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ABSTRACT
Objective. Heart and pulmonary in-
volvement is a leading cause of sys-
temic sclerosis (SSc)-related deaths. 
The six-minute walk test (6MWT) is a 
simple and reproducible test commonly 
used to evaluate exercise capacity. We 
tried to assess a potential relationship 
between exercise capacity assessed by 
6MWT, echocardiographic parameters 
of right ventricular function and serum 
levels of endothelin-1 and NTproBNP. 
Methods. We prospectively studied 
111 consecutive patients (101F, 10M, 
age 54.2±13.8 years) with diagnosed 
SSc (mean disease duration 9±12.4 
years) and a group of 21 age-matched 
subjects (18F, 3M, age 49.3±10.5 
years). In addition to routine evalua-
tion, 6MWT and transthoracic echo-
cardiography (Phillips iE 33) were 
performed. We also measured serum 
endothelin- 1 (Human Endothelin-1 
immunoassay R&D Systems) and 
NT-proBNP levels (Elecsys pro-BNP 
immunoassay; Roche Diagnostics). 
Results. The mean 6MWT distance 
was significantly shorter in the SSc 
group than in the controls (562.8±60.3 
vs. 514.7±102.5 m, p=0.03). In the 
SSc group 6MWT distance correlated 
with ET-1 (r=-0.5, p<0.0001), NT-
proBNP (r=-0.4, p=0.0008) levels, 
and echocardiographic indices AcT 
(r=0.4, p=0.0002) and TRPG (r=-0,4, 
p=0.0011). Moreover, in patients with 
6MWT distance <450 m NTproBNP 
and endotothelin- 1 levels were signifi-
cantly higher than in patients with dis-
tance >450 m (311.2, 31.1–17237 vs. 
105.3, 5–17670 pg/ml, p=0.0138 and 
2.9±2.2 vs. 1.4±0.7 pg/ml, p=0.0032).  
Conclusions. Decreased exercise ca-
pacity significantly correlates with 
biochemical and echocardiographic 
parameters of right ventricular dys-
function and neurohormonal activation 
providing a potential link for neuro- 

endocrine derangement in patients 
with SSc. 

Introduction
Pulmonary hypertension (PH) and in-
terstitial lung disease (ILD) are the 
leading causes of SSc-related deaths 
(1). Unfortunately, when the PH symp-
toms appear, the disease is usually in 
an advanced stage and it is very diffi-
cult to influence its progress. Defining 
non-invasive diagnostic modalities, 
which may help to detect patients with 
SSc in an early stage of pulmonary 
vasculature involvement, is of impor-
tant clinical value and therefore is an 
attractive topic of clinical research. 
The six-minute walk test (6MWT) is 
an easy and available test. Results of 
the 6MWT, especially the distance 
achieved during the test are regarded 
as a measure of a patient’s real exercise 
capacity. Furthermore, 6MWT when 
performed in regular time intervals can 
be also used for assessment of the dis-
ease progression and estimate  therapy 
results. 
Echocardiography may detect both 
systolic and diastolic impairment of 
left and right ventricle (LV, RV) and 
RV overload. Transthoracic echocar-
diography is a non-invasive screening 
test in the diagnosis of PH, and is used 
to monitor disease progression in pa-
tients with already diagnosed PH (2) 
Serum levels of endothelin-1 (ET- 1), a 
strong vasoconstrictor and pro-mitotic 
peptide are increased in patients with 
pulmonary arterial hypertension (PAH) 
(3), while levels of NT-proBNP a 
marker of ventricular stress, can reflect 
both ventricular dysfunction and the 
severity of their overload (4). It is also 
known, that NT-proBNP has a signifi-
cant prognostic value in PAH (5). We 
tried to evaluate potential relationship 
between exercise capacity assessed by 
6MWT, echocardiographic parameters 
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of RV function and serum levels of 
ET-1 and NT-proBNP, indices of neu-
rohormonal activation. 

Materials and methods
Patients
One hundred and eleven consecutive 
patients (101 women, 10 men, mean age 
54.2±13.7 years) with systemic sclero-
sis as defined by the American College 
of Rheumatology criteria, mean time 
9.4±11 years from diagnosis, were in-
cluded in to this study (6). Exclusion 
criteria consisted of documented an-
gina and history of myocardial infarc-
tion, paroxysmal and permanent atrial 
fibrillation, cardiac pacing, significant 
valvular heart disease, LV hypertro-
phy (LV walls ≥11 mm assessed by 
echocardiography) and impaired renal 
function (GFR<15 ml/min/1.73m2). 
Creatinine clearance was calculated by 
Modification of Diet in Renal Disease 
Study Group (MDRD) formula. Mod-
erate Chronic Obstructive Pulmonary 
Disease (COPD) defined according to 
the GOLD criteria FEV1%FVC <0.7 
(70%) and FEV1 <80% predicted dis-
qualify from the study (7). As a control 
group we assessed 21 age and sex–
matched subjects (18 females, 3 males, 
mean age 49.3±10.5 years). Special at-
tention was taken to select the control 
group with the same profile of coexist-
ing systemic hypertension and treated 
with the hypotensive therapy as used in 
the study group. These subjects had no 
data for pulmonary diseases and pre-
sented no echocardiographic evidence 
of structural heart disease. The exclu-
sion criteria were the same as for study 
group.
All patient gave written consent. 
The study was accepted by the Local  
Bioethic Committee (Medical Univer-
sity of Warsaw Ethics Committee, no. 
KB66/2006).

Clinical characteristics 
Rodnan score was used to evaluate 
the progression of SSc (8). In all pa-
tients high resolution computed tomo-
graphy HRCT (Toshiba Aquilion 64), 
chest radiography (Siemens Eidos RF 
439, Mecall, Italy), pulmonary func-
tion testing and measurement of single 
breath diffusing lung capacity for car-

bon monoxide DLCO (Vmax 229 Sen-
sorMedics, Yorba Linda, USA) were 
performed in order to evaluate the pul-
monary involvement. 

Serological parameters
All patients were screened for the pres-
ence of autoantibodies. The following 
serological markers were analysed: 
anti-nucleolar antibody (ANA), and 
anti-centromere antibody (ACA) by in-
direct immunofluorescence on monkey 
esophagus at a dilution of the serum of 
1:20 and on Hep 2 cell line at a dilu-
tion of 1:40. Anti-extractable nuclear 
antigen (ENA) antibodies, including 
Scl-70 antibodies, were identified by 
double immunodiffusion. 

Biochemical assays
Fasting blood samples were taken from 
an antecubital vein. Blood samples 
for NT- pro BNP and ET-1 determi-
nations were centrifuged and frozen 
(-75 C degrees) until assayed. ET-1 
was measured with QuantiGlo Human 
Endothelin-1 immunoassay Cat. No 
QET00B (R&D Systems, Inc. Minne-
apolis, MN, USA) according to manu-
facturer’s protocol. Fluoroskan Ascent 
FL microplate luminometer (Thermo 
Labsystems Oy Helsinki, Finland) was 
used to measure the intensity of the 
light emitted and Ascent Software, v. 
2.6 was used for creation of standard 
curves, curve fitting and calculation of 
concentrations. The concentration of 
NT-proBNP was analysed on Elecsys 
2010 automatic analyser (Roche Di-
agnostics Gmbh). Serum NT-proBNP 
concentration higher than 125 pg/ml 
was regarded as abnormal as indicated 
by the producer.

Six-minute walk test
The 6MWT was performed on a level 
hallway surface. Ten minutes before 
the test, while patient was resting, 
he was given a standardised instruc-
tion and asked to grade his shortness 
of breath by using Borg’s scale (9). 
Immediately prior to the test, the pa-
tient’s blood pressure and heart rate 
were examined. By finger probe pulse 
oximeter (“Oxy Shuttle 2”, Criticon) 
oxygen blood saturation (SpO2) was 
measured. During the test the patient 

was not given any instructions or en-
couragement. When he stopped during 
the test we did not pause the time. The 
test was stopped in case of pain in the 
chest, significant dyspnea, leg cramps, 
staggering, diaphoresis and if the pa-
tient requested it. Immediately after 
the test all before-mentioned param-
eters were again examined. Accord-
ing to the American Thoracic Society 
(ATS) Guidelines we did not monitor 
SpO2 during the test (10). According to 
a previous study we chose the distance 
450 meters as the borderline between 
normal and impaired and then we ana-
lysed parameters in both groups (11). 
Desaturation (ΔSpO2) was defined as 
a difference between the baseline blood  
saturation and SpO2 measured imme-
diately after the test. 

Echocardiography
Echocardiographic studies were per-
formed with Phillips iE33 system (An-
dover, Md., USA) with 2.5–3.5 MHz 
transducers. Patients were examined in 
the left lateral position. 
After recording the tricuspid valve peak 
systolic velocity with continuous-wave 
Doppler echocardiography, the tricus-
pid regurgitation peak gradient (TRPG) 
was calculated according to the simpli-
fied Bernoulli equation. The pulmonary 
hypertension was suspected as a TRPG 
>31 mmHg (tricuspid regurgitant ve-
locity >2.8 m/s) (2). Acceleration 
time of pulmonary ejection (AcT) was 
measured using pulse wave Doppler 
with sample volume placed in the RV 
outflow tract just below the pulmonary 
valve. Measurements were averaged 
over 5 consecutive heart cycles. The 
Tei index for the right ventricle was cal-
culated by dividing the sum of RV iso-
volumetric contraction and relaxation 
time by RV ejection time, described 
previously (12). The LV ejection frac-
tion (EF%) was calculated according to 
the modified Simpson rule using apical 
four- and two-chamber views.

Analysis of LV diastolic performance
To evaluate the left ventricle diastolic 
function we measured the E/A and E/E’ 
parameters in SSc and control group.
Mitral valve inflow (MVF) was re-
corded in the apical four-chamber view 
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with Doppler gate positioned in the LV 
on the level of the mitral valve edges. 
The following parameters were evalu-
ated: peak velocity of the early inflow 
phase (E), peak velocity of the atrial 
inflow phase (A) and E/A ratio.

Tissue Doppler mitral annular 
early diastolic velocities
Tissue Doppler imaging (DTI) was 
performed in the apical views to ac-
quire mitral annular velocities. The 
sample volume was positioned at or 1 
cm within the septal and lateral inser-
tion sites of the mitral leaflets and ad-
justed as necessary (usually 5–10 mm) 
to cover the longitudinal excursion of 
the mitral annulus in diastole.
Lateral annulus early diastolic velocity 
(Mit E’ lateral) was measured. Mitral 
E/E’ lateral was also calculated. 

Statistical analysis 
Data characterised by a normal distribu-
tion are expressed as a mean followed 
by a standard deviation. Parameters 
without such distribution are expressed 
as a median with a range. Patients with 
SSc and controls were compared with 
Wilcoxon test depending on the charac-
ter of parameters distribution. For cat-
egorical variables, the differences be-
tween the groups were compared with 
Chi-squared test or Fisher’s exact test. 
Correlations between 6MWD and echo-
cardiographic and biochemical varia-
bles were evaluated by Spearman’s cor-
relation coefficients. Univariate analysis 
of variance was performed to detect pre-
dictors of distance <450 meters in the 
SSc group. Receiver-operating charac-
teristic (ROC) analysis were performed 
for the selection for the optimal cut off 
value of the NT-proBNP and ET-1 lev-
els for the prediction of 6MWT distance 
<450 m. ROC analysis was performed 
in order to define the optimal 6MWT 
distance for TRPG >31 mmHg detec-
tion. An analysis was performed using a 
statistical software package (SAS 9.2). 
p<0.05 was considered statistically sig-
nificant.

Results
Finally our study included 111 SSc pa-
tients and 21 age-matched volunteers. 
Clinical features of the SSc group are 

given in Table I. and the general char-
acteristics of the study population is 
included in Table II.

Treatment 
Angiotensin-converting enzyme in-
hibitors (ACE-I) received 31(28%) 
SSc patients, angiotensin II receptor 
antagonists: 7(6%), beta adrenolyt-
ics: 10(9%), diuretics: 16(14%), cal-
cium channel blockers: 27(24 %). Due 
to the progression of SSc 15 (13.5%) 
patients received immunosupressant 
agents (glucocorticoids and cyclophos-
phamide). We did not find statistically 
significant differences in the use of 
cardiovascular medication between the 
SSc and control group.

6MWT, biochemical and 
echocardiographic parameters
The 6MWT, biochemical and echo-
cardiographic results are presented in 
Table III. 
The 6MWT was performed in 93 pa-
tients. In 10 patients skin lesions of the 
distal parts of fingers made   it impos-
sible to reliably measure oxygen satu-
ration which resulted the exclusion of 

these patients from further analysis. In 8 
SSc patients we did not perform 6MWT 
due to orthopaedic conditions prevent-
ing them from undergoing an adequate 
physical exercise. The mean 6MWT 
distance was significantly shorter in 
the SSc group than in the controls. In 
the SSc patients the mean saturation of 
capillary blood before and after 6MWT 
was lower than in the controls. Moreo-
ver, the mean desaturation after test (Δ 
sat) was significantly more pronounced 
in the SSc group than in controls.
The mean NT- pro-BNP serum con-
centration was over the normal level 
indicated by the producer (>125 pg/
ml) in 50 (45%) of the SSc patients 
but in none of the control group. The 
median level of NT-proBNP and mean 
of ET-1 was significantly higher in the 
SSc patients than in the controls. As far 
as echocardiographic parameters are 
concerned, although the mean TRPG 
value was ≤31 mmHg in both groups, 
it was significantly higher in the SSc 
patients than in the controls. Interest-
ingly, the TRPG >31 mmHg was found 
in 22 (24%) SSc patients and in none 
of the patients from the control group. 

Table I. Clinical features of the SSc group.

Parameters Mean No. %

Disease duration (years) 9.4 ± 11  
Diffuse scleroderma    40 36
Limited scleroderma     57 51
Type unknown     14 13
Rodnan score (points) 6.4 ± 6.7  
ANA positive     105 95
ACA positive    34 31
Anti Scl 70 positive     56 50
VC % predicted  2.9 ± 0.8  
FVC % predicted 100.4 ± 18.3  
FEV1% predicted 94.7 ± 19.7  
FEV/FVC % predicted 79.7 ± 8.2  
DLCO % predicted  70.7 ± 19

ACA: anticentromere antibodies; ANA: antinuclear antibodies; VC: vital capacity; FVC: forced vital 
capacity; FEV1: forced expiratory volume in 1 s; DLCO: lung diffusing capacity for carbon monoxide.

Table II. General characteristics of the study population.

Parameters SSc patients  Control group  p-value
 (n=111) (n=21)

Men 10 (9%) 3 (14%) ns
Women 101 (91%) 18 (86%) ns
Age (years) 54.2 ± 13.7 49.3 ± 10.5 ns
BSA (m2) 1.73 ± 0.3 1.72 ± 0.2 ns
Systemic hypertension 37 (33%) 6 (29%) ns

BSA: body surface area.
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AcT was significantly shorter in the 
SSc group than in controls. Moreover, 
mean RV Tei index was increased in 
comparison to the control group. We 
found an incorrect RV Tei index (>0.4)  
in 29 (26%) SSc patients. 
Significant correlations between 
6MWD and biochemical and echocar-
diographic parameters are summarised 
in Table IV.
To evaluate the LV diastolic function 
we measured the E/A and E/E’ param-
eters in the SSc and control group. We 
did not find significant correlations be-
tween left ventricle diastolic dysfunc-
tion parameters and 6MWT distance.

Predictors of distance <450m
According to the distance achieved dur-
ing the 6MWT, we divided the SSc pa-
tients into two groups: <450 m and ≥450 
m. The results are shown in Table V. 
Higher mean ET-1 and median NT- 
proBNP serum concentration was 
found in a group with shorter 6MWD. 
Echocardiography showed that the 
mean value of AcT was significantly 
shorter in the <450m group than in the  
remaining patients (108 vs. 121 ms, 
p=0.018). The mean values of TRPG 
and RV Tei index tended to be higher 
in the former, however, the difference  
did not reach significance (28.4 vs. 
25.7 mmHg, NS and 0.38 vs. 0.3, NS). 
Using univariate analysis we found, 
that a decrease of 1 ms of AcT and in-
crease in 0.1 pg/ml of ET-1 predicted 
the distance <450m (Table VI).
ROC analysis was performed in order 
to define the optimal serum ET-1 level 
for 6MWT distance <450m detection. 
The area under the curve (AUC) was 
0.7333. A cut-off value of 1.82 pg/ml 
showed 80% sensitivity, 68% speci-
ficity, positive predictive value (PPV) 
of 89% and negative predictive value 
(NPV) of 52% for 6MWT distance 
<450 m. 
In order to define the optimal serum 
NT-proBNP level for 6MWT distance 
<450m detection ROC analysis was 
performed. 
The area under the curve (AUC) was 
0.6917. A cut-off value of 311 pg/ml 
showed 92% sensitivity, 53% speci-
ficity, positive predictive value (PPV) 
of 87% and negative predictive value 

(NPV) of 67% for 6MWT distance 
<450m.
ROC analysis was performed in order 
to define the optimal 6MWT distance 
for TRPG >31 mmHg detection. 
The area under the curve (AUC) 
was 0.7697. A cut-off value of 483m 
showed 77% sensitivity, 55% speci-
ficity, positive predictive value (PPV) 
of 86% and negative predictive value 
(NPV) of 42% for TRPG >31 mmHg.

Discussion
The six-minute walk test is a simple 
and easily available inexpensive di-
agnostic tool widely used for exercise 
capacity evaluation. However, this test 
does not provide any specific informa-
tion about the disease. It presents only 
the global physical capacity, and is re-
lated to cardiopulmonary and musculo-
skeletal function. Six MWT is recom-
mended for prognostic evaluation in 

Table III. SixMWT, biochemical and echocardiographic results.

Parameters Ssc (n=111) Controls (n=21)                    p-value

Distance (m) (n=93) 514.7 ± 102.5 562.8 ± 60.3  0.03
SO2_1 (%) (n=93) 95.7 ± 4.7 97.6 ± 1.1 0.03
SO2_2 (%) (n=93) 93.2 ± 6 96.7 ± 2.1 0.01
ΔSO2 (%) (n=93) 3.0 ± 4.7 0.9 ± 2.7 0.01
NT- pro BNP (pg/ml) (n=111) 133.5 (5- 17670) 62.2 (30.8- 116.4) 0.0002
Endothelin- 1 (pg/ml) (n=111)  1.9 ± 1.4 1.3 ± 0.6 0.002
TRPG (mmHg) (n=111) 26.7 ± 7  17.8 ± 4.1 <0.0001 
RV Tei index (n=102) 0.4 ± 1 0.3 ± 0.02 < 0.0001
AcT (ms) (n=111) 116.5 ± 21.1 134.7 ± 16 0.0006
Mitral E/A (n=111) 0.98 ± 0.3 1.21 ± 0.28 0.002
E/E’ (n=111) 10.87 ± 3.82 6.87 ± 2.30 ns

SO2_1: blood oxygen saturation before 6MWT; SO2_2: blood oxygen saturation after 6 MWT; ΔSO2: 
desaturation, NT-proBNP: N-terminal pro-B type natriuretic peptide; TRPG: tricuspid regurgitant peak 
gradient; AcT: acceleration time.

Table IV. Significant correlations between 6MWT distance and biochemical and echocar-
diographical parameters.

Parameters r p-value

Endothelin-1 (pg/ml) -0.47 <0.0001 
NT- proBNP (pg/ml) -0.36 0.0008
AcT  0.37 0.0002
TRPG -0.36 0.0011

NT-proBNP: N-terminal pro-B type natriuretic peptide; TRPG: tricuspid regurgitant peak gradient; 
AcT: acceleration time of pulmonary ejection.  

Table V. Biochemical and clinical features of patients with the 6MWD<450 m and ≥450 m.

Parameters <450 m (n= 20) ≥450 m (n= 73) p-value

Age (years) 61.1 ± 10.2 50.6 ± 12.8 0.0019
SO2_1 (%) 93.2 ± 6.8 96.2 ± 3.8 0.0088
NT- proBNP (pg/ml) 311.2 (31.1-17237) 105.3 (5-17670) 0.0138
Endothelin-1 (pg/ml) 2.9 ± 2.2 1.4 ± 0.7 0.0032

SO2_1: blood oxygen saturation before 6 MWT; NT: proBNP: N-terminal pro-B type natriuretic     
peptide. 

Table VI. Univariate predictors of the distance <450 m.

Parameter OR 95% CI p-value

Endothelin-1 – increase of 0.1 pg/ml 1.095 1.031 – 1.163 0.0033
AcT – decrease of 1 ms 1.033 1.006 – 1.060 0.0165

AcT: acceleration time of pulmonary ejection.
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PAH patients, because it is a strong and 
independent  mortality predictor and 
correlates with the NYHA/WHO clas-
sification (13, 14). Moreover, 6MWT 
can be widely used to evaluate the 
results of therapy. Assessment of the 
SSc-related PAH patients is difficult 
(15). Six MWT was reported to reflect 
cardiopulmonary complications in SSc 
(16-18). In our study patients with SSc 
had statistically significant shorter 
6-minute walk distance (6MWD) than 
the control group (p=0.03) which is in 
accordance with previous studies (19, 
20). We also evaluated blood oxygen 
saturation before and after the 6MWT 
and we found that SpO2 before and af-
ter 6MWT was significantly lower in 
the SSc patients. In contrast to our ob-
servation, Huez et al. found no differ-
ences between the SpO2 in SSc patients 
and controls neither before nor after the 
test (20). Moreover,  in our study mean 
desaturation was significantly, more 
pronounced in SSc patients. Villalba et 
al. in a group of 110 SSc patients re-
vealed that Δ sat <4% was associated 
with 6MWT <400 m (21). 
Only a few studies previously reported 
elevated ET-1 levels in SSc patients 
(22- 24). In our study, serum ET-1 lev-
el was increased when compared to the 
control group. These findings support 
the hypothesis of vascular dysfunction 
in patients with SSc. Interestingly, NT- 
proBNP serum concentration was also 
higher in our SSc group than in con-
trols which may reflect RV overload. 
We have found a significant negative 
correlation between the 6MWD and 
serum NT-proBNP level. Other studies 
in patients with SSc also found similar 
correlations (19, 25). However, coex-
isting significant negative correlation 
of ET-1 with 6MWD suggest that dis-
tance achieved during the 6MWT re-
flects neurohormonal activation in the 
SSc patients group. As far as we know, 
there are no studies in which a correla-
tion between the 6MWD and ET- 1 was 
found in SSc patients.
ESC guidelines for the treatment and 
diagnosis of PH recommend yearly 
echocardiography in symptomatic pa-
tients with SSc and suggest this screen-
ing examination even in asymptomatic 
cases (2). According to these guide-

lines, tricuspid regurgitant peak gradi-
ent (TRPG) >31 mmHg may indirectly 
suggest PH. In our study we also eval-
uated TRPG the mean value of which 
was significantly higher in the SSc pa-
tients than in the control group. As a 
marker of RV function impairment we 
used RV Tei index. Recent guidelines 
for the echocardiographic assessment 
of right heart in adults emphasised that 
the RV Tei index is a useful param-
eter which allow global estimation of 
both systolic and diastolic function of 
RV (26).  Moreover, we found shorter 
AcT in the SSc patients than in con-
trols suggesting disturbed coupling 
to the pulmonary arterial bed. In our 
study 6MWD correlated negatively 
with TRPG and positively with AcT. 
These results implicate the usefulness 
of 6MWT in indirect assessment of RV 
function and pulmonary circulation 
condition. 
Deushle et al. analysed 101 patients 
with SSc and found that 6MWD 473m 
is the best value to identify patients 
with PAH (27). Degano et al. analysed 
49 consecutive patients with PAH 
walking more than 450m in 6MWT. 
They found that antropometric charac-
teristics, including younger age, lower 
BMI and greater height in these pa-
tients may explain longer 6MWD. It is 
important to emphasise, that distance 
≥450 m is regarded as “near normal” 
and patients with such 6MWD are usu-
ally excluded from randomised clinical 
trials, while they still can suffer from 
a severe haemodynamic impairment. 
Degano et al. suggested that patients 
with longer distance may benefit from 
PAH specific treatment (11). That is 
why we chose the distance 450 meters 
as the borderline between normal and 
impaired value and then we analysed 
the parameters in both groups. There 
was no statistically significant antro-
pometric differences (BSA) between 
these two groups, although patients 
with 6MWD >450m were younger. 
They also had higher baseline blood 
oxygen saturation and lower NT-
proBNP and ET-1 serum concentra-
tion level. Schmidt et al. examined 63 
SSc patients. The subjects with PAH 
had a higher ET-1 plasma concen-
tration level than without PAH. The 

cut-off value for ET-1 plasma level to 
discriminate patients affected by PAH 
was 4.1 pmol/l (1.1 pg/ml) (28). In our 
study, the ET-1 plasma level 1.82 pg/
ml is the best cut-off value to predict 
the distance <450m. Furthermore, we 
determined the cut-off value 311 pg/
ml for serum NT-pro BNP level to 
predict this shorter distance. Chighi-
zola et al. found that NT- proBNP was 
significantly increased in SSc patients 
with heart involvement. They have 
also found that NT-proBNP level of 50 
pmol/L predict the presence of cardiac 
involvement in SSc with a sensitiv-
ity of 90.5% and specificity of 97.6% 
(29). Williams et al. noticed a signifi-
cant correlation between the distance 
<350m and NT-proBNP serum level 
(r=-0.46, p<0.0001). In their study the 
cut off value of NT-proBNP >396 pg/
ml strongly supports the diagnosis of 
SSc PAH (25).  
There are a lot of evidence that LV 
diastolic function is impaired in SSc 
patients (30, 31). Recently, Hinchcliff 
et al. have found that left ventricle di-
astolic dysfunction is a marker of in-
creased risk of death (32). In our study, 
parameters of left ventricle diastolic 
function were impaired in the SSc pa-
tients but E/E’ and E/A were not cor-
related with the 6MWD. 

Limitations of the study
In our study we did not estimate pre-
cisely indices of lung function and their 
potential impact on the physical, echo-
cardiographic and biochemical param-
eters. However, to minimise a potential 
influence we excluded patients with 
impaired results of spirometry.

Clinical implication
Our study shows, that 6MWT may be 
used as an indirect tool for estimation 
of pulmonary vascular and RV im-
pairment. When performed regularly, 
6MWT may allow early detection of  
cardiopulmonary complications in SSc. 
We determined the optimal 6MWD to 
predict elevated TRPG. In our opinion 
the distance below 483 m, not as previ-
ously reported below 400–300 meters, 
can be used for indentification of pa-
tients with a worse prognosis. There-
fore, we should focus our attention 
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on SSc  patients who achieve 6MWD 
<450 m. Moreover, we discriminated 
optimal serum ET- 1 and NT-proBNP 
concentration levels that can predict 
the distance <450 m. Biomarkers can 
also be a useful tool in evaluating phys-
ical capacity and, indirectly, disease 
progression, especially in patients who 
may not be able to perform 6MWT. 

Conclusions
Our study showed a potential link be-
tween the decreased physical capacity 
and the vascular and heart dysfunction in 
SSc patients. Six-MWD reflects neuro-
hormonal activation and RV impairment 
and as a simple and inexpensive diag-
nostic tool it can be used in the assess-
ment of heart and pulmonary function. 
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