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ABSTRACT

Background: The coronavirus pandemic presented a unique opportunity to study the daily temporal
patterns and sleep habits of humans. The question to be explored was: Are there discernible differences
in sleep between the normal operational environment and the stay-at-home condition?
Methods: This international prospective study analyzed results from the sleep-wake patterns ques-
tionnaire, daily logs, and interviews. Surveys were administered to the healthy volunteers (age 15—60 y)
with stay-at-home for a month or more, without previous sleep disorders and mood-related complaints;
volunteers were not involved in online education/work daily timetable-related activities.
Results: We analyzed 3787 subjects with average stay-at-home of 65 + 9 days. The most significant
changes in sleep occurred during the first ten days when the difference between weekdays and week-
ends disappeared and changes occurred in napping habits. The majority of the participants (66.8%)
shifted toward eveningness when the self-selected sleep was possible and 1869 volunteers appeared to
be owls (49.4%), 823 (21.7%) exercised “typical” sleep, 478 (12.6%) were larks, and 617 (16.3%) participants
were completely desynchronized to the end of stay-at-home. In addition, 497 participants (13.1%)
alternated their sleep habits. The most of the desynchronized participants (n = 414) were older than 50
years (age correlation r = 0.80), and predominantly males (n = 297, r = 0.76).
Conclusion: In self-selected sleep conditions, the timing of sleep and sleep habits significantly differ from
those of socially and economically fixed daily routine conditions. The changes in daily temporal patterns
of humans during a prolonged stay-at-home situation indicate that human sleep habits may change
according to existing living conditions.

© 2020 Elsevier B.V. All rights reserved.

Every Morning I walk'd out with my Gun for two or three Hours if it 1. Introduction
did not rain, then employ'd myself to work till about Eleven a-

Clock, then eat what I had to live on, and from Twelve to Two I lay

The current coronavirus pandemic presents a unique oppor-

down to sleep, and then in the Evening to work again. ... | was at a tunity to study the daily temporal patterns and sleep habits of
great Loss for Candle; so that as soon as ever it was dark, which was humans. Nature itself has designed a global experiment that

generally by Seven-a-Clock, I was oblig'd to go to Bed.
Daniel Defoe. Robinson Crusoe.

* Corresponding author. Aliyat HaNoar 9, Hod HaSharon, 45102, Israel.
E-mail address: mshterenshis@amhsi.org (M. Shterenshis).

could never have been designed and performed in vivo during
normal circumstances. The COVID-19 pandemic has put hundreds
of thousands of humans in quarantine and millions of humans
worldwide in stay-at-home and temporary-unemployed situa-
tions. As a result, it permitted the study of daily temporal pat-

1 The full list of AMHSI Research Team members can be found at the end of this terns and sleep habits of a large cohort of healthy humans under

article.

2 The full list of Milken Research Team can be found at the end of this article.
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“stay-at-home-nothing-to-do” and self-selected sleep conditions.
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The topic of sleep-related chronobiology and daily temporal
patterns during “lockdown” events is not just a theoretical ques-
tion. The authors have a suspicion that similar stay-at-home cir-
cumstances might reappear in the future and psychologists,
physiologists, psychiatrists, public health professionals, and
behavioral science practitioners should be more prepared for such
situations. Our better understanding of chronobiology may stimu-
late efforts in optimization of work schedules, prevention of sleep
disorders, and possible subsequent mood disorders.

An investigation into sleep timing is embedded into the much
broader subject of chronobiology, circadian rhythms, and human
chronotypes of which the sleep-wake cycle is one of the main
components. Already in the 19th century, numerous authors indi-
cated that sleep habits, in general, and sleep timing, in particular,
are extremely variable among individuals [1—3]. The 19th-century
descriptions of the variability of human sleep habits were crystal-
lized into the concept of “owls” (eveningness) and “larks” (morn-
ingness) when in 1976 Horne and Ostberg developed their
questionnaire to determine morningness-eveningness in human
circadian rhythms [4]. This concept was most widely accepted
[5—7]. But this was an oversimplification and further studies
distinguished between “owls”, “larks,” and intermediate (“typical
sleep”) types [8]. Then the four-type concept of Larks, Typical sleep,
Insufficient sleep, and Owls was discussed [9]. Already in 2020, the
attempt was made to introduce the six-type classification that
included Early Larks, Larks, Intermediate, Owls, Variable Owls, and
Late Owls [10]. Thus, the latest studies confirmed the 19th-century
statement that everything is possible for the human organism. The
emerging literature on chronobiology, circadian rhythms, and
chronotypes further postulates that despite inter-personal vari-
ability, the circadian clock of an individual is almost fixed because
the circadian period is generated at the level of the cell [8,11—13].

The authors hypothesized that the change of routine daily ac-
tivities and lockdown conditions may change the daily temporal
patterns and sleep timing of the involved healthy people. We aimed
to collect enough data to prove or disprove this hypothesis and to
investigate human sleep-wake patterns in lockdown/stay-at-home
conditions. In the current study, the term “chronotype” was used
for “individualized sleep time preferences based on genetics,
development, and external influences” according to the existing
definition [14] and differed from the term “circadian rhythms” that
are strongly driven by the light/dark cycle and include rhythmical
changes of the body temperature, melatonin and cortisol levels,
mood, and some other variables. The question to be explored was:
Are there discernible differences in sleep habits between the
normal operational environment and the stay-at-home condition?
This question inevitably led to the subsequent question: Are human
chronotypes fixed?

2. Methods
2.1. Participants

Surveys were administered to the physically and mentally
healthy volunteers with stay-at-home period of one month or more
and without education/work-from-home or other activities that
require timetables and daily schedules. Exclusion criteria: chronic
diseases, known sleep disorders or mood-related complaints, usage
of sleeping pills, night shifts at work prior to stay-at-home, work-
from-home and other daily schedule/timetable-related activities,
and pregnancy.

The age limit was set from 15 to 60 years. The older persons
were excluded from the study because of age-related changes in
sleep habits among this segment of population. The participants
were divided into Adolescence group (Group 1, 15—18 y) and
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Adulthood group (Group 2, 19—60 y). The study cohort consisted of
3787 participants (M 1,782, F 2005). The prospective study was
approved by the responsible Institutional Review Boards (IRB) and
Ethics Committees as a “non-interventional anonymous survey of
volunteers”.

2.2. Researched tools

This prospective study involved an analysis of the collected
survey results obtained from daily logs, the sleep-wake patterns
questionnaire, and phone/Zoom interviews. The applied daily log
was a shortened form of the existing Sleep Diary/Sleep Log of the
National Sleep Foundation (NSF USA) [15]. Our log required from a
participant to document time for seven to nine variables that
included food intake, mental activity (including work-from-home
without a schedule), physical activity, leisure, feeling of fatigue
(“getting tired”), and bedtime and wake-up time for nocturnal
sleep and for naps/snooze/siesta (if applicable). It should be kept for
at least one month or during the whole stay-at-home period. The
questionnaire avoided self-rating items and questions touching
estimations and desires; only the time-related facts such as usual
bedtime and wake-up time for nocturnal sleep and for possible
naps were to be indicated. In addition, two free-response items
were added: “If you go to bed in different times, specify the main
pattern” and “Any other remarks on your current sleep pattern
changes are welcome”. The questionnaire should be filled after one
month of the stay-at-home and after two months (if applicable).

Through structured interviews, the volunteers should provide
information on sleep timing and daily temporal patterns in a free
conversation manner. The conduction of the interview and the
confidentiality of the respondents were maintained according to
the NSF principles established for the 2005 “Sleep in America poll”
[16]. The interview topics were similar to those of the questionnaire
and the daily log. The main purpose of the implementation of this
research tool was to establish a certain temporal pattern of a
participant and to detect its possible evolution during the stay-at-
home period. During interviews, we aimed to grasp some logic, if
any, behind the possible changes of daily temporal patterns of the
participants, and the participant's permission was be obtained to
contact him/her at the end of each week during the stay-at-home.
The interview averaged 15—20 min in length.

Therefore, all three research tools were designed to collect
similar data from the participants. By choosing three tools instead
of one we aimed to attract as many participants as possible. A
volunteer had a choice either to keep the log (daily activity), or to
participate in the interviews (once a week), or to fill the ques-
tionnaire (once a month). In all three cases, the first duty of a
participant was to indicate his/her usual bedtime and wake-up
time during workdays and weekends before the stay-at-home sit-
uation, the use of alarm clocks, and the time and duration of naps (if
applicable).

2.3. Data collection

The data were collected from March 1 to June 15, 2020, in
various countries. The authors had spread the questionnaire and
the daily log form in a friend-to-friend manner, to the collaborators,
through an online forum, and via Internet social networks. The
collaborators translated the questionnaire and log forms into local
languages and repeated the same procedure country-specific. The
inclusion/exclusion criteria were specified on the top portion of
each form. Following the IRBs' regulations, while the study used
mostly phone-contact and online-manner survey, the confidenti-
ality of the volunteers was maintained in compliance with the re-
quirements of the Data Protection Act 1998 and the subsequent
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General Data Protection Regulation (GDPR) and only depersonal-
ized data spreadsheets were used for further analysis. Phone/Zoom
interviews were conducted in the USA and Israel. By selecting the
filled questionnaire and log forms, preference was given to the
forms that were kept for two months or longer. The forms with
ambiguous answers (multiple responses for a single question,
“unsure” answers, questions left blank, etc.) were excluded from
the analysis. The interviews were conducted among 500 volun-
teers. The initial interview was used to collect the data about a
volunteer's sleep habits before the stay-at-home situation. At least
five subsequent weekly interviews were collected from each
participant.

2.4. Data analysis

The simplified larks-intermediate-owls classification was used
for the sleep timing. “Larks” were defined as people who went to
bed before 11 p.m. and got up before 8 a.m. An intermediate sleep
type (“typical”) persons were defined as people who went to bed
around 11:30 p.m./midnight and got up around 7:30/8 a.m. “Owls”
were defined as people who went to bed at or after 12 p.m. and got
up at or after 8 a.m. While arbitrary, these cut-off values for chro-
notypes have been used in previously published studies [17—20].
Subjects with a desynchronized sleep-wake cycle were defined as
individuals without fixed bedtime and wake-up time both for
nocturnal sleep and possible naps. Their sleep timing and sleep
duration could change daily or weekly and were environmental
light—dark cycle independent.

Sleep patterns data were analyzed using univariate analyses of
covariance (ANCOVA) with age group and sex as fixed factors. For
time-related data, SPSS TIME.HMS function was applied. To avoid
decimal statistics, all time-related data were transferred into sec-
onds during the analysis and the results were again transferred into
hours and minutes. Chi-square tests were used to analyze age and
sex distribution and the questionnaire or log responses for differ-
ences in sleep habits distribution between two groups. The corre-
lation analysis (r value) was performed between V1 and V2 and age
and sex. The correlation of presence/absence of regular naps was
also performed against these two fixed factors. The r"0.60 was
counted as the significant correlation. All statistical analyses were
performed using SPSS (version 19.0 for Mac, SPSS Inc., Chicago, IL).
A significance threshold of p0.05 was used for all analyses.

3. Results

The sleep habit-related data were derived from the logs
(n = 426; the margin of error 4.9% at a 95% confidence interval;
426 x 66 days = 28,116 responses for V1 and V2), interviews
(n = 500, the margin of error 4.4%; 500 x 6 interviews = 3000
responses), and daily pattern-related filled questionnaires
(n = 2,861, the margin of error 1.9%; 2861 x 2 filled forms = 5722
responses), and 3787 cases with sufficient data were analyzed (the
margin of error 1.7%). The agreements between the data collection
tools were: the log vs. the interviews — 98.6% agreement; the log vs.
the questionnaires — 92.4%; and for the interviews vs. the ques-
tionnaires 96.3% of agreement were obtained. For V1a,c,d and
V2a,c,d, 3787 responses were collected for each of the variable. For
V1b and V2b, 926 responses were collected. The total number of
responses collected for V1 and V2 during the whole time of the
survey was 36,838 for each of them.

Table 1 presents demographic and general data of the surveyed
cohort. For pre-lockdown conditions, the evening bedtime was
22:15 + 0:20 for adolescents and 22:25 + 0:45 for adults (Table 2).
Table 2 demonstrates that the most significant changes in sleep
timing occurred during the first week of stay-at-home. The owls-
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larks concept could not be analyzed for pre-quarantine conditions
in its full complexity because the absolute majority of the partici-
pants (n = 3,439, 91%) used alarm clocks set at 06:50 + 1:00 for
adolescents and 07:10 + 0:40 for adults and, therefore, were “must-
be” larks because of social obligations.

The average data on bedtime and wake-up time changes during
stay-at-home show that the majority of the involved individuals
(66.8%) shifted toward eveningness in a situation when the self-
selected sleep was possible. As Table 3 shows, the largest group
of participants (n = 1,324, 35.0%) moved their bedtime to “about
one hour later”. This tendency permitted numerous pre-lockdown
larks to enter the intermediate sleep group while some persons
with intermediate sleep pattern became owls. At the same time,
906 (23.9%) participants moved their bedtime to “about two hours
later” that permitted some larks to enter the group of owls. Table 3
indicates that most of the stay-at-home people moved their
bedtime closer to midnight and the majority of forced larks and
persons with intermediate sleep turned to be natural owls. The
variability of daily temporal patterns of the participants was
increased dramatically. While pre-quarantine standard deviations
for bedtime were 20—45 min, they were increased up to 1:30
during the stay-at-home (Table 2). However, as the weekly in-
terviews indicated (n = 500), most of the participants adjusted to
new realities relatively quickly, in one to two weeks, and did not
present any sleep-related complaints. The free-response questions
of the questionnaire indicated sleep disturbances at the very
beginning of the stay-at-home period in 52 participants (1.4%) that
disappeared after first two weeks of the stay-at-home.

Using the above-described cut-off values for sleep timing, 1869
participants appeared to be owls (49.4%), 823 participants (21.7%)
exercised “typical” sleep, 478 participants (12.6%) were larks, and
617 (16.3%) participants were completely desynchronized to the
end of stay-at-home. At the same time, 497 participants (13.1%)
alternated their sleep habits. If the evolution of stay-at-home is
analyzed, 313 participants (8.3%) who maintained morningness
during one or two first weeks of the stay-at-home period moved to
eveningness closer to the end of the period. The rest of 184 par-
ticipants (4.9%) changed their sleep habits in the opposite direction.
Of them, however, almost all can be classified as desynchronized
cases. The most of the desynchronized 617 participants (n = 414)
were older than 50 years (age correlation r = 0.80), and predomi-
nantly males (n = 297, r = 0.76). Adolescents, younger adults, and
older females did not show such tendencies.

The habit for regular napping significantly decreased in its fre-
quency among adolescents (pre-lockdown 421 vs. two months of
stay-at-home 28, p = 0.001). For adults, this habit became signifi-
cantly more widespread (168 vs. 513, p = 0.004). Out if this 513
persons, 86 used two naps a day (16.8%) and three had three naps a
day (0.6%). The correlation with newly introduced napping and
desynchronized cases was strong (r 0.92). Most of the
desynchronized adults self-designed their own mental activity —
fatigue — (meals) — nap—mental activity — fatigue — (meals) —
nocturnal sleep daily rhythm as the most convenient sleep-wake
cycle. However, the timing for naps and their duration were not
fixed and broadly varied within early afternoon — late afternoon
period of the day and from one to three hours (rarely even longer)
of sleep. This tendency affected the evening bedtime that also
became unfixed. Among the 617 desynchronized participants, 368
indicated their food intake patterns in the logs or during in-
terviews. For 244 of them (66.3%), the “lunch — siesta” and “dinner/
supper — nocturnal bedtime” patterns were clearly fixed to the end
of the stay-at-home. The rest of 124 participants (33.7%) demon-
strated two separate and desynchronized food intake and sleep-
wake cycles both of them desynchronized with the light—dark
cycle. Therefore, the prolonged napping divided the circadian
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Table 1

Sleep Medicine 77 (2021) 177—183

Demographic and general data of the surveyed cohort (n = 3787) obtained from filled questionnaire forms, daily logs, and during interviews. M/F — male/female.

Variables | /age groups — Adolescence group

Adulthood group Total/average

Questionnaire M/F 373/454
Daily log M/F 59/75
Interview M/F 93/88
Age group M/F TOTAL 525/617
Age group TOTAL 1142
Average stay-at-home 69 days

962/1072 2861
128/164 426
167/152 500
1257/1388 1782/2005
2645 3787

63 days 65 + 9 days

Table 2

Data on sleep habits before and during the lockdown stay-at-home. P values are given against the pre-lockdown data.
Variables | /age groups — Adolescents Adults Average P value
Before lockdown (obtained from 3787 participants)
V1a Evening bedtime 22:15 + 0:20 22:25 + 0:45 22:22 + 0:45
V2a Morning get-up time 06:50 + 1:00 07:05 + 0:45 07:00 + 0:40
Free day bedtime 23:24 + 0:40 23:55 + 0:50 23:38 + 0:50
Free day get-up time 08:50 + 0:40 08:50 + 0:40 08:50 + 0:45
Regular napping (n) 421 168 589 (total)
7 days stay-at-home (obtained from 926 participants)
V1b Evening bedtime 23:30 + 1:08 23:50 + 0:50 23:44 + 0:57 0.008
V2b Morning get-up time 08:50 + 1:15 08:45 + 0:55 08:48 + 1:12 0.006
Regular napping (n) 65 217 282 (total)
1 month stay-at-home (obtained from 3787 participants)
V1c Evening bedtime 23:55 + 1:15 23:45 + 0:50 23:47 + 1:10 0.008
V2c¢ Morning get-up time 09:00 + 1:24 08:45 + 1:05 08:55 + 1:13 0.005
Regular napping (n) 29 474 503 (total)
2 months stay-at-home ((obtained from 3787 participants)
V1d Evening bedtime 23:55 + 1:15 23:35+1:20 23:43 + 1:15 0.008
V2d Morning get-up time 09:00 + 1:25 08:45 + 0:55 08:49 + 1:20 0.006
Regular napping (n) 28 513 541 (total)

Table 3

Sleep timing changes after two months in stay-at-home situation (n = 3787). Regular napping is presented as n before the lockdown/n after two months of stay-at-home.
Variables | /Age groups— Adolescents (n = 1142) Adults (n = 2645) Total
Evening bedtime
Remained unchanged 212 (18.6%) 388 (14.7%) 600 (15.8%)
About 1 h earlier 18 (1.6%) 27 (1.0%) 45 (1.2%)
About 2 h earlier 0 (0%) 9 (0.3%) 9 (0.2%)
About 1 h later 467 (40.9%) 857 (32.4%) 1324 (35.0%)
About 2 h later 195 (17.0%) 711 (26.9%) 906 (23.9%)

More than 2 h later 94 (8.2%)
Variable time 56 (4.9%)
Morning get-up time

Remained unchanged 144 (12.6%)
About 1 h earlier 5(0.4%)
About 2 h earlier 0 (0%)
More than 2 h earlier 0 (0%)

About 1 h later
About 2 h later

432 (37.8%)
467 (40.9%)

More than 2 h later 53 (4.6%)
Variable time 41 (3.6%)
Regular napping 421/28

300 (7.9%)

(
206 (7.8%)
( 603 (15.9%)

547 (20.7%)

364 (13.8%) 508 (13.4%)

41 (1.6%) 46 (1.2%)
31(1.2%) 31 (0.8%)

17 (0.6%) 17 (0.5%)
849 (32.1%) 1281 (33.8%)
644 (24.3%) 1111 (29.3%)
96 (3.6%) 149 (3.9%)
603 (22.8%) 644 (17.0%)
168/513 589/541

cycle of the involved individuals into two mental activity-fatigue-
(meals)-sleep cycles during the day with unfixed bedtimes for
both periods of sleep because mental fatigue arrived at different
times each day.

Involvement in physical/locomotor activity did not produce
such changes. Various types of regular physical activity such as
sports, cleaning, cooking, gardening, active playing with children,
small home repairs, and dancing were indicated in the logs and
during the interviews by 715 participants out of 926 (77.2%). Most
of them (n = 514, 71.9%) shifted their evening bedtime to one hour
later or did not shift it at all and none of them was desynchronized
to the end of stay-at-home. During interviews, some of these par-
ticipants indicated that while they were not involved in work-from-
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home activities they were not at constant leisure during the stay-
at-home and actually had various tasks to perform. Numerous
home-related activities that were procrastinated because of limited
free time during employment could be performed now. It included
general cleaning of the house, cleaning closets from outdated
clothes and shoes, minor home repairs, and additional gardening
activities. The positive effect of these activities can be seen not only
in lack of desynchronized cases but also in lack of complaints about
insomnia or disturbed sleep even during the first two weeks of the
stay-at-home.

Table 3 also indicates that 508 (13.4%) participants did not
change their morning get-up time and, therefore, continued to use
alarm clocks. Only 186 of them were interviewed and no sound
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conclusions are possible, however the “force of habit” was indicated
by only six volunteers (3.2%) while the rest indicated various social
obligations such as little children at home, pets, and morning
prayers as reasons to keep the wake time unchanged.

4. Discussion

Most probably, Robinson Crusoe was a natural lark, otherwise,
even without candles he could use an open fire for lighting and
spent pleasant long evening hours looking at a bonfire. He
appeared to be a good sleeper during his stay-on-the-island situ-
ation. With bedtime at 7 p.m. with the sunset, wake-up time
around 5 a.m. with sunrise, and daily naps from 12 a.m. to 2 p.m.,
his total sleep duration was 12 h a day. Or, maybe, Daniel Defoe
missed something.

Analyzing the obtained results, the sleep-related elements of
the owls-larks concept can be assessed under somewhat different
angle. The ongoing development in the classification of human
chronotypes expanded the owls-larks classification to the seven-
item “extreme early” to “extreme late” scale [21]. In the 1990s,
biological rhythms were defined as circadian, ultradian, and infra-
dian rhythms that are the cycles that operate on a period of a day,
less than a day, and more than a day, respectively [22]. Later, these
rhythms were defined as tidal (0.517 day), daily (1 day), lunar
(29.53 days), and annual (365.256 days) rhythms [23]. Genetics,
age, gender, and environmental stimuli influence the expression of
chronotype [7,9,10,12,17]. Specifically for genetics, researchers
indicate from ten to 36 genes that may be involved in human
chronobiology [24,25]. How all these variables interact to produce
seven different human chronotypes is difficult to say. Can we say
that a person with a habit of prolonged midday napping and
shortened nocturnal sleep decided to follow the tidal rhythm
instead of daily rhythm? Can we say that a person with a newly
introduced habit for two or three naps a day shifted into the infant-
type temporal daily pattern? The concept of circadian rhythm
misalignment or disruption is widely used to explain the extreme
variability of sleep habits [26]. Without a precise definition of
normality, it is not yet clear do we speak about synchronized and
desynchronized circadian cycles and daily rhythms or about orga-
nized and disorganized people. Another approach to the problem
was to label certain sleep habit variations as disorders [27]. The
International Classification of Sleep Disorders (ICSD-2) recognizes
nine different circadian rhythm sleep disorders! No clear border-
lines between owls and larks as variations of normality and the
delayed sleep phase disorder and the advanced sleep phase disor-
der can be detected in this classification. Recently, some chrono-
biology approaches were severely criticized with ironic mention of
“owls, larks, swifts, and woodcocks” [28]. A failure to develop a
unidimensional scale for scoring chronotypological differences and
lack of objective markers of chronotype were indicated as the main
weaknesses of these approaches.

The authors realize that their results question some accepted
opinions. If data on different chronotypes are collected from par-
ticipants living their ordinary daily routine, the results indicate the
significant prevalence of morning-type persons, from 40% to 56% of
all participants [10,15,29]. Our results indicate that if self-selected
sleep timing is possible, the majority of humans are evening-type
persons. Morningness tendencies among older adults were well-
documented [30,31] but many of them cannot be called real larks
if napping is taken into account. Some human professions may
stimulate a tendency towards eveningness [32,33]. Since people
introduced open fire for cooking and lighting, the environmental
light—dark cycle has been losing its importance in human life. Such
invention led to the phenomenon of wisdom teeth as an observable
evolutionary change. One may assume that human chronobiology,
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while less observable, underwent some evolutionary changes as
well. In 2018, Putilov et al. investigated 1665 polymorphisms in 36
chronobiology-related genes and found out that such evolutionary
changes are actually took place as a part of general adaptation [34].
We doubt that various peculiarities of human sleep habits should
be called disorders. Changes in daily rhythm and sleep habits were
detected in patients suffering from psychosis, bipolar I disorder,
and other mental illnesses [35,36]. Some of our volunteers exer-
cised the same sleep habits but did not suffer from bipolar disorder.
Some participants moved toward eveningness, some participants
moved toward morningness, and some participants accepted
almost infant-type daily napping way of life, but while these
changes occurred due to their self-adjustment to new realities,
almost none presented any sleep-related complaints. It is difficult
to label such temporary changes as disorders.

Specifically for napping, this topic was researched in application
to infants and young children as their natural sleep habit [37,38]
and to pregnant women as a beneficial change in their daily pattern
[39]. The topic remained understudied for the general population
until recently when Mairesse et al. introduced the “Napping type”
as an additional chronotype [40]. Our results demonstrated that an
introduction of regular midday naps changes bedtime and wake-up
time of nocturnal sleep almost inevitably and may significantly
change the whole sleep-wake cycle of an individual.

The large number of participants who were completely
desynchronized (n = 617, 16.3%) is not alarming. It was a tendency
to estimate circadian sleep dysrhythmia as a sleep disorder [41]. It
was demonstrated that mental activity with individual working
schedule may produce chronic desynchronization in older adults
[42]. That is exactly what had happened during the stay-at-home
period but our desynchronized participants presented no com-
plaints. The patients with circadian rhythm sleep disorders typi-
cally describe chronic excessive daytime sleepiness and/or
insomnia symptoms, impacting their daytime functioning [43]. In a
stay-at-home condition, daytime functioning was not impaired and
no complaints followed. In other words, circadian rhythm sleep
disorders exist, but chronotype disorders do not exist.

Various major changes in how animals fill their days, depending
on what demands are being made on them, were reported within
the field of animal behavior [44]. The routine daily use of alarm
clocks presented the problem of sleep debt accumulated on
workdays and raised a question of “social jet-lag” [20,45]. The
broader question is: what is natural and what is unnatural in the
human way of life? The internal clock is not the only factor deter-
mining what people do at different times of the day, because
humans can also adjust their sleep habits and temporal daily pat-
terns according to circumstances. Theoretical and methodological
shortcomings in the existing literature on sleep habits were noted
and the necessity for in-depth study of intraindividual variability
was stressed [46]. The authors also indicated a necessity to study
sleep habits “across multiple days” [46]. We hope that our 65-day
study will add relevant data to the topic.

4.1. Limitations

Any “catch-the-moment” research may have certain weak-
nesses both in study design and data collection. While a
questionnaire-based survey is an established technique to study
sleep patterns, any self-report survey has its limitations because of
the method of data collection and a discrepancy between the self-
reported and non-self-reported (digital sleep-tracking devices,
wrist-activity monitors) sleep habits is possible. The geographical
analysis was not performed because of the uneven distribution of
respondents across the involved countries, from tens to thousands
per country. Geographical locations, however, could have a
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different number of hours of sunlight per day that could affect
circadian rhythms. The topic of religious practices was not touched
in the survey because of the Ethics Committee requirements as well
as the topic of alcohol and other recreational substance use. How-
ever, certain religions require time-specific prayers that might
affect sleep-wake patterns of some participants forcing them to
keep their fixed daily temporal patterns even during the lockdown.
The survey took place during the lockdown period as a one-time
effort and, therefore, test-retest reliability was not calculated. Our
results cannot be generalized to the whole human population that
may include individuals with sleep disorders, mood-related disor-
ders, pregnant women, and individuals older than 60 years.

5. Conclusion

In self-selected sleep conditions, the timing of sleep and sleep
habits significantly differ from those of socially and economically
fixed daily routine conditions. The changes in daily temporal pat-
terns of humans during a prolonged stay-at-home situation indi-
cate that human sleep habits may change according to existing
living conditions.
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