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Abstract
The COVID-19 pandemic has led to a radical lifestyle change, which may unintend-
edly change physical activity levels. We aimed to perform a systematic review to 
investigate the physical activity changes in people with neurological diseases, and 
to examine the relationship between physical activity and disease symptoms, and 
psychosocial factors. The review was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 
A systematic search of the literature across five databases (PubMed, CINAHL, Web 
of Science, SCOPUS, and Cochrane Library) was carried out using the keywords 
relating to COVID-19, physical activity, sedentary behaviour, exercise, and the 
name of the neurological diseases. The systematic search was updated on 4 February 
2021 with the same keywords. Fourteen studies (n = 7662 persons with neurological 
diseases, n = 1663 healthy controls) were eligible for this review. The study popula-
tions were Parkinson disease (n = 7), dementia (n = 1), multiple sclerosis (n = 1), spi-
nal cord injury (n = 1), hereditary spastic paraplegia (n = 1), neuromuscular diseases 
(n = 1), Charcot-Marie-Tooth neuropathy (n = 1), and epilepsy (n = 1). Thirteen stud-
ies reported a decreased physical activity level, one study reported a high interrup-
tion rate of physiotherapy/rehabilitation. Furthermore, the physical activity reduc-
tion was associated with worse disease symptoms, depression, perceived health, and 
mental and physical components of quality of life. The COVID-19 pandemic has a 
negative impact on the physical activity levels of people with neurological diseases, 
and this change was related to the worsening of disease symptoms and psychoso-
cial factors. Registration number A protocol of the review was registered with the 
PROSPERO database (CRD42020207676).
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Introduction

Coronavirus Disease (COVID-19) has been declared as a global pandemic on 11 
March 2020 by the World Health Organization (Jiménez-Pavón et al., 2020; Tison 
et al., 2020). To prevent or slow down the spread of COVID-19, the countries and 
territories have taken measures such as quarantine, closing schools and businesses, 
and banning cultural and sporting events to ensure social distance (Hammami et al., 
2020; Jiménez-Pavón et al., 2020) These measures have led to a rapid change in life-
style, and the physical activity level assessed by daily step counts have decreased 
compared to before the pandemic in the general population, which is an essential 
factor for physical and mental health (Tison et al., 2020; Tremblay et al., 2011) Neu-
rological diseases are generally chronic and require using medications and rehabili-
tation services for a long time. Although there is no evidence that individuals with 
neurological diseases are more vulnerable to COVID-19, they may be more affected 
by healthcare disruptions, home confinement, and psychological stressors (Ferini-
Strambi & Salsone, 2020) These factors can lead to more limitations of physical 
activity, either as routine physiotherapy or sports activities (Schirinzi et al., 2020; 
Woods et al., 2020).

Physical activity is any bodily movement produced by skeletal muscles that 
result in energy expenditure, and it improves the general health in both healthy 
population and people with neurological disabilities (Amekran & el Hangouche,  
2021; Boysen & Krarup, 2009; Stennett et  al., 2020) However, it has been well 
established that neurological diseases may negatively affect reaching a sufficient 
level of physical activity due to motor, sensory, and autonomic system involve-
ment. Ultimately, a lack of physical activity causes deconditioning and worsen-
ing the disability (Ellis & Motl, 2013; Elsworth et  al., 2009; Stroud & Minahan,  
2009) However, it is known that physical activity improves the symptoms of neu-
rological diseases and the quality of life of patients, so regular physical activity  
has been recommended as a first-line approach for many neurological diseases  
(Boysen & Krarup, 2009; Goodwin et al., 2008; Stennett et al., 2020).

There are more varied physical activity opportunities outdoor (Jiménez-Pavón 
et  al., 2020) However, in the period of the COVID-19 pandemic, the outdoor 
activities have been limited to prevent or slow down the spread of infection. The 
time spent at home has increased, and normal routines have been interrupted 
(Hammami et al., 2020; Jiménez-Pavón et al., 2020) Even so, there are many pos-
sibilities for physical activity that can be performed at home, but indoor activities 
may need more autonomy and motivation during a stressful time like a pandemic 
(Hammami et  al., 2020) Following the emergence of the COVID-19 pandemic, 
there are many efforts to encourage people to be physically active. The American 
College of Sports Medicine published strategies to stay active at home (ACSM, 
2020) Research papers have been released to provide activity suggestions, video-
based physical activity suggestions have been made, and the importance of the 
issue was emphasized in the newspapers, and telehealth approaches have been 
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used (Hammami et  al., 2020; Jiménez-Pavón et  al., 2020; Quinn et  al., 2020; 
Reynolds, 2020).

The evidence has indicated that physical activity is a substantial factor for the 
health of persons with neurologic diseases and the efforts targeting to improve phys-
ical activity during the pandemic are important. Therefore, the objectives of this 
systematic review were to examine the impact of quarantine and isolation during 
the COVID-19 pandemic on the physical activity level and sedentary behaviour in 
people with neurological diseases, and the differences of physical activity levels and 
sedentary behaviours between people with neurological diseases and healthy con-
trols. Secondly, we aimed to investigate the relationship between physical activity 
level and psychosocial factors, and disease symptoms.

Methods

A protocol of the review was registered with the PROSPERO database (CRD42020207676). 
The review was performed in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA 2020) statement (Moher et al., 2009).

Data Sources and Searches

A systematic search for relevant articles was conducted on 22 September 2020 using 
electronic databases, namely, PubMed, CINAHL (EBSCO host), Web of Science 
(WOS), SCOPUS, and the Cochrane Library, independently by the two authors (ZA, 
MK) until 22 September 2020. The search terms for PubMed were: (((((((COVID-
19) OR (Novel Coronavirus)) OR (2019-nCoV)) OR (SARS-CoV-2)) OR (2019 
novel coronavirus)) OR (SARS nCoV2)) AND (((((((((stroke) OR (multiple sclero-
sis)) OR (Parkinson)) OR (brain injury)) OR (spinal cord injury)) OR (Alzheimer’s 
disease)) OR (nervous system disease)) OR (neurological disorders)) OR (neuro-
logical diseases))) AND ((((((physical activity) OR (exercise)) OR (sedentary)) 
OR (sedentary behaviour)) OR (leisure activity)) OR (sitting)) and this strategy 
was adapted in each database. Since the review topic is very current, the systematic 
search was updated on 4 February 2021 using the same keywords.

Study Selection

We used the Population, Intervention, Comparison, Outcome (PICO) framework as 
the criterion for inclusion of articles in this review (Santos et al., 2007) Population: 
adults with neurological disease including stroke, Parkinson’s disease (PD), multi-
ple sclerosis (MS), traumatic brain injury (TBI), spinal cord injury (SCI), Alzhei-
mer’s disease, and others. Intervention: quarantine and isolation during the COVID-
19 pandemic. Comparison: pre-pandemic physical activity level and sedentary 
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behaviour or healthy controls. Outcomes: change in physical activity level or seden-
tary behaviour score from pre-pandemic to the last available follow-up after the pan-
demic, measured using the validated self-reported questionnaires or accelerometers/
pedometers.

The observational studies, including cross-sectional, cohort, and case–control 
studies published in English, were included. Initially, two authors independently 
screened articles based on title and abstract, but if the abstract did not provide suf-
ficient information, the full text was read. Two authors (ZA, MK) independently 
reviewed the full text of papers for eligibility. In case of any indecision or disagree-
ment, a third author (TK) was consulted.

We had excluded studies that involved pediatric neurological disorders (e.g., cer-
ebral palsy and epilepsy). The animal studies, conference papers, study protocols, 
opinion papers, commentaries, case reports, systematic reviews, and meta-analysis 
were also excluded.

Data Extraction and Quality Assessment

National Heart, Lung, and Blood Institute (NHLBI) study quality assessment tool 
for observational cohort and cross-sectional studies was used to assess the methodo-
logical quality of the included articles. The tool has 14 items and is scored as yes, 
no, or cannot determine/not applicable/not reported (NHLBI, 2014).

Data extraction and data synthesis were conducted according to a guideline for 
systematic reviews (van Tulder et  al., 2003) Two independent reviewers (ZA and 
MK) manually extracted key data from the included articles in a Summary of Find-
ings table. The two reviewers applied pilot testing for the data extraction form 
together to minimize misinterpretation. The following data were placed in the appro-
priate place in table: date and place of study, study design including methodological 
quality, participants characteristics (a number of participants, age, sex, neurological 
condition), inclusion and exclusion criteria, measurement of physical activity, and 
sedentary behaviour, change of physical activity, and sedentary behaviour between 
pre-pandemic and during the pandemic or differences between persons with a neuro-
logical condition and healthy controls.

Data Synthesis and Analysis

The impact of the COVID-19 pandemic on physical activity levels and sedentary 
behaviours was analysed by the narrative synthesis. Results were presented by 
grouping clinically similar studies. If convenient and sufficient data were available, 
it was performed narrative comparisons between the following groups: age, gender, 
disability group, and geographical area. A detailed analysis was conducted to exam-
ine the relationship between physical activity level and disease symptoms, and psy-
chosocial factors.
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Results

Search Results

As shown in Fig.  1, 447 records initially were determined based on the search 
strategy. After deleting 44 duplicates, we removed 396 articles by reading their 
titles and abstracts. The full texts of the remaining seven articles were screened 
for eligibility. One article has been excluded because it was a case report. Six 
articles were included in this systematic review in the first systematic search on 
22 September 2020. Eight more articles meeting the research criteria were added 
after the updated search on 4 February 2021.

Fig. 1  PRISMA flow-chart
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Study Characteristics

Table 1 indicates the descriptive characteristics of the 14 included articles. Seven of 
the articles included persons with PD. The other studies (n = 7) enrolled participants 
with different pathologies including dementia (n = 1), multiple sclerosis (n = 1), spi-
nal cord injury (n = 1), hereditary spastic paraplegia (n = 1), neuromuscular diseases 
(n = 1), Charcot-Marie-Tooth neuropathy (n = 1), and epilepsy (n = 1). Twelve stud-
ies questioned whether their physical activity and/or sports Questionnaires (IPAQ) 
and Physical Activity Scale for Individuals with Physical Disabilities (PASIPD) 
results assessed before and after the lockdown (Marco-Ahulló et al., 2021; Shalash 
et al., 2020) Three studies included healthy controls Brown et al., 2020; di Stefano 
et al., 2020; Shalash et al., 2020), but two of them compared physical activity levels 
of healthy controls and people with neurological diseases (di Stefano et al., 2020; 
Shalash et al., 2020). Two studies also included caregivers (Borges-Machado et al., 
2020; Cavallieri et al., 2021) Answers were obtained from caregivers of dementia 
patients, whereas in the study that included persons with Parkinson’s disease, the 
caregivers were asked when patients could not respond (Borges-Machado et  al., 
2020; Cavallieri et al., 2021). Brown et al. included participants with and without 
COVID-19 and presented subgroup analysis for the baseline characteristics, but they 
provided data for information on physical activity or exercise of participants without 
COVID-19 (Brown et al., 2020).

The overall methodological quality is presented in the Supplementary Table 
and Table 1. All the included studies met criteria 1, 2, 3, and 7 because they well 
explained research questions and study populations, achieved high participation 
rates of eligible persons, and sufficient timeframes for assessments. However, none 
of the studies met criteria 5, 6, 10, and 12. There was no sample size calculation, 
power description, follow-up, and blindness to the exposure status. assessment in 
any papers. Also, since the COVID-19 pandemic unexpectedly affects all partici-
pants of the studies, none of the studies could assess the exposures of interest before 
the outcomes were measured.

The date was not reported in the study conducted in Egypt, (Shalash et al., 2020 
but the data collection was carried out in other studies between April and June when 
the measures were strict.

Participants

Fourteen studies included a total of 7662 persons with neurological diseases and 
1663 healthy participants. Most of the studies included persons with PD (90%, 
n = 6898). The mean age of the participants was 57.2 ranged from 42 to 74 years.

Effects of the Pandemic on Physical Activity

Three studies used the IPAQ to assess physical activity levels 6,22,25. In the 11 studies, 
a constructed survey was used to determine whether physical activity/sport activities/
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exercise has changed during the pandemic (Borges-Machado et  al., 2020; Brown 
et  al., 2020; Cavallieri et  al., 2021; Kalron et  al., 2021; Kumar et  al., 2021; Prada 
et al., 2020; Sanchez-Larsen et al., 2020; Schirinzi et al., 2020; Song et al., 2020; van 
de Venis et al., 2020; van der Heide et al., 2020); (Schirinzi et al., 2020). used both 
IPAQ and structured surveys. Ahullo et  al. applied PASIPD to manual wheelchair 
users with spinal cord injury (Marco-Ahulló et al., 2021).

Thirteen of the studies that evaluated physical activity changes reported a reduction 
in physical activity level following the COVID-19 pandemic. (Borges-Machado et al., 
2020; Brown et al., 2020; Cavallieri et al., 2021; di Stefano et al., 2020; Kalron et al., 
2021; Kumar et  al., 2021; Marco-Ahulló et  al., 2021; Prada et  al., 2020; Sanchez-
Larsen et al., 2020; Shalash et al., 2020; Song et al., 2020; van de Venis et al., 2020; 
van der Heide et al., 2020). Schrinzi et al. (Schirinzi et al., 2020) reported that the total 
number of patients playing sports was maintained but, during the pandemic, the total 
energy expenditure was 1994.7 ± 1971 metabolic equivalent (MET) min/week in per-
sons with PD, and this score was the leading risk factor for perceived clinical worsen-
ing. Besides, the number of patients under physiotherapy/rehabilitation was decreased 
by 78% in their study (Schirinzi et al., 2020). In Cavallieri et al.’s study, 52.24% of the 
patients reported that the absence of physical activity is an unmet need during the pan-
demic (Cavallieri et al., 2021).

Across the studies that compared physical activity in persons with neurological 
diseases and healthy controls, both reported a greater physical activity reduction 
following the COVID-19 pandemic in persons with PD and neuromuscular disease 
(NMD) (di Stefano et  al., 2020; Shalash et  al., 2020). Brown et al. (Brown et al., 
2020). compared only baseline characteristics, not the physical activity levels.

Relationship Between Physical Activity and Disease Symptoms, and Psychosocial 
Factors During the Pandemic

Of the studies involving persons with PD, Shalash et al. (Shalash et al., 2020). found 
that physical activity level is associated with depression, anxiety, pre-lockdown 
depression, and cognition, while van der Heide et al. (van der Heide et al., 2020). 
did not find a relationship between time of physical activity and perceived stress. 
The total MET score has been identified as the main risk factor for perceived deteri-
oration of global health by Schirinzi et al. (Schirinzi et al., 2020). Heide et al. found 
that reduction of physical activity correlated with worsening of symptoms includ-
ing rigidity, tremor, pain, and fatigue (van der Heide et al., 2020). Similarly, Brown 
et  al. (Brown et  al., 2020). reported that cancelled or postponed exercise activi-
ties increase the risk of the worsening of motor, cognitive, mood, autonomic, and 
sleep symptoms and Song et al. indicated that a decrease in the amount of exercise 
associated with worsening in motor and non-motor symptoms of Parkinson disease 
(Song et al., 2020). A decrease in physical activity and an increase in the number 
of patients with screen time of more than 3 h were also found to be associated with 
new-onset sleep disorders (Kumar et al., 2021).

The physical and mental components of the 12-Item Short Form Survey (SF-12) 
were correlated with a decrease in physical activity levels in persons with NMD (di 
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Stefano et al., 2020). van de Venis et al. (van de Venis et al., 2020). showed that per-
sons with hereditary spastic paraplegia (HSP) with a reduced level of physical activ-
ity experienced increased disease symptoms like increased muscle stiffness, pain, 
physical fatigue, and gait impairments. Also, it has been reported that a decrease in 
physical activity is associated with worsening of seizures in individuals with epi-
lepsy (Sanchez-Larsen et al., 2020) (Table 2).

Discussion

This paper is the first systematic review to reveal the change of physical activity 
level in people with neurological diseases during the COVID-19 pandemic period. 
The evidence presented in this review highlights the ongoing COVID-19 pandemic 
affects the physical activity levels of people with neurological disease. Studies 
recruiting 7662 persons with neurological disease and 1663 healthy controls indi-
cate that physical activity level decreased in the period of the COVID-19 pandemic. 
Additionally, the reduction of physical activity was related to depression, perceived 
health, the mental and physical component of quality of life, and worse disease 
symptoms.

The sudden radical change in the lifestyle may lead to an increase in seden-
tary behaviour and a decrease in the physical activity level in the period of the 
COVID-19 pandemic. However, regular physical activity is required to counteract 
the negative effects of diseases in persons with neurological diseases (Block et al., 
2016; Ellis & Motl, 2013). The unintended decrease in daily physical activity and 
increased sedentary time can culminate changes in skeletal muscles, including loss 
of muscle strength, muscle power, and muscle mass associated with disuse and 
deterioration in cardiovascular health in after a short period of inactivity (Pagano 
et al., 2018; Pecanha et al., 2020). These changes may prepare the ground for further 
motor deterioration caused by deconditioning in persons with neurological diseases 
who already have motor impairments. Additionally, the preventive role of exercise 
for COVID-19 and its helping manage recovery from the COVID-19 through the 
mechanism, including enhanced metabolic homeostasis, suppress inflammation, and 
improvements in cardio-respiratory fitness, have been discussed in the literature (M. 
Wang, Baker, et al., 2020; Wang, Chao, et al., 2020). Considering these factors, the 
decrease in physical activity in individuals with neurological diseases indicates a 
problem that requires an urgent solution. Although supervised physiotherapy inter-
ventions are generally prescribed for persons with neurological disease, the hospitals 
and external centres had to reduce/stop their outpatient activities. In the study of 
Schirinzi et  al. (Schirinzi et  al., 2020), 78% of physiotherapy sessions were inter-
rupted in persons with PD. Although the effects of these interruptions are not known 
yet, they should be examined in future longitudinal studies.

There is evidence on that physical activity is not only related to physical health 
but also mental health through the brain and systemic effects in neurological diseases 
(Dauwan et  al., 2019). It has been reported that neuropsychiatric sequel is caused 
by the immunological responses of the SARS-CoV-2 in the central nervous system 
and the psychological distress caused by a global pandemic (Troyer et  al., 2020). 
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Therefore, maintaining physical activity shows an important role in this period. There 
is growing evidence that physical activity and exercise positively affect anxiety and 
stress through their neurobiological effects (McDowell et  al., 2019; Mochcovitch 
et al., 2016; Morgan et al., 2015). In line with this mechanism, three studies in this 
review demonstrated that physical activity is related to depression, anxiety, perceived 
global health, and mental and physical dimensions quality of life in persons with PD 
and NMD (di Stefano et al., 2020; Schirinzi et al., 2020; Shalash et al., 2020). How-
ever, in the study of van der Heide, (van der Heide et  al., 2020). time of physical 
activity and perceived stress were not correlated in persons with PD. These conflict-
ing results may result from using different measurement tools and statistical methods 
of the included papers.

It has been well-known that individuals with chronic neurological conditions need 
regular rehabilitation, and adequate physical activity is critical for their health status 
(Abbruzzese et al., 2016; Belagaje, 2017; Block et al., 2016; Charytoniuk et al., 2020; 
Ellis & Motl, 2013; Learmonth & Motl, 2016). In the literature, some reports state 
that neurorehabilitation should not be delayed or interrupted during the pandemic 
period, which will shape the lifestyle until the treatment becomes available (Leocani 
et al., 2020; Manto et al., 2020; Mantovani et al., 2020; C. C. Wang, Chao, et al., 2020; 
Wang, Baker, et al., 2020). However, the reorganization of the health system world-
wide due to the COVID 19 pandemic deeply affected the patients’ in-person rehabili-
tation session (Guidon & Amato, 2020; Mauri et  al., 2020). When considering the 
close interaction between therapist and patient, it is not astounding that one of the most 
interrupted health services is rehabilitation sessions in the pandemic era (Boldrını 
et al., 2020). For this reason, the accessibility of technology-based approaches such 
as telehealth delivery can be promoted to monitor remotely and increase the level of 
physical activity during pandemic conditions. To continue the rehabilitation sessions 
remotely, methods such as sending videos and photographs, performing online home 
visits were used (Manto et al., 2020; Mantovani et al., 2020). However, it is not yet 
clear to what extent patients have access to these opportunities and how effective they 
find these methods.

Our study has some limitations. Firstly, in the vast majority of studies, physical 
activity change was questioned cross-sectionally with patient-reported outcomes, 
and confounders were not controlled except four studies (Brown et al., 2020; Kumar 
et  al., 2021; Schirinzi et  al., 2020; Song et  al., 2020). Also, while a majority of 
the studies did not assess the sitting time, which could be important for sedentary 
behaviour. In some studies, the IPAQ was used, but the sitting sub-score has not 
been provided (di Stefano et al., 2020; Schirinzi et al., 2020; Shalash et al., 2020). 
Physical activity level was not objectively monitored using smart technologies in 
any study. Pre-pandemic physical activity level was known only in three studies 
(Shalash et al., 2020). Besides, in some studies, the lack of a control group may hin-
der understanding whether the results are disease specific. Lastly, although all stud-
ies present results in the same direction, the fact that the majority of the participants 
are persons with PD makes the generalizability of the results difficult.

An issue that attracts attention in the current systematic review was 7 of the 14 
studies included in the research have poor quality (Borges-Machado et  al., 2020; 
Brown et al., 2020; Cavallieri et al., 2021; Kalron et al., 2021; Prada et al., 2020; 
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van de Venis et  al., 2020; van der Heide et  al., 2020). Although it can affect the 
generalizability of the results, it is understandable that the studies are planned  
and conducted quickly due to the pandemic’s sudden nature. However, it is 
believed to be important that combining the results of existing research in line 
with a consociate conclusion until studies with high-quality study design offering 
more important evidence are published will make significant contributions to the  
literature.

There is a need for longitudinal studies that will examine the long-term effects of 
a reduction in physical activity during the quarantine period and examine the level 
of physical activity after progressive return to everyday life. However, these days 
some countries face the new mutation of the virus and an increase in the number 
of cases, which could lead to new challenges. Therefore, there is a need for urgent 
action to maintain the physical activity level. Since the end of the pandemic cannot 
be predicted, prevention strategies should be designed against these rapid changes 
in physical activity. Future studies should investigate the effects of interventions or 
alternative ways targeting physical activity during the pandemic.

Conclusions

This review highlights the negative indirect impact of the COVID-19 pandemic on 
physical activity levels in persons with neurological diseases. Moreover, the reduc-
tion of physical activity was associated with depression, perceived health, the men-
tal and physical component of quality of life, and worse disease symptoms. Since 
the continuing spread of the pandemic and the associated global disruption, rapid 
modifications to increase physical activity should be sought within the measures’ 
framework.
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