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Abstract: The COVID-19 pandemic has been a stress test for the population, especially for people
with chronic disorders such as Parkinson’s disease (PD). In addition to public health restrictions that
contrast with PD management recommendations, there were deep changes in health care delivery.
This retrospective study evaluates the impact of COVID-19 on the clinical and functional evolution of
a cohort of 221 PD patients consecutively referred to the Movement Disorders Center between 2018
and 2021. We analyzed the trend in motor and non-motor symptoms and functional status across
years based on the Unified Parkinson’s Disease Rating Scale (UPDRS) and Non-Motor Symptom
Scale (NMSS). We also compared the number of emerging complications, neurologic visits, and
rehabilitation sessions per subject per year. In 2020, all primary endpoint measures worsened
compared to 2019, without age, disease duration, or greater neurologic impairment explaining this
outcome. Concurrently, the percentage of patients receiving neurologic visits or rehabilitation sessions
reduced by 53% and 58%, respectively. The subgroup analysis of 167 subjects revealed that those
who received at least one cycle of rehabilitation sessions in 2020 maintained their independence level.
These findings lead to emphasizing the importance of regular monitoring and rehabilitation delivery
in people with chronic neurological disorders.

Keywords: COVID-19; healthcare; rehabilitation; Parkinson’s disease; disability; SARS-CoV-2; move-
ment disorders; neurodegenerative disease

1. Introduction

More than 400,000,000 cumulative cases and more than 5,500,000 cumulative deaths
are the figures of the COVID-19 pandemic in February 2022 [1]. Italy is one of the most
affected countries, where a strict lockdown was imposed from 9 March to 3 May in 2020,
followed by the second period of hard restrictions from October 2020 to April 2021. Dur-
ing the whole period of interest of our study (March 2020-December 2021), there were
147,936 COVID-19 diagnoses in the Marche region (namely in the population from which
the patients with PD are referred to the Movement Disorder Center), with a cumulative
incidence rate of 9853.16/100,000 inhabitants [2]. The COVID-19 pandemic has been a
stress test for the world population, especially for the healthcare systems that could not
help but reduce providing diagnostic, therapeutic, and rehabilitation services to individ-
uals with emerging or chronic conditions [3-6]. The impact of these changes has been
particularly felt by people with disabilities, like patients with Parkinson’s disease (PD),
leading to physical and psychological consequences on mental health [7-9]. Due to the
pandemic and associated restrictions, they have faced severe and specific challenges. It is
worth considering that the restrictions to routine life obliged individuals to adapt quickly
to the new situation, which requires well-preserved dopamine functioning [10]. Many PD
patients experienced worsening motor and non-motor symptoms, perhaps due to changes
in medical care, daily activities, social support, or physical activity [11]. Anxiety, chronic
stress, and depression increased, whereas the opportunities to perform regular physical
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activity and access to physiotherapy, advanced therapies, and functional surgery were
dramatically reduced [12,13]. People with chronic diseases and disabilities benefit from
regular follow-up visits to strengthen their empowerment, screen for the risks of emerg-
ing illness, and prescribe drug and rehabilitation treatment as needed. During the first
lockdown, follow-up face-to-face visits were suspended or drastically reduced, as were
physiotherapy and any rehabilitation intervention [14]. According to a survey conducted in
Italy between April and May 2020, around 80% of PD patients interrupted physiotherapy
treatments, and up to 60% reported worsening symptoms [15]. The negative impact of the
COVID-19 pandemic has also been felt by PD caregivers, who experienced a worsening of
their stress level in around 50% of the cases [16].

This study evaluates the clinical and functional evolution of a cohort of PD patients
undergoing a standard assessment at an acknowledged Movement Disorders Center, in
Italy, over four years, from 2018 to 2021. The research hypothesis is that the reduced access
to healthcare services and the interference with the standardized disease management ap-
proach worsened this frail population’s clinical and functional status during the pandemic.

2. Materials and Methods
2.1. Study Design and Population

In this retrospective, monocentric cohort study, we included patients with PD who
were consecutively referred to the Center for Diagnosis and Treatment of Movement
Disorders based in a university hospital in Italy.

To the scope of the present study, we considered data collected during the follow-up
visits performed in 15 June through 15 December of 2018, 2019, 2020, and 2021. With the
selection of this 6-month period, we aimed at ensuring the same time interval between
subsequent assessments, while avoiding the overlap with Christmas holidays when outpa-
tient visits are suspended. Specifically, the second part of each year was selected in order to
avoid the months of 2020 (March 9th through May 3rd) when outpatients activities were
suspended due to the general lockdown.

We searched the clinical records of all subjects with a confirmed PD diagnosis ac-
cording to the Movement Disorder Society Clinical Diagnostic Criteria for Parkinson’s
disease [17], excluding those that were referred to the Center after 2018 or had stopped
clinical monitoring before 2021. We obtained written consent to use anonymized data for
research purposes from each participant.

2.2. Model of Care Applied at the Movement Disorder Center

According to the standard model of care adopted at the Movement Disorder Center,
outpatients with PD undergo regular neurological and functional assessment, conducted
by the same physician, every six months, to evaluate disability progression, check for
emerging clinical problems, and prescribe medical and rehabilitation treatment, as needed.
At each visit, the Movement Disorder Society-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) [18] and Non-Motor Symptom Scale (NMSS) [19] are scored. In addition,
the checklist of emerging complications, rehabilitation treatment delivery (yes/no, number
of sessions), and hospitalizations (yes/no, admission diagnosis) is also filled; finally, the
Levodopa Equivalent Daily Dose (LEDD) [20] and the body mass index are recorded.

The MDS-UPDRS [18] is a revision of the UPDRS originally developed in the 1980s.
It is designed to evaluate various aspects of Parkinson’s disease, including Non-motor
(UPDRS Part I: score range 0-52) and Motor Experiences of Daily Living (UPDRS Part
II; score range 0-52), Motor Examination (UPDRS Part I1I; score range 0-128), and Motor
Complications (UPDRS Part IV; score range 0-24), characterizing the extent and burden
of disease across various populations. It has been validated in different languages, Italian
included. The full assessment takes around 30 min.

The NMSS [19] is a 30-item rater-based scale to assess a wide range of non-motor
symptoms in patients with PD. The NMSS measures the severity and frequency of non-
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motor symptoms across nine dimensions (score range: 0-360) and can be used for patients
at all stages of PD. Its administration takes around 10 min.

2.3. Data Analysis

The primary endpoints were changes in motor (UPDRS III score) and non-motor symp-
toms (NMSS score), and functional status (UPDRS II score) in 2020 (under the lockdown)
when compared to the preceding (2018-2019) and subsequent years (2021).

Secondary endpoints were changes in UPDRS IV scores, LEDD, body mass index,
requests for neurological counsels, rehabilitation sessions, hospitalizations, and emerging
comorbidities with particular attention to SARS-CoV-2 infections.

We used descriptive statistics to outline the trend in UPDRS III, NMSS, and UPDRS
II scores across the period of interest, representing the data as mean, Standard Deviation
(SD), median, and interquartile range (IQR). The same procedure was applied to UPDRS
IV, LEDD, body mass index, number of neurological visits, rehabilitation sessions, and
hospitalizations. Incident SARS-CoV-2 infections and related outcomes (i.e., mortality,
need for hospitalization) were described as percentages of the total subjects assessed/year.
In order to cope with the high inter-individual variability of the outcome mesures, we
computed the percentage change of each variable of interest over one year with respect to
the previous years’ value; namely, the UPDRS II change over 2019/2018 was computed as:
(2019 UPDRS II score-2018 UPDRS II score) /2018 UPDRS II score) x 100.

As the higher the UPDRS or NMSS scores the worse the impairment, positive changes
indicate worsened patients’” conditions.

Comparative statistics used the Wilcoxon signed-rank test to ascertain differences
between changes observed in 2019-2020, with respect to the previous and subsequent
time periods.

The simple regression analysis was applied to check the relationship between the
%changes observed in 2019-2020 in the primary outcome measures with several explanatory
variables (e.g., age, BMI, disease duration, disease severity in terms of NMSS score and
UPDRS subscores). When appropriate, a multiple regression analysis was applied.

Based on the application of Bonferroni correction for multiple comparisons, statistical
significance was set at a p-value of <0.001. We used SAS StatView 5.0 for data analysis.

3. Results

A total of 466 patients received at least one visit over the whole period of interest
(15 June 2018, through 15 December 2021). Of them, 24 subjects did not meet the diagnosis
criterion (they suffered from atypical parkinsonism), and 185 patients were excluded
because they were referred to the center for the first time after 1 January 2019 (namely,
88 in 2019, 26 in 2020, and 71 in 2021), so no information was available about the trend in
their clinical and functional status before the pandemic. Finally, out of 257 subjects with
complete records from 2018 through 2021, 36 did not show up in the period of interest
(15 June-15 December) of 2020 for fear of attending the hospital. Therefore, the analysis
focused on the remaining 221. They were 116 men and 105 women, with a mean age of 72.5
(£8.9 SD) years [range 51-91] and a disease duration of 14.6 (+7.6 SD) years [range 4-37].

3.1. Primary Endpoints

Table 1 presents the results of the descriptive and comparative statistics of primary
endpoint measures across the period of interest. Overall, the mean values of UPDRS-II
(15.02 £ 8.0) and UPDRS-III (22.63 + 13.1) recorded in 2018 are representative of a varied
population of patients with mild to moderate motor impairment and reduced independence
in ADL, though generally preserved walking ability. The disabling impact of non-motor
symtoms (NMSS score = 65.89 + 34.6 in 2018) is mild to moderate as well. The analysis of
changes of primary outcome measures in the 2018-2019 time period showed high inter-
individual variability in the trends of UPDRS-II, UPDRS-III, and NMSS scores with mean
values of 0.3% (£33.0), —3.8% (£39.3), and —11.5% (£32.4), respectively. Even if the large
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variability of motor and non-motor symptom progression was confirmed in subsequent
years, the matched comparison of % changes observed in 2019-2020, with those recorded in
2018-2019 in the same subjects, showed a statistically significant trend towards increasing
for all primary outcome measures. On average, UPDRS-II, UPDRS-III, and NMSS scores
increased by 22% (£55.3), 28.8% (£64.2), and 12.5 (£8.1), respectively, at the end of 2020
compared to the year before. In the 2020-2021 period, UPDRS-II, UPDRS-III, and NMSS
increased by 12.0% (£58.3), 0.01% (£0.4), and 12.5% (+49.5), respectively. When compared
to the changes observed in the previous year, only the UPDRS-III trend was significantly
different from the trend observed before.

Table 1. Clinical and functional status scores collected on 221 patients with PD from 2018 to 2021.
Main outcome changes at the end of each period of interest are described as a percentage of the
change compared to the starting value. Statistically significant comparisons are indicated in bold.

Wilcoxon Wilcoxon
Rank Test Rank Test
%Change %Change %Change . .
Parameter 2018 2019 2020 2021 (2018 2019- (2020 (@0s=2019 - (2019-2020
2019)/2018 2020)/2019 2021)/2020 2019-2020) 2020-2021)
Z; Tied P Z; Tied P
UPDRS IT
Mean£SD  15.02+8.0 14.10 + 8.4 1547 £ 8.6 16.13 + 8.1 03 +33.0 22 £553 12.0 £ 58.3 —3.4; -2.3;
[median; [14;12] [13;11.3] [14;13] [15;11.3] [0;26.4] [10.0; 36.6] [0;31.8] p = 0.0007 p=0.01
IQR]
UPDRS III
Mean (SD) 2263+131 2068127 23524137  2326+£133 384393 288+ 642 0.01 404 —-3.9; —5.8;
[median; [20;17.5] [18;17] [21;19] [22;18] [4.7;39.9] [14.3; 50.9] [0;0.39] p =0.0001 p =0.0001
IOR]
NMSS
Mean (SD) 65.89 £ 34.6 55.95 £+ 31.1 60.42 £ 35.7 58.69 & 34.3 —-11.5+£324 125+8.1 12.5 £49.5 —3.2; —0.67;
[median; [62.5; 44] [50; 42.8] [52.5; 46] [53.5; 50.5] [-13.0;381]  [23;511] [4.7;55.7] p =0.001 p=049
IOR]
Legend: IQR: Interquartile Range; NMSS = Non-Motor Symptoms Scale; SD: Standard Deviation;
UPDRS = Unified Parkinson’s Disease Rating Scale.
We run a simple regression analysis to look for any correlation between demographic
and clinical variables and the progression of primary outcome measures in 2019-2020.
Table 2 details the results, showing that only the baseline values of the different measures
at the start of 2019 explained the change. Most importantly, it showed that the lower the
starting values, the higher the changes in the following year.
Table 2. Results of the simple regression analysis matching different independent variables with
%changes observed in 2019-2020 in the primary outcome measures. Statistically significant correla-
tions are in bold.
Dependent Variable
Independent Variable UPDRS II UPDRS III NMSS
(2019 Values) % Change 2019-2020 % Change 2019-2020 % Change 2019-2020
Age Coeff. 0.569; R2:0.008 p = 0.21 Coeff. 0.361; R2:0.002 p = 0.50 Coeff. —0.543; R2:0.010 p = 0.17
Disease duration Coeff.— 0.347; R2:0.002 p = 0.49 Coeff. —1.36; R2:0.027 p = 0.02 Coeff. —0.261; R2:0.002 p = 0.55
BMI Coeff. —0.558; R2:0.002 p = 0.54 Coeff. —0.731; R2:0.003 p = 0.48 Coeff. 0.139; R2:0.0001 p = 0.86
UPDRS I Coeff. —2.42; R2:0.113 p =0.0001  Coeff.—1.24; R2:0.023 p = 0.03 Coeff. —0.109; R2:0.0001 p = 0.80
UPDRS 111 Coeff. —0.509; R2:0.013 p = 0.10 Coeff. —1.84; R2:0.128 p = 0.0001  Coeff. 0.204; R2:0.003 p = 0.46
NMSS Coeff. —0.218; R2:0.014 p = 0.09 Coeff. —0.084; R2:0.002 p = 0.58 Coeff. —0.477; R2:0.090 p = 0.0001

Legend: BMI = Body Mass Index; Coeff = coefficient; NMSS = Non-Motor Symptoms Scale; UPDRS = Unified
Parkinson’s Disease Rating Scale; val: value.

Age, disease duration, and BMI were not correlated to the trends observed in 2018-
2019 and 2020-2021 in the primary outcome measures. When we matched the % changes
in UPDRS II, UPDRS III, and NMSS observed in 2018-2019 with their starting values,



Appl. Sci. 2023,13,1126

50f11

we found no significant relationship. On the other side, significant correlations were
observed between the % changes in UPDRS II and UPDRS III observed in 2020-2021 with
their starting values, and, more precisely, the lower the starting values, the greater their
worsening during the subsequent year (Table 3).

Table 3. Results of the simple regression analysis matching %changes observed in 2018-2019 and
2020-2021 in the primary outcome measures with their starting values. Statistically significant
correlations are in bold.

Dependent Variable
Independent UPDRS 11 UPDRS III % NMSS % UPDRS 11 UPDRS III NMSS
Val‘ianle % Change Change Change % Change % Change % Change
2018-2019 2018-2019 2018-2019 2020-2021 2020-2021 2020-2021
Coeff. —0.759; R2:  Coeff. —0.055; R2:  Coeff. 0.088; R2:
UPDRSII2018 030 5 = 0.01 0.0001p=0.88  0.0001p=078
Coeff. —0.013; R2:
’ Coeff. —0.342; R2:  Coeff. 0.136; R2:
UPDRS 111 2018 0.0001 0.013p=0.13 0.003 p =0.49
p =094
NMSS 2018 Coeft, ~0.072; Rz Soet 0% RE ot —0.119; R2:
0.006 p =0.32 p =042 0.016 p=0.10
Coeff. —0.007; R2:  Coeff. —0.439; R2:
UPDRS II 2020 Coeff: “2BLRZ (023 0.005
AP = p =0.04 p=038
Coeff. —0.573; R2: nn. Coeff. —0.279; R2:
UPDRS III 2020 0.017 Coell 00 X% 0,005
p=0.08 HORP =D p =037
Coeff. —0.427; R2:  Coeff. —0.002; R2: Coeff. —0.394; R2:
NMSS 2020 0.056 0.017 0.054
p = 0.002 p=0.08 p =0.003
Legend: Coeff = coefficient; NMSS = Non-Motor Symptoms Scale; UPDRS = Unified Parkinson’s Disease Rating
Scale; val: value.
3.2. Secondary Endpoints
Table 4 presents the results of the descriptive and comparative statistics of secondary
endpoint measures across the period of interest. No statistically significant changes were
observed in any measure.
Table 4. Values of the secondary outcome measures (BMI, UPDRS 1V, and LevoDopa Equivalent Daily
Doses (LEDDs)) in the period of interest. Comparisons between measures taken in two consecutive
years are presented. No statistically significant changes were observed over time.
Wilcoxon Wilcoxon Wilcoxon
Rank Test Rank Test Rank Test
Parameter 2018 2019 2020 2021 (2018 vs. 2019) (2019 vs. 2020) (2020 vs. 2021)
Z; Tied P Z; Tied P Z; Tied P
EMI 263+ 4.9 259445 258+ 48 259453
Mean + SD I o e . —24p=0.01 —0.76 p=0.44 —-1.58p =0.11
[median; IOR] 2575551 [25.4; 4.9] [25.0; 5.5] [25.5; 5.5]
UPDRS IV
Mean + SD [33'?’(;]* 3.2 ffi]i 28 [33.(_)in 3.0 [22'?3; 3.1 _18p=006  -25p=0009 —04p=067
[median; IQR] ! 4 ! 4
LEDD 689.7 £+ 374.7 701.9 £ 436.4 668.1 £+ 383.4 661.7 £ 414.0
Mean & SD [650; 464.3] [6065;411.0]  [562,4715] [560; 472.7] 0.34p=073  15p=012 0.0p>0.99

[median; IQR]

Legend: BMI = Body Mass Index; UPDRS = Unified Parkinson’s Disease Rating Scale; LEDD = Levodopa
Equivalent Daily Dose.

In 2020, we observed a 53% decrease in the number of neurologic counsels per subject.
In addition, the rate of subjects receiving at least one rehabilitation cycle per year dropped
from 87% (in 2018 and 2019) to 29% in 2020 (Chi-square = 20; p < 0.0001), rising again to
42% in 2021.
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Looking for factors explaining the variance of UPDRS II % change in 2019-2020, we
considered patients who received rehabilitation in 2020. The U-Mann-Whitney was applied
for this post-hoc comparison between a group of 64 patients who had undergone at least
one cycle of rehabilitation sessions (mean UPDRS II change 2019-2020: 0.7% =+ 26.4 [median
—2.6; IQR 27.8] and the remaining 157 who had not received any training (mean UPDRS
II change 2019-2020: 24.7% =+ 57.5 [median 11.1; IQR 39.3]. The comparison by the U-
Mann-Whitney test did not show any significant difference though, just a trend towards a
different disability progression in the two subgroups (Z = —1.9; p = 0.04).

Eleven patients with PD (5% of the study sample) developed a SARS-CoV-2 infection
in the period of interest. Four subjects died: of them, three were in the advanced stage of
disease with comorbidities (diabetes mellitus, cerebral vasculopathy, blood hypertension),
and one was in a moderate stage without comorbidity. Among the seven survivors, two suf-
fered from bilateral interstitial pneumonia and were hospitalized and recovered completely,
while five subjects suffered from a mild infection without the need for hospitalization. The
survivors did not show a significant worsening in either UPDRS or NMSS scores compared
to the premorbid condition.

4. Discussion

The longitudinal observation of a cohort of patients with PD from 2018 to 2021 allowed
us to have a comprehensive view of what happened in recent years. 2020 was the most
critical year because we were taken aback by the spreading of the COVID-19 pandemic
and suffered the strictest and most challenging lockdown measures. 2021 combined the
long-term response to the pandemic with the resumption of follow-up visits and face-
to-face rehabilitation sessions, the implementation of remote technology solutions, and,
eventually, the introduction of the most important prevention tool, i.e., the vaccines against
the SARS-CoV-2 virus. Data from 2018 and 2019 presented the health status of patients with
PD immediately before the pandemic and offered a reference point for the interpretation of
disability progression across the whole period of interest.

The current understanding of evolving disability in PD shows some limitations linked
to the limited number of studies, [21-28], the frequent cross-sectional designs that over-
estimate the actual rate of progression, [21] and/or different and limited measures of
disability. However, authors largely agree that the growth curve, or change over time,
for MDS-UPDRS is curvilinear [21,28] and that there is little to no change in motor and
functional status through 12 months [21,27] Ellis et al. [21] showed that the adjusted linear
effect at 18 months is 1.79 (95% CI 0.99, 2.59) and at 24 months is 2.48 (95% CI 1.16, 3.79),
a 2.5 point increase at 2 years. Schrag et al. [29] showed that the mean deterioration of
motor and disability scores ranges from 2.4 to 7.4% of the maximum possible score per year,
and standard deviations indicated the considerable variability of progression rates between
individuals. The progression of motor scores decreases with follow-up over 4 years and
significantly declines in more advanced disease stages. The deterioration of disability scores
does not differ between disease stages; this may reflect the increasing rate of non-motor
symptoms or disease complications, which contribute to increasing disability in addition to
motor impairment alone in more advanced disease. Alves et al. [23] found a mean annual
decline in the UPDRS motor score of 3.2%, and the UPDRS Activity of Daily Living (ADL)
score changed similarly, by 3.6% per year. Many authors demontrated that age, age at onset,
disease duration, mild cognitive impairment at baseline, severe rigidity or bradykinesia,
prominent gait problem at the onset, and nonmotor symptoms (i.e., rapid eye movement,
sleep behavior disorder, mild cognitive impairment and orthostatic hypotension) are strong
and independent predictors of greater impairment and rapid evolution in motor function
and disability [23,30]

Our sample, followed retrospectively for 4 years, lies outside the range of progression
identified in the literature, which characterizes the motor and functional evolution of
individuals with PD. In particular, the mean progression in UPDRS II and III scores over
the 2019-2020 period identifies a singular anomaly. In contrast, the evolution described
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in the previous period (i.e., 2018-2019) followed the reference pattern, while that of the
2020-2021 biennium tends to go back toward expected values. The standard deviations are
large in relation to the variability of the enrolled sample. However, the median shows that
the motor, non-motor, and functional evolution described in our study does not relate to a
normal evolution of PD history but seems to be influenced by external and novel factors.

In the literature, many studies focused on the self-perceived health status change
reported by patients with PD during and after the outbreak of COVID-19 [31-33]. In
this study, we used objective clinical and functional measures to establish the impact of
restricted access to personalized care and the limitations to physical activity imposed by the
lockdown on the health status of a cohort of PD patients referred to a Movement Disorder
Center for regular monitoring.

In the second semester of 2020, PD-related symptoms and the independence in activity
of daily living significantly worsened in the whole sample. Most patients showed a stable
functional condition in the year immediately preceding the pandemic (as measured by the
UPDRS 1II %score change in 2018-2019). Between 2019 and 2020, we found a trend towards
worsening in UPDRS-II and UPDRS-III, which was not explained by age, disease duration,
or severity. Most importantly, patients with lower functional impairment experienced
a greater worsening in their functional condition. The trend towards worsening was
confirmed in 2020-2021 for UPDRS-II even at a lower extent, though not for UPDRS-III,
whose scores remained relatively stable. Also, non-motor symptoms showed a trend
toward worsening in 2019-2020 that was maintained in the subsequent year.

Other surveys reported similar findings in different cohorts of patients with PD. In
particular, Balci et al. described a worsening of motor and non-motor symptoms in 68.9% of
sample subjects [34]. Santos-Garcia et al. reported a subjective worsening of parkinsonian
symptoms in 65.7% of interviewed patients in Spain [33], whereas Del Prete et al. described
such a negative outcome in 30% of their subjects, in Italy [35].

The results of the regression analysis lead us to hypothesize that the impact of the
lockdown mostly affected subjects with milder disability at the time COVID-19 hit our
country, i.e., those who most suffered from the mobility restrictions imposed by the lock-
down. According to these findings, patients with PD exhibit psychological vulnerability
and poor resilience to social isolation, irrespective of age and disease severity. Emotional
and behavioral adaptation to stressful situations may be impaired in patients with PD due
to different factors, like a high prevalence of depressive disorders [36], impaired modula-
tion of autonomic nervous system [37], impaired interpretation of other emotions [38], and
impaired selection of proper coping strategies [39]. Moreover, our survey demonstrated
that the number of neurologic visits per subject per year was shortened by around 50% in
2020. In addition, the percentage of patients undergoing at least one rehabilitation cycle
in a year dropped from 87% (on average in 2018-2019) to 29% in 2020. It is reasonable to
argue that people used to performing regular motor training, as recommended in our care
pathway, were most disadvantaged by being cut off from rehabilitation provision.

Our hypothesis is in line with the findings by other authors who pointed out the effects
of physical activity changes in patients with PD during COVID-19 lockdown [15,32,40,41].
The reduced access to health care services could be related not only to a reduced supply but
also to a reduced demand due to individuals’ fear of contracting the virus when accessing
the hospital [42] or to the difficulty in getting to the hospital because of the shortage of
transport [43]. It has been reported that the longer the history of PD, the greater the
difficulty and the fear of accessing hospitals or health facilities [44]. In addition, as the
disease progresses, the grade of disability increases, just like the care needs. These data
could explain the significant correlation between worsening functional status after the first
year of the COVID-19 pandemic and disease duration and UPDRS II score, in line with
Fasano et al. [45].

In our sample, the execution of at least one cycle of rehabilitation, including telereha-
bilitation, in 2020 was associated with a lower (though not significant) risk of worsening
functional status. This finding leads to emphasizing the importance of physical activity and
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supports the need for finding alternative tools to ensure a regular engagement of patients
with PD in rehabilitation sessions, even remotely delivered. Physical activity, especially
aerobic exercise, provides significant advantages for health [46], contributing to slowing
down disease progression and, in some cases, improving clinical outcomes [47].

In our cohort, 5% of patients with PD developed a COVID-19 infection, confirmed
by the molecular test. This proportion mirrors the data from two systematic reviews
reporting a median infection prevalence ranging from 0.6% to 8.5% and 0.94% to 8.5%,
respectively [48,49]. In line with the literature [44,45,48], we observed that the more ad-
vanced Parkinson’s disease, the worse the infection outcome. Furthermore, comorbidities,
such as diabetes, hypertension, and cerebral vasculopathy, were predictors of unfavorable
outcomes in PD subjects developing COVID-19, thus confirming findings from other stud-
ies [35,45,48-51]. It is essential to highlight that a person in the advanced stage of PD is
often elderly, with comorbidities and polypharmacy: three of the most important predictors
of a negative outcome in the general population [52-54].

Finally, in those patients who survived COVID-19, we did not observe a significant
worsening of UPDRS or NMSS scores.

Our analysis has intrinsic limitations of retrospective studies, particularly regarding
data completeness, like more detailed information about the level of physical activity
performed across years. Nonetheless, our standard assessment protocol applied during the
outpatient visits has allowed us to collect a wide range of clinical and functional parameters
covering all the domains affecting health status in patients with PD.

5. Conclusions

The restrictive measures imposed on the population during the COVID-19 pandemic
have negatively impacted patients with PD, with a greater adverse effect on those with
milder disease severity. The study shows that subjects with lower disability and motor
impairment suffered from a more severe worsening of their functional condition; on the
other hand, subjects who received at least one cycle of rehabilitation sessions in 2020
maintained their health status. This finding emphasizes the importance of regular clinical
monitoring and rehabilitation delivery for people with chronic disabilities and supports
the need to expand the access even to telerehabilitation to foster the empowerment of the
greatest possible number of subjects.
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