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Abstract
Background  Quarantine was the measure taken by governments to control the rapid spread of COVID-19. This restriction 
resulted in a sudden change in people’s lifestyle, leading to an increase in sedentary behavior and a related decrease in the 
practice of physical activity (PA). However, in neuromuscular diseases patients need to perform regular PA to counteract 
the negative consequences of the disease. Hence, the aim of this study was to estimate the levels of PA, measured as energy 
expenditure (MET–minute/week), among patients with neuromuscular disease (NMD) before and during the last week of 
quarantine.
Methods  A total of 268 Italian subjects, living in Sicily, completed an adapted version of the IPAQ-SF. Participants com-
prised 149 NMD, enrolled at the Neuromuscular Clinic of Palermo and 119 healthy subjects (control group). The SF-12 
questionnaire was also administered to NMD. The Mann–Whitney U and the Kruskal–Wallis rank-sum tests were used for 
statistical analyses.
Results  We observed a significant decrease of the total weekly PA level during COVID-19 quarantine in both patients and 
controls. Moreover, a significant difference in the total weekly PA level was found depending on the presence of neuromus-
cular disease, impaired walking, gender and BMI. Finally, we found a correlation between SF-12 scores and the entity of the 
reduction of PA level during quarantine, thus confirming a relevant association with the quality of life in NMD.
Conclusion  Our study confirmed that COVID-19 quarantine has affected the practice of PA among both NMD and healthy 
controls.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has 
grown since late 2019, causing an unprecedented crisis and 
affecting the lives of millions of people worldwide [1, 2]. 

Hence, COVID-19 has been declared a public health emer-
gency and in many countries people were asked to live in 
home-confinement for several months, while hospitals 
have been forced to reduce their outpatient activities to 
cope with the high number of hospitalizations [3, 4]. Apart 
from the well-known symptoms of COVID-19 (fever, diar-
rhea and respiratory impairment), neurological symptoms 
are reported in up to one-third of cases [2, 5, 6]. Further-
more, pandemic-associated psychological sequelae have 
been reported [1, 7]. In fact, the restrictive measures and 
the quarantine imposed by the governments have contrib-
uted to further indirect effects of pandemic by influencing 
(negatively) many aspects of everyday life, for instance, the 
practice of PA. As a result of COVID-19 pandemic, many 
people all around the world have suddenly become inactive 

V. Di Stefano and G. Battaglia contributed equally to the 
manuscript.

 *	 Vincenzo Di Stefano 
	 vincenzo19689@gmail.com

1	 Department of Biomedicine, Neuroscience and Advanced 
Diagnostic (BIND), University of Palermo, Via G. La 
Loggia, 1, 90129 Palermo, Italy

2	 Department of Psychology, Educational Science and Human 
Movement, University of Palermo, Palermo, Italy

http://orcid.org/0000-0001-9805-1655
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-020-10064-6&domain=pdf


21Journal of Neurology (2021) 268:20–26	

1 3

and sedentary, with important consequences for both healthy 
people and patients affected by several kinds of disease [2, 
5, 8, 9].

It is a well-known fact that inactivity and sedentarism lead 
to specific alterations in the skeletal muscle, contributing to 
insulin resistance, impairment of the oxidative function, and 
rapid hypotrophy [10–13]. These changes in the muscle patho-
physiology usually take place after a couple of weeks, but they 
can also be faster in older people or patients affected by neu-
romuscular disease [10, 14].

Neuromuscular diseases affect both adults and children 
causing a relevant disability in the lifespan [14, 15]. They 
include disorders of: skeleton muscle (i.e. muscle dystro-
phies, inflammatory myopathies, muscle channalopathies), 
neuromuscular junction (i.e. myasthenia gravis, Eaton–Lam-
bert syndrome), and peripheral nerve (i.e. familial amyloid 
neuropathies, chronic inflammatory demyelinating polyradicu-
loneuropathy). Moreover, patients with neuromuscular disease 
(NMD) require strict follow-up, essential immunotherapies, 
muscle rehabilitation and physical exercise [14–20]. In par-
ticular, NMD need an active physical activity (PA), through 
the practice of regular exercise, to improve muscle strength, 
endurance ability and to prevent osteoarticular complications 
from disuse [15, 17, 21]. PA and exercise should be performed 
under the supervision of a reference specialist and in close 
collaboration with physiotherapists in an integrated and indi-
vidualized approach [15, 16, 21]. For these reasons, it is not 
difficult to hypothesize that COVID-19 pandemic-related Ital-
ian government limitations have contributed to a significant 
change in the care of NMD due to the difficult access to immu-
nosuppressive treatments and physiotherapy [15].

Notwithstanding the relevant impact of COVID-19 pan-
demic on the health of NMD, scientific task forces have 
provided recommendations for the care of neuromuscular 
diseases [3, 4, 15, 17]. However, very little has been dis-
cussed about the fundamental role of PA and physiotherapy 
in this subset of patients during the lockdown [17]. Isolation 
at home can lead to poor nutrition, low sleep quality, reduced 
PA levels and sedentary habits with different negative con-
sequences, such as increased body fat, decreased muscle 
mass, insomnia and depression [1, 2, 10, 22, 23]. Therefore, 
it is important to highlight these unwanted consequences 
of quarantine to develop and provide practical and useful 
recommendations.

In the present cross-sectional study we aimed to explore 
the impact of COVID-19 lockdown on PA in NMD and to 
quantify the expected reduction of PA levels, as well its 
effect on the quality of life.

Methods

Study design and procedure

The study design of the research is a cross-sectional sur-
vey conducted through a detailed interview. The survey 
conducted for the study included an adapted version of the 
International Physical Activity Questionnaire Short-Form 
(IPAQ-SF) [24, 25] and a Short-Form Health Survey (SF-
12) [26]. Before being admitted to the research, all partici-
pants signed informant consent. The Ethical Board of the 
University of Palermo approved the study in conformity with 
the Declaration of Helsinki principles.

Participants

Participants, living in Sicily, were recruited between April 
20 and May 4, 2020 (during COVID-19 quarantine in Italy). 
It is well-known that in this period, due to the restrictive 
measures adopted by the government, all sports facili-
ties were closed and the practice of outdoor PA in public 
parks and gardens was forbidden [5, 22]. Participants were 
enrolled at the Neuromuscular Clinic of the University of 
Palermo regarding patients with neuromuscular diseases 
(n = 149), while healthy controls (n = 119) were enrolled 
among not-affected partners and caregivers.

Data collection

The data were collected through a questionnaire adminis-
tered by telephone to the participants. The adapted version 
of the IPAQ-SF we have chosen allowed us to assess, at the 
same time, the levels of PA both before and during the last 
7 days of COVID-19 quarantine [24, 25]. The levels of PA 
were measured as energy expenditure (MET–minutes/week).

The adapted version of the IPAQ-SF comprised 31 ques-
tions assessing frequencies and durations of each PA inten-
sity, i.e. sitting, walking, moderate-intensity physical activi-
ties, and vigorous-intensity physical activities. In particular, 
the questionnaire included questions about: demographic 
and anthropometric data; PA before quarantine; type of work 
done during quarantine; type of house where lived during 
quarantine; vigorous-intensity PA before and during quar-
antine, moderate-intensity PA before and during quarantine, 
walking activities before and during quarantine, sitting activ-
ities before and during quarantine; information concerning 
the practice of PA in home setting during quarantine [25].

Finally, a Short-Form Health Survey (SF-12) was admin-
istered to the NMD [26]. This questionnaire consisted of two 
assessment domains: the physical health component score 
(PCS) and the mental health component score (MCS).
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Scoring protocol

As for the IPAQ-SF adapted version, we considered the 
total PA level and the moderate-to-vigorous PA (MVPA) 
level for both before and during quarantine. Furthermore, 
we analyzed both parameters in relation to the gender, age, 
and BMI variables. The weekly PA level of both consid-
ered parameters were calculated as energy expenditure in 
MET–minutes/week (MET–min/wk) [27]. We used the cor-
responding metabolic equivalent task (MET) assigned to 
each type of PA (i.e. 3.3, 4.0 and 8.0 for walking, moderate-
intensity physical activities and vigorous-intensity physi-
cal activities, respectively) to estimate the weekly level of 
energy expenditure. Afterwards, we computed the sum of 
energy expenditure of walking, moderate-intensity physi-
cal activities, and vigorous-intensity physical activities in 
MET–min/wk for the “total PA” level and the sum of mod-
erate-intensity physical activities, and vigorous-intensity 
physical activities in MET–min/wk for the “MVPA” level 
[25, 28]. Hence, we multiplied the corresponding MET basal 
level for each type of PA per minutes of practice during the 
week to calculate the MET weekly level (https​://www.ipaq.
ki.se) [25, 28].

The distribution of the PA level difference between before 
and during quarantine was calculated for each different PA 
intensity and for the total PA level (i.e. the sum of walk-
ing, moderate-intensity physical activities, and vigorous-
intensity physical activities) in walking subjects. In fact, in 
patients with impaired walking ability, we did not calculate 
the total PA level, but, for these subjects, we considered 
instead the MVPA level (i.e. the sum of moderate-intensity 
physical activities and vigorous-intensity physical activi-
ties), which has been often used in elderly (https​://www.
ipaq.ki.se) [29, 30].

As regards the SF-12, reference values were published for 
both healthy subjects and patients with neurological diseases 
for the Italian population [31, 32]. PCS and MCS scores 
range from 0 to 100, with higher scores indicating a better 
health-related quality of life [26, 33].

Statistical analysis

Percentages were calculated to describe the categorical 
variables and we reported continuous variables as means 
with standard deviation. We compared categorical variables 
between groups using the Chi-square test and continuous 
variables through the Mann–Whitney test. Percentiles, 
means, and standard deviations were calculated to repre-
sent the PA level for the categorical variables. For statisti-
cal analysis, we used the labels “MET pre COVID-19” and 
“MET during COVID-19” to represent the PA level before 
and during quarantine, respectively; “∆MET” to indicate the 
PA level difference between before and during quarantine. 

Box-plots were used to graphically represent the quantita-
tive variables. The Mann–Whitney U test for continuous 
variables was chosen to compare the distribution of the total 
weekly PA level before and during quarantine. Subsequently, 
we analyzed the relationship between the parameters “MET 
pre COVID-19” and “MET during COVID-19” and the gen-
der, age, and BMI variables through a bivariate analysis. 
In particular, we used the Kruskal–Wallis rank-sum test 
for the abovementioned variables (i.e. age, gender, BMI), 
SF-12 scores and disease subtype in NMD. Pearson’s cor-
relation coefficient was calculated between SF-12 scores and 
∆MET parameters and MVPA. We performed all tests using 
SPSS Statistic (v26) and established the level of significance 
at < 0.05.

Results

Study population

A total of 268 Italian subjects, all from Sicily Region, both 
physically active and inactive, completed the questionnaire. 
Among these, 149 were affected by a neuromuscular dis-
ease and they were enrolled at the Neuromuscular Clinic 
of Palermo, while 119 healthy subjects were recruited as 
control group.

Among the participants of the group with neuromuscular 
disease (62% males), 119 patients (80%) were able to walk 
independently and 30 patients (20%) showed impaired walk-
ing ability. Regarding the type of disease, 19 patients (13%) 
had an acquired or hereditary myopathy (MY); 69 patients 
(46%) presented a diagnosis of acquired or hereditary poly-
neuropathy (PN); 49 patients (33%) suffered from a disorder 
of the neuromuscular junction (NJD); and the last group 
consisted of 12 patients (8%) with a genetically confirmed 
degenerative disease (ND, i.e. hereditary spastic paraplegia, 
spinal muscular amyotrophy).

There were no significant differences in age and gender 
between patients and healthy controls (Table 1). Of interest, 
NMD showed significantly higher BMI scores (p = 0.044), 
although this difference resulted no significant when only 
walking patients were considered.

Physical activity level

The distribution of ∆ MET was calculated for different levels 
of PA intensity (i.e. vigorous-intensity PA; moderate-inten-
sity PA; walking activity) in all subjects. The Mann–Whit-
ney U test showed a significant difference in the distribu-
tion of each intensity of PA and in both parameters which 
we have considered for the PA level (i.e. the total PA level 
parameter and the MVPA level) in the before-quarantine 

https://www.ipaq.ki.se
https://www.ipaq.ki.se
https://www.ipaq.ki.se
https://www.ipaq.ki.se
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condition as well as during quarantine condition in NMD 
compared to healthy subjects (Table 1).

In healthy controls, a significant reduction of PA was 
reported during quarantine compared to before quarantine 
for vigorous-intensity PA (p = 0.04), moderate-intensity 
PA (p = 0.01), walking activity (p < 0.0001), total PA level 
(p < 0.0001) and MVPA level (p = 0.001). In NMD, a sig-
nificant reduction of PA was reported for walking activity 
(p < 0.0001), total PA level (p < 0.0001) and MVPA level 
(p = 0.04), while no difference was found for vigorous-inten-
sity PA (p = 0.69) and moderate-intensity PA (p = 0.07), thus 
explaining the reason why in NMD basal levels of energy 
expenditure start from very low values.

Moreover, we estimated the impact of quarantine on 
each PA intensity, in the total PA level parameter and in 
the MVPA level calculating the difference between energy 
expenditure during and before quarantine (∆MET) finding a 
significant difference in vigorous-intensity PA (p < 0.0001), 
in total PA level parameter (p = 0.006) and in the MVPA 
parameter (p = 0.006). We did not find any significant differ-
ence in moderate-intensity PA and walking activity.

∆MET measures (∆MET-Vigorous, ∆MET-Moderate 
and ∆MET-MVPA) were not differently distributed in rela-
tion to impaired walking, gender, age, and BMI among 
NMD. Moreover, we found no significant difference in rela-
tion to the disease subtype, except for ∆ MET-Walking that 

was higher in patients with neuromuscular junction disorder 
than patients of the neurodegenerative subgroup (p = 0.048, 
Fig. 1).

SF‑12

NMD showed reduced scores for both PCS-12 (33.7 ± 10.1) 
and MCS-12 (45.2 ± 13.0) domains compared to Italian gen-
eral population. SF-12 scores were not differently distributed 
in relation to age. Of interest, among NMD both PCS-12 
and MCS-12 scores were significantly lower in patients with 
impaired walking (p < 0.0001 and p = 0.011, respectively); 
men showed reduced MCS-12 scores (p = 0.008) and PCS-
12 scores were significantly lower in patients with higher 
BMI (p = 0.036). The Kruskal–Wallis test reported a signifi-
cant difference for both PCS-12 and MCS-12 in relation to 
the neuromuscular disease (p = 0.029 and p < 0.0001, respec-
tively, Fig. 1). In particular, we found lower PCS-12 scores 
in ND patients when compared to MY patients (p = 0.026); 
furthermore, ND patients showed lower MCS-12 scores 
compared to NJD and PN patients (p = 0.023 and p < 0.0001, 
respectively).

A linear correlation was found between PCS-12 
scores and both ∆ MET total (− 0.276, p = 0.002) and 
MVPA (− 0.229, p = 0.005). Moreover, we found a 

Table 1   Demographics and 
MET levels in patients with 
neuromuscular disease and 
healthy controls

NMD patients with neuromuscular disease
ªcalculated only in NMD with preserved walking
* Mann–Whitney U test, p < 0.05
** Mann–Whitney U test, p < 0.01
*** Mann–Whitney U test, p < 0.001

NMD Healthy controls p

Age (years) 57.3 ± 13.7 56 ± 6.8 0.2
Gender (males) 93/149 (62%) 74/119 (62%) 0.93
BMI (kg/m2) 27.26 ± 4.4 26.3 ± 2.4 0.044*
MET-vigorous pre COVID-19 (min/wk) 70.1 ± 361.9 2081.8 ± 4945.3 < 0.0001***
MET-vigorous during COVID-19 (min/wk) 37.1 ± 303.9 861.9 ± 1662.9 < 0.0001***
∆MET-vigorous (min/wk) − 33 ± 219.2 − 1219.9 ± 4920.8 < 0.0001***
MET-moderate pre COVID-19 (min/wk) 263.2 ± 606.9 1153.3 ± 2424.6 < 0.0001***
MET-moderate during COVID-19 (min/wk) 146.9 ± 450.6 925.4 ± 3675.6 < 0.0001***
∆MET-moderate (min/wk) − 116.2 ± 323.2 − 227.87 ± 4076.9 0.47
MET-walking pre COVID-19 (min/wk) 547.7 ± 733.2ª 1271.5 ± 2703.6 0.028*
MET-walking during COVID-19 (min/wk) 211.9 ± 534 ª 574.9 ± 1731.3 0.006**
∆MET-walking (min/wk) − 335.8 ± 524.3ª − 696.5 ± 3167.1 0.6
MET-total pre COVID-19 (min/wk) 901.3 ± 1299.6ª 4506.5 ± 7600.1 < 0.0001***
MET-total during COVID-19 (min/wk) 400.6 ± 1088.5ª 2362.3 ± 4498.9 < 0.0001***
∆ MET-total (min/wk) − 500.7 ± 705.7ª − 2144.3 ± 8630.7 0.006**
MPVA pre COVID-19 (min/wk) 333.3 ± 483.8 3235.7 ± 3684.7 < 0.0001***
MPVA during COVID-19 (min/wk) 184 ± 440.3 1787.3 ± 2669.3 < 0.0001***
∆MET-MPVA (min/wk) − 149.3 ± 426.8 − 1447.8 ± 7611.3 0.006**
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correlation between MCS-12 scores and ∆MET total 
(− 0.192, p = 0.036).

Discussion

In this study we investigated the impact of the COVID-19 
quarantine on PA levels and quality of life in NMD.

During these last months, the quarantine has allowed to 
restrain the rapid spread of COVID-19 [3]. However, this 
containment measure may have had side effects on the health 
of the populations [1, 2]. Indeed, quarantine has implied a 
sudden change in people’s lifestyle, leading to an increase 
in sedentary behavior [10, 25, 34]. Such a radical change in 
daily life can have to negative effects in high-risk patients, 
who need to perform regular exercise to counteract the nega-
tive consequences of certain disease, such as neuromuscular 
diseases [21].

Our understandings on the changes inducted in the skel-
eton muscle by inactivity come from several models includ-
ing bed rest, limb suspension and step reduction [10, 11, 
35]. Data from studies on “bed rest” established that mus-
cle atrophy, especially in antigravity muscles, appears very 
soon after only two days of inactivity [10, 35]. A prolonged 

immobilization can induce a significant reduction of protein 
synthesis in the muscle fibers thus conducting to muscle 
mass loss [12, 13, 35]. Of note, it has been recently hypoth-
esized that physical inactivity may also cause damage at 
the neuromuscular junction with muscle denervation [10]. 
Finally, it has to be considered that a more sensible muscle 
mass loss is reported following physical inactivity in older 
people and in neuromuscular disease, compared to healthy 
young subjects [10, 13]. Hence, there is some concern about 
the consequences of physical inactivity especially in NMD 
and older people.

Previous studies have recently pointed out the reduction 
of PA levels in the general population during COVID-19 
pandemic [8, 22]. In the scientific literature there are a few 
studies that have explored this topic in healthy subjects or 
in athletes [22, 25, 34], however, no studies have examined 
the consequences of quarantine in NMD.

As expected, a significant reduction in PA levels dur-
ing the pandemic in both NMD and healthy controls was 
demonstrated. Moreover, in controls subjects was found a 
significant reduction in all PA parameters considered, while, 
NMD showed a significant decrease in walking activity, total 
weekly PA level and weekly MVPA level. These results 
reflect the fact that moderate-intensity PA and walking activ-
ities were similarly affected in both patients and controls, 

Fig. 1   The figure shows the 
entity of MET reduction for 
walking (a) and moderate 
energy expenditure (b) and 
SF-12 scores (c, d) depending 
on the disease subtype. MY 
acquired or hereditary myopa-
thy, ND genetically-confirmed 
degenerative disease, NJD 
disorder of the neuromuscular 
junction, PN acquired or heredi-
tary polyneuropathy, PCS-12 
physical health component 
score of SF-12, MCS-12 mental 
health component score of 
SF-12. *p < 0.05
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while vigorous-intensity PA seem to be more reduced in 
controls. This was in agreement with a recent study that 
reported a high level of total weekly energy expenditure 
before the COVID-19 quarantine in healthy subjects [25]. 
Vigorous-intensity and moderate-intensity PA, which require 
a suitable state of health to perform certain physical efforts 
represented a relevant part of baseline PA levels in healthy 
controls, but not in NMD. Anyhow, the quarantine has nega-
tively influenced walking activities above all in NMD. The 
key explanation for this result could be related to the fact that 
walking represents a low intensity and aerobic activity char-
acterized by easy accessibility for all the population [36].

There is evidence that PA improves both mental and 
physical health [8, 21, 34]. Therefore, it is reasonable to 
hypothesize that a decrease in PA levels could have an 
impact on both health domains, as confirmed by the asso-
ciation between SF-12 scores and the extent of PA reduction 
that we have found. Surprisingly, both PCS-12 and MCS-12 
scores correlated with ∆MET-Total and, moreover, PCS-
12 correlated with MVPA level. Furthermore, compared to 
Italian population [31, 32], NMD showed reduced SF-12 
scores, especially patients with impaired walking. In par-
ticular, the mental health component resulted more affected 
among men, while the physical component was more altered 
in patients with higher BMI. Finally, specific alterations 
resulted from different diseases: ND patients showed lower 
PCS-12 scores than MY patients and lower MCS-12 scores 
compared to NJD and PN patients. These results were also 
expected, as ND patients (SMA, HSP) usually have a more 
significant disability level than other forms of neuromuscu-
lar diseases [14].

In conclusion, this study highlights the negative impact 
of COVID-19 quarantine on PA levels in NMD and healthy 
subjects. A significant reduction in PA has been reported in 
NMD, especially walking activities. Moreover, the extent 
of PA reduction was related to the perceived physical and 
mental health of NMD, thus influencing their quality of life. 
Sedentary behaviors can have negative consequences on the 
health of the entire population, in particular for those with 
additional risk factors and neuromuscular diseases. There-
fore, since outdoor activities are not practicable due to the 
quarantine, it is essential to maintain an active lifestyle by 
performing exercise in a home-based setting for healthy sub-
jects as well as for patients. Indeed, PA and physiotherapy 
are fundamental for NMD to avoid further loss of muscle 
mass and to slow the progression of the disease.

Limitations

This is a cross-sectional survey exploring the effect of 
COVID-quarantine in the PA levels of NMD. Our results 
come from comparison of the two condition, “pre” and 
“during” quarantine; however, the evaluation of the two 

conditions comes from the same interview and this may 
have biased the collection of data. PA levels are quite easy 
to recall in memory and should not be affected by the mental 
perception, at difference with psychological variables that 
may be affected by memory. For this reason, we adminis-
tered SF-12 only during quarantine renouncing to a com-
parison with the before quarantine status. Future studies 
are needed to clarify whether differences in PA levels could 
affect other domains of health and life in healthy subjects 
and in NMD. Finally, we did not report data on follow-up. 
Future studies monitoring PA levels for several months after 
lockdown could offer new interesting clues to the mecha-
nisms of recovering after muscle mass loss and hypotrophy 
and provide more useful information to predict outcome and 
response to different rehabilitation strategies.
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