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The Indirect Impact of COVID-19 on Major Clinical Outcomes of People With Parkinson's Disease or Parkinsonism: A Cohort Study
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Background: The indirect impact of the COVID-19 epidemic on major clinical outcomes of people with Parkinson's disease (PD) or other parkinsonism is unknown.

Objectives: The study aimed to (1) describe changes in healthcare services during the first epidemic bout in people with PD or parkinsonism; (2) compare the occurrence of hospitalization for any PD-related major clinical outcomes in 2020 with 2019; (3) investigate the factors, including changes in healthcare services, associated with major clinical outcomes and death.

Methods: All healthcare services of the province of Bologna and major clinical outcomes were assessed through a record linkage study (ParkLink Bologna) using clinical data and health databases. Same analyses were performed in a random cohort of controls matched for age, sex, district of residence, and comorbidities with the ParkLink cohort (ratio of 1:10).

Results: A cohort of subjects with PD (759) or other parkinsonism (192) was included together with a cohort of controls (9,226). All indicators of healthcare services dropped at least below 50% during the lockdown period in all cohorts, mostly impacting physiotherapy in people with PD (−93%, 95% CI 88–96%). In 2020, compared to 2019, a three-fold risk of major injuries (RR 3.0, 95% CI 1.5–6.2) and infections (RR 3.3, 95% CI 1.5–7.2), excluding COVID-19, was observed only in people with PD, and neither in people with parkinsonism nor in controls. Decreased physiotherapy was associated with the occurrence of at least one major clinical outcome (OR 3.3, 95% CI 1.1–9.8) in people with PD. Experiencing at least one major clinical outcome was the strongest risk factor for death (OR 30.4, 95% CI 11.1–83.4) in people with PD.

Conclusions: During the first COVID-19 epidemic peak, healthcare services were drastically reduced in a province of northern Italy, regardless of the disease condition. However, compared to 2019, in 2020, only people with PD had a higher risk of major clinical outcomes, that were associated with higher mortality. Strategies to maintain physical activity in people with PD should be implemented in possible future health emergencies.
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INTRODUCTION

The COVID-19 pandemic has been heavily striking the majority of countries globally since early 2020 (1). The European community of neurologists is putting an extraordinary effort to monitor the neurological symptoms and complications in patients with COVID-19 (2). However, besides the direct health burden due to the infection, restriction measures, prompted by the need for distancing, are possibly impacting many determinants of health and wellbeing (3), such as (1) social factors, (2) economic factors, (3) environmental factors, (4) individual health behaviors, and (5) access to health and social care services. The latter, in particular, was limited worldwide during the pandemic up to May 2020 for all kinds of conditions (4). Although it has been suggested that restrictions on healthcare services may be particularly burdensome for people with chronic disorders (3), the magnitude of the indirect impact of the pandemic in terms of major clinical outcomes is still not clear. Chronic neurodegenerative diseases may be a paradigmatic example of increased vulnerability during the abrupt rearrangement of healthcare services due to emergencies such as a pandemic bout (5).

Parkinson's disease (PD), atypical parkinsonism (AP), and vascular parkinsonism (VP) are neurologic chronic disorders affecting mainly older persons burdened by progressive disability, comorbidities, higher polypharmacy risk, and requiring follow-up and supportive care provided in specialized healthcare settings (6). Governmental control measures, limiting social interactions and mobility, and the restriction of healthcare services through the cancellation of outpatient appointments and scheduled hospital admissions could have caused both a reduction of individual healthy behavior (e.g., regular physical activity) as well as a limitation of timely neurologic counseling and physiotherapy.

During the first outbreak peak, from March 1 to May 31, 2020, Italy was the most hit country in Europe. The city of Bologna, the regional capital city of the Emilia-Romagna region (north-east of Italy), counted 4,636 cases in the same period. Starting from March 9, 2020, national governmental authorities imposed strict control measures limiting social interactions and mobility for the whole Italian population. Leaving home was banned except for buying food or drugs or for health reasons and only community services workers (food chain and health, energy, communication, or security services) were allowed to circulate. All routine outpatient healthcare activities were canceled or postponed by local health authorities to contain the number of outpatients accessing healthcare facilities, hoping to reduce the spreading of infection. In particular, the Local Health Trust of Bologna (LHTB) recommended all health facilities cancel non-urgent scheduled visits, tests, and admissions, and reduce the availability of high-priority visits and tests.

We hypothesize that strict lockdown measures and healthcare organizational changes due to the COVID-19 epidemic may have worsened major clinical outcomes among patients with PD, AP, or VP. Thus, we designed a study with the following aims: (1) to describe healthcare services change in the first epidemic bout, including the lockdown period and the next period with lower epidemic risk, in cohorts of people with PD, AP, or VP [ParkLink Bologna cohort (7)] and a matched general population control cohort; (2) to compare the occurrence of PD-related major clinical outcomes of the first 7 months of the epidemic in 2020 with the same period of 2019, in the same cohorts; (3) to analyze the demographic and clinical factors associated with PD-related major clinical outcomes and death in the PD cohort.



MATERIALS AND METHODS

The STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) (8) and the RECORD (The REporting of studies Conducted using Observational Routinely-collected health Data) (9) guidelines were followed.


Study Design

Healthcare services change (aim 1): Interrupted time-series (ITS) design was applied to four cohorts (PD, AP, VP, and controls) from July 1, 2019 to September 30, 2020, excluding the second epidemic bout (approximately from October 2020 on) to avoid confounding (Figure 1). A pre-epidemic period (spanning from July 1, 2019 to February 29, 2020) and an epidemic period (from March 1, 2020 to September 30, 2020) were considered. The latter included the first epidemic bout (from March 1, 2020 to May 31, 2020) and two phases of healthcare services rearrangement: a restriction phase (from March 9, 2020 to July 31, 2020) and a recovery phase (from August 1, 2020 to September 30, 2020). The index week change was set for March 9–15, 2020, corresponding to the first week of lockdown.
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FIGURE 1. The study analysis plan of the study is according to the three aims. Aim 1—Healthcare services change: interrupted time-series (ITS) design applied to the four cohorts (PD, AP, VP, and controls) from July 1, 2019, to September 30, 2020. Aim 2—Impact analysis: historical cohort design applied to the three cohorts comparing the period March to September 2020 with the same period of 2019. Aim 3—Prognostic analysis: historical cohort design applied to the PD cohort from June 1, 2020, to December 31, 2020. The absolute number of SARS-CoV-2 infected people is reported in orange color in the time scale.


Impact analysis (aim 2): Historical (retrospective) cohort design was applied to the four cohorts (Figure 1) comparing the period from March 1, 2020 to September 30, 2020, with the same period of 2019.

Prognostic analysis (aim 3): Historical (retrospective) cohort design was applied to the PD cohort (Figure 1) from June 1, 2020, to December 31, 2020.



Setting and Study Population

The local health trust of Bologna (LHTB), Northern Italy, had an adult population of 752,104 on December 31, 2019. This study is based on the ParkLink Bologna project (10), an ongoing record linkage system started in 2015, including consecutive prevalent and incident cases of PD or parkinsonism after signing a consent form, living in the LHTB area. For this study, we included people with PD or parkinsonism and people anonymously matched from the general population (control cohort), alive on March 1, 2020. Thirty neurologists operating in the LHTB area, including three hospital-based movement disorders outpatient services and several public and private outpatient services, voluntarily joined the project. Diagnosis of PD or parkinsonism is defined prospectively by the recruiting neurologist during the day-by-day clinical practice. Neurologists were requested to apply Gelb criteria (11) for PD and other international criteria for pre-specified types of parkinsonism [multiple system atrophy (12), progressive supranuclear palsy (13), and for VP (14)]. The first two and other rare or unspecified neurological causes affecting basal ganglia are labeled for this study as parkinsonism. Educational activities on the application of more recent international diagnostic criteria are ongoing (15, 16). Drug-induced parkinsonism is excluded. The following data have been recorded in an electronic case report form, linked to administrative databases, and stored in a secure database: unique anonymous identification code, date of birth, diagnosis, year of onset, motor symptoms at onset (tremor/bradykinesia), side of onset (unilateral/bilateral), and Hoehn and Yahr score. For all clinical data, the coverage is 100% but motor symptoms at onset (tremor/bradykinesia) have 14% of missing data.

The control cohort included a random sample 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 (17). Subjects that used drugs for PD (levodopa, dopamine agonists, and monoamine oxidase-B inhibitors) for at least 180 consecutive days during 2019 were considered to be affected by PD or AP and excluded.



Data Sources

As the Italian health system is universal, all accesses to any public or private health facility are recorded in a homogenous way, and personal data are stored by the qualified local health trust in secure databases. The Unità Operativa Epidemiologia e Statistica of the IRCCS Istituto delle Scienze Neurologiche di Bologna (part of the LHTB) is in charge of the ParkLink Bologna project and has access to several health administrative databases (outpatient tests and visits, ED admissions, hospital discharge, drug prescription, and mortality). The health data used by this study have almost 100% coverage as recording is mandatory at any access. The ParkLink Bologna project allows, for each individual, the linkage of the clinical diagnosis with administrative databases and the extraction of population-matched controls.



Healthcare Services Change Measures (Aim 1)

The following were considered as measures of healthcare services: any outpatient visit, any neurologic outpatient visit, any outpatient physical therapy visit or activity, any test (lab/diagnostic/neuroradiologic), any non-urgent hospital admission, overall prescription of any drug, and drugs specific for PD, calculated as days of therapy based on Defined Daily Doses (see Table 1).


Table 1. Outcome measures and corresponding codes of identification for each aim.
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Outcome Measures for Impact Analysis (Aim 2)

Infections, injuries, cardiovascular events, neuropsychiatric, and gastrointestinal events are among the most common reasons for hospital admission (18) in people with PD. Thus, the following major clinical outcomes were identified according to ICD-9-CM codes (see Table 1): any urgent hospital admission; hospital admissions for major injuries, infections, gastro-intestinal events (intestinal obstruction with complications), thromboembolic events (deep vein thrombosis; pulmonary embolism), psychiatric events, hypotension/syncope, acute cardiac events, and acute cerebrovascular events. The earlier reported reasons for hospital admissions were merged as a composite measure (any PD-related major clinical outcome). Discharge codes related to COVID-19 events were excluded.



Outcome Measures for the Prognostic Analysis (Aim 3)

The earlier reported composite measure (any PD-related major clinical outcome) and death for any reason.



Statistical Analysis

The synopsis of the statistical plan, put in the context of the timeline of the epidemic, is reported in Figure 1.

To evaluate healthcare services change (aim 1), ITS design, based on weekly (Monday to Sunday) events from July 1, 2019 to September 30, 2020, was performed. The dependent variables (healthcare services) were measured before and during the lockdown (event considered as “intervention”), splitting the time series. The pre-intervention period was from July 1, 2019 to March 8, 2020; the intervention (index week change) was set in the week of March 9–15, 2020; the post-intervention period was from March 16, 2020 to September 30, 2020. The generalized linear regression model was fitted to the weekly Poisson counts (19). Person-time at-risk (log-transformed) was used as an offset variable. A scaling adjustment was made to correct the model for overdispersion. Autocorrelation was detected by inspecting autocorrelation graphs of residuals; adjustment of seasonality was made using the Fourier terms function. The level of change after the index week and the weekly change in the post-interruption slope is reported as Incidence Rate Ratio (IRR), with 95% confidence intervals (95% CI).

In the impact analysis (aim 2), the outcome measures (see above) recorded between March 1, 2020 and September 30, 2020, were compared with those of 2019. Monthly rates were calculated on the average of the 7-month period, using as numerator the number of events recorded and as denominator the person-time at-risk in each month. Rate ratios point estimates and 95% CI, between periods (2020 vs. 2019) and among conditions (PD/AP/VP/controls), were used to test for differences in outcome measures.

In the prognostic analysis (aim 3), a post-hoc multivariable logistic model was performed only in the PD cohort to evaluate the variables associated with the occurrence of the composite “any PD related major clinical outcome,” during the period June 1, 2020 and September 30, 2020. The reduction of healthcare services was considered as an individual risk factor and calculated, by subject, as the difference between the number of supplies recorded during the first lockdown period (March 1–May 30, 2020) and the number of supplies in the corresponding period of 2019. This difference was then transformed into three categories: “increase,” when the number of supplies in 2020 was higher than those in 2019; “reduction,” when the number of supplies in 2020 was lower than those in 2019; “no change” (reference category) when the number of supplies was the same in the two periods. The multivariable model was adjusted for the number of supplies between March 1, 2019 and May 30, 2019 (baseline), and for the level of disability, retrieved from the national social security dataset and dichotomized as < or ≥67% according to the quantitative parameters defined by the Italian social security system.

A post-hoc multivariable logistic model was performed in the PD cohort to analyze the variables associated with death for any reason between June 1, 2020 and December 31, 2020.

Data linkage and statistical analyses were conducted using Stata SE version 14.2.




RESULTS

On March 1, 2020, the ParkLink Bologna record linkage system counted 1,255 participants. After excluding those dead before the start of the study (218) and those pending diagnostic definition (86), the ParkLink cohort included 759 subjects with PD (mean age 75.3 years), 93 with AP (78.5 years), and 99 with VP (83.2 years). The control cohort included 9,226 subjects (76.3 years). Demographic and clinical characteristics are summarized in Table 2. People with AP and VP were older and had more comorbidities (congestive heart failure, cerebrovascular disease, dementia, chronic pulmonary disease, diabetes, and renal disease). Compared to PD, they had a higher mean age at onset, different clinical features, and different drug treatment patterns.


Table 2. Demographic and clinical features of the ParkLink cohorts and the control cohort.
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Healthcare Services Change: Interrupted Time Series Before and After the Epidemic Bout

In the PD, AP, and VP cohorts (Figures 2, 3; Supplementary Material; Table 3), all indicators of healthcare services (any outpatient visit, outpatient neurologic visit, outpatient physiotherapy evaluation or treatment, any outpatient testing, any non-urgent hospital admission) dropped drastically after the index week change (March 9–15, 2020) until September 30, 2020, with IRR ranging from 0.07 (95% CI 0.04–0.12) for any outpatient physiotherapy evaluation or treatment in PD to 0.54 (0.34–0.86) for any outpatient exam in VP. The trend after the index week change slightly increased for almost all outpatient healthcare service measures (2–8% increase per week), but not for non-urgent hospital admissions. The control cohort showed similar reduction and trends (Figures 1, 2; Table 3). The mean days of prescription of any drugs did not change in PD (433.3, SD 270.4, in 2019, vs. 451.7, SD 359.3, in 2020, p = 0.27), AP (535.6, SD 301.4, in 2019, vs. 478.1, SD 362.5, in 2020, p = 0.16), and VP (579.3, SD 280.6, in 2019, vs. 609.4, SD 343.7, in 2020, p = 0.83), and slightly increased in controls (423.2, SD 312.2, in 2019, vs. 435.5, SD 325.1, in 2020, p = 0.020). Prescription of drugs specific for PD did not change in PD (153.3, SD 123.6, in 2019, vs. 150.8, SD 117.1, in 2020, p = 0.704), AP (129.5, SD 102.0, in 2019, vs. 117.3, SD 95.6, in 2020, p = 0.54), and VP (75.8, SD 71.4, in 2019, vs. 72.0, SD 59.0, in 2020, p = 0.72).


[image: Figure 2]
FIGURE 2. Interrupted time-series (ITS) design, from July 1, 2019, to September 30, 2020, evaluating the healthcare services change in the PD and control cohorts. The pre-intervention period was from July 1, 2019, to March 8, 2020; the intervention (index week change) was set in the week of March 9 to 15, 2020; the post-intervention period was from March 16, 2020, to September 30, 2020. (A) Any outpatient visit change is reported. (B) Any non-urgent hospital admission change is reported.
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FIGURE 3. Interrupted time-series (ITS) design, from July 1, 2019, to September 30, 2020, evaluating the healthcare services change in the PD and control cohorts. The pre-intervention period was from July 1, 2019, to March 8, 2020; the intervention (index week change) was set in the week of March 9–15, 2020; the post-intervention period was from March 16, 2020, to September 30, 2020. (A) Outpatient neurologic visit change is reported. (B) Outpatient physiotherapy evaluation or treatment change is reported.



Table 3. Interrupted time series of healthcare services measures in the ParkLink cohorts (Parkinson's disease, atypical parkinsonism, vascular parkinsonism) and the control cohort, local health trust of Bologna, from July 1, 2019 to September 30, 2020.
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Impact Analysis: Major Clinical Outcome Rates Comparison Between 2019 and 2020 Periods

Any PD-related major clinical outcome significantly increased with a RR of 2.1 (95% CI 1.5–3.0) from March to September 2020 compared to the same period of 2019 (Table 4), only in the PD cohort. This result was due to the increase in major injuries (3.0, 1.5–6.2) and infections (3.3, 1.5–7.2). Major injuries' increase was mainly driven by both upper limb injuries (5.7, 1.3–53.2) and lower limb injuries (5.6, 1.6–29.7). Infection increase was due to pulmonary infections (4.0, 1.5–10.6) and sepsis (2.6, 0.5–13.4). Other measures showed a trend in increase (any urgent hospital admission and hospital admissions for heart failure). The AP and VP cohorts showed fairly similar but not significant trends for infections and the VP cohort for heart failure. In the control cohort, none of these measures changed between the two periods.


Table 4. Monthly rates (×1,000), as mean of March-September period in 2019 (control period) and 2020 (first epidemic bout period and flattening of the epidemic curve period), in the ParkLink Bologna cohorts and in the control cohort.
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Prognostic Analysis in the Parkinson's Disease Cohort

In the period June to September 2020, 38 (5.1%) out of 747 PD patients, alive on June 1, 2020, experienced at least one of the major clinical outcomes: infection (15 subjects, 39.5%), major injury (11, 29.0%), heart failure (4, 10.6%), psychosis (3, 7.9%), stroke (2, 5.2%), hypotension/syncope (1, 2.6%), thromboembolism (1, 2.6%), and myocardial infarction (1, 2.6%). This group of patients had a more severe clinical status (Hoehn and Yahr scale score of 2.9 vs. 2.5, p = 0.022), more frequent bradykinesia at onset (100 vs. 79.5%, p = 0.002), disability (44.7 vs. 22.4%, p < 0.001), chronic pulmonary disease (7.9 vs. 1.0%, p < 0.011), and a larger proportion of subjects with reduction of number of physiotherapy evaluation or treatment in 2020 vs. 2019 (23.7 vs. 11.1%, p = 0.051), compared to patients not experiencing a major clinical outcome (see Table 5 for details). The multivariable logistic model (adjusted for age, Hoehn and Yahr scale score, disability, number of physiotherapy evaluations or treatments in 2019, and chronic pulmonary disease, see Table 6) showed an independent association between any PD-related major clinical outcome and reduction of the number of physiotherapy evaluations or treatments in 2020 (3.3, 1.1–9.8).


Table 5. Prognostic analysis in Parkinson's disease cohort, period June-September 2020.
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Table 6. Multivariable logistic model of prognostic analysis on factors associated to the occurrence of any Parkinson's disease related major clinical outcome in the Parkinson's disease cohort, period June-September 2020.
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Between June and December 2020, overall mortality was 3.7% (27 subjects out of 747): 44.4% in the group that experienced and 3.6% in the group that did not experience any major clinical outcomes (p < 0.001). The multivariable logistic model showed that the following parameters were associated with death: 1-year increase in age (OR 1.1, 95% CI 1.01–1.2), a 1-point increase in Hoehn and Yahr scale score (1.6, 1.02–2.3), cerebrovascular disorder history (10.0, 2.3–43.4), COVID-19 infection (8.3, 2.2–31.4), and any PD-related major clinical outcome (30.4, 11.1–83.4).




DISCUSSION

During the first 7 months of the COVID-19 epidemic bout, including 3 months of strict social lockdown measures and radical rearrangement of healthcare organization followed by 4 months of gradual recovery, we observed a marked reduction of all scheduled healthcare services in a cohort of PD or other parkinsonism of a large province of Northern Italy. In relative terms, change in service utilization was identical to that of a control cohort matched for sex, age, residence area, and comorbidity. Compared with the 2019 pre-pandemic period, during the epidemic bout, people with PD showed a higher risk of hospitalization for PD-related major clinical outcomes, namely a three-fold risk of major injuries and infections (other than COVID-19). Moreover, in people with PD, such outcomes were independently associated with a reduction in physical therapy evaluation or treatment from 2019 to 2020. Finally, a preceding major clinical outcome was the strongest predictor of death.

During the first epidemic bout (March-May 2020), with strict lockdown measures in many countries, a meta-analysis of worldwide studies (4) found a median reduction—compared to previous periods—of 37% of any healthcare service, highest for visits (42%) and lower for hospital admissions (28%), diagnostics (31%), and therapeutics (30%). In our cohorts, we found even greater reductions for visits (57–63%), admissions (66–70%), and diagnostics (47–62%) but not for drug prescriptions. Outpatient physical therapy was the most impacted service, particularly in the PD cohort (93% of reduction). Similar data on physiotherapy in people with PD were reported in France (20). Data from 105 countries and territories covering all WHO regions report that cross-sectoral services for neurological disorders were the most frequently disrupted services (62.9%), followed by emergency/acute care (47.1%) (21). Travel restrictions due to lockdowns (81.7%) and regulatory closure of services (65.4%) were the most commonly reported causes of disruption.

Few data are available about the indirect impact of the COVID-19 epidemic on non-communicable chronic disorders. Excess mortality from cardiovascular diseases (22, 23), diseases of the respiratory system (22), cancer (24, 25), and chronic liver disease (26), possibly due to the disruption of essential health services during pandemic peaks, was observed in some European countries and the USA. Isolation measures have damaged the cognitive and mental health of people with dementia (27).

People with PD are per se at higher risk of hospital admissions due to infections (18), falls and injuries (18, 28), gastrointestinal complications (18), neuropsychiatric problems (18), and hypotension (29), and possibly thromboembolic (30) or cardiovascular events (18). In the first 7 months of the epidemic, people with PD suffered a doubling of events compared with the same period of 2019. Namely, major injuries and infections tripled, driven by a five-fold increase in limb injuries and a four-fold increase in pulmonary infections (excluding COVID-19). A possible explanation is that forced immobility due to social restriction (especially during the first 3 months of the epidemic) and the almost complete cancellation of scheduled physical therapy may have impacted motor function and the ability to walk among patients with PD. This, in turn, could have increased the risk of falls and major injuries (especially limb fractures). Pneumonia, another marker of disease progression (18), could be a direct consequence of motor impairment after a major injury [e.g., a fracture (31)] and/or due to the reduction of primary care contacts (32). Some empirical data consistently show a reduction in the daily walking activity during the confinement period compared to the pre-confinement period (33), the reduction in the amount, duration, and frequency of exercise (34, 35) and physiotherapy (20) in people with PD, with possible subjective and objective worsening of both motor and non-motor features (20, 34, 36–39).

Physical exercise is one of the milestones of PD treatment (40), improving physical functioning (41), gait (42), balance (42), quality of life (41, 43), cognition (44), and non-motor symptoms such as depression (43). Thus, our results are consistent with the hypothesis that reduction of physical activity, through restriction of both social life and physical exercise, favored negative health consequences in people living with PD (45), such as the occurrence of major clinical outcomes and possibly an increase in the risk of death.

We did not observe any impact on the AP and VP cohorts, but a statistically not significant trend of higher risk for infections and heart failure was found. This could be explained by a limited statistical power. Moreover, as people with AP have usually a more rapid disease progression than those with PD (46) and possibly are more often bedridden, mobility restrictions could have had a limited impact on the risk for injuries in this cohort.

The main strength of our study is the clinical diagnosis performed by neurologists during the day-by-day clinical activity. In a retrospective study, diagnostic assessment by a qualified neurologist is highly preferable than relying on other methods based on administrative claims data only. Our study has some limitations, too. The diagnostic criteria applied were not the most recent published criteria for PD and progressive supranuclear palsy. This fact might have led to the misdiagnosis between the categories of PD and AP, which, however, presumably occurred in few people. Moreover, the ParkLink cohort did not include the whole population of PD or parkinsonism in the area, since not all neurologists are participating in the study. However, including unselected patients with PD or parkinsonism covering both public and private sectors, as well as community and hospital-based services, we think that our sample is representative of the entire spectrum of the disease at the population level. Finally, data on some potential covariates/confounders, such as socioeconomic status and caregiver situation, were not available, and the reduction of healthcare services was defined by a non-validated measure.

The COVID-19 pandemic is an unprecedented “natural experiment” providing the opportunity to learn more about draconian national governmental decisions and healthcare system rearrangement (4) during public health emergencies. In 2020, ~1 million excess deaths occurred in high-income countries. This outcome reflects, together with mechanisms of the direct effects of the pandemic, also the indirect effects due to associated policy measures (47). Some speculated that subjects with chronic and severe neurodegenerative diseases could have been most seriously impacted by the indirect consequences of the epidemic (5). We observed a clear chronological association between mobility restrictions, regulatory closure of services (particularly regarding physiotherapy), and major clinical outcomes in a cohort of highly vulnerable patients, such as people with PD, that was not observed in a control population. Such findings may be considered by decision-makers during possible future emergencies (such as epidemics and extreme climate changes) when planning substantial health care and social rearrangements applied to large populations. Patients with chronic conditions, such as PD, should be considered vulnerable subjects and safeguarded as such, and strategies to maintain their physical activity should be implemented.
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