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ABSTRACT
KEYWORDS Objective: To analyze and compare the impact of social isolation due to the COVID-19
Sleep pandemic on sleep assessed at two time points (visit 1: during strict social isolation;
Chronic Obstructive visit 2: after the relaxation of social isolation measures) in individuals with stable
Pulmonary Disease chronic obstructive pulmonary disease (COPD), asthma, and interstitial lung disease
Asthma (ILD), all of whom were not infected with COVID-19. Method: In a one-year prospective
Interstitial Lung Disease cohort study, individuals were evaluated concerning lung function (via spirometry),

demographic and clinical data, and sleep objectively assessed through actigraphy over 7
consecutive days at both visits. Result: A total of 36 individuals (12 with COPD, 10 with
asthma and 14 with ILD) were included. There was significant decline in sleep quality
at visit 2 compared to visit 1 across all three diseases, primarily in the parameters of
sleep efficiency, fragmentation and wake time after sleep onset; however, the total
sleep duration did not change. Furthermore, individuals with ILD exhibited a smaller
variation in both the number and duration of vigilance blocks compared to those with
the other two diseases, indicating lower sleep fragmentation. Conclusion: Regardless
of the disease (COPD, asthma, or ILD), individuals with chronic respiratory conditions
who were not infected with COVID-19 experienced decline of sleep quality following
the period of social isolation. Additionally, individuals with ILD appear to have been less
impacted (with lower sleep fragmentation) compared to those with the other diseases.

PALAVRAS-CHAVE RESUMO

Sono Objetivo: Analisar e comparar o impacto do isolamento social devido a pandemia de
Doenca Pulmonar COVID-19 nos parametros do sono. Método: Em uma coorte prospectiva de 1 ano, os
Obstrutiva Cronica individuos foram avaliados quanto a func¢do pulmonar (por meio da espirometria),
Asma dados demograficos e clinicos e avaliagdo objetiva do sono, realizada por meio de
Doenca Pulmonar actigrafia durante 7 dias consecutivos em duas visitas: visita 1 (periodo de isolamento
Intersticial social rigoroso) e visita 2 (ap6s relaxamento das medidas de isolamento social) em
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individuos com doenga pulmonar obstrutiva cronica estavel (DPOC), asma e doenga
pulmonar intersticial (DPI), todos sem COVID-19. Resultado: Foram incluidos 36
individuos (12 com DPOC, 10 com asma e 14 com DPI). Houve piora significativa
na qualidade do sono na visita 2 em comparacao a visita 1 nas trés doengas,
principalmente nos parametros de eficiéncia do sono, fragmentagdo e tempo de vigilia
apos o inicio do sono; no entanto, a quantidade do sono ndo mudou. Os individuos com
DPI apresentaram variagdo menor tanto na quantidade quanto na duragao dos blocos
de vigilia em comparacdo aos individuos com as outras duas doengas, indicando
menor fragmentagdo do sono. Conclusio: Independentemente da doenga (DPOC,
asma ou DPI), os individuos portadores dessas condi¢des respiratorias cronicas que
ndo foram infectados pela COVID-19 apresentaram piora na qualidade do sono apés
o periodo de isolamento social. Individuos com DPI parecem ter sido menos afetados
quanto a fragmentacdo do sono quando comparados aqueles com as outras doengas.

INTRODUCTION

Social isolation is a strategy for controlling high-
potentially contagious infectious diseases, as seen in
2003 in North America during the outbreak of severe acute
respiratory syndrome and again in 2014 in West Africa
due to the Ebola virus outbreak!. More recently, the global
COVID-19 pandemic caused by the SARS-CoV-2 virus, which
began in 2020 and continued for the following years, has
highlighted this scenario once again?.

During the COVID-19 pandemic there were significant
changes in daily routines worldwide, requiring adaptations
in work and school environments, for example. Furthermore,
the suspension of leisure activities also contributed markedly
to the decline in social interactions. The repercussions of this
period quite striking. Studies indicate that mental health
issues, characterized by elevated levels of anxiety and
depression, were a common feature, impacting individuals
ranging from the pediatric population? to the elderly* There
was also a notable decline in physical activity in daily life
and arise in sedentary behavior among adults’® and elderly®.
Finally, sleep was also significantly impacted, which makes
sense, as sleep is a behavior reliant on a consistent routine
and can thus be easily disrupted by the changes brought
about by social isolation’.

In children and adolescents, a recent systematic review
with meta-analysis indicated an increase in sleep duration
during the pandemic compared to the previous period;
however, this was accompanied by poorer sleep quality,
later bedtimes, and a tendency towards reduced sleep
efficiency®. In adults, there was a considerable prevalence
of sleep disorders® accompanied by a significant decline in
quality™. In the elderly, social isolation had a significant
negative impact on quality of life, which is directly affected
by the quality of sleep'. However, it must be acknowledged
that the effects on sleep may have varied among specific
populations. For instance, individuals with pre-existing
chronic respiratory diseases should be carefully considered
since they were classified as being in a “high risk group”.

In individuals with chronic obstructive pulmonary
disease (COPD), insomnia was found to be a common
complaint, impacting 71% of the sample in a cross-sectional
study conducted via telephone contact'. In the asthmatic
population, there was a rise in sleep disorders during the
pandemic, as measured by the Pittsburgh Sleep Quality
Index questionnaire, compared to healthy individuals'.
Research involving aspects of sleep in other less common
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chronic diseases, such as interstitial lung disease (ILD),
was very limited in the pre-pandemic period', and more
specifically in the time of social isolation due to the
pandemic it appears to be non-existent to the best of our
knowledge. Therefore, it is evident that research on sleep
inindividuals with chronic respiratory diseases during the
COVID-19 pandemic remains limited, and when it does exist,
it often suffers from significant methodological shortcomings
such as the subjective assessment. Hence, the primary
issue is that no study has utilized objective assessment
methods to investigate sleep. Moreover, available studies
have employed a cross-sectional design, and the lack of
longitudinal research indicates a substantial scientific gap.

Therefore, the objectives of this study were to analyze
and compare the impact of social isolation due to the
COVID-19 pandemic on sleep parameters (total sleep time,
sleep efficiency, time awake after sleep onset (WASO)
and sleep fragmentation) assessed in two moments in
individuals with stable COPD, asthma and ILD, all of them
non-infected by COVID-19.

METHODS

This was a longitudinal study involving a convenience
sample of patients associated with the Laboratory of
Research in Respiratory Physiotherapy, State University of
Londrina. Recruitment was done through a list of known
individuals who participated in previous projects carried
out in the research laboratory. Initially, individuals on the
list were randomly selected and invited, thus forming a
convenience sample. Contact and invitation were done
by telephone, and after verbal consent to participate in
the study, the home visit commenced. The visit included
two days of evaluation; on the first day, demographic and
clinical information was gathered, and the sleep monitor
was provided. The second day of evaluation was brief,
solely to collect the equipment. To prevent the spread of
the virus and ensure the individual’s health, all materials
used were sterilized with 70% alcohol before and after
collection. The researchers wore personal protective
equipment (gloves, apron and mask) and also supplied
these to patients and their families. Finally, 2 meters
between individuals was maintained.

Visit 1 occurred between mid-September and October
2020; at that time, government and health agencies advised
individuals with chronic diseases to maintain strict social
isolation. Visit 2 took place between mid-August and
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October 2021, following the commencement of vaccinations
and the partial easing of social isolation measures as
officially announced by government institutions.

The study was approved by the local ethical committee
(CEEA 36966920700005231) and written informed consent
was obtained from all participants. Inclusion criteria included
a formal diagnosis of COPD', asthma'® and ILD", as assessed
by spirometry conducted no more than six months prior to
the onset of the pandemic; no COVID-19 infection before visit
1; no acute exacerbation in the past three months; absence
of severe and/or unstable cardiac disease; and absence of
musculoskeletal conditions that could impair assessments.
Exclusion criteria comprised being infected with COVID-19 or
experiencing an acute exacerbation between visits 1 and 2;
unavailability of data regarding assessment of sleep (e.g.,
technical failure) or other variables from either visit; and
loss of contact during follow-up.

Assessments

Pulmonary function data collected shortly before the
pandemic began was obtained from all subjects in the
laboratory database (maximum exam date: 6 months
prior). The test was conducted using a portable spirometer
(Spirobank G-MR, Italy), following the guidelines set by
the American Thoracic Society'®. This equipment has
previously been used and validated for COPD and asthma™.
The following variables were considered: forced expiratory
volume in one second (FEV, ), forced vital capacity (FVC)
and the ratio between the two (FEV, [FVC) as a percentage.

Objective assessment of sleep was performed by
actigraphy using the Actiwatch (Philips Respironics,
Murrysville, United States of America [USA]). This
equipment is suitable for adults, both with and without
chronic diseases, and is the most commonly used worldwide
in sleep research?’. The equipment was used on the non-
dominant wrist for 24 hours for seven consecutive days.
During the days while wearing the device, individuals were
instructed to fill out a usage diary. The variables derived
from actigraphy were: sleep start and end times, total time
in bed, total sleep time, sleep efficiency (i.e., ratio of total
sleep time to total time in bed), WASO, latency, number
and duration of blocks of sleep and wakefulness during
sleep. The minimum time considered for the analyzes
was 4 nights using the monitoring device. Actigraphy
represents a valid and useful diagnostic tool which allows
for assessment of sleep over extended periods of time in
the natural sleep environment?'.

Simultaneously with the use of the sleep monitor,
participants were instructed to complete a sleep diary,
which involved recording bath times and sleep routines
throughout the week. This tool was developed by the
authors themselves, who opted for simple and clear
language, complemented by visual resources to enhance
participant understanding. The information was used
alongside the actigraphy to ensure the accuracy of the sleep
data measured by the actigraph, as recommended by the
Brazilian Sleep Association??. Additionally, routine phone
calls were made to the participants during the evaluation
week, ensuring that any questions regarding the diary or
the use of the equipment were thoroughly addressed.
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Additionally, clinical and anthropometric data were
gathered during the initial assessment to characterize
the sample, including sex (male and female), age (years),
weight (kg), and height (m). This information was then
used to calculate the body mass index (BMI) using the
formula: weight (kg) + height (m)?, with the unit of
measurement being kg/m?.

Assessments were conducted at the individuals’ homes,
and all evaluators were properly trained to conduct the
assessments. The same evaluator collected data at both
home visits to reduce the risk of bias. Additionally, the
same equipment was used at both assessment moments,
receiving regular maintenance and calibration.

Statistical analysis

Analysis of normality in data distribution was conducted
using the Shapiro-Wilk test. Data were presented as
median [IQR]. The Wilcoxon test was employed to
compare clinical and sleep variables between visits 1 and
2. Additionally, the change in sleep variables over time,
referred to as delta, was calculated (visit 2 - visit 1). Deltas
were compared among the three diseases using the Kruskal-
Wallis test with Bonferroni post-hoc adjustments. There
was no need to address missing data, as the absence of
sleep data served as an exclusion criterion. Furthermore,
no statistical adjustments for confounding variables were
made. Statistical analysis was carried out using IBM SPSS
20.0, and a p-value < 0.05 was deemed significant.

RESULTS

Initially, 53 individuals with the three diseases were
evaluated; however, due to losses, 36 individuals were
included in the analyses: 12 with COPD, 10 with asthma,
and 14 with ILD. The entire study flowchart with the
respective reasons for exclusion can be seen in Figure 1.

Table 1 shows the general sample characterization
and sleep data from visits 1 and 2. As expected due to the
diseases’ characteristics, individuals with asthma were
significantly younger and individuals with ILD had higher
FEV, [FVCratio when compared to individuals with COPD.
There was no significant change between visits in the
amount of sleep in any of the three diseases. However, a
significant decline in sleep quality was observed during visit
2 compared to visit 1 across all three diseases. Importantly,
individuals with COPD, asthma and ILD increased their
WASO by more than three times at visit 2.

Table 2 shows the comparison of change (delta) of
sleep parameters among the three lung diseases. Sleep
efficiency had a (non-significant) pattern of reduction
during the pandemic period in the three diseases.
Individuals with ILD exhibited a lower delta in both the
quantity and duration of wake blocks compared to those
with the other two diseases. This indicates that while sleep
fragmentation was still evident, it was less pronounced
than the fragmentation observed in COPD and asthma.

DISCUSSION

Results of this study showed that, after the period of
social isolation due to the COVID-19 pandemic, individuals
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Table 2 - Comparison of deltas (visit 2 minus visit 1) regarding sleep parameters of individuals with chronic obstructive pulmonary

disease (COPD), asthma and interstitial lung disease (ILD).

COPD ASTHMA ILD
Deltas P

(n=12) (n=10) (n=14)
Sleep start time, hh:mm -0:22 [- 0:40 - 0:16] 0:21 [- 0:30 - 0:45] -0:03 [- 0:57 - 0:22] 0.215
Sleep end time, hh:mm 0:01[-0:50 - 0:27] -0:01[-1:04 - 0:37] 0:19 [-0:25 - 1:14] 0.431
TIB, min 1.2 [-26 - 48] -12[-54 - 26] 24 [-33 -124] 0.370
TST, min -36 [-87 - 10] -29[-145 - 19] 7[-50 - 78] 0.226
Efficiency, % -10[-18 - -3] -5[-27-0.76] -8[-11--4] 0.681
WASO, min 46 [12 - 68] 21[-0.5-107] 22[15-39] 0.640
Sleep Bouts, n 20(7-31] 14[-1.2 - 23] 2216 - 25] 0.317
Average Sleep Bouts, min -11 [-25 - -0.25] -20[-55--2.0] -25[-55 - -10] 0.126
Wake Bouts, n 3933 -52] 30([14-37] 28[24 - 39] 0.017
Average Wake Bouts, min 0.56[0.04 - 1.0] -0.01 [-0.41 - 3.40] 0.09 [-0.29 - 0.44] 0.501

TIB: total time in bed; TST: total sleep time; WASO: wake time after-sleep onset. Visit 1 occurred at the moment when government and health
agencies recommended people with chronic diseases to remain in strict social isolation, whereas Visit 2 occurred immediately after the first
moment of relaxation of social isolation measures as officially announced by government institutions. *p<0.05 vs ILD.

Evaluated = 53
19 COPD
10 asthma
241IDL
Excluded = 17
5 COPD - incomplete sleep
2 COPD - dropouts
2 ILD - dropouts ]
2 ILD - deaths
6 ILD - incomplete sleep
n=36
12 COPD
10 asthma
14ILD

Figure 1 - Study flowchart.

with COPD, asthma and ILD significantly decreased their
sleep quality without necessarily changing the quantity.
When comparing deltas, individuals with ILD had less
increase in the number of awake bouts during the night
when compared to the other two diseases.

The National Sleep Foundation suggests that good
indicators of sleep quality are a WASO of less than
20 minutes/night and a sleep efficiency greater than
85%*. In the present sample, sleep efficiency remained
within the recommended values; however, there was
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an exponential rise in WASO, tripling the initial values
across the three diseases, which deserves attention.
WASO is a highly sensitive and representative measure
of sleep quality, as identified by a recent study in which
higher WASO was associated with increased subjective
reporting of sleep disturbance in the PSQI tool in the
elderly population?. Additionally, WASO has been linked
to various negative outcomes, including an increased risk
of obesity?, elevated inflammation levels, and higher
mortality rates?. Consequently, we propose that developing
strategies and interventions aimed at reducing WASO
should be prioritized, particularly for individuals with
chronic respiratory diseases.

In terms of sleep quantity, the National Sleep Foundation
emphasizes that sleep characteristics and needs differ by
age group?’. Given the similar median age of individuals
with COPD and ILD in this study, the optimal amount of
sleep is 7-8 hours per night, although sleeping less than
5 hours or more than 9 hours is not advised. For younger
individuals with asthma, the recommended amount of
sleep is 7-9 hours per night, with values below 6 or above
10 hours not being advised?. We should note that the
present results fall within the ideal range for the COPD
and ILD group, and are slightly below the ideal for the
asthmatic group. In contrast, studies conducted before
the pandemic indicate that these populations typically
experienced short sleep durations. In COPD, the average
total sleep time was 5.5 hours, as measured by actigraphy?®.
In ILD (unpublished results), individuals averaged about
6.4 hours of sleep per night, also measured by actigraphy.
Lastly, in asthma, around 26% of individuals reported
sleeping less than 5 hours?. We believe that this notable
increase in sleep duration during the pandemic can be
attributed to the new, more flexible routines, which
provided individuals with greater opportunities to sleep
due to more adaptable schedules, both for those engaged
in the labor market and retirees. Furthermore, this increase
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in sleep duration was a global trend, as highlighted by a
recent systematic review?.

We identified that individuals with ILD had less increase
in waking bouts during the night when compared to the
other two diseases. This can be associated, at least in part,
to previous findings showing that individuals with ILD
reduced the number of exacerbations and hospitalizations
during the pandemic period, unlike what happened in
COPD and asthma?®!. This hypothesis is also based on
the known fact that more frequent exacerbations and
hospitalizations are associated with worse sleep quality
in COPD*. Furthermore, the differing pathophysiology
between the diseases is also a crucial point. For instance,
COPD is characterized by persistent airflow obstruction
due to the destruction of lung parenchyma and chronic
inflammation, which together lead to lung hyperinflation'.
In ILD, there is a deposition of extracellular matrix in the
lung parenchyma, which, along with inflammation, leads
to a fibrotic process, being characterized by a restrictive
ventilatory disorder, with more significant changes in total
lung capacity®. Although changes in the respiratory system
during sleep are physiological and occur in all individuals,
including those who are healthy, it seems somewhat
disproportionate not to acknowledge that COPD causes
significant airflow obstruction, while ILD encounters
difficulties with lung expansion. We hypothesize that, in
this context, the respiratory system in ILD may have been
less burdened at night compared to other conditions,
potentially leading to a reduced impact on sleep.

Given this scenario, measures must be implemented.
We recommend incorporating sleep assessments into the
routine monitoring of chronic respiratory diseases before,
during and after periods of social isolation. This can be
facilitated by utilizing simple screening questionnaires
and conducting objective investigations for individuals
at high risk of sleep disorders. Additionally, sleep hygiene
orientations are straightforward yet effective measures to
enhance sleep patterns can be provided by any trained
health professional. This can be attempted through
discussion groups, lectures or the distribution of booklets
that are applicable from primary to tertiary care. Finally,
the literature continues to present conflicting results
regarding the effects of pulmonary rehabilitation on
sleep aspects®#*, One possible reason for this is that the
structure of traditional programs may not be adequate to
influence sleep. For instance, rehabilitation programs could
also be sleep-oriented and individualized, considering
adequate assessment methods, type of exercise and
specific objectives, interventions and orientations (e.g.,
education on sleep).

This study has both strengths and limitations.
We conducted an objective sleep assessment during a
particularly sensitive period of social isolation, whereas
most research relied solely on questionnaires, which can
eventually distort reality, especially in the individual level.
Additionally, utilizing a sleep diary enhances the reliability
of our data. Regarding the limitations, individuals were not
evaluated for the presence of sleep-disordered breathing, as
it was not feasible to utilize polysomnography/polygraphy
during the social isolation imposed by the pandemic.
Additionally, the study could benefit from a comparison
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with a healthy control group and had a limited sample
size for each disease, which demands caution in the
generalization of the results. Finally, we acknowledge that
the lack of control for some confounding variables (e.g.,
medication and age) may influence the results.

CONCLUSION

Individuals with COPD, asthma, and ILD who were
not infected with COVID-19 experienced a decline in
sleep quality following the period of social isolation,
particularly regarding WASO, sleep efficiency, and sleep
fragmentation. Additionally, individuals with ILD exhibited
less sleep fragmentation compared to those with COPD
and asthma (though it was also present). Further research
on this field will be certainly useful, especially involving
larger samples and a comprehensive sleep investigation,
including the assessment of sleep-disordered breathing
and controlling for confounding variables.
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