables that had biological plausibility for
increasing the potential risk of developing the dependent var-
iables. Adjusted odds ratios (ORs) and their 95% confidence
intervals (95% CIs) were obtained as measures of risk in these
models using the stepwise method. The significance level was
set to p ≤ 0:05. All analyses were performed using the statisti-
cal software R version 4.1.1.

3. Results

In Table 1, we compare the characteristics of the RA patients
and controls. A total of 161 women with RA and 72 women
without rheumatic disease (control group) were included in
this study. Among the 161 RA patients, 86 (53%) had low
skeletal muscle mass, and 30 (19%) had rheumatoid
cachexia. These groups were similar in terms of age, rate of
employment, menopausal status, height, and hypertension.
Weight and indices related to the quantity of fat (FFMI
and FMI) were lower in RA patients than in controls
(p < 0:001). The proportion of sedentary patients was higher
in the RA group than in the control group (p = 0:05). Myo-
statin concentrations were also higher in the RA group than
in the control group (p < 0:001). Regarding the cut-off value
for high levels of myostatin, 34% of RA patients had levels
≥ 17ng/mL compared with 4% of the controls (p < 0:001).

Regarding the treatments, almost all the RA patients had
synthetic-DMARDs (n = 154, 96%), glucocorticoids were
used by 96 patients (60%), and biologic DMARDs were used
by only 17 patients (11%), of them 4 had rituximab, 1 abata-
cept, and 12 anti-TNF agents (10 had etanercept, and 2 ada-
limumab). Additionally, all the patients using biologic
DMARDs had failure to combined therapy of synthetic-
DMARDs. In Table 2, we compare the clinical characteris-
tics of the RA patients with myopenia and the RA patients
with normal skeletal muscle mass. RA patients with
myopenia had a longer disease duration (p = 0:02), worse
functional class (II-IV) (p = 0:005), more active disease state
(DAS28-ESR≥3.2, p = 0:003), a higher prevalence of
rheumatoid cachexia (p = 0:001), and higher myostatin
concentrations (p = 0:02). No significant differences were
observed in terms of the frequency of the use of glucocorti-
coids (p = 0:92), specific synthetic disease-modifying drugs
(DMARDs) (p = 0:25), or biologic DMARDs (p = 0:32)
between these two groups (data not shown). The median
DAS28-ESR in RA patients with a low muscle mass was

3.12 (range: 0.96-7.12), while that among RA patients with a
normal muscle mass was 2.69 (range: 0.91-7.19, p = 0:002).
Finally, RA patients with a low muscle mass had a higher
frequency of myostatin levels ≥ 17ng/mL than RA patients
with normal muscle mass (43% vs. 23%, p = 0:006; data
not shown).

In Table 3, we compare the clinical characteristics of RA
patients with cachexia and RA patients without cachexia.
Patients with rheumatoid cachexia had a lower SMI
(p = 0:001) and a higher frequency of elevated myostatin levels
(≥17ng/mL) (p = 0:01). No differences were observed in the
proportions of patients treated with glucocorticoids (p = 0:19),
specific DMARDs (p = 0:35), or biologic DMARDs (p = 1:0)
between these two groups (data not shown).

As shown in Table 4, we computed the utility values of
high levels of myostatin (≥17 ng/mL) as a potential bio-
marker of low skeletal muscle mass and rheumatoid
cachexia. For low muscle mass, this cut-off value had a sen-
sitivity of 43%, a specificity of 77%, and an area under the
curve (AUC) of 0.605 (95% CI: 0.517 to 0.692). For rheuma-
toid cachexia, this cut-off value had a sensitivity of 53%, a
specificity of 71%, and an AUC of 0.538 (95% CI 0.424 to
0.652); other utility values are shown in Table 4.

Table 5 presents the results of multivariable logistic
regression analysis to identify the risk factors for low muscle
mass in RA adjusted by confounders. Using the stepwise
method after adjusting for age, disease duration, and deteri-
orated functional class (II-IV), the risk factors for low mus-
cle mass that remained in the model after adjusting for
confounders were a moderate or high Disease Activity Score
assessed by DAS28-ESR (p = 0:001) and high myostatin
levels (≥17 ng/mL; p = 0:02). BMI was shown to be a
protective factor for myopenia (p < 0:001). We performed a
second model in the multivariable logistic regression
analysis to identify the risk factors for rheumatoid cachexia
in this model after adjusting for age, disease duration, dete-
riorated functional class (II-IV), BMI, and DAS28-ESR; high
myostatin levels (≥17ng/mL) remained the most relevant
risk factor for rheumatoid cachexia (OR = 2:79, 95% CI:
1.24-6.29; p = 0:01) (data not shown).

4. Discussion

The most relevant findings of this study can be summarized
as follows: (i) The prevalence of myopenia (LSMM) in RA
patients was 53%. (ii) Rheumatoid cachexia was identified
in 19% of these patients. (iii) Higher levels of myostatin were
observed in RA patients compared to controls. (iv) Using a
myostatin concentration ≥ 17ng/mL for high levels of myo-
statin, we identified that both myopenia and rheumatoid
cachexia were associated with levels higher than this cut-
off. (v) Using the referred cut-off value of ≥17ng/mL, the
sensitivity and specificity of high myostatin concentrations
for identifying myopenia were 43% and 77%, respectively,
and for detecting rheumatoid cachexia they had a sensitivity
of 53% and a specificity of 71%. (vi) Finally, after adjusting
for confounders, high myostatin concentrations were identi-
fied as independent risk factors for low muscle mass
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(OR = 3:04, 95%CI = 1:14-8.10) and for rheumatoid cachexia
(OR = 2:79, 95%CI = 1:17-7.89).

The prevalence of myopenia reported herein (53%) is simi-
lar to that reported by other authors in Turkey andMorocco [3,
24]; however, it is higher than that observed by other studies
performed in the United States and France [25–27]. A recent
meta-analysis performed by Dao et al. identified in 16 studies
a pooled prevalence of low muscle mass/sarcopenia of 30.2%
(95%CI = 24:2-36.2%) in 2,240 adults with RA [28]. Differences
in ethnicity/race and epidemiological risk factors can influence
the variability in the prevalence rates reported across studies.

The prevalence of rheumatoid cachexia has been
reported by a few studies. In a meta-analysis by Santo et al.
of 8 studies assessing rheumatoid cachexia (only 5 assessed
using DXA), the prevalence of rheumatoid cachexia ranged
from 1% to 53.9% among RA patients [5]. In our study, we
found that 19% of our RA patients had rheumatoid cachexia.
This figure is similar to that reported for other cohorts of RA
patients in Latin America. Santo et al. found a prevalence
from 13% to 30% in RA patients [29]. In this context, we
previously reported a prevalence of rheumatoid cachexia of
14% in one study with a smaller sample of RA patients

Table 1: comparison between selected characteristics of patients with RA vs controls.

RA
n = 161

Controls
n = 72 p value

Age, median (range) 58 (18-89) 59 (36-73) 0.55

Scholarship ≤ high school 117 (73) 54 (75) 0.71

Employee, n (%) 44 (70) 19 (30) 0.88

Menopause, n (%) 132 (82) 60 (83) 0.80

Sedentary, n (%) 105 (65) 37 (51) 0.05

Weight (kg), median (range) 63.0 (39.5-96.0) 69.6 (52.8-96.6) <0.001
Height (cm), median (range) 155 (137-170) 155 (142-171) 0.50

BMI (kg/m2), median (range) 26.3 (16.5-39.5) 28.3 (20.8-42.1) <0.001
Arterial hypertension, n (%) 55 (70) 24 (33) 0.90

SMI (kg/m2) 5.44 (2.69-9.53) 6.58 (5.5-10.73) <0.001
Low muscle mass (SMI < 5:5 kg/m2), n (%) 86 (53) 0 (0) NA

FFMI (kg/m2) 13.7 (9.7-23.5) 15.7 (12.6-20.5) <0.001
FMI (kg/m2) 12.2 (4.1-21.7) 13.2 (7.9-23.2) 0.004

Rheumatoid cachexia, n (%) 30 (19) NA NA

Myostatin (ng/mL) 11.89 (1.2-140) 7.9 (1.2-19.6) <0.001
High myostatin (≥17 ng/mL) 54 (34) 3 (4) <0.001
BMI: body mass index (kg/m2); SMI: skeletal muscle index; FFMI: fat-free mass index; FMI: fat mass index; NA: not applicable. Quantitative
variables expressed in medians and ranges and compared by Mann–Whitney U tests; qualitative variables expressed in frequency and (%) and
compared by chi-square tests.

Table 2: Comparison of clinical characteristics between RA patients with and without low muscle mass in the univariable analysis.

RA+low muscle mass
SMI < 5:5 kg/m2

n = 86

RA+normal muscle mass
SMI ≥ 5:5 kg/m2

n = 75
p value

Age, median (range) 57.5 (18-80) 59.0 (24-89) 0.80

Menopause, n (%) 74 (86) 58 (77) 0.15

Sedentary, n (%) 57 (66) 48 (64) 0.76

BMI (kg/m2), median (range) 23.5 (16.5-36.7) 29.3 (21.4-39.5) <0.001
Disease duration, median (range) 12 (1-40) 8 (1-35) 0.02

Deteriorated functional class (II-IV), n (%) 69 (80) 45 (60) 0.005

DAS28-ESR ≥ 3:2 41 (48) 19 (25) 0.003

Rheumatoid cachexia, n (%) 24 (28) 6 (8) 0.001

Myostatin (ng/mL), median (range) 13.54 (1.88-140) 10.02 (1.2-117) 0.02

High myostatin levels (≥17 ng/mL) 37 (43) 17 (23) 0.006

DAS28-ESR: Disease Activity Score (28 joints), Erythrocyte Sedimentation Rate. DAS28-ESR ≥ 3:2 indicates moderate or severe disease activity in RA patients.
Quantitative variables expressed in medians and ranges and compared by Mann-Whiney U tests; qualitative variables expressed in frequency and % and
compared by chi-square tests.
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[10]. These differences in prevalence can be explained in part
by the method of body composition assessment (DXA vs. bio-
electrical impedance analysis or anthropometric measure-
ments), the cut-offs used for diagnosis, the presence of
comorbid diseases, and the disease characteristics of RA that
can increase the risk of developing this condition (such as
early vs. longer disease duration and a severe inflammatory
status). However, the definition used for the diagnosis of rheu-

matoid cachexia has relevance in the differences of prevalence.
For instance, Ångström et al. [30] reported the prevalence of
cachexia in patients with early rheumatoid arthritis to be
24% using the Engvall criteria and 32% using the Elkan criteria
[23, 31]. We choose for this study the Engvall criteria for the
classification of patients with rheumatoid cachexia.

Regarding the high levels of myostatin, we identified that
approximately one-third of these RA patients had high

Table 3: Comparison of clinical characteristics between RA patients with and without cachexia in the univariable analysis.

RA+cachexia
n = 30

RA+noncachectic
n = 131 p value

Age, median (range) 56 (42-80) 59 (18-89) 0.75

Menopause, n (%) 28 (93) 104 (80) 0.07

Sedentary, n (%) 20 (67) 85 (65) 0.85

BMI (kg/m2), median (range) 26.6 (23.1-29.4) 25.8 (16.5-39.5) 0.59

Disease duration, median (range) 13 (1-35) 10 (1-40) 0.75

Deteriorated functional class (II-IV), n (%) 23 (77) 91 (70) 0.43

DAS 28, median (range) 3.13 (1.27-5.05) 2.93 (0.91-7.19) 0.29

DAS28-ESR ≥ 3:2 14 (47) 46 (35) 0.24

SMI (kg/m2), median (range) 5.15 (4.29-6.03) 5.65 (2.69-9.53) 0.001

Low muscle mass, SMI < 5:5 kg/m2, n (%) 24 (80) 62 (47) 0.001

Myostatin (ng/mL), median (range) 17.59 (1.4-67.3) 11.4 (1.2-140) 0.52

High myostatin levels (≥17 ng/mL) 16 (53) 38 (29) 0.01

DAS28-ESR: Disease Activity Score (28 joints), Erythrocyte Sedimentation Rate. DAS28-ESR ≥ 3:2 indicates moderate or severe disease activity in RA patients.
SMI: Skeletal Muscle Index. Quantitative variables expressed in medians and ranges and compared by Mann–Whitney U tests; qualitative variables expressed
in frequency and % and compared by chi-square tests.

Table 4: Utility values of myostatin levels ≥ 17 ng/mL, for a biomarker of low muscle mass and rheumatoid cachexia.

Utility values of the assay Low muscle mass Rheumatoid cachexia

Sensitivity, % (95% CI) 43 (32-54) 53 (34-72)

Specificity, % (95% CI) 77 (66-86) 71 (62-79)

Positive predictive value, % (95% CI) 69 (57-78) 30 (22-39)

Negative predictive value, % (95% CI) 54 (49-60) 87 (82-91)

LR+ 1.89 (1.17-3.08) 1.83 (1.19-2.82)

LR- 0.74 (0.59-0.91) 0.65 (0.44-0.97)

Prevalence 53 (45-61) 19 (13-26)

LR+: positive likelihood ratio; LR-: negative likelihood ratio.

Table 5: Associated factors with low muscle mass in RA.

Univariate
Intro method

Multivariate
Stepwise method

OR 95% CI p-value OR 95% CI p value

Age 1.01 0.97-1.05 0.59 — — —

BMI 0.62 0.52-0.73 <0.001 0.61 0.52-0.72 <0.001
DAS28-ESR 1.86 1.20-2.89 0.006 2.10 1.38-3.21 0.001

Disease duration 1.02 0.97-1.08 0.35 — — —

Deteriorated functional class 2.19 0.79-6.06 0.13 — — —

High myostatin (≥17 ng/mL) 3.04 1.14-8.10 0.03 3.04 1.17-7.89 0.02

Multivariable logistic regression analysis. Dependent variable presence of low muscle mass in RA patients. OR: odds ratios; 95% CI: 95% confidence intervals.
Crude ORs were obtained using the Enter method. Adjusted ORs were obtained using the Forward stepwise method. BMI: body mass index (kg/m2); DAS28-
ESR: Disease Activity Score (28 joints). Deteriorated functional class (II-IV).
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serum levels of myostatin compared to only 4% of the con-
trols. Contrary to these results, Silva et al., in a published
abstract, reported lower myostatin levels in RA patients than
in controls [12]. However, the difference between the results
of both studies cannot be explained yet because, to date, the
results of Silva’s study have not been published in their
entirety. Myostatin can be increased by disease activity and
other factors; therefore, Silva’s study although has relevant
information the lack of the description of other clinical and
therapeutical variables limits the interpretation of their results.

Myostatin is a myokine member of the tumour growth
factor β (TGF-β) family, which is also described as
growth/differentiation factor 8 (GDF-8) [32]. In adulthood,
myostatin is produced by myocytes and other tissues,
including the heart, adipose tissue, liver, and mammary
gland [33]. Myostatin exerts its effects through various sig-
nalling pathways [33–39]. For example, it has been shown
that myostatin binds to activin receptor type II (ActRIIB),
which acts through the Smad pathway, inducing the inhibi-
tory protein Smad7 and establishing a negative feedback
loop to suppress the growth of myocytes, producing a
decrease in skeletal muscle mass [32–34]. On the other hand,
the elevated expression of myostatin is also associated with
an increase in the production of proinflammatory cytokines
[37–40]. In vitro studies have demonstrated that myostatin
promotes interleukin-1β expression by synovial fibroblasts
through extracellular signal-regulated kinase-1 (ERK), c-Jun
N-terminal kinase (JNK), and AP-1 signalling pathways that
inhibit miR-21-5p [37]; likewise, myostatin induces tumour
necrosis factor-α expression in synovial fibroblasts of RA
through the phosphatidylinositol 3-kinase (PI3K)–Akt–AP-1
signalling pathway [38]. There is evidence regarding the
proinflammatory effects of myostatin. In experimental studies
of induced arthritis, myostatin regulates the recruitment of
Th17 cells through increased levels of CCL20 on joint tissues,
which subsequently induces an increase in IL-17 levels,
contributing to the persistence of inflammation [39]. Other
studies have demonstrated overexpression of myostatin in
the synovial tissue of RA patients [37, 40]. However, an
increase in the serum levels of this myokine has also been
reported by us in RA, mainly in patients with moderate or
severe disease activity [10].

According to our results, we have identified myostatin as
a marker related to low muscle mass and rheumatoid
cachexia. These associations between increased myostatin
and myopenia have also been reported in men from healthy
community-living older adults, supporting our findings [41,
42]. Only a few studies have been conducted in RA patients
to assess this association [11, 12]. The first study was pub-
lished as abstract by Silva et al. [12]. Silva et al. studied 122
females with RA and 30 subjects without rheumatic diseases
and found no correlations between the myostatin levels and
low muscle mass (assessed by the appendicular lean mass
index measured by DXA) or between the severity of disease
activity in RA (DAS28-ESR) and myostatin levels [12].
Wada et al., in a published abstract evaluating 96 RA
patients of both sexes, contrary to our findings, identified a
positive correlation between high skeletal muscle mass
(measured by bioimpedance) and elevated serum myostatin

levels, whereas myostatin levels correlated negatively with
the severity of disease activity by DAS28-ESR [11]. Unfortu-
nately, these two studies have not yet been fully reported,
and therefore, we cannot interpret other possible factors
related to the discrepancies in these results. These findings
contrast with our results; we observed that an increase in
myostatin is associated with low skeletal muscle mass. Sev-
eral experimental models and findings in a nonrheumatic
population indicate that higher concentrations of myostatin
can be associated with muscle wasting [9, 41, 42], supporting
the biologic plausibility of our findings. Additionally, we per-
formed adjusted statistical analyses in order to exclude the
effects of confounders in the potential relation between myo-
statin and low skeletal muscle mass or rheumatoid cachexia.

We also investigated the cut-off point to define high
serum levels of myostatin as a potential biomarker for the
identification of low muscle mass and rheumatoid cachexia.
After establishing the cut-off value for myostatin levels at
≥17 ng/mL using ROC curves, we found an AUC of 0.605
for low muscle mass and an AUC of 0.538 for rheumatoid
cachexia. The sensitivity and specificity obtained with this
cut-off suggest that a high myostatin level can be used as a
complementary biomarker of these conditions.

Finally, a high level of myostatin was identified as a risk
factor for low muscle mass and rheumatoid cachexia. This
increase in risk is based on the results of the multivariable
analysis, the risk of myopenia (ORs) increased with moder-
ate/severe disease activity, and high levels of myostatin
(≥17 ng/mL). The increased risk of myopenia in patients
with high disease activity in RA has been previously pub-
lished by Ngeuleu et al. [24], and part of the mechanism
linking myopenia with disease activity can be the increase
of myostatin supporting our findings. The biological plausi-
bility of these results is supported by evidence showing that
disease activity and deteriorated functional class are related
to the increase in proinflammatory cytokines such as inter-
leukin 6, interleukin 1β, and TNFα, which can deteriorate
muscle mass developing myopenia [43].

On the other hand, we identified that a high BMI was a
protective factor that decreased the risk of myopenia; these
results are supported by previous studies performed among
RA patients [3, 24], although this finding was not observed
by others [2]. A low BMI is associated with other relevant
outcomes in RA; for instance, Fukuda et al. observed an
association between a low BMI and poor quality of life
[44]. Similarly, we identified in the multivariable analysis
that high myostatin levels (≥17ng/mL) increased the risk
of rheumatoid cachexia, but no association was observed
between the severity of the disease and cachexia. In a
meta-analysis by Santo et al., they did not find any relation
between cachexia and active disease or disease duration in
RA [5]. Instead, two different studies performed by Santo
et al. [29] and Ångström et al. [30] identified a possible rela-
tion between disease activity and changes in body composi-
tion parameters. This is an interesting result that deserves
further evaluation in longitudinal studies.

Rheumatoid cachexia manifests as progressive muscle
wasting with a stable or increased fat mass [23, 45]. Cachexia
is a condition related to weight loss, where muscle tissue,
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adipose tissue, and bone tissue are affected, and it is mainly
associated with the excessive production of cytokines,
although other factors have also been described [46, 47].
Moreover, our findings show that a high myostatin level
(≥17ng/mL) is an independent risk factor for rheumatoid
cachexia, although myostatin levels have not been previously
evaluated in rheumatoid cachexia by other groups. Myope-
nia, cachexia and sarcopenia are associated to worse progno-
sis in RA including the development of articular damage,
osteoporosis and osteoporotic fractures among others
[48–50]. These results are consistent with those described
in the literature on chronic wasting diseases and experimen-
tal studies [46, 51–53]. Myostatin plays a relevant role in the
development of muscle atrophy by inducing cachexia in
nonrheumatic patients and experimental studies [46]. In
murine models, it has been observed that high doses of myo-
statin can decrease the myotube diameter in muscle [51].
Myostatin downregulates the expression of myogenic genes
(MyoD) [52] and upregulates some of the genes involved
in ubiquitination by mediating proteolysis and activating
FoxO1 and atrogin-1, resulting in inactivation of the myo-
genic gene MyoD, favouring the development of a cachectic
condition in experimental models [53].

Our study has several limitations that should be
addressed by future studies. First, this work was designed
to simultaneously evaluate myostatin concentrations and
their relation to myopenia at a single point in time. This
study design is useful to test the utility of a new potential
marker, which was one of our objectives; however, informa-
tion regarding the changes in myostatin levels over time
could not be ascertained. Future longitudinal cohort studies
should address this limitation to determine whether changes
in myostatin levels are predictive of a clinically relevant
decrease in skeletal muscle mass over the long term. A sec-
ond limitation of our study is that some of the risk factors
assessed in the present work can change over time; these fac-
tors might include modifications to the treatment regimen to
include DMARDs or corticosteroid drugs, which could
influence muscle mass. Again, prospective cohort studies
are required to examine the effects of these factors on muscle
mass. The third limitation is that we did not include men in
our study, so the results reported in this study can only be
extrapolated to the female population with RA. Finally, other
works have identified a protective effect of anti-TNF agents
or other biologic agents in rheumatoid cachexia [25, 54],
however, in our study, only 17 patients were treated with
biologic agents. This low frequency of treatments with bio-
logics is frequent in Latin-American patients with RA by
issues related to the elevated cost and low availability of
these treatments in public hospitals without private insur-
ance. Therefore, an important point to be assessed in future
studies is the effect of these biologic agents on myostatin
levels and the relation with rheumatoid cachexia.

The present study also has several strengths. This is the
first study to propose myostatin level cut-off value to identify
rheumatoid cachexia and low muscle mass and to investigate
the contribution of high myostatin levels to the risk of devel-
oping these two conditions. Additionally, this study assessed
the utility of the myostatin cut-off value in predicting the

risk of myopenia and rheumatoid cachexia using multivari-
able models. Based on the results of this study, we consider
that high levels of myostatin are related to an increase in
the risk of rheumatoid cachexia and myopenia in RA, and
we propose that the measurement of myostatin can be useful
as an additional tool for clinicians aiming to identify patients
at risk of these conditions. Myostatin, therefore, can be a
therapeutic target in rheumatoid cachexia or severe myope-
nia, and the high levels of this myokine can identify the
potential patients to consider for treatment with myostatin
inhibitors. However, future studies are needed to validate the
results of the present study, and prospective longitudinal stud-
ies should be performed to identify whether the baseline myo-
statin level could be utilized to predict differences in relevant
outcomes of patients with regard to cachexia and myopenia.

5. Conclusions

We identified that a high myostatin level is a risk factor for
low muscle mass and rheumatoid cachexia, and this high
risk remains after controlling for confounders. On the other
hand, a high myostatin level had a sensitivity of 53% and
specificity of 71% for predicting rheumatoid cachexia.
Therefore, a myostatin level ≥ 17ng/mL can be considered
a marker of low muscle mass and rheumatoid cachexia in
RA patients, which can help physicians make related medi-
cal decisions and encourage future research.
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