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Abstract

Objectives: Prior studies have examined sleep during the COVID-19 pandemic, but have few
compared sleep measured both during and prior to COVID. We examined the impact of the
COVID-19 pandemic on subjective sleep quality in general and separately by gender and age
(<50 vs 250 years). Further, we compared sleep quality between those who did and did not follow
guarantine orders.

Methods: This sample is from the Baependi Heart Study, a family-based cohort of adults in South-
eastern Brazil. Longitudinal data were from 417 individuals who completed the Pittsburgh Sleep
Quality Index (PSQI) twice: between January 2010 and September 2014 (pre-COVID) and during
the COVID-19 stay-at-home order March-June, 2020. Cross-sectional analysis included 800
participants.

Results: Mean (xSD) PSQI scores were significantly higher during than before COVID-19 (5.7
+3.8 vs 5.0 +£3.3, p<0.01). This increase was significant among women and among adults =250
years but not in men or younger adults. The significant increase in PSQI was only observed in
those who quarantined during COVID-19 (5.9 £3.7 vs 5.2 £3.4, p<0.01) and not those who did
not quarantine (5.0£3.7 vs. 4.5+3, p=0.12). In cross-sectional analyses, individuals who
guarantined had higher PSQI scores than non-quarantined individuals (6.1 £3.9 vs 5.0£3.5,
p<0.01). The quarantine status-dependent differences were significant for women (6.4+4 vs
5.243.7, p<0.01) and older adults (6.6+0.1 vs 5.5+3.3, p=0.04). Differences by quarantine status
were attenuated after adjusting for age and gender.

Conclusions: Subjective sleep quality declined during the COVID-19 pandemic, particularly
among women, older adults, and those compliant to quarantine orders.
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Introduction

During the coronavirus (COVID-19) pandemic, governments across the world established
preventive measures, such as self-isolation and stay-at-home or quarantine orders (hereafter
referred to as “quarantine”) to combat the spread of the virus. Potential consequences of this
confinement and the pandemic include restricted social interactions, concerns about the disease
and the health of family and oneself, and potential economic impact on one’s household or
community. Quarantine can also limit physical activity due to the closure of gyms and the shift to
remote schooling and work. It could also increase daily screen time, which could impair sleep by
exposure to blue light (1). Lastly, since quarantine involves avoidance of non-essential social
interaction and staying home, it may reduce sunlight exposure, which is an important regulator of
circadian rhythms (2). All of these environmental, behavioral and psychological factors could
negatively impact sleep quality. Healthy sleep is associated with better overall health, including
better immune function (3,4), and, consequently, worse sleep due to quarantine could weaken
the immune response and increase the risk of COVID-19 infection and severity (5). Thus, if

guarantine orders negatively impact sleep quality, this has implications for general health.

Impaired sleep has been associated with the pandemic in some cross-sectional studies from
various countries, including China, ltaly, Canada, France and the US (1,6-13). Some studies
examined changes in sleep quality from prior to and during the pandemic, however, the majority
relied on retrospective reports of sleep quality (14-19), which is subject to recall bias. A
longitudinal approach enables comparisons of sleep quality measured both before and during the
pandemic, but there have only been a few such studies. One study in the US reported that sleep
duration increased (20). Two studies assessed sleep quality right before (February 2020) and
shortly after the pandemic began (late March or April 2020). One reported worse sleep quality
during the pandemic (21), while the other study observed no significant change in sleep quality

(22). Thus, these three longitudinal studies had inconsistent results.



Sleep quality is well-known to vary by both age and gender. Women are more likely to develop
insomnia symptoms than men and insomnia symptoms and sleep disturbances become more
prevalent at older ages (23). If women or older adults are more susceptible to sleep disturbances
in general, their sleep quality may be more vulnerable to the effects of quarantine and the
pandemic. Some prior studies have reported gender differences in the association between the
pandemic and sleep, including worse sleep among women compared to men (6,7,11,21). Two
studies compared sleep during the pandemic between age groups, but they dichotomized age at
30 or 35 years of age (6,10), which is younger than the age at which sleep disturbances typically

increase.

The aim of our study was to examine the impact of the COVID-19 pandemic on subjective sleep
quality and to determine if sleep quality differed between those who followed quarantine orders
and those who did not. Further, given established gender and age effects on sleep quality, we
examined these associations separately for men and women and younger (<50 years) and older
(=50 years) adults. This study involved participants from the Baependi Heart Study, an ongoing,
family-based cohort in the rural town, Baependi, Brazil. Participants completed an assessment of
subjective sleep quality several years prior to the pandemic and again shortly after the quarantine

order was established.

Participants and Methods

Sample

This sample is from the Baependi Heart Study (BHS), an ongoing family-based cohort study that
was established in 2005 to characterize the determinants of cardiovascular health. Probands were

residents of Baependi, a small rural town with approximately 19,249 inhabitants in 2021 located
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in the state of Minas Gerais, Brazil (24). Nearly one-third of households are located in the rural
area (24). The most recent Human Development Index (HDI) in Baependi dates from 2010 and
was lower than the national index (HDI= 0.681 vs 0.724) (24). Residents of Baependi had a lower
average monthly income than the national average (R$867 vs R$1,202) and a lower proportion
of children 6-16 years in school (96% vs 97.2%), however life expectancy was higher in Baependi
than nationally (74.9 vs 73.5 years) (24). Participants in the BHS were recruited based on a
random selection of district census and households. Once a residence within a district was
selected, one resident aged 18 years or older was invited to participate in the study, followed by
their first-degree relatives and then increasingly more distant relatives. At baseline in 2005, the
study evaluated 1,691 individuals across 95 families, and subsequent waves added new
participants for a current sample of 3,675 participants who have participated in the study.
Recruitment process has been described previously (25). This study protocol conformed to
international ethics standards based on the Declaration of Helsinki and was approved by the local
ethics committee (Hospital das Clinicas — Universidade de S&o Paulo, Brazil). Participants gave

informed consent at all assessment periods.

Cross-sectional sample

For the present study, there were two relevant data collection periods. Most recently, we recruited
BHS participants between March 30 and June 29 2020, which was during the quarantine order
issued by the municipal government on March 23, 2020. During the quarantine order, which had
no pre-established end date, residents were advised to leave their homes only for essential
purposes, such as grocery shopping, pharmacy, doctor’s appointments, etc. The use of masks
was mandatory and those residents who were not compliant had to pay a fee. The essential
businesses that remained open during lockdown had to follow sanitation protocols. Despite having
only three cases and zero deaths of COVID-19 at the time of data collection, the quarantine order
was its most stringent in Baependi (26). On April 22, 2020, some of the restrictions were lifted in

order to reopen retail stores. These businesses had to work at minimum capacity (25%) in addition



to abidance by the sanitation protocols. All data collection took place during the quarantine order.
Study participants completed a survey over the phone. All BHS participants were considered
eligible for the telephone survey. We divided the full sample into 5 equal lists, one for each
interviewer, who attempted calls in alphabetical order. Interviewers attempted to call 1,800
participants, interviewed 872 participants and 800 participants provided complete data, which

constituted the cross-sectional COVID-19 sample.

Longitudinal sample

The pre-COVID-19 data collection occurred between January, 2010 and September, 2014 when
the participants in the BHS were interviewed in person. There were 1,802 participants who
completed PSQI during this period (27). There were 417 individuals who completed assessments
at both time points and constitute the longitudinal sample. Mean age was similar (p = 0.32) in
individuals at baseline who did not complete the COVID-19 follow up questionnaire (n= 1,385;
mean age= 44.8) compared to individuals who did (n= 417 mean age= 43.9) but the proportion of
men in the follow-up COVID-19 sample (30%) was significantly lower (p<0.01) than in the sample

that did not (45%).

Assessments

Pittsburgh Sleep Quality Index (PSQI)

Participants completed the PSQI, which is a validated instrument to assess sleep quality (28).
The PSQI is comprised of 7 components, each with scores ranging from 0 to 3. Total scores on
the PSQI range from O to 21, and higher scores indicate worse sleep quality. The PSQI
components are subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medications, and daytime dysfunction (28). In addition, we

examined responses to questions asking for usual bed time, wake time, time to fall asleep (sleep



latency), and sleep duration. In addition, we derived time in bed (interval between bed and wake

time) and sleep efficiency (sleep duration divided by time in bed).

Quarantine Adherence

During the COVID-19 assessment, participants were asked whether they were complying with the

quarantine order (yes/no).

Demographic Information

As part of the main study, date of birth and gender were collected. In analyses stratified by age,
we selected 50 years as the cut point because sleep disturbances become more common at older
ages. A meta-analysis indicated a decline in sleep quality at middle-age, which spanned 40-60
years (29), and previous work with this cohort also indicated a deterioration of sleep quality in the
age range of 41-60 years old (27). Further, we are stratifying based on age during COVID-19
because we are interested in how COVID-19 may have impacted sleep quality. Finally, since this
is a family-based study, we adjusted for family structure, which quantifies degrees of relatedness

among participants.

Statistical Analysis

In the longitudinal sample, we compared the change in PSQI scores and sleep characteristics
pre-COVID-19 to the COVID-19 pandemic period. We tested whether this within-subject change
in the sleep measures was significant by using a linear regression with the “Imer” function in the
Ime4 package in R statistical computing environment. The change in sleep characteristic was
considered the outcome and “time” (pre- COVID-19 and COVID-19) was the covariate while
adjusting for the random term for the individual repeated measure and the family cluster. We also
analyzed the influence of quarantine status on PSQI change by adding “quarantine” (yes/no) as

a covariate in the model.



We performed stratified analyses of the above models to examine the association between PSQI
and quarantine within gender and age. For that, we repeated the abovementioned analyses in

subsamples of gender and age groups.

We examined these same associations in the cross-sectional sample to determine if they are
consistent with our longitudinal analyses because we had a larger cross-sectional sample, which
provides greater statistical power. In this cross-sectional sample, we tested the association
between PSQI score and quarantine using a polygenic mixed model (PMM), using the “Imekin”
package. We used the same procedure to test the association between each PSQI component
and quarantine. Model 1 adjusted only for family structure and Model 2 adjusted for age (ranging
from 20 to 89) and gender (men as the referent) by adding them as covariates. PMM is a linear
mixed model that accounts for the family structure in the random term of the equation, so the
interdependence of subjects is accounted for, by considering the degree of relationship within
participants (30). We repeated these analyses stratified by age and gender. To correct for the
multiple comparisons bias we used the Bonferroni method and reported the adjusted p values for

the cross-sectional analyses.

R software, Version 3.6.1, was used for all statistical analyses. The alpha level was set at 0.05.

Results

Descriptive characteristics of both the longitudinal and cross-sectional samples are available in
Table 1. The interval between pre-COVID-19 and COVID-19 assessments ranged from 5 to 10

years with a mean of 7.5 years.



Mean PSQI score increased by approximately 0.7 points, which was a significant within-subject
increase for the full longitudinal sample (Figure 1 and Table 2). Stratified analysis demonstrated
a significant increase in mean PSQI for women and older adults but not men and younger adults
(Figure 1 and Table 2). Bedtime did not change significantly between these time points but wake
time was delayed by approximately 18 minutes and time in bed increased by approximately 24
minutes (Table 2). Sleep latency increased by about 7 minutes on average. Self-reported sleep
duration did not increase and therefore sleep efficiency had a significant reduction of 6.3%. The
same patterns were observed in women and older adults. However, among men, sleep latency
did not increase and among younger adults, bedtime was delayed by approximately 24 minutes

on average and sleep duration declined by about 18 minutes on average.

We examined whether the change in PSQI from pre-COVID-19 to during the pandemic differed
between those who did and did not quarantine during COVID-19 (Figure 2 and Supplemental
Table 1). In the full sample, mean PSQI score increased significantly in those who quarantined
during COVID-19 but not in those who did not quarantine. We also stratified these analyses by
gender and age group (Supplemental Table 1 and Supplemental Figure 1). There was a
significant increase in PSQI score during COVID-19 among women who quarantined and among

older adults who quarantined, but not among the other subgroups.

The cross-sectional associations between quarantine status and PSQI score are presented in
Supplemental Table 2 and Figure 3. In the full cross-sectional sample, PSQI scores were higher
among those who quarantined (p<.01). In the stratified analysis, PSQI scores were higher in
women and older adults who quarantined during COVID-19 compared to those who did not. PSQI
scores did not differ by quarantine status in men and young adults. When further adjusted for age
and sex, the effect of quarantine status on mean PSQI score was attenuated (Supplemental Table

3) in the full sample (p= 0.30), women (p= 0.14) and in older adults (p=0.28). Supplemental Table



4 presents comparisons of PSQI components by quarantine status. Sleep disturbances score was
higher in quarantined individuals in the full sample. Quarantined individuals had increased sleep
latency and sleep efficiency component scores than non-quarantined for the full sample and for
women. Use of medication component score was higher in the quarantined group of the full
sample, women and older adults. In Model Il, the only component that remained significant was

increased sleep latency for quarantined women and quarantined individuals in the full sample.

Discussion

We observed a small but significant decline in subjective sleep quality during the pandemic
compared to a previous assessment approximately 7.5 years prior. This is likely not just an effect
of aging since we did not observe the decline in sleep quality in all subgroups, however other
sociocultural factors that changed over this time period may have impacted sleep quality,
including economic and political factors (31,32). This decline appeared to be primarily among
women and among adults 50 years or older. Further, during the COVID-19 pandemic, participants
delayed their self-reported wake times resulting in an increased time in bed but not a longer sleep
duration and sleep latency was slightly longer and sleep efficiency was reduced. In stratified
analysis, a significant association between quarantine status and sleep quality was observed in
women and older adults. The cross-sectional analysis, which had a larger sample size, was
consistent with the longitudinal analysis and further suggested age and gender differences in
these associations. Those who quarantined had a significantly higher PSQI score, and this was
observed in women and older adults. The higher PSQI score in quarantined individuals coincided
with a significantly worse sleep efficiency, higher sleep latency, and more use of sleep medication
in the full sample and in women. In older adults, the use of medication was the only component
to be significantly different between those who did and did not quarantine. Of note, the differences

in PSQI are no longer significantly explained by quarantine status when adjusting for age and/or
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gender. Sleep latency was the only component that remained significantly different by quarantine

status in the full sample and in women after adjustment for age and gender.

This is the first longitudinal study that investigated sleep during the pandemic in a Brazilian
population. Several studies from around the world have examined sleep characteristics during
COVID-19, but few studies compared COVID-19 sleep measures to data collected prior to
COVID-19. Some studies attempted to compare sleep pre-COVID-19 using a retrospective recall
design asking participants to describe their sleep currently and prior to the pandemic, which is

prone to a recall bias.

In our study, individuals, particularly those who quarantined, women and older adults, perceived
themselves as having worse sleep quality during the pandemic. Amongst other longitudinal
studies using PSQI during the pandemic, three also reported worse sleep quality on the second
follow up (21,33,34). However, not all studies reported the same pattern, for example, Leone and
colleagues found no meaningful changes in PSQI score in the general Argentinian population
(35). One study of 86 adults in the United States did not find a difference in PSQI between
February and March of 2020 (22). It is possible that, although the pandemic was not at its peak
in the US in February, it was still a potential cause of concern whereas COVID-19 was unknown
at the time of the pre-COVID-19 PSQI assessment in Baependi in 2010-2014. The same
argument could be applied to an Italian investigation that assessed 2,701 adults and did not
observe differences in PSQI between the third and the seventh week of lockdown (36). In this
case, the first assessment included both the psychological distress of a potential infection as well
as stringent measures of quarantine, limiting their exposure to important environmental sleep
promoters (37). Therefore, the results from our study may have differed from the other longitudinal

studies because our first assessment was obtained well before the COVID-19 pandemic began.

11



Despite differences in study designs, our study and others found that during the pandemic time
in bed increased and wake time was delayed (16,21,35,38). Bedtime was not significantly different
in our full sample, but, other studies observed delayed bedtimes (15,21,22,33,38). A delayed bed-
time in young individuals was also described in other countries (20,35), which is consistent with
our observation in the younger adults. This difference in sleep characteristics could be a reflection
of a reduced mismatch between social cues and endogenous sleep timings. Freedom from social
obligations increased the latitude to adjust timings to individual preferences (15,38). This is
reflected in the younger adult group in Baependi who did delay bed times. However, residents of
Baependi, in general, have a strong tendency towards morningness (39), which may explain why
not all participants delayed their bedtime during the COVID-19 pandemic. Further, our sample is
the only sample from a rural setting, as other studies enrolled either only urban residents or
residents throughout a country, which would include a mix of urban and rural residents.
Interestingly, Fu and collaborators compared the rate of sleep problems between urban and rural
residents of Wuhan during the pandemic (6). They found lower rates of sleep problems in rural
residents, potentially due to the geographical distance from the center of the pandemic coupled
with lower population density in rural areas (6). Thus, we speculate that our findings may be

influenced by the rural setting of Baependi.

To our knowledge, no other report has compared sleep between those who did and did not adhere
to quarantine orders. We observed that associations between quarantine and sleep quality were
stronger in women and older adults. Women and older adults were also more likely to be
guarantined. We speculate that this could be because women and older adults may have had
found it easier to follow quarantine orders if women are more likely to work at home and older
adults are more frequently retired than younger adults. Conversely, men and younger adults may

have been compelled to continue occupational activities outside the home during the pandemic.
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An alternative hypothesis to the poorer sleep in women and older adults could be that they were
more concerned about contracting COVID-19 than younger adults and men, and that contributed
to both higher compliance to the quarantine order and to the poorer sleep quality. When we
adjusted for age or gender in our comparisons, associations were attenuated, further emphasizing

the importance of considering gender and age effects.

Prior literature included some conflicting reports regarding gender differences in sleep during the
COVID-19 pandemic. Two studies in China and one in the US reported no gender differences in
PSQI scores (1,10,12) and a meta-analysis that looked into the presence of sleep disturbances
between men and women also reported that no significant differences were found during COVID-
19 (40). All studies that did report gender differences in sleep during the pandemic observed
poorer sleep in women than men (6,7,11,17). Four longitudinal studies measured PSQI before
and/or during the COVID-19 pandemic and three of them also observed the same pattern we did;
women, but not men, had a significant increase in PSQI (21,33,36). The fourth study found no
differences between genders (22). Despite COVID-19 being a worldwide phenomenon, its spread
and the stringency measures adopted to combat the virus largely varied among countries. Given
that, it is not surprising to find some inconsistencies in how much the pandemic affected the sleep
of men and women, but publications to date strongly suggest poorer sleep in women than men
during COVID. This finding is in line with the well-known fact that women are at increased risk of
insomnia in general (not just during pandemics) (41). We hypothesize that similar risk factors
could lead to poorer sleep quality during the pandemic in women. Also, depression and anxiety
can negatively impact sleep (42,43), and, a study investigating the comorbidity of depression and
anxiety in Baependi, showed a significantly higher prevalence of both in women (44). The COVID-
19 pandemic could exacerbate poor mental health, which could in turn impair sleep quality in
women. From a sociocultural perspective, Baependi is a rural town where women are more

frequently the primary caretaker of the household and children’s education. Other studies showed
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that women encountered a work overload during the COVID-19 pandemic (6,36), which may have
also occurred in Baependi because schools and daycare facilities were closed during this period,
and this work overload may have played a role in the poorer sleep quality among women in this

study.

In our sample, older adults had worse sleep quality during COVID-19 than prior to COVID-19,
which was expected since sleep quality often deteriorates with age (23). Marelli and colleagues
(33) reported that both workers (mean age= 37) and students (mean age= 22) from a university
had a higher PSQI during COVID-19 compared to pre-COVID-19, however the age difference in
these two groups was not that large. Although we did not observe a significant change in sleep
guality among younger adults, other studies indicate that the younger generation was affected by
the pandemic, too (11). A comparison of two French cohorts reported a greater prevalence of
trouble sleeping among young adults during COVID-19 than among the young adults prior to
COVID-19. One possible contributor to poorer sleep among this age group could be that young
people spent more time on social media reading about the pandemic, which could increase the
preoccupation, awareness and anxiety about infection (7,10). Since Baependi is a rural town, it is
possible that younger adults have a different pattern of social media use than in metropolitan
areas, thus, being more distant from the center of the pandemic could promote a sense of greater
safety (6). Beck and collaborators (11) suggested that social distancing from peers, having
precarious jobs with low income, or fear of schooling discontinuity are all vulnerabilities more
specific to younger ages, which was hypothesized to be a few of the reasons for the worse sleep
in youth (11). It is difficult, however, to compare differences in sleep quality during the pandemic
based on age because cut-off points varied by study. Younger adults in our sample ranged from
20-49 years old and some of the posited reasons for worse sleep in young adults may not apply
to this entire range (e.g. school discontinuity). Other studies have observed higher PSQI scores

among older adults compared to younger adults (6,13), which is consistent with our findings. In
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general, older individuals often have poorer general health and greater prevalence of chronic
diseases (45), which could increase vulnerability to sleep disturbances. Older age is also
associated with higher risk of severe COVID-19 symptoms or death, which can add an extra layer

of concern, generating higher levels of stress, and contributing to poor sleep quality (14).

The strengths of this study include the collection of PSQI both prior to and during the COVID-19
pandemic. Our work has limitations, however, that should be considered. We did not have
objective measures of sleep, which would have provided more accurate measures of sleep
duration and quality. The method of administration varied between time points because we were
not allowed to do in-person interviews, but we cannot assess whether the administration format
impacted the scores. In addition, there have been other changes in Brazil over this time period,
including economic declines (31) and political instability (32), however it is unclear if these factors
could explain differences in sleep quality by quarantine status, gender and age. There are
additional potential confounders or mediators that we were not able to examine, including
socioeconomic status, household size and employment status, which could have impacted sleep
and explain why individuals were or were not compliant to quarantine. We also had fewer men
and younger adults, which may have limited power in subgroup analyses. Lastly, the interval
between pre-COVID-19 and COVID-19 assessments varied among participants, but all pre-

COVID-19 assessments occurred prior to the emergence of this virus in humans.

Conclusions

We found that subjective sleep quality declined during COVID-19 pandemic, particularly among
those who followed quarantine orders, among women and among older adults. Reasons
underlying these associations cannot be determined by our data, but could be related to
psychosocial factors, such as anxiety or social isolation, as well as environmental factors, such

as reduced activity or light exposure. The COVID-19 pandemic has affected health and well-being
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beyond the infection itself and these results demonstrate that sleep quality is one additional area

that has been impacted.
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Figure Captions

Figure 1. Mean Pittsburgh Sleep Quality Index (PSQI) scores Pre-COVID-19 and during
COVID-19 in the full sample and by gender and age group. P value indicates significance level
of within-subject change adjusting for intra individual correlation and family cluster.

Figure 2. Mean Pittsburgh Sleep Quality Index (PSQI) scores Pre- COVID-19 and during
COVID-19 by quarantine status. P value indicates significance level of within-subject change
adjusting for intra individual correlation and family cluster.

Figure 3. Mean Pittsburgh Sleep Quality Index (PSQI) scores by quarantine status in the full
cross-sectional sample and by gender and age group. P value indicates significance level of the
influence of quarantine status in PSQI scores adjusting for family structure
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Table 1. Descriptive characteristics of cross-sectional and longitudinal samples

Longitudinal Cross-sectional
N 417 800
Women (N,%) 290 (70%) 568 (71%)
Men (N, %) 127 (30%) 232 (29%)
Mean age (SD) 44 (15) 52 (16)
Younger adults (N,%) 170 (41%) 351 (44%)
Older adults (N,%) 247 (59%) 449 (56%)
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Table 2. PSQI scores and sleep characteristics pre-COVID-19 and during COVID-19

Pre-COVID-19 COVID-19 p value ?
mean SD mean SD
Full Sample (n=417)
Psqgi score 5.00 3.3 5.70 3.8 <0.01
Bedtime (h) 22.4 14 22.5 1.3 0.46
Wake time (h) 6.3 1.3 6.6 1.3 <0.01
Time in bed (h) 7.8 1.3 8.2 1.4 <0.01
Sleep latency (min) 22.4 29.4 29.7 35.2 <0.01
Sleep duration (h) 7.1 1.6 7.0 15 0.13
Sleep efficiency (%) 91.8 12.6 85.5 15.1 <0.01
Women (n=290)
Psqi score 5.20 3.31 5.98 3.86 <0.01
Bedtime (h) 22.37 1.06 22.43 1.20 0.81
Wake time (h) 6.34 1.22 6.72 1.23 <0.01
Time in bed (h) 7.86 1.21 8.29 1.46 <0.01
Sleep latency (min) 21.7 27.1 31.9 38.3 <0.01
Sleep duration (h) 7.13 1.60 7.01 1.51 0.27
Sleep efficiency (%) 91.86 12.04 85.31 15.41 <0.01
Men (n=127)

Psqgi score 4.61 3.33 4.94 3.46 0.26
Bedtime (h) 22.35 1.29 22.57 1.34 0.39
Wake time (h) 6.09 1.34 6.46 1.43 <0.01
Time in bed (h) 7.57 1.40 7.89 1.32 0.02
Sleep latency (min) 24.1 34.2 24.6 26.0 0.78
Sleep duration (h) 6.98 1.46 6.80 1.47 0.25
Sleep efficiency (%) 91.66 12.90 86.22 14.51 <0.01

Age <50 years (n=170)
Psqi score 4.42 2.99 4.82 3.61 0.19
Bedtime (h) 22.52 1.08 22.90 1.34 <0.01
Wake time (h) 6.78 1.38 6.95 1.32 0.16
Time in bed (h) 8.06 1.30 8.05 1.25 0.93
Sleep latency (min) 18.7 19.5 24.3 29.2 0.02
Sleep duration (h) 7.41 1.56 7.10 1.34 0.03
Sleep efficiency (%) 94.42 9.46 88.42 12.85 <0.01

Age >=50 years (n=247)
Psqi score 5.43 3.47 6.23 3.77 <0.01
Bedtime (h) 22.26 1.15 22.18 1.20 0.14
Wake time (h) 5.91 1.04 6.43 1.24 <0.01
Time in bed (h) 7.60 1.24 8.25 1.54 <0.01
Sleep latency (min) 25.0 34.4 33.4 38.4 <0.01
Sleep duration (h) 6.87 1.52 6.84 1.60 0.80
Sleep efficiency (%) 90.18 14.02 83.63 16.27 <0.01

ap value significance level was set at p<0.05 and indicates within-subject change adjusting for
intraindividual correlation and family cluster.
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Figure 2
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Figure 3
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