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Background: High-intensity resistance training is unexplored in untreated patients with newly Received 19 December 2019
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Objectives: To evaluate the effects of high-intensity resistance training on lung function, muscle KEYWORDS

strength, fatigue, dyspnea, health-related impairments, and lung immune cells. Sarcoidosis; bronchoalveolar
Methods: Eleven untreated patients with newly diagnosed sarcoidosis performed high-intensity lavage; bronchoscopy; lung
resistance training at an intensity of 80% of 1 Repetition Maximum (RM) twice a week and daily immune cells; training
inspiratory muscle training at regular intensity for 12 weeks. Assessment with spirometry, chest X-

ray, questionnaires, and BAL (bronchoalveolar lavage) cells was performed before and in close

adjacent to completed training. A final third assessment except bronchoscopy was performed at

an average 5 months after the training period.

Results: The training was well tolerated and muscular strength increased significantly while

fatigue, dyspnea, and health-related impairments decreased, though not significantly in all

measures. Mean percentage of lung lymphocytes decreased (p = 0.006).

Conclusions: High-intensity resistance training and inspiratory muscle training at regular inten-

sity in patients with newly diagnosed sarcoidosis led to improvements in muscular strength

without adverse events and seems to be a non-invasive attractive way to improve fatigue,

dyspnea, and quality of life. Analysis of lung immune cells possibly indicated a decreased

inflammatory activity. These results provide a basis for larger randomized trials.

Introduction and fatigue, which do not seem to correlate with lung
function, inflammatory markers, and other clinical para-
meters. Not even dyspnea has been found to correlate with
lung function [5,6]. Instead, research has found a correla-
tion between muscle strength, fatigue, dyspnea, and quality
of life [7-9] and that patients with sarcoidosis have lower
muscle strength compared to healthy controls [5,8,10-14].
A newly published paper also reported that physical activity
is significantly reduced in patients with sarcoidosis com-
pared to healthy controls [15]. In many chronic lung dis-
eases and inflammatory disorders, physical training has
been shown to improve exercise intolerance, muscle weak-
ness, quality of life, and reduce fatigue without adverse
events [16] and limited data indicates that inflammatory
activity is reduced [17-20]. Also in sarcoidosis, fatigue,
muscular weakness, and dyspnea are reduced while quality
of life is improved after participating in training programs
[7,9,21,22]. However, data is scarce [23] and no study
investigated the effect on inflammatory parameters and in

Sarcoidosis is an inflammatory disorder which can affect
any organ, but the lung is the most common target. Two
clinical phenotypes are recognized: Lofgren’s syndrome
(LS) and non-Lofgren’s syndrome (non-LS). LS is charac-
terized by an acute onset with a high likelihood of sponta-
neous remission. Patients with non-LS often present with a
more gradual onset and are more likely to develop chronic
disease [1]. Certain human leukocyte antigen (HLA) class
IT alleles are linked to a non-resolving disease [2]. In the
lungs, an increased cell concentration and accumulation of
CD4" T cells are seen. BAL has a valuable role in the
diagnostic workup and differential diagnosis of sarcoidosis
[3]. Increased BAL cell concentration, an accumulation of
CD4" T cells, and a CD4/CD8 ratio exceeding 3,5 strongly
support the diagnosis of sarcoidosis [4]. There is no cure
and despite treatment, patients often have non-specific
complaints such as exercise intolerance, muscle weakness,
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studies performed so far, patients with various disease
durations, both treated and untreated have been included.
The purpose of the current study was to explore if high-
intensity resistance training is safe, improves health-related
impairments, if the lung sarcoid inflammation is affected
and possible effects on disease course in newly diagnosed
patients.

Materials and methods
Study design

Participants were identified amongst consecutive patients
with a high suspicion of sarcoidosis referred to the
Department of Respiratory Medicine, Karolinska
University Hospital, Stockholm, Sweden. At the first
visit, treatment-naive non-smoking patients between 20
and 60 years of age without signs of other pulmonary (e.g.
COPD, asthma), cardiac, chronic inflammatory, or meta-
bolic diseases were asked if they were interested to parti-
cipate if a diagnosis of sarcoidosis could be established.
Patients with LS were excluded as that disease phenotype
often resolves spontaneously. The study was approved by
the Regional Ethical review Board (2015/763-31) in
Stockholm. Upon enrollment, information on the study
was given both orally and written. All participants signed
an informed consent according to the declaration of
Helsinki. Twelve patients were enrolled in the study and
completed a general somatic evaluation including blood
samples for CRP, ACE, HLA DRB1*-typing, a 12-lead
electrocardiogram, questionnaires, and bronchoscopy
with BAL. The bronchoscopy was done within a couple
of weeks after referral. In cases where the sarcoidosis
diagnosis was still unclear after bronchoscopy, the
patients were referred to mediastinal lymph node punc-
ture via esophagus. All included patients fulfilled the
criteria. for sarcoidosis according to the World
Association of Sarcoidosis and Other Granulomatous
Disorders [1,24]. Spirometry and ergospirometry were
performed wusing a SensorMedics Vmax system
(SensorMedics, Yorba Linda, CA, USA). A second assess-
ment including blood samples, spirometry, question-
naires, and bronchoscopy was made within 1-2 months
after the training was completed. A third assessment
except bronchoscopy was made on average 5 months
after finalized training.

Bronchoscopy and questionnaires

Bronchoscopy with BAL was performed as previously
described [25]. For individual details on BAL proce-
dures, see Appendix A. Cells in BALF (bronchoalveolar
lavage fluid) were separated from recovered fluid by

centrifugation, fixed on cytospin slides and stained
with Giemsa for calculation of leukocyte differential
count. The percentage of CD4" and CD8" T cells,
respectively, was measured by triple-laser, eight-color
flow cytometry using a FACS Fortessa X-20 (Becton-
Dickinson).

Quality of life was assessed using the Swedish version of
St George's Respiratory Questionnaire (SGRQ), contain-
ing three component items. These can be aggregated into a
total score. Scores are expressed as a percentage of overall
impairment where 100 represents the worst possible health
status. A difference of at least 4 points in the SGRQ total
score is considered a minimum clinically important differ-
ence from the patient’s perspective [26]. Means for SGRQ
scores in normal subjects with no history of respiratory
disease are 12 for S, 9 for A, 2 for I, and 6 for T (SGRQ
manual, Prof Paul Jones, Division of Cardiac and Vascular
Science, St George s, University of London, UK). Fatigue
was measured with the Fatigue Severity Scale (FSS).
Maximal score 63 indicates a great impact of fatigue. A
total score of less than 36 suggests that the patient does not
suffer from fatigue. The FSS has been found to reliably
capture fatigue impact in a variety of clinical populations
[27]. Physical Activity Level Scale was used to estimate
physical activity. This scale has been used in several studies
concerning the effects of different types of intervention.
Activity levels during summer and winter were recorded
separately. Level 1 means hardly any activity at all while
level 6 reflects hard/very hard exercise regularly and several
times a week [28]. The 6-point (0-5) modified Medical
Research Council (mMRC) dyspnea score was used to
determine dyspnea. A higher point means more dyspnea.
This scale has been most widely used in COPD but has also
been shown to be reliable in interstitial lung disease for the
assessment of dyspnea [29]. The Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines
recommended using mMRC score of 2 as the symptomatic
cut-off point.

Training

The high-intensity resistance training followed current
guidelines [30] and started on average 2.6 months after
the firs bronchoscopy and was performed twice a week for
60 min during 12 weeks under supervision of an experi-
enced physiotherapist. If a training session was missed, the
period was prolonged. The training consisted of a 10-min
warm-up on a stationary bicycle and 9 high-intensity
resistance exercises. The training intensity was 80% of 1
RM. Exercises were performed in three sets. An increase in
load was applied when the individual could perform three
sets of >7 repetitions. At the start and end of the training
period, 1 RM for each of the exercises was calculated.



Respiratory muscle strength was assessed using an electro-
nic pressure transducer (Micro RPM, Intramedic AB,
Bélsta, Sweden). Maximum inspiratory and expiratory
pressures (MIP and MEP) were measured. Patients were
instructed in inspiratory muscle training using a pressure
threshold-loading device (Threshold IMT). The training
used regular resistance, i.e. this part of the training was not
of high-intensity, and started at a load of 30% of MIP and
was performed 30 x 3 twice daily at a level correlating to
12-14 on Borg Rating of Perceived Exertion [31].

Data analysis

Statistical analyses were performed using IBM SPSS
Statistics 24 software. Power analysis was not performed
given the exploratory nature of the study. Descriptive
statistics, i.e. mean and standard deviation (SD) for ratio
data, was performed. Wilcoxon's signed-rank test was
applied to assess changes in muscle strength, MIP, MEP,
BALF data, lung function parameters, and question-
naires. P-value significance was set at <0.05.

Results
Study subjects

Twelve patients (ten men and two women) were included
in the study. One (number 12) dropped out in the middle
of the training due to lack of time. Data from this patient
was excluded from the analysis. Clinical characteristics of
patients are shown in Table 1. Nine of the patients were
positive for HLA DRB1* alleles that have been associated
with chronic disease [2,32]. Assessment of overall physi-
cal activity with Physical Activity Level Scale resulted in a
mean value of 3.4 and 3.3 during summer and winter,
respectively. All patients had a normal resting electrocar-
diogram and ergospirometry found no signs of cardiac
disease. CRP levels were around normal in all patients

Table 1. Baseline characteristics.
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throughout the study period. Mean ACE level decreased
from 57 E/1 (reference <70) to 51 after training (p > 0.05).
Adherence to high-intensity resistance training super-
vised by a physiotherapist and follow-up assessments
was good (Appendices B-D). Protocols for inspiratory
muscle training relieved that adherence was not as good
as for the supervised training (not shown). No major
adverse events were recorded, but some minor com-
plaints (detailed information given in Appendix E).
Patient number 11 started to smoke during the study,
this was not discovered until the follow-up broncho-
scopy, so it was decided to keep patient’s data in the
study. Patient number 3 disclosed a progress on chest
X-ray at first follow-up, therefore the patient was put on
systemic treatment and did not participate in the last
follow-up. At second follow-up, three more patients dis-
closed a progress. Progress was minor and none of the
patients needed treatment. Two patients disclosed a
regress at follow-ups. See Appendix E for individual
details.

Lung immune cells and spirometry

There was a significant decrease in mean percentages
of T lymphocytes, from 33 to 20% (p = 0.006), corre-
sponding to an increase in the mean percentage of
macrophages. Mean CD4/CD8 ratio increased from
6.5 to 7.6 (p > 0.05). The ratio disclosed large indivi-
dual differences between baseline and follow-up
(Figures 1 and 2). There were no significant changes
in neutrophils, eosinophils, basophils, and mast cells.
The main results remained the same even when the
patient who had started smoking was removed from
the analysis. This patient differed very much from the
rest in total cell concentration with a large increase at
follow-up (Figure 3). The change in mean total cell
concentration was not significant regardless of the
inclusion or exclusion of this patient. Three patients

Patient number Gender Age Symptoms Scadding stage EPM HLA DRB1*
1 M 41 skin, dyspnea 3 skin 15/15
2 F 52 kidney stone 3 spleen, bone marrow, hypercalciuri, kidney stone 04/07
3 M 49 dyspnea 3 04/15
4 M 58 cough 2 14/15
5 M 51 no symptoms 2 04/08
6 F 55 dyspnea 1 01/14
7 M 38 skin, cough 2 skin 11/15
8 M 43 cough 2/3 13/15
9 M 60 cough, dyspnea 2 03/13
10 M 49 cough 2 liver 11/13
1 M 30 eye 1 eye 04/14
12 M 40 cough 1 peripheral lymph nodes 11/13

Patient number 5 had no symptoms related to sarcoidosis but searched health care because of pain in the left groin and scrotum. CT could not reveal any
abnormality in that region but in the lung parenchyma. Scadding stage = radiographic extent of sarcoidosis assessed by chest X-ray (0-4),
EPM = extrapulmonary manifestations, F = female, M = male, HLA = human leucocyte antigen.
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Figure 1. CD4/CD8 ratio before and after training. Patient number 4 did not undergo bronchoscopy after training.
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Figure 2. Percentage of BALF T-lymphocytes before and after training. Patient number 4 did not undergo bronchoscopy after
training.
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Figure 3. Total cell concentration in BALF before and after training. Patient number 4 did not undergo bronchoscopy after training.
had a TLC and two patients a FEV1 less than 80% of  did not change significantly between baseline and fol-

predicted. However, mean lung function parameters  low-ups, see Table 2 (second follow-up not shown). No
(percent of predicted) were within normal limits and  correlation was seen with mMRC scores. Patient



Table 2. Lung function parameters.

Parameter Before 1st follow-up Difference, P-value
TLC 87% = 12% 89% + 12% 0.14
FvC 94% + 11% 91% + 1% 0.36
FEV1 90% =+ 14% 87% * 14% 0.48
DLCO 98% =+ 13% 97% + 15% 0.85
Data given as mean + SD. TLC = Total Lung Capacity, FVC = Forced Vital
Capacity, FEV1 = Forced Expiratory Volume in 1 secone second,
DLCO = Diffusion Capacity of the Lung for Carbon

monoxideCarbonmonoxide, SD = standard deviation.

number 5 who had no respiratory symptoms at all was
one of the patients with the lowest lung function values
with TLC 65% and FEV1 76% of predicted at baseline.

Questionnaires

SGRQ and mMRC scores pointed in direction of
improvement at first follow-up after training, but did
not reach significance while FSS scores improved signifi-
cantly (p = 0.035). Also the patient with disease progress
improved. However, the mean score before training was
30, indicating that the patients did not suffer much from
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fatigue and only four patients had scores of 36 or more.
Mean mMRC score before training was less than 2, thus it
seems as if the patients did not suffer from much dyspnea.
But, when looking at individual levels, seven patients had
a score of 2 or more. Changes in scores at second follow-
up were small and not significant (Figures 4-6).

Training

Results from 1 RM tests, MIP and MEP are presented
in Table 3. The mean increase was significant for all
exercises. Even the patient with disease progress at first
follow-up disclosed an improvement in all exercises.

Discussion

This is the first study to explore the effect of a high-intensity
resistance training program in patients with newly diag-
nosed sarcoidosis. The results indicate that training is safe,
does not augment the sarcoid inflammation, leads to
increased muscular strength, decreased fatigue, and may
improve health-related impairments and dyspnea.

SGRQ
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Symptoms Activity

%LLLL
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m Before
1st follow-up

2nd follow-up
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Figure 4. Mean scores of St George’s Respiratory Questionnaire (SGRQ) items; S (symptoms), A (activity), impact (I) and T (total
score) before, at first and second follow-up after training. Bars indicate means for SGRQ in normal subjects with no history of

respiratory disease.
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Figure 5. Modified Medical Research Council (mMRC) dyspnea score before, at first and second follow-up after training.
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Figure 6. Fatigue Severity Scale (FSS) before, at first and second follow-up after training.

Table 3. Results from 1 Repetition Maximum (RM), maximal
inspiratory (MIP), and expiratory (MEP) pressure tests before
and after training.

1 RM
before 1 RM after Mean change p-
Exercise Mean SD Mean SD (%) value
MIP (cm H,0) 117 35 127 34 9,0 0.031
MEP (cm H,0) 145 44 169 53 17 0.014
Pull down (kg) 103 27 131 31 28 0.001
Dips (kg) 91 40 136 41 49 0.001
Abdomen rotation 71 29 109 32 54 0.001
right (kg)
Abdomen rotation 71 29 110 32 54 0.001
left (kg)
Biceps curl right (kg) 13 47 18 43 44 0.002
Biceps curl left (kg) 13 50 18 51 37 0.002
Row (kg) 5 19 83 19 47 0.001
Chest press (kg) 46 18 59 18 27 0.001
Abdomen flexion (kg) 34 12 52 13 52 0.002
Leg press (kg) 173 55 226 68 30 0.023
Knee extension (kg) 77 34 107 25 39 0.002

SD = standard deviation.

No serious adverse events were recorded, only some
minor complaints. This is in line with a Cochrane review
from 2014 [16] focusing on training programs for inter-
stitial lung diseases where no adverse events were identi-
fied. In fear of worsening patient’s symptoms, previous
studies have used submaximal training [7,33]. The present
study could not detect any signs of worsening symptoms. It
must be stressed though that our study sample is limited
with a gender imbalance, that included patients had a
moderate disease activity and a relatively normal lung
function, and that the observation period was rather
short. However, it is notable that nine of the patients
were positive for HLA-DRB1* alleles that are associated
with chronic disease outcome [2]. Only one out of eleven
patients disclosed a progress at first follow-up. However,
also this patient benefitted from the training with reduc-
tion of fatigue and health-related impairments while mus-
cular strength improved. At present, it is unclear how lung
immune cells change over time in patients with untreated
sarcoidosis. Thus, when we suggest that our data points

towards a decreased inflammation, our conclusion is
drawn from comparison with BALF lung immune cells
in healthy controls [25]. One study investigated lung
immune cells in BALF after recovery of sarcoidosis
(>2 years after initial presentation) and disclosed a
decrease in lymphocytes, CD4/CDS8 ratio, and cell concen-
tration [34]. In that study, only patients with LS were
investigated, whereas our study only included non-LS
patients and the second bronchoscopy in our study was
performed earlier in the disease course. Therefore, we are
unable to draw major conclusions from BALF data. A
possible positive effect of physical exercise in people with
sarcoidosis is likely to be complex and depend on several
pathways. Experimental studies performed on mice have
shown that training induces alterations in peripheral blood
lymphocyte subpopulations [35] and in mice with obesity-
related airway hyper-responsiveness, training induced a
reduction of several inflammatory cells (including lympho-
cytes) as well as pro-inflammatory cytokines in BALF [36].
T regulatory cells (T;eg) normally dampen the release of
proinflammatory cytokines and thereby have a potential
function in controlling and ending immune responses. In
sarcoidosis, the exaggerated inflammatory response has, at
least partly, been explained by a dampened function and/
or reduced frequency in BALF and blood of T
Interestingly, in a mice model of asthma, physical exercise
caused an increase of activated Tieg in the lungs [37].
Thus, a possible explanation for the positive effect of
training could be restoration of a dysregulated T\, pool.
Despite improvements in muscular strength, lung
function remained unchanged, which is in line with
results from previous studies. One study investigated
the effect of inspiratory muscle training in sarcoidosis
and reported an improvement of dyspnea but not lung
function [9]. In other studies regarding sarcoidosis and
training, dyspnea was not specifically recorded, however
fatigue and health-related impairments improved while
lung function remained the same [21,33]. Thus, it seems



as if dyspnea is not only related to lung function and the
mechanisms behind the experience of dyspnea are multi-
factorial where fatigue, decreased physical activity, and
muscular strength are important factors. Several authors
have described a negative vicious circle including fatigue,
skeletal muscle weakness, and exercise intolerance, lead-
ing to physical deconditioning further exaggerating
symptoms including dyspnea. Physical training seems to
be a way to interfere in this vicious circle [5,8,23].

The patients with a decreased lung function were too
few to allow subgroup analysis. Also, most other interven-
tional studies performed so far, at least to our knowledge,
have included patients with normal or just below normal
mean lung function [7,9,21]. Two studies investigated the
effects of a 12-week exercise program in patients with lower
lung function and included patients with fibrotic disease.
One of them could not detect any improvement [22] while
the other reported a trend towards improvement of FVC
[33]. Findings on patients with COPD have shown
improvements in dyspnea after inspiratory muscle training
but results on functional tests are conflicting [38-40]. Also,
results on lung function after exercise programs in patients
with idiopathic pulmonary fibrosis are conflicting [33,41].
Taken together, it cannot be ruled out that sarcoidosis
patients with a decreased lung function would benefit
from an exercise program with regard to lung function.

It is also important to point out that we do not have
knowledge about the optimal time duration or type of
training. One recent study investigated patients with
interstitial lung disease (including sarcoidosis) and the
results showed that patients benefited more from a 12-
week exercise program compared to eighth weeks [42].
Thus, we can speculate that longer training periods
may be even better.

The improvements in health-related impairments,
dyspnea, and fatigue were not as large as we had expected,
and only reached significance for fatigue. Included
patients had a newly diagnosed sarcoidosis, they did not
suffer from severe fatigue and did not cross the mMRC
cut-off level for dyspnea. Scores on Physical Activity
Level Scale also suggest that the patients were rather
physically active. Offering training early in the disease
course can perhaps hinder the vicious circle to begin.
Moreover, none of the patients was on treatment and
treatment itself can cause side-effects affecting quality of
life and fatigue. Another explanation to this can be that
patients included in the study were consecutively picked
from patients fulfilling the inclusion criteria and not
because of symptoms.

Major limitations of this study include the lack of a
randomized-controlled design, a relatively small study
sample, and a rather short observation period. The volun-
tary nature of inclusion may have influenced the results as
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motivation and will power can be important factors in
achievements. Also, our way of inclusion probably led to
a gender imbalance, thus we cannot rule out a different
effect of exercise between men and women. At the start of
the study, no validated and reliable questionnaires speci-
fic for sarcoidosis were available in Swedish to measure
fatigue, dyspnea, and health status, which may have led to
a bias in the estimation of symptoms and impairments.
Moreover, as we only used the measurement of ACE and
CRP as surrogate markers for overall disease activity, we
are unable to tell if the training affected extrapulmonary
disease activity.

Major strengths include good adherence to training
and follow-up assessments, the homogeneity of
included subjects (treatment-naive, newly diagnosed),
as well as exploration of the lung inflammation with
bronchoscopy before and after the training. Moreover,
we used a high-intensity protocol, whereas other stu-
dies have used loads at patient’s preference [21] and
low-intensity training [7].

Conclusions

A 12-week high-intensity resistance training protocol
combined with inspiratory muscle training at regular
intensity in treatment-naive, newly diagnosed sarcoi-
dosis patients led to a significant increase in muscular
strength, was well tolerated and no sign of worsening
disease was detected, rather some data point towards a
decreased inflammation. Thus, high-intensity resis-
tance training seems to be a safe and attractive inter-
vention in patients with sarcoidosis. The results
provide a basis for larger randomized trials, which
could be achieved by including more centers.
Assessment of extrapulmonary disease activities should
also be considered in future studies.
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Appendices
Appendix A.

1st BAL 2nd BAL
Patient Portions (aliquotsxml) Recovery (%) Portions (aliquotsxml) Recovery(%)
1 5% 50 62 5 x50 67
2 4 x 50 50 5% 50 57
3 5 % 50 62 5% 50 66
4 5 x50 66 nd nd
5 5 x50 68 5% 50 80
6 5 x50 64 5 x50 62
7 5% 50 57 5 x50 57
8 5 x50 52 5% 50 72
9 5 X 50 68 5 X 50 48
10 5% 50 71 5% 50 74
11 3x50,1x25 51 4 x 50 45

Details on BAL procedure. Portions = number of installed aliquots and volume (ml) in every aliquot. Recovery = percentage of
installed volume that was retrieved; nd = not determined.

Appendix B.

Patient Training sessions Bronchoscopy 1 Bronchoscopy 2 ACE 1 ACE 2 ACE 3 Spirometry 1 Spirometry 2 Spirometry 3

1 24 X X X X X X X X
2 24 X X X X X X X X
3 24 X X X X 0 X X 0
4 24 X 0 X X X X X X
5 24 X X ACEl  ACEI  ACEI X X X
6 24 X X X X X X X X
7 24 X X X X X X X X
8 24 X X X X X X 0 X
9 24 X X X X X X X X
10 24 X X X X X X X 0
1 22 X X X X X X X X

Appendix C.

Patient SGRQS1 SGRQA1 SGRQI1T SGRQT1 SGRQS2 SGRQA2 SGRQI2 SGRQT2 SGRQS3 SGRQA3 SGRQI3 SGRQT3
X X X X X X X X X X X X

:s\DOO\IO\Lh-I>WN—'
X X X X X X X X o X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X o X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X o X
X X X X X X X X o X
X X X X X X X X o X
X X X X X X X X o X
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Appendix D.

Patient FSS 1 FSS 2 FSS 3 mMRC 1 mMRC 2 mMRC 3

>
>
>
>
>
>

—_ = OV O N U b~ WN =
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X o X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X o X

Appendix E.

Additional information on study subjects

Appendices B-D. Adherence to assessment. ACEI = patient was treated with angiotensin converting enzyme inhibitor,
Training sessions = number of completed sessions out of 24, X = assessment performed, 0 = assessment not performed,
numbers 1,2 and 3 denotes before training, first follow-up and second follow-up respectively. Patient number 4 refused to
undergo the second bronchoscopy.

Patient number 3 might have had an LS a few years earlier according to symptoms he described but that could not be
certified, no diagnostic procedures were performed at that time.

Patient number 9 had pain due to arthrosis in his right knee when training started and was therefore excluded from leg
press at initial testing. The pain disappeared during the training period. Patient number 1 got herpes zoster, patient number 4
the flu, patient number 8 an upper airway infection, and patient number 10 pertussis. Training was stopped but continued after
recovery. Patient number 8 had a history of spinal disc herniation and had occasionally pain in his back. During the training,
also pain in his right knee emerged. MRI disclosed an old meniscus rupture. He was sent to an orthopedic who regarded this as
a chronic condition and not related to the training. In the end of the training period, he also got pain in both elbows, pain
increased in biceps curls and abdomen flexion (the elbows were then pressed against a cushion), subsequently, these exercises
were not performed at follow-up. The cause for this was not revealed, but the symptoms disappeared after cessation of training.

At first follow-up, patient number 1 disclosed a decrease of chest X-ray infiltrates and number 3, a progress with increasing
dyspnea, chest X-ray infiltrates and a deteriorating lung function, e.g. FVC decreased from 96 to 82% of predicted. This patient
was put on systemic treatment with corticosteroids (30 mg prednisolone initially).

At second follow-up, patient number 8 disclosed a regress and number 2, 7, and 9 a minor progress. The progress was
characterized by a slight increase of chest X-ray infiltrates but no one of the patients experienced worsening of respiratory
symptoms, lung function parameters remained about the same and they were not in need of treatment.

Both patients with a regress (1 and 8) disclosed a slight decrease of chest X-ray infiltrates but lung function parameters
remained about the same and the patients did not report any major changes in symptoms.
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