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ABSTRACT

Background and aim: There is a substantial body of literature that discusses the potential relationship between
sarcopenia and sarcoidosis. This study aimed to evaluate the muscle mass of sarcoidosis patients without any
treatment at the time of diagnosis using computed tomography (CT) images.

Methods: This retrospective study included only female patients, as the vast majority of sarcoidosis cases in our
dataset were female, and this approach allowed us to minimize gender-related confounding. The sarcoidosis group
consisted of newly diagnosed, untreated female patients who underwent abdominal CT as part of their diagnostic
work-up. The control group comprised female patients with a comparable age distribution to the sarcoidosis co-
hort, who presented to the emergency department with non-chronic, unrelated conditions and had no history of
chronic illness or medication use known to affect muscle mass. Total skeletal muscle (TSM), skeletal muscle index
(SMI), and psoas muscle index (PMI) at the L3 vertebral level were measured using manual segmentation. SMI-
based sex-, age-, and BMI-specific thresholds from the literature were used to define sarcopenia.

Results: A total of 168 female patients were evaluated. Sarcoidosis patients were significantly older and shorter
than controls. TPM (p = 0.003), TSM (p = 0.027), SMI (p = 0.037), and PMI (p = 0.001) values were significantly
lower in the sarcoidosis group. However, the prevalence of sarcopenia based on SMI criteria did not significantly
differ between groups. Notably, significant muscle mass differences were most evident in the 50-60 age group.
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Conclusions: Our findings suggest that muscle loss may already be present at the time of diagnosis in female
sarcoidosis patients, becoming more apparent with age. Further studies with broader populations and prospective
designs are needed to clarify the association between sarcoidosis and sarcopenia.
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Introduction

Sarcoidosis is a multisystemic disease of unknown
etiology, which is characterized by inflammatory ac-
tivity with the formation of noncaseating granulomas
in various organ systems (1). While the precise cause
remains unidentified, there are several factors that
are believed to potentially contribute to the develop-
ment of the disease, such as immunological, genetic,
and environmental factors and oxidative stress (2, 3).
In severe cases, the release of inflammatory media-
tors causes the derangement of organ physiology and
functional impairment. The disease often stabilizes or
shows improvement during the first two years, but in
some instances, it can worsen and become chronic (4).
Due to its potential to affect any organ and system,
patients may present with a wide variety of symptoms.
The clinical impact of sarcoidosis may vary from an
asymptomatic state to a life-threatening condition (5).
Most patients typically present with pulmonary, ocu-
lar, or cutaneous involvement. Additionally, patients
may experience a wide spectrum of general disease
symptoms, including fatigue, fever, arthralgia, muscle
pain, and general weakness (6, 7). Recent studies have
also highlighted the role of small fiber neuropathy in
contributing to fatigue, pain, restless legs syndrome,
and cognitive dysfunction in sarcoidosis patients (8).
Moreover, the presence of circulating autoantibodies
has been suggested as a potential biomarker for ex-
trapulmonary involvement and disease activity, further
supporting the immunological complexity of the dis-
ease (9). In other chronic inflammatory diseases such
as inflammatory bowel disease (IBD) and rheumatoid
arthritis (RA), skeletal muscle weakness resulting from
muscle atrophy (sarcopenia) is recognized as one of the
most important causes of these symptoms (10). How-
ever, comprehensive data on sarcoidosis patients are

currently lacking. Sarcopenia is defined by low levels in
three key parameters: muscle strength, muscle quantity/
quality, and physical performance. These parameters
can serve as severity indicators and may be influenced
by systemic diseases with chronic inflammatory pro-
cesses, such as sarcoidosis (11). Computed tomography
(CT)-measured skeletal muscle index (SMI, cm2/m?2)
and psoas muscle index (PMI, cm2/m2) at the level
of the third lumbar vertebrae (L.3) have been estab-
lished as precise and effective indicators of whole-body
muscle mass (12). In a study, it was implicated that the
prevalence of sarcopenia in the Dutch population with
sarcoidosis was 25% (13). Considering that sarcoidosis
is a chronic inflammatory disease and corticosteroids
are used in its treatment, when necessary, the possibil-
ity that muscle loss in patients with sarcoidosis may
be a result of chronic inflammatory processes as well
as corticosteroid use comes to the fore. This situation
brings to mind the question of whether sarcopenia oc-
curs at the time of diagnosis or as a result of treatment.
To the best of our knowledge, no study has made this
specific distinction. While previous studies have exam-
ined muscle mass in sarcoidosis using indirect methods
or in later disease stages, our study is the first to assess
skeletal muscle volume directly through CT imaging at
the time of diagnosis. By doing so, we aimed to explore
whether measurable muscle loss is already present in
untreated patients, and to examine how age may influ-
ence this effect.

Material and Methods

Study population

We conducted a retrospective study and included
86 female patients aged 21-74 who were newly diagnosed
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with sarcoidosis. Since our sarcoidosis patient group
consists almost entirely of female patients, we excluded
7 male sarcoidosis patients and selected the control
group from the female population in order to minimize
possible bias. As part of the diagnostic evaluation for
suspected sarcoidosis, all patients underwent thoracic
and abdominal CT imaging due to presenting clinical
symptoms. Only those with available non-contrast ab-
dominal CT scans were included in the study. All pa-
tients in the study group were histologically confirmed
with sarcoidosis in our affiliated institutions between
2015 and 2022. The control group consisted of female
patients with a broadly comparable age distribution to
the sarcoidosis cohort, who underwent non-contrast ab-
dominal CT in the emergency department for unrelated
clinical indications, using the same imaging protocol and
scanner. We chose the control group from emergency
patients without any previous medical disease history to
minimize people with chronic diseases that could affect
muscle mass, as an alternative to sarcoidosis. To mini-
mize confounding, control patients were selected from
individuals presenting to the emergency department
for non-chronic, non-inflammatory complaints such
as renal colic or abdominal pain of unknown origin.

Patients with any chronic disease, medication use af-
fecting muscle mass, or acute inﬂammatory conditions
were excluded. In both groups, we excluded patients
with various medical conditions that could indepen-
dently cause changes in muscle mass. Upon evaluation
of clinical records, patients with the following condi-
tions were excluded from the study group: medication
use [statins (n=9), hormonal therapy (n=4), angiotensin
inhibitors (n=12)], advanced orthopedic imbalance and
scoliosis (n=13), corticosteroid use for any reason (n=9),
spinal disc herniation (n=8), malignancy (n=5), abdomi-
nal hernia (n=2) and the presence of neuromuscular and
metabolic muscle diseases (n=2) (Figure 1).

This study was approved by the institutional eth-
ics committee. The requirement for informed consent
was waived due to the retrospective design and an-
onymization of patient data.

Biochemical data collection

Serum parameters including WBC, RBC, HGB,
MCYV, CRP, ESR, neutrophils, lymphocytes, and N/L
ratio were retrospectively extracted from electronic
medical records and analyzed accordingly.

/Excluded from sarcoidosis \

group (n=36):

Preliminary study group
(n=239)

/Excludc(l from control group \

(n=35):

-Male patients (n=7)
-Medication use (n=14)
-Corticosteroid use for any

-Medication use (n=11)
-Orthopedic imbalance (n=9)
- Spinal disc herniation (n=5)

reason (n=35)
-Orthopedic imbalance (n=4)
- Spinal disc herniation (n=3)

-Corticosteroid use for any
reason (n=4)
-Malignancy (n=3)

-Malignancy (n=2)

\-Others (n=1) /

Included patients group
(n=168)

-Abdominal hernia (n=2)

\-Others (n=1) /

Sarcoidosis patients

(n=86)

Control group patients
(n=82)

Figure 1. Flow chart illustrating the selection process of study participants. After applying exclusion criteria
(e.g., chronic illness, corticosteroid use, incomplete imaging), 86 sarcoidosis patients and 82 controls were in-

cluded in the final analysis.
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Imaging study and analyses

CT scans were obtained using a 128-slice scan-
ner (GE Revolution EVO, GE Healthcare, Waukesha,
WI). Sarcoidosis patients underwent non-contrast-
enhanced abdominal CT scans as part of their diag-
nostic work-up with the following parameters: 120 kV,
automatic tube current modulation, 0.5-second rota-
tion time, 1.375 pitch, and 2.5 mm slice thickness.
Control patients underwent standard-dose abdominal
CT scans without intravenous contrast. All images
were reviewed at the L3 level. Manual segmentation
of skeletal muscles was performed on axial sections
by two radiologists with 13 and 8 years of experience
in abdominal imaging, respectively, in a double-blind
fashion. The average of both measurements was used
for further analysis. Muscle areas were measured using
attenuation values between -29 and +150 Hounsfield
Units. Intermuscular adipose tissue (IMAT) was ex-
cluded through manual contouring. The Picture Ar-
chiving and Communication System (Extreme PACS,
Ankara, Turkey) was used to calculate muscle area
(Figure 2).

Total skeletal muscle area (TSM) was obtained
by the sum of the areas of both psoas, erector spinae,
quadratus lumborum, transversus abdominis, external

Volume #2016 : 8713 mm?2
Min-317 Max120 Ort39 STD26|

M2.: 2422 mm2.Vol . m:n3
/9 OydRERAD 680 5E8 mm2
Min-147Max 313 Crt45 STD25

AL
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Figure 2. Axial non-contrast CT image at the L3 vertebral level
illustrating manual segmentation of total skeletal muscle area
(T'SM) of the abdominal wall in a female sarcoidosis patient.
Muscle boundaries were manually delineated, and the segmen-
tation included psoas, paraspinal, and abdominal wall muscles.
Abdominal wall muscle (Red Arrow), Erector Muscle (Blue
Arrow), Right Psoas Muscle (Green Arrow), Left Psoas Mus-
cle (Orange Arrow).

and internal oblique muscles, as well as rectus ab-
dominis muscles visualized in the L3 vertebral plane.
Total Psoas Muscle area (TPM) was obtained only by
the sum of both psoas muscle areas in the same plane.
SMI was obtained by dividing the TSM data in cm?® by
the square of the height in m?. Similarly, PMI was ob-
tained by dividing the TPM data in cm?® by the square
of the height in m” Sarcopenia thresholds were de-
fined based on similar previous study, using 5th per-
centile (p°) reference values adjusted for age and BMI
in a healthy Caucasian population (12). This study
classified TSM and SMI p® values based on age groups
and BMLI. The threshold values in the referenced study
are shown in Table 1.

Statistical analysis

Continuous variables are described as mean and
standard deviation (SD). Prior to intergroup compari-
sons, normal distribution of data was checked. Values
with p>0.05 in the Kolmogorov-Smirnov normality
test were considered normal, and parametric tests were
applied in subsequent stages. Interobserver variability

Table 1. Predicted p5 values for SMI and TSM across different

age and BMI categories in women;

BMI (kg/ m?%) SMI (cm?/ m?)

Age (years) 17-20 | 21-25 | 26-30 | 31-35
All ages 28.6 31.3 34.5 37.5
20-29 28.5 33.7 39.6 45.1
30-39 28.7 32.8 37.6 42.2
40-49 28.8 31.8 35.6 39.2
50-59 28.7 30.9 33.5 36.1
60—-69 28.5 29.9 31.4 32.9
70-79 28.2 28.8 29.3 29.5
* TSM(cm?)

All ages 83.6 90.5 98.5 | 105.9
20-29 88.2 102.7 119.4 | 134.7
30-39 86.8 97.9 111.2 | 123.7
40-49 85.1 93.1 102.9 | 1123
50-59 83.0 88.2 94.4 | 100.6
60-69 80.7 83.1 85.9 88.4
70-79 78.0 78.0 77.3 75.9

Abbreviations: BMI: Body Mass Index, SMI: Skelatal Muscle Index,
TSM: Total Skelatal Muscle area.
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was assessed using the intraclass correlation coef-
ficient (ICC). Independent Samples t-Test was used
for normally distributed data, while Mann-Whitney U
test was employed for non-normally distributed data.
Categorical variables are presented as percentages and
associations between these variables were determined
using Fisher’s exact test. Correlation between SMI,
PMI, TPM and TSM was determined by Pearson’s
correlation coefficient (r) analysis. Correlation be-
tween other continuous parameters was determined
by Spearman’s correlation coefficient (r) analysis. The
compatibility between two different variables was as-
sessed using the Pearson Chi-square goodness-of-fit
test. All results were assessed at a 95% confidence
interval and a significance level of p<0.05. Statistical
analyses were performed using SPSS (SPSS for Win-
dows, version 22.0, SPSS, Chicago, IL, USA), and a
difference was considered statistically significant at a

p-value of < 0.05.

Results

In our study, we examined a total of 168 female
patients. The mean age of the patients was 45.8 years.
The mean age of 86 (51.2%) patients diagnosed with
sarcoidosis was 48.53 years, while the average age of
82 (48.8%) patients in the control group was 42.93 years.
Sarcoidosis patients were observed to be significantly
older compared to the control group. (p = 0.004) The
median height of all patients was 165 cm, and the body
mass index (BMI) was 25 kg/cmz. The median height
for patients with sarcoidosis was 164 cm, while the me-
dian height for the control group without sarcoidosis
was 167 cm. The heights of the control group without
sarcoidosis were significantly greater than the heights
of patients with sarcoidosis (p = 0.001) (Table 2).

Interobserver agreement for muscle segmentation
was excellent (ICC = 0.93). The mean total psoas mus-
cle area (TPM) of all subjects in the study population

Table 2. Data from sarcoidosis patients and non-sarcoid patients are shown as means*standard deviations/median (min-max) and frequency.

Sarcoidosis
Patient Non-Sarcoidosis Controls Total
Variables n=86 (%51.2) n=82(%48.8) n=168 p-Value
Age 48.53 + 11.11 42.93 £ 12.72 45.8 +12.21 0.004
Height 1.64 (1.55-1.70) 1.67 (1.56-1.76) 1.65 (1.55-1.76) <0.001
BMI 26 (20-32) 25 (19-32) 25 (19-32) 0.593
TPM (cm?) 11.06 = 3.31 13.16 + 4.45 12.08 + 4.03 0.001*
TSM (cm?) 115.0 + 18.87 125.75 £ 25.76 120.25 + 23.07 0.002*
PMI (cm?/m?) 4.08 £ 1.20 4.63 +1.52 4.35 +1.39 0.010*
SMI (cm*/m?) 42.42 + 6.05 44.19 + 7.42 43.28 £ 6.79 0.092*
CRP 7.0 (0.1-60) 4.18 (0.18-278) 5.49 (0.1-278) 0.308
ESR 20.0 (1.0-100) 20.24 (2-114) 20.24 (1-114) 0.073
WBC 7.00 (1.7-41) 7.8 (1.7-23) 7.3 (1.7-41) 0.014
RBC 4.52 (1.8-5.5) 4.5 (1.7-5.9) 4.5(1.7-5.9) 0.263
HGB 12.40 (5.7-15) 12.5 (1-17.7) 12.5 (1-17.7) 0.257
MCV 83.0 (56.7-98) 85.5 (60-116.9) 83.4 (56.7-116.9) 0.020
Neutrophil 4.25 (0.9-10.3) 4.6 (0.6-31.1) 4.42 (0.6-31.1) 0.063
Lymphocyte 1.6 (0.3-35) 2.1(0.3-4.5) 1.9 (0.3-35) 0.009
N/L Index 2.55(0.11-17.0) 2.39 (0.54-16.33) 2.50(0.11-17.0) 0.374
SMI-Sarcopenia 7 (%4.1) 6 (%3.6) 13 (%7.7) 1.000™*
TSM-Sarcopenia 17 (%10.1) 9 (%5.3) 26 (%15.4) 0.138"

Abbreviations: BMI: Body Mass Index, TPM: Total Psoas Muscle area, TSM: Total Skelatal Muscle area, PMI:Psoas Msucle Index. SMI: Skeletal
Muscle Index, N/L: Neutrophil/Lymphocyte; *T-independent test , **Fischer exact test, The values written in bold font indicate statistically significant

differences at the 0.05 level.
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was 12.08 cm?, and the total skeletal muscle area
(TSM) was 120.25 cm?. While the mean total psoas
muscle area of control group subjects in the study popu-
lation was 13.16 cm?, and the total skeletal muscle area
was 125.75 ecm? The mean total psoas muscle area of
sarcoidosis patients in the study population was 11.06
cm?, and the total skeletal muscle area was 115.0 cm?.
The total psoas muscle area (p = 0.001), total skeletal
muscle area (p = 0.002) and PMI values (p = 0.010)
of patients diagnosed with sarcoidosis were found to
be significantly lower compared to the control group
without sarcoidosis. There was no significant difference
between sarcoidosis patients and the control group in
SMI (p = 0.092) values. The total psoas muscle areas,
total skeletal muscle areas, PMI, and SMI values ac-
cording to age groups are summarized in Table 3.

SMI-based sarcopenia was identified in 7 (4.1%)
sarcoidosis patients and 6 (3.6%) controls (p = 1.000).
Based on TSM-based thresholds, 17 (10.2%) sar-
coidosis patients and 9 (5.4%) controls were classified
as sarcopenic (p = 0.138) (Table 4). There was mod-
erate agreement between the two criteria (k = 0.628,
p<0.001). Subgroup analysis indicated that significant
reductions in TPM, TSM, PMI, and SMI were mainly
observed in the 50-60 age group. In addition, TSM
values were significantly lower in the sarcoidosis group
within the 40-50 age range (p = 0.023). No statistically
significant differences were detected in other decades.
Table 4 summarizes sarcopenia prevalence according
to both SMI and TSM thresholds across age groups.
Descriptive lab and muscle parameter data are detailed
in Tables 2 and 3.

Table 3. The averages of total psoas muscle area, total skeletal muscle, psoas muscle index and skeletal muscle index according to ages

are shown.
Sarcoidosis
Patient +SD Non-Sarcoidosis Controls +SD
Variables Age Groups (y) (n=86) (n=82) p-Value
Total Psoas Muscle 20-30 9.58 + 4.36 (6) 12.48 + 4.23 (16) 0.238
Area (cm?) 30-40 11.61 £ 3.70 (11) 1430 £ 5.13 (15) 0.152*
40-50 11.66 + 2.48 (28) 13.02 + 4.89 (27) 0.197*
50-60 10.35 + 3.97 (26) 14.32 + 3.23 (13) 0.003*
60-70 11.38 + 2.74 (15) 11.61 + 3.62 (11) 0.856*
Total Skelatal 20-30 94.08 + 13.62 (6) 108.96 + 21.17 (16) 0.210
Muscle Area (cm) 30-40 108.12 + 10.64 (11) 123.63 + 32.91 (15) 0.169
40-50 117.93 + 15.45 (28) 129.71 + 21.59 (27) 0.023*
50-60 115.88 + 21.67 (26) 141.54 + 19.97 (13) 0.027*
60-70 121.43 + 20.70 (15) 124.73 + 25.94 (11) 0.916*
PMI (com¥/m?) 20-30 3.56 + 1.26 (6) 451+ 1.53 (16) 0.210
30-40 433 +1.39 (11) 5.11+ 1.61 (15) 0.206*
40-50 432 +0.96 (28) 457 +1.73 (27) 0.513*
50-60 3.79 + 1.38 (26) 4.81+1.12 (13) 0.001*
60-70 416 + 0.96 (15) 411+ 1.30 (11) 0.722*
SMI (em?/m?) 20-30 35.06 + 4.30 (6) 39.26 = 5.92 (16) 0.140
30-40 40.27 + 339 (11) 4432 £ 9.35 (15) 0.126
40-50 43.62 + 4.79 (28) 45.58 + 6.73 (27) 0.217*
50-60 42.60 + 6.94 (26) 47.43 £ 5.78 (13) 0.037*
60-70 44.42 + 6.62 (15) 43.97 +7.50 (11) 0.875*

Abbreviations: PMI: Psoas Msucle Index, SMI: Skeletal Muscle Index, *Independent-t test, The values written in dark font indicate statistically

significant differences at the 0.05 level.
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Table 4. The numbers of sarcoidosis and non-sarcoid patients are shown according to SMI-based and TSM-based sarcopenia

classification.
Sarcoidosis
Patient (%) Non-Sarcoidosis Controls (%)
Variables Age Groups (y) n=86 n=82 p-Value
SMI-Based 20-30 2 (%1.2) 3 (%1.8) 0.585
Sarcopenia 30-40 2 (%1.2) 2 (%1.2) 1.000
40-50 1 (%0.6) 1 (%0.6) 1.000
50-60 2 (%1.2) 0 (%0) 0.544
60-70 0 (%0) 0 (%0) -
TSM-Based 20-30 4 (%2.4) 4 (%2.4) 0.137
Sarcopenia 30-40 5 (%3) 2 (%1.2) 0.095
40-50 3 (%1.8) 3 (%1.8) 1.000
50-60 5 (%3) 0 (%0) 0.149
60-70 0 (%0) 0 (%0) -

Abbreviations: SMI: Skeletal Muscle Index, TSM: Total Skelatal Muscle area.

The WBC (p = 0.014), MCV (p = 0.020), and
Lymphocyte (p = 0.009) values of sarcoidosis patients
were found to be significantly lower than those of the
control group. No significant differences were ob-
served between sarcoidosis patients and the control
group in terms of other blood parameters and N/L
(p = 0.616) ratios. The age and BMI of all patients
showed a moderately positive correlation (r = 0.212,
p = 0.006). Additionally, there was a moderate posi-
tive correlation between height and TPM in all pa-
tients (r = 0.356, p<0.001). However, a strong positive
correlation was observed between height and TSM
(r=0.713, p<0.001).

Discussion

Sarcoidosis is a chronic, multisystem inflamma-
tory disease (14) that has been associated with various
extrapulmonary manifestations, including potential
alterations in muscle metabolism and composition.
Emerging evidence suggests that patients with sar-
coidosis may be at increased risk for sarcopenia, a pro-
gressive loss of skeletal muscle mass and function (15).
Previous studies investigating this relationship have
predominantly utilized indirect methods such as

bioelectrical impedance analysis (BIA) and sonogra-
phy, focusing largely on fat-free mass index or regional
muscle thickness (13, 16). While these approaches
provide valuable insights, they are limited in their abil-
ity to directly quantify muscle volume. In this context,
muscle atrophy and myopathy have been well-
documented as adverse effects of corticosteroid ther-
apy, which remains a cornerstone in the treatment of
sarcoidosis (17, 18). However, it remains unclear
whether sarcopenic changes are already present at the
time of diagnosis — prior to the initiation of such
therapies. This question formed the basis of our inves-
tigation. Previous studies have suggested an increased
risk of muscle loss and sarcopenia in patients with sar-
coidosis, particularly in those with chronic disease and
advanced pulmonary involvement (13, 15). However,
most of these investigations used indirect methods
such as bioelectrical impedance analysis (BIA) or ul-
trasound to estimate muscle mass, and often focused
on patients who had already initiated treatment. To date,
few studies have examined muscle status in treatment-
naive sarcoidosis patients at the time of diagnosis us-
ing objective imaging methods. This study aimed to fill
this gap by directly evaluating skeletal and psoas mus-
cle volume using CT images in a well-defined,
female-only sarcoidosis cohort. Our goal was to
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determine whether sarcopenic changes were already
detectable prior to therapy and to explore whether
these changes vary by age group. We assessed muscle
mass using abdominal CT images obtained from
168 female patients, focusing on parameters such as
total skeletal muscle volume of the abdominal wall and
total psoas muscle volume. To minimize potential bias
arising from threshold variability in sarcopenia classi-
fication, we adopted reference values from a previously
published study conducted in a demographically simi-
lar population (12). Our findings suggest that muscle
mass was lower in sarcoidosis patients compared to
controls at the time of diagnosis, despite no significant
difference in sarcopenia prevalence. Since the overall
differences in TPM, TSM, and PMI between groups
may be partially attributed to the observed age dis-
crepancy, we performed decade-based subgroup analy-
ses to minimize this potential source of bias (12).
Stratifying the study population by age allowed for
more balanced comparisons across similar age inter-
vals. However, this approach inevitably reduced the
number of participants per subgroup, which may have
limited the statistical power to detect differences in
certain strata. In addition, the average height between
the two groups was significantly different. While this
may have directly influenced raw muscle area measure-
ments (TSM and TPM)), indices normalized to height
(SMI and PMI) remained unaffected by this discrep-
ancy. In the age-stratified analysis, the most consistent
and statistically significant differences in muscle indi-
ces (TSM, TPM, SMI, and PMI) were observed in the
50-60 age group. 'This aligns partially with prior stud-
ies that reported reduced muscle mass and increased
sarcopenia prevalence in older sarcoidosis patients or
those with more advanced disease (13, 15, 16). How-
ever, unlike those studies, which often included treated
populations or relied on indirect methods such as bio-
electrical impedance or ultrasound, our study focused
exclusively on treatment-naive female patients and
used CT-based volumetric analysis, providing a more
objective and precise evaluation of muscle status. The
fact that measurable muscle loss was already evident in
this midlife subgroup may suggest early or subclinical
muscle alterations potentially driven by cumulative in-
flammatory, metabolic, or mitochondrial effects. Al-
though variances were equal, the unequal sample

sizes between groups in this age bracket (n = 26 in
sarcoidosis vs. n = 13 in controls) reduce the statistical
robustness of this finding and require cautious inter-
pretation. Nevertheless, this does not undermine the
possibility that subtle, multifactorial processes related
to sarcoidosis may lead to detectable muscle loss even
in the absence of overt symptoms or treatment. These
findings underscore the need for longitudinal studies
incorporating larger, age-stratified cohorts to further
explore early muscle involvement in sarcoidosis. In
light of these age-specific findings, it is also important
to consider why the overall prevalence of sarcopenia
did not significantly differ between groups, despite the
observed reductions in muscle indices. This discrep-
ancy may reflect threshold-related limitations in clas-
sification systems or the influence of confounding
factors not captured in our study design. In light of
these age-specific findings, it is also important to con-
sider why the overall prevalence of sarcopenia did not
significantly differ between groups, despite the ob-
served reductions in muscle indices. Several previous
studies have reported increased sarcopenia prevalence
among sarcoidosis patients, particularly those with
chronic disease or significant pulmonary involvement
(13, 16). However, most of these studies included pa-
tients who had already initiated corticosteroid therapy
or assessed muscle mass using indirect methods such
as BIA or ultrasound, which may not fully reflect early
or subtle muscle loss. In contrast, our cohort was com-
posed of treatment-naive female patients evaluated at
the time of diagnosis. It is possible that in early-stage
sarcoidosis, systemic inflammation has not yet exerted
sufficient cumulative effect to produce measurable sar-
copenia. Moreover, although we applied validated di-
agnostic thresholds adjusted for age, sex, and BMI
(11, 12), such classifications may lack sensitivity to detect
marginal deficits in muscle quantity. The fact that mus-
cle indices such as TSM and TPM were significantly
lower in the sarcoidosis group—even in the absence of
categorical sarcopenia—suggests that early subclinical
muscle loss may precede overt sarcopenia, especially in
middle-aged patients. This underlines the value of vol-
umetric assessments in identifying early-stage muscu-
lar changes that may not yet fulfill formal diagnostic
criteria. Moreover, the absence of significant correla-
tions between inflammatory markers and muscle mass
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indices in our cohort suggests that systemic inflamma-
tion might not yet have exerted a measurable effect on
muscle tissue at the time of diagnosis. Previous litera-
ture indicates that in sarcoidosis, systemic inflamma-
tory activity may evolve over time and may not be
fully reflected in early laboratory markers (14). Fur-
thermore, commonly used markers such as CRP and
ESR are non-specific and may not capture localized or
subclinical inflammatory processes contributing to
sarcopenia (19). It is also possible that mechanisms be-
yond inflammation, including oxidative stress, mito-
chondrial dysfunction, and altered muscle metabolism,
play a role in sarcoidosis-related muscle changes, as
supported by prior studies (15). These findings support
the need for prospective, longitudinal studies that in-
clude a broader panel of inflammatory and metabolic
parameters. In a study comparing the blood parame-
ters of sarcoidosis patients with the control group, they
found that the Hgb, MCV and lymphocyte values of
sarcoidosis patients were significantly lower than the
control (20). Consistent with this, in our study, we
found that MCV and lymphocyte values of sarcoidosis
patients were significantly lower than the control
group. However, we did not detect any significant dif-
ference in Hgb values for both groups. This is probably
due to the heterogeneity of the patient population in
the control group. The primary limitation of our study
is its retrospective, cross-sectional design, which in-
herently limits the ability to establish causal relation-
ships between sarcoidosis and muscle mass reduction.
Although we used validated, age- and BMI-adjusted
thresholds for defining sarcopenia, the sarcoidosis
group was older and shorter on average than the con-
trol group, which may have influenced muscle meas-
urements despite these adjustments. In addition, our
control group was selected from emergency depart-
ment patients without known chronic diseases; how-
ever, the presence of acute clinical conditions may have
subtly affected baseline muscle physiology, potentially
introducing selection bias. Furthermore, unmeasured
confounding variables such as nutritional status, physi-
cal activity levels, and socioeconomic background
could not be assessed, which may have independently
impacted muscle mass. These factors are known con-
tributors to sarcopenia and should be accounted for in
future prospective studies with well-characterized and

population-based control cohorts (11). Another im-
portant limitation of our study is the potential for se-
lection bias related to the composition of the control
group. Although we applied strict exclusion criteria to
remove individuals with chronic illnesses or medica-
tions known to affect muscle mass, our control group
was derived from emergency department patients.
While these individuals did not have any known sys-
temic disease, their acute clinical presentations may
have influenced muscle physiology to some extent.
Therefore, residual confounding cannot be entirely
ruled out, and the control group may not fully reflect a
healthy baseline population. Additionally, muscle as-
sessment relied solely on CT-derived area measure-
ments, without direct evaluation of muscle strength or
performance. As stated in EWSGOP2, three param-
eters are evaluated under the titles of muscle strength,
muscle quantity/quality and physical performance
when evaluating muscle atrophy. However, it is worth
mentioning that in the literature, data such as SMI,
PMI and TPM have been consistently shown to pre-
dict muscle atrophy. Based on this, although we did
not evaluate muscle atrophy clinically in our study, it is
possible to predict it meaningfully through indicators
in order to inspire future clinical studies. Additionally,
the absence of male patients with sarcoidosis is an-
other limitation, as it limits the possibility of a gender-
specific comparison between the sexes. However, it is
worth noting that the literature already indicates clear
distinctions between muscle indexes in men and
women, which mitigates this limitation in our muscle
measurement evaluation (11). However, future re-
search should consider conducting homogeneous stud-
ies exclusively focused on male patients to address
sex-specific differences and provide a more compre-
hensive understanding of muscle mass alterations in
sarcoidosis. In conclusion, this study evaluated muscle
mass in female sarcoidosis patients at the time of diag-
nosis using CT-based measurements. Although overall
sarcopenia prevalence was not increased, muscle indi-
ces were lower in sarcoidosis patients, with significant
differences observed in the 50-60 age group. These
findings suggest that muscle loss may become more
apparent with age in sarcoidosis, even before
treatment. Further longitudinal studies are needed to
explore this association.
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