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Abstract
Background: Exercise capacity is an independent predictor of mortality in the general population. However, available literature has 
been focused mainly on exercise testing in patients with ischaemic heart failure. Little is known about such testing in generalized 
autoimmune diseases with their different pathogenesis and sex prevalence. The aim of the study was to assess the influence of dis-
ease-related heart pathology on exercise capacity evaluated by cardiopulmonary exercise (CPX) test in systemic sclerosis (SSc) and 
systemic lupus erythematosus (SLE) patients.

Methods: Echocardiography and CPX test were performed in 46 SSc patients, 60 SLE patients and 30 healthy controls.

Results: Echocardiography showed normal left ventricle systolic function in all subjects except for 2 (3,3%) SLE patients with en-
larged left ventricle. In contrast, diastolic left ventricular dysfunction was found in all SSc patients and in 13 (21,7%) SLE patients. Right 
ventricle systolic pressures were elevated (>30 mmHg) in 14 (30,4%) SSc and 10 (16,7%) SLE patients. Valvular leaflet or pericardium 
thickening was observed in 17 (37,0%) SSc and in 38 (63,3%) SLE patients. CPX test showed low exercise capacity in 36 (78,3%) SSc 
patients, while mean values of gas exchange parameters remained normal in SLE and control groups. In SSc time of exercise was sig-
nificantly shorter and peak oxygen uptake decreased as compared to healthy subjects (13,1 ±4,8 min vs. 17,8 ±2,6 min, p = 0,01 and 
16,51 ±6,86 ml/kg/min vs. 25,66 ±6,62 ml/kg/min, p = 0,001, respectively). Ventilation/carbon dioxide output ratio (VE/VCO2) was in-
creased (>34) in 32 (69,6%) SSc and 4 (6,7%) SLE patients. Weber C or D class of cardiopulmonary failure (severe or end-stage, VO2peak 
< 15 ml/kg/min) was observed in 20 (43,5%) SSc and only in 2 (3,4%) SLE patients.

Conclusions: Exercise intolerance expressed by VO2peak < 15 ml/kg/min and VE/VCO2 > 34 was present in almost half of SSc pa-
tients, while severely impaired gas exchange parameters were very rare in SLE. Exercise capacity test may then serve as an important 
non-invasive prognostic parameter in SSc. In contrast, in SLE prognostic value of CPX would be probably of lesser clinical importance 
as its abnormal values seem to be rare in this entity. JRCD 2013; 1 (3): 96–102
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Background

Exercise capacity has been demonstrated to be an  independent 
predictor of mortality in the general population [1]. The data from 
the literature concentrate mainly on exercise testing in prevalent‑
ly male patients with coronary artery disease and heart failure. 
This complicates any extrapolation to autoimmune diseases, char‑
acterized by different pathogenesis and affecting predominantly 
females.

Systemic sclerosis (SSc) is a multisystem disorder characterised 
by excessive accumulation of collagen and fibrotic tissue in many 
organs, including the heart [2]. Heart and pulmonary involvement 
strongly influences prognosis by shortening the  survival of SSc 
patients [3,4]. Systemic lupus erythematosus (SLE) is a  general‑
ized autoimmune disease in which diffuse, chronic inflammatory 
reaction plays an  important pathogenic role. Presently, mortality 
of SLE patients depends mainly on increased occurrence of severe 
cardio‑vascular complications, including heart failure [5].

Conventional risk factors of coronary artery disease (diabetes, 
hypertension, tobacco use, hyperlipidaemia, sedentary lifestyle) 
do not explain the  increased risk of cardiovascular complications 
and in consequence of heart failure in SSc and SLE patients [6]. 
While accumulation of collagen with resulting extensive fibrosis 
may explain diastolic heart dysfunction and restrictive ventilatory 
disturbances in SSc patients [7], any possible factors that may in‑
fluence cardiovascular mortality in SLE are not well understood. 
Several studies suggest the  role of vitamin D: its lower level in 
SLE may affect the activity of disease and influence cardiovascular 
complications [8,9].Chronic inflammation may be one of such fac‑
tors as relation between increased levels of C‑reactive protein and 
life‑threatening cardio‑vascular episodes has been well‑document‑
ed [6]. Beside chronic inflammation, another factor that may po‑
tentially influence pathologic changes in the arteries is the presence 
of antiphospholipid antibodies with their pro‑thrombotic effects in 
circulation [10,11].

Unfavorable clinical outcome associated with decreased exercise 
capacity of the patients has stimulated investigations on the utility 
of outcome measures appropriate for clinical trials and prognosis 
evaluation. Presently, a  6‑minute walk test and cardiopulmonary 
exercise test (CPX) are used to assess severity of the impairment of 
cardiopulmonary function.

The aim of the study was to assess exercise capacity in patients 
with SSc and SLE by cardiopulmonary exercise test.

Materials and methods

Three groups of individuals were examined: 46 SSc patients, 60 
SLE patients and 30 healthy controls. In the SSc group 25 (54,3%) 
patients were diagnosed with limited form of SSc, and remain‑
ing 21 (45,7%) with its diffuse form. Patients from the SLE group 
fulfilled at  least 4 ACR classification criteria for SLE [12,13]. All 
the patients examined were in stable clinical conditions (no need 
for therapy intensification, i.e. current drug dose increase or intro‑
duction of an additional drug within last 3 months). In the control 

group there were no pathologic findings on physical examination; 
blood pressure and ECG recordings were normal.

In all the patients and controls echocardiography and CPX tests 
were performed.

The data obtained form echocardiographic examination (Toshi‑
ba Aplio SSA‑770 Ultrasound System, Toshiba, Japan) included di‑
astolic and systolic dimension of the left ventricle, ejection fraction 
of left ventricle (Simpson method), thickness of left ventricle walls 
in diastole, E and A mitral inflow velocity, left atrium and ascending 
aorta diameters, valvular pressures gradients, regurgitation assess‑
ment and right ventricle systolic pressure (RVSP) estimation.

Cardiopulmonary treadmill exercise tests (Marquette Series 
2000 Case 16 Treadmill, GE Marquette, USA) were performed 
using modified Bruce protocol. During the  tests ECG, blood 
pressure, clinical symptoms and time of exercise were recorded. 
Monitored parameters included: minute ventilation (VE), oxygen 
uptake (VO2,  l/min and  ml/kg/min) and carbon dioxide output 
(VCO2, l/min and ml/kg/min). Based on these, other variables were 
calculated: oxygen pulse (O2 pulse, 100  ml/beat/kg), ventilation/
oxygen uptake ratio slope (VE/VO2) and ventilation/carbon diox‑
ide output ratio slope (VE/VCO2). The  VE/VO2 and VE/VCO2 
slopes were obtained by linear regression analysis of the data ac‑
quired throughout the entire period of exercise (Figure 1) [14].

Statistical analysis was performed using Statistica Six Sigma soft‑
ware. All numerical data were expressed as mean values ± standard 
deviations or as proportions. Continuous variables were compared 
by use of t‑test. Chi‑square test was used to examine differences in 
proportions. The level for statistical significance was predetermined 
at p < 0,05.

Before the  study informed consent was obtained from each 
patient. The  study protocol conforms to the  ethical guidelines of 
the 1975 Declaration of Helsinki. The study was approved by the lo‑
cal ethic committee.

Results

SSc group consisted of 43 (93,5%) females and 3 (6,5%) males 
aged 24–73 (mean age 55,4 years). The  duration of the  disease 
at  the  time of examination was 2–32 years (mean 15,5 years). 
Scl‑70 autoantibodies were found in 32 (69,6%) patients, anti‑cen‑
tromere in 12 (26,1%) and other types in 10 (21,7%; anti‑fibrilla‑
rin, Ku, Ro, antimitochondrial). Physical examination revealed 
arterial hypertension in 3 patents. There were no complains of 
dyspnea at  rest. Results of peripheral blood count, serum levels 
of sodium, potassium, glucose, creatinine and urinalysis were all 
within the normal ranges. The patients were treated with (n; %): 
pentoxyfilline (32; 69,6%), calcium blockers (14; 30%), cinnarizine 
(8; 17,4%), nicergoline (5; 10,9%), sadamine (8; 17,4%), bencyclane 
(5; 10,9%), prednisone (6; 13%), angiotensin converting enzyme 
inhibitors (14; 30,4%), diosmine (10; 21,7%), ranitidine (6; 13%), 
hydroxizine (10; 21,7%).

In the SLE group 54 (90%) were females and 6 (10%) males, aged 
20–73 years (mean age 51,8 years). The  duration of the  disease 
at the time of examination was between 2 and 32 years (mean 15,5 
years). Three patients were previously diagnosed with antiphos‑
pholipid syndrome (APS) based on the  revised APS classifica‑
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tion criteria [13]. One of these three suffered from an objectively 
confirmed pulmonary embolism. There were 2  tobacco smokers, 
none of the patients was obese. History revealed arterial hyperten‑
sion in 3 subjects. ECG recordings were normal in all the patients. 
The results of peripheral blood count, serum sodium, potassium, 
glucose, creatinine and urinalysis were all normal. The  SLEDAI 
score in all patients [14] ranged from 0 to 20 (median 4), but in 55 
of them (91,7%) ranged from 2 to 8. Main laboratory abnormali‑

ties at inclusion were related to autoimmunization: low C3c and C4 
complement components in 32 (53,3%) patients, elevated levels of 
antiphospholipid antibodies in 26 (43,3%) and the presence of an‑
tinuclear antibodies in 56 (93,3%). Immunosuppressive treatment 
included: methylprednisolone in 32 (53,3%) subjects, prednisone in 
2 (3,3%), chloroquine derivate in 5 (8,3%), azathioprine in 4 (6,7%), 
cyclophosphamide in 3 (5%), methotrexate in 2  (3,3%). Remain‑
ing 12 (20%) patients did not use any immunosuppressive drugs in 

Figure 1.  Examples of oxygen uptake and ventilation/carbon dioxide output ratio recordings in a systemic sclerosis patient and a healthy sub-
ject. SSc – systemic sclerosis, VO2 – oxygen uptake, VCO2 – carbon dioxide output, VE/VCO2 – ventilation/carbon dioxide output ratio, VE – min-
ute ventilation

 SSc PATIENT        HEALTHY SUBJECT
 VO2peak = 12 ml/kg/min       VO2peak = 49 ml/kg/min
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the last 12 months. Other treatment included angiotensin convert‑
ing enzyme inhibitors in 4 (6,7%) subjects, beta blockers in 3 (5%) 
and calcium channel blockers in 2 (3,3%).

Control group included females aged 38 – 57 (mean age 51,6 years).
Echocardiography showed normal left ventricle systolic function 

in all patients. Mean value of the left ventricle ejection fraction in 
the patients did not differ from the controls (Table 1). Left ventricle 
end‑diastolic diameter was increased (>56mm) in 2 (3,3%) SLE pa‑
tients. In contrast, mitral inflow E/A ratio showed significant dia‑
stolic left ventricular dysfunction in all of SSc patients; in 5 patients 
pseudonormal inflow pattern was observed, indicating advanced 
diastolic dysfunction, in other 41 patients (89,1%) significantly 
decreased E/A  ratio reflecting relaxation impairment was shown 
(Table  1). In SLE group decreased E/A  ratio was observed in 13 
(21,7%) patients. Diastolic left ventricular dysfunction was present 
despite normal left ventricle muscle thickness: interventricular sep‑
tum or posterior wall hypertrophy (>12 mm) was present in only 
2 (4,3%) SSc and 2 (3,3%) SLE patients.

In spite of the  lack of clinically significant valvular stenosis in 
our patients, mitral and aortic leaflet thickening was observed fre‑
quently, especially in SLE group, where more than 60% of patients 
revealed changes visible by standard echocardiography (Table  1). 
Pericardial thickening was also frequent in this group, with pericar‑
dial effusion (2–12 mm) present in 43,3% of the patients (Table 1). 
Clinically relevant mitral regurgitation (³2nd degree) was present 
in 1  SLE patient. Left ventricle diastolic dysfunction resulted in 
a dilation of the left atrium in 11 (18,3%) SSc and in 6 (10%) SLE 
patients. There was no aortic dilation in any of the patients nor in 
the control group.

Right ventricle systolic pressures were elevated (>30 mmHg) 
in 14 (30,4%) SSc and in 10 (16,7%) SLE patients. In spite of 
the frequent RVSP elevation in SSc group, right ventricle dilation 

(>30  mm in parasternal view) was present in only 3  (21,4%) of 
them. On the contrary, right ventricle was dilated in all SLE patients 
with RVSP elevation.

During cardiopulmonary exercise tests the  patients exercised 
above their anaerobic threshold and achieved a high peak respira‑
tory exchange ratio (RER = VCO2/VO2), that is ³ 1,05 in all groups, 
suggesting that they developed significant metabolic acidosis and 
exercised close to maximal intensity. CPX tests showed low exer‑
cise capacity predominantly in SSc patients. The  time of exercise 
was significantly shorter as compared to control subjects (Table 2). 
The main finding, however, was a severe decrease in peak oxygen 
uptake (VO2peak) and low carbon dioxide output (VCO2peak) 
in SSc group (Table 2). The  ratios of ventilation/oxygen uptake 
(VE/VO2) and ventilation/carbon dioxide output (VE/VCO2) were 
markedly increased in SSc patients, who maintained higher ventila‑
tion to consume the same amount of oxygen and to exhale the same 
amount of carbon dioxide than the control subjects. While the in‑
crease of VE/VCO2 above 34, that is the prognostic cut‑off point for 
heart failure subjects [17], was present in 69,6% of SSc patients, it 
was increased in only 6,7% of the SLE group (Table 3). Mean values 
of gas exchange parameters did not differ between SLE and control 
groups (Table 2). Examples of VO2 and VE/VCO2 recordings dur‑
ing exercise in a SSc patient and in a healthy subject from control 
group are shown in Figure 1.

VO2peak is widely used to classify patients according to the level 
of cardiopulmonary failure due to Weber criteria [18]. Healthy 
subjects or mild failure patients (class A) are characterized by 
VO2peak > 20  ml/kg/min, moderate failure (class B) by VO‑
2peak = 16–20 ml/kg/min, severe failure (class C) by VO2peak = 
10–15  ml/kg/min, while end‑stage failure (class D) by VO2peak 
< 10ml/kg/min. In our study VO2peak was higher than 20 ml/kg/
min in all the subjects from control group. Weber class C or D was 

Table 1.   Echocardiographic data of SSc and SLE patients and of control subjects

SSc 
n = 60

SLE 
n = 60

controls 
n = 30

p*

LVEDD [mm] 47,7 ±5,9 45,4 ±4,8 46,9 ±3,9 ns

LVESD [mm] 30,5 ±7,5 31,4 ±4,8 28,4 ±3,3 ns

LVEF [%] 67,4 ±9,4 64,6 ±3,9 65,8 ±6,1 ns

E/A mitral 0,87 ±0,2 1,29 ±0,4 1,38 ±0,5 0,001

IVS thickness [mm] 9,2 ±1,7 8,9 ±1,3 9,0 ±1,9 ns

PW thickness [mm] 9,3 ±1,4 8,7 ±1,3 8,3 ±1,5 ns

mitral leaflets thickening [n,%] 14 (30,4%) 36 (60%) 0 0,01

aortic leaflets thickening [n,%] 17 (37,0%) 38 (63,3%) 0 0,01

pericardium thickening [n,%] 6 (13,0%) 36 (60%) 0 0,01

pericardial effusion [n,%] 8 (13,0%) 16 (43,3%) 0 0,01

LVEDD – left ventricle end‑diastolic diameter, LVESD – left ventricle end‑systolic diameter, LVEF – left ventricle ejection fraction, E/A mitral – ratio of early (E) to late (A) mitral inflow velocity, IVS – 
interventricular septum, PW – posterior wall, SSc – systemic sclerosis, SLE – systemic lupus erythematosus
* p value for the difference between patient groups (bold letters) and controls
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observed in 20 (43,5%) SSc patients, but in only in 2 (3,4%) SLE 
patients (Figure 2).

Discussion

Cardiopulmonary exercise testing has become an important clini‑
cal tool to evaluate functional capacity and to predict outcomes in 
patients with systolic [19] and diastolic [20] heart failure. CPX‑de‑
rived measures of oxygen uptake at peak exercise (VO2peak) has 
been shown to be a major prognostic marker in patients with sys‑
tolic heart failure [21]. More recently, slope of the ventilation to 
CO2 production ratio (VE/VCO2) has been proposed as a valu‑
able prognostic tool also in patients with diastolic heart failure 
[20,22].

Diastolic left ventricle failure was the  main echocardiographic 
finding in our SSc patients. Heart involvement in systemic sclerosis 
results from fibroblast proliferation and overproduction of colla‑
gen [2] and is related to poor prognosis [3,4]. In our study systolic 
left ventricle function was normal in all patients and comparable to 
healthy controls. This normal systolic function despite pathologic 
changes in the myocardium may be partially explained by adren‑
ergic overactivity in systemic sclerosis, manifested by commonly 
observed tachycardia [23]. In SSc myocardial ischemia has often no 
effect on systolic function, because it results from coronary artery 
spasm at the level of very small arteries (150 to 500 mm in diam‑
eter) and capillary obliteration which leads to the formation of only 
small regions of ischaemia in otherwise well‑perfused myocardium 
[24]. While diastolic dysfunction results mainly from myocardial 
fibrosis [2], important role of myocardial ischaemia should also be 
emphasized. Diastolic function of myocardium is very sensitive to 

Table 2.   Cardiopulmonary exercise test results in SSc and SLE patients and in control subjects

SSc patients 
(n = 46)

SLE patients 
(n = 60)

control group 
(n = 30)

p*

exercise time [min] 13,1 ± 4,8 15,6 ± 4,0 17,8 ± 2,6 0,01

HR peak [/min] 142,6 ± 21,7 148,0 ± 23,9 166,3 ± 17,3 ns

SBP peak [mmHg] 165,5 ± 36,4 140,7 ± 29,7 155,0 ± 32,5 ns

DBP peak [mmHg] 84,5 ± 13,8 74,4 ± 10,8 85,0 ± 11,5 ns

VO2 peak [l/min] 1,04 ± 0,40 1,70 ± 0,51 1,70 ± 0,43 0,0001

VO2 peak [ml/kg/min] 16,51 ± 6,86 26,3 ± 7,08 25,66 ± 6,62 0,001

O2 pulse [100ml/b/kg] 8,76 ± 2,16 17,6 ± 4,22 11,5 ± 1,88 0,001

VCO2 peak [l/min] 1,04 ± 0,47 1,66 ± 0,61 1,73 ± 0,44 0,0004

VCO2 peak [ml/kg/min] 16,59 ± 7,09 25,85 ± 6,90 27,33 ± 6,71 0,0004

VE/VO2 37,5 ± 8,1 26,0 ± 4,2 27,4 ± 4,6 0,01

VE/VCO2 38,7 ± 7,5 26,8 ± 4,5 25,6 ± 4,2 0,01

HR – heart rate, SBP (DBP) – systolic (diastolic) blood pressure, VO2 – oxygen uptake, O2 pulse – oxygen uptake for 1 heart beat, VCO2 – carbon dioxide output, VE – minute ventilation, SSc – sys‑
temic sclerosis, SLE – systemic lupus erythematosus
* p value for the difference between patient groups (bold letters) and controls

Table 3.   Number of SSc and SLE patients and of healthy subjects with decreased peak oxygen uptake and increased venti‑
lation/carbon dioxide output ratio

SSc patients 
(n = 46)

SLE patients 
(n = 60)

control group 
(n = 30)

p*

VO2 peak (< 20 ml/kg/min) 36 (78,3%) 13 (21,7%) 0 (0%) 0,01*
0,05**

VE/VCO2 (> 34) 32 (69,6%) 4 (6,7%) 0 (0%) 0,01*

SSc – systemic sclerosis, SLE – systemic lupus erythematosus, VO2 peak – peak oxygen uptake, VE/VCO2 – ventilation / carbon dioxide output ratio
* p value for the difference between SSc patients and controls
** p value for the difference between SLE patients and controls
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ischaemia [25]. Even small regions of low‑perfused myocardium 
may aggravate diastolic dysfunction resulting from fibrosis. Of 
note, diastolic dysfunction had been present despite normal left 
ventricle wall thickness, and was not related to muscle hypertrophy.

Beside heart involvement, pulmonary pathology represents 
a  second factor influencing patients prognosis [2]. As previously 
reported, mild pulmonary hypertension was present in 30% of SSc 
patients [26,27].

While collagen overproduction in SSc results in the  significant 
diastolic left ventricle dysfunction, generalized inflammation in 
SLE leads mainly to pathologic thickening of valvular leaflets and/
or pericardium. Systolic function of left ventricle in our SLE pa‑
tients was normal, with mild diastolic dysfunction present in 21,7% 
of the patients. Pulmonary hypertension was also less frequent in 
SLE, with RVSP > 30 mmHg in 16,7% of them.

CPX tests showed exercise capacity impairment in SSc group, 
as manifested by a shorter time of exercise, significantly decreased 
VO2peak and significantly increased VE/VCO2.

VO2peak is influenced by several factors: oxygen‑carrying ca‑
pacity of the blood, cardiac function, regional and local distribution 
of peripheral blood flow and extraction by the tissues [14]. It is gen‑
erally accepted that VO2peak < 10 ml/kg/min is always associated 
with a very poor prognosis, while VO2peak > 18 ml/kg/min is re‑
lated to a good outcome [28]. In our study VO2peak was £ 15ml/kg/
min in 43,5% of SSc patients and only in 3,4% of SLE patients. These 
results may indicate very poor prognosis for a  large group of SSc 
subjects. In a study of 116 candidates for cardiac transplantation, 
VO2peak £ 14 ml/kg/min was related to a high mortality or urgent 
cardiac transplantation at 1 year (48%), while VO2peak > 14 ml/kg/
min predicted a  1‑year survival of 94% [21]. Diminished exer‑
cise capacity with low VO2peak in SSc has been already reported 
[26,29,30]. A recent report examining VO2peak in 46 SSc patients 
[31] suggested that CPX should be included among the battery of 
standard tests used to determine severity of SSc. Reduced VO2pe‑

ak was described also in SSc patients without pulmonary impair‑
ment [29], suggesting that left ventricle diastolic dysfunction plays 
the key role in exercise intolerance in the majority of these patients.

Diastolic left ventricle dysfunction in SSc patients is also related 
to VE/VCO2. It has been suggested as a valuable prognostic tool in 
patients with diastolic heart failure [20,22]. Elevation of VE/VCO2 
in heart failure is mainly due to VE increase caused by enlarged 
death space with ineffective ventilation, leading to early occurrence 
of lactate acidosis and disturbed activation of chemoreceptors and 
metaboreceptors [14,32–34]. In the recent study conducted to com‑
pare exercise capacity in patients with systolic and diastolic heart 
failure [20], VE/VCO2 ratios were abnormal and comparable in 
both groups. However, a large prospective study showed that after 
multivariate analysis VE/VCO2 remained the only predictor of to‑
tal mortality and hospitalizations in diastolic heart failure patients 
[22]. Interestingly, in this study as in other previous studies with 
congestive heart failure patients and in our study with autoimmune 
disease‑related heart failure patients, the  values of VE/VCO2 in 
subjects with diastolic heart failure were similar (37,0 ±12,0 [35], 
33,2 ±7,9 [36], 34,0 ±8,0 [37], 38,7 ±7,5 in our study). This might 
suggest that an impairment in ventilatory efficiency could be used 
for the  estimation of risk among patients with heart failure, and 
that this risk is equally powerful for any patient with diastolic heart 
failure regardless of its pathogenesis. It should be emphasized that 
prognosis of patients suffering from diastolic heart failure is as omi‑
nous as in those suffering of systolic heart failure [38,39].

The results discussed above may have important implications for 
the  treatment of SSc patients. Detection of a  severe heart failure 
with resultant poor prognosis caused predominantly by diastolic 
left ventricle dysfunction should stimulate efforts to limit (if pos‑
sible) fibrosis progression. In this context potential beneficial effect 
of angiotensin converting enzyme inhibitors on diastolic function 
of the left ventricle in SSc patients should be mentioned [40,41].

Conclusion

Overproduction of collagen in SSc results in diastolic left ventricle 
dysfunction. On the  other hand, generalized inflammation in 
SLE leads mainly to pathologic changes on valvular leaflets and/
or pericardium. While exercise intolerance expressed by VO‑
2peak < 15 ml/kg/min and VE/VCO2 > 34 is present in 50% of 
SSc patients, gas exchange parameters in majority of SLE patients 
remained unchanged. Prognostic value of this difference in exer‑
cise capacity between SSc and SLE patients should be examined in 
further clinical trials.
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