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ABSTRACT: Background: The risk of COVID-19 and
related death in people with Parkinson’s disease or parkin-
sonism is uncertain. The aim of the study was to assess the
risk of hospitalization for COVID-19 and death in a cohort of
patients with Parkinson’s disease or parkinsonism com-
pared with a control population cohort, during the epidemic
bout (March-May 2020) in Bologna, northern ltaly.
Methods: Participants of the ParkLink study with the
clinical diagnosis of Parkinson’s disease or parkinsonism
and people anonymously matched (ratio 1:10) for sex,
age, district, and Charlson Index were included. The hos-
pital admission rate for COVID-19 (February 26-May
31, 2020) and the death rate for any cause were the out-
comes of interest.

Results: The ParkLink cohort included 696 subjects with
Parkinson’s disease and 184 with parkinsonism, and the
control cohort had 8590 subjects. The 3-month hospitali-
zation rate for COVID-19 was 0.6% in Parkinson’s dis-
ease, 3.3% in parkinsonism, and 0.7% in controls. The
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adjusted hazard ratio (age, sex, district, Charlson Index)
was 0.8 (95% ClI, 0.3-2.3, P = 0.74) in Parkinson’s dis-
ease and 3.3 (1.4-7.6, P = 0.006) in parkinsonism com-
pared with controls. Twenty-nine of the infected subjects
died; 30-day fatality rate was 35.1%, without difference
among the 3 groups. Six of 10 Parkinson’s disease/par-
kinsonism patients had the infection during hospitaliza-
tion or in a nursing home.

Conclusions: Parkinson’s disease per se probably is not
a risk factor for COVID-19 hospitalization. Conversely,
parkinsonism is an independent risk factor probably
because of a more severe health status, entailing higher
care dependence and placement in high-infection-risk
accommodations. © 2020 The Authors. Movement Disor-
ders published by Wiley Periodicals LLC. on behalf of
International Parkinson and Movement Disorder Society.
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After the outbreak start of COVID-19 in China, in
December 2019, the first case in Italy was recorded on
February 20, 2020,> and soon after the epidemic spread
quickly in the northern part of the country.> The Emilia-
Romagna region (in northeastern Italy) has been the
region in Italy third hardest hit by the COVID-19 epi-
demic in number of cases. During the outbreak peak, from
March 1 to May 31, 2020, 27,790 cases of infection of
SARS-CoV-2 were recorded (Italian Ministry of Health).*
The city of Bologna, the regional capital city, counted
4636 cases in the same period (Local Health Trust data’).

The risk of COVID-19 infection and related case
fatality is higher among vulnerable populations such as
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elderly affected by chronic conditions.®® Persons with
Parkinson’s disease (PD) and parkinsonisms (PS) show
a paradigmatic pattern of vulnerability, being elderly
and often with multiple age-related comorbidities,
including cognitive impairment and higher poly-
pharmacy risk.” Whether people with PD or PS have an
increased risk of COVID-19 and an associated higher
risk of death is still debatable.'®'* A telephone survey,
including an outpatient clinic cohort of people with PD
and their family members as controls, reported a simi-
lar prevalence of “probable” or “confirmed” COVID-
19."" Conversely, another telephone survey suggested a
higher prevalence of COVID-19 compared with that
expected for the general population.’® Trying to over-
come the limitations of these studies, we designed a
population-based study investigating the risk for hospi-
tal admission of COVID-19 and the risk of death in
people with PD or PS.

ParkLink Bologna is a population-based record link-
age project started in 2016 in the province of the city of
Bologna, Italy, including a cohort of people with a
diagnosis of PD or PS confirmed by a neurologist
according to international criteria. In ParkLink Bologna
clinical data of individual patients are linked to admin-
istrative databases.'®

The aim of the present study was to assess the risk of
hospital admission for COVID-19 and related death in
the ParkLink Bologna cohort of patients with PD or PS
compared with a control population cohort during the
COVID-19 epidemic bout in the local health trust of
Bologna (March to May 2020).

Methods

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines'” were
followed.

Study Design

A historical cohort design was applied.

Setting and Study Population

The local health trust (LHT) of Bologna, in northern
Italy, had a population of 886,000 (752,104 adults), on
December 31, 2019. At the beginning of the outbreak,
the area included 9 general hospitals, 3 academic hospi-
tals (1 general, 1 neurologic, 1 orthopedic), 11 private
clinics operating within the Italian National Health Ser-
vice, for a total of about 4400 beds, of which about
120 were intensive care. In response to the COVID-19
emergency, hospital facilities underwent major reorga-
nization; since mid-March, 8 COVID-19 hospitals/
wards have been created, with a total of about 400 beds
for symptomatic COVID patients and about
150 COVID-19 intensive care unit beds.'® Dedicated

diagnostic protocols for suspected COVID-19 patients
to be applied at every emergency department access
were explicitly implemented by the LHT of Bologna.

This study is based on the ParkLink Bologna project
(https://www.ausl.bologna.it/isnb/ricerca/parklink), an
ongoing record linkage system for PD and PS approved
in 2015 by the local Ethics Committee (see Statements
of Ethics section). The project population includes the
whole population living in the area covered by the LHT
of Bologna during the period of observation, July
1, 2015-June 30, 2030. For the purpose of the present
study we included people with PD or PS (ParkLink
cohort) and people anonymously matched from the
general population (control cohort), alive on December
31, 2019. People included in the ParkLink cohort are
both prevalent and incident cases of PD or PS recruited
consecutively after signing a form giving consent to link
their diagnosis to their stored administrative data for
any possible research purpose. Since 2015, all neurolo-
gists working in the area of the LHT of Bologna —
including 3 hospital outpatient services dedicated to
movement disorders and several public and private out-
patient services — have been invited to enroll people
with PD or PS, during clinical practice. Up to December
2019, 24 neurologists have voluntarily joined the pro-
ject. The following data have been recorded in an e-
CRF and stored in a secure database linked to the other
administrative databases: unique anonymous identifica-
tion code, date of birth, diagnosis, year of onset, motor
symptoms at onset (tremor or bradykinesia), side of
onset (unilateral or bilateral), and Hoehn and Yahr
score. Diagnosis of PD is defined by the recruiting neu-
rologist according to Gelb criteria.'” Specified PS,>°~%?
other rare neurological causes affecting the basal gang-
lia, or unspecified PS are recorded in the system and
labeled as parkinsonism zout-court (PS). People with
drug-induced PS are excluded.

The control cohort consisted of people matched with
the ParkLink cohort, with a ratio of 1:10 for age, sex,
district of residence, and comorbidity according to the
Charlson Index.** Subjects who used drugs for PD
(levodopa, dopaminergics, monoamine oxidase-B inhib-
itors) for at least 180 consecutive days during 2019
were excluded.

Data Sources

Being that the Italian health system is universal, all
resident citizens are anonymously recorded in a homog-
enous way when accessing any public or private health
facility and personal data stored by the qualified LHT
in secure databases. The ParkLink Bologna project
allows, for each individual, the linkage of the clinical
diagnosis with administrative databases and the extrac-
tion of population-matched controls. The Unita
Operativa Epidemiologia e Statistica of the IRCCS
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Istituto delle Scienze Neurologiche di Bologna (part
of the LHT of Bologna) is in charge of the
ParkLink Bologna project and has access to several
administrative databases (drug prescription, hospital
discharge, copayment exemption, medical home care,
mortality). The Charlson Index was based on data
from the hospital discharge database, and the index
was calculated according to the adapted method for
International Classification of Disease-9-CM (ICD-
9-CM).>* All hospital facilities, both public and
private, of the LHT of Bologna provide data on
hospital discharge.

Outcomes

Hospital admission rate for COVID-19 from
February 26 to May 31, 2020, was the primary out-
come. Diagnosis was obtained from hospital discharge
data. The ICD-9-CM codes for the diagnosis of
COVID-19 were 079.82 and 480.3, according to the
Emilia-Romagna region regulation (March 10, 2020).
Hospital admission rate for any reason was assessed to
estimate the general trend of hospitalization in the same
time window.

We assessed also the death rate for any cause from
inception until June 30, 2020, as reported by the
demographic database, and measured as time to event
from COVID-19 hospitalization (index date) to death
or the end of follow-up, whichever came first. When
possible, qualitative assessment of hospital charts was
carried out for patients with PD/PS and COVID-19 to
clarify in which circumstances COVID-19 infection
occurred.

Statistical Analysis

In the descriptive analysis, the characteristics of the
2 cohorts are presented as mean = standard deviation
(SD) for the continuous variables and with absolute
(n) and relative (%) frequency for categorical variables.
The chi-square test and Kruskal-Wallis test were used to
evaluate the univariable association between conditions
(PD/PS/controls) and categorical or continuous variables,
respectively. To evaluate the outcomes (hospitalization for
COVID-19 and death), 2 analyses were performed. In the
first one, the time to entry in the analysis was February
26, 2020, and the time to end point was the date of hospi-
tal admission or May 31, 2020. In the second analysis, the
time to entry was the date of hospital admission, and the
time to end point was the date of death or June 30, 2020.
We used univariable and multivariable Cox regression
models to estimate the hazard ratio (HR) with 95% confi-
dence interval (95% CI) associating COVID-19 hospitali-
zation and death in the presence of PD/PS. Results of the
univariable analysis are presented as Kaplan—-Meier curves.
In the multivariable models we included sex, age, Charlson
Index, and district of residence as covariates to take into
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account the impact of the comorbidity. The proportional
hazards assumption was tested (P > 0.05) using Schoenfeld
residuals. Data linkage and statistical analyses were con-

ducted using Stata SE version 14.2.%

Results

The ParkLink cohort included 696 subjects with PD
(mean age, 75.0 years) and 184 with PS (mean age,
80.5 years), followed up for 2149 and 561 person-
months, respectively. The control cohort included 8590
subjects (mean age, 76.0 years; 26,506 person-months
of follow-up), after the exclusion of 27 subjects on
treatment with drugs for PD. Demographic and clinical
characteristic data are summarized by group in
Table 1. People with PS were older, with higher Hoehn
and Yahr scale score and with more frequent com-
orbidities than people with PD.

Risk of Hospital Admission for COVID-19

The epidemic bout is depicted in Figure 1 as crude
number of hospital admissions for COVID-19 in the
whole population of the LHT of Bologna. In our
cohorts, the first COVID-19 patient was admitted on
February 27, 2020. Hospital admissions for COVID-19
were 74: 4 among PD subjects (3 men), 6 among PS
subjects (3 men), and 64 in the control cohort
(44 men). The 3-month admission rates were 0.6% in
PD (95% CI, 0.2%-1.5%), 3.3% (95% CI, 1.5%-
7.1%) in PS, and 0.7% (95% CI, 0.6%-0.9%) in con-
trols. Kaplan—-Meier curves showed a progressively
higher risk of hospitalization for PS compared with the
PD group and the control group during the epidemic
bout (Fig. 2). The crude HR compared with the control
cohort was 0.8 (95% CI, 0.3-2.1; P = 0.61) for PD and
4.4 (95% CI, 1.9-10.2; P = 0.01) for PS. Univariable
analysis also found the following factors associated
with hospital admission (Table 2): age, Charlson Index,
district of residence, myocardial infarction, congestive
heart failure, cerebrovascular disease, dementia, diabe-
tes, renal disease, and any malignancy. After adjust-
ment (Table 2);, HR was 0.8 (95% CI, 0.3-2.3;
P =0.74) in PD and 3.3 (95% CI, 1.4-7.6; P = 0.006)
in PS. In the same period, the adjusted risk of hospital
admission for any reason was slightly increased in PD
subjects (HR, 1.51; 95% CI, 1.1-2.1; P =0.011) but
not in PS subjects (HR, 1.2; 95% CI, 0.7-2.2;
P =0.42). Considering only the ParkLink cohort, the
univariable analysis with the Hoehn and Yahr scale
score as factor found an HR for hospital admission of
1.63 (95% CI, 0.97-2.74; P = 0.064).

Length of Hospital Stay

The overall mean length of hospital stay was 15.0 =
11.5 days (range, 1-52 days) in controls, 29.5 =
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TABLE 1. Demographic and clinical features of the control cohort and ParkLink cohort (subdivided as subjects with
Parkinson’s disease and parkinsonism). In bold statistically significant results.

Demographic Control cohort Parkinson’s disease Parkinsonism P
n 8590 696 184 -
Age (y), mean (SD, range) 76.0 (9.1, 42-97) 75.0 (9.2, 42-95) 80.5 (7.0, 54-97) < 0.001
Age distribution, n (%) < 0.001
40-49y 90 (1.1) 9(1.3) 0(0)
50-59y 427 (5.0) 42 (6.0) 1(0.5)
60-69 y 1309 (15.2) 119 (17.1) 13 (7.1)
70-719y 3353 (39.0) 286 (41.1) 58 (31.5)
80-89y 3145 (36.6) 227 (32.6) 98 (53.3)
290y 266 (3.1) 13 (1.9 14 (7.6)
Sex, n (%) 0.911
Male 5000 (58.2) 409 (58.8) 105 (57.1)
Female 3590 (41.8) 287 (41.2) 287 (41.2)
District, n (%) 0.763
Bologna 3676 (42.8) 296 (42.5) 81 (44.0)
Reno 993 (11.6) 81 (11.6) 21 (11.4)
Pianura Est 1657 (19.3) 129 (18.5) 41 (22.3)
Pianura Ovest 1024 (11.9) 85 (12.2) 20 (10.9)
Apennino 619 (7.2) 57 (8.2) 6 (3.3)
San Lazzaro 621 (7.2) 48 (6.9) 15 (8.1)
Charlson Index, n (%) 0.001
0 6543 (76.2) 552 (79.3) 116 (63.0)
1 897 (10.4) 62 (8.9) 32(17.4)
2 716 (8.3) 53 (7.6) 20 (10.9)
>3 434 (5.1) 29 (4.2) 6 (8.7)
Comorbidities, n (%)
Myocardial infarction 154 (1.8) 13 (1.9 3(1.6) 0.975
Congestive heart failure 596 (6.9) 40 (5.7) 22 (12.0) 0.013
Peripheral vascular disease 69 (0.8) 6 (0.9 1(0.5) 0.911
Cerebrovascular disease 417 (4.8) 22 (3.2) 21 (11.4) < 0.001
Dementia 569 (6.6) 35 (5.0) 24 (13.0) 0.001
Chronic pulmonary disease 248 (2.9) 14 (2.0) 12 (6.5) 0.005
Peptic ulcer disease 46 (0.5) 3(0.4) 2(1.1) 0.552
Liver disease 18 (0.2) 2(0.3) 0(0.0) 0.747
Diabetes 298 (3.5) 17 (2.4) 14 (7.6) 0.003
Renal disease 205 (2.4) 16 (2.3) 5(2.7) 0.947
Any malignancy 441 (5.1) 40 (5.8) 5(2.7) 0.254
Clinical features at onset, n (%)
Unilateral 568 (81.6) 68 (37.0) < 0.0001
Bilateral 128 (18.4) 116 (63.0)
Tremor (yes) 449 (72.8) 74 (52.5) < 0.0001
Bradykinesia (yes) 479 (80.4) 148 (89.2) 0.002
Probability level in PD, n (%)
Possible 231 (33.2)
Probable 465 (66.8)
Parkinsonian etiology in PS, n (%)
Vascular parkinsonism 94 (51.1)
Progressive supranuclear palsy 14 (7.6)
Multiple system atrophy 9 (4.9
Other/undetermined 67 (36.4)
Hoehn and Yahr scale at latest observation®
Mean (SD) 2.4 (1.0) 3.0(1.1) < 0.001
Score 4-5, n (%) 95 (13.6) 64 (34.8) < 0.001
Therapy, n (%)
No therapy 79 (11.3) 44 (23.9) < 0.0001
Levodopa only 425 (61.1) 110 (59.8)
Dopaminergic only or IMAO B only 20 (2.9) 3(1.6)
Any combination of drugs 172 (24.7) 27 (14.7)

836% of patients of the ParkLink cohort had the latest recording of the score before 2018.
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FIG. 1. Description of the epidemic bout in the local health trust of Bologna from February 26, 2020, to May 31, 2020: crude number of hospital admis-
sions for COVID-19 in the whole population. The reported calendar days correspond to the Italian government emergency dispositions: March
10, 2020, “l stay home™ decree law (decreto legge “#io resto a casa”); March 22, 2020, “Lock ltaly down” decree law (decreto legge “Chiudi Italia™);
May 18, 2020, “Phase 2” decree law (decreto legge “Fase 2,” with intraregional mobility permitted for the whole population).

29.4 days in PD (range, 11-50 days), 18.7 = 22.5 days Thirty-Day Fatality Rate After Hospital
in PS (range, 6-63 days); P = 0.31. Mean length of hos- Admission for COVID-19

pital stay among .alive patients was 17.3 = 12, days Overall, 29 of the infected subjects died; 30-day
(range, 1-52 days) in controls, 35.7 = 19.9 days in PD fatality rate was 35.1% (95% CI, 25.5%-47.2%).

<6ra23gfii 13_.51(3 d%yz)é and 26.3 = 31.8 days in PS (range, Twenty-five controls (39%) died a mean of 16 =
—63 days); P = 0.28. 14.8 days after hospital admission (range, 0-60 days):
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FIG. 2. Kaplan-Meier curves reporting the risk of hospitalization in the group of people with Parkinson’s disease (dashed line), people with parkinsonism
(dotted line), control cohort (solid line), during the epidemic bout, from February 26, 2020, to May 31, 2020. The reported calendar days correspond to
the Italian government emergency dispositions: March 10, 2020, “| stay home” decree law (decreto legge “#io resto a casa”); March 22, 2020, “Lock
Italy down” decree law (decreto legge “Chiudi ltalia”); May 18, 2020, “Phase 2” decree law (decreto legge “Fase 27, with intraregional mobility permitted
for the whole population).
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TABLE 2. Risk of hospital admission for COVID-19: univariable and multivariable Cox regression analysis.

In bold statistically significant results.

Number of hospital

admission for COVID-19 HR (95% Cl) P Adjusted HR (95% Cl) P

Control 64 Reference Reference
Parkinson’s disease 4 0.8 (0.3-2.1) 0.614 0.8 (0.3-2.3) 0.756
Parkinsonism 6 4.4 (1.9-10.2) 0.001 3.3 (1.4-7.6) 0.006
Age (mean = SD, 78.9 = 8.7 y) 1.04 (1.01-1.07) 0.008 1.02 (1.0-1.05) 0.172
Sex, n (%)

Male 50 (0.9) Reference Reference

Female 24 (0.6) 0.7 (0.4-1.1) 0.103 0.7 (0.4-1.1) 0.118
District, n (%)

Bologna 38 (0.9) Reference Reference

Reno 11 (1.0) 1.1 (0.5-2.1) 0.841 1.0 (0.5-2.0) 0.981

Pianura Est 7 (0.4) 0.4 (0.2-0.9) 0.029 0.4 (0.2-1.0) 0.041

Pianura Ovest 9(0.8) 0.9 (0.4-1.8) 0.662 0.9 (0.4-1.8) 0.767

Apennino 2(0.3) 0.3 (0.1-1.3) 0.108 0.3 (0.1-1.3) 0.122

San Lazzaro 7 (1.0) 1.1 (0.5-2.4) 0.833 1.2 (0.5-2.6) 0.71
Charlson Index, n (%)

0 30 (0.4) Reference Reference

1 16 (1.6) 3.9 (2.1-7.2) < 0.001 3.4 (1.8-6.3) < 0.001

2 18 (2.3) 5.5 (3.1-9.9) < 0.001 4.9 (2.7-8.8) < 0.001

>3 10 (2.1) 5.1 (2.5-10.3) < 0.001 4.4 (2.1-9.1) < 0.001
Comorbidities, n (%)

Myocardial infarction 4 (2.4 3.2 (1.2-8.7) 0.025

Congestive heart failure 14 (2.1) 3.1 (1.8-5.6) < 0.001

Peripheral vascular disease 1(1.3) 1.7 (0.2-12.2) 0.6

Cerebrovascular disease 13 (2.8) 4.2 (2.3-17.7) < 0.001

Dementia 11 (1.8) 2.5 (1.3-4.7) 0.006

Chronic pulmonary disease 4(1.5) 1.9 (0.7-5.3) 0.204

Peptic ulcer disease 0(0) na 1

Liver disease 0(0) na 1

Diabetes 7 (2.1) 2.9 (1.3-6.4) 0.007

Renal disease 8 (3.5) 5.0 (2.4-10.5) <0.001

Any malignancy 8 (1.7) 2.2 (1.1-4.7) 0.03

1 PD patient (25%) on day 11; and 3 PS patients
(50%), 2 on day 6 and 1 on day 21. HR for death
compared with controls was 0.59 (95% CI, 0.1-4.4;
P =0.61) in PD and 1.4 (95% CI, 0.43-4.8;
P =0.55) in PS.

Clinical Features of ParkLink Cohort Subjects
With COVID-19

The 4 people with PD and COVID-19 infection had a
mean Hoehn and Yahr scale score of 2.37 = 0.63 and
showed the following comorbidities (Table 3): 2 with
congestive heart failure, 1 with cerebrovascular disease,
1 with dementia, and 1 with peripheral vascular dis-
ease. One female subject had 3 comorbidities and died
after 11 days of hospitalization. The 6 people with PS
had a mean Hoehn and Yahr scale score of 3.67 = 0.82
and had the following diagnoses (and comorbidities;
Table 3): 3 vascular parkinsonism (3 cerebrovascular
disease, 2 dementia, 1 renal disease), 1 progressive
supranuclear palsy (none), 1 multiple system atrophy
(cerebrovascular  disease, = dementia,  diabetes),
1 undetermined parkinsonism (perinatal hydrocephalus,

dementia). The latter 3 subjects died after hospitaliza-
tion for 6 days (2 subjects) and 21 days (1 subject). In
6 patients the COVID-19 infection occurred during
hospitalization or as a guest in a nursing home. In the
other 2 cases it occurred probably when attending
senior citizens/day care centers.

Discussion

During the SARS-CoV-2 epidemic bout in Emilia-
Romagna region, Italy, we observed a 3-month
(March-May 2020) hospital admission rate for
COVID-19 of 0.6% in people with PD, not different
from a control population. Conversely, people with PS
showed a 3-fold risk (admission rate of 3.3%) after
adjustment for comorbidities. Both the ParkLink cohort
and the control cohort included mainly elderly people,
and we found that COVID-19 risk is associated with
age and number of comorbidities. Finally, the risk of
death after hospitalization was high in both cohorts
(around 35%). No association with PD or PS was
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TABLE 3. Clinical features of ParkLink cohort subjects with COVID-19

PARKINSONISM

Outcome (last

Patient Circumstance of COVID-19 observation June
number Diagnosis Sex  Age Comorbidities infection 30, 2020)
1 Parkinson’s disease M 63y — Guest in a nursing home. Alive
Treated with levodopa-carbidopa
intestinal gel administered by a
portable infusion pump through
a percutaneous endoscopic
gastrostomy with jejunal
extension
2 Parkinson’s disease M 7y — Attending a senior citizens center  Alive
3 Parkinson’s disease M 82y  Congestive heart During hospitalization for other Alive
failure,cerebrovascular disease reason
4 Parkinson’s disease F 84y  Congestive heart failure, Hospitalization the days preceding  Dead after 11 days
peripheral vascular the last hospital admission for of hospitalization
disease,dementia COVID-19
5 Vascular parkinsonism M 82y  Cerebrovascular disease, During hospitalization for other Alive
dementia, renal disease reason
6 Vascular parkinsonism F 85y  Cerebrovascular disease Guest in a nursing home Alive
7 Vascular parkinsonism F 89y  Cerebrovascular disease, Unknown Alive
dementia
8 Progressive supranuclear palsy M 80y — Unknown Dead after 6 days of
hospitalization
9 Multiple system atrophy F 77y  Cerebrovascular disease, Guest in a nursing home Dead after 6 days of
dementia, diabetes hospitalization
10 Other (extrapyramidal signs + M 65y Dementia Attending a senior day care Dead after 21 days

congenital hydrocephalus)

center of hospitalization

detected, possibly because of the small number of
events in these groups.

It has been hypothesized that patients with PD or PS
could have a heightened risk of COVID-19'%?" because
of the indirect association with old age, multiple com-
orbidities, and polypharmacy frequency.” Respiratory
dysfunction, common among people with PD or PS,
may represent a direct risk factor for worse respiratory
complications of COVID-19 infection.'>*” Our data
suggest that PD per se is not associated with a higher
risk for COVID-19 hospitalization. A case-controlled
telephonic survey by Fasano et al'' found that patients
with PD (selected from a movement disorder tertiary
center in the Lombardy region of Italy) did not have a
COVID-19 risk (7.1%) different from that of family
members (7.6%), defined as “probable” or “confirmed”.
Conversely, another Italian study reported a higher risk
of infection in a movement disorder tertiary center
cohort of people with PD, making an indirect compari-
son of the prevalence found in the cohort with that
expected in the general population. Recently, a tele-
phone survey?® on a population of PD patients in the
Piedmont region of Italy reported a prevalence of
0.57% COVID-19 positivity in a population of PD
patients that was indirectly compared with the 0.63%
prevalence of the general population. All studies were
limited by the method of ascertainment of the infection
(self-reported in most cases), 1 study'! by the controls

(family members) probably sharing the same environ-
mental risk of infection, therefore increasing the risk of
recall bias, and 2 studies®® by the indirect comparison
of the prevalence in the general population without
adjusting for other factors.

Our novel observation of a higher risk of COVID-19
hospitalization for people with PS could be explained
by the following hypotheses. First, the category of PS,
even if including a heterogeneous spectrum of disorders
(some specific such as progressive supranuclear palsy or
multiple system atrophy, other less specific “vascular
parkinsonism” or “unspecified” PS), can be considered
more vulnerable than PD because of a relatively more
rapid disease progression,””~>* reaching milestones such
as dysphagia, falls, cognitive impairment, and psychiat-
ric symptoms earlier. Second, people with PS, showing
on average higher disability and being cognitively
impaired more often than PD patients, have a higher
probability of being admitted to nursing homes.?® Risk
of SARS-CoV-2 infection in Italy was higher among
nursing home guests®®?’; therefore, people with PS
could have had this risk heightened by being part of
this population. In our study, indeed at least 6 of
10 patients were infected as guests in the hospital or in
the nursing home. Moreover, patients with atypical
parkinsonism may more frequently require tracheos-
tomy, percutaneous endoscopic gastrostomy, urinary
catheterization, or supplementary nutrition and/or
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rehydration. These procedures need regular (eg, weekly
or monthly) assistance for their revision, checkup and
replacement of consumables (eg, cannula, indwelling
catheter, drainage bag) from specialized professional
nurses and palliative care specialists. Finally, we can
hypothesize that during the lockdown period people
with PS had a higher risk of hospitalization for any rea-
son; however, we did not find any difference.

Risk factors for severe outcomes in hospitalized
COVID-19 patients are reported to be chronic kidney
disease, chronic obstructive pulmonary disease, cere-
brovascular disease, and coronary heart disease.*®
However, risk factors for hospitalization for COVID-
19 in the general population are less extensively studied
and are reported to be obesity, chronic kidney disease,
diabetes, hypertension, and asthma after adjustment for
age, sex, and ethnicity.*” In our 2 cohorts of elderly
people (with or without PD/PS), neurologic (cerebrovas-
cular disease, dementia) or nonneurologic comorbidities
(myocardial infarction, congestive heart failure, diabe-
tes, renal disease, malignancies) were found to be
strongly associated with worse outcomes among hospi-
talized patients with COVID-19.

Case fatality after hospital admission for COVID-19
is extremely variable and affected by many factors,*’
such as case definition, case mix of patients, geographi-
cal context, and capacity of the health care system.*! In
Italy, namely, in Lombardy during the epidemic bout,
30-day fatality rate was 19.7% in patients admitted to
a large general hospital (median age, 61 years).** A
large population-based study network of hospitalized
patients (median age, 69 years) of northern Italy found
a 30-day case fatality rate of 27.6%.* In other Euro-
pean countries (Germany, Spain, England),**=* the 30-
day case fatality rate ranged between 14% and 27% in
patients with varying mean age (63-73 years). We
found an impressive 30-day fatality rate of 35% that
could be explained by the criteria of selection of our
cohorts, which included people matched to the target
population of PD patients and thus aged people with a
relatively higher burden of comorbidities. No difference
was found between the ParkLink cohort and the con-
trol cohort, possibly because of the insufficient power
to detect differences. Two studies®®*® suggested a possi-
bly higher risk of death in PD patients after COVID-19
infection. However, serious methodological limitations
in both studies (eg, PD diagnosis not on a clinical
basis,*® no adjustment for comorbidities,”®*¢ tele-
phonic ascertainment of COVID-19 infection®®) did not
allow drawing conclusions.

Evidence suggests that subjects with chronic and seri-
ous neurodegenerative diseases experienced worsening
of their clinical status during the COVID-19 epidemic.
A telemedicine assessment survey on carers of
32 patients with frontotemporal dementia during the
COVID-19 emergency in Italy showed worsening in

behavior, language, and cognitive function in most
cases.*” Among COVID-19-infected patients such
impact can be explained as a possible direct cause of
the infection itself, but in uninfected patients it may be
indirectly because of a generalized restriction of care
provision (see Ferini-Strambi and Salsone*®). Indeed,
people with PD/PS or with dementia require follow-up
and supportive care provided in specialized health care
settings, and in many countries, including Italy, the can-
cellation of nonurgent outpatient appointments could
have caused a drastic reduction of such dedicated care.
Population-based studies on the direct and indirect
impact of the COVID-19 epidemic on neurodegenera-
tive diseases are needed.

The main strength of this study is having the clinical
diagnosis of PD and PS performed by a neurologist
according to international criteria. In a retrospective
study, diagnostic assessment by a qualified neurologist is
highly preferable than relying on other methods based
on administrative claims data only. Second, it is a
population-based cohort study including patients with
PD and PS representative of the entire spectrum of
patients (not selected from a movement disorder tertiary
centre), compared with a matched general population
cohort. Third, the diagnosis of COVID-19 infection is
obtained from hospital discharge—coded administrative
data, therefore excluding the risk of recall bias.

Our study has some limitations. The use of ICD
codes to label comorbidities could have underestimated
the presence of other diseases in patients with a burden-
some condition such as PD or PS. In particular, people
with PS could have a residual presence of comorbidities
not recorded by the SDO system. However, the differ-
ent risk found for PD and PS suggests that this factor
could have biased the results only in a small part.
Moreover, the ICD code to diagnose COVID-19
(079.82, SARS-associated coronavirus; and 480.3,
“Pneumonia due to SARS-associated coronavirus) has
been recommended with little delay compared with the
epidemic start in our region and has not been validated
for COVID-19. Nevertheless, coding errors would have
the same random probability in the 2 cohorts. In addi-
tion, because of the difficulty of the health system in
dealing with the epidemic bout, we cannot exclude that
some COVID-19 symptomatic patients were not hospi-
talized. However, because of the prompt strengthening
of the local health facilities dedicated to COVID-19, we
can assume that only mild symptomatic patients have
been missed. In any case, there is no reason that the
hospitalization risk could be biased in favor/disfavor of
one of the groups of patients included. Finally, an
updated evaluation of the Hoehn and Yahr scale score
was suboptimal (in 36% of the ParkLink cohort
patients the last available Hoehn and Yahr evaluation
was before 2018); thus, the association of this factor to
hospitalization could not be reliably tested.
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In conclusion, our study found that PD is not per se a
risk factor for COVID-19 hospitalization, whereas,
conversely, being affected by PS is an independent risk
factor. A more severe health status of these patients,
entailing higher care dependence and placement in
accommodations (eg, hospitals, nursing homes) with
high infection risk may explain such association. These
aspects should be confirmed in larger population-based
cohorts and studied for a longer period. ®
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