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Abstract.
Background: Sarcopenia is characterized by a progressive loss of muscle mass, strength, and function resulting in adverse
health outcomes. Current assessment strategies are bothersome and means to simplify the diagnosis are an unmet medical
need in Parkinson’s disease (PD).
Objective: To evaluate temporal muscle thickness (TMT) obtained on routine cranial MRI as a surrogate marker of sarcopenia
in PD patients.
Methods: We correlated TMT from axial non-contrast-enhanced T1-weighted sequences of MRI close (±12 months) to
an outpatient visit including sarcopenia (EWGSOP1, EWGSOP2, SARC-F), frailty (Fried’s criteria, clinical frailty scale),
and disease characteristics of Parkinson’s patients (Hoehn and Yahr-scale, Movement Disorder Society-Unified Parkinson’s
Disease Rating Scale, quality of life with the Parkinson’s Disease Questionnaire-8) assessments.
Results: Cranial MRI was available in 32 patients with a mean age of 73.56 ± 5.14 years, mean disease duration of
11.46 ± 5.66 years, and median Hoehn and Yahr stage of 2.5. The mean TMT was 7.49 ± 2.76 (7.15) mm. Mean TMT
was significantly associated with sarcopenia (EWGSOP2, p = 0.018; EWGSOP1, p = 0.023) and frailty status (physical
phenotype; p = 0.045). Moreover, there were significant moderate to strong correlations between TMT measurement and
appendicular skeletal muscle mass index (r: 0.437, p = 0.012), as well as handgrip strength (r: 0.561, p < 0.001).
Conclusion: Reduced TMT seems to be a promising surrogate marker for sarcopenia (EWGSOP2) and muscle strength in
this pilot study in PD patients.
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INTRODUCTION

Sarcopenia is characterized by a progressive loss of
muscle mass, strength, and function that negatively
affect health outcomes such as functional indepen-
dence, quality of life (QoL), and survival [1]. The
current gold standard for the diagnosis of sarcope-
nia is derived from the European Working Group
for Sarcopenia in Older People (EWGSOP) from
2019 (EWGSOP2) [1] and replaces its former cri-
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teria (EWGSOP1) [2]. Sarcopenia is diagnosed in a
stepwise approach integrating low muscle strength
(i.e., probable sarcopenia) plus low muscle mass
to confirm sarcopenia (i.e., definite sarcopenia). An
additional impaired physical function (e.g., low gait
speed) classifies it as severe [1].

With rising life expectancy and thus an increase
of people over the age of 60 years, improving their
health and well-being is a priority. The prevalence of
sarcopenia (EWGSOP2) in the general older popula-
tion is around 10% (2–26%; i.e., primary sarcopenia)
[3, 4]. However, in the presence of chronic disor-
ders including idiopathic Parkinson’s disease (PD),
the prevalence of sarcopenia increases (i.e., sec-
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ondary sarcopenia; 29% [18–40%] in PD) [5]. Apart
from sarcopenia, frailty is a geriatric syndrome that
defines a state of increased risk for negative health
outcomes [6]. Using the physical criteria, it is also
found in around 10% of the general elderly popula-
tion (4–27%) [7–9] and up to 38% (24–55%) in PD
patients [10].

Early assessment of sarcopenia should be imple-
mented in PD patients to prevent adverse health
events. To this end, a thorough assessment of sar-
copenia is warranted, which can be challenging in
clinical routine. Screening tools such as the SARC-F
exist, however, its applicability in PD patients is ques-
tionable [11, 12]. In brain cancer research, temporal
muscle thickness (TMT) obtained on cranial MRI has
been used as a surrogate marker for patients at risk of
sarcopenia. Temporal muscle atrophy predicted faster
progression and reduced overall survival [13, 14].

In this study, we retrospectively evaluated TMT
in routine cranial MRI in PD patients that had a
sarcopenia-assessment in our movement disorders
clinic. Firstly, we aimed to assess the usability of
TMT as a surrogate parameter of sarcopenia defined
by different criteria. Secondly, we evaluated correla-
tions of TMT with PD-related clinical characteristics
of our cohort, the different components of sarcopenia,
and the physical phenotype of frailty [7].

METHODS

For this analysis, we used data from a PD patient
cohort that has been assessed for sarcopenia and
frailty in the frame of a longitudinal observational
study in our movement disorders clinic [15]. Patient
selection was based on the availability of routinely
performed cranial MRI close to the respective sar-
copenia assessment.

The study protocol was approved by the local ethics
committees. All participants gave written informed
consent prior to their participation. The interviews
and examinations were carried out in accordance
with the principles expressed in the Declaration of
Helsinki of 1975 and its later amendments.

Diagnosis of idiopathic PD was based on the Move-
ment Disorder Society (MDS) Clinical Diagnostic
Criteria [16]. The assessment of sarcopenia was per-
formed between 2018 and 2021 and based on the
EWGSOP’s operating standards and sex-specific cut-
offs [1, 2]. Muscle mass was measured with the
InBody 770 bioelectrical impedance analysis (BIA)
machine at 50 kHz. Appendicular skeletal muscle

mass (ASM) was calculated based on the recom-
mended equation by Sergi et al. [17]. Muscle strength
was assessed with a calibrated handheld dynamome-
ter (CITEC CT3002). Two trials for each hand were
performed and the best result from the strongest hand
was used. For muscle function we measured gait
speed (in meters/second) on a marked track with a
stopwatch.

This study reports the results of sarcopenia-
classification according to EWGSOP2 (see above) [1]
as well as EWGSOP1. In the latter, decreased mus-
cle mass only was defined as presarcopenia, whereas
the addition of reduced muscle strength or gait speed
classified the participant to be sarcopenic. Fulfill-
ing all three criteria represents severe sarcopenia
[2]. We choose to apply both the EWGSOP1 and
2 criteria for sarcopenia-assessment in this study
as only few groups have used the new EWGSOP2
criteria in PD patient cohorts so far. The concor-
dance of prevalence-ratings between the two criteria
was recently rated as poor in a local PD population
[12]. However, EWGSOP1 criteria were more closely
associated with negative health outcomes in a recent
review [3].

Moreover, the participating PD patients were
screened for sarcopenia using the SARC-F, a sim-
ple questionnaire composed of five items: strength,
climbing stairs, assistance with walking, rising from
a chair and falls with zero to two points each. A
value of ≥ four points is indicative of sarcopenia [18].
Frailty was also assessed using Fried et al.’s crite-
ria [7] as well as the validated 9-item screening tool
Canadian Study of Health and Aging Clinical Frailty
Scale (CSHA CFS, Version 1). The latter is based on
impairment in mobility, functional capacity, cogni-
tion, and comorbidities with a score of ≥five points
being indicative of frailty [19].

Exclusion criteria for participation included
presence of another movement disorder or any con-
traindications to perform BIA (e.g., deep brain
stimulation).

TMT was assessed in routine cranial MRI that were
unrelated but in close temporal relation to the assess-
ment of sarcopenia. TMT was measured on axial
non-contrast-enhanced T1-weighted MR sequences
by an investigator with experience in neuroimaging
of neurodegenerative disorders, which was blinded
to sarcopenia diagnosis and clinical patient char-
acteristics (B.H.). We applied the same measuring
procedures as reported elsewhere [13, 20]. The mean
of TMT of both sides was calculated for further anal-
yses [13, 20].
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Apart from sarcopenia, frailty, and TMT, demo-
graphic data (sex and age), disease duration,
comorbidities (Charlson Comorbidity Index) [21],
and QoL using the PD Questionnaire-8 (PDQ-8,
with lower scores indicating better QoL) [22] were
assessed. Disease stage and manifestation were char-
acterized with the Hoehn & Yahr (H&Y) scale and
MDS-Unified PD Rating Scale (MDS-UPDRS). The
tremor dominant (TD) and postural instability/gait
difficulty (PIGD) PD phenotypes were determined
and the TD phenotype was compared to a non-
TD phenotype [23]. Levodopa equivalent daily dose
(LEDD) was calculated using published conversion
factors [24]. Recurrent falls were defined as >1 fall
within the last year [25].

Statistical analyses

Categorical variables are given in number (n) and
percent (%) of the category (sex, number of patients
with presarcopenia/probable sarcopenia and definite
sarcopenia, number of patients with prefrailty and
frailty, PD type). For continuous quantitative mea-
sures the mean with its standard deviation and the
median were calculated. Integer data are presented
as median (interquartile range). The Kruskal-Wallis-
test was used to compare continuous variables
between more than two groups. Otherwise, con-
tinuous variables were tested for normality with
the Kolmogorov-Smirnov test and Mann-Whitney-
U tests or unpaired student’s t-tests were used for
group comparisons depending on the scale type (see
Table legends for details). Pearson correlation coef-
ficient with its two-sided p-value was calculated to
assess the relation between mean TMT and patient
characteristics.

The significance level was set at a two-sided
p-value of <0.05 (for correction for multiple compar-
ison see legend of Table 3). SPSS 25.0 for windows
(SPSS Inc., IBM Corporation and other(s) 1989,
2013, Chicago, IL) was used to tabulate and analyze
data.

RESULTS

Figures 1–3 highlight the decrease of mean TMT
from no to definite sarcopenia stage. Demographic
data of the cohort are reported in Tables 1 and 2.
A total of 32 PD patients aged 73.56 ± 5.14 (73.53)
years had an MRI within 12 months to a clinical sar-
copenia assessment with a mean TMT of 7.49 ± 2.76
(7.15) mm. Mean disease duration was 11.46 ± 5.66

(11.02) years and the median H&Y stage was 2.50.
According to EWGSOP2, probable sarcopenia was
present in 50% (n = 16), definite sarcopenia in 38%,
and confirmed sarcopenia according to EWGSOP1
in 47% (n = 15). In the SARC-F, 44% (n = 14) of
the patients screened positive for sarcopenia. Frailty
was diagnosed in 25% (n = 8) and 31% (n = 10)
screened positive for it using the CSHA CFS. Age,
disease duration, H&Y stage, and impairment in
QoL increased with sarcopenia stage (EWGSOP2),
whereas MDS-UPDRS total and sub scores as well
as LEDD did not (Tables 1 and 2).

Mean TMT was significantly different (Mann-
Whitney-U test; p = 0.018) between patients with
sarcopenia and those without sarcopenia according
to EWGSOP2 criteria (Table 3, Figs. 1–3). More-
over, there was significant difference in TMT between
groups stratified according to the frailty status (Stu-
dent’s t-test; p = 0.045; Table 3).

Mean TMT showed a moderate correlation with
sarcopenia according to EWGSOP 2 (probable and
definite; Pearson’s r: –0.402, p = 0.023) and ASM
index (r: 0.437, p = 0.012). Handgrip strength showed
a strong positive correlation with mean TMT (r:
0.561, p < 0.001; Table 4). Neither disease duration,
nor PD phenotype, MDS-UPDRS Parts 1–4, H&Y
stage, LEDD, PDQ-8 Summary Index, gait velocity,
frailty according to Fried et al. [7] nor the CFS [19]
were correlated with TMT (all p > 0.068; Table 4).

DISCUSSION

In this study sarcopenia (EWGSOP2) was present
in 38% (n = 12 of 32 patients), which is higher com-
pared to the only other study using the EWGSOP2
criteria for sarcopenia-assessment in PD patients
[26]. These may be explained by regional differ-
ences (Brazil vs. Austria) as well as a higher age
and markedly longer disease duration of our PD
patient cohort [26]. Physical frailty was present in
25% (n = 8) of patients in our study, which is slightly
lower compared to its pooled prevalence in a recent
meta-analysis in PD patients [10]. Heterogeneity of
the trials may explain the different frequency distri-
bution.

The aim of this analysis was to determine the
usability of mean TMT, as measured in axial non-
contrast-enhanced T1-weighted MR sequences, to
assess sarcopenia in PD patients.

TMT recently gained the interest of the scientific
community as a surrogate marker for sarcopenia in
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Fig. 1. Temporal muscle thickness measurement of patients in different sarcopenia stages. A) no sarcopenia, B) severe sarcopenia (EWG-
SOP2).

Fig. 2. Mean temporal muscle thickness in different sarcopenia stages. EWGSOP, European Working Group on Sarcopenia in Older People.

other neurological diseases and as a predictor of rel-
evant clinical outcomes. Except for cancer research
(e.g., glioblastoma [13], cerebral metastasis [14, 27],
head and neck squamous cell carcinoma [28]), TMT
was also assessed in neurological patients with amy-
otrophic lateral sclerosis (ALS) were it was related to
the functional outcome (ALS functional rating scale)
and overall survival [29]. In demented patients, cog-
nitive function was associated with TMT [30] and in
patients with aneurysmal subarachnoid hemorrhage
with endovascular treatment, TMT was an important
determinant of disability (modified Rankin Scale)
[31].

Mean TMT in our study was significantly asso-
ciated with sarcopenia as well as with frailty status
[7]. The prevalence of sarcopenia is typically lower
when using EWGSOP2 criteria (difference of about
7% in a recent review [3]). Due to the adapted oper-
ationalization of sarcopenia-diagnosis and stricter
recommended cut-off values for handgrip strength
and muscle mass, the EWGSOP2 criteria are believed
to be more accurate [12]. TMT in this study only sig-
nificantly correlated with assessment of sarcopenia
according to EWGSOP2 but not EWGSOP1. This
supports its role as a promising surrogate marker
for the assessment of sarcopenia, even when strin-
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Fig. 3. Distribution of temporal muscle thickness in different sarcopenia stages. EWGSOP, European Working Group on Sarcopenia in Older
People.

Table 1
Measurements of sarcopenia and frailty in the total patient cohort (n = 32)

Sarcopenia (EWGSOP2)
No Sarcopenia 4 (12.5%)
Probable 16 (50.0%)
Definite (including severe) 12 (37.5%)

Sarcopenia (EWGSOP1)
No Sarcopenia 16 (50.0%)
Presarcopenia 1 (3.1%)
Confirmed (including severe) 15 (46.9%)

ASMI (kg/m2) 7.57 ± 1.25 (7.40)
Male: 8.45 ± 0.97 (8.37)

Female: 6.57 ± 0.63 (6.66)
Gait velocity (m/s) 1.09 ± 0.42 (1.08)
Handgrip strength (kg) 15.61 ± 7.17 (14.63)

Male: 20.13 ± 6.33 (20.80)
Female: 10.49 ± 9.07 (3.90)

Risk for sarcopenia (SARC-F) 14 (43.8%)
Frailty (Fried)

Not frail 1 (3.1%)
Prefrail 23 (71.9%)
Frail 8 (25.0%)

Frailty (CSHA CFS) 10 (31.3%)
TMT left side (mm) 7.39 ± 2.69 (7.20)
TMT right side (mm) 7.58 ± 2.90 (7.00)
TMT mean (mm) 7.49 ± 2.76 (7.15)

Continuous data is presented as mean ± SD (median), categorical data as n, %. Integer data are
presented as median (interquartile range). EWGSOP, European Working Group on Sarcopenia
in Older People; ASMI, Appendicular skeletal muscle mass index; SARC-F, a simple five-item
questionnaire for assessing the risk of sarcopenia; CSHA, Canadian Study on Health & Aging;
CFS, Clinical Frailty Scale; TMT, temporal muscle thickness.

gent criteria are applied. Reduced TMT significantly
correlated with the core determinants of sarcopenia
muscle strength and ASM index. An Austrian study of
healthy volunteers and patients with a variety of neu-
rological diseases also showed a moderate-to-strong

positive correlation of TMT with handgrip strength
[20]. This study did not include a PD patient cohort
for which our study now provides data. Handgrip
strength, the cornerstone of the current sarcopenia
assessment (EWGSOP2), is believed to represent
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Table 2
Clinical characteristics of the patient cohort (total and according to different sarcopenia stages)

Total (n = 32) No Sarcopenia
(EWGSOP2)
n = 4

Probable
Sarcopenia
(EWGSOP2)
n = 16

Definite + severe
Sarcopenia
(EWGSOP2)
n = 12

Age (years) 73.56 ± 5.14
(73.35)

69.14 ± 4.53
(67.37)

73.26 ± 4.99
(71.76)

75.42 ± 4.90
(75.93)

Sex (m / f) 17 (53.1%)/15
(46.9%)

3 (75.0%)/1
(25.9%)

7 (43.8%)/9
(56.3%)

7 (58.3%)/5
(41.7%)

Disease duration (y) 11.46 ± 5.66
(11.02)

7.95 ± 5.09 (7.49) 11.56 ± 5.23
(10.17)

12.50 ± 6.35
(12.58)

Charlson Comorbidity Index 0.00 (0.00 – 0.00) 0.00 (0.00 – 0.00) 0.00 (0.00 – 0.00) 0.00 (0.00 – 1.75)
PD Type 10 (31.3%) 2 (50.0%) 4 (25.0%) 4 (33.3%)

TD
Non-TD 22 (68.8%) 2 (50.0%) 12 (75.0%) 8 (66.7%)

MDS-UPDRS Total Score 65.28 ± 31.01
(60.00)

50.75 ± 29.60
(37.50)

72.38 ± 29.44
(66.50)

60.67 ± 33.40
(57.00)

MDS-UPDRS Part 1 13.09 ± 8.60
(12.00)

9.75 ± 9.91 (6.00) 14.00 ± 10.32
(11.50)

13.00 ± 5.58
(13.50)

MDS-UPDRS Part 2 12.91 ± 9.55
(11.00)

9.00 ± 6.33 (8.00) 14.88 ± 9.47
(14.50)

11.58 ± 10.52
(8.50)

MDS-UPDRS Part 3 35.72 ± 14.97
(36.50)

28.00 ± 12.54
(27.00)

39.13 ± 13.80
(38.50)

33.75 ± 16.91
(32.00)

MDS-UPDRS Part 4 3.56 ± 4.49 (2.00) 4.00 ± 4.55 (3.00) 4.38 ± 4.38 (3.50) 2.33 ± 4.72 (0.00)
Hoehn and Yahr stage 2.50 (2.00 – 3.00) 2.00 (2.00 – 2.75) 2.00 (2.00 – 3.00) 2.00 (2.00 – 3.75)
LEDD (mg) 795.81 ± 404.37

(737.50)
480.50 ± 304.76
(490.00)

917.94 ± 380.16
(842.50)

738.08 ± 420.63
(587.50)

Recurrent falls 11 (34.4%) 1 (25.0%) 6 (37.5%) 4 (36.4%)
PDQ-8 Summary Index 25.63 ± 17.14

(25.00)
11.72 ± 10.33
(10.94)

28.52 ± 18.88
(26.56)

26.56 ± 14.68
(29.69)

Continuous data is presented as mean ± SD (median), categorical data as n, %. Integer data are presented as median (interquartile range).
m, male; f, female; PD, Parkinson’s Disease; EWGSOP, European Working Group on Sarcopenia in Older People; TD, tremor-dominant;
MDS-UPDRDS, Movement disorder society – Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa equivalent daily dose; PDQ-8,
Parkinson’s Disease Questionnaire-8.

Table 3
Association of mean temporal muscle thickness with sarcopenia stages according to different assessment methods and with frailty (n = 32)

EWGSOP2

No Sarcopenia Probable Sarcopenia Definite Sarcopenia p
n = 4 n = 16 n = 12

TMT mean (mm) 10.38 ± 3.73 (8.73) 7.36 ± 2.94 (6.90) 6.70 ± 1.46 (6.90) 0.058∗
TMT mean (mm) 10.38 ± 3.73 (8.73) 7.08 ± 2.40 (6.90) 0.018∗∗∗

EWGSOP1
No Sarcopenia Presarcopenia Confirmed Sarcopenia p

n = 16 n = 1 n = 15

TMT mean (mm) 8.16 ± 2.42 (7.73) NA 6.21 ± 1.79 (5.75) 0.023∗
TMT mean (mm) 8.16 ± 2.42 (7.73) 6.82 ± 2.99 (6.03) 0.067∗∗∗

Frailty
No Frailty Prefrail Frail p

n = 1 n = 23 n = 8

TMT mean (mm) NA 7.55 ± 2.51 (7.65) 6.26 ± 1.37 (6.00) 0.092∗
TMT mean (mm) 7.90 ± 3.00 (7.80) 6.26 ± 1.37 (6.00) 0.045∗∗

Continuous data is presented as mean ± SD (median). Abbreviations: TMT, Temporal muscle thickness; EWGSOP, European Working
Group on Sarcopenia in Older People; NA, not applicable. ∗Kruskal-Wallis-Test; ∗∗Student’s t-test; ∗∗∗Mann-Whitney-U test; Significance
level: p ≤ 0.05. We did not formally adjust for multiple comparisons. If adjusting for multiple comparisons, the p-values would be set at
p < 0.0167 (0.05/3, i.e., EWGSOP1, EWGSOP2, and frailty).
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Table 4
Correlation of mean temporal muscle thickness with sarcopenia characteristics, frailty,

and clinical characteristics

Correlation with TMT (in mm, n = 32)

Pearson Correlation p
Coefficient

Sarcopenia (EWGSOP2, probable + definite) –0.402 0.023
Sarcopenia (EWGSOP1, presarcopenia + confirmed) –0.246 0.174
ASMI (kg/m2) 0.437 0.012
Gait velocity (m/s) 0.313 0.081
Handgrip strength (kg) 0.561 0.001
Risk for sarcopenia (SARC-F) –0.262 0.148
Frailty (Fried, frail) –0.262 0.148
Frailty (CSHA CFS) –0.327 0.068
TMT mean at follow-up NA NA
Sex (male/female) –0.274 0.130
Age (y) –0.357 0.045
Disease duration (y) –0.062 0.736
Charlson Comorbidity Index –0.160 0.382
PD Type (TD / non-TD) –0.009 0.960
MDS-UPDRS Total Score –0.258 0.153
MDS-UPDRS Part 1 –0.194 0.289
MDS-UPDRS Part 2 –0.079 0.667
MDS-UPDRS Part 3 –0.314 0.080
MDS-UPDRS Part 4 –0.200 0.273
Hoehn and Yahr stage –0.260 0.150
LEDD (mg) –0.001 0.997
Recurrent falls –0.184 0.312
PDQ-8 Summary Index –0.305 0.101

Pearson correlation coefficients and their respective p-values are displayed. TMT, temporal muscle thick-
ness; EWGSOP, European Working Group on Sarcopenia in Older People; ASMI, Appendicular skeletal
muscle mass index; SARC-F, a simple five-item questionnaire for assessing the risk of sarcopenia;
CSHA, Canadian Study on Health & Aging; CFS, Clinical Frailty Scale; TD, tremor-dominant; MDS-
UPDRDS, Movement disorder society – Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa
equivalent daily dose; PDQ-8, Parkinson’s Disease Questionnaire-8; NA, not applicable. Significance
level: p ≤ 0.05.

overall muscle function most reliably [1]. The robust
close relation of grip strength and TMT in differ-
ent bodily states (disease-free, neurological diseases)
reflects the utility of TMT to provide information
about physical functionality. To the best of our knowl-
edge, no study so far assessed a correlation between
TMT and BIA-derived ASM. MRI-derived TMT val-
ues were however correlated with the cross-sectional
area of skeletal muscles at the level of the third lumbar
vertebra on computed tomography scans of patients
with brain metastasis and glioblastoma. Both studies
concluded on the usefulness of TMT as a surrogate
marker of the body’s total skeletal muscle mass [32,
33].

Furthermore, we did not find a significant cor-
relation of TMT with gait velocity, which may be
explained by the reduced gait velocity in PD patients
in general. In the updated definition of sarcopenia
(EWGSOP2), the working group used physical per-

formance such as gait speed to establish severity. In
contrast to this, reduced TMT seems to represent
sarcopenia independently of low gait speed in PD
patients, and therefore gait velocity is not suitable
for rating sarcopenia in PD patients. Furthermore,
reduced gait velocity is not necessary to diagnose
sarcopenia [1].

Muscle mass and function are known to decrease
with age. It is therefore unsurprising that mean TMT
was inversely correlated with age in our patient
cohort. In an Austrian study of healthy volunteers
and patients with various neurological diseases, only
TMT of the former declined with age [20]. Gener-
ally, age represents the number one risk factor for
sarcopenia [1], which is reflected in our findings.

PD patients should be screened for sarcopenia
for timely counter measurements. Assessing TMT
on routine cranial MRI, that are performed dur-
ing the diagnostic work-up of PD patients, may
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aid in identification of patients at risk for sar-
copenia. Respective physical training and nutritional
advice may influence the patient’s sarcopenia sta-
tus positively and thus enhance their motor function
and QoL [34].

Apart from muscle mass and function, TMT (mea-
sured via ultrasound with high inter-rater reliability:
0.99) has recently been introduced as a surrogate
marker for nutritional status (assessed with calf and
arm circumference, protein levels, triceps skinfold
thickness for fat mass) [35]. An adequate diet with
supply of protein and energy is vital for muscle health
and hence for prevention of sarcopenia. Malnutrition
in PD occurs in about 11–41% of patients, which is
not only associated with worse motor outcome but
also quality of life [36, 37]. Assessment of TMT
may provide an objective measurement for an indi-
vidual’s nutritional status to improved dietary therapy
and monitor progression, which should be subject of
future trials.

The systemic assessment with BIA as a stan-
dardized and validated method [1] as well as the
comprehensive integration of physical performance
and PD-specific parameters including QoL are impor-
tant strengths of this study. ASM in this study was
calculated using raw BIA measurements at 50 KHz
based on the recommended equation by Sergi et al.
[17]. The equation itself was based on an older Euro-
pean population and is therefore reflective of our
PD patient cohort. To reduce influence of body size
and improve comparability, the ASM was adjusted
(ASM/height2, i.e., ASMI). Considering these, the
easy use, and wide availability of BIA, it is a good
method in comparison to dual-energy X-ray absorp-
tiometry (DXA), which is favored for muscle mass
measurement by several clinicians and researchers
[1].

Moreover, the comparison of TMT measurements
to the gold standard of sarcopenia assessment (EWG-
SOP2) highlights our study in contrast to others, as it
is one of only two studies using these criteria in PD
patients. The assessment of PD patients in our study
was performed prospectively by movement disorder
specialists based on standard criteria. This guaran-
tees the correct diagnosis and classification of disease
characteristics. There are also some limitations to
consider. Firstly, due to the retrospective nature of
the study, we did not compare the TMT values of
our PD patients to an age- and sex-matched local
healthy control group. Secondly, the small sample
size may be subject to a sample bias and thus limit
generalizability.

Conclusion

In conclusion, to our knowledge this is the first
study to assess the usability of TMT as a surro-
gate marker for sarcopenia in PD patients. Our study
shows that TMT correlates with the diagnosis of
sarcopenia and its core components in PD patients.
Thus, TMT from routine cranial MRI may represent
a promising and widely accessible marker for sar-
copenia to be recognized by clinicians treating PD
patients. Further studies with a larger cohort and con-
trol group are needed to verify the findings of this pilot
study and to define optimal TMT-cut-off values for
sarcopenia in PD.
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