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Introduction: Pulmonary function tests (PFTs) do not always predict functional limitations
during exercise in sarcoidosis. Cardiopulmonary exercise testing (CPET) may facilitate the
recognition of exercise intolerance in these patients.

Aim: As relevant data in sarcoid patients are limited, the aim of the study reported here was
to assess exercise capacity impairment during a maximal CPET and to evaluate potential cor-
relations with PFT measurements and radiological stages of the disease.

Method: A total of 83 sarcoid patients consecutively referred for evaluation of exertional
dyspnea over a 3-year period were studied retrospectively with PFTs, including spirometry,
diffusing capacity of the lung for carbon monoxide (DLCO) and lung volumes, and CPET using
standard protocol. Patients were grouped according to their radiological stages: Stage I (n=43),
Stages II-III (n=31), and Stage IV (n=9).

Results: Forced expiratory volume in 1 second, forced vital capacity, and total lung capacity
were mildly impaired only in Stage IV (means * standard deviation: 72.44428.00, 71.334+26.70,
and 59.781+21.72, respectively), while DLCO was mildly and moderately reduced in Stages
II-III and IV (72.68+14.13 and 51.22+18.50, respectively) and differed significantly between
all stages (I vs II-11I: P=0.003, I vs IV: P=0.003, and II-III vs IV: P=0.009). Exercise capacity
(as expressed by peak oxygen consumption <84% predicted) was decreased in 53% of patients
(Stage I: 48%, Stages II-111: 52%, Stage IV: 78%); however, significant differences were noticed
only between Stages [ and IV (P=0.0025). Of note, significant correlations were found between
peak oxygen consumption and DLCO (P=0.0083), minute ventilation (P<<0.0001), oxygen pulse
(P<<0.0001), lactate threshold (P<<0.0001), and peak ventilatory threshold (P<<0.0001).
Conclusion: CPET could be considered a useful tool in exercise intolerance evaluation in sar-
coid patients with mild PFT abnormalities. Exercise limitation in sarcoidosis may be attributed
to both ventilatory and cardiocirculatory impairment.

Keywords: cardiopulmonary exercise testing, pulmonary function tests, exercise

Introduction
Sarcoidosis is a heterogeneous multisystem granulomatous disease of unknown
etiology, with variable clinical presentations depending on the organs affected.!?
Pulmonary involvement is the most frequent manifestation and patients may often
exhibit fatigue, dyspnea on exertion, and impaired exercise tolerance.** Assessment
of functional impairment with pulmonary function tests (PFTs) typically reveals a
restrictive pattern with a reduction in diffusing capacity for carbon monoxide (DLCO),?
while airflow limitation may be observed in a significant proportion of patients.®
Several studies, however, have shown inconsistencies between symptoms and
abnormalities in PFTs in sarcoid patients, as normal spirometry and DLCO at rest
do not categorically exclude functional limitations during exercise.”® Cardiopulmo-
nary exercise testing (CPET), on the other hand, appears to be more useful in the
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recognition of exercise intolerance, even in the early stages
of the disease.”!?

Therefore, as relevant data in sarcoidosis are limited, the
aim of the study presented here was to examine the possible
added role of a maximal CPET, compared to PFT and DLCO
measurements, in the evaluation of exercise capacity impair-
ment in sarcoid patients with complaints of dyspnea and
exercise limitation and to assess any potential correlations with
PFT measurements and radiological stages of the disease.

Methods

Subjects

Eighty-three Caucasian adult patients, who were con-
secutively referred for evaluation of dyspnea and exercise
limitation to a referral center for sarcoidosis over a 3-year
period, were studied. The diagnosis of sarcoidosis was based
on clinical features, radiological findings, and histological
evidence of non-caseating granulomata, according to the
World Association of Sarcoidosis and Other Granulomatous
Disorders guidelines.! Subjects’ chest radiographs were
examined by two radiologists blinded to the patient’s history
and classified as: Stage 0: no radiographic abnormalities,
Stage I: bilateral hilar adenopathy without parenchymal
abnormalities, Stage II: bilateral hilar adenopathy with inter-
stitial parenchymal infiltrates, Stage III: interstitial paren-
chymal infiltrates without hilar adenopathy, or Stage IV:
evidence of pulmonary fibrosis with cicatricial changes, in
accordance with the World Association of Sarcoidosis and
Other Granulomatous Disorders guidelines.!

The reason for performing CPET was disabling symptoms
of persistent dyspnea and exercise limitation at the time of
diagnosis or during follow-up that could not be explained by
the results of routine investigation, including lung function
tests or chest radiographs. Patients suffering from anemia or
significant comorbidities (eg, cardiac, other respiratory or neu-
romuscular disorders) were excluded from the study. Clinical
and laboratory data and PFT and CPET results were collected
from medical records and studied retrospectively. The study
was approved by the Investigational Review Board of the
Therapeutic Clinic Alexandra Hospital, University of Athens,
and informed consent was obtained from all the participants.

Dyspnea evaluation

Quantification of the perception of dyspnea was assessed
at the time of evaluation via the modified British Medical
Research Council (MRC) self-administered questionnaire.'!
The MRC scale classifies subjects into one of five categories
according to their degree of dyspnea when performing certain

activities; scores range from 0 to 4, with the higher scores
indicating more severe dyspnea. Patients with MRC 0 were
excluded from the study.

PFTs

Forced vital capacity (FVC), forced expiratory volume in
1 second (FEV)), the FEV | to FVC ratio, mid-expiratory
flow (forced expiratory flow 25%-75% [FEF,, _.]), total
lung capacity (TLC), residual volume (RV), and functional
residual capacity (FRC) were measured by plethysmo-
graphy with a Jaeger® Masterlab cabin. All the tests were
performed in sitting position and the best of three attempts
was evaluated. The tests were compatible with the European
Respiratory Society statement for Coal and Steel.!>? DLCO
was measured using the single-breath method, after adjusting
for hemoglobin concentration in g-dL™!, according to Cotes’
equation and predicted values were derived from standard
equations.'?

Maximal exercise capacity

CPET was performed using a standard protocol.'* All of the
patients underwent a symptom-limited incremental exercise
test on an upright, electrically braked cycle ergometer (Viasys
Oxycon Pro®) and were monitored during the testing, in
terms of electrocardiography (by 12-lead electrocardiogram),
arterial pressure, and oxygen saturation (by pulse oximetry)
every 2 minutes. The expired gases were analyzed with the
ergospirometer following collection of 2 to 5 minutes of
resting data, subjects pedaled at a rate of 50—60 rpm/min for
3 minutes without resistance, after which the work rate was
incremented for 10-20 watts (W) each minute. The patients
were encouraged to perform maximally for 8 to 12 minutes;
otherwise, the test was terminated at the point of symptom
limitation. Peak work rate (W), peak oxygen consumption
(VO, peak), peak carbon dioxide production (VCO, peak),
minute ventilation (V), tidal volume (V ), heart rate (HR),
breathing frequency, oxygen pulse and oxygen uptake/work
rate ratio (AVO,/AWR) were recorded. Anaerobic threshold
(AT) was determined by V-slope method and reported as
the percentage of predicted VO, peak. A result below 80%
of the predicted values was assumed to indicate physical
impairment, while maximum oxygen consumption (VO,
max) below 83% of the predicted value indicated impaired
exercise intolerance.'

Statistical analysis
All variables are expressed as means * standard deviation and,
when appropriate, in absolute numbers or percentages. The
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normal distribution of the variables was evaluated with the
Kolmogorov—Smirnov analysis. PFT and CPET data, subdi-
vided into groups according to the radiological stage of the
disease, were compared using paired #-test or Mann—Whitney
U-test, as appropriate. Correlations between VO, peak and
clinical, functional, and CPET variables were calculated using
Spearman’s rank coefficient. A P-value of <0.05 was con-
sidered significant. Data were analyzed using SPSS software
(v 18.0; IBM Corporation, Armonk, NY, USA).

Results

Clinical characteristics and resting PFT
Eighty-three patients, 52 of whom were female, with a mean
age 58.02+11.75 years (range 36—84 years) were included.
The mean time from diagnosis was 13.2746.6 years. Smoking
history (current or ex-smokers) was recorded for 14 (17%)
patients. Twenty-four patients (29%) had a score of 1 point
on the MRC scale, while 37 (45%) and 22 (26%) patients had
scores of 2 and 3 points, respectively. There were no Stage 0
patients and Stages I, II, III, and IV included 43 (52%), 25
(30%), six (7%), and nine (11%) patients, respectively. Since
lung function indices were not statistically different between
Stages II and III, patients were grouped according to their
radiological stages as Group 1 (Stage I), Group 2 (Stages II
and III), and Group 3 (Stage IV). There were no differ-
ences between groups in regard to age and sex. Mean serum
angiotensin-converting enzyme level was 43.04%19.89 and,
although there was no significant difference between groups,
higher levels of serum angiotensin-converting enzyme were
measured in advanced stages.

Clinical characteristics and resting PFT values are pre-
sented in Table 1. FEV , FVC, and TLC were significantly

reduced in Stage I patients compared to patients in
Stages II-111 and IV, however values indicative of clinical
impairment (<80% of predicted values) were noticed only
in Stage IV (72.44428.00, 71.331£26.70, and 59.78+21.72,
respectively). DLCO was found within normal limits in Stage [
and mildly and moderately reduced in Stages II-III and IV
(72.68%£14.13 and 51.22+18.50, respectively) and differed
significantly between all groups (Stage I vs Stages II-III,
P=0.003; Stage I vs Stage IV, P=0.003; and Stages II-III vs
Stage IV, P=0.009).

CPET results

Peak HR =85% of the predicted value was achieved in
74% of the patients. According to the radiological stages,
Stages I, II-1II, and IV, the peak HR was achieved by 72%,
74%, and 68% of patients, respectively. With respect to AT,
a maximal CPET was performed by 81% of patients. Leg
fatigue alone was the cause of exercise intolerance in 46%
of patients, while dyspnea was the main complaint in the
remaining patients.

The CPET results in the studied population, subdivided
in relation to disease stages, are summarized in Table 2. An
abnormal CPET (VO, peak <83%) was exhibited by 53%
of patients while, according to the radiological stages, VO,
peak was decreased in 48% of patients in Stage I and in
52% and 78% of patients in Stages II-III and IV, respec-
tively. However, significant differences in exercise capac-
ity were noticed only between Stages I and IV (P=0.003).
V./VCO, was significantly increased in Stage IV compared
to in Stage I patients (30.73+6.26 vs 25.58+4.05, P<<0.001),
while the other ventilatory (V_ max, breathing frequency
and V_/VO,) and cardiocirculatory parameters (HR peak,

Table | Clinical characteristics and pulmonary function tests in 83 patients with sarcoidosis classified according to radiological stage

of the disease

Characteristic All (n=83) Stage | (n=43) Stages II-11l (n=31) Stage IV (n=9) P-value
1 vs 11-111 IvsIV 1=l vs IV

Age, years 58.02+11.75 57.16+12.20 58.84+11.59 59.33£11.00 0.5270 0.479 0.762
SACE, IU 43.04+19.89 42.16x18.83 46.131£21.30 36.56120.11 0.4930 0.255 0.079
FvC 93.71+18.23 101.0£12.22 89.81+16.23 72.44+28.00 0.0040 0.013 0.124
FEV, 90.36+17.89 97.05+12.53 86.61+16.67 71.331£26.70 0.0070 0.011 0.133
FEV,/FVC 90.94+10.23 90.05+8.69 90.93+11.81 97.11£10.19 0.8210 0.139 0.078
FEF,, ¢ 79.294+22.29 85.23£17.35 77.551+21.85 56.89+30.92 0.1500 0.077 0.066
FRC 89.90+18.21 93.25+£19.26 92.25+17.27 85.28+23.65 0.3670 0.213 0.063
RV 82.95+19.44 89.19+16.83 82.06+16.89 65.78+29.79 0.6070 0.114 0.306
TLC 82.31+15.42 88.81+10.34 79.84+12.46 59.78+21.72 0.0120 0.011 0.046
DLCO 79.02+19.27 89.42+14.52 72.68+14.13 51.22+18.50 0.0003 0.003 0.009

Notes: All parameters are expressed as mean * standard deviation. Results of pulmonary function tests are expressed as percentages of predicted values.

Abbreviations: DLCO, diffusing capacity of the lung for carbon monoxide; FEF,, .,

forced expiratory flow 25%-75%; FEV , forced expiratory volume in | second; FRC,

functional residual capacity; FVC, forced vital capacity; RV, residual volume; SACE, serum angiotensin-converting enzyme; TLC, total lung capacity.

Patient Preference and Adherence 2015:9

submit your manuscript

1181

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kallianos et al

Dove

Table 2 Cardiopulmonary exercise test results in 83 patients with sarcoidosis classified according to radiological stage of the disease

Maximal exercise data  All (n=83) Stage P-value
I (n=43) 11-111 (n=31) IV (n=9) Ivsll-lll  lvsIV 1=l vs IV

Workload, W 97.570+53.630 106.200£55.320  90.030+52.560 82.330+46.600 0.135 0.176 0.869
VO, peak, %pred 84.600+15.310 88.280+14.360 82.650+15.120 73.780+15.560 0.166 0.003 0.365
VO, peak, mL/kg/min 20.620+5.661 21.960+£5.210 19.550+6.240 17.960+4.250 0.098 0.068 0.596
AVO,/AWR, mL/W 2.590+14.620 20.130+17.030 21.210+12.330 20.620+9.725 0.174 0.358 0.795
Vg L/min 56.420+20.220 58.280+21.910 54.320+19.570 54.780+13.960 0.232 0.952 0.609
V/VO,, VT 23.800+4.190 23.020+3.650 23.770+3.970 24.640+4.270 0.345 0.134 0.367
V/VCO,, VT 26.450+4.660 25.580+4.050 26.410+4.410 30.730+6.260 0.232 <0.001 0.006
BF max, min™' 39.200+12.000 35.700+10.000 37.800+11.000 42.900+10.000 0.356 0.561 0.563
V; peak, FVC% 52.300+25.000 51.340+32.000 51.200+45.000 54.010+56.000 0.508 0.163 0.124
HR peak 145.200+23.400 149.500+22.660 138.900+24.790 146.400+18.900  0.078 0.283 0.909
AT 16.110£18.500 18.620+25.220 13.630+4.820 12.620+3.310 0.245 0.296 0.687
Oxygen pulse peak 11.060+4.100 11.290+4.040 11.240+4.510 9.360+2.560 0.726 0.316 0.236
AHR/AVO, 68.830+24.000 71.430+25.000 65.500+23.000 74.670+27.000 0.063 0.639 0.245

Note: Results are expressed as mean = standard deviation.
Abbreviations: FVC%, percent forced vital capacity; %pred, percent predicted; AT, anaerobic threshold; BF, breathing frequency; HR, heart rate; VE, minute ventilation;

VCO,, carbon dioxide production; VO,, oxygen consumption; V., tidal volume; VT, ventilatory threshold; WR, workload.

O, pulse, AHR/AVO, and AVO,/AWR) did not differ among
the three groups.

Among the whole population, significant correlations
(P<<0.001) were found between VO, peak and age, DLCO,
V., oxygen pulse, lactate threshold, and V_ peak (Figure 1).
Correlations of VO, peak in relation to the radiological
stages of the disease are summarized in Table 3. Of note,
both functional parameters (FEV , FVC, FEF,, ) and HR
peak were found to be significant predictors of exercise
capacity only in Stages II+II, whereas exercise limitation
in Stage IV was related mainly to physiological impairment
due to ventilatory parameters.

Moreover, the spirometric and ergospirometric variables,
seen as two variable sets, were correlated with each other to
produce the correlation matrix. Apparently, transfer factor
for the lung for carbon monoxide (TLCO%) and diffusing
capacity of the lung for carbon monoxide (DLCO%) cor-
relate adequately with the spirometric percent forced expira-
tory volume in 1 second (FEV %) and percent forced vital
capacity (FVC%), all in a positive direction. Loose correla-
tions among other variables can also be viewed between the
two sets of variables. Figures 2 and 3 show the arrangement
of variables and patients (sample) in the space formed by
the principal component analysis (PCA) major axes 1 and 2.
Each quartile hosts particular variables and patients in the two
graphs correspondingly, and thus it is directly informative for
their behavior. The variables VO, max toward VE, positioned
on the lower right quartile (Figure 2), correlate strongly and
positively with each other and explain patients who fulfill the
conditions, the absence of extrapulmonary sarcoidic location,

and the restriction rule at radiological Stage 1 (Figure 3). On
the contrary, variables such as VE/VCO,, VE/VO, peak, and
deadspace/tidal volume ratio (V_/V,) cover the lower left
quartile (Figure 1) indicate the worst radiological stage, present
the extrapulmonary location, and illustrate the restriction rule
(Figure 3). The variables and particularly the VE/VCO, are
negatively correlated with the variables possessing the upper
right quartile, in which normal conditions prevail. The radio-
logical stages exert statistically significant effects on some
of the ergo-/spirometric variable spectrum. These effects are
illustrated per variable in Figure 4 where two inverse trends
are formed. A group of three variables (VE/VCO,, V /V., and
VE/VO,) show an increasing response and more intensity at
Stage I1I and a group of eight variables decline at increasing
radiological levels and more profoundly at Stage III.

The restriction rule and radiological stages interact signifi-
cantly (y>=18.39, P<<001) resulting in a high present restriction
ruling effect at Stage III that is nearly absent at Stage [. DLCO,
transformed to ordinal values of low, mild, and best conditions,
appears to affect the VO, peak behavior (#=5.90, P=0.004) in
a manner whereby, at the best DLCO condition, the VO, peak
maximizes its performance (1,794.6, Figure 5).

Discussion

The major finding of this study was that cardiopulmonary
exercise testing revealed limitations in exercise capacity
to a similar extent regardless of the radiological stage in
patients with sarcoidosis, although PFTs indicated clinical
impairment only in patients with more advanced disease.
To our knowledge, our retrospective study is the first to
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Table 3 Correlation of functional variables at rest with peak oxygen consumption (VO, peak) in 83 patients with sarcoidosis according

to radiological stages

Variable Stage | Stages lI-lll Stage IV
r P r P r P

FEV, —0.147 0.346 0.395 0.028 -0.402 0.284
FvC —0.087 0.579 0.453 0.010 -0.368 0.330
FEV,/FVC 0.111 0.478 0.045 0.809 -0.561 0.117
FEF,; s 0.004 0.998 0.445 0.012 —-0.207 0.594
FRC —-0.653 0.423 0.647 0.422 -0.634 0.452
RV -0.017 0910 0.072 0.698 -0.536 0.782
TLC 0.088 0.574 0319 0.080 -0.059 0.881
DLCO 0.397 0.008 0412 0.021 0.160 0.681

Note: Lung function parameters are expressed as percentage of the predicted values.

Abbreviations: DLCO, diffusing capacity of the lung for carbon monoxide; FEF

25-75"

FRC, functional residual capacity; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity.

forced expiratory flow 25%-75%; FEV , forced expiratory volume in | second;
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| second; FVC, forced vital capacity; FVC%, percent forced vital capacity; HR, heartrate; PCA, principal componentanalysis; RV%, percent residual volume; TLC, total lung capacity;
VCO,, carbon dioxide production; V., minute ventilation; VO,, oxygen consumption; V., tidal volume; vom%, maximal aerobic capacity.

have evaluated exercise capacity in a Greek population of
sarcoid patients by combined assessment of PFT and CPET
measurements.

Our results are in agreement with the current pub-
lished literature. Earlier studies reported that abnormal
responses of oxygen uptake during exercise are common
in sarcoidosis,”!'*!>16 even in those patients with only mild

disease. Akkoca et al'” in a small study of 29 sarcoid patients,
found that exercise capacity was the earliest impaired physio-
logical parameter, even in patients with Stage I disease and
completely normal spirometry. Similarly, in another small
study of 32 patients with sarcoidosis and variable levels
of DLCO, Karetzky and McDonough'® reported signifi-
cant exercise intolerance, with an up to 30% reduction in
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Figure 5 Mean changes of VO, peak along with the ordinal categories of diffusing
capacity of the lung for carbon monoxide (DLCO).

Notes: Vertical lines indicate the 95% confidence intervals of means calculated from
the error mean square of analysis of variance. Means whose intervals do not overlap
differ significantly.

maximal aerobic capacity compared to healthy age-matched
controls.

In patients with more advanced disease, previous
studies suggested that reduced exercise capacity may reflect
limitations due to ventilatory mechanics impairment and gas
exchange abnormalities.>'** In our study, FEV, FVC, TLC,
and DLCO were significantly decreased in Stage IV patients,
a finding that could probably explain the affected exercise
performance, as expressed by the significant decrease in VO,
peak, in those patients. Our findings are in agreement with
the results of Marcellis et al*’ who reported, in their study
of 160 sarcoid patients, that DLCO%, FVC%, and advanced
radiological stages (0—I vs II-IV) were significantly indepen-
dent predictors of pulmonary gas exchange abnormalities.
Additionally in our study we found that, in Stage IV patients,
V./VCO, was significantly increased compared to Stage
I, suggesting that hyperventilation may also play a role in

exercise limitation in more advanced disease. This increase
in the ventilatory response in Stage [V may be attributed, at
least in part, to inefficient gas exchange due to impairment
of the diffusing capacity of the lungs®"? or to increased
physiological dead space due to pulmonary hypertension.?
However, our study was not designed to assess this finding
by arterial blood gas measurements or echocardiography.
On the other hand, in the early stages of sarcoidosis, with
normal or only mildly impaired lung function, circulatory
impairment and reduced heart response to exercise seem to
contribute in exercise intolerance.’?** In our study, while
DLCO and functional parameters were not affected in Stage |
and were only mildly impaired in Stages II-1I11, 48% of Stage |
and 52% of Stage II-II1 patients, presented an abnormal CPET
response. Interestingly, in these patients, exercise capacity, as
expressed by VO, peak was found to correlate strongly with
both ventilatory as well as cardiocirculatory parameters of
CPET. Additionally, 26% of our patients did not reach the
predicted maximum heart rate in spite of performing a maxi-
mal CPET with respect to AT, a fact suggesting that the low
HR peak was unlikely to be related to a submaximal study.
It is worth noting that, in our study, a significant correlation
(P=0.007) was noted between VO, peak and HR peak and
VO, to HR ratio (or oxygen pulse) in Stages II-11I, findings
that may in part explain the exercise limitation (Table 4).
Delobbe et al” showed that a low peak heart rate at maximal
CPET was associated with reduced maximal exercise capacity
in sarcoid patients with normal resting PFT and reductions
in HR of similar extent were also reported by Karetzky and
McDonough, '® although the authors did not explain this result.
Finally, cardiac dysfunction in sarcoidosis may be second-
ary to subclinical left heart failure,> myocardial conducting

Table 4 Correlation of cardiopulmonary test variables with VO, peak in 83 patients with sarcoidosis according to radiological stages

Variable Stage | Stages II-l1l Stage IV
r P r P r P

Workload 0.832 <0.001 0.8537 <0.001 0.812 0.008
VO, max 0.236 0.127 0.385 0.032 —0.058 0.880
VCO, 0.794 <0.001 0.849 <0.001 0.980 <0.001
\A 0.752 <0.001 0.825 <0.001 0.979 <0.001
V/VCO, —0.241 0.119 —0.462 0.009 0.170 0.661
Vv, peak 0.662 <0.001 0.871 <0.001 0.737 0.024
HR peak 0.144 0.356 0.473 0.007 0.378 0.316
AT 0.566 <0.001 0.689 <0.001 0.332 0.382
Oxygen pulse 0.861 <0.001 0.838 <0.001 0.879 0.002
AHR/AVO, —-0.573 0.008 —-0.683 <0.001 0.762 0.287
AVO,/AWR —-0.322 0.035 —-0.582 <0.001 -0.879 0.002

Note: Cardiopulmonary test parameters are expressed as percentage of the predicted values.
Abbreviations: AT, anaerobic threshold; HR, heart rate; VE, minute ventilation; WR, workload; VCOZ, carbon dioxide production; VOZ, oxygen consumption; VO2 max,

maximum oxygen consumption; V., tidal volume.
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system infiltration with sarcoid granulomas,? and unrecog-
nized pulmonary hypertension or cor pulmonale? that may
all also significantly contribute to exercise intolerance. Nev-
ertheless, our suggestions do not exclude the possibility that
the observed oxygen pulse decrease might also be related to
deconditioning, fatigue,** or muscle involvement.?**

The main limitation of our study was that the included
data were insufficient to provide information about the exact
mechanisms causing exercise intolerance in patients with
sarcoidosis. Our study was not designed to demonstrate
inefficiency of gas exchange during exercise by arterial gas
measurements and potential cardiovascular dysfunction
was not documented by echocardiography or other cardiac
imaging techniques. Furthermore, confounding factors, such
as treatment with corticosteroids, general fatigue, skeletal
muscle weakness, and physical inactivity are also often
present in sarcoid patients and may have influenced our
findings. Moreover, sarcoidosis fatigue syndrome was not
assessed by the treating physicians.

Finally, the findings of the present study need to be repro-
duced prospectively in a larger sample, especially with more
Stage IV patients, so that definite conclusions can be made.

Conclusion

The results of our study confirm the added value of cardio-
pulmonary exercise testing in the evaluation of exercise
intolerance in patients with sarcoidosis. The analysis of our
data suggests that exercise capacity is the earliest impaired
physiological parameter in sarcoid patients, as it was found
to be reduced even in the early stages of the disease. The
mechanisms responsible for exercise limitation in sarcoidosis
have a multifactorial basis and seem to be correlated with the
radiological extent of the disease. In more advanced stages,
ventilatory and gas exchange abnormalities are probably
primarily responsible for reduced exercise performance.
However, in the earlier stages, cardiocirculatory factors —in
particular, impaired HR response to exercise — were found
to contribute to a significant degree to exercise intolerance,
a fact that underlines the usefulness of CPET in determining
the possible pathogenetic mechanisms. Prospective clinical
studies with larger series of all stages are needed to define
the mechanisms of exercise intolerance in sarcoidosis. It is
the belief of the authors that cardiopulmonary exercise test-
ing should be performed in every patient presenting with
sarcoidosis and on follow-up, if available.
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