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Background: The literature results related to the physical assessment in patients with
sarcoidosis are contradictory and limited. The objective of this study was to compare the
physical activity and respiratory muscle strength of patients at different stages of sarcoidosis.
Methods: Since 2003, we monitored 386 patients with ILDs, from which 107 patients were with
sarcoidosis. Of the 107 patients with sarcoidosis, 57 were included in this study. A matched control
group of 50 healthy patients were also included in the study. Kings Sarcoidosis Questionnaire
(KSQ), maximal inspiratory/expiratory pressure and 6-minute walking test were recorded.
Results: We observed significant differences between the exercise capacity of the four
sarcoidosis stages, 561.00 (531.00-586.00) vs 557.00 (510.00-599.00) vs 469.00 (430.00—
515.00) vs 457.00 (397.00-496.00), independent-samples Kruskal-Wallis H-test H (4107) =
34.757, p < 0.001. Also, we observed significant differences between the exercise capacity of
patients with sarcoidosis and healthy controls, 496.00 (437.00-550.00) vs 561.00 (531.00—
586.00), Mann—Whitney U-test, p < 0.001. In addition, we observed that patients with
sarcoidosis had significantly lower MIP and MEP than healthy controls, 84.00 (79.00—
91.00) vs 90.00 (83.00-97.00); p = 0.001, and 85.00 (79.00-89.00) vs 89.00 (85.00—
92.00), p < 0.001, respectively. There were significant associations between exercise capacity
and KSQ scores, eg, general health (»=0.206, p = 0.027), lung health (» = 0.280, p = 0.003).
Conclusion: Patients with different stages of sarcoidosis showed reduced quality of life,
exercise capacity and respiratory muscle strength both among themselves and compared to
healthy controls.
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Background

Sarcoidosis is a systemic granulomatous disease of unknown aetiology character-
ized by the formation of epithelioid cell granuloma without caseation that mainly
affects the lungs and lymphatic system.'

Frequently affected by the disease are the lungs, skin, eyes and musculoskeletal
system but the lungs are affected in 90% of patients. Patients often have nonspecific
symptoms, such as general weakness, arthralgia and reduced exercise capacity.”
Limited exercise tolerance could be explained by peripheral muscle weakness and
exercise intolerance caused by fatigue and both can be caused by several factors,
such as decreased lung function, negative vicious circle of physical deconditioning,
and corticosteroid-induced myopathy.®
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Studies have reported inspiratory muscle weakness in
patients with sarcoidosis ranging from 16.7% up to 45%
and expiratory muscle weakness has been found to be
decreased up to 40%.%°

Correlations have been observed between reduced
respiratory muscle strength and exercise-induced dyspnea,
especially in the advanced stages of the disease.*”
Moreover, Kabitz et al demonstrated that inspiratory mus-
cle strength is strongly predictive for dyspnea and func-
tional exercise capacity.”

The 6-minute walk test (6MWT) is widely used to
evaluate exercise capacity and previous studies have
found that the distance walked in the test has been reduced
in patients with sarcoidosis compared to healthy
subjects.”®

Some authors are reporting that impaired inspiratory
muscle strength is an important factor in the reduced six-
minute walking distance (6MWD).* Two studies showed that
6MWD was reduced (<400m) in the majority of patients with
sarcoidosis. This was caused by skeletal muscle weakness or
reduced peripheral muscle strengths.”® While these authors
found that the limiting factor was skeletal muscle weakness
or reduced peripheral muscle strength, Wirnsberger et al
found that the limiting factor was reduced respiratory
strength and endurance time.°

However, studies on physical activity measured objec-
tively in patients with sarcoidosis are quite limited, and the
results are contradictory. One author found that physical
activity and fatigue are reduced in patients with sarcoido-
sis compared to predicted values,” while Saligan did not
find significant differences between patients with sarcoi-
dosis and control subjects.'’

Given the fact that literature results are contradictory
and physical assessment in patients with sarcoidosis
remains limited, the objective of this study was to assess
and compare the physical activity and respiratory muscle
strength of patients with different stages of sarcoidosis.

Materials and Methods
Study Design and Patients

This was a retrospective cohort study in which patients
were included from a database for interstitial lung diseases
of the hospital “Victor Babes” in Timisoara. Since 2003,
386 patients were included from which 107 patients are
with sarcoidosis. The diagnosis for sarcoidosis was estab-
lished according to the guidelines: after the clinical exam,
scan.'!

chest radiography or computer tomography

Histopathologic examination was performed on patients
with
a confident diagnostic The division on stages has been

insufficient  clinical-imagistic ~ features  for
made according to chest radiography and/or computer
tomography."!

From the 107 patients with sarcoidosis, 57 were
included in this study. A number of 50 patients were
excluded due to the lack of several tests such as King's
Sarcoidosis Questionnaire (KSQ), Maximal Inspiratory/
Expiratory Pressure test (MIP/MEP) or 6MWT. All the
tests were performed when the patient’s diagnosis was
confirmed and according to the American Thoracic
Society (ATS) guideline.'*'* The control group was
formed of healthy volunteers who agreed to partici-
pated in the study. The study was approved by the
ethic committee of the hospital (nr.6241/24/08/2020).

Assessing Lung Function

To determine the lung function, patients performed spiro-
metry and diffusing capacity of lung for carbon monoxide
(DLCO) test using the COSMED Q-Box and Quark
COSMED."

Assessing Functional Capacity
To evaluate the functional capacity, patients performed
the 6MWT which measures the distance an individual
can walk in six minutes. It is a simple test that requires
no special equipment or advanced training for the phy-
sicians and is considered to be the substitute of the
gold standard cardiopulmonary exercise test (CPET).'*
Respiratory muscle strength was determined with the
COSMED Q-Box device by measuring the MIP and MEP.
These measures are simple, non-invasive, and have estab-
lished diagnostic and prognostic value. Maximal
Inspiratory Pressure determines the strength mainly of
the diaphragm and other inspiratory muscles, while
Maximal Expiratory Pressure determines the strength of
mainly the abdominal muscles and other expiratory

muscles. '

Assessing Dyspnea and Exertion

The modified Borg scale is a 0 to 10 rated numerical score
used to measure dyspnea and leg fatigue reported by the
patient.'®

Assessing Patients’ General Health
The impact of sarcoidosis on various aspect of the
patient’s life was determined with the King's Sarcoidosis
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Questionnaire, which is a validated questionnaire for
patients with sarcoidosis.'” The questions are related to
how sarcoidosis has affected the patients’ health. The KSQ
is a self-administered questionnaire composed of 29 ques-
tions in total, divided into 5 categories: General Health (10
items), Lung (6 items), Skin (3 items), Eye (7 items) and
Medications (3 items). Each item is expressed by a Likert
scale with 7-points. Results are given as a number between
1-100 with higher numbers indicating better health.'’

Statistical Analysis

Statistical data analysis was performed using the SPSS v.20
software (SPSS Inc., Chicago, IL, USA). The graphical
representations were done using GraphPad Prism v. 9.1 soft-
ware. The statistical significance was established considering
the threshold p-value < 0.05, and, for estimating intervals,
a value of 0.95 was considered as the confidence level.

Continuous data with normal distribution were
described as mean (+ standard deviation), while continu-
ous data with other distributions were presented as median
(interquartile range). Absolute frequency (percentage) was
used to describe nominal data. The distributions of con-
tinuous data were checked for normality by applying the
Kolmogorov—Smirnov’s test, while the Levene’s test was
applied to verify the equality of variances.

The differences between groups of patients with sar-
coidosis were tested for statistical significance using the
Student’s #-test. When data was not normally distributed,
the difference between groups was tested for statistical
significance using the Wilcoxon signed-rank test for
related-samples or the Mann—Whitney U-test for indepen-
dent samples. The statistical significance of the difference
between percentages was assessed applying the Pearson
chi-square or Fisher’s exact test. When comparing more
than two groups of patients with sarcoidosis, we applied
one-way ANOVA for continuous data with Gaussian dis-
tribution or Kruskal-Wallis H-test for continuous data with
non-Gaussian distribution. The Spearman correlation coef-
ficient was computed to assess the association between
non-Gaussian distributions measured at the same point in
time.

Results

Patients’ Characteristics

The sample included 57 patients with sarcoidosis, aged
between 21 and 71 years, mean 43.56 (£12.3) years, 50.9%
men and 49.1% women. A percent of 33.3% of the patients

with sarcoidosis were in the third stage (pulmonary). We also
considered a matched control group of 50 healthy indivi-
duals, aged between 21 and 71 years, mean 43.56 (x£12.3)
years, 50.9% men and 49.1% women (Table 1).

The pulmonary function of patients was tested by mea-
suring the spirometry parameters, the lung volumes, the
maximal respiratory pressures, and the diffusing capacity.
We observed that the results of spirometry and lung tests
of patients with sarcoidosis were not significantly different
than the results of the healthy controls. The maximal
respiratory pressures were significantly lower in patients
with sarcoidosis than in healthy controls (Table 2).

We observed that both MIP and MEP were signifi-
cantly lower in patients with sarcoidosis than in healthy
controls (Figure 1).

There were significant differences between the exercise
capacity of the four sarcoidosis stages, 561.00 (531.00—
586.00) vs 557.00 (510.00-599.00) vs 469.00 (430.00—
515.00) vs 457.00 (397.00-496.00), independent-samples
Kruskal-Wallis H-test H (4107) = 34.757, p < 0.001. At
the same time, we observed significant differences
between the exercise capacity of patients with sarcoidosis
and healthy controls, 496.00 (437.00-550.00) vs 561.00
(531.00-586.00), Mann—Whitney U-test, p < 0.001
(Table 2, Figure 2).

We also measured the Borg dyspnea score, and the
Borg fatigue score before and after the 6MWD test. In
the case of patients with sarcoidosis, we observed that the
Borg dyspnea score and the Borg fatigue score after
6MWD were significantly higher than before 6MWD
(related-samples Wilcoxon signed-rank test, z = 6.540,

Table | Characteristics of Patients with Sarcoidosis and Healthy
Controls

Parameters Patients Controls p-value
(n =57) (n =50)
Age 43.56 (£12.3) | 42.08 (x11.28) 0.517
Gender [male] 29 (50.9%) 23 (46%) 0.615
Height (cm) 170.28 (£9.11) | 169.04 (+8.41) 0.570
Weight (kg) 73.09 (£14.77) | 72.48 (+14.84) 0.967
BMI (kg/m?) 25.27 (+¥4.99) 25.52 (£5.54) 0.800
Stage
Stage | - lymphadenopathy 19.3% NA NA
Stage Il - lymphadenopathy 22.8% NA NA
and pulmonary infiltrates
Stage Il - pulmonary infiltrates 33.3% NA NA
Stage IV - pulmonary fibrosis 24.6% NA NA

Notes: Data are presented as mean (#std. dev.) or absolute frequency
(percentage).
Abbreviation: NA, not applicable.
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Table 2 Results of Pulmonary Function Testing of Patients with Sarcoidosis and Healthy Controls

Tests Patients (n = 57) Controls (n = 50) p-value
Spirometry

FVC (L) 3.57 (3.104.19) 4.03 (3.574.62) 0.002
FVC (%) 84.00 (78.00-90.00) 92.50 (89.00 —103.00) <0.001
FEV, (L) 2.85 (2.21-3.26) 3.21 (2.99-3.69) <0.001
FEV, (%) 80.00 (69.00-86.00) 94.00 (85.00-100.00) <0.001
FEV,/FVC (L) 78.00 (74.00-82.00) 80.00 (77.00-87.00) 0.044
Lung volumes

TCL (L) 83.00 (71.00-91.00) 89.00 (85.00-97.00) 0.001
RV (L) 83.00 (74.00-92.00) 90.50 (83.00-97.00) 0.001
Maximal respiratory pressures

MIP (cmH20) 87.51 (78.57-100.52) 90.99 (78.14-111.96) 0.002
MIP (%) 84.00 (79.00-91.00) 90.00 (83.00-97.00) 0.001
MEP (cmH20) 95.46 (76.10-109.73) 92.12 (78.85-114.10) 0.009
MEP (%) 85.00 (79.00-89.00) 89.00 (85.00-92.00) < 0.001
Diffusing capacity

DLCO (%) 20.43 (18.45-24.82) 26.13 (21.31-36.24) <0.001
DLCO, .+ (%) 84.00 (70.00-91.00) 92.50 (89.00-94.00) <0.001
Physical activity

6MWD (m) 496.00 (437.00-550.00) 561.00 (531.00-586.00) <0.001
6MWD,eq (%) 93.00 (86.00-96.00) 97.50 (93.00-100.00) <0.001

Notes: Data are presented as median (inter-quartile range).

Abbreviations: FEVI, forced expiratory volume in the first second; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity; MIP, maximal inspiratory
pressure; MEP, maximal expiratory pressure; DLCO, diffusing capacity of lung for carbon monoxide; 6MWD, six-minute walking distance.

p <0.001, and z = 5.713, p < 0.001, respectively). In the
case of healthy controls, we also observed that the Borg
dyspnea score and the Borg fatigue score before 6MWD
were significantly lower than after 6MWD (related-
samples Wilcoxon signed-rank test, z = 5.990, p < 0.001,
and z = 4.557, p < 0.001, respectively).

We investigated the health status of patients with sar-
coidosis by analysing the KSQ scores. We observed that
the health status of the patients with sarcoidosis was mod-
erate to severely impaired (Table 3).

Lung Function

There was a significant association between exercise capacity
measured by 6MWD and lung function measures in patients
with sarcoidosis (FEVI1: r = 0.432** p < 0.001; FVC:
r=0.445%* p < 0.001). There was no significant association
between exercise capacity and lung volumes in patients with
sarcoidosis (TCL: r = 0.175, p = 0.056; RV: r = 0.081,
p = 0.374). However, we observed that exercise capacity sig-
nificantly correlated with diffusing capacity (DLCO:
r = 0.350%* p < 0.001; V5: r = 0.276%*, p = 0.03). Also,
exercise capacity significantly correlated with respiratory mus-
cle strength in patients with sarcoidosis (MIP: » = 0.325%,
p=0.014; MEP: r = 0.229%, p = 0.039) (Figure 3).

Health Status

There were significant associations between exercise capa-
city and KSQ scores, general health (» = 0.206%, p = 0.027),
lung health (» = 0.280**, p = 0.003), medication (» = 0.142,
p = 0.130), skin health ( = 0.242*, p = 0.020), eye health
(r=10.176, p = 0.089), in case of patients with sarcoidosis.
We observed no significant associations between respiratory
muscle MIP and general health (# = 0.004, p = 0.961), lung
health (» =—0.019, p = 0.836), and MEP and general health
(r=-0.059, p=0.525), lung health (»=—0.030, p = 0.745), in
patients with sarcoidosis.

Discussion

In our study we found significant differences between the
exercise capacity of patients with sarcoidosis and healthy
controls. Moreover, significant differences regarding exer-
cise capacity were observed between all the four stages of
sarcoidosis. We also observed that both maximal inspira-
tory and expiratory pressure were lower in patients with
sarcoidosis compared to healthy controls.

Health related quality of life can be significantly influ-
enced in patients with sarcoidosis due to reduced physical
capacity, dyspnea, lack of energy and anxiety and
depression.'® Multifactorial influences such as systemic
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Figure 2 Exercise capacity in patients with sarcoidosis and controls. Patients with sarcoidosis were grouped by stage.

inflammation decreased pulmonary function, and others
can lead to physical inactivity and loss of muscle
conditioning."’

Table 3 Health Status of Patients with Sarcoidosis

KSQ Scores Patients (n = 57)

General Health 83.00 (76.00-88.00)

Lung Health 81.00 (73.00-86.00)
Medication 88.00 (81.00-92.00)

Skin Health 100.00 (96.00—100.00)
Eye Health 100.00 (97.00-100.00)

Notes: Data are presented as median (interquartile range).
Abbreviation: KSQ, King’s Sarcoidosis Questionnaire.

Marecellis et al demonstrated that exercise tolerance and
muscle weakness are frequently reported, with substantial
reduction of maximal inspiratory pressure (MIP).?° The
author noted that patients with sarcoidosis covered
a shorter distance on the six-minute walk test, patients
having reduced physical capacity by 20% compared to
healthy subjects. These values were observed in over
45% of the sarcoidosis subjects. Moreover, he identified
a positive association between inspiratory muscle strength
and physical capacity. Inspiratory muscle strength (MIP)
was reduced in 43% of the subjects. These findings were
before observed by other authors who found reduced

respiratory muscle strength and endurance time in
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Figure 3 Association between exercise capacity and respiratory muscle strength in patients with sarcoidosis.

a small population of sarcoidosis patients with normal lung
function.® Compared to the study of Wirnsberger et al,® we
observed that maximal inspiratory and expiratory pressure
were reduced in all our sarcoidosis patients. Moreover, we
found significant correlations between respiratory muscle
strength and physical capacity. An explanation for these
findings could be that patients with reduced respiratory
muscle strength require a greater use of the available
muscles to overcome an external workload during breath-
ing. Thus, these patients present exertional dyspnea lead-
ing to a reduced distance of 6MWD.**

In a much smaller study that included 15 patients with
sarcoidosis and 14 healthy controls, authors have observed
significantly lower daily step count compared to healthy
subjects. Moreover, the step count was associated with the
6MWT distance. The 6MWD was lower in participants
with sarcoidosis (mean (SD) 375 m) compared to healthy
controls (mean (SD) 487). The authors observed that the
health status of the patients with sarcoidosis measured
with the KSQ was moderate to severely impaired but
they did not find significant correlations between the
KSQ scores and 6MWD.?! Compared to this study, we
observed that health status was moderate to severely
impaired compared to the control group and we found
significant associations between exercise capacity and
KSQ scores.

A larger study that included 142 patients with sarcoidosis
found that more than half of the patients walked in the
6MWT less than 400 m and 32 (22%) patients walked less
than 300 m. The authors observed significant correlations
between pulmonary function such as FVC and 6MWD and
mentioned that also other factors such as activity aspect of
quality of life questionnaire are important.** In accordance
with this study, we found significant association between
exercise capacity measured by 6MWD and lung function
measures in patients with sarcoidosis.

Compared to these studies, we have noticed that the
physical capacity of patients with sarcoidosis was lower
compared to the control group and between the sarcoidosis
groups. Interestingly is that the mean distance in the
6MWT for both groups was higher compared to the afore-
mentioned studies and it is clear that there are large differ-
ences in the results.

Some authors have pointed out that these differences in
physical capacity cannot be fully explained by clinical
features. It is mentioned that factors that could explain
these differences could be the ethnicity and the socio-
economic and cultural aspects of the population.?’
Although Romania is the second least active country in
Europe, our patients with sarcoidosis remain more active
compared to other patients in different countries.

A strong point of this articles is the fact that we
included different stages of sarcoidosis and analysed phy-
sical capacity and respiratory muscle strength between
patients and healthy controls.

A limitation of this study is that being retrospective we
could not analyse what caused the limiting physical capa-
city and respiratory muscle strength. There still remain big
differences between studies regarding physical capacity in
patients with sarcoidosis and further work is needed to
address this problem.

Conclusion
We observed that patients with sarcoidosis showed
reduced quality of life, exercise capacity and respiratory
muscle strength both among themselves and compared to
the control group.

Data Sharing Statement

The authors confirm that all data underlying the findings
are fully available without restriction. Data can be
obtained after submitting a request to the hospital.
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