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Abstract

Background: Sarcopenia and frailty are found in up to one-
third of the general elderly population. Both are associated
with major adverse health outcomes such as nursing home
placement, disability, decreased quality of life, and death.
Data on the frequency of both syndromes in Parkinson’s dis-
ease (PD), however, are very limited. Objective: We aimed to
screen for sarcopenia and frailty in PD patients and to assess
potential associations of both geriatric syndromes with de-
mographic and clinical parameters as well as quality of life.
Methods: In this observational, cross-sectional study, we in-
cluded 104 PD patients from a tertiary center and 330 non-PD
controls from a population-based cohort aged >65 years. All
groups were screened for sarcopenia using the SARC-F score
and for frailty using the Clinical Frailty Scale of the Canadian
Study of Health and Aging (CSHA CFS). Prevalence rates of
sarcopenia and frailty were also assessed in 18 PD patients

from a population-based cohort aged >65 years. Moreover,
PD patients from the tertiary center were evaluated for motor
and non-motor symptoms, quality of life, and dependency.
Results: The prevalence of sarcopenia was 55.8% (95% Cl:
46.2-64.9%) in PD patients from the tertiary center and 8.2%
(5.7-11.7%; p < 0.001) in non-PD controls. Frailty was detect-
ed in 35.6% (27.0-45.2%) and 5.2% (3.2-8.1%; p < 0.001).
Prevalence rates for sarcopenia and frailty were 33.3% (16.1-
56.4%; p=0.004) and 22.2% (8.5-45.8%; p=0.017) in the com-
munity-based PD sample. Both sarcopenia and frailty were
significantly associated with longer disease duration, higher
motor impairment, higher Hoehn and Yahr stages, decreased
quality of life, higher frequency of falls, a higher non-motor
symptom burden, institutionalization, and higher care levels
in PD patients from a tertiary center compared to not affected
PD patients (all p < 0.05). Conclusions: Both frailty and sarco-
penia are more common in PD patients than in the general
community and are associated with a more adverse course of
the disease. Future studies should look into underlying risk
factors for the occurrence of sarcopenia and frailty in PD pa-
tients and into adequate management to prevent and miti-
gate them. ©2018 S. Karger AG, Basel
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Introduction

The term sarcopenia, first implemented in 1989 [1],
describes an abnormal loss of muscle mass in the elderly,
and the current definition characterizes sarcopenia as a
complex, multifactorial age-related loss of skeletal muscle
mass and function [2]. The term frailty is used to describe
increased vulnerability to stressors due to decreased re-
serve, resistance, and poor homeostasis with a dispropor-
tionate influence on health status and multiple organ
functions [3]. The prevalence of both geriatric syndromes
varies according to the definition used and depending on
sex, ethnicity, age group, and geographic region. Validat-
ed screening questionnaires for easy and rapid assess-
ment exist for both [4, 5].

The prevalence of sarcopenia using the SARC-F Score,
a screening tool for sarcopenia, ranges from 4 to 34% for
both sexes in the general elderly population [6-10]. The
prevalence of frailty in the general elderly population was
found to be 16-43% when using the Clinical Frailty Scale
of the Canadian Study of Health and Aging (CSHA CFS),
a screening tool for frailty [4, 11, 12]. Sarcopenia and frail-
ty have been found more frequently in elderly individuals
with chronic diseases such as chronic lung diseases (e.g.,
chronic obstructive pulmonary disease), cardiovascular
diseases, peripheral vascular diseases, diabetes, chronic
kidney disease, liver cirrhosis, and osteoporosis [13-17].

Sarcopenia and frailty are important determinants of
quality of life (QoL), disability, and mortality in the el-
derly population [2, 3], but surprisingly there have been
relatively few studies assessing the overall frequency and
clinical characteristics of these conditions in Parkinson’s
disease (PD).

Thus, the aim of this study was to screen for sarcopenia
and frailty in a large sample of PD patients and compare
the prevalence rates with a control group similar in age
and sex using well-established screening tools for both
sarcopenia and frailty (SARC-F and CSHA CFS) [4, 5, 7,
8, 12, 18-20]. Moreover, we sought to determine poten-
tial demographic and clinical factors associated with the
occurrence of sarcopenia and frailty and associations of
sarcopenia and frailty with QoL in PD patients.

Methods

Study Participants

In the observational, cross-sectional study, 104 patients with
clinically established PD according to UK Parkinson’s Disease So-
ciety Brain Bank clinical diagnostic criteria with an age of 65 years
and more [21] were recruited from our movement disorder unit
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from December 2016 to July 2017. For comparison, we also as-
sessed the prevalence of sarcopenia and frailty in the general el-
derly population in our region using a sample from an ongoing
population-based study (Bruneck Study) [22].

In 1990, Bruneck Study participants were selected as an age-
and sex-stratified random sample of all inhabitants of Bruneck
(i.e., 125 for each sex and 4th, 5th, 6, and 7th decade of age) and
are therefore representative of the general elderly community. All
330 participants, who did not have PD and who were recruited
during a follow-up assessment carried out in April 2016, were in-
cluded in the present analysis as a non-PD control group. More-
over, all participants with PD (n = 18) from the community-based
cohort were used as a validation set for the prevalence rates of sar-
copenia and frailty in PD. These patients were not included in the
non-PD control group of the Bruneck Study (n = 330).

Procedures

While several tools have been used in the past to identify sar-
copenia and frailty, there is no gold standard to diagnose these
syndromes [7, 18]. In the present study, we decided to use two
simple and quick screening tools for their identification due to the
population-based nature of the Bruneck Study. Sarcopenia was
ascertained using SARC-F, a simple five-item screening question-
naire that assesses typical problems and consequences of sarcope-
nia: strength, assistance with walking, rising from a chair, climb-
ing stairs, and falls [5]. Each item is scored from 0 to 2 with total
score values ranging from 0 to 10 points. A score value >4 is pre-
dictive of sarcopenia. Thus, participants with a score value >4
were classified as sarcopenic (sarcopenia group) in this study [4,
7,12,18-20]. The SARC-F has been validated in different popula-
tions and appears to have a comparable predictive value for ad-
verse health outcomes to operational definitions of sarcopenia
[6-10, 23].

Frailty was assessed by the validated 7-item CSHA CFS which
is based on information on mobility, functional capacity, comor-
bid diseases, and cognitive function [4]. The scale ranges from 1
(very fit) to 7 (severely frail). Participants with score values >5 (5:
mildly frail, 6: moderately frail, 7: severely frail) were defined as
being frail (frailty group) in this study [4].

To determine disease-related factors of PD possibly associated
with the occurrence of sarcopenia and frailty, PD subjects under-
went a standardized interview to obtain general demographic data
including age at onset of PD, disease duration, drug history, and a
standardized neurological examination including the MDS Uni-
fied Parkinson’s Disease Rating Scale (MDS-UPDRS) and assess-
ing other clinical characteristics. Non-motor symptoms were as-
sessed by history and the MDS-UPDRS PartI. The levodopa equiv-
alent daily dose (LEDD) was calculated using published conversion
factors excluding patients that had undergone deep brain stimula-
tion (n = 14) [24]. The tremor-dominant (TD) and postural insta-
bility/gait difficulty PD phenotypes were determined, and the TD
phenotype was compared to a non-TD phenotype [25]. Moreover,
QoL was assessed using the 8-item Parkinson’s Disease Question-
naire (PDQ-8; with lower scores indicating better QoL) [26, 27].
Information on institutionalization and level of dependency in ac-
tivities of daily living were determined. Level of dependency, de-
fined as the need for aid in activities of daily living, was self-report-
ed by the PD patients and their relatives.

The evaluation of chronic comorbid diseases in our PD patients
was performed according to the Charlson Comorbidity Index, an
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Table 1. Baseline characteristics of PD patients and the Bruneck cohort

Bruneck cohort? PD cohort Innsbruck? p value® PD cohort Bruneckd p value®
(n=1330) (n=104) (n=18)
Sex, n (%)
Male 167 (50.6) 64 (61.5) 0.051 9 (50.0) 0.960
Female 163 (49.4) 40 (38.5) 9 (50.0)
Age, years 75.3+7.3 (74.0) 73.8+5.2 (73.8) 0.214 78.7+8.1 (79.0) 0.063
SARC-F score values 0.9+1.8 (0) 4.3+3.0 (4.0) <0.001 2.22+3.1 (1.0) 0.032
Sarcopenia®
n (%) 27 (8.2) 58 (55.8) <0.001 6(33.3) 0.004
95% CI 5710 11.7% 46.2 to 64.9% 16.1 to 56.4%
CSHA CFS values 2.0+1.2 (2.0) 3.8+1.7 (4.0) <0.001 3.1+1.6 (3.0) 0.001
Frailty®
n (%) 17 (5.2) 37 (35.6) <0.001 4(22.2) 0.017
95% CI 3.21t08.1% 27.0 to 45.2% 8.5 10 45.8%

Data are presented as mean + standard deviation (median), or as stated. PD, Parkinson’s disease; CI, confidence interval; CSHA, Canadian Study on
Health & Aging; CFS, Clinical Frailty Scale; SARC-F, a simple five-item questionnaire for sarcopenia.

2 Sarcopenia was assessed with the SARC-F score, sarcopenia: >4 points in the SARC-F questionnaire. ® Frailty was assessed with the CSHA CFS, frailty:
>5 points in the CSHA CFS. © p values compared to Bruneck cohort, x? test or Fisher’s exact test for categorical variables, unpaired f test for normally dis-
tributed continuous variables, Mann-Whitney U test for not normally distributed continuous variables. ¢ The PD cohort Innsbruck consists of PD patients
of a tertiary center. The PD cohort Bruneck combines PD cases of a population-based sample. The Bruneck cohort consists of non-PD participants.

index developed to measure overall chronic disease burden longi-
tudinally and to predict survival [28]. Falls were assessed by stan-
dard interview, and recurrent falls were defined as more than one
fall within the last year [29]. To determine the association of falls
with the SARC-F, we excluded the item assessing falls in the total
SARC-F score. Therefore, this modified SARC-F ranged from 1 to
8 points. The same cut-off to define sarcopenia (>4 points) was
used for this subanalysis. A handheld dynamometer (CITEC
handheld dynamometer CT3002) was used to assess handgrip
strength. Gait speed was measured during undisturbed straight
walking at the subject’s own comfortable speed over a distance of
8 m using a simple stop watch [29]. Muscle mass was not assessed
in this study.

Statistical Analysis

Prevalence rates are given in percent of the respective category
with its 95% confidence interval (95% CI), which were calculated
using the modified Wald method [30]. Categorical variables are
given in number and percent of the category. For continuous
quantitative measures the number, the mean with its standard de-
viation, and the median were calculated. Thus, score values rang-
ing from 1 to 10 points for the SARC-F score and from 0 to 7 for
the CSHA CFS were provided as well as the dichotomized outcome
of the assessments with the screening tools (SARC-F >4 as sarco-
penia group and SARC-F <4 as non-sarcopenia group; CSHA CFS
>5 as frailty group and CSHA CFS<5 as non-frailty group). The
prevalence of frailty and sarcopenia in the PD and Bruneck cohort
is given separately for male and female participants in number and
percent of the respective category with its 95% CI. For the Bruneck
PD cohort, no sex-specific analysis was performed due to its small
sample size of only 18 individuals.
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The x* test was used to assess the distribution of sarcopenia,
frailty, and sex between groups (independent variable: PD cohort
vs. elderly population for comparison) as well as the category dis-
tribution (independent variables: frailty and sarcopenia) of nomi-
nal variables in the PD cohort.

Mann-Whitney U tests or unpaired t tests were used for group
comparisons of quantitative variables depending on the scale type
of the variables (see Table legends for details). Moreover, some of
the quantitative variables were categorized either by tertiles (dis-
ease duration) or median (Hoehn and Yahr [H&Y] stage). We ap-
plied the y? test for group comparisons of these categorized vari-
ables.

The association of various outcome measures and clinical
characteristics with the occurrence of sarcopenia and frailty in PD
patients was assessed with an unconditional logistic regression
analysis. Different regression models were assessed (model 1: un-
adjusted; model 2: adjusted for sex and age; model 3: adjusted for
sex, age, and comorbidities; model 4: adjusted for sex, age, comor-
bidities, and LEDD). Associations are expressed by the odds ratio
(OR) and 95% CIs. The ORs of all continuous variables (age, body
mass index, Charlson Comorbidity Indices, SARC-F Score values,
CSHA CFS values, disease duration, MDS-UPDRS Part I-IV and
sum scores, LEDD, handgrip strength, gait velocity) were calcu-
lated for a 1 standard deviation unit change in variable levels in
order to render the odds comparable. The significance level was
set at two-sided p value of <0.05. IBM SPSS 22.0 for Windows
(IBM Corp., Armonk, NY, USA) was used to tabulate and analyze
data.
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Table 2. Sex differences in the prevalence of sarcopenia and frailty

Males Females
Bruneck PD cohort p value® Bruneck PD cohort p value®
cohortd Innsbruck? cohortd Innsbruck?
(n=167) (n=64) (n=163) (n=40)
Age, years 74.6%7.0 (74.0) 73.8+5.2 (73.8) 0.469 76.0+7.5 (75.0)  74.2+5.3 (74.0) 0.451
SARC-F score values 0.53+1.2 (0.0) 3.842.9 (3.5) <0.001 1.3+2.2,0.0) 5.142.9 (5.0) <0.001
Sarcopenia®
n (%) 5(3.0) 32 (50.0) <0.001 22 (13.5) 26 (65.0) <0.001
95% CI 1.1to 7.0% 38.1t0 61.9% 9.0 to 19.7% 49.5t0 77.9%
CSHA CFS values 1.8+1.0 (1.5) 3.7£1.8 (3.0) <0.001 2.2+1.3 (2.0) 3.9+1.7 (4.0) <0.001
Frailty®
n (%) 3(1.8) 20 (31.3) <0.001 14 (8.6) 17 (42.5) <0.001
95% CI -0.4t0 5.4% 21.2 to 43.4% 5.1 to 14.0% 28.5t057.8%

Data are presented as mean * standard deviation (median) or as stated. PD, Parkinson’s disease; CI, confidence interval; CSHA, Ca-
nadian Study on Health & Aging; CFS, Clinical Frailty Scale; SARC-F, a simple five-item questionnaire for sarcopenia.

@ Sarcopenia was assessed with the SARC-F score, Sarcopenia: >4 points in the SARC-F Questionnaire. ° Frailty was assessed with
the CSHA CFS, frailty: >5 points in the CSHA CFS. © p values compared to Bruneck cohort, x? test for categorical variables, unpaired ¢
test for normally distributed continuous variables, Mann-Whitney U test for not normally distributed continuous variables. ¢ The PD
cohort Innsbruck consists of PD patients of a tertiary center. The PD cohort Bruneck combines PD cases of a population-based sample.

The Bruneck cohort consists of non-PD participants.

Results

Prevalence of Sarcopenia and Frailty in PD Compared

to the General Population

Baseline characteristics of PD patients and the Bruneck
cohort are presented in Table 1. Age and sex were not sig-
nificantly different. Mean SARC-F score and CSHA CFS
values were significantly higher in PD patients than the
Bruneck cohort (both p < 0.001, Table 1). The prevalence
of sarcopenia (SARC-F >4) was 55.8% (1 = 58) among PD
patients and 8.2% (n = 27) in the group of the Bruneck
cohort (p < 0.001). The prevalence of frailty (CSHA CFS
>5) was 35.6% (n = 37) in PD patients compared with
5.2% (n = 17) among non-PD participants (p < 0.001; Ta-
ble 1). Table 2 shows baseline characteristics of male and
female participants of the PD and Bruneck cohort sepa-
rately. Mean SARC-F score and CSHA CSF values were
significantly higher in both male and female PD patients
(both p < 0.001; Table 2). Fifty percent (n = 32) of male PD
patients and 3.0% (n = 5) of male Bruneck cohort partici-
pants were sarcopenic (p < 0.001). The prevalence of sar-
copenia among female PD patients was 65.0% (n =26) and
13.5% (n = 22) in all females of the Bruneck cohort (p <
0.001; Table 2). The prevalence of frailty was 31.3% (n =
20) among male PD patients in comparison to 1.8% (n =

Sarcopenia and Frailty in Parkinson’s
Disease

3) among males of the Bruneck cohort (p < 0.001). Female
PD patients showed a prevalence of frailty of 42.5% (n =
17) and females of the group of the Bruneck cohort 8.6%
(n=14) (p <0.001; Table 2).

The Bruneck PD cohort was not significantly different
in age and sex compared to the non-PD Bruneck partici-
pants (Table 1). Mean SARC-F score and CSHA CEFS val-
ues were higher in the population-based PD patients than
in the community-based non-PD cohort (p = 0.032 for
sarcopenia, p = 0.001 for frailty; Table 1). Moreover, the
prevalence of sarcopenia and frailty was higher in the
Bruneck PD patients compared to the non-PD Bruneck
participants (Table 1).

Demographic and Clinical Associations of Sarcopenia

in PD

Tables 3 and 4 summarize baseline values and associa-
tions of sarcopenia with clinical and demographic vari-
ables in PD patients. Using univariate regression models,
sarcopenia was significantly associated with a higher
Charlson Comorbidity Index, higher CSHA CFS values,
frailty, recurrent falls, and the non-TD phenotype of PD
(Fig. 1). Sarcopenic PD patients had a significantly longer
disease duration, higher H&Y stages, and higher MDS-
UPDRS Part I-III and motor sum scores (Fig. 1). In ad-
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Table 3. Clinical characteristics of sarcopenia in PD patients

Total Sarcopenia®
(n=104) no (n = 46) yes (n = 58) p value®

Part 1: Demographic data
Sex, n (%) 0.134

Male 64 (61.5) 32 (69.6) 32(55.2)

Female 40 (38.5) 14 (30.4) 26 (44.8)
Age, years 73.8+5.2 (73.8) 73.3%£5.7 (73.2) 74.2+4.8 (74.6) 0.366
BMI 25.1+£3.6 (24.6) 25.0+3.3 (24.5) 25.2+3.9 (25.1) 0.884
Charlson Comorbidity Index 0.9+1.3 (0) 0.4+0.8 (0.0) 1.2+1.6 (1.0) 0.001
Disease duration, years 12.00+7.9 (10.4) 8.6+5.8 (7.7) 14.7+8.3 (12.9) <0.001
LEDD, mg 842.6+537.6 (850.0)  741.84452.9 (799.5)  941.2+597.8 (935.0)  0.080
Part 2: Frailty and associated factors
CSHA CFS values 3.8+1.7 (4.0) 2.6+1.2 (2.0) 4.8+1.5 (5.0) <0.001
Frailtyb, n (%) 37 (35.6) 3 (6.5) 34 (58.6) <0.001
Handgrip strength, kg 17.7+7.5 (17.0) 19.6+6.1 (19.8) 16.2+8.1 (15.1) 0.004
Gait velocity, m/s 1.240.4 (1.2) 1.4+0.3 (1.3) 1.0+0.4 (1.0) <0.001
Part 3: Scales and questionnaires for PD
PD type

TD/non-TD type, n (%) 29 (27.9)/75 (72.1) 24 (52.2)/22 (47.8) 5(8.6)/53 (91.4) <0.001
Hoehn and Yahr stage 2.5+1.0 (2.0) 1.9+0.8 (2.0) 2.940.9 (3.0) <0.001
MDS - UPDRS Sum Score (I-III) 68.2+28.4 (68.5) 49.4+20.0 (47.5) 83.0+25.1 (82.5) <0.001
MDS - UPDRS Part I 12.746.9 (12.0) 10.4+6.1 (10.0) 14.6+7.0 (14.5) 0.002
MDS - UPDRS Part II 17.149.2 (16.5) 11.4+6.6 (11.5) 21.5+8.6 (19.5) <0.001
MDS - UPDRS Part III 38.4+17.5 (34.0) 27.6x11.3 (28.0) 46.9+16.9 (47.0) <0.001
MDS - UPDRS Motor Sum Score (Parts IT & III) 55.5+24.8 (54.0) 39.1+16.4 (37.0) 68.5+22.7 (66.0) <0.001
MDS - UPDRS Part IV 4.1+4.7 (2.0) 3.3+4.4 (1.0) 4.7+4.9 (3.0) 0.166
Part 4: Characteristics of PD
Recurrent falls®, 7 (%) 48 (46.2) 19 (35.8) 29 (60.4) 0.014
Depression, # (%) 69 (66.3) 29 (63.0) 40 (69.0) 0.526
Cognitive impairment, n (%) 47 (45.2) 19 (41.3) 28 (48.3) 0.478
Dementia, 1 (%) 19 (18.3) 3 (6.5) 16 (27.6) 0.006
Orthostatic hypotension, 7 (%) 49 (47.1) 23 (50.0) 26 (44.8) 0.600
Apathy, n (%) 43 (41.3) 17 (37.0) 26 (44.8) 0.418
Fatigue, n (%) 58 (55.8) 20 (43.5) 38 (65.5) 0.025
Hallucinations, #n (%) 19 (18.3) 8(17.4) 11 (19.0) 0.837
Part 5: Quality of life and dependency
Nursing home placementd, n (%) 6 (5.8) 0(0) 6 (10.3) 0.034
Level of dependency in ADL, n (%) 64 (61.5) 18 (40.0) 46 (79.3) <0.001
PDQ-8 SI 25.0x16.1 (21.9) 18.9+14.2 (14.1) 29.8+16.1 (28.1) 0.001

Data are presented as mean + standard deviation (median) or as stated. PD, Parkinson’s disease; CI, confidence interval; BMI, body mass index; TD,
tremor dominant; CSHA, Canadian Study on Health & Aging; CFS, Clinical Frailty Scale; SARC-F, a simple five-item questionnaire for sarcopenia; MDS-
UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily dose; ADL, activities of daily living; PDQ-
8 SI, Parkinson’s Disease Questionnaire-8 Summary Index.

We did not formally adjust analyses for multiple comparisons. If adjusting for multiple comparisons, the p values would be set at p < 0.008 (0.05/6) for
Part 1, p < 0.0125 (0.05/4) for Part 2, p < 0.0125 (0.05/4) for Part 3, p < 0.006 (0.05/8) for Part 4, and p < 0.017 (0.05/3) for Part 5. p value for MDS-UPDRS
Part I-IIT and motor sum score was set at p < 0.0125 (0.05/4).

Part 1 shows baseline demographic data of sarcopenic and non-sarcopenic PD patients (age, sex, BMI, Charlson Comorbidity Index). Part 2 shows the
group comparisons with respect to frailty and associated factors of both geriatric syndromes (gait velocity and handgrip strength). Part 3 shows group com-
parisons between sarcopenic and nonsarcopenic PD patients regarding score values of scales and questionnaires for PD. Part 4 shows clinical characteristics

of PD. Part 5 represents potential consequences of disease burden and quality of life in PD patients.

Sarcopenia was assessed with the SARC-F score, sarcopenia: >4 points in the SARC-F Questionnaire. ® Frailty was assessed with the CSHA CFS, frailty:
>5 points in the CSHA CFS. € Recurrent falls were defined as more than one fall within the last year. For the assessment of sarcopenia, falls were excluded
from the sum score (using the same cut-off). ¢ Fisher’s exact test. ¢ x? test for categorical variables, unpaired  test for normally distributed continuous vari-

ables, Mann-Whitney U test for not normally distributed continuous variables.
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Fig. 1. Prevalence of sarcopenia according to disease-specific char-
acteristics. Prevalence is given in percent. a Prevalence of sarcope-
nia according to duration of Parkinson’s disease (PD). 1, disease
duration tertile 1: 0.7-7.3 years; 2, disease duration tertile 2: 7.3-
13.4 years; 3, disease duration tertile 3: 13.4-38.3 years. b Preva-
lence of sarcopenia according to Hoehn and Yahr stages (<3 and
>3), separated by the median. ¢ Prevalence of tremor-dominant
(TD) and non-TD type of PD in sarcopenia. Figures were created
using Microsoft® Excel (version 15.41).

dition, the sarcopenia group was more likely to be de-
mented and to suffer from fatigue (Tables 3,and 4). When
adjusting for the covariates sex, age, comorbidities, and
LEDD, multivariate logistic regression analysis showed
significant associations of sarcopenia with higher CHSA
CEFS values, frailty, longer disease duration, higher H&Y
stages, higher MDS-UPDRS Part II and III and motor
sum scores, higher LEDD, recurrent falls, and the non-
TD phenotype of PD (Tables 3 and 4). Handgrip strength
and gait velocity were lower in the sarcopenia group, and
gait velocity showed a significantly negative association
with sarcopenia in a multivariate regression model after
adjustment for age, sex, comorbidities, and LEDD (Ta-
bles 3 and 4). Moreover, sarcopenic PD patients were
more often in a nursing home, required more help than
the non-sarcopenia group, and had higher PDQ-8 score
values (Tables 3 and 4).
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Fig. 2. Prevalence of frailty according to disease-specific character-
istics. Prevalence is given in percent. a Prevalence of frailty accord-
ing to duration of Parkinson’s disease (PD). 1, disease duration
tertile 1: 0.7-7.3 years; 2, disease duration tertile 2: 7.3-13.4 years;
3, disease duration tertile 3: 13.4-38.3 years. b Prevalence of frail-
ty according to Hoehn and Yahr stages (<3 and >3), separated by
the median. ¢ Prevalence of tremor-dominant (TD) and non-TD
type of PD in frailty. Figures were created using Microsoft® Excel
(version 15.41).

Demographic and Clinical Associations of Frailty

in PD

The baseline characteristics and evaluation of associ-
ated factors for frailty in PD patients are shown in Tables
5 and 6. In univariate regression models, frailty was sig-
nificantly associated with older age, a higher Charlson
Comorbidity Index, higher SARC-F score values and
therefore sarcopenia, recurrent falls, and the non-TD
type of PD (Fig. 2). The disease duration was significant-
lylonger, the H&Y stage was higher, the LEDD was high-
er, and all MDS-UPDRS scores and the motor sum score
were higher among frail compared with non-frail PD pa-
tients (Fig. 2). In addition, cognitive impairment, de-
mentia, fatigue, and hallucinations were independently
associated with frailty (Tables 5 and 6). When adjusting
for sex, age, comorbidities, and LEDD, the multivariate
logistic regression analysis revealed significant associa-
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Table 5. Clinical characteristics of frailty in PD patients

Total Frailty®
(n=104) no (n=67) yes (n =37) p value®

Part 1: Demographic data
Sex, n (%) 0.244

Male 64 (61.5) 44 (65.7) 20 (54.1)

Female 40 (38.5) 23 (34.3) 17 (45.9)
Age, years 73.8+5.2 (73.8) 72.9+5.4 (73.3) 75.4+4.6 (76.2) 0.022
BMI 25.1+3.6 (24.6) 25.4+3.7 (24.6) 24.5+3.5 (21.6) 0.203
Charlson Comorbidity Index 0.9+1.3 (0) 0.6+1.0 (0.0) 1.4+1.7 (1.0) 0.004
Disease duration, years 12.00+7.9 (10.4) 9.6+6.3 (8.3) 16.5+8.5 (16.4) <0.001
LEDD, mg 842.6+£537.6 (850.0) 754.2+508.7 (700.0) 1,035.2+557.4 (1,137.5)  0.021
Part 2: Sarcopenia and associated factors
SARC-F score values 4.3+3.0 (4.0) 2.842.1 (3.0) 7.1+£2.1 (8.0) <0.001
Sarcopenia?, n (%) 58 (55.8) 24 (35.8) 34 (91.9) <0.001
Handgrip strength, kg 17.7+7.5 (17.0) 19.6+6.8 (18.6) 13.8+7.4 (12.8) <0.001
Gait velocity, m/s 1.240.4 (1.2) 1.3+0.4 (1.3) 0.9+0.4 (0.9) <0.001
Part 3: Scales and questionnaires for PD
PD type

TD/non-TD type, n (%) 29 (27.9)/75 (72.1) 28 (41.8)/39 (58.2) 1(2.7)/36 (97.3) <0.001
Hoehn and Yahr stage 2.5+1.0 (2.0) 2.0+0.8 (2.0) 3.3+£0.9 (3.0) <0.001
MDS - UPDRS Sum Score (I-III) 68.2+28.4 (68.5) 54.5+21.0 (52.0) 93.0+22.6 (93.0) <0.001
MDS - UPDRS Part I 12.7+6.9 (12.0) 11.1+6.4 (10.0) 15.7+6.8 (16.0) 0.001
MDS - UPDRS Part IT 17.149.2 (16.5) 12.746.2 (14.0) 25.048.5 (25.0) <0.001
MDS - UPDRS Part III 38.4+17.5 (34.0) 30.7+13.6 (31.0) 52.3+15.1 (52.0) <0.001
MDS - UPDRS Motor Sum Score (Parts II & IT1I)  55.5+24.8 (54.0) 43.4+17.9 (43.0) 77.3+20.5 (77.0) <0.001
MDS - UPDRS Part IV 4.1+4.7 (2.0) 3.143.9 (1.0) 5.945.6 (5.0) 0.009
Part 4: Characteristics of PD
Recurrent falls<, n (%) 48 (46.2) 23 (35.4) 25 (69.4) 0.001
Depression, # (%) 69 (66.3) 42 (62.7) 27 (73.0) 0.288
Cognitive impairment, n (%) 47 (45.2) 23 (34.3) 24 (64.9) 0.003
Dementia, n (%) 19 (18.3) 4(6.0) 15 (40.5) <0.001
Orthostatic hypotension, # (%) 49 (47.1) 32 (47.8) 17 (45.9) 0.859
Apathy, 7 (%) 43 (41.3) 26 (38.8) 17 (45.9) 0.479
Fatigue, n (%) 58 (55.8) 32 (47.8) 26 (70.3) 0.027
Hallucinations, #n (%) 19 (18.3) 8(11.9) 11 (29.7) 0.025
Part 5: Quality of life and dependency
Nursing home placementd, n (%) 6 (5.8) 1(1.5) 5(13.5) 0.022
Level of dependency in ADL, n (%) 64 (61.5) 29 (43.9) 35 (94.6) <0.001
PDQ-8 SI 25.0+16.1 (21.9) 20.7+15.7 (18.8) 32.8+14.0 (31.3) <0.001

Data are presented as mean + standard deviation (median) or as stated. PD, Parkinson’s disease; CI, confidence interval; BMI, body mass index; TD,
tremor dominant; CSHA, Canadian Study on Health & Aging; CFS, Clinical Frailty Scale; SARC-F, a simple five-item questionnaire for sarcopenia; MDS-
UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily dose; ADL, activities of daily living; PDQ-
8 SI, Parkinson’s Disease Questionnaire-8 Summary Index.

We did not formally adjust analyses for multiple comparisons. If adjusting for multiple comparisons, the p values would be set at p < 0.008 (0.05/6) for
Part 1, p < 0.0125 (0.05/4) for Part 2, p < 0.0125 (0.05/4) for Part 3, p < 0.006 (0.05/8) for Part 4, and p < 0.017 (0.05/3) for Part 5. p value for MDS-UPDRS
Part I-III and motor sum score was set at p < 0.0125 (0.05/4).

Part 1 shows baseline demographic data of frail and non-frail PD patients (age, sex, BMI, Charlson Comorbidity Index). Part 2 shows the group com-
parisons with respect to sarcopenia and associated factors of both geriatric syndromes (gait velocity and handgrip strength). Part 3 shows group comparisons
between frail and non-frail PD patients regarding score values of scales and questionnaires for PD. Part 4 shows clinical characteristics of PD. Part 5 repre-
sents potential consequences of disease burden and quality of life in PD patients.

@ Sarcopenia was assessed with the SARC-F score, sarcopenia: > 4points in the SARC-F Questionnaire. ® Frailty was assessed with the CSHA CFS, frailty:
=5 points in the CSHA CFS. € Recurrent falls were defined as more than one fall within the last year. For the assessment of sarcopenia, falls were excluded
from the sum score (using the same cut-off). ¢ Fisher’s exact test. ¢ X? test for categorical variables, unpaired f test for normally distributed continuous vari-
ables, Mann-Whitney U test for not normally distributed continuous variables.
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Table 6. Associations between clinical characteristics and frailty

Frailty®
model 1 model 2 model 3 model 4
OR p value OR p value OR p value OR p value
(95% CI) (95% CI) (95% CI) (95% CI)

Part 1: Demographic data

Sex 0.61 0.245 NA NA NA NA NA NA
(0.27 to 1.40)

Age (years) 1.10 0.025 NA NA NA NA NA NA
(1.01 to 1.19)

BMI 0.76 0.202 0.86 0.493 0.73 0.202 0.71 0.173
(0.50 to 1.16) (0.55 to 1.34) (0.45t0 1.18) (0.43 to 1.16)

Charlson Comorbidity Index 1.90 0.005 1.76 0.019 NA NA NA NA
(1.21t0 2.98) (1.10 to 2.81)

Disease duration (years) 2.68 <0.001 2.62 <0.001 243 0.001 2.16 0.003
(1.63 to 4.39) (1.58 to 4.34) (1.47 to 4.02) (1.30 to 3.60)

LEDD (mg) 1.67 0.027 1.89 0.013 1.97 0.010 NA NA
(1.06 to 2.64) (1.15 t0 3.12) (1.17 to 3.31)

Part 2: Sarcopenia and associated factors

SARC-F score values 10.50 <0.001 13.32 <0.001 12.89 <0.001 11.84 <0.001
(4.54 to 24.28) (4.86 to 36.45) (4.66 to 35.62) (4.29 to 32.64)

Sarcopenia® 20.31 <0.001 22.06 <0.001 19.28 <0.001 16.87 <0.001
(5.64 to 73.16) (5.76 to 84.48) (4.91 to 75.68) (4.18 to 68.14)

Handgrip strength (kg) 0.38 0.001 0.31 0.001 0.29 0.001 0.30 0.002
(0.22 t0 0.66) (0.15 t0 0.63) (0.14 to 0.61) (0.14 t0 0.63)

Gait velocity (m/s) 0.27 <0.001 0.28 <0.001 0.30 <0.001 0.31 0.001
(0.15 to 0.50) (0.15 to 0.54) (0.15 to 0.59) (0.15 t0 0.62)

Part 3: Scales and Questionnaires for PD

PD type 0.04 0.002 0.02 0.001 0.03 0.002 0.03 0.003
(0.01 to 0.30) (0.00 to 0.21) (0.00 to 0.25) (0.00 to 0.31)

Hoehn and Yahr stage 6.21 <0.001 7.56 <0.001 7.34 <0.001 7.47 <0.001
(3.02 to 12.78) (3.35t0 17.07) (3.23 t0 16.72) (3.04 to 18.39)

MDS - UPDRS Sum Score (I-1IT) 10.36 <0.001 11.54 <0.001 11.21 <0.001 10.99 <0.001
(4.13 t0 26.02) (4.25t0 31.31) (4.08 to 30.83) (3.88 t0 31.15)

MDS - UPDRS Part I 2.03 0.002 2.07 0.003 1.95 0.008 170 0.042
(1.30 to 3.19) (1.29 to 3.32) (1.19 to 3.18) (1.02 to 2.84)

MDS - UPDRS Part I 10.86 <0.001 12.72 <0.001 14.17 <0.001 13.50 <0.001
(4.07 to 28.97) (4.33 t0 37.36) (4.51 to 44.56) (4.22 to 43.14)

MDS - UPDRS Part ITI 5.60 <0.001 6.93 <0.001 6.48 <0.001 5.75 <0.001
(2.85t0 11.01) (3.14 to 15.30) (2.95to 14.22) (2.58 to 12.81)

MDS - UPDRS Motor Sum Score (Parts II & III) . <0.001 12.96 <0.001 12.49 <0.001 11.89 <0.001
(4.04 to 24.51) (4.50 to 37.30) (4.32t0 36.12) (4.06 to 34.87)

MDS - UPDRS Part IV 1.82 0.005 2.04 0.002 2.00 0.003 1.55 0.091
(1.20 to 2.76) (1.30 to 3.18) (1.26 to 3.16) (0.93 t0 2.59)

Part 4: Characteristics of PD

Recurrent falls® 4.15 0.001 4.85 0.001 4.15 0.003 3.43 0.015
(1.73 10 9.93) (1.91 to 12.31) (1.60 to 10.77) (1.27 t0 9.26)

Depression 1.61 0.290 1.26 0.627 1.27 0.632 1.40 0.525
(0.67 to 3.87) (0.50 to 3.18) (0.48 to 3.33) (0.50 to 3.94)

Cognitive impairment 3.53 0.003 3.33 0.007 3.30 0.010 3.40 0.011
(1.52 to 8.20) (1.39 to 8.01) (1.34 t0 8.15) (1.32 t0 8.78)

Dementia 10.74 <0.001 11.95 <0.001 9.70 0.001 11.26 0.001
(3.22 t0 35.83) (3.32 t0 43.07) (2.57 to0 36.67) (2.78 to 45.56)

Orthostatic hypotension 0.93 0.859 0.79 0.586 0.70 0.422 0.71 0.472
(0.42 t0 2.08) (0.34 to 1.84) (0.29 to 1.68) (0.29 to 1.79)

Apathy 1.34 0.480 1.20 0.677 1.20 0.687 1.18 0.718
(0.60 to 3.02) (0.52 to 2.78) (0.50 to 2.85) (0.48 to 2.93)

Fatigue 2.59 0.029 2.26 0.068 2.17 0.094 1.84 0.202
(1.10 to 6.06) (0.94 to 5.43) (0.88 to 5.35) (0.72 to 4.72)

Hallucinations 3.12 0.029 3.44 0.022 3.66 0.019 3.16 0.046

(1.12 to 8.66)

(1.20 t0 9.87)

(1.23 t0 10.85)

(1.02 t0 9.83)

PD, Parkinson’s disease; OR, odds ratio; CI, confidence interval; BMI, body mass index; CSHA, Canadian Study on Health and Aging; CFS, Clinical Frailty Scale; SARC-F, a simple five-item
questionnaire for sarcopenia; MDS-UPDRS, Movement Disorder Society-Unified Parkinson ‘s Disease Rating Scale; LEDD, levodopa equivalent daily dose; NA, not applicable.

Model 1: binary logistic regression analysis unadjusted; model 2: binary logistic regression analysis adjusted for sex and age (in years), standard deviation (SD) corrected for continuous variables;
model 3: binary logistic regression analysis adjusted for sex, age (in years, SD corrected), Charlson Comorbidity Index, SD corrected for continuous variables; model 4: binary logistic regression
analysis adjusted for sex, age (in years, SD corrected), Charlson Comorbidity Index, and LEDD, SD corrected for continuous variables.

Regression analysis was not formally adjusted for multiple comparisons. If adjusting for multiple comparisons, the p values would be set at p < 0.0083 (0.05/6) for Part 1, p < 0.0125 (0.05/4) for
Part 2, p < 0.0125 (0.05/4) for Part 3, and p < 0.006 (0.05/8) for Part 4. p value for MDS-UPDRS Part I-IIT and motor sum score was set at p < 0.0125 (0.05/4).

Part 1 shows baseline demographic data of frail and non-frail PD patients (age, sex, BMI, Charlson Comorbidity Index, disease duration, LEDD). Part 2 shows the group comparisons with re-
spect to sarcopenia and associated factors of both geriatric syndromes (gait velocity and handgrip strength). Part 3 shows group comparisons between frail and non-frail PD patients regarding score
values of scales and questionnaires for PD. Part 4 shows clinical characteristics of PD.

# Sarcopenia was assessed with the SARC-F score, sarcopenia: 24 points in the SARC-F questionnaire. ® Frailty was assessed with the CSHA CES, frailty: 25 points in the CSHA CFS. ¢ Recurrent
falls were defined as more than one fall within the last year. For the assessment of sarcopenia, falls were excluded in the sum score with the same cut-off.
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tions of frailty with higher SARC-F score values, sarco-
penia, longer disease duration, the non-TD type of PD,
higher H&Y stages, higher MDS-UPDRS Part I-III and
motor sum scores, higher LEDD, and recurrent falls.
Cognitive impairment, dementia, and hallucinations
also remained associated with frailty after adjustment for
sex, age, and comorbidities (Tables 5 and 6). Handgrip
strength and gait velocity were lower in the frailty group
and showed an inverse association with frailty in multi-
variate regression models after adjustment for age, sex,
comorbidities,and LEDD (Tables 5 and 6). Furthermore,
frail PD patients were more frequently institutionalized
and dependent, and had higher PDQ-8 sum score values
(Tables 5 and 6).

Discussion

Previous studies attempting to assess the prevalence of
frailty and sarcopenia in PD samples have yielded incon-
sistent results of 32.6% for frailty and ranging from 6.6 to
40.7% for sarcopenia [31-33]. Discrepancies were most
likely due to significant differences in patient selection
and methods used [31-33]. In our study, we found that
both sarcopenia and frailty were significantly more com-
mon in PD patients compared with the general elderly
population. The prevalence rates of sarcopenia and frail-
ty in our general population-based sample were within
previously reported ranges, contributing to the validity of
the screening tools used [4, 6-12]. The prevalence rates of
sarcopenia and frailty were slightly lower in the commu-
nity-based PD cohort compared to the PD cohort recruit-
ed in the tertiary center. However, their 95% CIs over-
lapped, supporting the high prevalence rates of sarcope-
nia and frailty in PD.

Both sarcopenia and frailty were associated with clin-
ical characteristics of advanced PD, in particular longer
disease duration, higher H&Y stages, higher motor im-
pairment and non-motor burden including dementia,
falls, reduced QoL, as well as institutionalization. This is
in keeping with findings of previous studies assessing
sarcopenia and frailty in PD patients [31-33]. In addi-
tion, sarcopenia and frailty were associated with a non-
TD presentation. Similar to observations in non-PD
populations [2, 3], PD subjects with sarcopenia and
frailty had reductions in gait velocity and handgrip
strength compared to those without. Grip strength is
known to be reduced in PD patients and to correlate
with age, UPDRS motor scores, and H&Y stages [34].
Interestingly, there was a positive association of frailty

Sarcopenia and Frailty in Parkinson’s
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with hallucinations in our PD cohort, and we found
common risk factors for the development of both [35]
in our PD cohort as well.

Altered neuromuscular control resulting in gait diffi-
culties, a lower gait velocity, and falls has been described
in PD patients and is also associated with sarcopenia and
frailty [36]. A high frequency of falls was more common-
ly reported by PD patients with both sarcopenia and frail-
ty compared to those without, underlining the impor-
tance of screening for falls in PD. PD patients with both
frailty and sarcopenia more commonly presented with a
non-TD phenotype, which appears consistent with faster
disease progression and faster rate of cognitive decline in
non-TD versus TD patients [37, 38]. Overall, sarcopenia
and frailty in our study were associated with motor and
non-motor milestones of advanced PD. Progressive dis-
ability in PD is driven by the evolution of treatment-re-
sistant motor symptoms such as freezing of gait, postural
instability, and recurrent falls, as well as by increasingly
prevalent and bothersome non-motor symptoms which
are a major determinant of QoL, and of institutionaliza-
tion [38]. Indeed, QoL was significantly impaired in PD
patients with both sarcopenia and frailty, and affected pa-
tients were more commonly institutionalized. A potential
drawback of our study is the lack of adjustment for mul-
tiple comparisons. However, main outcomes of our study
would largely survive adjustment for multiple compari-
sons as indicated in the legends of Tables 3-6.

Our assessment has several strengths including the rel-
atively large cohort of consecutively recruited PD patients
and a cohort of elderly participants comparable in age
and sex, representing a typical elderly western population
with respect to demographic and lifestyle characteristics
as well as comorbidities. Sarcopenia, frailty, and PD-re-
lated motor and non-motor symptoms were carefully
and comprehensively evaluated according to established
questionnaires and rating scales. There are, however, lim-
itations to this study. While the Bruneck cohort was pop-
ulation-based, the PD cohort was recruited in a univer-
sity hospital. Thus, the prevalence of sarcopenia and
frailty in PD as well as their clinical and demographic as-
sociations are representative for tertiary center PD pa-
tients in more advanced disease stages [39]. Therefore,
the prevalence rates may not be generalizable to the over-
all PD population. However, our results were reproduc-
ible in an unselected PD population (Bruneck PD cohort)
with sarcopenia and frailty being significantly more prev-
alentin PD patients compared to non-PD subjects similar
in age and sex, which adds further strength to our study
(Table 1).
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The cross-sectional nature of the present study did not
allow for a prospective assessment of risk factors for sar-
copenia and frailty in PD. A prospective follow-up ex-
amination of our well-described PD cohort may give ad-
ditional information on the association of sarcopenia and
frailty with potential clinical milestones in PD as well as
nursing home placement and mortality. Moreover, this
would aid in assessing the effect size of the influence of
the three syndromes on each other. Symptoms of PD may
overlap with characteristics of sarcopenia and frailty, but
this also applies to other chronic neurological and non-
neurological diseases in which the geriatric syndromes
have been assessed so far (e.g., stroke, cardiovascular dis-
eases, cancer, or osteoporosis) [13, 16, 17, 33, 40]. As PD
could be seen as a paradigmatic disease for frail and sar-
copenic elderly, an insight into the underlying patho-
physiology could be provided by prospective long-term
studies.

Finally, as the SARC-F score and the CSHA CFS are
screening tools, a positive screening should ideally lead to
further examination to confirm the diagnosis of sarcope-
nia and frailty. The absence of a gold standard for the di-
agnosis and the need for additional measurements to as-
sess sarcopenia and frailty limit evaluation in clinical rou-
tine [33]. Moreover, the application of these screening
tools does not allow determining different stages of sar-
copenia, and the assessment of associations of different
stages of frailty with PD is beyond the scope of this paper.
While sarcopenia is defined by the loss of muscle mass
and a constraint in one functional criterion such as mus-
cle strength or physical performance (e.g., gait velocity),
severe sarcopenia is defined as impairment in all three
criteria [2]. Two models are currently proposed to deter-
mine frailty: the cumulative deficit model [4] and the
physical phenotype model of frailty [1]. The latter is the
most widely used definition and includes unintentional
weight loss, weakness, exhaustion, low gait velocity, and
low weekly energy expenditure [3]. Accordingly, frailty is
defined as an impairment in three or more categories,
while a prefrail stage is characterized by fulfilling one or
two criteria [3]. The aim of our study was to screen for the
two geriatric syndromes in PD patients and to compare
their prevalence with a control group. We did not assess
muscle mass in this study, but found that gait speed and
handgrip strength were positively associated with sarco-
penia and frailty in our study. This adds to the validity of
the screening tools used in this study to assess both geri-
atric syndromes in PD patients. The advantage of using
screening tools in patients is the easy and rapid identifica-
tion of people at risk, which may then be followed by tar-
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geted application of additional assessments. Future re-
search studies should examine the feasibility of the use of
screening tools for sarcopenia and frailty in PD patients
and use the operational criteria to determine these geri-
atric syndromes in PD populations. As there are different
stages of sarcopenia and frailty, future studies should also
assess their prevalence in PD as this might have major
implications for rehabilitation approaches.

To the best of our knowledge, there is no controlled
study reporting on the prevalence and clinical associa-
tions of sarcopenia and frailty in PD. Our study suggests
that both sarcopenia and frailty are common in PD pa-
tients and are associated with more advanced disease
stages, higher motor impairment and non-motor burden,
falls, reduced QoL, as well as institutionalization. Impor-
tantly, sarcopenia and frailty seem to be a typical finding
in advanced PD patients. The results of our study should
increase awareness among clinicians of the high preva-
lence and disease burden of sarcopenia and frailty in PD.
Those at risk for sarcopenia and frailty according to the
screening tools should be further assessed to confirm the
diagnosis. Moreover, future studies should identify risk
factors for sarcopenia and frailty in PD to discover feasi-
ble therapeutic options for prevention and mitigation of
both.
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