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BACKGROUND: Fatigueis a frequent symptom of patients with sarcoidosis. The origin of fatigue
associated with sarcoidosis is unclear. The aim of this study was to assess the impact of affected
organs, medication, and comor bidity on fatigue related to sarcoidosis. METHOD: In collaboration
with the German Sarcoidosis Society, a sample of 1,197 subjects diagnosed with sarcoidosis was
examined. The participants completed a questionnair e that contained the Fatigue Assessment Scale
and the Multidimensional Fatigue Inventory. RESULTS: In this study, muscles, bones, and nerves
were most strongly associated with fatigue. Patients receiving prednisolone showed heightened
fatigue levels. However, the association between the duration of prednisolone therapy and fatigue
was weak. The concomitant diseases, pulmonary hypertension and sleep apnea, showed the greatest
impact elevating fatigue (effect sizesd > 0.50). In the combined regression analysis, comor bidity
was the most important predictor of fatigue. CONCLUSIONS: It is important to consider that
multiple clinical factors, especially comorbidities, contribute to the high degrees of fatigue in
sar coidosis. Key words: comorbidity; fatigue; organs; sarcoidosis. [Respir Care 2014;59(7):1086—1094.

© 2014 Daedalus Enterprises)

Introduction

Sarcoidosis is a systemic granulomatous disease. Al-
though the disease may involve almost every organ of the
body, the lung is predominantly affected. Patients have a
broad spectrum of symptoms. Frequently observed, spe-
cific clinical features are shortness of breath, cough, and
chest pain (pulmonary)?; crania nerve palsy (neurologi-
cal); and erythema nodosum, maculopapular lesion, or lu-
pus pernio (dermatological).t3 Nonspecific symptoms are
chronic fatigue, weight loss, night sweats, fever, and mal-
aise.3>

Drs Fleischer, Hinz, and Brahler are affiliated with the Department of
Medical Psychology and Medical Sociology, and Wirtz and Bosse-Henck
are affiliated with the Department of Respiratory Medicine, University of
Leipzig, Leipzig, Germany.

This study was supported by the German Sarcoidosis Society (Deutsche
Sarkoidosegesellschaft). The authors have disclosed no conflicts of in-
terest.

Correspondence: Michael Fleischer MD, Department of Medical Psy-
chology and Medical Sociology, University of Leipzig, 04103 Leipzig,
Germany. E-mail michael-fleischer@live.de.

DOI: 10.4187/respcare.02080

1086

Fatigue is one of the most common symptoms in sar-
coidosis,® and it impairs quality of life.”8 In a previous
study by this group, the level of fatigue within the same
cohort with sarcoidosis was compared to that in the gen-
eral population. The Fatigue Assessment Scale (FAS) and
the Multidimensional Fatigue Inventory (MFI) tests were
used. Patients with sarcoidosis showed higher levels of
fatigue, with younger patients experiencing greater fatigue
than older ones.® However, the reasons for higher fatigue
levels in patients with sarcoidosis are unknown. Clinical
parameters show inconsistent correlation with elevated fa-
tigue levels.0 The affected organs might be of critica
importance since patients with pulmonary and extrapul-
monary disseminated sarcoidosis have higher fatigue lev-
els than patients with pulmonary sarcoidosis.1t

Comorbidity may contribute to fatigue levels. Examples
include restless legs syndrome, which leads to disturbed
and superficial sleep with subsequent fatigue, insomnia,
and daytime somnolence.1213 Obstructive sleep apnea cor-
relates with poorer quality of life with respect to sleep,
fatigue, and energy levels.1415 Body mass index has been
proven to be an independent predictor of fatigue in pa
tients with obstructive sleep apnea.1517 Metabolic and en-
docrinological disorders (eg, diabetes mellitus and thyroid
disorder) are also significantly associated with fatigue!8
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and may play a role in the development of fatigue in
patients with sarcoidosis. Pulmonary hypertension (PHT)
is often observed in advanced sarcoidosis, and it contrib-
utes to increased mortality and poor prognosis.t® Patients
with PHT have a significantly shorter 6-min walk distance
and higher levels of fatigue than patients without PHT.20
Further complicating conclusive analysis, treatment op-
tions of sarcoidosis may themselves impact fatigue devel-
opment. In particular, prednisolone has been shown to
have a nearly linear correlation with sleeping problems.2:
Although there are several studies examining specific
putative reasons for elevated fatigue levelsin sarcoidosis,
many of them are based on relative small sample sizes.22
Furthermore, the association between comorbidity and fa-
tigue has been mentioned only in case reports.23 Hence, in
the current study, we intended to comprehensively test
several factors associated with fatigue in sarcoidosis.

Methods
Sample

The study was performed in collaboration with the Ger-
man Sarcoidosis Society. In 2009, all members of the so-
ciety (n = 4,100) were requested to complete a question-
naire concerning demographic characteristics, affected
organs, medications, symptoms, and comorbidities. Fatigue
was assessed with 2 standardized questionnaires (see next
section). The questionnaire was delivered to the members
by post with an accompanying |etter, a consent form, and
a return envelope. The response rate was 31%. A total of
73 questionnaires were excluded from analysis because
the respondents wrote their names on the questionnaire
(contradicting the pseudonymization procedure) and/or had
too many missing values. The final analysis was based on
1,197 questionnaires. The study was reviewed and ap-
proved by the Ethics Committee of the University of
Leipzig. In a previous study with the same sample of
patients, the fatigue levels of the study participants were
compared with those of the general populations, and age
and gender differences were calculated.

Questionnaire

Regarding affected organs, 10 specific organs covering
the most commonly affected sites were included in the
questionnaire (lungs, heart, skin, muscle, nerves, eyes,
bones, kidneys, lymphatic nodes, and liver) and a category
“other organs.” Participants were requested to indicate
whether the organswere currently affected or not by check-
ing on a box either “yes’ or “no.” Multiple answers were
possible. Medication was assessed with the same method.
Medication categories were prednisolone, azathioprine,
methotrexate, cyclophosphamide, and oxygen, including
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Current knowledge

Sarcoidosis is a systemic granulomatous disease that
impacts primarily the lungs. Fatigue is afrequent symp-
tom of patients suffering from sarcoidosis. The origin
of this fatigue is unclear.

What this paper contributes to our knowledge

Multiple clinical factors, especially comorbidities, con-
tribute to the high degrees of fatigue in sarcoidosis.
Affected organs, comorbidity, and medications demon-
strated a significant and an independent influence on
fatigue.

the duration (in years) of prednisolone therapy. Partici-
pants were asked to state their current medications. Co-
morbidity was assessed in the same way. The list included
diabetes, congestive heart disease, thyroid dysfunction,
sleep apnea, restlesslegs syndrome, and PHT, and for each
of the diseases, the subjects had to indicate whether they
currently had the disease or not. In al evaluated items,
participants had to indicate their present state, not the past.

FAS

The FAS is the most frequently used fatigue question-
naire in sarcoidosis.2224 |nitially developed by De Vries
et a2 itisawell-validated and reliable scale.22 The ques-
tionnaire consists of 2 subscales, 5 questions each on the
physical and mental aspect of fatigue. There are 5 answer
optionsranging from “never” to “aways.” An example for
physical subscalesis “I get tired very quickly.” A cutoff
score of 22+ is a widely accepted criterion for elevated
fatigue.2

MFI

The MFI was developed by Smets et al.26 This fatigue
scale is widely used in patients with cancer, chronic fa-
tigue syndrome, and chronic inflammatory diseases.27-29 It
iswell validated2® with aninternal consistency (Cronbach’s
«) ranging from 0.79 to 0.93.27

The MFI consists of 5 subscales: general fatigue, phys-
ical fatigue, reduced activity, reduced motivation, and men-
tal fatigue. Each subscale covers 4 items with 5 answer
options (1 “yes, true” to 5 “no, not true’). An example
would be: “Thinking requires effort.” According to Kuhnt
et al,* the 75th percentile (53+) was used as the cutoff
value for high fatigue.
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Statistical Analysis

Group differences in mean values of fatigue scores were
calculated with t tests. Effect sizes (d) were calculated
according to Cohen.31 Cohen’sd isacommonly used value
to evaluate the magnitude of differences regardiess of the
sample size. It is defined as the mean score difference of
2 groups divided by the pooled SD. For each organ cate-
gory, the mean fatigue differences between subjects with
and without affected organs were calculated and indicated
as effect sizes (d). Furthermore, the number of organ cat-
egories was calculated for each subject (mean: 2.1 organ
categories) and participants with multiple affected organs
(3 and more) were compared with participants with 1 or 2
affected organs.

Especially in studies with large number of participants,
the effect size is a better measure than the significance
level because even small differences in mean values can
reach significance simply due to sample size. A d value of
0.2 or less is interpreted as small, a d value of 0.5 is
classified as medium, and ad value of 0.8 isalarge effect.
Significant differences do not necessarily render clinical
important effects. Therefore, d values provide abetter judg-
ment concerning clinical importance of group differences.
Several researchers consider an effect size of 0.5 (half SD)
clinically important.32 According to this criterion, an FAS
difference of 4 points and an MFI difference of 8 points
are assumed to be clinically important since the FAS and
MFI SDs are about 8 and 16, respectively. However, even
smaller differencesthan d = 0.50 may be relevant from an
epidemiological point of view.

The hypothesized predicting factors of fatigue may be
interrelated. Since the inclusion of all single organs, med-
ications, and comorbidities would result in too many pre-
dictors for multivariate analyses, we restricted the analysis
to the numbers of affected organs, medications, and con-
comitant diseases together with age and gender. Previous
studiesshowed effects of ageand gender onfatigue. Women
generally report more fatigue than males. Therefore, age
and gender were included in the multivariate analyses.
Multiple regression analyses (method = enter) were per-
formed to test the association between multiple predictors
and the outcome (fatigue). Multiple R coefficients describe
the correlation between the optimal linear combination of
the predictors with the outcome. The regression coefficient
“B" describes the predictive strength of the independent
variable as follows. On average, the fatigue score (depen-
dent variable) differed by X amount for every 1 unit in-
crease in Y predictor while keeping the others constant.
“Betd’ is the standardized partial regression coefficient,
ranging between —1.0 and 1.0. It can be interpreted as the
correlation coefficient of the respective variable in the
regression analysis with multiple predictors. All calcula-

1088

Table 1. Demographic Characteristics and Mean Fatigue Scores
Total Males Females
(n=1197) (n=414) (n=783)

Demographic data
Sex, % 34.6 65.4
Age, mean = SD, y 543+ 116 539+ 109 545=* 120

Fatigue data
FAS score, mean = SD 26379 252+84 268+76
FAS above cutoff 22+, % 69.7 62.1 73.7
MFI score, mean = SD 60.5+ 172 580+ 181 618+ 165
MFI above cutoff 53+, % 67.9 62.3 70.9

FAS = Fatigue Assessment Scale
MFI = Multidimensional Fatigue Inventory

tions were performed with SPSS 17.0 (SPSS, Chicago,
[llinois).

Results

The mean age of the study sample (n = 1,197) was
54.3y (Table 1), and 65.4% were females. In the German
Sarcoidosis Society, the mean age of all members was
55.9y, and 60.0% were females. Both questionnaires con-
firmed high percentages of participants with fatigue; mean
fatigue scores are illustrated in Table 1. Females were
more affected than males (P = .02).

Affected Organs

In Table 2, several univariate results of mean fatigue
scores for each kind of affected organ are presented. The
organs are arranged according to the frequency of occur-
rence.

The lungs were the most frequently reported site of
sarcoidosis manifestation (91%). To evaluate the impact of
additional affected areas, the group of participants with
pulmonary manifestation was divided into 2 subsamples,
pulmonary aone and pulmonary plus extrapulmonary.

Both questionnaires yielded similar results as shown in
Table 2. The greatest differences were found for muscles,
bones, and nerves related to fatigue levels (P < .001). The
lungs, skin, lymph nodes, and eyes were the organs most
reported to be affected by sarcoidosis and showed rela-
tively small group mean differences in fatigue. Partici-
pants with 3 or more affected organs reported more fatigue
(FAS: d = 0.39; MFI: d = 0.31) than participants with 1
or 2 affected organs (P < .001). Extrapulmonary involve-
ment in addition to pulmonary manifestation correlates
with ahigher fatiguelevel (FAS: d = 0.28; MFI: d = 0.30,
P < .001).
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Table 2.  Association of Affected Organs and Fatigue

FAS MFI
Organs n
Mean = SD d P Mean + SD d P

Lungs

Yes 1,086 262*79 60.5 = 17.3

No 111 265+ 74 0.04 .73 60.5 + 159 0.00 25
Skin

Yes 293 26.1 + 8.0 60.6 = 16.7

No 904 26.6 £ 7.2 0.07 .34 61.1 +17.3 0.09 .21
Lymphatic nodes

Yes 249 266 =78 61.1 = 16.9

No 948 262+ 79 0.05 A7 60.3 + 17.3 0.05 .50
Eyes

Yes 191 267+ 7.3 61.8 + 17.1

No 1,006 262 +79 0.07 37 60.2 = 17.2 0.09 .22
Liver

Yes 141 28179 62.9 = 175

No 1,056 259+ 78 0.28 .02 60.1 + 17.1 0.16 .067
Muscles

Yes 113 299+ 78 67.2 = 154

No 1,084 259+ 78 0.51 < .001 59.8 + 17.2 0.45 < .001
Nerves

Yes 108 29.1+84 65.6 = 16.8

No 1,089 259+ 78 0.40 < .001 599 + 17.1 0.34 < .001
Bones

Yes 105 29775 66.1 + 16.1

No 1,092 259+ 78 0.50 <.001 509 +17.1 0.37 < .001
Heart

Yes 95 284+ 8.0 64.6 = 16.1

No 1,102 26.1+78 0.29 .004 60.1 + 17.2 0.27 .01
Kidneys

Yes 60 285+ 73 64.5 + 16.1

No 1,037 26.1+79 0.32 .02 60.3 £ 17.2 0.25 .066
Other

Yes 191 284+ 71 64.4 = 154

No 1,006 258+ 79 0.35 < .001 59.7 + 174 0.28 .001
No. of organs

<3 813 253+ 7.7 58.8 + 17.2

=3 384 283+78 0.39 < .001 64.1 + 16.6 0.31 < .001

FAS = Fatigue Assessment Scale
MFI = Multidimensional Fatigue Inventory
d = Cohen's effect size

M edication

The relationship between medication and fatigue is dis-
played in Table 3. Prednisolone was the predominant ther-
apy (45.3%), followed by the immune modulator azathio-
prine (5%) and methotrexate (2.8%). All medications were
associated with higher fatigue levels, with methotrexate
showing the greatest impact on fatigue (FAS: d = 0.44,
P = .006; MFI: d = 0.42, P = 0.02). The mean duration
of prednisolone therapy was 5.7 years.

Multidrug treatment is possible. Most subjects were on
none (n = 619) or one (n = 578) medication. Patients
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receiving at least 2 medications (n = 77) reported higher
fatigue levels in FAS than those with zero or one kind of
medication.

Comor bidity

The frequencies of concomitant diseases were as fol-
lows (Table 4): arteria hypertension (37.9%), thyroid dis-
ease (26.9%), obesity (26.7%), restless legs syndrome
(15.7%), diabetes mellitus (11.2%), sleep apnea (8.8%),
and PHT (3.2%). All comorbidities were associated with
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Table 3.  Association of Medication and Fatigue

FAS MFI
Medication n
Mean = SD d P d P

Prednisolone

Yes 542 27178 62.8 + 17,1

No 655 255+ 7.9 0.20 < .001 58,5+ 17.0 0.25 < .001
Azathioprine

Yes 60 275+ 81 62.3 + 16.4

No 1,137 262+79 0.16 .23 604 + 17.2 0.11 .40
Methotrexate

Yes 34 29.9 +93 67.4 + 17.0

No 1,163 26.1+78 0.44 .006 60.3 + 17.2 0.42 .02
No. of medications

=1 1,120 26.1+78 60.3 + 17.2

>1 7 282+ 85 0.26 .037 63.6 = 16.5 0.19 .95
FAS = Fatigue Assessment Scale
MFI = Multidimensional Fatigue Inventory
d = Cohen'’s effect size
Table 4.  Association of Comorbidity and Fatigue

FAS MFI
Comorbidity n
Mean = SD d P Mean = SD d P

Arterial hypertension

Yes 452 271+ 8.0 63.4 = 16.8

No 738 25777 0.19 .002 58.6 = 17.3 0.28 < .001
Disease of thyroid gland

Yes 320 268 = 8.1 61.9 = 16.4

No 869 260+ 79 0.11 .10 595+ 17.2 0.10 .053
Obesity (BMI = 30)

Yes 320 283+ 8.0 65.5 + 16.3

No 875 255+ 77 0.35 < .001 58.7 = 17.2 041 < .001
Restless legs syndrome

Yes 186 288 7.7 65.9 = 16.5

No 998 258+ 79 0.38 < .001 595+ 17.2 0.38 < .001
Diabetes mellitus

Yes 134 27.7+8.0 66.3 = 16.0

No 1,060 26.1+78 0.21 .02 59.7 = 17.2 0.39 < .001
Sleep apnea

Yes 104 31.0x78 70.1 = 14.6

No 1,084 258+ 7.8 0.68 < .001 595+ 17.2 0.67 < .001
Pulmonary hypertension

Yes 38 302+81 72.6 = 135

No 1,138 26.1+78 0.52 < .001 59.9 + 17.2 0.83 < .001
No. of concomitant diseases

<3 1,002 25777 589+ 17.1

=3 195 292+79 0.45 < .001 68.2 = 15.4 0.57 < .001

FAS = Fatigue Assessment Scale

MFI = Multidimensional Fatigue Inventory
d = Cohen'’s effect size

BMI = body mass index
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Table 5. Demographic and Medical Factors as Predictors of Fatigue
B SE (B) B P
FAS (R = 0.28)
Affected organs (sum) 0.69 0.165 0.122 < .001
Comorbidity (sum) 141 0.229 0.186 < .001
Medication (sum) 1.09 0.345 0.092 .002
Age —0.09 0.020 —0.128 <.001
Sex (female) 1.09 0.475 0.066 .02
MFI (R = 0.29)
Affected organs (sum) 120 0.361 0.097 < .001
Comorbidity (sum) 347 0.501 0.210 < .001
Medication (sum) 2.85 0.754 0.109 <.001
Age —0.06 0.045 —0.043 15
Sex (female) 259  1.040 0.071 01

B = regression coefficient

SE (B) = standard error of B

B = partia regression coefficient

FAS = Fatigue Assessment Scale

R = multiple regression coefficient

MFI = Multidimensional Fatigue Inventory

higher fatigue levels (Table 4). Sleep apnea and PHT were
most strongly related to fatigue (d > 0.50), followed by
obesity and restless legs syndrome. Arterial hypertension,
the most frequent concomitant disease, reached effect sizes
of d = 0.19 (FAS) and d = 0.28 (MFI), which is aso
statistically significant (P = .002). One-hundred ninety-
five participants (16.3%) reported 3 or more comorbidi-
ties, and these participants reported the highest fatigue
values (FAS: d = 0.45; MFI: d = 0.57, P < .001).

Multiple Regression Analyses

Affected organs, medications, and comorbidities may
beinterrelated. In addition, these factors may be age- and/or
gender-specific. Therefore, the effects givenin Tables 2—4
may depend on these mutua relationships. Multiple re-
gression analyses were used to test the independent statis-
tical influence of the different factors on fatigue. Table 5
shows that the 3 components (affected organs, medication,
and comorbidity) significantly contributed to the predic-
tion of fatigue. Comorbidity was most strongly associated
with fatigue, with B scores of ~0.20. The influence of
gender onfatigue levelswas statistically significant (higher
fatigue scores for females compared to males) but only on
the 5% level of variance.

Whilethe FA Sshowed asignificant ageeffect (P < .001),
the MFI failed to confirm that effect (P = .01). The mul-
tiple R values of 0.28 and 0.29 correspond to an explained
variance of ~8%. Sleep apnea and PHT were the condi-
tions with the greatest effects on fatigue in the univariate
analyses. To test these effects in a multivariate model, we
aso performed multivariate regression analyses with the
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predictors of Table 5 combined with these 2 conditions
(sleep apnea and PHT). The MFI results were B = 6.09,
B = 0.10, and P = .002 for sleep apnea and B = 7.14,
B = 0.07, and P = .01 for PHT. The corresponding FAS
coefficients were B = 3.94, 8 = 0.14, and P = .001 for
sleep apneaand B = 2.15, B = 0.05, and P = .10 for PHT.

Discussion

In this study, the association of fatigue in patients with
sarcoidosis concerning different manifestations sites, med-
ications, and comorbidities has been studied. Levels of
fatigue were measured with MFI and FAS tests. It was
found that patients with additional manifestation sites of
pulmonary sarcoidosis have higher levels of fatigue than
those with only pulmonary diseases. Furthermore, the co-
morbidities of PHT and sleep apnea showed the greatest
effects on fatigue in multivariate analysis. Patients who
were being treated with prednisolone were significantly
above the cutoff values for the MFI and the FAS. How-
ever, these results were obtained in univariate analyses and
may be, at least in part, due to confounding.

The question of whether the burden or localization of
the disease contributes to fatigue levels is highly interest-
ing. In a 2-way approach, we initially identified the mus-
cles, bones, and nerves to show the highest effect sizesin
direct association. Surprisingly, these manifestation sites
were not among the most affected. Higher MFI and FAS
values were aso found with lung involvement, but effect
sizes were less. Sarcoidosis induces inflammatory reac-
tions, leading to the formation of granulomata and non-
specific reaction of tissue. The pathology of increased fa-
tigue'? related to lung involvement is unclear. Restrictive/
obstructive manifestation or a reduction of diffusion
capacity might be induced3?® by the disease, leading to
decreased blood oxygenation and a consecutiveincrease in
fatigue.

Concerning nonpulmonary manifestation sites, sarcoid-
osis involvement of the muscul oskeletal system may pres-
ent as myalgia* or lytic bone lesions,3* leading to physical
inactivity, lack of exercise, worsening of performance, and
deconditioning in physical capacity.®53¢ Manifestation in
the heart muscle may cause reduced myocardial contrac-
tion strength, blocks,37 or arrhythmias,38 resulting in lower
cardiac output, dyspnea, and fatigue. In respect to this,
localization of sarcoidotic lesions plays an important role.
With the strong association of extrapulmonary sarcoidotic
manifestation, it was reasonable to examine the additiona
effects of these sites to pulmonary diseases. It was shown
that those patients with pulmonary and extrapulmonary
sarcoidosis reported higher fatigue levels than those with
only the lungs affected. This has also been shown by
Gvozdenovic et a1t and suggests a possible additive effect
to the symptom of fatigue. Furthermore, not only the lo-
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calization but also the burden of the disease, seen as num-
bers of affected organs, showed an influence on the level
of fatigue, as patients with 3 or more affected organs re-
ported significantly more fatigue than those with fewer
than 3 affected organs.

Manifestation sites of the disease may not play the only
role, as we found that certain comorbidities were aso
strongly associated with increased fatigue levels. Above
all, sleep apnea, occurring in 9% of the sample, showed
the strongest effect sizesin direct association. Sleep apnea
is an interruption of sleep due to the collapse of upper
airways, leading to hypoxic episodes. Possi ble causesmight
be constitutional reasons, such as obesity, laryngeal man-
ifestation of sarcoidosis, and neurosarcoidosis. A well-
documented association of sleep apnea with higher body
mass index levels® exists that correlated with higher self-
reported fatigue in our study. Interestingly, obesity and
diabetes not only seem associated via sleep apnea with
fatiguel” but also depict independent influencing factors.
Because sleep apnea causes hypoxic episodes, the fatigue
due to obesity and diabetes might be mediated through
psychological distress and elevated levels of interleukin-6
secreted by adipose cells.40

Concerning the effect of restless legs syndrome, the
disturbance of sleep stages and sleep fragmentation, lead-
ing to daytime somnolence and fatigue, might offer an
explanation to greater fatigue in patients with this syn-
drome. The most common reported comorbidity, arterial
hypertension, contributed little amount to fatigue levels.
Interestingly, the impairment of the thyroid showed no
impact on overall fatigue due to sarcoidosis since the ef-
fect sizes of thyroid gland diseases on fatigue were low.

The relationship between medication and fatigue is com-
parable to that found between affected organs and fatigue.
Itisgenerally accepted that chemotherapy inducesfatigue.+:
However, the different compounds seem to have an inter-
individual association of variable strength. Different ef-
fects of prednisolone have been previously documented in
the literature.2> According to Drent et a,* prednisolone
may induce muscle weakness, leading to a collapse of
upper airway muscles and therefore yielding fatigue.
Whether this direct effect of prednisolone increases fa-
tigue in patients with sarcoidosis or the higher activity of
disease, which makes the treatment with prednisolone nec-
essary, is not quite clear and should be considered in fur-
ther investigations. The same should be considered for
treatment with methotrexate. As this drug is commonly
used in escalating therapy, the different effects on fatigue
are hard to differentiate.

The analysis of direct associations yielded certain fac-
tors to be connected to the level of fatigue, but some
additional aspects for interpretation have to be considered.
Affected organs can occur in multiple combinations. The
most frequently affected organ (lung) seems to have a
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negligible and nonsignificant association with fatigue since
patients with and without lung involvement show similar
fatigue levels. Here, one must take into account that more
subjects in the control group (patients without lung in-
volvement) have other sites affected. Involvement of mus-
cles, bones, and nerves is relatively uncommon (< 10%
prevalence each) compared to the respiratory system. For
these organs, the d values in Table 2 are appropriate mea-
sures to indicate the strength of association since the dif-
ferences between the groups concerning the other organs
are smaler. Therefore, it is aso useful to calculate the
number of affected organs. The same is true for concom-
itant diseases. Multiple combinations are possible. Asin
the analysis of affected organs, the most frequent concom-
itant diseases (hypertension and diseases of the thyroid
gland) show lower effect sizes than the (rare) diseases
PHT and sleep apnea. The above-mentioned problems of
the univariate analyses (multiple combinations of affected
organs, concomitant diseases, and medication) call for a
multivariate analysis. Table 5 shows that comorbidity is
the most important independent factor (highest 8 values)
associated with fatigue. While sleep apnea was an inde-
pendent factor eveninthemultivariate analyses, PHT failed
to reach statistical significance in the multivariate context
even though the univariate effect was also high. This may
be due to the small prevalence (3%) of PHT.

The limitations of this study should be acknowledged.
The study was based on self-reported data and not on
clinical examination. Furthermore, due to the voluntary
participation in this study, a response bias cannot be ex-
cluded. Selection bias can aso be an additional source of
errors. In our sample, females were dlightly overrepre-
sented (65% in the sample vs 60% in the society), but there
were only small age differences between respondents and
non-respondents. Therefore, concerning these demographic
factors, the sample can be assumed to be fairly represen-
tative of the members of the society. However, the society
might not represent all patients with fatigue. The correla-
tions found in this study are of statistical significance. A
2-step approach, first univariate correlations and then mul-
tivariate correlations, was used to identify possible predic-
tors of fatigue. The predictors found do not indicate caus-
ative relationships but describe statistical connections. The
study includes multiple univariate statistical tests. There-
fore, because of the problem of multiple testing, some
effects may be due to chance. As a consequence, we re-
strict the interpretation to those effects that occur in both
questionnaires with significance levels of .01. The rates of
comorbidity correspond to those reported in other studies.
Finally, affected organs, treatment, comorbidity, and age
are interrelated. Tables 2—4 report univariate group differ-
ences. Combined analyses, taking into account certain com-
binations of affected organs or combinations of comorbid-
ity, provided a deeper insight into the predictors of fatigue.
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It might be useful to examine certain typical combinations
of affected organs and comorbidity.

In conclusion, we reconfirm that fatigue isamajor prob-
lem in patients with sarcoidosis. The highest mean fatigue
levels were reported for patients with sarcoidosis in mus-
cles, bones, and nerves, whereas pulmonary sarcoidosis
was associated with alesser amount of fatigue. In addition,
patients affected with pulmonary and extrapulmonary man-
ifestation sites showed higher fatigue levels.

In terms of treatments, we found prednisolone, as well
as methotrexate, to be strongly associated with fatigue
levelsin patients with sarcoidosis. The same was found for
the concomitant diseases sleep apnea and PHT. However,
in the multivariate analysis, only sleep apnea showed a
strong effect and should therefore be carefully considered
and treated.

The total burden of multiple affected organs in combi-
nation with the number of medications and concomitant dis-
eases was examined in an integrated approach. Anincreasein
the number of affected organs, an intensified therapy, and an
increased burden of concomitant diseases are associated with
increased fatigue levels.
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