
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Physiology & Behavior 237 (2021) 113392

Available online 19 March 2021
0031-9384/© 2021 Elsevier Inc. All rights reserved.

Effect of COVID-19 home confinement on sleep monitorization and cardiac 
autonomic function in people with multiple sclerosis: A prospective 
cohort study✰,✰✰✰,✰✰ 

Luis Andreu-Caravaca a,b,*, Domingo Ramos-Campo c, Pedro Manonelles a, 
Oriol Abellán-Aynés a,b, Linda H. Chung d, Jacobo Á Rubio-Arias e 
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A B S T R A C T   

Background: Low sleep quality, cardiac autonomic dysfunction and poor quality of life are some of the most 
prevalent symptoms in people with Multiple Sclerosis (MS). In addition to the progression of the disease, these 
symptoms are aggravated by physical inactivity. Therefore, home confinement due to COVID-19 pandemic re-
strictions could further worsen these symptoms. This study aims to analyze the effect of home confinement on 
objective and subjective sleep quality, cardiac autonomic control based on heart rate variability (HRV), and 
health-related quality of life in people with MS. 
Methods: Actigraphic and subjective sleep quality (Karolinska Sleep Diary, KSD), HRV (Polar-H7), and quality of 
life (Multiple Sclerosis Quality of Life-54) were measured before and after 2 months of home confinement in 17 
people with MS (7:10 men/women; age: 43.41±10.88 years; body mass index: 24.87±3.31 kg/m2; Expanded 
Disability Status Scale: 2.85±1.34 a.u.). 
Results: Actigraphic sleep quality (sleep efficiency: ES=1.27, p = 0.01, sleep time: ES=0.81, p = 0.01) and 
subjective sleep quality (sleep quality: ES=-0.34, p = 0.05), sleep comfort: ES=0.60; p = 0.03, ease of falling 
asleep: ES=0.70; p = 0.01, ease of waking up: ES=0.87, p<0.01, and having enough sleep: ES=0.87, p<0.01) 
significantly decreased after home confinement. No differences were observed in HRV or quality of life variables 
(p ≥ 0.13). 
Conclusions: Home confinement has worsened the sleep quality, but not in cardiac autonomic control or quality of 
life, in people with MS. These data highlight the importance of implementing home physical training programs in 
this population when situations similar to home confinement occur, thus minimizing the negative effects of 
physical inactivity and their associated comorbidities.   

Introduction 

Multiple sclerosis (MS) is a progressive neurological disease with an 
unknown etiology [1]. Many people with MS have lower quality of life 
compared to people without pathologies [2], largely as a consequence of 
poor functional capacity [3,4], high symptomatic fatigue [5] or 
augmented muscular weakness [4]. In addition to these symptoms, 

people with MS experience other problems, such as an autonomic 
dysfunction [6]. This alteration in the sympathetic nervous system (SNS) 
and parasympathetic nervous system (PNS), both of which form the 
autonomic nervous system (ANS), affect cardiovascular function [7]. 
This may be explained by lesions in the areas of the brain related to 
autonomic control [8], as well as sedentarism, a common behavior in 
people with MS [9]. A dysfunction in cardiac autonomic control leads to 
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an increased risk of sudden death, arrhythmia, left ventricular hyper-
trophy [10], among others. In order to measure the function of cardiac 
autonomic control, heart rate variability (HRV) has been used in recent 
years and is a valid tool to observe modifications in ANS activity [11]. 

Previous studies have determined that autonomic dysfunction can 
lead to sleep problems in people with MS [12]. The prevalence of sleep 
problems is very high in people with MS, reaching almost 62% of the MS 
population [13–15]. Also, other studies have suggested that low levels of 
physical activity found in people with MS may explain poor sleep quality 
[16], and this has been supported by research that has shown an 
improvement in sleep quality after physical training programs in people 
with MS [17,18]. Furthermore, sleep quality has been associated with 
symptomatic fatigue and quality of life in people with MS [19]. This 
relationship highlights the importance of improving sleep quality in this 
population, with the aim of attenuating some of the common symptoms 
of the disease. 

Although sleep and exercise are mediated by different physiological 
mechanisms, there is a large body of evidence that demonstrates that 
physical exercise directly influences sleep [20]. Atkinson and Davenne 
[21] have shown that physical exercise improves sleep because of an 
increase in serotonin levels post-exercise, the thermoregulatory effect of 
exercise, which could stimulate somnogenic brain areas to initiate sleep, 
and the reduction in anxiety linked to exercise. Therefore, physical 
inactivity could further exacerbate sleep-related problems and associ-
ated comorbidities, such as sarcopenia [22] or obesity [23]. It has been 
shown that better sleep quality is related to a decrease in the low fre-
quency (LF) component, a marker of sympathetic modulation, as well as 
the predominance in the control of the vagal system. Conversely, poor 
sleep quality is associated with the predominance of the sympathetic 
system [24,25]. 

The global emergency caused by COVID-19, a respiratory disease 
generated by the SARS-CoV-2 [26], has led to an extraordinary situation 
in which a large part of the world’s population has been confined to their 
homes in an effort to reduce social transmission. In countries, such as 
Spain, home confinement began in March 2020 and lasted for more than 
2 months. This forced, lifestyle change significantly decreased physical 
activity levels in the general population [27], regardless of age or health 
status. As a result, the sedentary lifestyle could lead to a dysfunction in 
the cardiovascular system [28] and, in turn, affect other variables, such 
as cardiac autonomic control [29] and sleep quality [30]. People with 
MS are increasingly immersed in physical training programmes, as it is 
known to be effective in improving sleep and cardiac autonomic control 
in healthy population and people with pathologies [17,31]. Although 
there are no specific studies on the impact of covid confinement in this 
population, it is assumed that this forced confinement has drastically 
changed their lifestyles (i.e., decreased minutes of daily active living and 
social contact), like the rest of the adult population without MS [32] It is 
plausible that sedentarism derived from COVID-19-related home 
confinement could have worsened two of the common symptoms MS: 
cardiac autonomic dysfunction and poor sleep quality. 

To our knowledge, no studies have analyzed the impact of home 
confinement due to COVID-19 restrictions on cardiac autonomic control, 
sleep quality and quality of life in MS people. Therefore, the objective of 
the study was to analyze the effects of home confinement on objective 
and subjective sleep quality in people with MS. Secondly, the effect of 
home confinement was examined on cardiac autonomic control based 
on HRV and health-related quality of life. Our hypothesis was that both 
cardiac autonomic control, sleep quality, and quality of life would be 
impaired after the home confinement period in this population. 

Methods 

Study design 

A prospective, observational cohort study was conducted to analyze 
the effect of COVID-19 home confinement on sleep monitorization and 

cardiac autonomic function in people with MS. A follow-up was con-
ducted on one cohort. Data collection was carried out immediately 
before and after home confinement. Pre-confinement measurements 
were taken during the week of March 1–5, 2020. Post-confinement 
measurements were conducted in the week of June 8–12, 2020. This 
study was approved by the Catholic’s University of Murcia’s Science 
Ethics Committee according to the Declaration of Helsinki [33]. We 
want to acknowledge that the baseline measurements were originally 
meant for an experimental study, which was suspended because of the 
declaration of the COVID-19 pandemic. Baseline measures were 
completed just before the National State of Alarm, forcing the whole 
population to home confinement. When home confinement restrictions 
ended, it was important for us to follow-up on these study participants. 

Setting 

The measurements were carried out at the UCAM Sports Center, 
Murcia, Spain. Participants visited the laboratory twice. In the first visit, 
they were explained the protocol and were given an accelerometer and 
asked to fill out questionnaires. After 24 h, participants returned to the 
laboratory to turn in the completed questionnaires and the accelerom-
eter to the researchers. Actigraphic sleep quality, subjective sleep 
quality, nocturnal cardiac autonomic activity and quality of life mea-
surements were measured at pre- and post-home confinement. No 
monitoring was carried out during the weeks of confinement. 

Participants 

Participants were recruited from the local MS Association. Eighteen 
people with MS were recruited to participate in this study. A board- 
certified neurologist had diagnosed these participants with relapsing- 
remitting MS or primary progressive MS, according to the McDonald 
criteria [34]. Participants were included if they were in the stable phase 
of the disease and were capable of walking independently for >10 m. 
People with MS were excluded if they had presented with one of the 
following criteria: 1) Expanded Disability Status Scale of <1 or >6, 2) a 
relapse in the prior 12 months, 3) on corticosteroid treatment in the 
preceding 2 months, 4) involved in a training program in the prior 4 
months and 5) involved in a home-exercise program during home 
confinement. Before staring the study, all participants read and signed 
an informed consent document. 

Variables 

Primary outcome 

Actigraphic sleep quality and subjective sleep quality. The actigraphic and 
subjective sleep quality were measured on the same two nights (1-night 
pre- and 1-night post-home confinement). The actigraphic sleep quality 
was recorded using an Actiwatch wGT3X-BT activity monitoring system 
(Cambridge Neurotechnology, Cambridge, UK), which contained a 
piezo-electric accelerometer, and was worn on the non-dominant wrist. 
Eighty counts per epoch was used for the low threshold of actigraphic 
sensitivity. Actiwatch sleep analysis software was used to analyze the 
recorded data from nocturnal rest onset (bedtime) until the onset of 
daytime activity (wake time), where sleep efficiency (%), percentage of 
time spent asleep, time in bed (min), actual sleep time (min), actual 
wake time (min), the number of awakenings and average time of each 
awakening (min) were obtained. Participants also completed the Kar-
olinska Sleep Diary (KSD) [35] to assess subjective sleep quality in the 
morning soon after waking up. Karolinska Sleep Diary measured the 
following parameters: sleep quality (1= very poor; 5= very good), sleep 
comfort (1= very restless; 5= very calm/relax), ease of falling asleep 
(1= very difficult; 5= very easy), awakening (1= woke up too early; 3=
woke up late), ease of waking up (1= very difficult; 5= very easy), 
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feeling of rest (1= no rest at all; 3= completely rested) and did you have 
enough sleep (1= no, definitely very poor; 5= Yes, definitely enough). 

Secondary outcomes 

Heart rate variability analysis. The HRV analysis was performed with a 
heart rate sensor Polar H7 (Kempele, Finland) to assess the R-R intervals 
during sleep at pre- and post-home confinement. The analysis of HRV 
variables was carried out with the Kubios HRV software version 3.0 
(Kuopio, Finland). Additionally, if necessary, an artifact correction was 
performed with this software by applying very low, low or medium 
threshold filters [36]. Mean R-R interval time (RR; ms), the standard 
deviation of consecutive R-R intervals (SDNN), the root mean square of 
successive differences of consecutive R-R intervals (RMSSD) and the 
percentage of consecutive intervals that differed by more than 50 ms 
(pNN50) were measured. Furthermore, the Fast Fourier Transform was 
applied to convert the R-R data into components of the frequency 
domain as integrals of the respective power spectral density curve. The 
frequency-domain components were the high-frequency power (HF; 
0.15–1.0 Hz), the low-frequency power (LF; 0.04–0.15 Hz), as well as 
the ratio LF/HF. Additionally, HF was expressed as a natural 
logarithm-transformed value (HFln). Finally, Poincare plot variables, 
such as the standard deviation of instantaneous beat-to-beat RR interval 
variability (SD1) and the standard deviation of continuous long-term 
R-R interval variability (SD2), were calculated aiming to calculate the 
stress score (SS; equation 1000 × 1/SD2) and the sympathetic/par-
asympathetic ratio (S/PS; equation SS/SD1). 

Multiple sclerosis quality of life-54. Participants were asked to complete 
the validated and reliable Spanish version of Multiple Sclerosis Quality 
of Life-54 (MSQOL-54) questionnaire [37]. MSQOL-54 is a structured, 
self-report questionnaire that contains 14 sub-scales: physical function, 
role limitations-physical, role limitations-emotional, pain, emotional 
well-being, energy, health perceptions, social function, cognitive func-
tion, health distress, sexual function, satisfaction with sexual function, 
change in health and overall quality of life. From the MSQOL-54 ques-
tionnaire, 2 summary scores can be derived, which are the physical 
health composite summary (i.e., the sum of physical function, health 
perceptions, energy, role limitation-physical, pain, sexual function, so-
cial function, and health distress) and the mental health composite 
summary (i.e., the sum of health distress, overall quality of life, 
emotional well-being, role limitation-emotional, and cognitive func-
tion). Higher scores in each subscale or summary score corresponded to 
better quality of life. 

Bias 

Self-selection bias is present in this study. However, as this is a 
prospective cohort study, self-selection bias cannot be avoided. In 
addition, confounding bias may have occurred in this study, as the 
variables analysed in this study may be influenced by other uncontrolled 
factors (e.g., diet, social contacts). However, these confounding factors 
are inherent to the exceptional state of home confinement and, there-
fore, as a whole are the subject of this research. 

Statistical methods 

Data collection, treatment, and analysis were performed using the 
SPSS for Windows statistical package (version 20.0; SPSS, Inc., Chicago, 
IL, USA). Descriptive statistics (mean and SD) were calculated. Before 
using parametric tests, the assumption of normality was confirmed with 
the Shapiro-Wilks test. Student’s t-test for pair samples or the 
nonparametric equivalent (Wilcoxon test) was used to test if significant 
changes occurred in differences between pre- and post-home confine-
ment. A level of p ≤ 0.05 was set to indicate statistical significance. The 

effect size (ES) was calculated using Cohen’s guidelines [38]. Threshold 
values for ES were ≥0.1 (small), ≥0.3 (moderate), ≥1.2 (large), and 
≥2.0 (very large) [39]. 

Results 

At the beginning, 25 participants with MS were consulted to 
participate in the study. Of these 25 participants, 18 met the inclusion 
criteria and participated in the study. Finally, 17 people with MS 
completed the study, since one participant dropped out due to schedule 
conflicts. Table 1 shows the participant characteristics. 

There were no missing data in any of the variables analysed of the 17 
study participants. The follow-up visit was conducted at 10 weeks, 
which was duration of the State of Alarm Decreed of home confinement 
in Spain (i.e., mid-March to the end of May). 

Effects of home confinement on sleep quality 

Actigraphic sleep quality significantly decreased with large and 
moderate effects on sleep efficiency (ES= 1.27, p = 0.01) and sleep time 
(ES= 0.81, p = 0.01), respectively, after home confinement (Table 2). 

In addition, significant decreases with moderate effects were found 
on subjective sleep quality (ES= 0.54, p = 0.05), sleep comfort (ES=
0.60; p = 0.03), ease of falling asleep (ES= 0.79, p = 0.01), ease of 
waking up (ES= 0.87, p<0.01), and having enough sleep (ES= 0.87, 
p<001; Table 3). 

Effects of home confinement on cardiac autonomic control 

Based on the analyzed HRV variables (Table 4), RR showed a ten-
dency to increase with a moderate effect after home confinement (ES=
− 0.39, p = 0.14), indicating a lower heart rate. In addition, there was a 
trend towards a decrease with a moderate effect in S/PS (ES= 0.38, 
p = 0.15), suggesting a withdrawal of sympathetic activity. 

Effect of home confinement on quality of life 

There was a trend towards a decrease with moderate effect (ES=
0.39; p = 0.13) in the cognitive function subscale. No was no change in 
the other subscales or summary scores of the MSQOL-54 

Discussion 

The present study shows that home confinement caused by the re-
strictions due to the COVID-19 pandemic led to decreased sleep quality 
in people with MS. However, contrary to what was hypothesized, car-
diac autonomic control and quality of life were not affected after this 
lockdown period. 

Table 1 
Participant characteristics (n = 17).  

Characteristics Mean ± SD 

Age (yrs) 43.50 ± 11.23 
Sex (men:women) 7:10 
EDSS (a.u.) 2.87 ± 1.38 
Type of MS (RRMS:SPMS) 15:2 
Weight (kg) 70.63 ± 12.34 
Height (cm) 167.69 ± 7.18 
Lean mass (kg) 51.70 ± 9.56 
Fat mass (%) 27.46 ± 9.80 
BMI (kg/m2) 25.01 ± 3.36 

Data are presented as mean ± SD. 
BMI: Body Mass Index; EDSS: Expanded Disability Status Scale; MS: 
Multiple Sclerosis; RRMS: Relapsing-Remitting Multiple Sclerosis; 
SD: Standard Deviation; SPMS: Secondary Progressive Multiple 
Sclerosis. 
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Table 2 
Pre-post effect on actigraphic sleep quality.         

95% CI for Cohen’s d 
Actigraphic Sleep Quality Pre(mean±SD) Post (mean±SD) Δ± ΔSD t p Effect Size Lower Upper 

Latency (min) 9.9 ± 4.3 11.3 ± 6.5 0.16±0.42 − 1.27 0.22 − 0.34 − 0.87 0.21 
Sleep efficiency (%) 89.4 ± 6.6 84.9 ± 6.9 − 0.05±0.04 4.90 0.01* 1.27 0.57 1.94 
Time in bed (min) 451.2 ± 75.6 429.5 ± 75.9 − 0.04±0.11 1.65 0.12 0.42 − 0.11 0.95 
Actual sleep time (min) 401.8 ± 67.4 364.8 ± 71.5 − 0.09±0.12 3.13 0.01* 0.81 0.21 1.39 
Actual wake time (min) 40.1 ± 30.9 44.5 ± 24.1 0.54±1.47 − 0.95 0.36 − 0.25 − 0.76 0.27 
Awakenings (n) 11.9 ± 8.4 14.3 ± 6.8 0.53±0.87 − 1.43 0.18 − 0.37 − 0.89 − 0.16 
Average time of each awakening (min) 3.7 ± 1.8 3.3 ± 1.4 − 0.03±0.32 1.30 0.21 0.33 − 0.19 0.85 

SD: standard deviation; n: number; CI: Confidence Interval;. 
* p ≤ 0.05 pre-post differences. 

Table 3 
Pre-post effect on subjective sleep quality.         

95% CI for Cohen’s d 
KSD Pre(Mean±SD) Post (Mean±SD) Δ± ΔSD t p Effect Size Lower Upper 

Sleep quality 3.4 ± 0.9 2.8 ± 1.0 − 0.1 ± 0.4 2.18 0.05* 0.54 0.01 1.07 
Sleep comfort 3.1 ± 1.4 2.6 ± 1.2 − 0.1 ± 0.2 2.41 0.03* 0.60 0.06 1.13 
Ease of falling asleep 3.3 ± 1.1 2.6 ± 1.2 − 0.2 ± 0.3 3.15 0.01* 0.79 0.21 1.34 
Awakening 1.8 ± 0.5 1.6 ± 0.5 − 0.1 ± 0.2 1.73 0.10 0.43 − 0.09 0.94 
Ease of waking up 3.8 ± 0.8 3.1 ± 0.8 − 0.2 ± 0.2 3.47 <0.01* 0.87 0.28 1.44 
Feeling of rest 2.4 ± 0.5 2.0 ± 0.7 − 0.1 ± 0.3 2.09 0.05 0.52 − 0.01 1.04 
Did you have enough sleep? 3.3 ± 0.8 2.6 ± 0.9 − 0.2 ± 0.2 3.47 <0.01* 0.87 0.28 1.43 

CI: Confidence Interval; KSD: Karolinska Sleep Diary. 
* p ≤ 0.05 differences pre-post. 

Table 4 
Pre-post effect on sleeping heart rate variability.         

95% CI for Cohen’s d 
Sleeping HRV Pre(Mean±SD) Post (Mean±SD) Δ± ΔSD t p Effect Size Lower Upper 

RR (ms) 893.0 ± 116.0 944.0 ± 118.0 0.07±0.16 − 1.56 0.14 − 0.39 − 0.89 0.12 
SDNN (ms) 56.3 ± 34.6 64.3 ± 39.1 0.30±0.82 − 1.09 0.29 − 0.27 − 0.77 0.23 
RMSSD (ms) 26.5 ± 17.8 25.3 ± 14.8 − 0.01±0.20 1.01 0.32 0.25 − 0.25 0.75 
pNN50 (%) 7.8 ± 13.9 5.9 ± 8.3 0.48±1.44 1.19 0.25 0.30 − 0.21 0.80 
HFIn 5.3 ± 0.9 5.2 ± 0.79 − 0.01±0.14 0.96 0.35 0.24 − 0.26 0.73 
LF/HF 2.6 ± 1.7 2.1 ± 1.2 0.14±1.23 1.53 0.15 0.38 − 0.13 0.89 
SS 18.5 ± 10.5 17.2 ± 10.3 0.02±0.41 0.57 0.57 0.14 − 0.35 0.63 
S/PS 1.4 ± 1.1 1.2 ± 0.9 0.05±0.46 0.91 0.38 0.23 − 0.27 0.72 

SD: standard deviation; CI: Confidence Interval; HFIn: Natural Logarithm of High Frequency Power; LF/HF: Low Frequency/High Frequency Ratio; pNN50: Proportion 
of Pairs of Successive RR Intervals that Differ by More than 50 ms; RMSSD: Root Mean Square of the Successive Differences of RR intervals; RR: Mean Heart Rate; S/PS: 
Sympathetic/Parasympathetic Ratio; SDNN; Standard Deviation of All Normal N–N Intervals; SS: Stress Score. 
*p ≤ 0.05 differences pre-post. 

Table 5 
Pre-post effect on quality of life.         

95% CI for Cohen’s d 
MSQOL-54 Pre(Mean±SD) Post (Mean±SD) Δ± ΔSD t p Effect Size Lower Upper 

Physical function 57.9 ± 32.7 55.0 ± 32.9 − 0.09±0.28 1.16 0.26 0.28 − 0.21 0.76 
Role limitations-physical 54.4 ± 47.0 47.1 ± 43.2 − 0.46±0.46 0.59 0.58 0.14 − 0.34 0.61 
Role limitations-emotional 66.7 ± 40.8 72.5 ± 39.5 0.13±0.23 − 0.90 0.38 − 0.22 − 0.69 0.27 
Pain 68.3 ± 27.2 74.0 ± 25.8 0.15±0.39 − 1.18 0.25 − 0.29 − 0.77 0.20 
Emotional well-being 44.9 ± 10.1 44.7 ± 10.9 − 0.01±0.13 0.17 0.87 0.04 − 0.43 0.52 
Energy 45.4 ± 12.0 49.6 ± 19.6 0.11±0.45 − 1.01 0.33 − 0.25 − 0.73 0.24 
Health perceptions 37.4 ± 11.7 35.7 ± 10.4 0.01±0.27 0.62 0.54 0.15 − 0.33 0.63 
Social function 67.6 ± 20.4 68.6 ± 18.5 0.05±0.27 − 0.42 0.68 − 0.10 − 0.58 0.38 
Cognitive function 70.9 ± 19.8 66.8 ± 22.3 − 0.06±0.18 1.59 0.13 0.39 − 0.11 0.88 
Health distress 67.4 ± 19.7 66.5 ± 21.3 − 0.01±0.18 0.94 0.36 0.23 − 0.26 0.71 
Sexual function 86.3 ± 17.9 84.3 ± 16.9 0.46±1.95 0.70 0.49 0.17 − 0.31 0.65 
Change in health 45.6 ± 30.9 42.6 ± 26.2 0.02±0.37 − 0.57 0.58 − 0.14 − 0.61 0.34 
Satisfaction sexual 64.7 ± 39.6 67.6 ± 35.1 0.20±0.61 0.49 0.63 0.12 − 0.36 0.60 
Overall QOL 57.7 ± 15.5 56.2 ± 15.8 0.02±0.28 0.32 0.76 0.08 − 0.40 0.55 
Physical Health Composite 60.0 ± 15.4 60.1 ± 14.4 0.05±0.36 − 0.02 0.99 − 0.01 − 0.48 0.47 
Mental Health Composite 61.4 ± 12.9 61.4 ± 11.4 0.01±0.10 0.08 0.94 0.02 − 0.46 0.49 

CI: Confidence Interval; MSQOL-54: Multiple Sclerosis Quality of Life-54; QOL: Quality of Life. 
*p ≤ 0.05 differences pre-post. 

L. Andreu-Caravaca et al.                                                                                                                                                                                                                     



Physiology & Behavior 237 (2021) 113392

5

Sleep quality 

To our knowledge, this is the first study to evaluate the impact of 
forced home confinement on sleep quality in people with MS. Our 
sample showed a decrease in sleep efficiency and sleep time measured 
by actigraphy. In addition, significant decreases were found on subjec-
tive sleep quality, sleep comfort, ease of falling asleep, ease of waking 
up, and having enough sleep measured by the KSD questionnaire. Pre-
vious research has shown that low levels of physical activity worsen 
sleep quality in both clinical and general populations [40–42]. This as-
sociation between physical activity and sleep has also been studied in 
people with MS, where those who showed higher levels of physical ac-
tivity had fewer sleep problems [43]. In addition to the sedentary factor, 
people with MS have greater prevalence of sleep problems than the 
non-clinical population [13–15]. The pre-confinement sleep efficiency 
of actigraphic sleep quality in our sample are in line with those found by 
other authors in people with moderate disability MS [44,45]. However, 
the post-confinement data are below the usual levels found in the 
literature for this population (<85% sleep efficiency) [44,45]. Similarly, 
the KSD data obtained at pre-confinement agree with the values in the 
literature in adults with occasional sleep disorders [46], while 
post-confinement data were below the observed literature values in this 
population. 

This decrease shows the great impact that people with MS have 
experienced on sleep quality produced by almost absolute sedentary 
lifestyle. Despite the fact that people with MS usually present low levels 
of physical activity [47], home confinement has forced them to further 
decrease their levels of daily activity, as different authors have shown 
recently in other populations [27,48]. The association between sleep 
quality and physical exercise has been widely studied and is in line with 
our results [49]. 

The data obtained through the actigraphy and those obtained 
through the KSD questionnaire are in the same line, since both show 
decreases in the main sleep quality variables after home confinement. 
Although both tools (actigraphy [50] and KSD [51]) have been validated 
for the measurement of sleep quality, it is suggested that actigraphy 
underestimates sleep duration and sleep latency and overestimates 
awakenings and WASO in relation to questionnaires [52,53]. This may 
be one reason why the results of both questionnaires differ in some 
variables both at pre- and post-testing. 

Sleep is regulated by different neurochemical and biochemical fac-
tors, such as pro-inflammatory cytokines, prostaglandins, melatonin, 
serotonin, cortisol or growth hormone-releasing hormone [54,55]. The 
levels of these factors regulate sleep-related processes. Al-Sharman et al. 
[56] concluded that physical exercise impacts the concentrations of 
these biomarkers, and that changes in their levels result in improve-
ments in sleep quality in people with MS. Thus, forced physical inac-
tivity in the home may have modified the levels of these biomarkers, 
producing greater sleep problems. In addition, the thermoregulatory 
effect of exercise and the reduction of parameters such as spasticity or 
anxiety, both having acute and chronic effects, after physical exercise 
may explain the diminished quality of sleep found in our sample after 
home confinement [21]. 

Improving sleep quality, especially in populations such as MS, should 
be a major goal for physical therapists and physical-sport educators 
because of the close relationship between sleep and other comorbidities. 
Problems with sleep have been associated with abrupt loss of muscle 
mass (sarcopenia) [22], high fatigue [57], pain [58], or increased psy-
chological problems. Although more research is needed, the relationship 
between sleep and different processes regulated by the central nervous 
system, such as pain or fatigue, suggests that there is an important link 
between these two mechanisms. 

It has been widely studied that physical exercise is, along with 
pharmacological treatment, one of the most used strategies to improve 
sleep quality in populations with neurological disorders, such as Par-
kinson [59] and MS [60]. Therefore, if pandemic-induced home 

confinement were to recur, general strategies would need to be imple-
mented to undertake physical home-training programs for this pop-
ulations to mitigate the problems associated with sedentary living, as 
well as to benefit from the physiological and psychological effects of 
exercise [47,61–63]. 

Cardiac autonomic control 

The HRV values were not modified after forced home confinement in 
our sample. One study showed that people with MS demonstrated lower 
HRV compared to a healthy population [64]. The HRV data were also 
lower in our study compared to the values published in the aforemen-
tioned study. A previous study reported that subjects suffered significant 
reductions in HRV in the general population after 8-weeks confinement 
in France [29], which contrasts with our lack of change in HRV after 
10-weeks home confinement. These differences may be explained by the 
fact that healthy individuals have higher HRV values to begin with and 
may have greater possibilities to present with greater cardiac autonomic 
modulation due to the confinement stress. Since our MS patients showed 
HRV values in the lower percentiles of normal values [65], this may 
explain why these values could not decrease further in such a short 
period of time, even under environmental stressors such as confinement. 
There are no previous studies that analyzed the effect of home 
confinement on autonomic modulation in MS patients. However, a 
recent study, in accordance with our results, followed-up on MS patients 
during 3 months and did not observe changes in HRV [66]. Thus, it 
seems necessary longer periods to observe significant changes of HRV in 
patients with MS. 

Therefore, the absence of change in HRV after confinement can be 
explained by the already existing dysfunction in cardiac autonomic 
control. 

On the other hand, it has been demonstrated that, under normal 
conditions of daily life, no decrease in RMSSD is observed in periods of 
12 to 16 weeks in other pathologies [67,68]. However, RMSSD has been 
shown to significantly decrease during detraining, that is, if there were 
previous adaptations achieved after performing physical exercise pro-
tocols in people with pathologies. Thus, this could partially explain the 
reduction of HRV in other studies [64] since it was carried out in people 
who followed systematic training protocols and suffered from detraining 
during home confinement. Since our participants did not perform any 
prior physical conditioning, it is likely that vagal modulation was not 
lowered by the absence of the detraining process. Likewise, it seems that 
the stressor of home confinement on autonomic modulation seems to 
have affected our population with MS to a lesser extent compared to the 
active population [29]. 

Quality of life 

Quality of life, as measured by the MSQOL-54 questionnaire, did not 
change significantly in any of the subscales after home confinement in 
our participants with MS. Although the change was small and not sig-
nificant, all the variables showed the same trend. The lack of change 
may be because pre-test values were already low level, so getting sub-
stantially worse was probably more difficult to attain. This finding 
contrasts with other studies that have shown decreases in health-related 
quality of life after periods of physical inactivity, such as that produced 
during home confinement related to the COVID-19 pandemic, in non- 
pathological [32] and clinical populations [69,70]. But, in line with 
our results, other research did not observe changes in the quality of life 
after COVID-19 home confinement in populations with neurological 
disease, such as Alzheimer’s [71]. In people with MS, it has been 
established that quality of life is influenced by a network of variables, of 
which pain, symptomatic fatigue and sleep quality play an important 
role [15,72]. In this study, we have found decreases in sleep quality but 
not in quality of life after home confinement. The absence of change in 
quality of life after home confinement can be due to a couple of reasons. 
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First, the scores obtained in the subscales of the questionnaire (i.e. 
physical function or overall quality of life) were low at pre-home 
confinement with respect to the one found by other studies in MS pop-
ulations with moderate disability [73]. Our sample had moderate 
disability and did not perform physical exercise prior to participation in 
this study. Thus, the consequences of physical inactivity caused by home 
confinement on the physical and mental component may have been less 
accentuated than in a population with a lower level of disability 
(EDSS<3) that has experienced interruptions in their training programs 
or physical activity due to home confinement. Second, some of the 
components assessed in the MSQOL-54, such as sexual function or 
cognitive function, need longer periods of time to see significant changes 
in their function. Therefore, studies that have analyzed changes in 
variables, such as cognitive function, after periods of inactivity [74] or 
physical training programs [62] have used longer periods of time (>24 
weeks). 

Limitations 

The present study has some limitations. One limitation is the het-
erogeneity of the sample, since it was composed of participants with 
different sex (men and women), different subtypes of the disease 
(relapse-remitting MS and secondary progressive MS) and different 
disability status (EDSS range: 1–6). Another limitation is that this study 
only performed measurements at two time points (pre- and post-home 
confinement). More intermediate measurements would have been 
interesting to examine the time course of the effects of home confine-
ment. However, due to legal restrictions on mobility during confine-
ment, it was not possible to perform intermediate HRV measurements. 
Another limitation is that we did not have more socio-demographic in-
formation on the participants that would have helped us better interpret 
and compare our results with those in the literature. Although the 
sample MS population is within the common characteristics of this 
group, the results of this study should be taken with caution because the 
sample is small and heterogeneous, which may affect the external val-
idity of the study. 

Conclusions 

In our sample of people with MS, a worsening in sleep quality vari-
ables was observed. These results show the great impact of home 
confinement and sedentary lifestyle on sleep-related problems in this 
population. Furthermore, and contrary to the hypothesis, cardiac auto-
nomic control and quality of life were not modified. Even so, these re-
sults highlight the need to prescribe home training programs for people 
with MS if a similar situation were to occur again in order to decrease the 
consequences of physical inactivity and, therefore, the possible comor-
bidities associated with sedentary behaviors. 
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Effect of Physical Inactivity on Cognitive Performance after 2.5 Years of Follow-Up, 
GeroPsych (Bern) 23 (1) (2010) 7–15. 

L. Andreu-Caravaca et al.                                                                                                                                                                                                                     

http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0030
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0030
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0031
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0031
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0031
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0032
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0032
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0032
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0033
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0033
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0033
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0034
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0034
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0034
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0035
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0035
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0035
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0036
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0036
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0036
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0037
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0037
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0037
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0038
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0039
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0039
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0039
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0040
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0040
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0041
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0041
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0041
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0042
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0042
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0042
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0043
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0043
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0043
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0044
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0044
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0044
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0045
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0045
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0045
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0046
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0046
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0046
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0046
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0047
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0047
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0048
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0048
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0048
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0049
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0049
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0050
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0050
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0050
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0051
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0051
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0051
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0052
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0052
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0052
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0053
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0053
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0054
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0054
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0054
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0054
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0055
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0055
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0056
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0056
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0056
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0056
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0057
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0057
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0057
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0058
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0058
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0058
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0059
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0059
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0060
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0060
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0060
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0060
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0061
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0061
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0061
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0062
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0062
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0062
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0063
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0063
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0063
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0064
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0064
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0064
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0065
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0065
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0065
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0066
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0066
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0066
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0067
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0067
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0067
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0068
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0068
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0068
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0069
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0069
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0069
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0070
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0070
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0071
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0071
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0071
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0072
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0072
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0072
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0073
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0073
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0073
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0074
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0074
http://refhub.elsevier.com/S0031-9384(21)00084-6/sbref0074

