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Abstract
The coronavirus-disease 2019 (COVID-19) outbreak precipitated prolonged lock-down measures. The subsequent social
distancing, isolation, and reduction in mobility increased psychological stress, which may worsen Parkinson’s disease (PD).
Therefore, telemedicine has been proposed to provide care to PD patients. To evaluate the effects of lock-down on motor
and nonmotor symptoms in PD patients during the COVID-19 pandemic and the feasibility of telemedicine. Motor and
nonmotor aspects were longitudinally assessed using structured questionnaires at baseline (in-person, February 2020) and
at follow-up (remote web-based video, lock-down) evaluation. Of the seventeen PD patients evaluated at baseline, fourteen
agreed to participate in, and completed follow-up evaluations. There was an impairment of nonmotor aspects measured with
the MDS-UPDRS part I (p < 0.001) during lock-down. Nine patients participated independently in the telemedicine evaluation while five needed help from relatives. Our preliminary findings suggest an impairment of nonmotor symptoms in PD
patients and support the feasibility and need for telemedicine in monitoring PD patients during the COVID-19 pandemic,
to guarantee optimal assistance with reducing the burden of infection. Our findings also suggest that movement disorder
clinics should be carefully considering socio-demographics and clinical features when developing telemedicine programs.
Keywords Parkinson’s disease · Telemedicine · Motor symptoms · Non-motor symptoms · COVID-19 · Psychological
performance

Introduction
Parkinson’s disease (PD) is a chronic and progressive
neurodegenerative disease affecting 1% of the population
above 60 years [1]. The impact of Coronavirus-disease 2019
(COVID-19) pandemic on a vulnerable population, such as
PD patients, highlights the practical concerns of clinical
management in PD. The COVID-19 outbreak elicited prolonged lock-down measures in Italy from March 9th to May
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4th, 2020. The subsequent reduction of mobility for most of
the people, along with social distancing and isolation measures, increased psychological stress [2], which may worsen
the progression of PD [3]. The use of telemedicine has been
proposed for healthcare delivery during the COVID-19 pandemic [4], and the International Parkinson and Movement
Disorder Society released a step-by-step guide on implementing telemedicine in a movement disorders clinic [5].
Indeed, the remote and web-based video motor evaluation
of PD patients has been reported to be as feasible, valid,
and reliable as the in-person assessment [6, 7]. Only two
items (rigidity and retropulsion) in the Movement Disorders Society-Unified Parkinson disease rating Scale (MDSUPDRS) part III require hands-on assessment; the reliability
and validity of the modified motor UPDRS, but not MDSUPDRS excluding the aforementioned items, have been
verified [8]. Moreover, the MDS-UPDRS part III motor
scores for in-clinic and telemedicine visits have not yet been
compared. Due to their advanced age and potentially limited familiarity with web-based tools, PD patients may have
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difficulty being introduced to clinical practice. In this study,
we aimed to obtain data on the effects of lockdown measures
on motor and nonmotor symptoms of PD in a small sample
of patients currently enrolled in a research project and to
evaluate the feasibility of a remote, web-based video evaluation for PD patients during the COVID-19 pandemic.

Materials and methods
Study population and assessment
This study is an extension of an ongoing longitudinal “Study
of the neural bases underlying the beneficial effects of physical activity in Parkinson’s disease”, which was interrupted
by the COVID-19 outbreak. The extension study protocol
was approved by the Institutional Review Board (Protocol
Number 2019-033) of Trento. Participants’ inclusion criteria
were diagnosis of idiopathic PD based on the MDS criteria
[9] and disease severity ≤ 3 based on the modified Hoehn
and Yahr scale (H&Y) [10]. Exclusion criteria were the presence of severe comorbidities, neurological (e.g., DSM-IVdementia) and psychiatric disorders. The participants gave
written informed consent. The baseline evaluation was performed on seventeen patients in February 2020 with a faceto-face interview and hands-on clinical neurological examination at the Center for Neurocognitive Rehabilitation at
Trento University, Italy. The follow-up (FU) evaluation was
performed using an online standardized platform, according to privacy requirements, during the last week (April
24th–May 1st 2020) of the COVID-19 lock-down period
in Italy. Feasibility was measured by the completion of telemedicine evaluation, alone or with the help of relatives.
Demographics and clinical information [e.g., age, gender,
age at PD onset, disease duration, PD phenotype: bradykinetic/rigid or tremor-dominant, PD side onset, education and
web-based tool (PC) use] were collected along with data
on PD therapy, expressed as levodopa daily dose equivalent
(LEDD) [11]. We administered several structured questionnaires at baseline and at FU evaluations, with the exception
of the Montreal Cognitive Assessment (MoCA) for global
cognitive status, H&Y (both performed only at baseline)
and the Perceived Stress Scale (PSS) (performed only at
FU) [12, 13]. Motor and nonmotor symptoms were assessed
during the “ON” state, through the revised MDS- UPDRS,
which includes part I [non-motor aspects of experiences of
daily living (EDL)], part II (motor aspects of EDL), part III
(motor evaluation) and part IV (motor complications) [14].
PD severity was assessed with H&Y staging [10]. Psychosocial well-being was assessed with the 12-item Parkinson
Anxiety Scale (OR-PAS), the 30-item Geriatric Depression
Scale (GDS), the self-administered and informant Apathy Evaluation Scale (AES-S, AES-I), the Lubben Social
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Network Scale-Revised (LSNS-R), and the 39-item Parkinson’s Disease Questionnaire (PDQ-39) with summary Index
(PDQ-39-SI) calculation [15–20]. The balance confidence
was assessed using the Falls Efficacy Scale International
(FES-I) and the Activity-specific Balance Confidence scale
(ABCs-I) [21, 22]. The freezing of gait was recorded using
the New Freezing of Gait Questionnaire (NFOGQ) [23]
and the Fatigue Severity Scale (FSS) was also administered
[24]. A screening for COVID-19 symptoms was carried out;
participants were asked if they had experienced the following symptoms since the beginning of the lock-down period:
fever, chills, repeated shaking with chills, headache, sore
throat, muscle pain, and a new loss of taste or smell [25].

Statistical analysis
Data are presented as frequencies and percentages for categorical data, and as mean with standard deviation (SD) for
continuous data. Since outliers were present, nonparametric
methods were used to assess inter- and intra-group differences by means of the Wilcoxon-Signed-Rank Test and the
Mann–Whitney-U-test. The Chi-Square-test was used for
counting data. Due to the large number of variables and the
low number of cases, a factor analysis was performed using
principal components with varimax rotations on differences
from baseline to FU for LEDD, MDS-UPDRS total score,
H&Y, AES (S and I), OR-PAS, GDS, PDQ-39, FES-I, FSS,
ABCs-I, and NFOGQ. Eigenvalues > 1 were used to identify
the number of factors, and factor loadings > 0.7 were used
for variable identification since correlation coefficients of
approximately 0.7 can be detected with a sample size of 14.
Post-hoc group comparisons for variables associated with a
factor were performed only for factors demonstrating significant group differences. All p-values are two-sided and corrected for multiple comparisons using the Jianjun Li procedure [26]; a value less than 0.05 was considered statistically
significant. SPSS software (IBM version 26.00) was used.

Results
Of the seventeen PD patients evaluated at baseline, fourteen
agreed to participate in the telemedicine evaluation. Three
patients did not participate: two due to limited knowledge or
availability of web-based tools, and one did not respond. All
fourteen participants completed the telemedicine evaluation
and no unexpected events or technical problems (that could
affect the quality of the assessment) were reported. Nine
patients participated in the web-based video evaluation independently (independent PC use), while five patients required
assistance from relatives. Baseline demographic and clinical
data are shown in Table 1.
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Data on motor and psychometric performance at baseline
and FU are reported in Table 2. One patient reported an episodic fever without any other symptoms related to COVID19 disease at FU evaluation. Thirteen out of 14 patients were
on PD medications; nine had no PD-therapy modification
at FU, while three had PD-therapy modification (two had
therapy reductions secondary to increased levodopa-induced
dyskinesia and one had increased therapy due to worsening of tremor and bradykinesia). MDS-UPDRS total score
increased (p = 0.023) between the two evaluations, with the
effect mainly driven by part I (p < 0.001). Specifically, two
patients reported worsening in cognition, one in hallucinations and psychosis (presence phenomena), eight in anxiety, two in apathy, five in sleep problems, eight in daytime
sleepiness, three in pain/other sensations, five in urinary
problems, five in constipation, three in lightheadedness on
standing, and six in fatigue. AES-S and AES-I mean scores
were not different in the longitudinal evaluations, however,
the number of apathetic patients in caregiver’s report (AESI) and self-evaluation (AES-S) was different both at baseline
(p = 0.043) and at follow-up (p = 0.009). GDS mean scores
were within the normal range on both evaluations, but individual scores were positive for depression at baseline in
five patients (and remained positive in four at FU). OR-PAS
scores were positive at baseline and increased significantly
at FU (p = 0.007) due to avoidance behaviour (p < 0.001).
Persistent anxiety was present both at baseline and followup. LSN-S and PDQ39-SI did not change. Mean scores in
FES-I were in the range of moderate concern for falling on
both evaluations, with a trend towards increased fear of falling (p = 0.064). ABCs and FSS mean scores were within
normal ranges on both evaluations. Four of the 6 patients
with FOG reported worsening and two patients reported
FOG only at FU.
Table 1  Baseline demographic and clinical data of the 14 PD patients
Features/variables

Mean ± SD; (median, min–
max) or N(%)

Age, years
Gender, men
Body side PD onset, right
Age at PD onset, years
PD duration, years
PD phenotype, PIGD/TD
Education, years
PC use, alone/with help
MoCA (cut off < 17.363)
[N < cut off, %]
Job, retired/working

64.9 ± 8.5; (66.5, 49–77)
7 (50)
9 (64.3)
59.2 ± 8.2; (61, 40–71)
5.7 ± 4.1; (5, 1–17)
3 (21.4)/11 (78.6)
12.8 ± 4; (13, 8–18)
9 (64.3)/5 (42.9)
22.5 ± 1.9; (24.5,19.9–25.3)
1 (7.1)
11 (78.6); 3 (21.4)

MoCA Montreal Cognitive Assessment; N number; PD Parkinson disease; PIGD postural instability and gait difficulty; TD tremor-dominant
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Factor analysis identified three factors, and the respective
factor loadings for parameter differences from baseline to
FU are provided in Table 3. The factor “Balance” positively
correlated with FES and negatively with ABCs. The factor
“Parkinson” was positively correlated with MDS-UPDRS
and negatively with NFOGQ. The factor “Psychosocial
well-being” positively correlated with OR-PAS, GDS, and
PDQ39. These three factors were further evaluated in relation to several patient characteristics (age, age at PD onset,
PC-use, PD-side, PD-type, education, PD-duration, and gender) (Table 3). The analysis showed that the PC-use dependent patients had a significant improvement at FU in PDQ39
(p = 0.05) and GDS (p = 0.05) and trended towards improvement in OR-PAS (p = 0.07) compared to their PC-use independent counterparts (See Figures S1 in the Supplementary
Material for comprehensive image analysis). Left PD-side
onset patients demonstrated a trend towards improvement on
the ABCs-I (p = 0.08) compared to their right PD-side onset
counterparts (Fig. S1).

Discussion
The preliminary data show an impairment of nonmotor
symptoms in PD patients during the lockdown. There was
an increase in MDS-UPDRS total score in the prospective
evaluation, particularly due to most of the nonmotor aspects
of experiences of daily living (e.g., cognition, hallucinations,
and psychosis, anxiety, apathy, sleep problems, daytime
sleepiness pain/other sensations, urinary problems, constipation, lightheadedness on standing and fatigue). A similar
study recently reported a worsening in non-motor symptoms
(e.g., anxiety and cognition) [27].
A worsening of anxiety was reported by eight patients in
part I of MDS-UPDRS but was not observed in the OR-PAS
evaluation. An increase in OR-PAS at FU was related exclusively to avoidance behaviours imposed by the lock-down
measures. Consistent with the literature, anxiety (OR-PAS)
was present in nearly 60% of PD patients [28, 29]. A worsening in apathy was reported by two patients in part I of MDSUPD but was not observed in the AES-S where none of the
patients reported apathy (AES-S), which is in disagreement
with the caregiver’s report (AES-I) and previous work. This
is likely due to the small sample size in our study and different patient characteristics across the studies (age, PD duration and stage, cognition, apathy scale employed) [30–34].
Consistent with previous work, depression (GDS) was present in 35% of PD patients [35]. Longitudinal evaluations
of apathy (AES-S and AES-I) and depression (GDS) did
not demonstrate significant differences during lock-down.
Motor performance only demonstrated a trend towards
increased fear of falling as measured by FES-I. UPDRS
part III was not different at follow-up and this may be due
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Table 2  Baseline and follow-up data on motor and psychometric performances of the 14 PD patients
Features/variables

Baseline (February)

Follow-up (end of April)

p-value
(change over
time)

LEDD (mg/day)
Levodopa
Dopamine agonists
MAOB-inhibitors
COMT-inhibitors
MDS-UPDRS score Part I
MDS-UPDRS score Part II
MDS-UPDRS score Part III
MDS-UPDRS score Part IV
MDS-UPDRS total score
H&Y score
AES-S (cut-off > 37)
[N > cut off, %]
AES-I (cut-off > 37)
[N > cut off, %]
OR-PAS persistent (cut-off > 4.5)
[N > cut off, %]
OR-PAS episodic (cut-off > 4.5)
[N > cut off, %]
OR-PAS avoidance behaviour (cut-off > 3.5)
[N > cut off, %]
OR-PAS total (cut-off > 8.5)
[N > cut off, %]
GDS (cut-off > 10)
[N > cut off, %]
PDQ39-SI
LSNS-R
PSS (cut-off > 14)
[N > cut off, %]
FES-I (cut-off > 16)
[N > cut off, %]
FSS (cut-off > 4.5)
[N > cut off, %]
ABCs-I (cut-off < 50%)
[N > cut off, %]
NFOGQ
[N > cut off, %]
Physical activity (minutes/week)

551.3 ± 343.7; (468, 0–1220)
13 (92.9)
9 (64.3)
4 (28.6)
1 (7.1)
6.2 ± 2.9; (7, 2–12)
8.9 ± 4.6; (9.5, 0–16)
15.5 ± 5.8; (14, 9–30)
2.2 ± 3.3; (0.5, 0–9)
32.8 ± 10.8; (32.5, 13–54)
1.7 ± 0.6; (2, 1–3)
29.1 ± 5.1; (30, 21–37)
(0)
34.45 ± 9; (35, 22–48)
(6, 42.9)
8 ± 5.2; (8.5, 0–14)
(8, 57.1)
2 ± 2.7; (1, 0–10)
(1, 7.1)
1.8 ± 2.2; (1, 0–7)
(3, 21.4)
11.8 ± 8.4; (12.5, 3–31)
8 (57.2)
8.1 ± 7.1; (7.5, 0–20)
5 (35.7)
19.8 ± 9.8; (16.5, 7.3–37.2)
36.1 ± 7.7; (35, 19–47)

471.3 ± 321.2; (410, 0–1220)
13 (92.9)
9 (64.3)
4 (28.6)
1 (7.1)
9.8 ± 4.6; (9, 2–17)
10.1 ± 4.7; (9.5, 3–18)
16.3 ± 7.4; (14, 8–36)
3 ± 4.6; (0, 0–13)
39 ± 13.6; (34.5, 19–57)
1.7 ± 0.6; (2, 1–3)
27.9 ± 5.1; (27.5, 20–37)
(0)
36 ± 9.3; (37.5, 17–50)
(8, 57.1)
7.4 ± 4.4; (8, 0–15)
(9, 64.3)
1.9 ± 2.8; (1, 0–9)
(2, 14.3)
7.5 ± 1.7; (8, 3–9)
(13, 92.8)
16.9 ± 7.4; (16.5, 7–32)
11 (78, 6)
6.7 ± 5.6; (5.5, 0–18)
4 (28, 6)
15.9 ± 6.8; (16.1, 7- 30.5)
36.1 ± 9.2; (37.5, 17–50)
10.7 ± 4.8; (11, 6–23)
(2, 14.3)
26.9 ± 8.2; (24.5, 17–47)
(14, 100)
3.4 ± 1.9; (3.2, 1.3–6.5)
(5, 35.7)
77.8 ± 18.7; (85.3, 28.1–94.4)
(3, 21.4)
5.1 ± 8.3; (0, 0–25)
(6, 42.9)
223.6 ± 120.3; (210, 0–480)

0.144

22.9 ± 7.2; (21, 16–30)
(14, 100)
3.8 ± 1.9; (4.6, 1–6.1)
(6, 42.9)
79.6 ± 23.1; (90.6, 34.4–98.7)
(4, 28.5)
6.8 ± 9.9; (0, 0–26)
(6, 42.9)
266.2 ± 103.6; (200, 60–480)

0.001
0.375
0.497
0.900
0.023
1.000
0.231
0.959
0.617
0.905
0.001
0.007
1.000
0.221
1.000

0.064
0.397
0.345
0.624
0.138

Values expressed as mean ± SD; (median, min–max) or N(%). Statistically significant values are reported in bold
ABCs-I Activity specific Balance Confidence scale International; AES-S Apathy Evaluation Scale-Self; AES-I Apathy Evaluation Scale-informant; FES-I Falls Efficacy Scale International; FSS Fatigue Severity Scale; GDS Geriatric Depression Scale; H&Y modified Hoehn and Yahr
scale; LEDD levodopa equivalent daily dose; LSNS–R Lubben Social Network scale revised; MDS-UPDRS Movement Disorder Society-Unified
Parkinson’s Disease Rating Scale; N number; NFOGQ new freezing of gait questionnaire; PAS Parkinson Anxiety Scale; PDQ-39 Parkinson’s
Disease Questionnaire 39-Items

to the maintenance of physical activity (Table 2) during the
lockdown in our sample.
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Fasano and colleagues reported no difference in COVID19 risk and mortality in nonadvanced PD patients compared
to the general population [36], whereas in advanced PD

Parkinson

− 0.17
− 0.10
0.82
− 0.04
− 0.35
0.11
0.69
− 0.71
0.56

Balance

Factor loadings
0.93
− 0.89
0.01
0.19
0.48
− 0.17
0.57
0.19
− 0.45
0.14
0.01
− 0.10
0.81
0.70
0.88
0.09
0.04
− 0.16

Psycho-social
well-being

PD side

Age

p-values (Mann–Whitney-U test)
0.25
0.59
1.00
0.50
0.08
0.90
0.59
0.12
0.95
0.05
0.55
0.23
0.05
0.41
0.84
0.07
0.64
0.07
0.95
0.64
0.09
0.53
0.17
0.89
0.13
0.27
0.32
0.39
0.64
0.48
0.39
0.10
0.34
0.03
0.95
0.14

PC use

0.44
0.25
0.65
0.41
0.55
0.65
0.14
0.55
0.32
0.23
0.57
0.57

Age at onset

0.18
0.02
0.88
0.39
0.33
0.81
0.48
0.47
0.07
0.24
0.31
0.48

PD type

0.38
0.89
0.23
0.55
0.41
0.38
0.32
0.68
0.33
0.55
0.10
0.74

Education
(years)

0.48
0.30
0.12
0.16
0.69
0.70
0.70
0.11
0.84
0.70
0.25
0.44

PD duration

0.75
0.41
0.37
0.85
0.51
0.65
0.41
0.14
0.14
0.41
0.57
0.95

Gender

Difference from baseline and follow-up Δ: ABCs-I Activity specific Balance Confidence scale International; AES Apathy Evaluation Scale; FES-I Falls Efficacy Scale International; FSS Fatigue
Severity Scale; GDS Geriatric Depression Scale; MDS-UPDRS Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; NFOGQ new freezing of gait questionnaire; PAS Parkinson Anxiety Scale; PDQ-39 Parkinson’s Disease Questionnaire 39-Items

Mann–Whitney U and Wilcoxon W for PC use, PD side, age, age at onset, PD type, education, PD duration, gender data

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization

Δ FES
Δ ABCs-I
Δ MDS-UPDRS
Δ PDQ39-SI
Δ GDS
Δ OR-PAS
Δ FSS
Δ NFOGQ
Δ AES
Balance
Parkinson
Psychosocial well-being

Variable

Table 3  Rotated component m
 atrixa
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patients with COVID-19 has been reported a high mortality
rate ranging from 40–50% [37] to 20% [38, 39], particularly
in those with lengthy disease duration, the use of advanced
therapies and particularly in the older population [37, 40].
Artusi and colleagues [41] recently reviewed all the published articles reporting data on PD with a confirmed diagnosis of COVID-19 showing a prevalence below 1% except
for two studies of patients living in Lombardy, Italy (prevalence of 7 and 8.5%) [36, 42]. They also found an overall
hospitalization rate of 28.6% and mortality rate of 18.9% in
PD patients [41].
Until a definitive control of COVID-19 disease is
achieved, reduced social interaction and use of face masks
may remain major indications particularly for moderate to
severe PD patients. Despite the limited number of patients
in our study, 82% of our patients successfully completed
telemedicine evaluation, supporting its feasibility during
the COVID-19 pandemic. The data further suggest that the
help of relatives may be crucial for PD patients with limited knowledge or availability of web-based tools. Households may overall be beneficial for the subgroup of patients
dependent on PC use, especially during the lock-down.
Indeed, such patients reported a significant improvement in
quality of life (PDQ-39) and depression (GDS), with a trend
towards improvement in anxiety (PAS) compared with those
independent of PC use. Telemedicine evaluation appears
to help reduce the burden of infection in PD patients. Our
preliminary results suggest that socio-demographics (e.g.,
availability of web-based tools, relative support) and clinical (e.g., disease severity) features of PD patients should
be carefully considered by movement disorder clinics when
developing telemedicine programs [43].
The impairment in the nonmotor aspects observed in our
small cohort of PD patients during the lock-down supports
the need for telemedicine in PD patient care in agreement
with the International Parkinson and Movement Disorder
Society guides [5]. The preliminary data show that it was
feasible to monitor the most mild-to-moderate PD patients
with telemedicine evaluation during the COVID-19 pandemic, but that the lack of relatives and limited knowledge
or availability of web-based tools may present potential limitations for widespread applicability in Italy.
This study has limitations: main limitations are the limited number of patients and the use of face-to-face questionnaires during the first evaluation and of a remote evaluation
in the follow-up evaluation. Although the reliability and
validity of the modified motor UPDRS without rigidity and
pull test are proven for remotely administration [8], MDSUPDRS, which is derived from UPDRS, has not yet been
validated remotely and/or used for comparison between inclinic and telemedicine visit scores. Non-motor and selfrating scales can likely be administered face-to-face and
via telemedicine with similar results, but the telemedicine
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evaluation has also not yet been tele-validated. Further we
acknowledge the absence of a time-matched control group
due to the unusual circumstance where the entire world was
in lockdown. It would be interesting to expand the results
collecting further data post-lockdown.
Our preliminary results support the feasibility of teleevaluation in PD patients and encourage studies in larger
samples to validate the scale application in such modalities,
in agreement with Schneider et al. [44]. Moreover, the current findings should be investigated on a larger sample, and
possibly with a control group, to gauge whether the nonmotor worsening observed was due to heightened psychological
stress from the lock-down period or if it was related to other
causes (e.g., the natural progressive course of the disease).

Conclusions
Our findings suggest an impairment of non-motor symptoms
in PD patients during COVID-19 lockdown. Our preliminary
data also support the feasibility and need for telemedicine
in monitoring PD patients, during the COVID-19 pandemic,
to guarantee optimal assistance with reducing the burden
of infection. Our findings also suggest that movement disorder clinics should be carefully considering socio-demographics and clinical features when developing telemedicine
programs.
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