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Fortaleza, Brazil

Accepted 12 June 2023
Pre-press 12 July 2023
Published 8 September 2023

Abstract.
Background: Parkinson’s disease (PD) and sarcopenia share similar pathophysiological mechanisms.
Objective: Estimate the prevalence of sarcopenia in PD patients and describe clinical and demographic features associated
with sarcopenia.
Methods: A cross-sectional study was carried out at a tertiary public hospital in Brazil. A modified HY scale of stage 1 to
3, being at least 40 years old and having the ability to stand and walk unassisted were required for eligibility. We evaluated
physical performance and muscle mass using DEXA.
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Results: The study population comprised 124 patients, of which 53 (42.7%) were women. The mean age and mean disease
duration were 65.8 ± 10.5 and 10.1 ± 5.8 years, respectively. The mean handgrip strength of 20.4 ± 6.9 in woman and
34.6 ± 8.4 kg in men. Moreover, 50.8% patients had positive SARC-F, 20% patients had probable sarcopenia, 9.6% confirmed
sarcopenia, and 16.8% patients showed low muscle mass quantity measured by DEXA. Lower Levodopa Equivalent Dosage
(LED) and calf circumference (CC) were independently associated with confirmed sarcopenia. LLED, higher MDS-UPDRS
Part III, and lower MMSE scores were independently associated with probable sarcopenia. The CC demonstrated accuracy
to identify PD patients with confirmed sarcopenia with a cut-off of <31 cm in women and <34 cm in men.
Conclusion: We found low prevalence of confirmed sarcopenia among PD patients. We propose that healthcare providers
introduce measuring CC, which is a quick and inexpensive method to assess for sarcopenia in PD patients.

Keywords: Sarcopenia, Parkinson’s disease, strength

INTRODUCTION

Sarcopenia is a generalized muscle disorder cur-
rently defined by the occurrence of low muscle
strength as well as low muscle quantity or qual-
ity. It has a well-established association with several
adverse outcomes such as falls, fractures, disability,
poor quality of life, institutionalization, hospitaliza-
tion, and death [1, 2].

Parkinson’s disease (PD) is a chronic and pro-
gressive neurodegenerative disease whose prevalence
increases with aging. It usually progresses over time
and is related to a decline in physical function and loss
of functionality as a consequence of several motor and
non-motor symptoms [3].

Kwan [4] suggested that the pathophysiology
of sarcopenia can be neurogenic, musculogenic (a
term coined to distinguish it from “myogenic”),
synaptogenic (from the neuromuscular junctions),
or vasculogenic (from blood vessels). Firstly, age-
related declines in motor axon conduction velocity
and myelinated axon density have been observed.
Aging is associated with a decrease in motor unit
reinnervation after denervation, as well as other fac-
tors [4]. In addition, PD and sarcopenia share similar
pathophysiological mechanisms, including, but not
limited to inflammation, muscle autophagy, oxida-
tive stress, and apoptosis, which may all cause muscle
fiber loss [5]. Few studies have assessed the occur-
rence of sarcopenia in PD [6]. Furthermore, recent
changes in sarcopenia definitions and diagnostic cri-
teria induce significant heterogeneity of findings in
different studies [5, 6].

In view of the above, the aim of the present
study was to estimate the prevalence of probable
sarcopenia, confirmed sarcopenia and severe sarcope-
nia in PD patients according to European Working
Group on Sarcopenia in Older People 2 (EWGSOP

2) diagnostic criteria and to describe the clinical and
demographic features associated with sarcopenia.
In addition, we also evaluated the SARC-F ques-
tionnaire and right calf circumference to screen for
sarcopenia in patients with PD.

METHODS

Study participants

A cross-sectional study was carried out at Hospital
Universitario Walter Cantidio (HUWC) in Fortaleza,
Brazil, from May 2021 to April 2022. The sample
was composed of patients with PD who regularly
attended the Movement Disorders outpatient clinic
of the HUWC.

PD was diagnosed according to the Movement Dis-
orders Society (MDS) criteria [7] by two neurologists
and one geriatrician specialized in PD. A Parkinson’s
disease clinical diagnosis and a disease severity score
of stage 1 to 3 on the modified Hoehn and Yahr (HY)
scale were required for eligibility, being at least 40
years of age and having the ability to stand and walk
unassisted. We did not include patients with severe
disease (HY 4 and 5) because they would be unable
to complete the Five Times Sit-to-Stand (FTSTS),
balance tests, or gait speed tests. Patients with HY
5 are no longer seen in the outpatient clinic for face-
to-face consultations. Home care is recommended for
them. Patients with severe health conditions or uncon-
trolled chronic diseases that could compromise their
safety or impact how the data were interpreted were
excluded as follows:

- Heart failure with the New York Heart Associa-
tion (NYHA) Functional Classification class III
(less than ordinary activity causes fatigue, pal-
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pitation, or dyspnea) and IV (symptoms of heart
failure at rest);

- Dialysis-dependent end-stage renal disease;
- Neurological diseases (non-PD) with motor

impairment;
- Severe (dyspnea at mild exertion) or very severe

(dyspnea at rest and/or oxygen therapy) chronic
obstructive pulmonary disease;

- Severe knee, wrist, hand, or spine osteoarthritis;
- Cancer diagnosis, except localized prostate can-

cer and localized skin cancer;
- Moderate to severe dementia (CDR 2 and 3).

We also excluded conditions that would hamper
the interpretation of the Dual Energy X-ray Absorp-
tiometry (DEXA):

- Recently administered gastrointestinal contrast
or radionuclides (last 72 hours);

- Pregnancy;
- Deep Brain Stimulation;
- Heart pacemaker.

All participants provided written informed consent
for the study, which was authorized by the Hospital
Universitário Walter Cantidio Research Ethics Com-
mittee (register number 91075318.1.0000.5045). The
study’s researchers spoke with and assessed each
patient.

Clinical assessment

We employed an interview that was structured
to gather sociodemographic and medical data. We
assessed prior histories of hypertension, diabetes,
and depression according to the Diagnostic and Sta-
tistical Manual of Mental Disorders, V (DSM-V),
dementia (DSM-V), and osteoporosis according to
the recommendations from the National Osteoporo-
sis Foundation. The clinical data obtained from the
patients were compared with information from their
relatives, caregivers, and healthcare records to ensure
its accuracy. We also gathered data on the antiparkin-
sonian medications provided by the Brazilian public
health system used such as L-dopa, COMT inhibitors
(entacapone), MAO-B inhibitors (rasagiline), aman-
tadine, and dopamine agonists (pramipexole), as well
as L-dopa formulations such as L-dopa/carbidopa,
L-dopa/benserazide, and controlled-release L-dopa
formulations. We defined the levodopa equivalent
dose (LED) of an antiparkinsonian drug as the dose
which produces the same level of symptomatic con-
trol as 100 mg of immediate release L-dopa according

to the systematic review conducted by Tomlinson
et al. [8]. We used the Schwab and England Activ-
ities of Daily Living (SE ADL) Scale to evaluate
ADL, the modified Hoehn and Yahr (HY) staging
to assess PD severity, and the Movement Disorders
Society-Unified Parkinson’s Disease Rating Scale
part III (MDS-UPDRS III) to assess severity of motor
parkinsonian symptoms [9]. Depressive symptoms
were assessed using the 15-item Geriatric Depression
Scale (GDS-15) and cognition was evaluated through
the Mini-Mental Status Examination (MMSE) [10].
A fall was described as a situation in which the patient
unintentionally fell to the ground or to another lower
level, and it was not due to a seizure, a vehicle or bike
accident, or a syncope. Patients were questioned prior
to their medical visit about any similar incidents that
occurred in the preceding one and six months. Data
on falls collected from patients were compared with
information from relatives, caretakers, and clinical
records for accuracy purposes.

All participants were weighed without shoes on or
heavy accessories such as mobile phones and wallets.
The body mass index was determined by dividing the
total body weight (in kilograms) by the square of the
height (meters).

Sarcopenia assessment

The calf is the best site for anthropometric mea-
surements to evaluate loss of skeletal muscle mass
(SMM) and has been used to forecast SMM in some
studies [11, 12]. Adult lower limbs include about 30%
of their skeletal muscle. The extremities have less fat
mass compared to other body regions, which lessens
its influence on these parameters. The calf circum-
ference (CC) measurement also has the advantages
of being feasible, simple to carry out, and not requir-
ing undressing [13]. The right CC was measured
at the right calf’s greatest girth using an inelastic
but flexible plastic tape measure with the person
in a sitting position with the knee and ankle at a
right angle and feet resting on the floor. The patient
should remove his/her clothing on the lower body to
measure the CC on bare skin. Subcutaneous tissues
were not compressed [14]. We chose the right side
because Jeong et al. (2020) recently showed that CC
measured on the right side was greater than on the
left side, regardless of the dominant hand in a sam-
ple of community-dwelling ambulatory older adults
[15].

Probable sarcopenia was defined as low hand-
grip strength. Confirmed sarcopenia was diagnosed
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according to the EWGSOP 2 as follows: low muscle
strength and low muscle quantity or quality, being
considered severe when low muscle strength, low
muscle quantity or quality, and low physical perfor-
mance are evidenced [1]. The presence of probable
sarcopenia is required in the definition of confirmed
sarcopenia. Confirmed sarcopenia is defined as a loss
of both muscle mass and strength. Probable sarcope-
nia is defined as a loss of strength, and it is the main
and most definitive measure of muscular function.
Probable sarcopenia may be utilized in clinical prac-
tice to guide in the diagnosis of definite sarcopenia
and in the implementation of early intervention. A
muscular strength test, such as handgrip strength, is
advised as the first step in diagnosing sarcopenia and
identifying persons at risk. A further finding of poor
muscle mass or quality confirms the diagnosis of sar-
copenia. However, low strength is deemed sufficient
to commence actions [16].

The SARC-F was administered to all patients.
The SARC-F is a simple and affordable method for
sarcopenia risk assessment that is easily applied in
community healthcare settings and other clinical set-
tings. It contains 5 items to gauge how the patient
feels about their physical limits, including their abil-
ity to walk, carry a 5-pound object, stand up from a
chair, climb stairs, and falling [17].

We followed the recommendations of the EWG-
SOP2 regarding the handgrip strength measure and
cut-offs (<27 kg for men and <16 kg for women).
We used the SAEHAN® dynamometer following
the Southhampton protocol (patient seated with their
forearms resting on the arms of the chair, wrist just
over the end of the chair arm, in a neutral position,
thumb facing upwards, feet flat on the floor, three tri-
als on each side, alternating sides, maximal grip score
from all six trials used) [18]. Bradykinesia, stiffness,
and tremor may be present unilaterally or bilaterally
in PD due to PD asymmetries, therefore the stronger
handgrip strength was taken into account, as done by
Vetrano et al. [5].

The Short Physical Performance Battery test was
used to evaluate physical performance [19]. Measures
of standing balance, 4-m gait speed, and the amount
of time required to get up from a chair five times are
all part of the test. Patients were instructed to main-
tain their balance by standing with their feet together
before spending 10 seconds in each of the semi-
tandem and tandem positions, which include placing
one foot’s heel next to the other foot’s big toe. Par-
ticipants were instructed to walk along an 8-m track
(consisting of 2-m of acceleration and 2-m of decel-

eration) at their normal pace to measure their gait
speed using a stopwatch. Participants were instructed
to stand up and sit down five times as rapidly as they
could with their arms crossed over their chests to
test their ability to get out of a chair. This was not
done until after individuals had shown they could
stand up once without using their arms. The over-
all SPPB score was calculated [20], for which a score
of less than 8 points indicates inadequate physical
performance, and the highest score is 12.

Muscle mass was determined using DEXA to esti-
mate appendicular skeletal muscle mass (ASMM)
adjusted for height in meters squared to obtain the
lean mass index (LMI = ASMM/Ht2). Lean mass
measures in the arms and legs were used to quan-
tify appendicular lean mass. Appendicular lean mass
measurements for people whose body parts were
unilaterally harmed were obtained by twice the val-
ues for the unaffected side [21]. Low muscle mass
was defined as ASMM index <7 kg/m2 for men and
<5.5 kg/m2 for women according to EWGSOP 2. All
patients were evaluated for disease staging, UPDRS
III, GDS-15, MMSE, SPPB, and handgrip strength
during “on” phases.

Statistical analysis

Descriptive statistics were presented as num-
bers (percentage) for categorical variables and as
mean ± standard deviation (median) for quantita-
tive variables. Bivariate analysis for probable and
confirmed sarcopenia were performed using the Pear-
son’s chi-squared test and Fisher’s exact test for
categorial variables. The Mann-Whitney U test was
used to assess quantitative independent variables
since they were not normally distributed except
for CC, for which Student’s T-test was used. Vari-
ables with p < 0.05 entered forward stepwise logistic
regression to identify those independently associ-
ated with probable and confirmed sarcopenia. The
sensitivity and specificity of SARC-F and CC for
identifying confirmed sarcopenia were calculated. In
addition, we used receiver operating characteristics
(ROC) curves to obtain cut-off values and calculated
the area under the curve (AUC) and 95% confidence
interval (CI). Sensitivity, specificity, positive (PPVs)
and negative predictive values (NPVs) were calcu-
lated for different cut-off scores of CC to identify
sarcopenia in men and women. Statistical analyses
were performed using SPSS v 21.0 program (SPSS
Statistics; IBM, Armonk, NY).
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Table 1
Sociodemographic and clinical characteristics and bivariate analysis for probable sarcopenia

Total Yes No p

Gender
Male 71 (57.3%) 13 (52%) 58 (58.6%) 0.552a

Female 53 (42.7%) 12 (48%) 41 (41.4%)
Age 65.8 ± 10.5 (65.9) 71.2 ± 9.7 (73.5) 64.4 ± 10.3 (64.2) 0.004b

Disease duration 10.1 ± 5.8 (9) 9.6 ± 6.2 (10) 10.2 ± 5.8 (9) 0.694b

Hoehn and Yahr stage 2.5 ± 0.4 (2.5) 2.7 ± 0.3 (3) 2.5 ± 0.4 (2.5) 0.052b

Family history of PD (n = 121) 51 (42.1%) 9 (36%) 42 (43.8%) 0.485a

MDS-UPDRS Part III score 43.9 ± 15.2 (44) 50.6 ± 13.2 (52) 42.2 ± 15.2 (39) 0.015b

Hypertension 59 (47.6%) 12 (48%) 47 (47.5%) 0.963a

Type 2 DM 14 (11.3%) 2 (8%) 12 (12.1%) 0.733d

LED 1138.6 ± 573.3 (1100) 909.2 ± 503.7 (875) 1196.5 ± 577.6 (1200) 0.007b

Number of medications 5.4 ± 2.2 (5) 4.8 ± 1.7 (5) 5.5 ± 2.3 (5) 0.314b

Visual hallucinations 26 (21%) 6 (24%) 20 (20.2%) 0.677a

Dyskinesia 66 (53.2%) 11 (44%) 55 (55.6%) 0.301a

Motor fluctuations 80 (64.5%) 14 (56%) 66 (66.7%) 0.319a

Freezing of gait 53 (42.7%) 13 (52%) 40 (40.4%) 0.295a

Sleep complaints 105 (84.7%) 24 (96%) 81 (81.8%) 0.118d

REM Sleep Behavior Disorder 69 (55.6%) 13 (52%) 56 (56.6%) 0.681a

Urinary incontinence 56 (45.2%) 11 (44%) 45 (45.5%) 0.896a

Cognitive complaints (N = 122) 72 (59%) 17 (68%) 55 (56.7%) 0.306a

Alcohol use 15 (12.1%) 4 (16%) 11 (11.1%) 0.501d

Current cigarette smoking 3 (2.4%) 1 (4%) 2 (2%) 0.494d

Use of walking aid devices 26 (21%) 5 (20%) 21 (21.2%) 0.894a

Regular physical activity 40 (32.3%) 3 (12%) 37 (37.4%) 0.017d

SE ADL 83.9 ± 11.4 (90) 78 ± 16.1 (80) 85.4 ± 9.5 (90) 0.029b

MMSE score (n = 123) 24.1 ± 4.3 (25) 21.1 ± 5.8 (22) 24.8 ± 3.5 (26) 0.002b

GDS score (n = 123) 5.0 ± 3.3 (4) 6 ± 3.5 (6) 4.7 ± 3.3 (4) 0.098b

Body mass index 26.9 ± 4.9 (26.8) 25.4 ± 4.4 (25.1) 27.2 ± 5 (26.9) 0.086b

Right calf circumference (n = 121) 33.7 ± 3.6 (34) 32.4 ± 3.4 (32.5) 34 ± 3.6 (34.2) 0.039c

SARC-F ≥4 63 (50.8%) 15 (60%) 48 (48.5%) 0.303a

Gait speed (n = 122) 1.4 ± 0.5 (1.4) 1.1 ± 0.6 (0.9) 1.4 ± 0.5 (1.4) 0.002b

SPPB score 8.8 ± 2.6 (9) 7.4 ± 2.5 (8) 9.1 ± 2.6 (9) 0.003b

Falls in the last month 23 (18.5%) 4 (16%) 19 (19.2%) 1.000d

Falls in the last 6 months 51 (41.1%) 12 (48%) 39 (39.4%) 0.435a

Data expressed as percentage (%), as well as mean ± standard deviation (median); aPearson
′
s chi-squared test; bMann-Whitney test;

cStudent
′
s T test; dFisher

′
s exact test; SE ADL, Schwab and England Activities of Daily Living Scale; LED, Levodopa Equivalent Dose; GDS,

Geriatric Depression Scale; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; SPPB, Short Physical Performance
Battery.

RESULTS

Demographic characteristics and clinical
background

The study population comprised a total of 124
patients, of which 53 (42.7%) were women. The mean
age was 65.8 ± 10.5 years and mean disease duration
was 10.1 ± 5.8 years. A total of 63 (50.8%) patients
had positive screening for sarcopenia through the
SARC-F. The sample showed mean handgrip strength
of 20.4 ± 6.9 kg in woman and of 34.6 ± 8.4 kg in
men. Moreover, 25 (20%) patients had probable sar-
copenia according to low handgrip strength, while
21 (16.8%) patients showed low muscle mass quan-
tity measured by DEXA. Next, 12 (9.6%) patients

had both low handgrip strength and low muscle mass
quantity, thus meeting criteria for confirmed sarcope-
nia. Among them, four patients also had inadequate
physical performance (SPPB score ≤8 or gait speed
≤0.8 m/s). Therefore, the prevalence of severe sar-
copenia in our sample was 3.22%.

Bivariate and logistic regression analyses for
sarcopenia

Tables 1 and 2 show the main demographic and
clinical features of the study participants, as well
as the bivariate analysis for probable sarcopenia
and confirmed sarcopenia. Both probable and con-
firmed sarcopenia were associated with older age,
lower LED, and decreased CC. Probable sarcope-
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Table 2
Bivariate analysis for confirmed sarcopenia

Confirmed sarcopenia
Total Yes No p

Gender
Male 71 (57.3%) 7 (58.3%) 64 (57.1%) 0.937a

Female 53 (42.7%) 5 (41.7%) 48 (42.9%)
Age 65.8 ± 10.5 (65.9) 72.9 ± 8.8 (75.4) 65 ± 10.4 (65.3) 0.012b

Disease duration 10.1 ± 5.8 (9) 9 ± 7.6 (7) 10.2 ± 5.6 (9) 0.313b

Hoehn and Yahr stage 2.5 ± 0.4 (2.5) 2.6 ± 0.4 (2.5) 2.5 ± 0.4 (2.5) 0.596b

Family history of PD (n = 121) 51 (42.1%) 3 (25%) 48 (44%) 0.236d

MDS-UPDRS Part III score 43.9 ± 15.2 (44) 48.3 ± 12.1 (46.5) 43.4 ± 15.4 (42.5) 0.261b

Hypertension 59 (47.6%) 5 (41.7%) 54 (48.2%) 0.666a

Type 2 DM 14 (11.3%) 1 (8.3%) 13 (11.6%) 1.000d

LED 1138.6 ± 573.3 (1100) 722.9 ± 391.5 (652) 1183.1 ± 573.1 (1200) 0.008b

Number of medications 5.4 ± 2.2 (5) 5 ± 1.8 (5) 5.4 ± 2.2 (5) 0.781b

Visual hallucinations 26 (21%) 3 (25%) 23 (20.5%) 0.714d

Dyskinesia 66 (53.2%) 5 (41.7%) 61 (54.5%) 0.398a

Motor fluctuations 80 (64.5%) 6 (50%) 74 (66.1%) 0.269a

Freezing of gait 53 (42.7%) 7 (58.3%) 46 (41.1%) 0.251a

Sleep complaints 105 (84.7%) 11 (91.7%) 94 (83.9%) 0.690d

REM Sleep Behavior Disorder 69 (55.6%) 9 (75%) 60 (53.6%) 0.224d

Urinary incontinence 56 (45.2%) 3 (25%) 53 (47.3%) 0.222d

Cognitive complaints (N = 122) 72 (59%) 9 (75%) 63 (57.3%) 0.356d

Alcohol use 15 (12.1%) 2 (16.7%) 13 (11.6%) 0.639d

Current cigarette smoking 3 (2.4%) 1 (8.3%) 2 (1.8%) 0.265d

Use of walking aid devices 26 (21%) 2 (16.7%) 24 (21.4%) 1.000d

Regular physical activity 40 (32.3%) 3 (25%) 37 (33%) 0.750d

SE ADL 83.9 ± 11.4 (90) 81.7 ± 15.8 (90) 84.2 ± 10.9 (90) 0.837b

MMSE score (n = 123) 24.1 ± 4.3 (25) 23.4 ± 4.3 (24.5) 24.1 ± 4.3 (25) 0.535b

GDS score (n = 123) 5.0 ± 3.3 (4) 5 ± 2.9 (4) 5 ± 3.4 (5) 0.840b

Body mass index 26.9 ± 4.9 (26.8) 23.2 ± 4.4 (21.5) 27.2 ± 4.8 (27.2) 0.003b

Right calf circumference (n = 121) 33.7 ± 3.6 (34) 30.1 ± 2.9 (30.2) 34.1 ± 3.4 (34.5) <0.001c

SARC-F ≥4 63 (50.8%) 4 (33.3%) 59 (52.7%) 0.234d

Gait speed (n = 122) 1.4 ± 0.5 (1.4) 1.4 ± 0.6 (1.4) 1.4 ± 0.5 (1.4) 0.867b

SPPB score 8.8 ± 2.6 (9) 8 ± 2.8 (9) 8.9 ± 2.6 (9) 0.365b

Falls in the last month 23 (18.5%) 1 (8.3%) 22 (19.6%) 0.463d

Falls in the last 6 months 51 (41.1%) 5 (41.7%) 46 (41.1%) 0.968a

Data expressed as percentage (%), as well as mean ± standard deviation (median); aPearson
′
s chi-squared test; bMann-Whitney test;

cStudent
′
s T test; dFisher

′
s exact test; SE ADL, Schwab and England Activities of Daily Living Scale; LED, Levodopa Equivalent Dose; GDS,

Geriatric Depression Scale; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; SPPB, Short Physical Performance
Battery.

nia was associated with higher MDS-UPDRS Part
III score, lack of regular physical activity, lower SE
ADL score and worse performance on the MMSE,
gait speed assessment, and SPPB. Confirmed sar-
copenia was associated with lower body mass index.
These variables were included in the respective logis-
tic regression models in a stepwise forward manner to
identify factors independently and significantly asso-
ciated with sarcopenia (Table 3). Higher levodopa
equivalent dose was independently associated as a
protective factor for both probable and confirmed sar-
copenia (Table 3). Better cognitive performance as
assessed through MMSE and low MDS-UPDRS Part
III score were independently associated as protective
factors for probable sarcopenia (Table 3), whereas

CC was independently associated with confirmed sar-
copenia (Table 3).

Sensitivity, specificity, and ROC analyses and
cut-off determination for identification of
sarcopenia

A CC cut-off of 31 cm showed the best bal-
ance between sensitivity and specificity in women
(sensitivity of 100% and specificity of 78.7%)
(AUC = 0.915) corresponding to the cut-off to iden-
tify confirmed sarcopenia. The most suitable cut-off
regarding men was 34 cm (sensitivity of 85.7% and
specificity of 56.4%) (AUC = 0.730). Considering
these cut-offs, we also assessed the CC to confirm
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Table 3
Multivariate analysis for sarcopenia

Probable sarcopenia
Predictors OR (95% CI) p

LED (100 mg) 0.85 (0.77–0.95) 0.005
MDS-UPDRS Part III score (10 pts) 1.5 (1.03–2.2) 0.032
MMSE score 0.84 (0.74–0.95) 0.005

Confirmed sarcopenia
Predictors OR (95% CI) p
LED (100 mg) 0.83 (0.72–0.96) 0.013
Right calf circumference 0.69 (0.56–0.86) 0.001

LED, Levodopa Equivalent Dose; MMSE, Mini-Mental State Examination.

Table 4
Sensitivity, specificity, PPV, NPV, +LR and –LR analyses and ROC curves for right CC and SARC-F validation against sarcopenia

<31 cm in women <34 cm in men SARC-F ≥4 CC <31 cm in women and
<34 cm in men∗

Sensitivity % 100 (47.8–100) 85.7 (42.1–99.6) 33.3 (9.9–65.1) 91.7 (61.5–99.8)
Specificity % 78.7 (64.3–89.3) 56.4 (43.2–69) 47.3 (37.8–57) 76.9 (46.2–95)
PPV % 33.3 (22.4–46.4) 18.2 (12.8–25.2) 6.3 (2.9–13.3) 78.6 (57.2–90.9)
NPV % 100 97.2 (84.9–99.5) 86.9 (80.9–91.2) 90.9 (59.9–98.5)
AUC 0.915 0.730 0.469 0.986 and 0.845
+LR 4.7 (2.7–8.1) 2.0 (1.3–3.0) 0.6 (0.3–1.4) 4 (1.4–10.9)
–LR 0 0.2 (0.04–1.6) 1.4 (0.9–2.2) 0.1 (0.02–0.7)
Accuracy 80.8 (64.5–90.4) 59.4 (46.9–71.1) 46 (37–55.1) 84.0 (63.9–95.5)
∗Among patients with probable sarcopenia; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; +LR,
positive likelihood ratio; –LR, negative likelihood ratio.

sarcopenia among all PD patients (wo with low hand-
grip strength, showing a sensitivity of 91.7% and
specificity of 76.9% (Table 4).

SARC-F showed low accuracy in the diagnosis
of sarcopenia. The cut-off ≥4 had the best bal-
ance between sensitivity and specificity for confirmed
sarcopenia (sensitivity: 33.3%; specificity: 47.3%;
AUC: 0.469). These results are also shown in Table 4.

DISCUSSION

This study aimed to estimate the prevalence
of probable sarcopenia, confirmed sarcopenia and
severe sarcopenia in PD patients with Hoehn and Yahr
stage 1 to 3, finding 20%, 9.6%, and 3.2%, respec-
tively. Clinical and sociodemographic features of the
study sample were assessed. Lower LED and CC
were independently associated with confirmed sar-
copenia. Lower LED, MDS-UPDRS Part III score,
and MMSE score were independently associated with
probable sarcopenia. This study showed that CC was
significantly more accurate than SARC-F in sar-
copenia screening among PD patients in terms of
sensitivity and specificity. We confirmed the validity
of optimal cut-offs (women: <31 cm; men: <34 cm)
in sarcopenia screening. The CC cut-off for women

had excellent accuracy to confirm sarcopenia among
PD patients with low handgrip strength.

There are some challenges in trying to estimate
the prevalence of sarcopenia in PD patients. First,
there is scarce evidence regarding the accuracy of
the SARC-F questionnaire to screen patients for sar-
copenia in PD patients [22, 23]. Some studies have
shown low sensitivity of the SARC-F in parkinsonian
patients like our study [23]. Indeed, PD patients who
require assistance in walking, have difficulty to get
up from a chair, to lift and carry 10 pounds and to
climb stairs, as well as experiencing falls, might all
be related to parkinsonian symptoms such as rigid-
ity, bradykinesia, postural instability, and orthostatic
hypotension. In this sense, SARC-F is not well estab-
lished as an accurate screening tool for sarcopenia in
this population [21, 23]. PD motor symptoms may
further interfere with currently used standardized pro-
cedures to assess muscle strength. The chair stand test
might particularly not be an accurate measure, since
the time to get up from a chair is possibly related to
bradykinesia and rigidity beyond postural instability
instead of muscle function [24]. Therefore, we only
used the handgrip strength to assess muscle strength
and diagnose probable sarcopenia. Among patients
with probable sarcopenia, only those with low mus-
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cle quantity according to DEXA were considered to
have confirmed sarcopenia, in accordance with cur-
rent EWGSOP 2 criteria. The sarcopenia prevalence
in our sample of PD patients was 9.6%, which agrees
with the overall prevalence of sarcopenia in healthy
adults aged ≥60 years (10%) in a recent system-
atic review and meta-analysis of population-based
studies. It is worth mentioning that this systematic
review found different definitions and diagnostic cri-
teria among studies [2].

Few studies have assessed the prevalence of
sarcopenia in PD patients [6]. Methodological dis-
similarities, mainly variable definitions of sarcopenia
and patient selection methods, hamper comparisons
across studies. To date, the prevalence of sarcope-
nia in PD patients ranges from 6% to 55.8% [6].
In another study conducted by our study group,
the prevalence of probable sarcopenia according to
EWGSOP 2 criteria was 47.4% [25]. The FTSTS test
was used in addition to handgrip strength to assess for
probable sarcopenia, which might partially explain
the different results [26]. The FTSTS test has been
validated by Duncan (2011) to assess risk of falls
in this population with excellent retest reliability but
was not strongly correlated to lower limb strength
in multiple regression analysis. In fact, balance and
bradykinesia in people with PD appear to be the
most important contributing factors for FTSTS per-
formance [24]. Considering this serious limitation,
we decided not to include FTSTS to assess strength,
but we used it to assess performance (SPPB) when
preparing the current study protocol.

A recent study also conducted in Brazil by da Luz
et al. (2021) showed a prevalence of sarcopenia of
21.7% in PD patients according to EWGSOP 2 [23].
Although the prevalence was much higher than in
our study, it must be highlighted that patients with
more advanced disease (HY 4) were also included
in that study. Differently from our study, they used
bioelectrical impedance analysis to assess muscle
mass, and they used different cut-offs for appen-
dicular skeletal muscle index, which were higher
(≤7.7 kg/m2 for men and ≤5.62 kg/m2 for women)
than those proposed by the EWGSOP 2. Future stud-
ies with standardized criteria for defining sarcopenia
are needed to better enable accurate estimations of
this disease in PD patients and support interventions
aiming at reducing its occurrence and consequent
burdens.

Sarcopenia was associated with older age in our
study. Although it is acknowledged that many other
factors contribute to this condition, ageing is associ-

ated with a decline in muscle mass and strength [1].
We also observed decreased body mass index and
CC among patients with sarcopenia, the last being
independently associated in multivariate analysis for
confirmed sarcopenia. The occurrence of weight loss
among older patients should indeed prompt concerns
related to muscle wasting, and there is a strong corre-
lation between CC and appendicular muscle mass in
adults, which is independent of age [25]. Recently, da
Luz et al. (2021) proposed the use of CC in addition
to SARC-F to screen for sarcopenia in PD. Further
studies should assess the accuracy of this anthropo-
metric measure for detecting sarcopenia in PD [23].
However, the SARC-F did not show good accuracy
to screen for sarcopenia in our study. In agreement
with our study, a recent systematic review and meta-
analysis concluded that its low to moderate sensitivity
makes it non-optimal to use for sarcopenia screening
in older adults [27].

We assessed the association between CC and mus-
cle mass determined by DXA and assessed the value
of CC as a substitute marker of muscle mass for
sarcopenia diagnosis in PD. Our results showed an
association of lower CC with confirmed sarcope-
nia in PD. Given the sensitivity, specificity, and RO
Kawakami C curve analyses, we showed that measur-
ing the CC, which is a fast and inexpensive method,
can accurately help to identify PD patients with con-
firmed sarcopenia in clinical practice, with a cut-off
of <31 cm in women and <34 cm in men.

Several prior studies have been conducted with the
goal of determining cut-off values for low muscle
mass screening measured by CC in various popula-
tions and health conditions [28–31]. Thus, different
cut-off values of CC by geography and ethnicity
can be used to identify decreasing muscle mass.
Kim et al. reported that optimal CC cut-offs for 70-
to 74-year-old participants were 35 cm (sensitivity
92%, specificity 59%) for males and 33 cm (sen-
sitivity 83%, specificity 50%) for females [31]. A
Brazilian study of participants aging 60 to 69 years
proposed cut-off ratios of 34 cm for males and 33 cm
for females [32].

Our study also found that higher levodopa intake
was associated with higher appendicular muscle mass
and higher handgrip strength in our sample, indicat-
ing that levodopa might be suitable to maintain or
preserve strength and muscle mass. Previous studies
have examined the influence of levodopa medica-
tion on muscle strength in PD. Pedersen et al. found
that levodopa had an influence on strength produc-
tion in PD, and that strength measurement can be



J.R.G. de Luna et al. / Screening Tools for Sarcopenia in Mild to Moderate Parkinson’s Disease 955

used to assess the effectiveness of pharmaceutical
treatment [33]. In this sense, Corcos et al. demon-
strated that levodopa affects both strength and force
development rate, and that changes in strength sig-
nificantly correlate with changes in contraction rate.
Thus, Corcos et al. showed that the discontinua-
tion of antiparkinsonian medicine reduces strength
[34]. However, there are scarce studies on the topic.
Additional research should concentrate on clinical
trials with larger sample sizes and appropriate follow-
up periods to investigate if the Levodopa intake is
effective on muscle strength in PD. Although not
definitive, the summary of evidence to date suggests
that appropriate levodopa adjustment according to
patients’ motor symptoms is crucial to maintain or
preserve strength and muscle mass and might prevent
sarcopenia.

Lower LED suggests either inadequate doses
or lower requirement of DOPA, thus suggesting
milder disease. Although the evidence that levodopa
can improve muscle strength is uncertain [35, 36],
many studies have demonstrated the need of using
proper dopaminergic treatment to preserve strength
and muscle mass and maybe avoid sarcopenia [37,
38]. According to Cioni et al., dopaminergic drugs
increase the activity of the muscles in the distal lower
limbs [38]. According to Smulders et al., bradykinetic
and hypometric spatial aspects of gait and turning
improve with dopaminergic therapy [39].

Lower adherence to regular physical activity and
decreased physical performance were both associ-
ated with probable sarcopenia in this sample. The
role of lifestyle factors in developing this condition
is already well established and physical inactivity
can hasten muscle weakening and favors progres-
sion toward functional impairment. These findings
support the importance of interventions focusing on
regular physical activity to slow these processes and
improve physical performance. Also, the association
of probable sarcopenia with higher MDS-UPDRS
part III score points out that patients with low hand-
grip strength have more symptomatic disease. Indeed,
PD symptoms such as rigidity and bradykinesia might
induce low gait speed and impair postural balance,
thus contributing to poor physical performance [6,
40]. Considering that lower LED was independently
associated with sarcopenia, we might consider that
optimizing dopaminergic pharmacological treatment
is probably decisive for improving strength and phys-
ical performance of PD patients.

Worse cognitive performance as assessed by
MMSE was independently associated with sarcope-

nia in our study. This is consistent with previous
studies that not only showed an independent asso-
ciation, but also that sarcopenia is associated with an
increased risk of cognitive impairment in the general
population, as found in two recent systematic reviews
and meta-analyses [41, 42]. This is an issue of par-
ticular concern among patients with PD given that
this is a neurodegenerative disease that involves pro-
gressive decline of cognitive function across different
domains.

In addition to aging and physical inactivity, there is
a wide range of factors that contribute to sarcopenia
development, such as chronic illness and poor nutri-
tion. In this sense, different assessment methods and
study proceedings could also identify other variables
related to those factors in this sample [1].

We cannot conclude that PD itself does not con-
tribute to sarcopenia for some reasons: firstly, we did
not compare our PD sample with a control group. Sec-
ondly our sample is small. The considerable disparity
between studies could be attributed to diagnostic cri-
teria, muscle mass measuring procedures, differing
cut-off values for muscle mass indices for the defi-
nition of sarcopenia, and the characteristics and age
of recruited PD patients [6]. Several theories regard-
ing sarcopenia have been created through various
working groups or associations. A recent system-
atic review and meta-analysis by Cai et al. found
considerable heterogeneity among studies evaluat-
ing sarcopenia in PD. They analyzed 10 studies and
found that the prevalence of sarcopenia in PD was
29%, but this figure reduced to 17% when only papers
with a low risk of bias were considered. Nonethe-
less, there was no analysis of age subgroups in these
authors’ meta-analyses. Also, the disease durations of
PD patients were varied among different studies [6].
Another recent systematic review and meta-analysis
noticed that PD patients had 3.98 times the prevalence
of sarcopenia as controls [43]. Five studies out of nine
confirmed low muscle mass using bioimpedance,
while one study did not confirm low muscle mass
using bioimpedance, DEXA, or any other type of
imaging. They also observed significant heterogene-
ity in the outcomes, and they did not test the effect of
the time of PD.

The current study has some limitations. First,
patients with severe disease (HY 4-5) and who were
wheelchair users were not included. Therefore, the
prevalence of sarcopenia might have been underes-
timated in our study. Associations described herein
may not be valid among those with more advanced
disease. It should also be noted that normality curves
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Fig. 1. Flowchart of the recruitment process.

Fig. 2. SARC-F and Confirmed Sarcopenia.

and cut-off points for muscle mass and function in PD
patients are not yet available. The sarcopenia cut-off
points used in this study were based on cut-off points
for healthy adults as recommended by the EWGSOP
2. Moreover, there are not any validated methods to
date to diagnose probable sarcopenia by measuring
lower limb strength in PD patients. The addition of a
validated method to measure lower limb strength will
probably increase the accuracy to detect sarcopenia
in PD patients.

Conclusion

Our study showed a low prevalence of confirmed
sarcopenia among PD patients according to the
EWGSOP2 using grip strength and DEXA, indepen-
dently associated with lower LED and lower CC. A
better understanding of the interrelationship between
sarcopenia and pharmacological treatment for PD
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Fig. 3. Right calf circumference and confirmed sarcopenia in
women.

Fig. 4. Right calf circumference and confirmed sarcopenia in men.

may help in improving patients’ long-term outcomes.
We propose that healthcare providers introduce mea-
suring CC, which is a quick and inexpensive method
to assess for sarcopenia in PD patients. A cut-off
of <31 cm in women and <34 cm in men with low
handgrip strength showed great accuracy to diagnose
sarcopenia in PD patients. We recommend the mea-
surement of CC in patients with low handgrip strength
in case DXA is not available. The prevalence and
related clinical features in this study are only appli-

cable to independent, mild-mid stage PD without
mobility-associated co-morbidities. The CC cut-off
relates to this study’s subjects or may be determined
by ethnicity. Additional studies including a diverse
range of ethnicities and a considerably larger sample
size will reveal the ethnicity-specific cut-off value.
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