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Abstract

Background: This study was aimed at evaluating the aerobic capacity of patients with antisynthetase syndrome
(ASS) and dermatomyositis (DM) and analyzing possible relationships between aerobic capacity and disease status,
cardiovascular diseases and their risk factors.

Methods: The study was a cross-sectional, single-center study that assessed the aerobic capacity of 22 women (13
with DM and 9 with ASS) who were matched by age and body mass index to 17 healthy women (control group).
The aerobic capacity (oxygen uptake [VO, peak], anaerobic threshold, respiratory compensation point and time-to-
exhaustion) was evaluated using the cardiopulmonary treadmill test. Disease status was assessed using International
Myositis Assessment & Clinical Studies Group (IMACS) set scores.

Results: The patients had low IMACS parameters that showed low or absent disease activity. The distribution of
cardiovascular diseases and their risk factors was similar between the patients and the control group (P> 0.05) at
the time of the analysis. The patients with DM and the control group had similar aerobic capacity. However, the
patients with ASS exhibited significantly reduced aerobic capacity (relative VO, peak, anaerobic threshold,
respiratory compensation point and time to exhaustion) when compared to the control group. In addition, patients
with ASS had a lower anaerobic threshold compared to the DM group. There were no significant relationships
between the aerobic capacity and disease status, cardiovascular diseases and their risk factors.

Conclusion: In contrast to DM patients and healthy individuals, patients with stable ASS have significantly impaired
aerobic capacity, which is unlikely to be totally explained by traditional cardiovascular diseases, their risk factors and
disease status. Further studies are needed to corroborate our data and to clarify the cause of this reduced aerobic
capacity in ASS.
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Introduction hand”, which are also observed in patients with anti-

Systemic autoimmune myopathies (SAMs) are a group
of rare systemic autoimmune diseases that are clinically
characterized by progressive skeletal muscle weakness
[1]. Moreover, SAMs can present cutaneous lesions,
such as heliotrope rash and Gottron’s sign / papules,
which occur in patients with dermatomyositis (DM) [1].
SAMs can also present pulmonary and articular involve-
ments, fever, Raynaud’s phenomenon, and “mechanic’s
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synthetase syndrome (ASS) [2, 3].

Patients with SAMs have a high prevalence of cardio-
vascular diseases (CVDs) and their risk factors [4-7].
Furthermore, sedentary behavior and physical inactivity
may result in high rates of CVD risk factors and reduced
aerobic capacity in the long term [8, 9].

Aerobic capacity is defined as the body’s ability to capture,
carry and use oxygen [10, 11]. In clinical practice, the aerobic
capacity is mainly used to evaluate the response of the car-
diopulmonary, musculoskeletal and energy metabolism sys-
tems to the effort, enabling early detection of complications
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in these systems; therefore, it is an important predictive tool
of CVDs’ outcomes and comorbidities [11].

Several researchers have shown the association be-
tween decreased aerobic capacity and increased risk of
morbidity and mortality associated with CVDs [11-13].
Thus, increased aerobic capacity represents a significant
improvement in functional capacity and quality of life,
increased perception of self-reported physical health and
a reduction in CVDs and their risk factors [14].

Although studies are scarce, aerobic capacity measure-
ment has been the target of various studies in systemic
autoimmune diseases [15-21]. For example, in rheuma-
toid arthritis, patients experience reduced aerobic capacity
and lower levels of vigorous physical activity [15]. In
juvenile rheumatoid arthritis, aerobic capacity reduction is
related to disease activity [16], whereas in systemic lupus
erythematosus, it is associated with greater fatigue and
lower functional capacity [17, 18]. In Sjogren’s syndrome,
patients with reduced aerobic capacity also have lower
functional capacities, higher body pain levels and poorer
quality of life [19].

Aerobic capacity reduction has also been described
in a few studies of patients with DM and polymyositis
[8, 9, 20-22]. However, some of these studies did not
include details about disease status or drug therapy
schemes (i.e., glucocorticoids) [9, 21, 22], which may pro-
mote muscle hypotrophy or atrophy and thus contribute
to further aerobic capacity reduction [23]. In addition, to
date, no study has analyzed aerobic capacity in patients
with ASS separately.

Thus, the evaluation of aerobic capacity in patients with
SAMs, and specifically in patients with ASS, could offer
new perspectives on the use of cardiopulmonary tests to
predict the risk of CVDs and, ultimately, the health of this
population. Therefore, this study’s objective was to assess
aerobic capacity in patients with ASS and patients with
DM and to analyze possible relationships between aerobic
capacity and disease status, CVDs and their risk factors.

Patients and methods

This was a cross-sectional single-center study, in which
91 consecutive patients (60 with DM and 31 ASS) who
attended regular follow-ups were initially selected from
2017 to 2018.

Patients with DM completed the European League
Against Rheumatism / American College of Rheumatol-
ogy (EULAR / ACR 2017) classification criteria [24],
whereas those with ASS met the modified classification
criteria of Connors et al. [2]. All patients had an serum
autoantibody against aminoacyl-transfer ribonucleic acid
synthetase and at least two out of the three aspects of
the syndrome: muscle, joint and/or lung involvements,
in addition to unexplained and persistent fever, Raynaud
phenomenon and/or “mechanic’s hands”.
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The present study is an extension of our previous study
approved by the local ethics committee. In this context,
male patients, patients with disease activity, patients with
overlapping syndromes, patients who performed more than
150 min of moderate physical activity or 75 min of vigorous
physical activity per week [25], patients with difficulty walk-
ing and patients with uncontrolled hypertension were ex-
cluded. In addition, patients who had used prednisone > 10
mg/day within the last 3 months were excluded.

The patients’ relatives or employees of our institution
were selected as a control (CTR) group. Patients in the
CTR group were age- and body mass index (BMI)-matched
to patients with SAMs. In addition, we excluded individuals
with any systemic autoimmune diseases, with uncontrolled
systemic arterial hypertension, who used any medications
that might compromise the treadmill cardiopulmonary test,
who had individuals with walking difficulties or who per-
formed more than 150 min of moderate physical activity or
75 min of vigorous physical activity per week [25].

The following data on eligible patients were collected
from electronic medical records, using prestandardized
and parameterized information:

A) Information referring to the initial diagnostic
investigation:

— Demographics: Age at disease diagnosis

— Initial clinical manifestations: Constitutional
symptoms, heliotrope rash, Gottron’s sign / papules,
“mechanic’s hands”, joint involvement (arthralgia or
non-erosive arthritis), pulmonary involvement
[defined as changes on high-resolution computer
tomography images of the lung: incipient interstitial
lung disease (ILD) and/or pulmonary fibrosis in both
lung bases], Raynaud’s phenomenon, dysphagia,
muscle weakness (upper and lower limbs according
to the Medical Research Council) [26].

— Laboratory parameters: Serum levels of creatine
phosphokinase (reference value: 32-167 U/L),
antisynthetase autoantibodies (anti-Jo-1, PL-7, PL-
12, O], and EJ). Serum samples stored at — 20 °C
were collected at the time of the initial disease
activity investigation. The autoantibody
identification was performed using a commercial kit
(Myositis Profile 3, Euroimmun, Germany)
according to the manufacturer’s protocol. The
evaluation of the results was based on the
established method in a previous study [27]

B) Information referring to the patients when selected
for the present study:

— Demographics: Current age, and BMI
— Current pulmonary involvement
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— Current disease status, which was assessed
through IMACS: Manual Muscle Testing (MMT)-
8, Myositis Disease Activity Assessment Visual
Analogue Scales (MYOACT), visual analog scale
of the physician and the patient (VAS), Health
Assessment Questionnaire (HAQ), and serum
creatine phosphokinase (CPK) [28, 29].

— Treatment (i.e., glucocorticoid, immunosuppressive
or immunobiological drugs)

— CVDs and its risk factors: acute myocardial
infarction, stroke, congestive heart failure, type 2
diabetes mellitus, smoking, systemic arterial
hypertension, dyslipidemia. We used as criterion
for the diagnosis of dyslipidemia: plasma total
cholesterol > 200 mg/dL, LDL-cholesterol > 130
mg/dL, triglycerides > 150 mg/dL, HDL < 50 mg/dL
and/or drug treatment for evaluated dyslipidemia
[30]. Hypertension was determined when patients
received antihypertensive drugs or when systolic
blood pressure was 2140 mmHg and/or diastolic
pressure was >90 mmHg. The diagnosis of
diabetes was based on the results of measurement
of plasma glucose and/or drug treatment [31].
Smoking was considered active if it occurred at
the time of analysis or within six months prior to
the study

— Aerobic capacity: Patients and healthy individuals
underwent a treadmill cardiopulmonary test
(Centurion 200, Micromed), with ramp protocol (2.0
mph / 0% grade for the first 1 min stage, increasing
to 2.5 mph / 0% grade for the second stage, 3.0 mph
/ 0% grade for the third stage, 3.5 mph / 0% grade
for the fourth stage, and 2.5% increments in grade
each stage thereafter) performed until voluntary
exhaustion. All subjects assessed were familiarized
with the treadmill, rested for one hour before the
actual test, and demonstrated the procedures to be
performed during the test.

The test was performed in an air-conditioned labora-
tory (20—22 °C). Humidity and barometric pressure were
continuously monitored during the evaluations. All car-
diovascular and pulmonary responses were evaluated
and controlled during the test, and the participants were
connected to a computerized spiroergometer (MetaLyzer
model 3B / breath-by-breath).

To define ventilatory thresholds, for the first threshold
(i.e. ventilatory anaerobic threshold), we used the max-
imum point where energy production occurred exclusively
through aerobic metabolism. For the second threshold
(i.e. respiratory compensation point), we used the max-
imum limit that preceded ventilatory decompensation for
acidosis. In addition to maximum oxygen consumption,
we also considered VO, peak in this case [10].
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Statistical analysis. Data distribution was determined
using the Shapiro-Wilk test, from which the normal data
were expressed as mean + standard deviation. Data with
asymmetric distribution were expressed as median
(interquartile 25th - 75th). The categorical data were
expressed by percentage (%) and differences were ana-
lyzed using Fisher’s test. The existence of differences in
quantitative variables with normal distribution was ana-
lyzed through one-factor analysis (ANOVA) and Tukey’s
test was conducted to evaluate multiple comparisons. In
the quantitative variables with asymmetric distribution,
the Kruskal Wallis test and Dunn’s test were conducted
to evaluate multiple comparisons. The point biserial
correlation (rp,) was used to evaluate the correlation be-
tween variables when one variable was continuous and
the other dichotomous. In addition, rp}, values was classi-
fied as low correlation (< 0.333), moderate correlation
(0.333-0.666) or strong correlation (> 0.666). The differ-
ences were considered statistically significant when at
values of P<0.05. The analyses were performed with
GraphPad Prism® software version 6.01 for Windows
(San Diego, California, USA).

Results
After applying the inclusion and exclusion criteria, 69
out of 91 patients were included in the present study.
However, 47 patients did not agree to participate, so 22
patients (13 with DM and 9 with ASS) were included.
Most patients from our center come from other cities or
states. Moreover, most of them work. In contrast, the
possible presence of symptoms, such as fatigue, pain and
systemic manifestations were not causes exclusion cri-
teria in the present study.

Seventeen CTR group individuals were also assessed
(Fig. 1).

A) General characteristics of the patients at the time of
disease diagnosis.

The mean age of patients with DM at the time of diag-
nosis was comparable to that of patients with ASS (40.2
years and 40.2 years, respectively; P =0.999) (Table 1).

The distribution of the initial clinical features such as
constitutional symptoms, the presence of Raynaud’s
phenomenon, dysphagia and limb weakness was also
similar between patients with DM and patients with
ASS. However, joint and pulmonary involvements were
statistically more frequent in patients with ASS than in
those with DM.

Cutaneous involvement (heliotrope rash and Gottron’s
sign/papules) was present in the majority of patients
with DM, whereas the presence of “mechanic’s hands”
was observed only in patients with ASS.
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Fig. 1 Flowchart of patients with dermatomyositis and antisynthetase syndrome, and control group. ASS: antisynthetase syndrome; CTR: control

The serum creatine phosphokinase (CPK) level at the
time of diagnosis was similar for patients with DM and
patients with ASS (P = 0.366).

In addition, all ASS patients had ASS autoantibodies: 8
patients had anti-Jo-1 and one patient had anti-PL-12
autoantibodies. Moreover, no DM patients had specific-
myositis autoantibodies (i.e., anti-M-2 autoantibody)
(Table 1).

B) Patients’ general characteristics at the time of
selection for the present study.

As expected, at the time of aerobic capacity analysis,
current age and BMI values were comparable among pa-
tients in the DM, ASS and CTR groups (Table 2).

The distribution of lung involvement was also similar
among the groups, as were IMACS parameters (HAQ,
MMT-8, patient’s VAS, physician’s VAS, MYOACT, and
CPK) and prednisone levels (current use and median
dose) (Table 2).

Regarding drug therapy, 12 patients with DM and 9
patients with ASS used one or more immunosuppressive
or immunobiological agents. In addition, fewer than half
of the patients in the DM and ASS groups used prednis-
one. The median dose was 0.0 (0.0-7.5) mg/day and 0.0
(0.0-10.0) mg/day, respectively (Table 2).

In relation to CVDs and their risk factors, half of the
patients in the DM and ASS groups had systemic arterial

hypertension and dyslipidemia, which were also found in
the CTR group. Approximately one-fifth of patients had
type 2 diabetes mellitus, whereas the CTR group had no
cases. Moreover, no groups contained cases of acute
myocardial infarction, stroke, congestive heart failure or
current smoking habit (Table 3).

The patients with DM and the CTR group had similar
aerobic capacity parameters. However, patients with ASS
had significantly reduced relative VO, peaks, anaerobic
thresholds, respiratory compensation points and exhaus-
tion times when compared to the CTR group. In
addition, patients with ASS had lower anaerobic thresh-
olds when compared to DM patients (Table 4, Figs. 2
and 3).

There were no relationships between aerobic capacity
parameters and disease status, patients’ drug treatment
scheme, CVDs and their risk factors in patients with
DM and patients with ASS.

Discussion

In the present study, a significant reduction in aerobic
capacity was observed in stable patients with ASS when
compared to stable patients with DM and healthy fe-
males. The impairment observed in the ASS group was
apparently independent of the traditional factors that
interfere with aerobic capacity parameters, such as CVDs
and their risk factors, disease status and patients’ drug
treatment schemes.
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Table 1 General features of patients with dermatomyositis and antisynthetase syndrome at disease onset

DM ASS P
(n=13) (n=9)
Age at disease diagnosis (years) 402+115 402+102 0.999
Clinical manifestations (%)
Constitutional symptoms 8 (61.5) 8 (88.9) 0.333
Skin involvement
Heliotrope rash 12 (92.3) 0 -
Gottron’s sign 12 (92.3) 0 -
Gottron's papule 12 (923) 0 -
“Mechanic’s hands” 0 6 (66.7) -
Joint involvement 2 (154) 8 (88.9) 0.001
Pulmonary involvement 4(30.8) 9 (100.0) 0.001
Raynaud's phenomenon 6 (46.2) 8 (88.9) 0.165
Dysphagia 8 (61.5) 3(333) 0.193
Muscle involvement (%)
Upper limbs (muscle strength)
Degree |l 0 0 0.689
Degree Il 0 0
Degree Il 2 (15.8) 2(22.2)
Degree IV 11 (84.2) 6 (66.7)
Degree V 0 1(11.1)
Lower limbs (muscle strength)
Degree |l 0 0 0973
Degree Il 0 0
Degree Il 3 (23.1) 2 (22.2)
Degree IV 9 (69.2) 6 (66.7)
Degree V 1(7.7) 1011.1)

Laboratory parameters
Creatine phosphokinase (U/L)
Antisynthetase autoantibodies (%)
Anti- Jo-1 0
Anti-PL-12 0

2300 (999-6326)

0.366

ASS antisynthetase syndrome, DM dermatomyositis

The present study provided detailed descriptions of
disease status using IMACS scores and patient drug
therapy, allowing for better clinical, laboratory and
therapeutic characterization of the patients at the time
of analysis of the aerobic capacity.

Our patients showed stable disease activity, and fewer
than half of patients used prednisone. Those who did
used a low daily dose. Therefore, the patients had rela-
tively stable disease. In other words, they had no disease
activity and were clinically stable.

Another relevant aspect was the use of the cardiopul-
monary test and treadmill to evaluate aerobic capacity.
This is considered a gold standard for this evaluation
[32]. Berntsen et al. [22], for example, used the 6-min

walk test. This test is submaximal, but it does not allow
for the precise determination of mechanisms that limit
physical exercise, metabolic thresholds, VO, peaks, is-
chemia and cardiopulmonary diseases [32, 33].

The third important aspect of the present study is
that patients were gender-, age- and BMI-matched to
the CTR group. Furthermore, exclusion criteria were
applied to avoid effects arising from confounding
factors, which could compromise aerobic capacity ana-
lysis. In addition, we described the status of the dis-
ease at two moments, at diagnosis and at the time of
study analysis.

Finally, to our knowledge, this is the first time aerobic
capacity has been assessed separately in patients with ASS.
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Table 2 Current anthropometric feature, pulmonary involvement, disease status and drug treatment of patients with
dermatomyositis and antisynthetase syndrome, and control group (at the time of analysis)

DM ASS CTR P

(n=13) (n=9) n=17 DM vs. CTR ASS vs. CTR DM vs. ASS
Current age (years)b 481+94 469+ 10.2 4776 +444 0.993 0.960 0.935
Time of disease (years) 79445 6.7+39 - - - 0.785
Body mass index (kg/mz) 29.2 (239-35.2) 32.2 (31.8-356) 28.5 (25.5-30.2) >0.999 0.056 0.189
Pulmonary involvement (%) 1(7.7) 3(33.3) - - - 0.167
Disease status® - - -
HAQ (0.00-3.00) 0.06 (0.00-0.34) 0.50 (0.00-0.75) - - - 0451
MMT-8 (0-80) 80 (80-80) 80 (80-80) - - - >0.999
Patients’ VAS (0-10) 0.0 (0.0-1.0) 0.0 (0.0-0.0) - - - 0408
Physician’ VAS (0-10) 0.0 (0.0-0.0) 0.0 (0.0-0.0) - - - 0.544
MYOACT (0-60) 0.0 (0.0-0.0) 0.0 (0.0-0.0) - - - 0.746
Creatine phosphokinase (U/L) 97 (70-149) 141 (85-204) - - - 0.180
Treatment - - -
Prednisone - - -
Current use (%) 5(294) 4 (44.4) - - - >0.999
Dose (mg/day) 0.0 (0.0-7.5) 0.0 (0.0-10.0) - - - 0.337
IS or immunobiological (%) - - -
Current use of one or more 12 (923) 9 (100.0) - - - >0.999
Azathioprine 5(294) 5 (55.6) - - - 0.666
Methotrexate 6 (46.2) 3(33.3) - - - 0.674
Others? 2(154) 5 (55.6) - - - 0.290
Rituximab 0 1(11.1) - - - -

ASS antisynthetase syndrome, DM dermatomyositis, HAQ Health Assessment Questionnaire; IS: immunosuppressive, MMT Manual Muscle Testing, MYOACT Myositis

Disease Activity Assessment, VAS Visual Analogue Scale
2 Others: mycophenolate mofetil and leflunomide

b Results expressed as mean and standard deviation and median and interquartile range (25th-75th)

In the initial phase of the disease, as expected, the pa-
tients with ASS experienced not only myositis, but also
joint and pulmonary involvement, which are characteris-
tic of this disease. However, at the time of this study’s
analysis, patients with DM and patients with ASS had
similar clinical, laboratory and therapeutic characteris-
tics, including pulmonary involvement. Despite these

comparable data, patients with ASS experienced a sig-
nificant impairment in aerobic capacity.

The reduction of aerobic capacity in healthy subjects
and in patients with systemic autoimmune diseases
could contribute to an increase in CVDs and their risk
factors, as well as a decrease in functional capacity. As a
result, such patients’ sedentary time increases, making

Table 3 Current presence of cardiovascular disease and theirs risk factors in patients and control group

DM ASS CTR P

g”; (n=9) (n=17) DM vs. CTR ASS vs. CTR DM vs. ASS
Systemic arterial hypertension (%) 7 (53.9) 5 (55.6) 4 (23.5) 0.132 0.194 > 0.999
Dyslipidemia 7 (53.9) 4 (444) 11 (64.7) 0711 0419 > 0.999
Diabetes mellitus 2 (154) 2(22.2) 0 - -
Acute myocardial infarction 0 0 0 - - -
Stroke 0 0 0 _ _ _
Congestive heart failure 0 0 0 - _ _
Smoking habit 0 0 0 - - _

ASS antisynthetase syndrome, CTR control group, DM dermatomyositis
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Table 4 Parameters of aerobic capacity of the control group and of patients with antisynthetase syndrome and dermatomyositis

DM ASS CTR P

(n=13) (n=9) (n=17) DMvs.CTR  ASSvs.CTR DM vs. ASS
VO, peak (mL/kg/min) 194+39 165+3.1 224+45 0.121 0.003 0239
VO, peak (L/min) 14 (1.1-1.7) 14 (1.2-16) 1.7 (1.3-1.8) 0.212 0.367 >0.999
Anaerobic threshold (min) 5115 3709 52+12 0.965 0.016 0.037
Respiratory compensation point (min) 96+17 76+22 106+ 24 0.383 0.003 0.087
Time-to-exhaustion (min) 11.1+£20 90+2.1 127+22 0.134 < 0.001 0.061

ASS antisynthetase syndrome, CTR control group, DM dermatomyositis, VO, volume of oxygen

this process a vicious circle that can result in a chronic
increase in morbidity and mortality in patients [34—36].

Lower aerobic capacity translates into greater diffi-
culty to perform physical activities, whether daily, at
work or in physical exercises,. This leads us to be-
lieve that this reduction could be related to the high
levels of sedentary behavior in this population, which
contributes to the reduction of their overall health,
further intensifies the onset of comorbidities and
correlates with poorer health in patients with ASS in
the long term [35, 36].

Newall et al. [37] observed that patients with ANCA-
associated vasculitis present a moderate inverse correl-
ation between the variables used to assessed lung function
and aerobic capacity (rho = 0.50-0.74). However, the pa-
tients analyzed in the present study, including patients
with ASS did not present major pulmonary compromises
at the time of the cardiopulmonary test despite having
considerably reduced aerobic capacities.

At the time of analysis, the groups did not present signifi-
cant differences, in traditional CVD risk factors when com-
pared to each other. This leads us to hypothesize that the
marked reduction of the aerobic capacity in patients with
ASS is independent of CVD risk factors, which were similar
in both patient groups and the CTR group.

This demonstrates that the difference in aerobic cap-
acity found in patients with ASS is not caused by comor-
bidities related to CVD risk factors.

We found a small difference in the BMI of the ASS
group, but this not statistically significant when compared
to the other groups. However, given the possible interfer-
ence of this factor in VO, peak measurement, we must take
into consideration the low specificity of BMI when used to
assess body composition. For example, patients with lower
BMIs may have less lean mass (muscle), have lower weights
and therefore be more critical and exhibit with lower func-
tional capacity and lower test responses, or vice versa [38].
However, we could have performed a more accurate body
composition analysis to draw a more adequate parallel be-
tween composition and aerobic capacity.

In addition, muscle involvement in patients with
SAMs, especially patients with ASS, and its direct rela-
tionship with metabolic processes, may further reduce
aerobic capacity to the level of a possible independent
risk factor for CVDs in this population, for which CVDs
have a high mortality rate [4-7, 39].

The literature contains positive and consolidated results
regarding the contribution of physical training to the im-
provement and maintenance of aerobic capacity in patients
with systemic autoimmune diseases [8, 20, 40—44]. In this

DM vs. CTR * < <
ASS vs. CTR - > - ‘
DM vs. ASS 4 < 0
A5 -10 5 0 5

Fig. 2 Difference between the means of relative VO, peak uptake of patients with dermatomyositis, antisynthetase syndrome and control group.
ASS: antisynthetase syndrome; CTR: control group; DM: dermatomyositis. Dash: 95% confidence interval




Santos et al. Advances in Rheumatology (2020) 60:3 Page 8 of 9
30 -
25 4 ——
£
| *
- Saad i
=
é 15 . ——e
]
a
~ 104
o
>
5 -
° . . L
ASS DM CTR

_

Fig. 3 Relative peak of VO, from patients with dermatomyositis and antisyintetase syndrome compared to the control group. ASS: antisynthetase
syndrome; CTR: control group; DM: dermatomyositis; VO,: volume of oxygen. Dash: 95% confidence interval; *P < 0.05

context, it would be interesting to carry out future studies
to evaluate physical exercise programs aimed at increasing
aerobic capacity in patients with ASS, and focused mainly
on reducing the risks of morbidity and mortality in these
patients.

The present study had some limitations. First, we could
not emphasize the nonperformance of physical activity
level measurement tests directly, for example, an acceler-
ometer. This factor could have interfered with the analysis.
Second, we performed a cross-sectional analysis, so a lon-
gitudinal analysis is necessary to establish the possible
relationships between aerobic capacity and SAMs. Third,
we had a small sample; therefore, further studies with lar-
ger samples are necessary to corroborate our data and
possible correlations.

Conclusions

Patients with stable ASS demonstrated impaired of aer-
obic capacity. Therefore, strategies that can improve the
aerobic capacity of this population can be used to promote
better quality of life.
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