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ABSTRACT
Objective. Interstitial lung disease 
(ILD) and pulmonary arterial hyper-
tension (PAH) are the leading causes 
of death in systemic sclerosis (SSc) pa-
tients. Although the six-minute walk test 
(6MWT) is used for evaluating ILD and 
PAH in clinical practice, no data are 
available on six-minute walk distance 
(6MWD) and oxygen desaturation in 
SSc patients without ILD and PAH.
Methods. Prospectively collected data 
of the 6MWTs at baseline and 6-month 
follow-up of 300 consecutive SSc pa-
tients, included in the Ghent University 
Hospital Systemic Sclerosis Unit be-
tween May 2006 and April 2015 were 
analysed.
Results. The mean 6MWD of 165 SSc 
patients without ILD and PAH who per-
formed a 6MWT at baseline or at the 
6-month visit was 484±93m. Patients 
in the diffuse cutaneous (DcSSc) sub-
group (435±94m) walked less than in 
the limited (LSSc) subgroup (499±91m, 
p=0.04) and tended to walk less than in 
the limited cutaneous (LcSSc) subgroup 
(483±92m, p=0.15). In 115 SSc patients 
without ILD and PAH who walked at 
both moments, there was no significant 
difference between the 6MWDs (mean 
difference -7.60m 95%CI [-19.93m; 
4.73m], p=0.23) and the oxygen de-
saturation was not statistically different 
in 102 of them (mean difference 0.41% 
95%CI [-0.49%; 1.31%], p=0.37). 
Conclusion. In SSc without ILD and 
PAH, the 6MWD and oxygen desatura-
tion is clinically stable over a 6 months 
period. The DcSSc subgroup walks less 
than the LSSc and the LcSSc subgroup.

Introduction
Systemic sclerosis (SSc) is an orphan 
auto-immune connective tissue dis-
ease characterised by vasculopathy, 
auto-immunity and fibrosis of skin and 
visceral organs. Progressive fibrosis of 

skin and internal organs (gastrointesti-
nal tract, heart, kidneys, and lungs) re-
sults in major organ damage and high 
morbidity and mortality (30-35% at 10 
years after first diagnosis) (1, 2). Nowa-
days, interstitial lung disease (ILD) and 
pulmonary arterial hypertension (PAH) 
are the leading causes of disease-relat-
ed mortality (counting for up to 60% 
of the disease related mortality) (1, 2).
The six-minute walk test (6MWT) is 
a submaximal, aerobic exercise test 
which correlates with the daily physi-
cal activity. It is a simple, safe, non-
invasive, valid, reliable test. The six-
minute walk distance (6MWD) of the 
6MWT is generally used for evaluating 
functional exercise capacity, assess-
ing prognosis, determining outcome of 
clinical trials and evaluating response 
to treatment in heart and lung diseases 
like PAH, ILD, chronic obstructive 
pulmonary disease (COPD) and con-
gestive heart failure (3-5). However, 
data on 6MWD in SSc are conflicting. 
Although there are previous studies on 
6MWT in unselected SSc cohorts and 
the 6MWD seems reproducible in SSc 
and SSc-ILD, there are no data avail-
able on normal values in SSc patients 
without PAH and ILD (6-9). A recently 
performed systematic review and meta-
analysis shows that SSc-PAH patients 
walk less than SSc without PAH and 
that the pooled mean 6MWD in 3185 
unselected SSc patients is 366m, 95% 
confidence interval (CI) (344-388m). 
The major limitations of this system-
atic review and meta-analysis were the 
different diagnostic tools and criteria 
used for diagnosing SSc-ILD and the 
variation in the methodology to per-
form a 6MWT in the included studies 
(10).
Oxygen desaturation during the 6MWT 
correlates with the diffusing capac-
ity of the lung for carbon monoxide 
[DLCO] in SSc patients and in the sub-
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group with diffuse cutaneous SSc and 
ILD (11, 12).
Since SSc patients are at risk for devel-
oping PAH and ILD and the 6MWT is 
generally used for evaluating PAH and 
ILD, this study wants to evaluate the 
6MWT at baseline and 6-month fol-
low-up in a cohort of unselected SSc 
patients and in the SSc subgroup with-
out ILD and PAH.

Methods
Patient selection
Data of the prospective collection of 
the 6MWT test results at baseline and 
at month 6 of a SSc-specific evaluation 
visit of 300 consecutive SSc patients, 
fulfilling the preliminary classifica-
tion criteria of the American College 
of Rheumatology (ACR), the LeRoy 
and Medsger criteria for early SSc and/
or the ACR/European League Against 
Rheumatism (EULAR) classification 
criteria, included in the Ghent Uni-
versity hospital systemic sclerosis unit 
between May 2006 and April 2015 
were analysed (13-15). Patients were 
classified as limited systemic sclero-
sis (LSSc), limited cutaneous systemic 
sclerosis (LcSSc) or diffuse cutaneous 
systemic sclerosis (DcSSc) accord-
ing to the Leroy classification criteria 
(16). Approval was obtained by the 
Ethics Committee of the Ghent Uni-
versity Hospital and all patients signed 
informed consent.

The six-minute walk test
All 6MWTs were performed on a 50-m 
corridor at room air without additional 
oxygen, at the same location and time 
throughout the study. According to the 
American Thoracic Guidelines, blood 
pressure, heart rate and oxygen satura-
tion were measured at the beginning 
and the end of the 6MWT (3). Oxygen 
saturation was determined using finger 
probe pulse oximeter or ear lobe probe 
when no good pulse signal was ob-
tained by the finger probe. Oxygen de-
saturation was defined as a decrease in 
peripheral capillary oxygen saturation 
(SpO2) of ≥4% and a severe desatura-
tion as SpO2 ≤88% at the end of the 
test (11). Patient self-reported postwalk 
dyspnea and fatigue were evaluated us-
ing the Borg scale, which is a well-val-

idated scoring system on a 0-10 point 
scale to grade the patients perception of 
shortness of breath and level of fatigue 
(0= nothing at all, 10= maximum) (3).

Systemic sclerosis specific visit
In line with (inter)national clinical 
practice guidelines, medical history and 
drug intake of each patient were record-
ed at each visit and a standard clinical 
examination was performed includ-
ing measurement of skin involvement 
(modified Rodnan Skin Score [mRSS]), 
evaluating vascular involvement (digi-
tal pitting scars, ulcerations or gan-
grene) and musculoskeletal involve-
ment (synovitis, tendon friction rubs, 
joint contractures, muscle weakness) 
(2, 17). A chest x-ray, a transthoracic 
echocardiography, a pulmonary func-
tion test (including total lung capac-
ity [TLC], forced vital capacity [FVC], 
forced expiratory volume in 1 second 
[FEV1] and DLCO, expressed as % of 
the predicted value), a standard blood 
test (with erythrocyte sedimentation 
rate [ESR], C-reactive protein [CRP], 
haemoglobin, serum creatinin, creatin 
kinase [CK] level, complement fac-
tors C3 and C4 and serum SSc-specific 
antibody screening) and an electrocar-
diography were done at each visit (17, 
18). High resolution chest computed 
tomography (HRCT) was performed at 
baseline. Optional investigation (HRCT 
on visits beside the baseline visit, right 
heart catheterisation [RHC], ventila-
tion-perfusion scintigraphy, arterial 
blood gas sampling) was at the discre-
tion of the treating physicians and since 
2009 according to the guidelines on 
diagnosis of pulmonary hypertension 
by the European Society of Cardiology 
(ESC) and the European Respiratory 
Society (ERS) (19, 20).
Patients were asked to complete the 
Health Assessment Questionnaire and 
the SSc Disease Activity Score (DAS) 
and Disease Severity Score (DSS) 
were calculated (21, 22). The 10 items 
of the DAS were recorded by anamne-
sis (patient self-reported items), clini-
cal examination (mRSS, scleredema, 
digital necrosis, arthritis), laboratory 
measures (ESR and complement fac-
tors C3 and C4) and pulmonary func-
tion test (DLCO) (21).

The DSS were calculated for 9 differ-
ent organ systems: general, peripheral 
vascular, skin, joints and tendons, mus-
cle, gastrointestinal, lung, heart, and 
kidney. Each DSS is graded from 0 
(no involvement) to 4 (major involve-
ment), based on strictly defined criteria 
(22).

Interstitial lung disease
For ILD, the patients were classified 
independently by 2 investigators (EV, 
KT) in three subgroups (no ILD, limit-
ed ILD or extensive ILD), according to 
the simplified flow diagram described 
by Goh et al. (23). Patients were clas-
sified in the no ILD subgroup when 
no disease specific abnormalities were 
detected on HRCT. Extensive ILD was 
defined as extent of disease >20% on 
HRCT or FVC <70% when the disease 
extent on HRCT was indeterminate. 
Limited ILD was defined as extent of 
the disease on HRCT <20% or FVC 
≥70% when HRCT extent was inde-
terminate. If there were no HRCT and/
or pulmonary functional testing data 
available, data on ILD were reported 
as missing. The interrater variabil-
ity for scoring ILD was good (κ=0.81, 
p<0.001, 95%CI 0.74-0.88).

Pulmonary arterial hypertension
Patients were screened for PAH by 
clinical examination and echocardio-
graphic parameters according to the 
ESC/ERS guidelines (19). PAH was 
confirmed by RHC: mean pulmonary 
artery pressure ≥25mmHg during RHC 
with pulmonary capillary wedge pres-
sure (PCWP) ≤15mmHg in the ab-
sence of extensive ILD as described 
above (19). Patients were excluded for 
subgroup classification SSc with or 
without PAH when the tricuspid valve 
regurgitation (TR) peak gradient was 
above 2.8 meter per second (m/s), in 
the absence of RHC or when RHC con-
firmed pulmonary hypertension (PH) 
not classified as PAH.

Statistical analysis
For descriptive purposes, absolute 
numbers with percentages were shown 
for nominal categorical variables, me-
dians with interquartile ranges (IQR) 
for ordinal categorical variables and 
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means with standard deviation (SD) 
for continuous variables. Means of 
continuous outcome variables be-
tween subgroups were compared using 
the independent samples t-test or the 
ANOVA test with application of the 
Tukey correction procedure for multi-
ple testing for pairwise comparisons. 
Means of continuous outcome vari-
ables within subgroups were analysed 
using the paired samples t-test. A sig-
nificance level of 0.05 was assumed for 
the statistical tests. All p-values were 
the results of two-tailed tests. Statisti-
cal analysis was performed with SPSS 
statistical software, v. 23.0.

Results
Patient characteristics
From the 300 SSc patients included in 
the Ghent University hospital systemic 
sclerosis unit between May 2006 and 
April 2015, all patients fulfilled the 
LeRoy and Medsger criteria for early 
SSc and 161 (54%) the preliminary 
ACR classification criteria (13, 14). 
From the 43 SSc patients included in 
the cohort since December 2013, 38 
(88%) fulfilled the ACR/EULAR clas-
sification criteria for SSc (15). 
286 SSc patients performed a first 
6MWT at baseline or at 6-month visit 
and 205 patients performed a 6MWT 
at both moments (Fig. 1). The base-
line characteristics of those 286 SSc 
patients at the time of the first 6MWT 
are depicted in Table I. 76% were fe-
male with a mean age of 52±14 years. 
25% were classified as LSSc, 58% as 
LcSSc and 17% as DcSSc. Five SSc 
patients were not evaluated by HRCT 
or pulmonary function testing and were 
excluded for subgroup classification 
SSc with or without ILD. At the time 
of the first 6MWT, 110 (39%) patients 
had ILD (34% limited ILD and 6% 
extensive ILD). Sixteen patients were 
excluded for subgroup classification 
SSc with or without PAH, since 15 had 
a TR peak velocity above 2.8 m/s, but 
were not evaluated by RHC and one 
had PH secondary to left heart disease. 
Seven patients had PAH. 
Of these 286 SSc patients, 259 (91%) 
performed the first 6MWT at base-
line and 27 (9%) at the 6-month visit, 
mainly due to logistic problems (Fig. 

1). In the group of 259 patients that 
performed the first 6MWT at baseline, 
there was a higher percentage of LSSc 
and a lower percentage of DcSSc pa-
tients as compared to the group of 27 
patients who performed the first 6MWT 
at 6-month visit (LSSc/LcSSc/DcSSc 
68 [26%]/151 [58%]/40 [15%] and 3 
[11%]/16 [59%]/8 [30%] respectively, 
p=0.02). In accordance with this find-
ing, there was a significant difference 
in the mRSS between the 2 groups. 
(Supplementary File 1).

Percentage performing a 6MWT
From the 300 SSc patients, 14 did not 
perform a 6MWT at baseline nor at 
the 6-month visit. After exclusion of 8 
SSc patients due to logistic problems, 
286 of the 292 (98%) SSc patients per-
formed a 6MWT. Six patients were un-

able to perform a 6MWT (2 due to leg 
amputation and 4 due to immobility).

First 6MWD in different subgroups
The mean 6MWD for 286 unselected 
SSc patients was 457±111m. After 
exclusion of 121 patients, the mean 
6MWD for 165 SSc patients with-
out ILD or PAH was 484±93m (Table 
II). Subgroup analysis within the SSc 
group without ILD and PAH showed 
that DcSSc patients (435±94m) walked 
less than LSSc patients (499±91m, 
p=0.04) and tended to walk less than 
LcSSc patients (483±92m, p=0.15). 
There was no significant difference in 
the mean 6MWD between the LSSc 
and the LcSSc subgroup (p=0.53). 
Subgroup analysis within the unse-
lected SSc group revealed similar find-
ings on 6MWD for the LSSc, LcSSc 

Fig. 1. Number of patients performing a 6MWT at baseline and at 6-month visit.
SSc: systemic sclerosis; n: number of patients; 6MWT: six-minute walk test.

Table I. Characteristics of 286 SSc patients at the moment of the first 6MWT (at baseline 
or at 6-month visit).

Characteristic	 n	

Age (years) ° 	 286	 51.53 ± 13.76
♀/♂*	 286	 216/70	 (75.5/24.5)
Raynaud*	 286	 281	 (98.3)
Disease duration since first Raynaud (months)#	 281	 70	 (20-158.5)
Disease duration since first non-Raynaud (months)#	 253	 32	 (11-99)
LSSc/LcSSc/DcSSc*	 286	 71/167/48	 (24.8/58.4/16.8)
mRSS #	 286	 5.0	 (0.0-10.0)
DAS #	 276	 0.5	 (0.5-2.0)
ACA*	 286	 132	 (46.2)
AntiScl70 AB*	 286	 51	 (17.8)
PAH*	 270	 7	 (2.6)
Limited ILD*	 281	 94	 (33.5)
Extensive ILD*	 281	 16	 (5.7)

°: mean ± SD, *: n (%), #: median (IQR).
N: number of patients; SD: standard deviation; IQR: interquartile range; ♀: women; ♂: men; n: num-
ber; %: percent; Raynaud: presence of Raynaud’s phenomenon; non-Raynaud: presence of first non-
Raynaud’s phenomenon; LSSc: limited systemic sclerosis; LcSSc: limited cutaneous systemic sclero-
sis; DcSSc: diffuse cutaneous systemic sclerosis; mRSS: modified Rodnan Skin Score; DAS: disease 
activity score; ACA: anti-centromere antibodies; AntiScl70 AB: anti-topoisomerase I antibodies; ILD: 
interstitial lung disease; PAH: pulmonary arterial hypertension.
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and DcSSc subgroups, but the level of 
significance was reached for the dif-
ference between the DcSSc and LcSSc 
subgroup (p=0.04), and between the 
DcSSc and LSSc subgroup (p=0.01) 
(Table II).
SSc-PAH patients walked significantly 
less than SSc patients without PAH 
(p<0.01). There was a significant dif-
ference in the 6MWD between the 
SSc extensive ILD, SSc limited ILD 
and SSc no ILD subgroups (p<0.01). 
Patients without ILD (478±98m) 
walked significantly more than the pa-
tients with limited ILD (432±120m, 
p<0.01) and patients with extensive 
ILD (400±121m, p=0.02). The mean 

6MWD for patients with limited ILD 
and extensive ILD was not statisti-
cally significant (p=0.50). Female SSc 
patients walked less as compared to 
males in the unselected SSc popula-
tion (p<0.01) and tended to walk less 
in the subgroup without ILD and PAH 
(p=0.20) (Table II).

Evolution of the 6MWD from the 
baseline to the 6–month visit
205 unselected SSc patients performed 
a 6MWT at baseline and at 6-month vis-
it. There was no significant difference 
in the distance walked at both moments 
in 205 unselected SSc patients (mean 
difference 1.99m, 95 confidence inter-

val [CI] [-6.73m; 10.71m], p=0.65) and 
in 115 SSc patients without ILD and 
PAH (mean difference -7.60m 95%CI 
[-19.93m; 4.73m], p=0.23). Similar 
findings with small CI’s were seen in 
the SSc subgroup without ILD and 
the SSc subgroup without PAH. For 
the subgroups of SSc and SSc without 
ILD and PAH according to Leroy and 
Medsger classification, the 95%CIs 
were broader (Table III).

Oxygen saturation during the 
first 6MWT in different subgroups
Oxygen saturation was measurable by 
finger probe in 250 (87%) of the 286 
SSc patients performing a 6MWT. The 

Table II. 6MWD during the first 6MWT in different subgroups of SSc.

	 n	 First 6MWD	 n	 First 6MWD 	 n	 First 6MWD	     p
		  mean ± SD (m)		  mean ± SD (m)		  mean ± SD (m)	

SSc	 286	 456.55±110.85							     

♀SSc	 216	 446.23±110.64	 ♂SSc	 70	 488.40±106.05				    0.005

LSSc	 71	 475.35±108.84*#°	 LcSSc	 167	 460.15±106.27*#”	 DcSSc	 48	 416.21±121.40*°”	 *0.013 #0.590
									         °0.012 “0.039

SSc-noILD	 171	 477.75±98.02*#°	 SSc-limitedILD	 94	 432.31±119.83*#”	 SSc-extensiveILD	 16	 399.81±121.24*°”	 *<0.001 #0.003  	
									         °0.016 “0.501

SSc-noPAH	 263	 465.91±104.13	 SSc-PAH	 7	 328.86±147.31				    0.001

SSc-noILD-noPAH	 165	 484.2±92.65							     

♀SSc-no-ILD-noPAH	 124	 478.91±92.80	 ♂SSc-noILD-noPAH	 41	 500.2±91.45				    0.203

LSSc-noILD-noPAH	 58	 499.22±90.73*#°	 LcSSc-noILD-noPAH	 92	 482.79±91.72*#”	 DcSSc-noILD-noPAH	 15	 434.73±93.80*°”	 *:0.054 #:0.534
									         °: 0.042 “: 0.146

6MWT: six-minute walk test; n: number of patients; 6MWD: six-minute walk distance; m: meter; SD: standard deviation; SSc: systemic sclerosis; noILD: 
without interstitial lung disease; ILD: interstitial lung disease; noPAH: without pulmonary arterial hypertension; PAH: pulmonary arterial hypertension; ♀: 
women; ♂: men; LSSc: limited systemic sclerosis; LcSSc: limited cutaneous systemic sclerosis; DcSSc: diffuse cutaneous systemic sclerosis.

Table III. Evolution of the 6MWD from the baseline to the 6-month visit.

	 n	 6MWD T0 (m)	 6MWD T6 (m)	 Pearson’s	 Mean Difference	 p
		  mean ± SD	 mean ± SD	 correlation	 (95%CI) (m)
				    coefficient	  	

SSc	 205	 461.96	±	103.36	 463.95	±	98.31	 0.804	 1.99	 (-6.73; 10.71)	 0.653
LSSc	 54	 469.63	±	113.95	 463.13	±	104.73	 0.828	 -6.50	 (-24.18; 11.18)	 0.464
LcSSc	 118	 466.94	±	96.21	 471.23	±	88.65	 0.767	 4.29	 (-7.29; 15.87)	 0.465
DcSSc	 33	 431.61	±	107.79	 439.27	±	117.83	 0.859	 7.67	 (-13.85; 29.18)	 0.473
SSc-extensiveILD	 10	 357.20	±	123.58	 397.20	±	144.51	 0.897	 40.00	 (-5.82; 85.82)	 0.080
SSc-limitedILD	 72	 449.82	±	107.42	 457.35	±	100.91	 0.867	 7.53	 (-5.19; 20.25)	 0.242
SSc-no ILD	 120	 478.72	±	94.64	 474.34	±	91.14	 0.736	 -4.38	 (-16.58; 7.83)	 0.479
SSc-PAH	 7	 328.86	±	147.31	 374.14	±	144.98	 0.947	 45.29	 (1.22; 89.35)	 0.046
SSc-no PAH	 186	 470.81	±	97.93	 470.70	±	94.43	 0.784	 -0.11	 (-9.27; 9.06)	 0.982
SSc-noILD-no PAH	 115	 485.84	±	88.99	 478.24	±	90.52	 0.723	 -7.60	 (-19.93; 4.73)	 0.225
LSSc-no-ILD-noPAH 	 42	 499.81	±	91.09	 488.38	±	89.33	 0.735	 -11.43	 (-31.90; 9.04)	 0.266
LcSSc-noILD-noPAH 	 64	 487.70	±	80.32	 485.58	±	77.31	 0.611	 -2.13	 (-19.51; 15.26)	 0.808
DcSSc-noILD-noPAH	 9	 407.33	±	107.35	 378.67	±	129.07	 0.929	 -28.67	 (-66.66; 9.32)	 0.120

n: number of patients; 6MWD: six-minute walk distance; T0: baseline visit; T6: 6-month visit; m: meter; SD: standard deviation; CI: confidence interval; 
SSc: systemic sclerosis; LSSc: limited systemic sclerosis; LcSSc: limited cutaneous systemic sclerosis; DcSSc: diffuse cutaneous systemic sclerosis; ILD: 
interstitial lung disease; noILD: without interstitial lung disease; PAH: pulmonary arterial hypertension; noPAH: without pulmonary arterial hypertension.
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mean oxygen saturation was 98+/-3% 
at the beginning of the test and 98±4% 
at the end of the test. Oxygen desatura-
tion was seen in 17 (7%) and severe de-
saturation in 9 (4%) SSc patients. For 
148 SSc patients without ILD or PAH, 
similar findings were found (Table IV).

Evolution of the oxygen desaturation 
from the baseline to the 6-month visit
For 176 unselected SSc patients per-
forming a 6MWT at baseline and at 
6-month visit, oxygen saturation was 
measurable by finger probe. There was 
no significant difference in the mean 

desaturation at both moments (mean 
difference -0.15% 95%CI [-0.91%; 
0.62%], p=0.70) in 176 SSc patients 
and in 102 SSc patients without ILD and 
PAH (mean difference 0.41% 95%CI 
[-0.49%; 1.31%], p=0.37) (Table V).

Evolution of disease-related 
parameters from the baseline to 
the 6-month visit in the subgroup 
without ILD and PAH
In the SSc subgroup without ILD and 
PAH, the mean differences for CRP, 
CK, Creatinin, HgB level, lung func-
tional parameters (TLC, FVC, FEV1), 

echocardiographic parameters (tricus-
pid valve regurgitation peak gradient 
and left ventricular ejection fraction) 
were similar between the 2 visits. Only 
the mean difference for mRSS and for 
DLCO was significantly different at the 
6-month visit as compared to baseline 
(respectively 5.39 vs 4.61, mean differ-
ence 0.77 95%CI [0.18; 1.36], p=0.01 
for mRSS and 76.16% vs 77.99%, 
mean difference -1.83% 95%CI 
[-3.56%; -0.11%], p=0.04 for DLCO), 
but this was without clinical relevance 
(Table VI).

Discussion
By analysing the 6MWTs at baseline 
and 6-month visit in the Ghent Uni-
versity hospital systemic sclerosis unit, 
the major findings were: 1. execution 
of 6MWT is feasible, as 98% of the 
SSc patients have performed the test; 
2. the baseline mean 6MWD of 286 
unselected SSc patients is 457±111m 
and the baseline mean 6MWD of 165 
SSc patients without ILD and PAH is 
484±93m; 3. DcSSc patients without 
ILD and PAH walk less than LSSc and 
tended to walk less than LcSSc pa-
tients without ILD and PAH; 4. in 205 
unselected SSc patients and 115 SSc 
patients without ILD and PAH, there 
is no significant difference in the dis-
tance walked during a 6MWT at base-
line and after 6 months; and 5. oxygen 
desaturation was clinically stable over 

Table V. Evolution of the oxygen desaturation from the baseline to the 6–month visit.

	 n	 Δsat T0 (%)	 Δsat T6 (%)	 Pearson’s	 Mean Difference	 p
		  mean ± SD	 mean ± SD	 correlation	 (95%CI) (%)
				    coefficient	  	

SSc	 176	 0±4	 0±4	 0.755	 -0.15	 (-0.91; 0.62)	 0.703
LSSc	 54	 0±3	 0±2	 0.023	 0.48	 (-0.26; 1.23)	 0.201
LcSSc	 97	 1±4	 0±5	 0.961	 -0.68	 (-1.97; 0.61)	 0.296
DcSSc	 25	 0±2	 1±2	 0.779	 0.56	 (-0.74; 1.86)	 0.383
SSc-extensiveILD	 7	 2±4	 -2±6	 0.712	 -3.86	 (-10.07; 2.36)	 0.180
SSc-limitedILD	 60	 0±4	 0±5	 0.386	 -0.48	 (-2.00; 1.03)	 0.525
SSc-no ILD	 106	 0±4	 0±3	 0.495	 0.29	 (-0.58; 1.17)	 0.510
SSc-PAH	 6	 6±8	 0±9	 0.367	 -5.8	 (-14.99; 3.33)	 0.163
SSc-noPAH	 162	 0±3	 0±4	 0.456	 0.10	 (-0.66; 0.87)	 0.788
SSc-noILD-noPAH	 102	 0±4	 0±3	 0.571	 0.41	 (-0.49; 1.31)	 0.366
LSSc-no-ILD-noPAH 	 42	 0±3	 0±1	 0.631	 0.67	 (-0.21; 1.55)	 0.134
LcSSc-noILD-noPAH 	 54	 0±4	 1±3	 0.579	 0.26	 (-1.29; 1.81)	 0.738
DcSSc-noILD-noPAH	 6	 1±3	 1±4	 0.700	 0.00	 (-4.20; 4.20)	 1.00

n: number of patients; Δsat: oxygen desaturation during the 6MWT; T0: baseline visit; T6: 6-month 
visit; %: percent; SD: standard deviation; CI: confidence interval; SSc: systemic sclerosis; LSSc: limit-
ed systemic sclerosis; LcSSc: limited cutaneous systemic sclerosis; DcSSc: diffuse cutaneous systemic 
sclerosis; ILD: interstitial lung disease; noILD: without interstitial lung disease; PAH: pulmonary arte-
rial hypertension; noPAH: without pulmonary arterial hypertension.

Table VI. Evolution of disease-related parameters from the baseline to the 6–month visit in 115 SSc patients without ILD and PAH.

	 n	 T0	 T6	 Pearson’s	 Mean Difference (95%CI) 	 p 
		  Mean ± SD	  Mean ± SD	 correlation
				    coefficient	

mRSS	 114	 4.61	±	5.53	 5.39	 ±	5.83	 0.844	 0.77	 (0.18; 1.36)	 0.011
CRP (mg/dL)	 114	 0.43	±	0.85	 0.40	 ±	0.86	 0.165	 -0.03	 (-0.24; 0.17)	 0.764
CK (U/L)	 108	 97.64	±	98.57	 93.16	 ±	61.02	 0.433	 -4.48	 (-21.79; 12.83)	 0.609
Creat (mg/dL)	 114	 0.94	±	0.21	 0.94	 ±	0.22	 0.868	 0.00	 (-0.02; 0.02)	 0.993
HgB (g/dL)	 114	 13.33	±	1.19	 13.332	 ±	1.15	 0.796	 0.00	 (-0.14; 0.14)	 0.980
TLC (%pred)	 114	 103.22	±	14.82	 102.31	 ±	13.92	 0.719	 -0.91	 (-2.92; 1.09)	 0.369
FVC (%pred)	 114	 113.25	±	18.17	 112.92	 ±	18.56	 0.910	 -0.33	 (-1.78; 1.12)	 0.649
FEV1 (%pred)	 114	 99.99	±	14.77	 100.63	 ±	14.60	 0.837	 0.64	 (-0.92; 2.20)	 0.417
DLCO (%pred)	 115	 77.99	±	14.92	 76.16	 ±	14.86	 0.804	 -1.83	 (-3.56; -0.11)	 0.037
TR peak gradient (mmHg)	 91	 21.32	±	4.35	 23.30	 ±	17.50	 0.094	 1.98	 (-1.69; 5.65)	 0.287
LVEF (%)	 112	 66.34	±	6.64	 65.86	 ±	7.83	 0.190	 -0.48	 (-2.21; 1.25)	 0.582

n: number of patients; ILD: interstitial lung disease; PAH: pulmonary arterial hypertension; T0: baseline visit; T6: 6-month visit; SD: standard deviation; 
CI: confidence interval; mRSS: modified Rodnan Skin Score; CRP: C-reactive protein; mg/dL: milligram per deciliter; CK: creatine kinase level; U/L: units 
per liter; Creat: Creatinin level; HgB: haemoglobin; g/dL: gram per deciliter; TLC: total lung capacity; %pred: percent of the predicted value; FVC: forced 
vital capacity; FEV1: forced expiratory volume in 1 second; DLCO: diffusing capacity of the lung for carbon monoxide; TR: tricuspid valve regurgitation; 
mmHg: millimeter of mercury; LVEF: left ventricular ejection fraction; %: percent.
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a 6-month period in 176 SSc patients 
and in 102 SSc patients without ILD 
and PAH.
To our knowledge, this is the first man-
uscript reporting the 6MWD walked 
during a 6MWT in an unselected sub-
group of SSc patients without ILD and 
PAH. Subgroup analysis within the SSc 
group without ILD and PAH shows 
that DcSSc patients walk significantly 
less than LSSc patients and tend to 
walk less than LcSSc patients. In the 
unselected SSc group similar findings 
were seen, with reaching the level of 
significance for the mean 6MWD be-
tween the DcSSc and LcSSc subgroup. 
Previous reports described no signifi-
cant difference between the 6MWD for 
LcSSc and DcSSc, but smaller number 
of patients were included (48-95 SSc 
patients) and patients with ILD and/or 
with PAH were not excluded in these 
studies (7, 24). 
In our cohort, the number of patients 
included in the DcSSc subgroup with-
out ILD and without PAH is rather 
small, which might be an explanation 
for not reaching the level of signifi-
cance comparing the DcSSc and LcSSc 
patients without ILD and without PAH. 
To our knowledge, no data have been 
reported for LSSc. We found a mean 
6MWD of 499±91m for 58 LSSc pa-
tients without ILD and PAH.  
All the mean distances walked dur-
ing the 6MWT by our SSc patients are 
less than the reported mean 6MWD 
of 571±90m of 444 healthy persons 
between 40 and 80 years old (25). 
Possible explanations for the shorter 
walk distance could be gender differ-
ences, musculoskeletal involvement, 
skin fibrosis, microvascular damage or 
variations in methodology. It is known 
that SSc mostly affects women and 
that women walk less as compared to 
men. Casanova et al. reported a mean 
6MWD of 555±81m in 206 healthy 
women and 585±96m in 238 healthy 
males (25). The percentage of women 
is higher in our SSc population as com-
pared to the reported healthy popula-
tion (76% vs. 46%) and SSc women 
walk less as compared to the males 
in the unselected SSc population, and 
tended to walk less in the SSc subgroup 
without ILD and PAH. 

No significant difference is found in 
the distance walked during a 6MWT at 
baseline and 6- month visit in an unse-
lected SSc population, in the SSc sub-
group without ILD, the SSc subgroup 
without PAH and the SSc subgroup 
without ILD and PAH. This might in-
dicate that the 6MWT is clinically sta-
ble over a short time-period in SSc and 
more specifically in the subgroups at 
risk for developing ILD and/or PAH. 
A systematic review on field walk-
ing tests in chronic respiratory disease 
found a pooled mean improvement of 
26m on the second 6MWT for 13 stud-
ies on COPD and a pooled mean differ-
ence of 20m for 4 studies on ILD (4, 
5). A study with 444 healthy subjects 
showed an improvement of 12m on the 
second 6MWT (25). In our study, the 
95%CIs on the mean difference 6MWD 
did not show broad overlap with the 
above mentioned mean differences of 
12-26m for the unselected SSc popu-
lation, the SSc subgroup without ILD, 
the SSc subgroup without PAH and the 
SSc subgroup without ILD and PAH. 
Moreover, 6 months between the 2 
tests seems a long period for a learning 
curve, none of these patients included 
in the subgroup without ILD and PAH 
was started with medication for ILD 
or PAH in this period and there were 
no arguments for disease progression 
in the SSc subgroup without ILD and 
PAH (Table VI). No conclusion can be 
made for the subgroups of SSc and SSc 
without ILD and PAH according to the 
Leroy and Medsger classification since 
the 95%CIs on the mean difference 
6MWD are broader (up to 67m), pos-
sibly due to small number of patients 
included in the different subgroups. 
Since 6MWT is generally used in heart 
and lung disease as PAH and ILD, to 
our opinion, each SSc patient without 
ILD and PAH should at least once per-
form a 6MWT at the time of diagnosis 
of SSc and if possible afterwards on 
a regular basis. The 6MWD and oxy-
gen desaturation obtained at the time 
of SSc diagnosis can be an individual 
reference value that can be used as a 
realistic treatment goal in each SSc pa-
tient who develops PAH or ILD (4, 5). 
The 6MWD and oxygen desaturation 
are clinically stable over a short time-

period in SSc patients without ILD and 
PAH, almost all SSc patients are able 
to perform a 6MWT and oxygen satu-
ration by finger probe was measured 
in the majority of SSc patients. Refer-
ence values for SSc patients may give 
some orientation, but should not be 
used for this purpose, since DcSSc pa-
tients walk less than LcSSc and LSSc 
patients and in SSc, other confounding 
factors besides pulmonary and cardiac 
manifestations are known. Musculo-
skeletal involvement and the use of 
non-steroidal anti-inflammatory drugs 
(NSAID) at the moment of the 6MWT 
may interfere with the results of the 
6MWT (6, 7). In our cohort, 58 patients 
(20%) took NSAID at the moment of 
the first 6MWT. From the 205 patients 
who performed serial 6MWTs, the ma-
jority took no NSAID at both moments 
(156 patients) or NSAID at both mo-
ments (31 patients). Only 10 patients 
took NSAID at baseline only and 8 pa-
tients at 6-month follow-up only. Only 
for the latter group, the 6MWD was less 
at 6-month visit, without reaching the 
level of significance (probably due to 
small number of patients) (for 156 with 
no treatment with NSAIDs at both mo-
ments: 462±108m vs. 466±101m, mean 
difference 3.79m 95%CI [-5.90m; 
13.48m], p=0.44); for 31 patients with 
NSAID treatment on both moments 
453±84m vs. 454±90m, mean differ-
ence 1.13m 95%CI [-23.29m; 25.54m], 
p=0.93; for 10 patients with only 
NSAID treatment at baseline 484±78m 
vs. 481±100m, mean difference -3.00m 
95%CI [-52.18m; 46.18m], p=0.89; and 
for 8 patients with only NSAID treat-
ment at 6-month follow-up 464±120m 
vs. 441±83m, mean difference -23.50m 
95%CI [-97.42m; 50.42m], p=0.48).
The major limitations of our study are 
the small number of SSc patients with 
ILD and with PAH at baseline and the 
fact that repeated 6MWTs were not per-
formed at baseline. Indeed, only 39% of 
the patients were diagnosed with ILD. 
That fact that almost a fourth of the pa-
tients included in our cohort had lim-
ited SSc, without skin involvement, has 
definitely contributed to the lower per-
centages ILD compared to data of other 
registries. In the literature, up to 90% of 
the SSc patients might have some inter-
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stitial abnormalities on HRCT, some-
times without restriction in the pulmo-
nary functional testing (23, 26). In our 
cohort, only 2.6% had PAH at the mo-
ment of the first 6MWT. Again, the fact 
that a fourth of the patients included 
in our cohort had limited SSc has con-
tributed to the low percentage of PAH. 
Further, 15 patients with a TR peak ve-
locity ≥2.8 m/s, but without performed 
RHC, were excluded for classification 
PAH or no PAH. Two of these patients 
were diagnosed with PAH by RHC at 
the next follow-up visit. Since the pur-
pose of this study was to evaluate the 
6MWT at baseline and 6 month follow-
up in a cohort of unselected SSc pa-
tients and in the SSc subgroup without 
ILD and PAH, we focussed on the data 
in the unselected SSc population and 
the subgroup without ILD and PAH. 
Although the ERS/ATS standard meas-
urement warns for a learning effect and 
advises 2 repeated tests at baseline, we 
did not perform 2 tests at baseline and 
a learning effect at 6-month visit cannot 
completely be excluded (4).

Conclusion
98% of the SSc patients are able to per-
form a 6MWT and in 87% of them, ox-
ygen saturation was measurable before 
and after the 6MWT. The mean 6MWD 
in SSc patients without ILD and PAH is 
lower than the mean 6MWD of a histor-
ical reported healthy control population 
and is clinically stable over a 6 months 
period. Within the SSc patients with-
out ILD and PAH, the DcSSc subgroup 
walks less than the LSSc and tends to 
walk less than the LcSSc subgroup. 
Oxygen desaturation remains clinically 
stable over a 6-month period. A base-
line 6MWT does seem to be of use in 
SSc specific evaluation at least as ref-
erence for those who futurely develop 
SSc-PAH/ILD.

References
  1.	STEEN VD, MEDSGER TA: Changes in causes 

of death in systemic sclerosis, 1972-2002. 
Ann Rheum Dis 2007; 66: 940-4.

  2.	TYNDALL AJ, BANNERT B, VONK M et al.: 
Causes and risk factors for death in systemic 

sclerosis: a study from the EULAR Sclero-
derma Trials and Research (EUSTAR) data-
base. Ann Rheum Dis 2010; 69: 1809-15.

  3.	LABORATORIES ATSCOPSFCPF: ATS state-
ment: guidelines for the six-minute walk test. 
Am J Respir Crit Care Med 2002; 166: 111-7.

  4.	HOLLAND AE, SPRUIT MA, TROOSTERS 
T et al.: An official European Respiratory 
Society/American Thoracic Society techni-
cal standard: field walking tests in chronic 
respiratory disease. Eur Respir J 2014; 44: 
1428-46.

  5.	SINGH SJ, PUHAN MA, ANDRIANOPOULOS 
V et al.: An official systematic review of 
the European Respiratory Society/American 
Thoracic Society: measurement properties of 
field walking tests in chronic respiratory dis-
ease. Eur Respir J 2014; 44: 1447-78.

  6.	SCHOINDRE Y, MEUNE C, DINH-XUAN AT, 
AVOUAC J, KAHAN A, ALLANORE Y: Lack 
of specificity of the 6-minute walk test as an 
outcome measure for patients with systemic 
sclerosis. J Rheumatol 2009; 36: 1481-5.

  7.	DEUSCHLE K, WEINERT K, BECKER MO, 
BACKHAUS M, HUSCHER D, RIEMEKASTEN 
G: Six-minute walk distance as a marker for 
disability and complaints in patients with 
systemic sclerosis. Clin Exp Rheumatol 
2011; 29 (Suppl. 65): S53-9.

  8.	WILSHER M, GOOD N, HOPKINS R et al.:    
The six-minute walk test using forehead oxi-
metry is reliable in the assessment of scle-
roderma lung disease. Respirology 2012; 17: 
647-52.

  9.	BUCH MH, DENTON CP, FURST DE et al.: 
Submaximal exercise testing in the assess-
ment of interstitial lung disease secondary to 
systemic sclerosis: reproducibility and cor-
relations of the 6-min walk test. Ann Rheum 
Dis 2007; 66: 169-73.

10.	VANDECASTEELE E, DE PAUW M, de KEY-
SER F et al.: Six-minute walk test in systemic 
sclerosis: A systematic review and meta-
analysis. Int J Cardiol 2016; 212: 265-73.

11.	RIZZI M, SARZI-PUTTINI P, AIROLDI A,       
ANTIVALLE M, BATTELLINO M, ATZENI F: 
Performance capacity evaluated using the 
6-minute walk test: 5-year results in patients 
with diffuse systemic sclerosis and initial in-
terstitial lung disease. Clin Exp Rheumatol 
2015; 33 (Suppl. 91): S142-7.

12.	VILLALBA WO, SAMPAIO-BARROS PD, 
PEREIRA MC et al.: Six-minute walk test for 
the evaluation of pulmonary disease severity 
in scleroderma patients. Chest 2007; 131: 
217-22.

13.	Preliminary criteria for the classification of 
systemic sclerosis (scleroderma). Subcom-
mittee for scleroderma criteria of the Ameri-
can Rheumatism Association Diagnostic and 
Therapeutic Criteria Committee. Arthritis 
Rheum 1980; 23: 581-90.

14.	LEROY EC, MEDSGER TA, Jr.: Criteria for 
the classification of early systemic sclerosis.        
J Rheumatol 2001; 28: 1573-6.

15.	van den HOOGEN F, KHANNA D, FRANSEN 
J et al.: 2013 classification criteria for sys-

temic sclerosis: an American college of rheu-
matology/European league against rheuma-
tism collaborative initiative. Ann Rheum Dis 
2013; 72: 1747-55.

16.	LEROY EC, BLACK C, FLEISCHMAJER R et 
al.: Scleroderma (systemic sclerosis): clas-
sification, subsets and pathogenesis. J Rheu-
matol 1988; 15: 202-5.

17.	VANTHUYNE M, SMITH V, de LANGHE E et 
al.: The Belgian Systemic Sclerosis Cohort: 
correlations between disease severity scores, 
cutaneous subsets, and autoantibody profile. 
J Rheumatol 2012; 39: 2127-33.

18.	van PRAET JT, van STEENDAM K, SMITH V 
et al.: Specific anti-nuclear antibodies in sys-
temic sclerosis patients with and without skin 
involvement: an extended methodological ap-
proach. Rheumatology 2011; 50: 1302-9.

19.	GALIE N, HOEPER MM, HUMBERT M et al.: 
Guidelines for the diagnosis and treatment of 
pulmonary hypertension: the Task Force for 
the Diagnosis and Treatment of Pulmonary 
Hypertension of the European Society of Car-
diology (ESC) and the European Respiratory 
Society (ERS), endorsed by the International 
Society of Heart and Lung Transplantation 
(ISHLT). Eur Heart J 2009; 30: 2493-537.

20.	GALIE N, HUMBERT M, VACHIERY JL et al.: 
2015 ESC/ERS Guidelines for the diagnosis 
and treatment of pulmonary hypertension: 
The Joint Task Force for the Diagnosis and 
Treatment of Pulmonary Hypertension of the 
European Society of Cardiology (ESC) and 
the European Respiratory Society (ERS): 
Endorsed by: Association for European Pae-
diatric and Congenital Cardiology (AEPC), 
International Society for Heart and Lung 
Transplantation (ISHLT). Eur Respir J 2015; 
46: 903-75.

21.	VALENTINI G, DELLA ROSSA A, BOMBAR-
DIERI S et al.: European multicentre study to 
define disease activity criteria for systemic 
sclerosis. II. Identification of disease activ-
ity variables and development of preliminary 
activity indexes. Ann Rheum Dis 2001; 60: 
592-8.

22.	MEDSGER TA, JR., BOMBARDIERI S, CZIR-
JAK L, SCORZA R, DELLA ROSSA A, BEN-
CIVELLI W: Assessment of disease severity 
and prognosis. Clin Exp Rheumatol 2003; 21 
(Suppl. 29): S42-6.

23.	GOH NS, DESAI SR, VEERARAGHAVAN S et 
al.: Interstitial lung disease in systemic scle-
rosis: a simple staging system. Am J Respir 
Crit Care Med 2008; 177: 1248-54.

24.	CAMICIOTTOLI G, ORLANDI I, BARTOLUCCI 
M et al.: Lung CT densitometry in systemic 
sclerosis: correlation with lung function, ex-
ercise testing, and quality of life. Chest 2007; 
131: 672-81.

25.	CASANOVA C, CELLI BR, BARRIA P et al.: 
The 6-min walk distance in healthy subjects: 
reference standards from seven countries. 
Eur Respir J 2011; 37: 150-6.

26.	SOLOMON JJ, OLSON AL, FISCHER A, BULL 
T, BROWN KK, RAGHU G: Scleroderma lung 
disease. Eur Respir Rev 2013; 22: 6-19.


