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Introduction

Relapsing Polychondritis (RP) is a rare systemic immune-

mediated disease characterized by recurrent episodes of 

infl ammation of cartilaginous and proteoglycan-rich tissues, 

resulting in progressive anatomical deformation and functional 

impairment of the involved structures [1]. Typical features 

include recurrent episodes of nasal and auricular chondritis, 

ocular infl ammation, and tracheobronchial tree involvement 

[2-5], which have high proteoglycan-rich structures [3].

The annual incidence of RP is 3.5 cases per million, and the 

disease affects predominantly female and white individuals [2-
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Methods: A cross-sectional single center study evaluated seven women with RP (McAdam criteria) that were compared to seven healthy control individuals matched 
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Results: RP patients had an average age of 52.7 years. Disease was stable with at least one immunosuppressive drug and without glucocorticoid. Patients showed an 
impaired aerobic capacity characterized by lower VO2 peak (relative and absolute), and lower time-to-exhaustion. Furthermore, patients had also a tendency to impairment 
in lower extremities muscle function, when compared with control group. 

Main fi ndings: In the present study, patients with RP show a tendency to impaired aerobic capacity and lower extremities muscle function when compared with 
healthy individuals. Further studies should confi rm the present fi ndings.
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5]. Moreover, the RP onset occurs mainly in the fourth and fi fth 
decades [2-5].

RP has been scarcely described in the literature, leading 
to considerable delay in establishing a diagnosis and 
poses a signifi cant management challenge in practical [6]. 
The challenges remain, both in the understanding of its 
pathophysiology and diagnosis, evaluation of its activity, 
prognosis, and its treatment [5].

The precise pathogenesis of RP is not yet clearly defi ned, and 
there is no specifi c test for RP. Moreover, laboratory changes 
are nonspecifi c and generally refl ect only an infl ammatory 
state [5]. A biopsy of the atrial chondritis can be performed 
that shows the presence of mononuclear.
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It is estimated that the 5-year survival rate is 74% of 
the patients, and the infectious and respiratory involvement 
contributes to the survival reduction [4] and occasional 
polymorphonuclear cells, with fi brosis at the fi brochondral 
junction.

To date, only one population-based study has evaluated 
mortality in patients with RP [7]. In United Kingdom 
population with RP, respiratory disease, cardiac conditions 
and cancer were the most frequent causes of death in these 
patients [7]. However, high incidence of respiratory diseases 
and cardiovascular involvement were demonstrated in Brazil, 
China, and other oriental population [8-10], suggesting that 
these outcomes may be the main cause of death in these 
patients.

Impaired aerobic capacity and muscle dysfunction are 
present in several autoimmune rheumatic diseases [11-14]. 
However, no study has evaluated these outcomes in patients 
with RP. Impairment in these physical capacities has been 
associated with higher risk for pulmonary dysfunction, 
cardiovascular diseases, and higher mortality [15-17], which 
could worst the clinical prognosis in patients with RP. 
Therefore, the aim of the present study was to evaluate aerobic 
capacity and muscle function in patients with RP.

Methods

This study was approved by the local ethics committee 
(Ethics Committee for Analysis of Research Projects, number 
62111316.1.0000.0068) and was registered at ClinicalTrials 
(NCT03092141).

This single center cross-sectional study that initially 
included 30 patients with RP diagnosis, according to McAdam 
criteria [18]. Twenty-three out of 30 patients were excluded 
due to: tracheostomy (n = 6), medical release or we could not 
get in touch (n = 6), and personal problems (n = 11), resulting 
in seven patients who were age-, sex- and Body Mass Index 
(BMI)-matched to the seven health individuals (Table 1).

Inclusion criteria for patients were fulfi ll the classifi cation 
criteria of McAdam et al [18], age ≥ 18 years, using more than 
0.5 mg/kg/day of prednisone in the last three months, and not 
engaged in exercise programs in the last six months.

Exclusion criteria were patients with disease activity or 
relapsing, other associated-systemic autoimmune diseases, 
acute or chronic infections, diabetes, and smoking.

The following data were collected from the participants:

• Current age, gender, weight, height, Body Mass Index 
(BMI) and disease duration;

• Current age (%) according to World Health Organization 
(WHO) world standard [19];

• Current laboratory parameters: C-protein reactive - 
reference value < 5.0 mg/L, by immunoturbidimetric 
methods; Erythrocyte Sedimentation Rate (ESR) 
- reference value < 10 mm/1st hour, by automated 
Westergren method;

• Current drug treatment: Glucocorticoids and 
immunosuppressive drugs (e.g., azathioprine, 
methotrexate, etc).

• Disease status: disease remission (basing on clinical 
and laboratory parameters).

All subjects completed a maximal graded treadmill 
cardiopulmonary exercise test to determine peak oxygen 
uptake (VO2 peak). The cardiopulmonary exercise test was 
considered to be maximal when one of the following criteria 
was met: VO2 plateau (e.g., less than 150 mL/min increase 
between two consecutive stages), heart rate no less than 10 
beats below age-predicted maximal heart rate and respiratory 
exchange ratio value above 1.10. VO2 peak was considered as 
the average of the fi nal 30 seconds of the test [13]. Ventilatory 
Anaerobic Threshold (VAT) and Respiratory Compensation 
Point (RCP) were determined as described previously [13]. 
VAT was determined when ventilatory equivalent for VO2 (VE/
VO2) increased without a concomitant increase in ventilatory 
equivalent for carbon dioxide (VE/VCO2). RCP was determined 
when VE/VO2 and VE/VCO2 increased simultaneously.

Lower extremities muscle function was assessed by the Sit-
to-Stand Test [20] and Timed Up-and-Go Test [21]. To avoid 
learning effects, the patients underwent two familiarization 
sessions, at least 48 hours apart, for all strength and functional 
tests. The coeffi cients of variation for these tests were ≤ 0.5%. 
All tests were supervised by a seasoned rheumatologist to 
report adverse events.

The Kolmogorov-Smirnov test was used to evaluate the 
distribution of continuous variables, which were expressed as 
mean ± standard deviation or median (interquartile 25th - 75th). 
Categorical variables were expressed as percentages (%). Data 

Table 1: General data of 7 patients with relapsing polychondritis and control group.

RP patients
(n=7)

Control group (n=7) P value

General data

Age (years) 52.7±8.1 48.4±3.7 0.224

Weight (kg) 69.8±7.5 72.1±8.0 0.600

Height (cm) 157.6±0.5 160.9±0.5 0.250

Body mass index (kg/m2) 28.1±3.0 27.8±2.0 0.791

Disease duration (years) 6.5±6.7 - -

Laboratory data

C-protein reactive (g/dL) 3.5±1.2 1.4±1.1 0.543

Erythrocyte sedimentation rate 
(mm/1st h)

6.1±3.3 4.2±2.7 0.654

Treament

Glucocorticoid 0 - -

Immunosuppressive drugs 6 (85.7) - -

Azathioprine 3 (42.9) - -

Methotrexate 3 (42.9) - -

Disease status

Remission 7 (100) - -

Data are expressed as mean ± standard deviation, or frequency (%).
RP: relapsing polychondritis.
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normally-distributed were analyzed by a paired t-Student test, 
and data with a non-normal distribution were analyzed by 
Wilcoxon’s test. Categorical variables were analyzed by Fisher’s 
exact test. P values ≤ 0.05 were considered to be statistically 
signifi cant. The Effect Size (ES), a measure of the magnitude of 
change, was also calculated using Cohen’s d for aerobic capacity 
and strength variables. All statistical analyses were performed 
using the software SPSS, version 15.0 (Chicago, IL, USA).

Results

As outlined in Table 1, patients and control individuals 
had comparable aged: 52.7 ± 8.1 years (WHO world standard: 
5.370%) and 48.4 ± 3.7 years (WHO world standard: 6.040%), 
respectively.

The patients with RP had disease duration of 6.5 years. All 
patients were female and had disease remission, using at least 
one immunosuppressive drug (azathioprine or methotrexate), 
and without glucocorticoids.

The Table 2 shows the aerobic capacity and muscle function 
data. Patients with RP showed an impaired aerobic capacity 
characterized by lower VO2 peak relative (P = 0.05) and lower 
time-to-exhaustion (P = 0.03).

For lower extremities muscle function, RP patients shows 
a tendency to be worst in Sit-to-Stand Test (P = 0.05) and 
tendency to be worst in Timed Up-and-Go Test (P = 0.05), 
when compared with their healthy peers.

Discussion

To the best of our knowledge, this is the fi rst study to 
evaluate aerobic capacity and lower extremities muscle function 
in cases series of patients with RP, who showed an impairment 
in aerobic capacity and a tendency to worst lower extremities 
muscle function when compared with their healthy peers.

Impaired aerobic capacity and lower extremities muscle 
dysfunction have been reported in several autoimmune 
rheumatic diseases, such as rheumatoid arthritis [12], systemic 

lupus erythematosus [22], systemic autoimmune myopathies 
[14] and vasculitis [13]. Patients with RP have recurrent 
infl ammatory episodes of cartilaginous and proteoglycan-rich 
tissues, which can lead to progressive anatomical deformation 
and functional impairment of the involved structures [4]. 
Polyarthritis and airway compromise, that are two clinical 
manifestations that are recurrent fi nding in these patients, 
could contribute to the fi ndings of the present study. Besides 
the clinical manifestations of RP, physical inactivity and 
sedentary behaviour have been demonstrated to be overlooked 
risk factors in autoimmune rheumatic diseases [23]. As we 
not select patients that were engaged in exercise programs 
and according to BMI, patients in the present study show 
overweight, we believe that these patients had an important 
sedentary behavior. Therefore, these two outcomes could 
contribute to the fi ndings of the present study, once that a 
higher prevalence of these behaviors have been documented in 
autoimmune rheumatic diseases [24,25].

To date, therapy of RP is still empiric, due to the lack of 
standardized guidelines on treatment, and is defi ned based on 
disease activity and severity of organ involvement [1]. Mortality 
in patients with RP is more than twice that of the general 
population [7]. Impaired aerobic capacity and lower extremities 
muscle function are two important factors associated with 
mortality in general population and chronic diseases [15-
17]. Thus, strategies that could contribute to reverse these 
impairments should be applied in patients with RP.

Exercise training programs, which was once neglected in 
patients with autoimmune rheumatic diseases [23], has been 
shown to be an important coadjuvant therapy, capable of 
increase aerobic capacity and reestablish muscle function in 
these diseases [13,26,27]. In a recent case report, a supervised 
12-weeks exercise training program showed to be effective in 
increase aerobic capacity, muscle strength and function in a 
patient with RP, without causing disease relapsing [28]. Even 
though it was a case study, this preliminary fi ndings suggest, 
that, like other autoimmune rheumatic diseases, exercise 
training can be a safe and well-tolerable tool capable of 
improve aerobic capacity and muscle function in patients with 
RP. However, more studies with more patients are necessary to 
confi rm these fi ndings.

The present study has some limitations. The samples are 
small. Second, only woman patients with stable disease were 
assessed, not allowing us to extrapolate these fi ndings for more 
severe disease. Thus, additional studies will help to corroborate 
the fi ndings of the present studies.

In conclusion, our patients with RP show impairment in 
aerobic capacity and a tendency to worst lower extremities 
muscle function. Strategies that can attenuate or reverse these 
impairments must be applied in these patients.
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Table 2: Aerobic capacity and muscle function in the patients with relapsing 
polychondritis and control group.

RP patients
(n=7)

Control group (n=7) P

Aerobic capacity

VO2 peak (L/min) 21.6±1.7 25.0±3.7 0.047

VO2 peak (mL/kg/min) 1.5±0.1 1.8±0.3 0.052

Peak heart rate (bpm) 158.9±19.5 167.6±11.7 0.330

Peak respiratory exchange rate 1.0±0.1 1.2±0.1 0.052

Ventilatory anaerobic threshold (min) 4.9±1.3 5.3±1.0 0.544

Respiratory compensation point 
(min)

8.8±2.3 11.4±2.1 0.053

Time-to-exhaustion (min) 11.1±2.4 13.6±1.3 0.032

Muscle function

Sit-to-Stand Test (reps) 13.5±1.6 16.0±1.8 0.053

Timed Up-and-Go Test (s) 7.1±0.9 6.1±0.8 0.055

RP: relapsing polychondritis; VO2 peak: peak oxygen uptake.



010

https://www.peertechz.com/journals/rheumatica-acta-open-access

Citation: De Oliveira DS, Dos Santos AM, Misse RG, De Souza JM, Shinjo SK, et al. (2020) Evaluation of aerobic capacity and muscle function in a case series of 
patients with relapsing polychondritis. Rheumatica Acta: Open Access 4(1): 007-010. DOI: httpa://dx.doi.org/10.17352/raoa.000012

Copyright: © 2020 De Oliveira DS, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Nacional de Desenvolvimento Científi co e Tecnológico (CNPq) 
#303379/2018-9 and Faculdade de Medicina da USP to S.K.S.

References

1. Borgia F, Giuffrida R, Guarneri F, Cannavò SP (2018) Relapsing polychondritis: 
An updated review. Biomedicines 6: 84-98. Link: https://bit.ly/34ryQZX 

2. Kingdon J, Roscamp J, Sangle S, D’Cruz D (2018) Relapsing polychondritis: 
a clinical review for rheumatologists. Rheumatology (Oxford) 57: 1525-1532. 
Link: https://bit.ly/3aKoypU 

3. Rapini RP, Warner NB (2006) Relapsing polychondritis. Clin Dermatol 24: 482-
485. Link: https://bit.ly/2V0SNlG 

4. Mathian A, Miyara M, Cohen-Aubart F, Haroche J, Hie M, et al. (2016) Relapsing 
polychondritis: A 2016 update on clinical features, diagnostic tools, treatment 
and biological drug use. Best Pract Res Clin Rheumatol 30: 316-333. Link: 
https://bit.ly/2XgfRzG 

5. Lekpa FK, Chevalier X (2018) Refractory relapsing polychondritis: challenges 
and solutions. Open Access Rheumatol 10: 1-11. Link: https://bit.ly/2V9LyYO 

6. Kingdon J, Roscamp J, Sangle S, D’Cruz D (2018) Relapsing polychondritis: 
a clinical review for rheumatologists. Rheumatology (Oxford) 57: 1525-1532. 
Link: https://bit.ly/3aKoypU 

7. Hazra N, Dregan A, Charlton J, Gulliford MC, D’Cruz DP (2015) Incidence and 
mortality of relapsing polychondritis in the UK: a population-based cohort 
study. Rheumatology (Oxford) 54: 2181-2187. Link: https://bit.ly/39Ltt8D 

8. Pallo PAO, Levy-Neto M, Pereira RMR, Shinjo SK (2017) Relapsing 
polychondritis: prevalence of cardiovascular diseases and its risk factors, and 
general disease features according to gender. Rev Bras Reumatol 57: 338-
345. Link: https://bit.ly/2x8BBD4 

9. Lin DF, Yang WQ, Zhang PP, Lv Q, Jin O, et al (2016) Clinical and prognostic 
characteristics of 158 cases of relapsing polychondritis in China and review of 
the literature. Rheumatol Int 36: 1003-1009. Link: https://bit.ly/3bV7jT2 

10. Kong KO, Vasoo S, Tay NS, Chng HH (2003) Relapsing polychondritis 
- an Oriental case series. Singapore Med J 44: 197-200. Link: 
https://bit.ly/39UC1uh 

11. Garcia CB, Perandini LA, Seguro LP, Gualano B, Roschel H, et al. (2013) 
Impaired aerobic exercise capacity and cardiac autonomic control in primary 
antiphospholipid syndrome. Lupus 22: 928-931. Link: https://bit.ly/2UOp94o 

12. Lataoui S, Belghali S, Zeglaoui H, Bouajina E, Ben Saad H (2017) Sub-maximal 
aerobic capacity and quality of life of patients with rheumatoid arthritis. Rev 
Mal Respir 34: 74-85. Link: https://bit.ly/3b0shQx 

13. Oliveira DS, Shinjo SK, Silva MG, de Sá-Pinto AL, Lima FR, et al. (2017) Exercise 
in Takayasu arteritis: effects on infl ammatory and angiogenic factors and 
disease-related symptoms. Arthritis Care Res (Hoboken) 69: 892-902. Link: 
https://bit.ly/2woYbXO 

14. Wiesinger GF, Quittan M, Nuhr M, Volc-Platzer B, Ebenbichler G, et al. (2000) 
Aerobic capacity in adult dermatomyositis/polymyositis patients and healthy 
controls. Arch Phys Med Rehabil 81: 1-5. Link: https://bit.ly/34fNEdT 

15. Buchman AS, Boyle PA, Wilson RS, Gu L, Bienias JL, et al. (2008) Pulmonary 
function, muscle strength and mortality in old age. Mech Ageing Dev 129: 625-
631. Link: https://bit.ly/2JKAOee 

16. Ladenvall P, Persson CU, Mandalenakis Z, Wilhelmsen L, Grimby G, et al. 
(2016) Low aerobic capacity in middle-aged men associated with increased 
mortality rates during 45 years of follow-up. Eur J Prev Cardiol 23: 1557-1564. 
Link: https://bit.ly/2wkdCAl 

17. Balogun S, Winzenberg T, Wills K, Scott D, Jones G, et al. (2017) Prospective 
associations of low muscle mass and function with 10-year falls risk, incident 
fracture and mortality in community-dwelling older adults. J Nutr Health Aging 
21: 843-848. Link: https://bit.ly/2wZ1u8r 

18. McAdam LP, O’Hanlan MA, Bluestone R, Pearson CM (1976) Relapsing 
polychondritis: prospective study of 23 patients and a review of the literature. 
Medicine (Baltimore) 55: 193-215. Link: https://bit.ly/2wjQDFH 

19. Link: https://bit.ly/2UMSmfU 

19. Jones CJ, Rikli RE, Beam WC (1999) A 30-s chair-stand test as a measure of 
lower body strength in community-residing older adults. Res Q Exerc Sport 70: 
113-119. Link: https://bit.ly/3c0rwab 

20. Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test of basic 
functional mobility for frail elderly persons. J Am Geriatr Soc 39: 142-148. 
Link: https://bit.ly/2V55En2 

21. Pinto AJ, Miyake CN, Benatti FB, Silva CA, Sallum AM, et al. (2016) Reduced 
aerobic capacity and quality of life in physically inactive patients with 
systemic lupus erythematosus with mild or inactive disease. Arthritis Care Res 
(Hoboken) 68: 1780-1786. Link: https://bit.ly/3aS4jXi 

22. Pinto AJ, Roschel H, de Sá Pinto AL, Lima FR, Pereira RMR, et al. (2017) 
Physical inactivity and sedentary behavior: Overlooked risk factors in 
autoimmune rheumatic diseases? Autoimmun Rev 16: 667-674. Link: 
https://bit.ly/3bXY5pe 

23. Margiotta DPE, Basta F, Dolcini G, Batani V, Lo Vullo M, et al. (2018) Physical 
activity and sedentary behavior in patients with systemic lupus erythematosus. 
PLoS One 13: e0193728. Link: https://bit.ly/39PUcBd 

24. Legge A, Blanchard C, Hanly JG (2017) Physical activity and sedentary behavior 
in patients with systemic lupus erythematosus and rheumatoid arthritis. Open 
Access Rheumatol 9: 191-200. Link: https://bit.ly/2UOEQZx 

25. Carvalho MR, Sato EI, Tebexreni AS, Heidecher RT, Schenkman S, et al. 
(2005) Effects of supervised cardiovascular training program on exercise 
tolerance, aerobic capacity, and quality of life in patients with systemic lupus 
erythematosus. Arthritis Rheum 53: 838-844. Link: https://bit.ly/2RieRXZ 

26. de Souza JM, de Oliveira DS, Perin LA, Misse RG, Dos Santos AM, et al. (2018) 
Feasibility, safety and effi  cacy of exercise training in immune-mediated 
necrotising myopathies: A quasi-experimental prospective study. Clin Exp 
Rheumatol. Link: https://bit.ly/2JH6JMH 

27. Dos Santos A, De Oliveira D , Misse R, Perin L, De Souza J, et al. (2018) Impact 
of an exercise training program in a patient with relapsing polychondritis: 
A case report. Open J Rheumatol Autoimmun Dis 8: 93-98. Link: 
https://bit.ly/2yAhSwh


