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Abstract
Background
Muscle atrophy is a common problem in many chronic inflammatory diseases. It may occur as
part of a generalized wasting process (cachexia) or be hidden due to preservation of fat mass
(sarcopenia, sarcopenic obesity). The aim of this study was to assess the prevalence of cachexia
and muscle atrophy in sarcoidosis and their association with disease activity and severity.
Methods
A cross‐sectional study was performed in 423 sarcoidosis patients. Fat‐free mass was assessed as
an indirect measure of muscle mass by bioelectrical impedance analysis. Patients were stratified
based on body mass index (BMI) and fat‐free mass index (FFMI). Muscle atrophy was defined as
2
2
th
FFMI <15 kg/m for women and <17 kg/m for men corresponding to <10 percentile of current
reference values; cachexia as BMI <20 combined with muscle atrophy. Multivariate linear
regression models were used to adjust for potential confounders.
Results
Of the patients examined, 58% were categorized as overweight (37%) or obese (21%), whereas
7% were underweight. Muscle atrophy was present in 25% and cachexia in 5%. Patients with
muscle atrophy showed significantly worse lung function (DLCO, FEV1, FVC, all p values <0.01)
and impaired exercise capacity (VO2max, p<0.001). The associations were most pronounced in
patients with cachexia. Associations remained significant after adjustment for potential
confounders.
Conclusion
Muscle atrophy was present in 25% of sarcoidosis patients and was associated with more severe
pulmonary disease. Prospective studies with longitudinal design are needed to assess the
association between muscle atrophy and disease severity in sarcoidosis.
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Introduction
Sarcoidosis is a multisystemic disease characterized by inflammatory activity with
formation of noncaseating granulomas in various organ systems.1,2 The etiology is
unknown, but immunological, genetic and environmental factors and oxidative stress
appear to play a role.2‐4 The lungs are most commonly affected, but in 50% of cases
extrapulmonary sites can be involved as well.5 In severe sarcoidosis, the release of
inflammatory mediators causes derangement of organ physiology and finally functional
impairment and related symptoms. The disease stabilizes or improves in many cases
over the first 2 years, but may worsen and become chronic in others.1
Since practically every organ can be involved, patients may present with a wide
variety of clinical signs and symptoms.1,2 In addition, patients can also suffer from
generic disease symptoms, such as fatigue and exercise intolerance, with substantial
impact on the quality of life of patients and their families.1,6‐14 An important
determinant of these symptoms in other chronic inflammatory diseases (e.g. chronic
obstructive pulmonary disease (COPD) and rheumatoid arthritis (RA)) is skeletal muscle
weakness resulting from muscle atrophy,15‐20 but a detailed profile of body composition
in relation to physical functioning is not yet available for sarcoidosis.
Muscle atrophy may occur as part of a generalized wasting process (cachexia) or be
hidden due to preservation of fat mass (often referred to as sarcopenia, sarcopenic
obesity). According to a recent consensus statement, cachexia is defined as a complex
metabolic syndrome associated with underlying illness and characterized by loss of
muscle mass with or without loss of fat mass, with the prominent clinical feature of
weight loss of at least 5% during the previous 12 months or a body mass index (BMI)
<20 kg/m.21 While the disease burden of cachexia is well established, the exact cause
and underlying mechanisms of muscle atrophy are still poorly understood, but are likely
to be multifactorial.17 Putative triggers of muscle wasting are inflammation, oxidative
stress, hypoxemia, inactivity, ageing, smoking and endogenous or exogenous
glucocorticosteroids.17,20,22,23 In contrast to other chronic lung diseases, smoking is not a
cause of sarcoidosis, and is even associated with disease protection.24,25 Moreover, a
low prevalence of smoking is observed among sarcoidosis patients.25 Other possible
triggers may converge during the clinical course of sarcoidosis. It is especially since
inflammation is the most important characteristic of sarcoidosis, with oxidative stress
being one of the etiological factors and glucocorticosteroids being the first‐line
treatment option, that considerable impact on muscle mass status is highly likely.1,2
Moreover, hypoxemia and inactivity have been found to be problems in severe
sarcoidosis as well.11,26 Sarcoidosis patients are relatively young, so the contribution of
age‐associated muscle mass loss is small.1,5
The aim of this study was to investigate the prevalence of different body
composition profiles in patients with sarcoidosis and to assess the association of muscle
atrophy and cachexia with disease activity and severity.
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Methods
Study population
A cross‐sectional study was performed among 423 consecutive chronic refractory
Caucasian sarcoidosis patients who were referred to the former ild (interstitial lung
disease) care team, a tertiary referral centre of the Department of Respiratory
Medicine of the Maastricht University Medical Centre+ (MUMC+), between 1 January
2004 and 31 December 2009. The diagnosis of sarcoidosis was based on consistent
clinical features and bronchoalveolar lavage fluid analysis, according to the guidelines
of the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG),1
with biopsy‐proven noncaseating epithelioid cell granulomas confirming sarcoidosis in
74%. Other causes of granulomatous disease were excluded. Six of the patients
suffered from glucocorticosteroid‐induced diabetes. None of the other patients had
relevant medical history or comorbidity. All investigations used in this study were
performed during the first visit to the outpatient clinic of the referral centre, and the
questionnaire was completed the same day. Other relevant clinical data were obtained
from medical records. The study was approved by the Medical Ethics Board of the
MUMC+ (METC 11‐4‐116) and all participants gave their written informed consent.

Body composition
Body height was measured to the nearest 0.5 cm while the subjects were standing and
barefoot. Body weight was measured with the patients wearing indoor clothing and
without shoes on a calibrated beam scale to the nearest 0.1 kg (model 708, Seca,
Hamburg, Germany). Body weight was adjusted for body height by calculating the BMI
as weight (kg)/height (m)2.
Fat‐free mass (FFM) was assessed as an indirect measure of muscle mass by single‐
frequency bioelectrical impedance analysis (BIA; RJL Systems, Detroit, MI, USA) in the
supine position with arms and legs abducted and not touching the body.27 Patients
were in non‐fasting condition, but at least 2 hours after their last meal. FFM was
calculated from height2/resistance and body weight using the Lukaski formula.28 In
order to assess the degree of functional tissue depletion, FFM was adjusted for body
size by calculating the FFM index (FFMI, FFM/height2 (kg/m2)).27 BIA has been
extensively validated in COPD and other chronic wasting conditions. FFM correlated
well with deuterium dilution as a reference technique.29
Muscle atrophy was defined as FFMI <15 kg/m2 for women and <17 kg/m2 for men
corresponding to <10th percentile of current reference values established in a large
Caucasian group of healthy subjects.30 Patients were stratified based on BMI and FFMI
into six defined categories: cachexia, defined as BMI <20 combined with muscle
atrophy according to the definition proposed by Evans et al.21; underweight, defined as
BMI <20 combined with normal muscle mass; hidden muscle atrophy, defined as BMI
20–<25 combined with muscle atrophy; normal body composition, defined as BMI 20–
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<25 combined with normal muscle mass; overweight, defined as BMI 25–<30; and
obesity, defined as BMI ≥30.

Questionnaire
Fatigue was measured with the 10‐item fatigue assessment scale (FAS), which indicates
both physical and psychological fatigue. Each item has a five‐point rating scale, and FAS
scores range from 10 to 50. FAS scores <22 indicate non‐fatigued persons, scores of 22–
34 indicate fatigued persons and scores of ≥35 indicate extremely fatigued persons.31
The psychometric properties of the FAS have been found to be good in sarcoidosis.31,32

Chest radiography
The chest radiographs were scored by an experienced thoracic radiologist, blinded to
the patient’s clinical history. Chest X‐ray radiographic abnormalities were classified
according to the Scadding radiographic staging system.1 Five stages of radiographic
abnormality were distinguished: stage 0 (normal chest radiograph), stage I (bilateral
hilar lymphadenopathy (BHL)), stage II (BHL and parenchymal abnormalities), stage III
(parenchymal abnormalities without BHL) and stage IV (end‐stage lung fibrosis).

Laboratory tests
The inflammatory markers angiotensin‐converting enzyme (ACE), soluble‐interleukin2‐
receptor (sIL2R) and C‐reactive protein (CRP) were used to assess sarcoidosis
inflammatory activity.33‐36 Serum ACE was measured by a colorimetric method (cat. no.
FU 116, Fujirebio Inc.).33 Serum levels of sIL2R were determined using an IMMULITE
Automated Analyzer.33 The CRP concentration was measured by a turbidimetric
method on a SYNCHRON LX (Beckman Coulter Inc., Fullerton, CA, USA).33

Pulmonary function
The diffusing capacity for carbon monoxide (DLCO) was measured using the single‐
breath method (Masterlab, Jaeger, Würzburg, Germany). Forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC) were measured with a pneumo‐
tachograph (Masterlab, Jaeger, Würzburg, Germany).37 Pulmonary function tests were
performed according to the standards of the European Community of Coal and Steel.37
Values were expressed as a percentage of predicted values.

Exercise capacity and muscle strength
Patients performed a symptom‐limited incremental maximal exercise test (10 W/min)
on an electronically braked cycle ergometer (Cornival 400, Lode, Groningen, The
Netherlands) from which maximal oxygen uptake (VO2max) was determined.26 This
exercise test was performed according to the American Thoracic Society’s standards.38
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The 6‐minute walk distance (6MWD) was used to assess functional exercise capacity
and was performed according to the American Thoracic Society guidelines.11,13,39‐41
Values were expressed as a percentage of predicted values.
A global impression of muscle strength was obtained by measuring the maximal
isometric handgrip force (HGF) of the dominant hand (in kilograms) with the Jamar
dynamometer (Jamar, Sammons Preston, Chicago, USA), which is a valid and reliable
instrument.42,43 Maximal inspiratory pressure (PI,max) was assessed by measuring
maximal respiratory mouth pressures using the method of Black and Hyatt.44 All tests
were performed as reported previously.11

Statistical analysis
Results are presented as means (±SD) for normally distributed continuous variables and
as frequencies and percentages for nominal or ordinal variables. The distribution of
characteristics and outcome measures of patients with and without muscle atrophy
were compared using the Student’s t‐test or one‐way ANOVA test for normally
distributed continuous variables and the non‐parametric tests Mann‐Whitney U or
Kruskal‐Wallis H for non‐normally distributed variables. Pearson’s Chi‐squared test was
used to assess differences in nominal and ordinal variables. Multivariate linear
regression models were used to adjust for potential confounders. A p value ≤0.05 was
considered to represent a statistically significant relationship. SPSS‐pc version 16.0
(SPSS Inc., Chicago, Illinois, USA) was used for analysis.

Results
Patient characteristics are summarized in Table 3.1. Twenty‐five percent (107/423) of
the patients examined showed muscle atrophy. The time since diagnosis varied from 6
months to 37 years prior to the first visit, with a mean value of 4.3 (±5.8) and a median
of 2.0 years. The mean age of the total study group was 43 (±11) years, 46% were
female and 10.6% smoked. Fifty‐three percent of patients were on pharmacological
treatment during data collection: 153 patients used prednisone alone (dose 2.5–60 mg
daily, mean dose 11 mg daily); 15 patients methotrexate (MTX) alone (dose 5–15 mg
weekly, mean dose 9.0 mg weekly); 29 patients the combination of prednisone (5–30
mg daily, mean dose 13 mg daily) plus MTX (2.5–15 mg weekly, mean dose 10 mg
weekly); and 21 patients were on tumor necrosis factor‐alpha (TNF‐α) inhibitor therapy
with or without other therapeutics (prednisone or MTX). In patients with muscle
athrophy, the presence of extrathoracic sarcoidosis involvement did not differ
significantly from patients with normal muscle mass.
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Table 3.1

Summary of patient characteristics.

Variable
Demographics
Number of patients (%)
d
Female/male (%)
c
Age (y)
c
Time since diagnosis (y)
d
Smoking (%)
d
Extrathoracic involvement (%)
Body composition
2 c
BMI (kg/m )
c
Female/male
2 c
FFMI (kg/m )
c
Female/male
d
Pharmacological treatment (%)
d
Prednisone use (%)
d
Methotrexate use (%)
d
TNF‐α inhibitor use (%)
a

Muscle atrophy
(FFMI <15f/17m)

Normal muscle mass
(FFMI ≥15f/17m)

Total

107 (25.3%)
45.3/54.7
41.7 ±12.0
4.5 ±5.4
11.2
75 (70.1%)

316 (74.7%)
47.7/52.3
43.9 ±10.8
4.2 ±6.0
10.4
238 (75.3%)

423 (100%)
45.9/54.1
43.3 ±11.1
4.3 ±5.8
10.6
313 (74.0%)

27.7 ±5.0
28.0 ±5.8/27.5 ±4.1
18.3 ±2.0
b
17.0 ±1.4/19.4 ±1.6
52.5
46.5
13.3
4.4

26.6 ±5.1
26.9 ±5.7/26.3 ±4.5
17.4 ±2.3
b
16.2 ±1.9/18.5 ±2.2
53.4
47.0
13
5.0

a

23.1 ±3.6
23.6 ±3.7/22.6 ±3.4
a
14.9 ±1.3
b
14.0 ±0.9/15.8 ±1.0
56.1
48.6
12.1
6.5

b

Significant difference between the muscle atrophy and normal muscle mass groups, p<0.05. Significant
c
difference between women and men, p<0.001. All values are expressed as mean ±SD and were tested with
d
one‐way ANOVA. All values are expressed as frequencies and/or percentages and were tested with
Pearson’s Chi‐squared test. BMI, body mass index; f, female; FFMI, fat‐free mass index; m, male; TNF‐α,
tumor necrosis factor‐alpha; y, years.

The mean BMI was 26.6 (±5.1) kg/m2, indicating some excess weight. No significant
difference was found between men and women. Mean FFMI was 17.4 (±2.3) kg/m2 for
the total group and was, as expected, significantly lower in women compared to men
(p<0.001); both could, however, be categorized as normal. Apart from BMI and FFMI,
patient characteristics did not differ between the muscle atrophy and normal muscle
mass groups.
Figure 3.1 shows an overview of the prevalence of the different body composition
profiles. Fifty‐eight percent of the patients examined were categorized as overweight
(37%) or obese (21%), whereas 7% showed a BMI below normal and 35% a normal BMI.
Of the 107 patients with muscle atrophy, 22 (20%) were overweight or obese, whereas
21 (20%) had a BMI <20 (cachexia, 5% of the total population). The majority (n=64,
60%) of patients with muscle atrophy were found to have a normal BMI (hidden muscle
atrophy, 15% of the total population). A total of 82 patients (19%) had a completely
normal body composition (normal BMI and normal FFMI).
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Figure 3.1

Body composition profiles in a sarcoidosis sample.
th
Stratification of FFMI according to <10 percentile of current reference values established in a
30
large Caucasian group of healthy subjects. BMI, body mass index; FFMI, fat‐free mass index.

Table 3.2 presents disease parameters for patients with and without muscle
atrophy. Fatigue, assessed by the FAS, did not differ between the two groups. The
distribution of chest radiograph stages was significantly different in the two groups
(p=0.024), with chest radiograph stage IV being more prevalent in muscle atrophic
patients (34%) compared to chest radiograph stages 0–III (24%). Despite a clear
tendency towards higher values of sIL2R in muscle atrophy, sIL2R did not differ
significantly between the two groups. This was also true for a subgroup of untreated
patients, for whom no difference in sIL2R could be established between the two muscle
mass groups (data not shown). The levels of sIL2R were not normally distributed and
the range was wide (160–9684 U/ml). The mean values of the other inflammatory
parameters ACE and CRP were similar in both groups. The muscle atrophic patients had
significantly lower values on lung function test results (DLCO p<0.001, FEV1 p=0.005,
FVC p<0.001) and for exercise capacity (VO2max p<0.001). A tendency towards lower
values of 6MWD, expressed as a percentage of predicted value, was observed in the
patients with muscle atrophy, but this tendency did not reach significance (p=0.165).
The muscle strength parameters PI,max and HGF of the dominant hand did not differ
significantly between the two muscle mass groups, despite a tendency towards lower
values of both tests in the muscle atrophy group.
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Table 3.2

Distribution of disease parameters for groups of sarcoidosis patients with and without muscle
atrophy.

Variable
Number of patients (%)
a
FAS score
n
Chest radiograph stage
b
0/I/II/III/IV (%)
Inflammatory markers
a
ACE (U/l)
n
c
sIL2R (U/ml)
n
c
CRP (mg/l)
n
Lung function
a
DLCO (% of predicted)
n
a
FEV1 (% of predicted)
n
a
FVC (% of predicted)
n
Exercise capacity
a
VO2max (% of predicted)
n
a
6MWD (% of predicted)
n
Muscle strength
HGF dominant hand (% of
a
predicted)
n
a
PI,max (% of predicted)
n

Muscle atrophy
(FFMI <15f/17m)
107 (25.3%)
31.1 ±7.1
97
49.5/2.8/20.6/6.5/
20.6*

Normal muscle mass
Total
(FFMI ≥15f/17m)
316 (74.7%)
423 (100%)
29.9 ±9.0
30.2 ±8.5
295
392
41.5/9.8/22.8/12.3/ 43.5/8.0/22.2/10.9/
13.6
15.4

p value
‐
0.229
0.024

23.2 ±16.0
105
1852 ±2297
86
8.4 ±8.3
107

22.0 ±11.0
314
1391 ±1613
237
10.5 ±18.8
313

22.3 ±12.4
419
1514 ±1828
323
10.0 ±16.8
420

0.410

76.5 ±19.1*
107
83.3 ±24.9*
106
92.0 ±21.8*
106

83.6 ±16.8
313
90.3 ±21.3
312
99.9 ±19.2
313

81.8 ±17.7
420
88.5 ±22.4
418
97.9 ±20.1
419

<0.001

62.3 ±19.7*
42
64.5 ±16.2
51

81.6 ±23.7
136
68.0 ±14.9
140

77.0 ±24.2
178
67.1 ±15.3
191

<0.001

87.5 ±16.7
23
84.6 ±26.0
100

94.9 ±25.9
90
87.9 ±30.1
293

93.4 ±24.4
113
87.0 ±29.1
393

0.193

0.440
0.617

0.005
<0.001

0.165

0.325
a

* Significant difference between the muscle atrophy and normal muscle mass groups, p<0.05. All values are
b
expressed as mean ±SD and were tested with one‐way ANOVA. All values are expressed as frequencies
c
and/or percentages and were tested with Pearson’s Chi‐squared test. All values are expressed as mean ±SD
and were tested with Mann‐Whitney U test. ACE, angiotensin‐converting enzyme; CRP, C‐reactive protein;
37
31
DLCO, diffusing capacity for carbon monoxide; f, female; FAS, fatigue assessment scale; FEV1, forced
37
37
42,43
m,
expiratory volume in 1 s; FFMI, fat‐free mass index; FVC, forced vital capacity; HGF, handgrip force;
13,40,41
11,44
male; 6MWD, 6 minute walk distance;
PI,max, maximal inspiratory pressure;
sIL2R, soluble‐IL2‐
26,38
receptor; VO2max, maximal oxygen uptake.

Table 3.3 shows the between‐group differences in mean values of lung function
and exercise capacity parameters, with 95% confidence intervals, before and after
adjustment for potential confounders such as gender, age, time since diagnosis,
pharmacological treatment status and smoking, based on multivariate regression
models. After adjustment, the differences between the groups with and without muscle
atrophy remained statistically significant.
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Table 3.3

Differences in mean values of lung function and exercise capacity parameters with 95%
confidence intervals, before and after adjustment for potential confounders, between patients
a
with FFMI <15/17 and patients with FFMI ≥15/17.
b

DLCO%
FFMI <15/17
vs. ≥15/17
FEV1%
FFMI
FVC%
FFMI
VO2max%
FFMI

Univariate
95% CI of b
p value
Lower
Upper

b

Multivariate
95% CI of b
p value
Lower
Upper

‐7.074

<0.001*

‐10.912

‐3.235

‐6.695

0.001*

‐10.473

‐2.916

‐7.021

0.005*

‐11.935

‐2.107

‐6.425

0,007*

‐11.057

‐1,792

‐7.841

<0.001*

‐12.230

‐3.452

‐6.967

0.001*

‐11.098

‐2.835

‐19.242

<0.001*

‐27.204

‐11.279

‐17.155

<0.001*

‐24.241

‐10.069

a

* p<0.05. Results from multivariate linear regression models, with adjustment for gender, age, time since
diagnosis, pharmacological treatment status and smoking. b, unstandardized regression coefficient; DLCO%,
37
diffusing capacity for carbon monoxide, percentage of predicted; FEV1%, forced expiratory volume in 1 s,
37
37
percentage of predicted; FVC%, forced vital capacity, percentage of predicted; VO2max%, maximal oxygen
26,38
uptake, percentage of predicted.

Since muscle atrophy was associated with significantly worse disease
characteristics, and since it was especially frequent in patients with BMI <25, an
additional analysis was performed to investigate a potential difference in risk profile
between the cachectic subgroup and the hidden muscle atrophy group. Patients with
cachexia demonstrated significantly more impaired lung function and VO2max test
results compared to hidden muscle atrophic patients (p<0.05), as depicted in Figure 3.2.
Furthermore, significantly higher values of ACE were detected in patients with cachexia,
whereas the other inflammatory parameters were similar for both groups (data not
shown).
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Figure 3.2

Mean lung function, exercise capacity and muscle strength parameters in cachexia and hidden
muscle atrophy.
*p<0.05 (one‐way ANOVA). Cachexia, BMI <20 and FFMI <15 (f) or <17 (m). Hidden muscle
atrophy, BMI 20–<25 and FFMI <15 (f) or <17 (m). DLCO, diffusing capacity for carbon
37
37
37
monoxide; f, female; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; m,
13,40,41
26,38
VO2max, maximal oxygen uptake;
PI,max,
male; 6MWD, 6 minute walk distance;
11,44
maximal inspiratory pressure.

Discussion
This is the first study to demonstrate that muscle atrophy is a substantial problem in
sarcoidosis. In our sample of patients with sarcoidosis ‐ a large Dutch cohort ‐ 25% had
muscle atrophy, defined as FFMI <15 for women and <17 for men. Five percent of
patients had cachexia, defined as BMI <20 combined with the presence of muscle
atrophy. Muscle atrophy in sarcoidosis was associated with worse lung function and
more impaired exercise capacity (as indicated by VO2max). These associations were
strongest in patients with cachexia.
Sarcoidosis is an intriguing inflammatory disease.2 Sarcoidosis patients tend to be
relatively young, non‐smokers and have only mild or no comorbidity potentially
affecting or aggravating muscle atrophy.1,5 Furthermore, the presence of extrathoracic
sarcoidosis involvement did not differ between the two muscle mass groups.
Nevertheless, we found muscle atrophy in sarcoidosis to be clearly more common
(25%) than in a study of a large healthy Caucasian European population aged 35–54
years (10%), which used the same defining criteria as those used in our study.30 On the
other hand, the prevalence was in agreement with studies showing muscle atrophy
percentages of 18–26% in COPD15,45 and of 20% in RA.18 In more severe stages of COPD,
percentages of muscle atrophy up to 36–40% have been found.16,46 In line with this, we
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found muscle atrophy in 34% of the more severe pulmonary sarcoidosis patients with
chest X‐ray stage IV and more severe respiratory functional impairment (RFI).
Muscle atrophy was associated with significantly impaired lung function and
cardiopulmonary exercise test results, expressed as VO2max, which is in agreement
with findings in COPD.15,16 However, muscle strength and 6MWD only showed a non‐
significant trend towards lower values in muscle atrophy. The inclusion of leg muscle
measurements, besides PI,max and HGF, would be preferable to assess muscle
strength. Marcellis et al.11 found a trend towards lower levels of FFMI in sarcoidosis
patients with reduced leg muscle strength. Another explanation for the non‐significant
association between muscle mass and strength may be the negative effect of systemic
glucocorticosteroid treatment on muscle strength.47,48 Moreover, studies in patients
with COPD have clearly established that the 6MWD is not only determined by muscle
mass, but also by RFI, fatigue and muscle strength.11,13,49,50
Fatigue in sarcoidosis has a complex and multifaceted etiology, with systemic
inflammation, clinical and psychological factors playing a role.27,51,52 Some studies found
that patients with peripheral muscle strength impairment were more fatigued than
patients with normal muscle strength.11,53 The present study showed that fatigue,
assessed by the FAS, did not differ between groups stratified according to muscle mass
status. However, examining the association between fatigue and muscle mass is
difficult, since BIA is only capable of assessing overall FFM, instead of distinguishing
appendicular FFM. Furthermore, the FAS examines a subjectively experienced level of
fatigue. Studies in patients with COPD have used a more objective tool for the
assessment of leg muscle fatigue, by measure electrical activity of the quadriceps, and
found that muscle fatigue was linked to the oxidative capacity of the muscle rather
than to muscle mass.54,55 An important role for oxidative stress and antioxidant capacity
in the disease genesis has also been demonstrated in sarcoidosis.3,56 Future research
into muscle fatigue is warranted to assess the influence of other possible etiological
factors, such as decreased oxidative muscle capacity.
The prevalence of cachexia in our study was found to be 5%. Of the more severe
pulmonary sarcoidosis patients with chest X‐ray stage IV and more RFI, 14% had
cachexia. In COPD, cachexia is described to occur in 11–28% of patients.16,45,46 Many
COPD studies were performed in older patient populations with advanced stages of
COPD, who had relevant comorbidities and smoking history, whereas the relatively
young patient population with sarcoidosis has little or no comorbidity. This might at
least partly explain the higher prevalence found in COPD. Just as in COPD,17,57 an
increased whole body protein turnover in sarcoidosis is associated with increased
resting energy expenditure (REE), leading to an energy imbalance enhancing cachexia.27
This effect might explain the high prevalence of cachexia in advanced sarcoidosis cases
with chest X‐ray stage IV.
Cachectic patients in our study showed more impaired lung function and VO2max
compared to those with hidden muscle atrophy. Since cachectic patients are
characterized not only by muscle atrophy but also by a low BMI, physicians are more
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likely to be alarmed, whereas patients with hidden muscle atrophy are less likely to be
noticed based on their physical appearance. Nevertheless, these patients also had
worse lung function and VO2max, although to a lesser extent than cachectic patients.
Since the proportion of patients with hidden muscle atrophy is large, it is important for
physicians to be aware of this (see Figure 3.3).

a

b

Figure 3.3

c

Example of a sarcoidosis patient with hidden muscle atrophy.
2
A 32‐year‐old man with a history of sarcoidosis of 5 years has a BMI of 21.9 kg/m and a FFMI of
2
14.9 kg/m , indicating hidden muscle atrophy. ACE is 27 U/l, sIL2R 5053 U/ml and CRP 11 mg/l;
elevated sIL2R indicating inflammatory activity. DLCO is 69%, FEV1 52% and FVC 62% of
predicted, indicating severe respiratory functional impairment. a. Chest radiograph shows only
mild abnormalities consisting of bilateral hilar lymphadenopathy without parenchymal
involvement (stage I). b. PET image of the total body shows inflammatory activity indicated by
increased FGD uptake in multiple lymph nodes and to a lesser extent in pulmonary parenchyma
bilaterally. c. PET image at thoracic level shows mildly increased FDG uptake in the pulmonary
parenchyma bilaterally and extensive uptake in axillary and mediastinal lymph nodes. ACE,
angiotensin‐converting enzyme; BMI, body mass index; CRP, C‐reactive protein; DLCO, diffusing
37 18
FDG, fluorine18‐fluorodeoxyglucose; FEV1, forced expiratory
capacity for carbon monoxide;
37
37
18
volume in 1 s; FFMI, fat‐free mass index; FVC, forced vital capacity; PET, F‐FDG positron
emission tomography/computed tomography; sIL2R, soluble‐IL2‐receptor.
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The use of exogenous glucocorticosteroids, the most frequently used
pharmacological therapeutic option in sarcoidosis, can induce an iatrogenic
hypercortisolemic state, contributing to muscle wasting.58 Hypercortisolemia, the result
of endogenous glucocorticosteroid production and consistent with stress during illness
including sarcoidosis, represents a persistent catabolic stimulus leading to reduced
protein synthesis and increased loss of muscle mass.59 This seems, however, to be a less
important factor in sarcoidosis, since decreased baseline adreno‐corticotropic hormone
(ACTH)/cortisol levels as a consequence of the sarcoidosis itself have been
demonstrated.60 An inappropriate low response to exercise‐associated interleukin‐6 (IL‐
6) increase has also been found, reflecting either a dysfunctional IL‐6 induced
stimulation of the hypothalamic–pituitary–adrenal axis or an adaptation of this axis to
the chronically elevated IL‐6 concentrations in sarcoidosis.61
The exact mechanism underlying the transition from flares of inflammation to
muscle atrophy remains unresolved.62 In both COPD and sarcoidosis, a systemic
inflammatory response, reflected by elevated levels of TNF‐α, presumably contributes
to muscle wasting.63,64 Our study, however, found similar degrees of inflammation for
both muscle mass groups. The cachectic patients had significantly higher values of ACE
compared to the hidden muscle atrophic patients, whereas sIL2R and CRP were similar.
The upregulation of transient systemic inflammation may only appear during acute
flares of disease activity, as has been shown for acute exacerbations in COPD.62,65
Muscle nuclear factor‐kappa B (NF‐kB) activation is thought to play a role as well.62 It is
likely that flares of systemic inflammatory activity associated with NF‐kB activation also
contribute to muscle wasting in sarcoidosis.3,27,66,67 Moreover, as the inflammatory
markers were measured in different conditions in terms of disease duration and
activity, an association between inflammation and muscle atrophy may have been
missed. Furthermore, the inflammatory capacity of visceral fat is considerably greater
than that of subcutaneous fat.68,69 Since in sarcopenic obesity, visceral fat increases
while subcutaneous fat declines, the contribution of fat‐associated inflammatory
activity can be expected especially in advanced age groups.68,69 Since BIA is not able to
establish the precise bodily distribution of fat mass, we could not control for fat mass
localization as a possible influencer of systemic inflammation.

Limitations of the study
A limitation of this cross‐sectional study was that patients were included at different
time points after diagnosis, so disease conditions varied at inclusion. Furthermore, our
study involved a first attempt to assess body composition profiles in sarcoidosis. FFM
was assessed as an indirect measure of muscle mass by BIA, a suitable and easy to
perform screening instrument. It has been recommended, however, to use a
combination of more reliable (deuterium dilution) or specific measuring techniques
such as dual energy X‐ray absorptiometry (DEXA), magnetic resonance imaging (MRI) or
computerized tomography (CT) for more extensive analysis in patients at high risk for
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muscle atrophy.70‐73 Since DEXA, MRI and CT provide regional assessment of three or
even four compartments, it can establish the bodily distribution of muscle and fat mass
in more detail, which is not possible by BIA assessment.71‐73

Directions for future studies
Prospective longitudinal follow‐up studies with uniform measuring conditions at
diagnosis and during the course of the disease will be necessary to assess the relations
between body composition and systemic inflammation and disease severity in
sarcoidosis. A useful approach would be to examine the value of screening for
malnutrition using questionnaires, in order to select patients at high risk for muscle
atrophy. Another interesting topic of research could be to investigate the effect of
pharmacological anti‐inflammatory therapeutics on body composition. In addition, the
effect on muscle maintenance of a multidisciplinary rehabilitation program, consisting
of dietary intervention combined with physical training, needs to be established, along
with the potentially different responses between cachectic and non‐cachectic patients.
In conclusion, the present study found muscle atrophy and cachexia to be frequent
problems in sarcoidosis. Muscle atrophy is associated with worse lung function and
exercise capacity compared to normal muscle status, whereas the cachectic patients
were the group with the most severe pulmonary disease. Inflammatory status did not
discriminate for muscle atrophy. Prospective studies with longitudinal design are
needed to investigate the prevalence of cachexia and muscle atrophy and their
association with disease activity and severity.
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