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ABSTRACT

Study objectives: This study assessed changes in sleep quality before and after the peak of

the SARS-CoV-2 pandemic in community-dwellers enrolled in the Atahualpa Project.

Methods: Atahualpa residents aged >40 were eligible if they had a Pittsburgh Sleep Quality
Index (PSQI) nine months before the pandemic and a lateral flow-based test for identification
of SARS-CoV-2 antibodies during the peak of the pandemic. Six months later, individuals
completed a follow-up PSQI. The independent relationship between SARS-CoV-2 infection
and deterioration in sleep quality was assessed by fitting logistic mixed models for

longitudinal data.

Results: Of 639 participants (mean age at baseline: 59+12.8 years), 325 (51%) had SARS-
CoV-2 antibodies. A total of 185 (29%) individuals at baseline and 311 (49%) at follow-up
were poor sleepers (p<0.001). Mixed logistic regression models demonstrated a significant
increase in poor sleepers at follow-up (OR: 2.85; 95% C.I.: 2.16 — 3.75), which was more
marked among SARS-CoV-2 seropositive subjects (OR: 3.8; 95% C.I.: 2.48 —5.81). The
adjusted proportion of poor sleepers increased from 29% to 56.2% (95% C.1.: 50.9 — 61.6%)
among SARS-CoV-2 seropositive individuals, but only to 40.7% (95% C.1.: 35.3 — 46.1%) in
their seronegative counterparts (p<0.001). Likewise, progression from a good to a poor
sleeper status was higher among seropositive individuals than in their seronegative

counterparts (38.1% versus 22.3%; p<0.001), after adjusting for relevant covariates.

Conclusions: This study shows a deleterious effect of SARS-CoV-2 in sleep quality. An

effect of SARS-CoV-2 in disrupting sleep-related pathways cannot be ruled out.

Key Words: Sleep quality; Pittsburgh Sleep Quality Index; SARS-CoV-2; COVID-19;

Coronavirus-19.



Trial registration: The Atahualpa Project has been registered at ClinicalTrials.gov; the
identifier number is NCT01627600, and the date was: 10/02/2012

(https://clinicaltrials.qgov/ct2/show/NCT01627600?cond=Atahualpa&draw=2&rank=1). The

Sleep Disorders substudy has been registered at ClinicalTrials.gov; the identifier number is
NCT01877616, and the date was: 06/13/2013

(https://clinicaltrials.qgov/ct2/show/NCT01877616?cond=Atahualpa&draw=2&rank=4).

STATEMENT OF SIGNIFICANCE

A longitudinal prospective study in 639 community-dwelling middle-aged and older adults
living in rural Ecuador, demonstrated the impact of the SARS-CoV-2 pandemic on sleep
quality as assessed by the Pittsburgh Sleep Quality Index (PSQI) before and after the start of
the pandemic. Antibodies to SARS-CoV-2 were detected in 325 (51%) individuals.
Multivariate adjusted logistic mixed models for longitudinal data disclosed an overall
significant increase in the categorized PSQI score at the follow-up, which was more
important among SARS-CoV-2 infected individuals. A potential effect of SARS-CoV-2 in

disrupting sleep-related pathways within the CNS cannot be ruled out.


https://clinicaltrials.gov/ct2/show/NCT01627600?cond=Atahualpa&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT01877616?cond=Atahualpa&draw=2&rank=4

INTRODUCTION

The SARS-CoV-2 pandemic has been associated with the occurrence of sleep-related
disorders, not only in subjects affected by the virus but in the population at large [1-3].
Lockdowns, loss of social and support networks, unemployment and fear to acquire this
infection or to develop permanent sequelae, range top among psychological consequences of
this pandemic. All these factors may contribute to a detriment in sleep quality, as suggested
by the literature [4-9]. However, most information came from studies using unstructured
questionnaires applied online or through phone interviews, asking people about sleep
problems during the lockdown or in patients evaluated at specialized clinics. A meta-analysis
of published data on sleep disorders in COVID-19 patients up to August, 2020, disclosed that
only a few studies used validated questionnaires, such.as the Pittsburgh Sleep Quality Index
(PSQI), yielding a pooled prevalence of poor sleep quality that ranged from 19% and 43%
[10]. None of the studies included in that meta-analysis assessed the demonstration of
changes (deterioration) of sleep quality before and after the start of the SARS-CoV-2

pandemic in both infected and non-infected individuals.

The Atahualpa Project is an ongoing population-based prospective cohort study aimed to
assess the burden of sleep disorders and cerebrovascular diseases among community dwellers
living in rural Ecuador [11]. During the past nine years, the adult population of Atahualpa has
undergone several interviews and procedures for assessing breathing and non-breathing
sleep-related disorders, cardiovascular risk factors and other conditions of interest [12-15].
Atahualpa was severely struck by the SARS-CoV-2 pandemic from March to May 2020, with
a mortality rate of 21.6 per 1,000 population [16], a seroprevalence of 45% among survivors
[17], and an incidence rate ratio of 7.4 per 100 person months of potential virus exposure

[18]. Taking the unique opportunity of this well-established cohort, the present longitudinal



prospective study aimed to assess changes in sleep quality (before and after the peak of the

pandemic) among individuals with and without evidence of SARS-CoV-2 infection.

METHODS

Study population: Atahualpa residents are homogeneous in terms of race/ethnicity, dietary
habits, socioeconomic status and lifestyles, as detailed elsewhere [19]. Minimal migration
rate of the population together with the high adherence to the project, make this village an
optimal setting for the conduction of cohort studies [20]. In addition, these individuals share
important characteristics for the study of sleep-related symptoms that reduce the chance of
unexpected confounders. These include exposure to 12 daily hours of sunlight all over the

year, hot and dry weather, virtually no shift working, and limited nighttime light pollution.

Atahualpa residents aged >40, previously identified by means of door-to-door surveys, were
eligible for the present study if they have had assessment of sleep quality in the year before
the start of the pandemic (by the use of the PSQI), and a serological test for identification of
SARS-CoV-2 IgM and IgG by the use of a lateral flow-based SARS-CoV-2 antibody testing
(BIOHIT Health Care Ltd., Cheshire, UK) in two rounds performed on May and June, 2020
[17,18]. Candidates were identified by a new door-to-door survey conducted on October,
2020. In this new visit, a repeated PSQI was completed by the same trained field personnel
that performed previous tests. In addition, individuals who were seronegative for SARS-
CoV-2 in the previous two surveys were specifically asked for the occurrence of clinical
manifestations suggestive of COVID-19 (World Health Organization operational definitions
of suspected cases were used [21]), and those who gave a positive answer underwent a
repeated lateral flow-based antibody testing to assess for more recent infections. Those who

only had IgM antibodies (associated or not with a weak 1gG response) were excluded from



the study because this meant a recent infection, and those who only had IgG antibodies were
added to the previous list of seropositives assuming an infection of at least one month before

the current study.

Study design: Following a population-based longitudinal prospective design, this study
investigated the presence of changes in sleep quality before and after the peak of the SARS-
CoV-2 pandemic in the village. We took into account the serological status of individuals as
well as the presence of covariates that may influence changes in sleep quality. The study was
approved by the I.R.B. of Universidad Espiritu Santo - Ecuador (FWA: 00028878). Signed
informed consent was waived because all these individuals had already signed a
comprehensive form for assessment of sleep-related symptoms and SARS-CoV-2 antibodies
determinations. Nevertheless, individuals were free to decline further participation in this

new study.

Sleep Quality Assessment: We used a validated Spanish version of the PSQI [22]. The
questionnaire consists of a combination of open-ended and Likert-type questions assessing
sleep duration (total amount of sleep obtained during the nocturnal sleep episode), sleep
disturbances (symptoms that change sleeping habits), sleep latency (length of time that it
takes to slept), day dysfunction due to sleepiness (daytime somnolence), sleep efficiency
(ratio of time spent asleep to the amount of time in bed), overall sleep quality (self-perceived
satisfaction with sleep), and use of medications needed to sleep (sedatives, sleep inductors,
etc) [23]. The maximum score is 21 points, and the cutoff value for defining poor sleep
quality is >5 points. For this study, we used for analysis the cutoff stratifying subjects as

good and poor sleepers.



Clinical covariates: Demographics (age, sex, level of education), traditional cardiovascular
risk factors (obesity, poor physical activity, high blood pressure,) assessed according to
criteria proposed by the American Heart Association [24]) and symptoms of depression —
assessed by the depression axis of the depression-anxiety-stress scale-21 (DASS-21) [15] —
were selected as confounding variables, as they have shown to influence sleep quality in the
study population. All the above-mentioned covariates had been updated during a survey
conducted three months before the start of the pandemic in the village (December, 2019).
Social factors inherent to the pandemic itself were also included as covariates. These included
home confinement, social isolation (living alone), and having a bed partner with SARS-CoV-
2 infection (irrespective of the serological status of the index bed partner). All the above-
mentioned covariates had been updated during the surveys assessing SARS-CoV-2
seropositivity in villagers (two-to-three months after the start of the pandemic) [17,18].
Therefore, we used those measures and determinations for analyses as they represented a
midpoint between retrospective and prospective PSQI evaluations of this study (coinciding

with the exposure).

Statistical analyses: Data analyses were carried out using STATA version 16 (College
Station, TX, USA). In univariate analyses, continuous variables were compared by linear
models and categorical variables by x? or the Fisher exact test as appropriate. Multivariate
logistic mixed models adjusted first for baseline covariates, and then, for covariates
associated with the SARS-CoV-2 pandemic, were fitted to assess changes in the sleep status
(good sleepers versus poor sleepers) at the follow-up. In addition, a logistic regression model
calculated the rate of progression for being a good sleeper at baseline to a poor sleeper at
follow-up (as the dependent variable). Marginal means were used to estimate the size of the
difference of having a poor sleep quality in SARS-CoV-2 seropositive subjects when

compared with seronegative ones, after adjusting for relevant covariates.



RESULTS

Of 730 individuals aged >40 years that were actively enrolled in the Atahualpa Project as of
June, 2019, 673 (92%) underwent a PSQI on June, 2019, and a lateral flow-based assay for
identification of SARS-CoV-2 antibodies on May and June, 2020. Of the 57 non-participants,
24 had died and 15 emigrated between the PSQI interview and the determination of SARS-
CoV-2 antibodies, and the remaining 18 declined consent for participation in the current
survey. Of the 673 initially enrolled individuals, 639 had a follow-up PSQI (October, 2020)
and were included in this study (95% coverage). These individuals contributed 850.1 person-
years of follow-up (mean: 1.33+0.03 years; SD: 0.28 years; range: 1.25 — 1.41 years). Of the
34 subjects not participating in this study, seven had died between July and September (three
of them from COVID-19), eight could not complete the PSQI (due to a stroke causing
aphasia or a degenerative disorder of the CNS appearing after the pre-pandemic PSQI), six
had moved out of the village, seven had a recent (less than one month) SARS-CoV-2

infection, and six declined participation to the second sleep quality survey.

The mean (£SD) age of the 639 participants at the time of pre-pandemic PSQI (June 2019)
was 59+12.8 years (median age: 58 years), and that at follow-up PSQI (October, 2020) was
60+12.8 years (median age: 59 years). A total of 361 (56%) individuals were women, and
335 (52%) had primary school education only. Obesity (body mass index >30 kg/m?) was
noticed in 179 (28%) individuals, a poor physical activity in 44 (7%), and high blood
pressure (>140/>90 mmHg) in 184 (29%). The mean score in the depression axis of the
DASS-21 was 1.7£2.2 (68 subjects had >4 points and were considered to be depressed), and

29 (5%) lived alone. A total of 325 (51%) had SARS-CoV-2 antibodies in blood, 222 (35%)



were confined to home during the peak of the pandemic (April to June), and 202 (32%) had a

bed-partner with SARS-CoV-2 infection.

Using the PSQI cutoff of >5 points for defining poor sleep quality, 185 (29%) individuals at
baseline, and 311 (49%) at the time of the follow-up PSQI, were “poor sleepers” (p<0.001).
In univariate analysis, individuals who remained in the category of “good sleepers” across
baseline and follow-up PSQI were more commonly SARS-CoV-2 seronegative (47% versus
35%; p=0.001). On the other hand, individuals who moved from the category of “good
sleeper” to that of “poor sleeper” in the follow-up, were more often SARS-CoV-2
seropositive (38% versus 22%; p<0.001). Table 1 is a description of changes across
categories of stratified PSQI scores between baseline and follow-up-assessments according to

whether individuals were SARS-CoV-2 positive or negative (univariate analysis).

A multivariate logistic mixed model adjusted for baseline covariates (demographics,
cardiovascular risk factors and symptoms of depression) disclosed a significant increase in
poor sleepers at the follow-up (OR: 2.85; 95% C.I.: 2.16 — 3.75; p<0.001). In this model,
being hypertensive (p=0.049), and having higher scores in the depression axis of the DASS-
21 (p=0.002) remained independently significant; the adjusted proportion of poor sleepers
before the pandemic was 29%, and at the follow-up it was 48.6% (predictive marginal
model). When the model was also adjusted for SARS-CoV-2 serological status, the odds for
having a poor sleep quality in the follow-up among seropositive subjects was 3.8 (95% C.1.:
2.48 — 5.81; p<0.001); having higher scores in the depression axis of the DASS-21 (p=0.003)
was the single covariate remaining independently significant. The proportion of poor sleepers
increased from 29% to 56.2% (95% C.1.: 50.9 — 61.6%) among SARS-CoV-2 seropositive
individuals, but only to 40.7% (95% C.I.: 35.3 — 46.1%) in their seronegative counterparts

(p<0.001).
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Then, a logistic regression model was fitted to assess the rate of progression for being a good
sleeper at baseline to a poor sleeper at follow-up (as the dependent variable). In this model,
there was a significant relationship between worsening of sleep quality and being SARS-
CoV-2 seropositive (OR: 2.19; 95% C.I.: 1.54 — 3.12; p<0.001). In this model, being male
(p=0.028) and obesity (p=0.027) remained as independent significant covariates. Overall, the
progression was noticed in 194/639 individuals (30.4%; 95% C.I.: 26.8 — 34.1%). This
proportion was higher among SARS-CoV-2 seropositive subjects (38.1%; 95% C.I.: 32.9 —
43.3%). Table 2 depicts a summary of multivariate models fitted for assessing changes in

sleep quality between baseline and follow-up evaluations.

DISCUSSION

This longitudinal prospective study in community-dwelling middle-aged and older adults
living in rural Ecuador, demonstrated a robust impact of the SARS-CoV-2 pandemic on sleep
quality. Sleep quality deterioration mainly involves SARS-CoV-2 seropositive individuals.
Progression from good to poor sleep quality as well as increases in the PSQI in the follow-up

are higher among seropositive individuals than in their seronegative counterparts.

As previously mentioned, no single study has prospectively evaluated changes in sleep
quality before and after the start of the SARS-CoV-2 pandemic in community-dwellers
according to whether or not they were infected with the virus. Therefore, our results are not
comparable to previous works. Nevertheless, some pieces of information can be extracted
from published data. A Chinese study investigated the frequency of poor sleep quality and its
stressors in apparently healthy subjects during the peak of the SARS-CoV-2 pandemic
(assessment was conducted by means of an online survey only); about one third of

participants had a poor sleep quality that was mediated by perceived stress, anxiety levels,
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and low self-esteem [25]. Another online study conducted in China, also during the peak of
the pandemic, disclosed sleep disturbances in about 18% of respondents. However,
participants were not specifically inquired on whether they had SARS-CoV-2 infection or
not. In that study, self-perceived health conditions were major factors favoring a poor sleep
quality [9]. A Norwegian online survey, involving healthy subjects from a fitness center
disclosed sleep disturbances in about 22% of individuals, which was significantly associated
with decreased physical activity and psychological distress [26]. In general, those — and other
— studies focused on the decreased sleep quality observed in populations under the threat of
SARS-CoV-2 infection, as well as on the importance of a good mental health for reducing the
risk of sleep-related symptoms. None of them attempted to assess whether there has been a
measured change in sleep quality before and after the peak of the SARS-CoV-2 pandemic. To
our knowledge, only one study from Nepal suggested that sleep disorders — mostly insomnia
— were more frequently reported after the start than before the pandemic; however, such study
collected data by means of an online cross-sectional survey asking about sleep symptoms

occurring in the past, and such design could be flawed by a recall bias [27].

Our findings disclose a potentially important, yet non-explored, aspect of the relationship
between sleep quality and SARS-CoV-2 infection. While the population at large experience a
small degree of sleep quality deterioration during the pandemic (likely related to the above-
mentioned psychological consequences), individuals infected by the virus have a more severe
deterioration in sleep quality than their non-infected counterparts (after adjusting for stressors

and risk factors).

The above-mentioned results suggest a direct (and late) effect of the virus itself on the
anatomical pathways related to sleep. In this view, direct invasion of the central nervous
system by SARS-CoV-2 is plausible since the receptor used by the virus for cell entry —

angiotensin-converting enzyme-2 — is expressed in neurons and glial cells [28]. This
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neurotropism may be the cause of sleep-related symptoms as well as other neurological
complications that, according to a recent comprehensive review include — but are not limited
to — stroke, encephalitis (or diffuse encephalopathy), myelitis, and peripheral or cranial
neuropathies [29]. In addition, many patients develop anosmia-ageusia or non-specific
headaches. However, knowledge on these complications is still limited and pathogenetic
mechanisms involved in the development of COVID-19-related neurological complications

are complex and not fully-understood thus far [29-31].

Entry of SARS-CoV-2 into the CNS through the nasal olfactory epithelium and, from then, to
the olfactory bulb, facilitates further spread of the virus by trans-synaptic transfer to limbic
structures and subsequently to deeper parts of the brain. An alternative theory proposes
entrances of the virus to the CNS directly from the bloodstream through the blood brain
barrier [32]. In any case, presence of the virus within the CNS may explain the disruption of
structures involved in the anatomy of sleep, such as periventricular fibers connecting the
frontal lobes with nuclei deep in the brain (basal ganglia, thalamus and hypothalamus) [33].
Studies using Positron Emission Tomography CT support this possibility by showing
abnormal fluorine-18 Fluorodeoxyglucose uptake (hypometabolism) in limbic structures,
frontal and orbito-frontal cortex, the cingulate gyrus, and the thalamus/hypothalamus among

COVID-19 survivors [34].

The present study provides the unique opportunity to prospectively evaluate sleep quality —
by means of an internationally accepted field instrument — in an unbiased population of
middle-aged and older adults that have such evaluation before and several months after the
establishment of the SARS-CoV-2 pandemic in the village. Another strength of this study
includes the high coverage of long-term participants in the Atahualpa Project cohort, in
whom several risk factors have been well characterized. Nevertheless, the study has

limitations. The lateral flow-based antibody test we used is reported to have high sensitivity
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and specificity, but we cannot rule out a small degree of misclassification due to false
positive or false negative results [17,18]. In addition, assessment of SARS-CoV-2 status at
the time of the follow-up PSQI was only investigated in individuals with symptoms of recent
onset, and there is the possibility that some seropositive-asymptomatic individuals may had
escaped detection. The PSQI is reliable and has been widely validated, but it is mostly based
on the subjective assessment of sleep quality and the time-frame of such evaluation is in the
month before the test. Despite the above-mentioned limitations, this is the single study
proving information on sleep quality before and after the peak of the pandemic in a
population highly endemic for SARS-CoV-2. The use of actigraphy, for a more objective
evaluation of non-breathing sleep-related manifestations (sleep hours and sleep efficiency), is
strongly recommended. In addition, other well-established population-based cohorts in whom
participants have had sleep quality assessments before the SARS-CoV-2 pandemic, should be
encouraged to obtain data after the start of the pandemic in their given populations to confirm
our findings by assessing potential detriments in sleep quality among those who were

infected.



14

Financial Disclosure Statement: The Atahualpa Project is supported by Universidad
Espiritu Santo — Ecuador. The sponsor has no role in the design of the study, nor in the

collection or interpretation of data.

Non-Financial Disclosure Statement: The authors declare no potential conflicts of interest

to disclose.

Data availability and sharing: Raw data will be available from the corresponding author

upon reasonable request.



15

REFERENCES

1. Lin LY, Wang J, Ou-yang XY, et al. The immediate impact of the 2019 novel coronavirus
(COVID-19) outbreak on subjective sleep status. Sleep Med. 2020;

https://doi.org/10.1016/j.sleep.2020.05.018.

2. Pinto J, van Zeller M, Amorim P, et al. Sleep quality in times of COVID-19 pandemic.

Sleep Med. 2020; 74: 81-85.

3. Vitale JA, Perazzo P, Silingardi M, Biffi M, Banfi G, Negrini F. Is disruption of sleep
quality a consequence of severe Covid-19 infection? A case-series examination. Chronobiol

Int. 2020; 37 (7): 1110.1114.

4. Leger D, Beck F, Fressard L, Verger P, Peretti-Watel P, and the COCONEL Group. Poor
sleep associated with overuse of media during the COVID-19 lockdown. Sleep. 2020;

https://doi.org/10.1093/sleep/zsaal25.

5. Peretti-Watel P, Alleaume C, Léger D, Beck F, Verger P, The COCONEL Group. Anxiety,
depression and sleep problems: a second wave of COVID-19. Gen Psychiatry. 2020; 33 (5):

£100299.

6. Casagrande M, Favieri F, Tambelli R, Forte G. The enemy who sealed the World: effects
quarantine due to the COVID-19 on Sleep quality, anxiety, and psychological distress in the

Italian population. Sleep Med. 2020; 75: 12-20.

7. Idrissi AJ, Lamkaddem A, Benouajjit A, et al. Sleep quality and mental health in the

context of COVID-19 pandemic and lockdown in Morocco. Sleep Med. 2020; 74: 248-253.


https://doi.org/10.1016/j.sleep.2020.05.018
https://doi.org/10.1093/sleep/zsaa125

16

8. Grey |, Arora T, Thomas J, Saneh A, Tohme P, Abi-Habib R. The role of perceived social
support on depression and sleep during the COVID-19 pandemic. Psychiatry Res. 2020; 293:

113452.

9. Wang J, Gong Y, Chen Z, et al. Sleep disturbances among Chinese residents during the

Coronavirus Disease 2019 outbreak and associated factors. Sleep Med. 2020; 74: 199-203.

10. Deng J, Zhou F, Hou W, et al. The prevalence of depression, anxiety, and sleep
disturbances in COVID-19 patients: a meta-analysis. Ann N'Y Acad Sci. 2020;

https://doi.org/10.1111/nyas.14506.

11. Del Brutto OH, Mera RM, Farfan R, Castillo PR, for the Atahualpa Project Investigators.
Cerebrovascular correlates of sleep disorders — Rational and protocol of a door-to-door

survey in rural coastal Ecuador. J Stroke Cerebrovasc Dis. 2014; 23 (5): 1030-1039.

12. Del Brutto OH, Mera RM, Zambrano M, Lama J, Del Brutto VJ, Castillo PR. Poor sleep
quality and silent markers of cerebral small vessel disease: a population-based study in

community-dwelling older adults (The Atahualpa Project). Sleep Med. 2015; 16 (3): 428-431.

13. Del Brutto OH, Mera RM, Sedler MJ, et al. The effect of age in the association between
frailty and poor sleep quality: a population-based study in community-dwellers (The

Atahualpa Project). J Am Med Direct Assoc. 2016; 17 (3): 269-271.

14. Del Brutto OH, Mera RM, Zambrano M, Castillo PR. Relationship between obstructive
sleep apnea and neuroimaging signatures of cerebral small vessel disease in community-

dwelling older adults. The Atahualpa Project. Sleep Med. 2017; 37: 10-12.

15. Del Brutto OH, Mera RM, Pefiaherrera E, Costa AF, Pefiaherrera R, Castillo PR. On the

association between sleep quality and arterial stiffness: a population study in community-


https://doi.org/10.1111/nyas.14506

17

dwelling older adults living in rural Ecuador (The Atahualpa Project). J Clin Sleep Med

2019; 15 (8): 1101-1106.

16. Del Brutto OH, Costa AF, Mera RM, Recalde BY, Bustos JA, Garcia HH. SARS-CoV-2-

related mortality in a rural Latin American population. Int J Infect Dis 2020; 99: 226-228.

17. Del Brutto OH, Costa AF, Mera RM, Recalde BY, Bustos JA, Garcia HH. SARS-CoV-2
in rural Latin America. A population-based study in coastal Ecuador. Clin Infect Dis. 2020;

https://doi.org/10.1093/cid/ciaal055.

18. Del Brutto OH, Costa AF, Mera RM, Recalde BY, Bustos JA, Garcia HH. Late incidence
of SARS-CoV-2 infection in a highly endemic remote rural setting. A prospective

population-based cohort study. Pathog Glob Health. 2020; 114: 457-462.

19. Del Brutto OH, Mera RM, Castillo PR, Del Brutto VJ. Key findings from the Atahualpa

Project: what should we learn? Expert Rev Neurother. 2018; 18 (1): 5-8.

20. Del Brutto OH, Castillo PR, Sedler MJ, et al. Reasons for declining consent in a
population-based cohort study conducted in a rural South American community. J Environ

Public Health. 2018; 2028: 8267948.

21. World Health Organization. Global surveillance for COVID-19 caused by human
infection with COVID-19 virus.

https://apps.who.int/iris/bitstream/handle/10665/331506/WHO-2019-nCoV-

SurveillanceGuidance-2020.6-eng.pdf?sequence=1&isAllowed=y. Accessed on October 1,

2020.

22. Jiménez-Genchi A, Monteverde-Maldonado E, Nenclares-Portocarrero A, Esquivel-

Adame G, de la Vega-Pacheco A. Confiabilidad y analisis factorial de la versidn en espafiol


https://doi.org/10.1093/cid/ciaa1055
https://apps.who.int/iris/bitstream/handle/10665/331506/WHO-2019-nCoV-SurveillanceGuidance-2020.6-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331506/WHO-2019-nCoV-SurveillanceGuidance-2020.6-eng.pdf?sequence=1&isAllowed=y

18

del indice de calidad de suefio de Pittsburgh en pacientes psiquiatricos. Gac Med Mex. 2008;

144 (6):491-496.

23. Buysee DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry Res. 1989;

28 (2): 193-213.

24. Lloyd-Jones D, Hong Y, Labarthe F, et al. Defining and setting national goals for

cardiovascular health promotion. The American Heart Association’s strategic impact goal

through 2020 and beyond. Circulation. 2010; 121 (4): 586-613.

25. Zhao X, Lan M, Li H, Yang J. Perceived stress and sleep quality among the non-diseased
general public in China during the 2019 coronavirus disease: a moderated mediation model.

Sleep Med. 2020; https://doi.org/10.1016/j.sleep.2020.05.021.

26. Ernstsen L, Havnen A. Mental health and sleep disturbances in physically active adults
during the COVID-19 lockdown in Norway: does change in physical activity level matter?

Sleep Med. 2020; https://doi.org/10.1016/j.sleep.2020.08.030.

27. Chandra A, Karki P, Prakash P, Chandra A, Khadka S. Impact of Covid-19 pandemic on

quality of sleep among Nepalese patients. Research Square. https://orcid.org/0000-0002-

3895-5369.

28. Natoli S, Oliveira V, Calabresi P, Maia LF, Pisani A. Does SARS-CoV-2 invade the

brain? Translational lessons from animal models. Eur J Neurol. 2020; 27: 1764-1773.

29. Roman GC, Spencer PS, Reis J, et al. The neurology of COVID-19 revisited: a proposal
from the Environmental Neurology Specialty Group of the World Federation of Neurology to

implement international neurological registries. J Neurol Sci 2020; 414: 116884.


https://doi.org/10.1016/j.sleep.2020.05.021
https://doi.org/10.1016/j.sleep.2020.08.030
https://orcid.org/0000-0002-3895-5369
https://orcid.org/0000-0002-3895-5369

19

30. Serrano-Castro PJ, Estivill-Torrds G, Cabezudo-Garcia P, et al. Influencia de la infeccién
SARS-CoV-2 sobre enfermedades neurodegenerativas y neuropsiquiatricas: ¢una pandemia

demorada? Neurologia. 2020; 35 (4): 245-251.

31. Zubair AS, McAlpine LS, Gardin T, et al. Neuropathogenesis and neurological
manifestations of the coronavirus in the age of coronavirus disease 2019: a review. JAMA

Neurol 2020; 77 (8): 1018-1027.

32. Achar A, Ghosh G. COVID-19-associated neurological disorders: the potential route of

CNS invasion and blood-brain barrier relevance. Cells. 2020; 9 (11): E2360.

33. Kanda A, Matsui T, Ebihara S, Arai H, Sasaki H. Periventricular white matter lesions and

sleep alterations in older people. J Am Geriatr Soc. 2003; 51 (3): 432-433.

34. Guedj E, Million M, Dudouet P, et al. *®F-FDG brain PET hypometabolism in post-
SARS-CoV-2 infection: substrate for persistent/delayed disorders? Eur J Nucl Med Mol

Imaging. 2021; 48: 592-595.



20

Table 1 — Changes across categories of stratified Pittsburgh Sleep Quality Index scores (good

sleepers versus poor sleepers) across baseline and follow-up assessments according to

whether individuals were SARS-CoV-2 positive or negative (univariate analyses).

Pittsburgh Sleep Quality Index Total series SARS-CoV-2 status Significance
Baseline Follow-up o Tﬁggﬂ; E’no;s;t;\g o
Good sleepers Good sleepers 260 148 (47%) 112 (35%) 0.001
Good sleepers Poor sleepers 194 70 (22%) 124 (38%) <0.001
Poor sleepers Good sleepers 68 39 (13%) 29 (9%) 0.152
Poor sleepers Poor sleepers 117 57 (18%) 60 (18%) 0.920




Table 2 — Summary of multivariate models used to assess differences across good and poor sleepers at follow-up.

Model Outcome Results Significant covariates
. OR: 2.85;
Increase in the odds of poor sleepers at 95% C.1.: 2.16 — 3.75:
o . follow-up p<0.001 .
e
baseline 95% C.1.: 24.48 — 32.45%
Adjusted proportion of poor sleepers at 48.6%;
follow-up 95% C.I.: 44.8 - 52.47%
Incr in th f poor sl rs amon OR: 3.8,
:ef:ps)isitifxeei2jidvsi§u;|2:u ihfaefsl ISO\?V—L?p ’ 9% C.l.: 248 -5.81;
Multivariate logistic mixed, adjusted for p<0.001
baseline and SARS-CoV-2-related Adjusted proportion of poor sleepers at 40.7%; Depression (p=0.003)
covariates follow-up among seronegative individuals 95% C.1.: 35.3-46.1%
Adjusted proportion of poor sleepers at 56.2%;
follow-up among seropositive individuals 95% C.1.: 50.9 - 61.6%
Odds for progression from good sleeper to OR: 2.19;
poor sleeper among seropositive 95% C.1.: 1.54 — 3.12;
Logistic regression, adjusted for baseline - |nd|V|deaIs at follow-u!o p<0.001 Being male (p=0.028)
and SARS-CoV-2-related covariates Adjusted proportion of progression among 22.3%; Obesity (p=0.027)
seronegative individuals 95% C.1.: 17.8 — 26.9%
Adjusted proportion of progression among 38.1%;

seropositive individuals

95% C.1.: 32.9 - 43.3%




