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Reproducibility and Utility of the 6-minute Walk Test in
Systemic Sclerosis 
Grégory Pugnet, Zora Marjanovic, Christophe Deligny, Karine Boussardon, Ilham Benzidia, 
Mathieu Puyade, Pauline Lansiaux, Els Vandecasteele, Vanessa Smith, and Dominique Farge

ABSTRACT. Objective. To assess the reproducibility and the utility of the 6-minute walk test (6MWT) in systemic
sclerosis (SSc).
Methods.All patients with SSc who underwent at least two 6MWT within a minimum 3-month interval
plus simultaneous routine clinical, biological, and functional evaluations were consecutively enrolled
in this observational study over 6 years. Following American Thoracic Society guidelines, each 6MWT
was repeated twice to assess the 6-minute walk distance (6MWD) reproducibility, with the highest
value being reported for subsequent analysis.
Results. Among 56 (38 female) included patients aged 46 ± SD 12.7 years, with 17 ± 10 modified
Rodnan skin score (mRSS) and 1 ± 0.8 Scleroderma Health Assessment Questionnaire (SHAQ) at
first referral, 277 6MWT evaluations (5 ± 3.9 6MWT per patient) were performed over 23 ± 22.5
months followup. Meanwhile, 8 deaths (87.5% SSc-related) occurred. The mean 6MWD absolute
value was 457 ± 117 m with a 4 ± 2.2 mean Borg dyspnea score. The 6MWD intraclass correlation
coefficient was 0.996 (95% CI 0.995–0.999, p < 0.0001). In multivariate linear regression analysis,
these factors were independently associated with a lower 6MWD: sex (R2 = 0.47, p < 0.0001), mRSS
(R2 = 0.47, p = 0.008), tendon friction rub (R2 = 0.47, p = 0.003), SHAQ (R2 = 0.47, p = 0.02), muscle
disability score (R2 = 0.47, p = 0.03), DLCO% (R2 = 0.47, p = 0.0008), and left ventricular ejection
fraction (R2 = 0.47, p = 0.006). The 6MWD at first referral was an independent predictor for the overall
mortality (HR 0.99, 95% CI 0.988–0.999) and the SSc-related mortality (HR 0.99, 95% CI
0.988–0.999). 
Conclusion. We show strong reproducibility for the 6MWD and confirm the 6MWT utility to assess
the overall prognosis of patients with SSc. (First Release July 1 2018; J Rheumatol 2018;45:1273–80;
doi:10.3899/jrheum.170994)
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The 6-minute walk test (6MWT) is a simple, submaximal
aerobic exercise test, currently used in idiopathic pulmonary
fibrosis, all types of pulmonary arterial hypertension (PAH),
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or in chronic heart failure, to assess disease severity and the
patient’s prognosis1,2,3. It is indicated as a single measure-
ment of functional status for patients with heart failure,
chronic obstructive pulmonary disease (COPD), and PAH,
and as a predictor of morbidity and mortality in patients with
heart failure, COPD, or PAH. The 6MWT is indicated for 
pre- and posttreatment comparisons, especially for patients
with PAH3. According to the American Thoracic Society
(ATS) practical guidelines4, the 6MWT is “easy to admin-
ister, better tolerated and more reflective of activities of daily
living than the other walk tests.” This safe, noninvasive test
requires no exercise equipment nor advance training for
technicians5,6. Therefore, the 6MWT has become an
important outcome measure in many clinical trials for
idiopathic PAH7,8 and has been used progressively for
pulmonary hypertension [due to lung diseases or PAH
associated with connective tissue disease, including systemic
sclerosis (SSc)]9. In 2008, the expert panel on outcome
measures in PAH and interstitial lung disease (ILD) related
to SSc for the Expert Panel on Outcome Measures in PAH
related to Systemic Sclerosis (EPOSS)-Outcome Measures in
Rheumatology (OMERACT) group, using a Delphi
consensus study with cluster analysis, recommended use of
the 6MWT in SSc clinical trials10. After a systematic liter-
ature review, the EPOSS-OMERACT group found insuffi-
cient data to completely validate the 6MWT reproducibility
and sensitivity to change over time11. Ten years later, very
few studies have yet analyzed the correlations between the
6MWT results and patients’ clinical characteristics12,13,14,
and its reproducibility has only been assessed once in SSc
patients with ILD15. In addition, Sanges, et al recently
reported that the 6-minute walk distance (6MWD) was not
an accurate surrogate marker for SSc-PAH hemodynamics
when analyzing 2 independent cohorts of French
(2006–2009) and US (1998–2006) patients16. 
    We therefore designed the present prospective study to
investigate the reproducibility and the utility of the 6MWT
in an unselected population of patients with SSc, when
performed during routine patient followup evaluation in a
tertiary referral center for SSc.
MATERIALS AND METHODS
Population. All patients with limited or diffuse SSc, as defined according to
the American College of Rheumatology criteria17 and the LeRoy and
Medsger criteria18, and referred to Hôpital Saint-Louis SSc tertiary center
from November 2002 to November 2008, were consecutively enrolled in
this observational study if they underwent at least 2 successive 6MWT
within a minimum 3-month interval and if data from simultaneous clinical
and biological evaluation during their routine followup were available. This
observational study was conducted between 2002 and 2008 on the 6MWT
according to routine clinical care in an expert center for SSc and following
treatment protocols. Considering the French legislation at that time, there
was no requirement for ethics or institutional review board committee
approval. All patients gave written informed consent for data collection and
analysis. 
     Within a maximum of 1 week before or after the 6MWT, the following

clinical and biological data were collected at first referral and at each testing
evaluation: (1) age, sex, disease duration (since onset of first non-Raynaud

phenomenon), body mass index, SSc subtype according to Leroy and
Medsger18, World Health Organization performance status (PS),
Scleroderma Health Assessment Questionnaire (SHAQ) ranging from 0
(normal) to 3 (maximum)19, presence of arthralgia or tendon friction rubs20,
muscle disease score (MDS) ranging from 0 (normal) to 75 (maximum
disability)21; (2) extension of skin fibrosis as measured by the Rodnan
modified skin score (mRSS)22; and (3) cardiac and pulmonary evaluation,
including systolic and diastolic arterial blood pressure, heart rate, respiratory
rate, functional class according to New York Heart Association (NYHA) at
rest, presence of pulmonary rales, results from pulmonary function tests
[forced vital capacity (FVC), DLCO], according to the ATS and European
Respiratory Society (ERS) consensus standards23, presence of SSc-related
ILD or pleural effusion on chest radiograph or on high-resolution computed
tomography (HRCT), results from echocardiography including left
ventricular ejection fraction (LVEF), tricuspid regurgitation peak velocity
(TRV; m/s), and pulmonary arterial systolic pressure (PASP; mmHg)
measurement. When PASP at rest on Doppler echocardiography was > 35
mmHg or TRV > 2.7 m/s, right heart catheterization was performed. PAH
was confirmed as a mean pulmonary arterial pressure ≥ 25 mmHg and was
considered an SSc-associated precapillary PAH when associated with a
pulmonary artery wedge pressure ≤ 15 mmHg. Laboratory variables included
hemoglobin level, serum creatinine, C-reactive protein, creatinine kinase,
antinuclear (ANA), anticentromere (ACA), and antitopoisomerase I
antibodies status. Patient survival status was evaluated during and at the end
of the whole cohort followup. 
6MWT. Following the ATS guidelines4, each 6MWT was performed indoors
along 30-m straight, flat, hard surface corridor. Patients had not exercised
vigorously within 2 h before the beginning of the test. It was undertaken
without additional oxygen and administered by the same tester (KG) not
involved in the patient’s daily care, at the same location throughout the study.
The instructions to patients were: “Walk as far as possible for 6 min. You
will walk back and forth in this hallway. Six minutes is a long time to walk,
so you will be exerting yourself. You will probably get out of breath or
become exhausted. You are permitted to slow down, to stop, and to rest as
necessary. You may lean against the wall while resting, but resume walking
as soon as you are able to.” The 6MWT was terminated before 6 min elapsed
if blood oxygen saturation went < 80%, or exhaustion, chest pain, intolerable
leg cramps, or diaphoresis occurred. Following clear instructions, the
walking distance achieved between 0 and 6 min (6MWD in m) was recorded
as absolute value. The Borg dyspnea score was recorded at the end of each
6MWT24. To lower the variations induced by age, height, weight, sex, we
used the Enright’s reference equation5 to calculate the 6MWD relative value
(%) for each individual adult patient performing the test for the first time.
This equation is a ratio given by the value of the 6MWD measured in patients
over the theoretical reference-predicted distance of the 6MWD for healthy
adults. The predicted distance is defined as follows for men: 6MWD = [7.57
× height (cm)] – (5.02 × age) – [1.76 × weight (kg)] – 309 m; and for women:
6MWD = [2.11 × height (cm)] – (5.78 × age) – [2.29 × weight (kg)] + 
667 m. The 6MWD was considered abnormal if it was < 80% of the normal
range predicted by the Enright’s equation. 
      Two successive 6MWT were performed at each evaluation: the first,
called 6MWT1 and designed by ATS as a “practice test,” was followed by
6MWT2, performed at least 1 h later and on the same day. All included
patients repeated the test twice at each evaluation during consecutive clinical
followup visits. All 6MWD1 and 6MWD2 values were computed to assess
the intratest 6MWT variability and reproducibility. The highest 6MWD
recorded was considered as the patient’s final result for a single evaluation. 
Statistical analysis. Categorical variables were summarized as numbers and
percentages, and numerical variables as mean ± SD. We used the
Bland-Altman plots method25 to evaluate the agreement between each
6MWD1 and 6MWD2 measurement, then calculated the intraclass corre-
lation coefficient (ICC) between both measures to determine the 6MWD
reproducibility. Patient referral characteristics between those with normal
and abnormal 6MWD (< 80% predicted) were compared using chi-square
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and Student t test. Results from the repeated evaluations during routine
clinical followup were computed to assess the 6MWT sensitivity to change
and its predictive value. Correlations between the 6MWD absolute values
and patients’ clinical and paraclinical characteristics at first referral and
during followup were assessed by univariate linear regression. Then, all
variables identified with a p value < 0.05 in the univariate analysis were
computed for the multivariate model (stepwise ascending procedure).
Correlation between 6MWD absolute value and survival was assessed using
a Cox proportional hazards model, expressed as HR and 95% CI and
adjusted for age and sex. All tests were 2-sided with a significance level of
p < 0.05. Statistical analysis was performed using SAS software version 9.3
(SAS Institute). 

RESULTS 
Patient characteristics and 6MWT results at first referral.
Over the 6-year study period, 56 consecutive patients with
SSc (68% female) were prospectively included after 33.6 ±
SD 44 months of disease duration. At first referral, their mean
age was 45.6 ± 13 years, performance status was 0 (19.6%),
1 (62.5%), or 2 (17.9%), with a SHAQ value at 1.02 ± 0.77.
There were 39 patients (70%) who had diffuse cutaneous
SSc. Mean mRSS was 17 ± 10 (range 0–43); all patients
tested positive for ANA, 33 (59%) with antitopoisomerase I,
and 5 (9%) with ACA. Other disease characteristics and drugs
exposure at first referral are in Table 1. Blood pressure, heart
rate, and LVEF on echocardiography were within the normal
range at first referral 6MWT, with a mean PASP 32 ± 9
mmHg, while the other organ involvement measures showed
the presence of the following: dyspnea NYHA grade 2
(38.9%) or 3 (8.3%), tendon friction rubs (9.1%), arthralgia
(46.3%), and a 7.8 ± 9 MDS score. Pulmonary function tests
showed 84 ± 26% of predicted FVC and 58 ± 17% of
predicted DLCO with ILD present on chest radiograph or on
HRCT in 31 patients (67%). Three patients (5.4%) had
SSc-related PAH confirmed on right heart catheterization, of
whom 1 (0.8%) was under oxygen therapy at first referral.
Overall, the mean 6MWD absolute value was 457 ± 117 m
(6MWD relative value 74.7 ± 20%), with a 4 ± 2.2 mean
Borg scale at the end of the 6MWD for all 56 patients with
SSc, of whom 25 (44.6%) completed an abnormal 6MWD 
(< 80% predicted) with 373 ± 106 m mean 6MWD absolute
value (6MWD relative value 57.6 ± 15%).
    When compared to SSc patients with normal 6MWT,
those with abnormal 6MWD (< 80% predicted) at first
referral were significantly younger (41 ± 12 yrs vs 49 ± 12,
p = 0.01), had more severely impaired functional status (PS
2: 32% vs 6.5%, p = 0.01; SHAQ: 1.3 ± 0.7 vs 0.8 ± 0.7, 
p = 0.005), higher MDS score (10.7 vs 5.4, p = 0.001), more
frequent arthralgia (74 vs 23%, p = 0.001) and tendon friction
rubs (20 vs 0%, p = 0.02), more severely altered lung function
(FVC% theoretical values: 77 ± 24 vs 91 ± 26, p = 0.05;
DLCO% theoretical values: 53 ± 17 vs 62 ± 16; p = 0.05; and
lower LVEF%: 65 ± 8 vs 72 ± 8, p = 0.003).
Patient outcomes and repeated 6MWT during followup.
Within 23.3 ± 22.5 months mean followup for the whole
cohort, 5.0 ± 3.9 evaluations per patient were performed. The

6MWD was repeated twice at each evaluation and the mean
post-6MWT Borg dyspnea index was 3.9 ± 2 (n = 277). Out
of 544 single 6MWD measures collected, the mean absolute
6MWD1 and 6MWD2 values were 468 ± 115 m and 475 ±
112 m, respectively. Bland-Altman plot showed good
agreement for repeated 6MWD in SSc (Figure 1). The 6MWD
ICC was 0.996 (95% CI of 0.995 to 0.999, p < 0.0001),
demonstrating a strong reproducibility (Figure 2). 
Correlations of the 6MWT with SSc patient characteristics at
baseline and during followup. As detailed in Table 2,
univariate analysis using linear regression showed that the
6MWD absolute value at any evaluation point from first
referral up to last followup among all 56 patients with SSc
significantly correlated with several clinical, functional, and
biological variables. In multivariate analysis, these were
independent predictors of the 6MWD and accounted for 47%
of the 6MWT variance: sex (R2 = 0.47, p < 0.0001), SHAQ
(R2 = 0.47, p = 0.02), mRSS (R2 = 0.47, p = 0.008), presence
of tendon friction rub (R2 = 0.47, p = 0.003), MDS score (R2
= 0.47, p = 0.03), DLCO% (R2 = 0.47, p = 0.0008), and
LVEF% (R2 = 0.47, p = 0.006). 
Mortality. At the end of followup, 8 deaths (14.3%) had
occurred: 7 related to SSc (2 from disease progression, 5 from
ILD worsening) and 1 from esophagus cancer and liver
cirrhosis. Six deaths (10.7%) were observed among patients
with abnormal 6MWD (< 80% predicted) at first referral and
2 (3.6 %) among those with normal 6MWD initially 
(p = 0.03). The 6MWD absolute value at first referral was an
independent predictor for both the overall mortality (adjusted
HR 0.99, 95% CI 0.988–0.999; p = 0.024) and SSc-related
mortality (adjusted HR 0.99, 95% CI 0.988–0.999; p = 0.039),
a 1% improved survival for 1 additional m carried out. 

DISCUSSION
SSc is a rare heterogeneous autoimmune disease charac-
terized by excessive and progressive fibrosis due to collagen
deposition in the skin and internal organs (lung, gastro-
intestinal, cardiovascular, and renal). Early detection and
followup management of PAH and ILD are recom-
mended26,27, because they remain the leading causes of death
in SSc28,29,30. Therefore, noninvasive clinical tools are
essential for accurate and repeated screening of frequently
coexisting cardiac and lung involvement in patients with SSc. 
    According to the 2002 ATS guidelines, the 6MWT is a
common, practical, and simple test to evaluate the overall
response of integrated organ systems in patients with various
types of pulmonary or cardiac diseases. A single 6MWT
allows the assessment of the functional exercise capacity in
daily practice, while repeated testing evaluates pre- and
posttreatment followup. In patients with moderate to severe
heart or lung disease and in idiopathic PAH or pulmonary
fibrosis, the 6MWT is an independent predictor of
mortality4,31,32. This test has been accepted by the US Food
and Drug Administration as a primary outcome measure in
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Table 1. Baseline clinical characteristics of the 56 patients with SSc at time of first referral evaluation and 6MWT.
Values are mean ± SD or n (%).

Characteristics                                  Total, n = 56 Patients with SSc                              p
                                                                                   Abnormal 6MWT, n = 25Normal 6MWT, n = 31          

Age, yrs                                             45.6 ± 12.7                  41.0 ± 11.6                     49.3 ± 12.1                0.01
Sex                                                                                                                                                                     
    Female                                            38 (67.9)                     17 (68.0)                        21 (67.7)                  0.98
    Male                                                18 (32.1)                      8 (32.0)                         10 (32.3)                     
BMI, kg/m2                                                      23.1 ± 4.2                    22.1 ± 4.6                       23.9 ± 3.6                 0.11
Disease duration, mos                       33.6 ± 44.0                  36.5 ± 32.2                     31.4 ± 51.8                0.67
Diffuse subtype                                     39 (70)                        19 (76)                           20 (65)                   0.35
Performance status                                                                                                                
    0                                                       11 (20)                          2 (8)                              9 (29)                    0.09
    1                                                       35 (63)                        15 (60)                           20 (65)                   0.79
    2                                                       10 (18)                         8 (32)                              2 (7)                     0.01
SHAQ                                                 1.02 ± 0.8                    1.34 ± 0.7                       0.76 ± 0.7                0.005
mRSS                                                    17 ± 10                        19 ± 11                           16 ± 10                   0.21
Tendon friction rub                                 5 (9)                           5 (20)                                 0                        0.02
Arthralgia                                              19 (46)                        14 (74)                            5 (23)                   0.001
Calcinosis                                                5 (9)                           3 (12)                              2 (7)                     0.64
Myalgia                                                 11 (26)                         7 (33)                             4 (18)                    0.31
Muscle disease score                             7.8 ± 9                       10.7 ± 12                          5.4 ± 6                   0.001
Blood pressure at rest                                                                                                                                        
    Systolic, mmHg                              116 ± 19                      116 ± 16                         120 ± 20                  0.10
    Diastolic, mmHg                             79 ± 86                       66 ± 10                          89 ± 114                  0.32
Heart rate at rest, bpm                          78 ± 13                       79 ± 13                           77 ± 13                   0.63
Respiratory rate at rest, breaths/min      17 ± 3                          17 ± 4                             16 ± 3                    0.88
Presence of rales                                   17 (30)                         6 (24)                            11 (36)                   0.35
NYHA at rest                                                                                                                                                     
    1                                                       19 (53)                         8 (44)                            11 (61)                   0.38
    2                                                       14 (39)                        9 (50.0)                            5 (28)                        
    3                                                         3 (8)                            1 (6)                              2 (11)                        
6MWD                                                                                                                                  
    Total 6MWD                                                                                                                                                 
    Absolute value, m                      457 ± 117                    373 ± 106                        524 ± 73                0.0001
    Relative value, %                         75 ± 20                       58 ± 15                           88 ± 10                   0.04
Borg score                                            4.0 ± 2                         3.7 ± 2                            4.3 ± 2                    0.38
Pulmonary function tests                                                                                                                                   
    FVC, %                                            84 ± 26                       77 ± 24                           91 ± 26                   0.05
    DLCO, %                                         58 ± 17                      53 ± 17.3                         62 ± 16                   0.05
Abnormal chest radiograph 
    or HRCT                                          31 (67)                        16 (76)                           15 (60)                   0.24
Transthoracic echocardiography variables
    LVEF, %                                           69 ± 9                          65 ± 8                             72 ± 8                   0.003
    TRV, m/s                                         1.9 ± 1.3                      2.2 ± 1.3                         1.6 ± 1.3                  0.22
    PASP, mmHg                                    32 ± 9                          33 ± 8                            31 ± 10                   0.47
    PAH                                                    3 (5)                            1 (4)                               2 (7)                     0.69
Laboratory tests                                                                                                                                                 
    Hemoglobin level, g/dl                  12.4 ± 1.4                    12.1 ± 1.6                       12.7 ± 1.1                 0.10
    Serum creatinine, μmol/l                 70 ± 46                       62 ± 12                           76 ± 62                   0.28
    C-reactive protein, mg/l                   15 ± 19                       14 ± 18                           16 ± 20                   0.78
    Serum CPK, IU/l                           218 ± 324                   269 ± 381                       169 ± 257                 0.29
Immunological profile
    ANA                                               56 (100)                      25 (100)                         31 (100)                     –
    Anticentromere antibodies                 5 (9)                            2 (8)                              3 (10)                    0.79
    Antitopoisomerase I antibodies       33 (59)                        15 (60)                           18 (58)                   0.88
    aPL                                                    6 (15)                          3 (18)                             3 (14)                    0.73
Treatment at baseline
    Oxygen                                               1 (2)                            1 (4)                                  0                           –
    Corticosteroids                                 27 (48)                        14 (56)                           13 (42)                   0.30
    Cyclophosphamide                          10 (18)                         6 (24)                             4 (13)                    0.32
    Mycofenolate mofetil                         4 (7)                           3 (12)                              1 (3)                     0.31
    Methotrexate                                      2 (4)                            1 (4)                               1 (3)                     0.88
    Bosentan                                            1 (2)                               0                                  1 (3)                        –

SSc: systemic sclerosis; 6MWT: 6-minute walk test; BMI: body mass index; SHAQ: Scleroderma Health
Assessment Questionnaire; mRSS: modified Rodnan skin score; NYHA: New York Heart Association; 6MWD:
6-minute walk distance; FVC: forced vital capacity; HRCT: high-resolution computed tomography of the chest;
LVEF: left ventricular ejection fraction as measured by cardiac echography; TRV: tricuspid regurgitation peak
velocity; PASP: pulmonary arterial systolic hypertension; PAH: pulmonary arterial hypertension; ANA: antinuclear
antibodies; aPL: antiphospholipid antibodies; CPK: creatine phosphokinase.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


the development and approval of PAH drugs4. However, the
value obtained in idiopathic PAH could not be generalized to
SSc-PAH33, and few studies have assessed the 6MWT value
in SSc. In a metaanalysis of 43 retained papers that included
3185 SSc patients tested from 1996 to 2016, no data were
available in those without ILD and PAH, nor on the evolution
of the 6MWD over time33. In addition, the 6MWD data were
missing in up to 30% of the included SSc-ILD–PAH patients,
without explanation. Two other studies raised doubts about
the 6MWT specificity and relevance, because of multiple
organ involvement in SSc12,15. 
    As recommended by the EPOSS-OMERACT experts10,
this prospective observational study specifically evaluated the
6MWT in an unselected SSc population during routine clinical
followup. We performed the 6MWT as originally described
by Guyatt, et al34. Following the ATS guidelines, a practice
test was performed to report the highest 6MWD as an absolute
value4. The 6MWD results are very sensitive to variations in
methodology (e.g., use of encouragement, provision of
oxygen, changes in track layout and length)31. Shorter height,
older age, higher body weight, female sex, pulmonary and
cardiovascular diseases, and musculoskeletal disorders may
all reduce the 6MWD. SSc cardiac and pulmonary
involvement, as studied by Garin, et al in 75 patients with and
without ILD or PAH35, but also musculoskeletal disease with
arthralgia, tendon friction rubs, myositis, or pain may account

for reduced 6MWD. Here, we used the validated version of
SHAQ after prior adequate translation19, a reliable score used
in daily practice and clinical trials to evaluate SSc
disability19,36,37 and one of the best prognostic factors of
survival at 2 years in diffuse SSc38. The significant correlation
observed between the 6MWD and the SHAQ at any evalu-
ation point during followup reinforces the significance of each
test in this setting. Cardiac involvement is common in SSc,
although it is subclinical for a long time. Once it is clinically
apparent, cardiac involvement carries a very poor prog-
nosis30,39,40,41,42. While the overall longterm prognosis of
patients with SSc has improved in recent years, the proportion
of deaths due to heart disease has not changed significantly,
and monitoring of myocardial involvement is essential in SSc
management43,44. Although all patients had normal LVEF at
first referral, we found a strong significant correlation between
6MWD and LVEF, and also an independent statistical signifi-
cant association with increased mortality (HR = 0.99, 95% CI
0.988–0.999; p = 0.02) at almost 2 years followup. Villalba,
et al had showed that a 6MWD < 400 m was associated with
transthoracic echocardiography PASP > 30 mmHg in SSc
patients with lung involvement45. Sanges, et al reported corre-
lations between 6MWD and baseline transthoracic echocar-
diography variables and hemodynamics in SSc-PAH without
extensive ILD16. Three different studies using multivariate
analysis had shown that the 6MWT was associated with
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Figure 1. Bland-Altman plot of the 6-minute walk distance (6MWD) in 56 patients with systemic sclerosis.
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measures of myocardial involvement, ILD, musculoskeletal
disorders, and inflammation13,14,15. Our present prospective
study of an unselected cohort of 56 patients with SSc shows
relevant correlation between abnormal 6MWD (< 80%
predicted) at first referral with the presence of heart, lung,
skin, and musculoskeletal involvement within a relatively
short followup of almost 2 years. Therefore, a low 6MWD
effectively correlates with SSc disease severity, although it is
nonspecific for the presence of PAH or ILD per se, because
of multiorgan involvement. Importantly, the 6MWT is an
independent predictor of survival. 
    Our study had several limitations. The cohort reflects
patients usually followed in tertiary centers where most, but
not all patients, had diffuse SSc. Patients unable to walk and
perform the test at first referral were not included in the study.
Irrespective of the diffuse or limited SSc subtype, it cannot
be applied to patients with very advanced disease who are
unable to perform the 6MWT because of muscle weakness,
foot calcinosis, or joint pain, highlighting the major limitation
of this test. This supports the validity that the 6MWT does
not cover the whole range of SSc. Although bias is minimized
by our statistical approach, unknown latent factors could also
affect 6MWD variations not specific to SSc, such as
variability in pulmonary function testing or transthoracic
echocardiography, or variable responses to exercise testing.

Different psychological responses to exercise (unrelated to
disease) could lead to either a training effect or decompen-
sation. However, the 6MWD reproducibility was strong in
the tested population and this latter factor was not a
confounding factor in results analysis. 
    This unselected SSc prospective cohort study first shows
strong reproducibility for the 6MWD and that a “practice
test” is no longer needed in SSc daily practice evaluation. It
confirms 6MWT utility as a valid tool to assess functional
capacity, with a significant prognostic value at first evaluation
but also during followup in SSc patients with various degrees
of organ involvement. In SSc, as in other clinical settings, the
6MWT is a sensitive test to indirectly evaluate SSc
myocardial and pulmonary involvement and is an
independent predictor of overall survival. 
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capacity; LVEF: left ventricular ejection fraction as measured by cardiac
echography; TRV: tricuspid regurgitation peak velocity; PASP: pulmonary
arterial systolic pressure; CPK: creatine phosphokinase.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


between two methods of clinical measurement. Lancet Lond Engl
1986;1:307-10. 

 26.   Chung L, Domsic RT, Lingala B, Alkassab F, Bolster M, Csuka ME,
et al. Survival and predictors of mortality in systemic 
sclerosis-associated pulmonary arterial hypertension: outcomes
from the pulmonary hypertension assessment and recognition of
outcomes in scleroderma registry. Arthritis Care Res 2014;
66:489-95. 

 27.   Hachulla E, Clerson P, Airò P, Cuomo G, Allanore Y, Caramaschi P,
et al; EUSTAR co-workers. Value of systolic pulmonary arterial
pressure as a prognostic factor of death in the systemic sclerosis
EUSTAR population. Rheumatol 2015;54:1262-9. 

 28.   Farge D, Burt RK, Oliveira MC, Mousseaux E, Rovira M,
Marjanovic Z, et al. Cardiopulmonary assessment of patients with
systemic sclerosis for hematopoietic stem cell transplantation:
recommendations from the European Society for Blood and Marrow
Transplantation Autoimmune Diseases Working Party and 
collaborating partners. Bone Marrow Transplant 2017;52:1495-503.

 29.   Fransen J, Popa-Diaconu D, Hesselstrand R, Carreira P, Valentini G,
Beretta L, et al. Clinical prediction of 5-year survival in systemic
sclerosis: validation of a simple prognostic model in EUSTAR
centres. Ann Rheum Dis 2011;70:1788-92. 

 30.   Hao Y, Hudson M, Baron M, Carreira P, Stevens W, Rabusa C, et al;
Canadian Scleroderma Research Group; Australian Scleroderma
Interest Group. Early mortality in a multinational systemic sclerosis
inception cohort. Arthritis Rheumatol 2017;69:1067-77. 

 31.   Singh SJ, Puhan MA, Andrianopoulos V, Hernandes NA, Mitchell
KE, Hill CJ, et al. An official systematic review of the European
Respiratory Society/American Thoracic Society: measurement
properties of field walking tests in chronic respiratory disease. Eur
Respir J 2014;44:1447-78. 

 32.   Gadre A, Ghattas C, Han X, Wang X, Minai O, Highland KB. 
Six-minute walk test as a predictor of diagnosis, disease severity,
and clinical outcomes in scleroderma-associated pulmonary 
hypertension: the DIBOSA study. Lung 2017;195:529-36.

 33.   Vandecasteele E, De Pauw M, De Keyser F, Decuman S,
Deschepper E, Piette Y, et al. Six-minute walk test in systemic
sclerosis: a systematic review and meta-analysis. Int J Cardiol
2016;212:265-73. 

 34.   Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO,
Taylor DW, et al. The 6-minute walk: a new measure of exercise
capacity in patients with chronic heart failure. Can Med Assoc J
1985;132:919-23. 

 35.   Garin MC, Highland KB, Silver RM, Strange C. Limitations to the

6-minute walk test in interstitial lung disease and pulmonary 
hypertension in scleroderma. J Rheumatol 2009;36:330-6. 

 36.   Pope J. Measures of systemic sclerosis (scleroderma): Health
Assessment Questionnaire (HAQ) and Scleroderma HAQ (SHAQ),
physician- and patient-rated global assessments, Symptom Burden
Index (SBI), University of California, Los Angeles, Scleroderma
Clinical Trials Consortium Gastrointestinal Scale (UCLA SCTC
GIT) 2.0, Baseline Dyspnea Index (BDI) and Transition Dyspnea
Index (TDI) (Mahler’s Index), Cambridge Pulmonary Hypertension
Outcome Review (CAMPHOR), and Raynaud’s Condition Score
(RCS). Arthritis Care Res 2011;63 Suppl 11:S98-111. 

 37.   Johnson SR, Hawker GA, Davis AM. The health assessment
questionnaire disability index and scleroderma health assessment
questionnaire in scleroderma trials: an evaluation of their
measurement properties. Arthritis Rheum 2005;53:256-62. 

 38.   Steen VD, Medsger TA Jr. The value of the Health Assessment
Questionnaire and special patient-generated scales to demonstrate
change in systemic sclerosis patients over time. Arthritis Rheum
1997;40:1984-91. 

 39.   Al-Dhaher FF, Pope JE, Ouimet JM. Determinants of morbidity and
mortality of systemic sclerosis in Canada. Semin Arthritis Rheum
2010;39:269-77. 

 40.   Ferri C, Valentini G, Cozzi F, Sebastiani M, Michelassi C, La
Montagna G, et al; Systemic Sclerosis Study Group of the Italian
Society of Rheumatology (SIR-GSSSc). Systemic sclerosis:
demographic, clinical, and serologic features and survival in 1,012
Italian patients. Medicine 2002;81:139-53. 

 41.   Ioannidis JPA, Vlachoyiannopoulos PG, Haidich AB, Medsger TA
Jr, Lucas M, Michet CJ, et al. Mortality in systemic sclerosis: an
international meta-analysis of individual patient data. Am J Med
2005;118:2-10. 

 42.   Steen VD, Medsger TA. Changes in causes of death in systemic
sclerosis, 1972-2002. Ann Rheum Dis 2007;66:940-4. 

 43.   Kahan A, Allanore Y. Primary myocardial involvement in systemic
sclerosis. Rheumatol 2006;45 Suppl 4:iv14-17. 

 44.   Allanore Y, Meune C, Vonk MC, Airo P, Hachulla E, Caramaschi P,
et al. Prevalence and factors associated with left ventricular
dysfunction in the EULAR Scleroderma Trial and Research group
(EUSTAR) database of patients with systemic sclerosis. Ann Rheum
Dis 2010;69:218-21. 

 45.   Villalba WO, Sampaio-Barros PD, Pereira MC, Cerqueira EM,
Leme CA, Marques-Neto JF, et al. Six-minute walk test for the
evaluation of pulmonary disease severity in scleroderma patients.
Chest 2007;131:217-22. 

1280 The Journal of Rheumatology 2018; 45:9; doi:10.3899/jrheum.170994

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2018. All rights reserved.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/

