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RESEARCH Open Access

Sex differences in self-report anxiety and
sleep quality during COVID-19 stay-at-home
orders
Jeremy A. Bigalke2,3, Ian M. Greenlund2,3 and Jason R. Carter1,2*

Abstract

Background: COVID-19 and home isolation has impacted quality of life, but the perceived impact on anxiety and
sleep remains equivocal. The purpose of this study was to assess the impact of COVID-19 and stay-at-home orders on
self-report anxiety and sleep quality, with a focus on sex differences. We hypothesized that the COVID-19 pandemic
would be associated with increased anxiety and decreased sleep quality, with stronger associations in women.

Methods: One hundred three participants (61 female, 38 ± 1 years) reported perceived changes in anxiety and sleep
quality due to stay-at-home orders during the COVID-19 pandemic and were administered the Spielberger State-Trait
Anxiety Inventory (STAI), Pittsburgh Sleep Quality Index (PSQI), and Insomnia Severity Index (ISI). Chi-square and T test
analyses were utilized to assess sex differences in reported anxiety and sleep. Analysis of covariance was used to
compare the associations between reported impact of COVID-19 and anxiety/sleep parameters.

Results: Women (80.3%) reported higher prevalence of increased general anxiety due to COVID-19 when compared to
men (50%; p = 0.001) and elevated STAI state anxiety compared to men (43 ± 1 vs. 38 ± 1 a.u., p = 0.007). Despite
these differences in anxiety, the perceived impact of COVID-19 on PSQI was not different between sexes. However,
when stratified by perceived changes in anxiety due to COVID-19, participants with higher anxiety responses to COVID-
19 had higher ISI compared to those with no perceived changes in anxiety (9 ± 1 vs. 5 ± 1 a.u., p = 0.003). Additionally,
participants who reported reduced sleep quality due to COVID-19 reported higher state anxiety (45 ± 1 a.u.) compared
to those that perceived no change (36 ± 2 a.u., p = 0.002) or increased (36 ± 2 a.u., p < 0.001) sleep quality.

Conclusion: COVID-19 and state-ordered home isolation was associated with higher anxiety and reduced sleep quality,
with a stronger association in women with respect to anxiety.

Keywords: Anxiety, COVID-19, Pandemic, Sex, Sleep quality, Total sleep time

Background
Since its initial emergence in the Chinese city of Wuhan in
late 2019, the coronavirus disease (COVID-19), caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has drastically altered social structures
around the world. The number of global COVID-19 cases

has grown to nearly 6 million, with over 350,000 deaths ac-
cording to a recent situation report by the World Health
Organization [1]. In the USA alone, nearly 2 million con-
firmed COVID-19 cases and over 100,000 deaths have been
associated with virus contraction and associated disease
complications [2]. However, in addition to the immediate
impact of COVID-19 on infected patients, recent attention
has turned toward the potential impact of COVID-19 and
state-ordered home lockdown on anxiety and sleep within
infected individuals and the general population [3–6].
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Relevant to the COVID-19 pandemic, anxiety and de-
creased sleep quality are associated with immune system
dysfunction, which can increase susceptibility to infection
[7–11]. Moreover, both anxiety and decreased sleep quality
are associated with a number of cardiometabolic diseases,
including diabetes [12, 13] and hypertension [14–16], which
is important to note given that recent evidence suggests
COVID-19 is associated with further detrimental vascular
complications [17–20]. Lastly, anxiety and compromised
sleep can exacerbate mental health risk, including higher
prevalence of suicidal ideation [21, 22]. Accordingly, under-
standing the relationship between home isolation due to
the COVID-19 pandemic, anxiety, and sleep is relevant to
both short- and long-term health.
The bidirectional relationship between anxiety and sleep

is well documented [23, 24] and comorbid with a variety
of pathological conditions [12, 14–16, 25]. More recent
studies have sought to define the overall impact of
COVID-19 pandemic on general anxiety and sleep quality.
An online analysis of the psychological impact of COVID-
19 on Chinese citizens using the Impact of Event Scale-
Revised showed that 53.8% of respondents reported mod-
erate to severe psychological impact due to the virus, even
when the spread of the virus was in its infancy and not yet
classified as a pandemic [26]. More specifically, 30% re-
ported suffering from some form of depression, while 37%
reported heightened anxiety [26]. Similarly, a large-scale
national survey performed in China with over 50,000 re-
spondents showed that around 35% of those who
responded reported some form of psychological distress
[27], comparable to the findings of Huang and Zhao who
reported a similar prevalence of generalized anxiety dis-
order [28]. The few studies assessing anxiety in the USA
mimic these results, showing a significant association be-
tween stay-at-home orders and reported health anxiety
levels [29], and elevated anxiety among young adults [30].
With regards to sleep, Huang and Zhao [28] observed an
18.2% prevalence of poor sleep quality as assessed by the
Pittsburgh Sleep Quality Index (PSQI) [28], while a similar
study performed by Zhao et al. [31] reported a nearly two-
fold higher prevalence of PSQI-defined poor sleepers at
37% of the sampled population.
Despite recent evidence suggesting an association be-

tween COVID-19 lockdown and heightened anxiety and/
or poor sleep in the Chinese population, to our know-
ledge, there have not yet been studies performed in the
USA assessing these associations. Furthermore, studies to
date have included conflicting reports on the impact of
lockdown on anxiety and sleep in men versus women
[26–30, 32]. This is important because anxiety and certain
sleep disorders, such as insomnia, tend to be more preva-
lent in women [33]. While there have been some reports
that serious COVID-19 infections and deaths tend to be
more prevalent in male population, it is reasonable to

hypothesize that the indirect impact of COVID-19 (i.e.,
home isolation) has a disparate impact on women, par-
ticularly with respect to anxiety and sleep.
Therefore, the purpose of this study was to assess the

perceived impact of state-ordered home lockdown due
to COVID-19 on anxiety and sleep quality in the USA,
with a particular focus on differences between men and
women. We hypothesized that the home lockdown
would be associated with increased anxiety and ultim-
ately decreased sleep quality and that these associations
would be stronger in women compared to men.

Methods
Participants
All participants were sampled from areas that were
under state-specific stay-at-home orders due to the
COVID-19 pandemic between April 25 and May 18,
2020, approximately 6 weeks after COVID-19 was de-
clared a pandemic by the World Health Organization, as
well as a national emergency in the USA. Recruitment
included word-of-mouth and online advertisement. Par-
ticipants were excluded if the surveys were not com-
pleted during stay-at-home orders. In addition, no
participants were allowed to be under home “quaran-
tine” due to contraction of COVID-19 at the time of sur-
vey completion. All participants were adults between the
ages of 18 and 70 years. Of the 127 total respondents, 22
were excluded due to incomplete survey responses and 2
were excluded due to state-specific stay-at-home orders
being lifted during the time of the survey submission.
The remaining 103 participants (42 male, 61 female, age:
38 ± 1, BMI: 27 ± 1 kg/m2) were primarily from Mich-
igan (n = 61), Montana (n = 18), and Wisconsin (n =
15). Other respondents reported current residency in In-
diana (n = 2), Minnesota (n = 2), New York (n = 1),
Delaware (n = 1), Texas (n = 1), Massachusetts (n = 1),
and Pennsylvania (n = 1). All participants provided vol-
untary electronic consent for participation in the study.
Procedures and protocols used were approved by the
Montana State University Institutional Review Board
and in accordance with the Declaration of Helsinki.

Study design
Participants filled out an initial battery of questionnaires
through REDCap, an online confidential database. Par-
ticipants were given a screening questionnaire to ensure
study eligibility and to collect information on comorbid
conditions, anthropometrics, demographics, occupation,
and socioeconomic status. Validated “STOP-BANG” [34]
questionnaires were also utilized to assess likelihood of
having obstructive sleep apnea among the respondents
for use as a covariate. A higher STOP-BANG score cor-
responds with a higher likelihood of having obstructive
sleep apnea (OSA). Participants were then asked to
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answer a general questionnaire created by our research
team to assess how participants perceived the impact of
COVID-19 on sleep quality, mood, diet, physical activity,
anxiety, alcohol consumption, and overall quality of life
(i.e., “Please state how COVID-19 has impacted each of
the following activities using this scale…”). A 5-point
Likert scale was utilized with the following options: (1)
greatly worsened/decreased, (2) somewhat worsened/de-
creased, (3) remained unchanged, (4) somewhat im-
proved/increased, and (5) greatly improved/increased.
Next, participants were asked to fill out a number of

validated surveys to subjectively measure their anxiety,
depression, and sleep quality, including (1) Spielberger
State and Trait Anxiety Inventory (STAI) [35], (2) Pitts-
burgh Sleep Quality Index (PSQI) [36], (3) Epworth
Sleepiness Scale (ESS) [37], (4) Center for Epidemio-
logical Studies Depression screen (CES-D) [38], and (5)
Insomnia Severity Index (ISI) [39]. Lastly, participants
were asked how the COVID-19 pandemic affected their
occupation status and sleep schedule (i.e., typical bed-
time vs. awakening).

Anxiety and sleep questionnaires
Spielberger State-Trait Anxiety Inventory
The STAI [35] assesses self-reported anxiety (both state
and trait anxiety) using a validated 40-item Likert scale
questionnaire. State anxiety reflects transient (i.e.,
current moment) emotional anxiety due to situational
stress. Trait anxiety assesses an individual’s predispos-
ition to react with anxiety in any stressful event. To-
gether, the STAI allows quantification of personal
characteristic anxiety reactivity, as well as transient fluc-
tuations dependent on the situation.

Pittsburgh Sleep Quality Index
The PSQI [36] is a validated subjective measure of sleep
quality over the past month. The PSQI consists of 19
questions that offer a global sleep quality score. This glo-
bal sleep quality score consists of 7 component scores
assessing the following: sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbance, use
of sleeping medications, and daytime dysfunction. A glo-
bal PSQI > 5 arbitrary units represents poor sleep.

Epworth Sleepiness Scale
The ESS [37] evaluates daytime sleepiness using 8 ques-
tions. Respondents are asked to rate, on a validated 4-
point scale, their usual chance of dozing during 8 different
activities. The scale offers a general daily sleep propensity.

Center for Epidemiological Studies Depression Scale
The CES-D [38] is a validated 20-item scale where par-
ticipants are asked to rate depressive symptoms on a

scale of 0–3, with scores above 16 suggesting clinically
significant depression.

Insomnia Severity Index
The ISI [39] is a 7-item survey assessing any potential
functional impact of insomnia. Participants use a vali-
dated 0–4 point rating, and questions pertain to the last
2 weeks. The total ISI is the sum of all question points,
and any score above 7 corresponds to some level of in-
somnia symptoms.

Statistical analysis
All data was analyzed using commercially available stat-
istical software (SPSS 25.0; SPSS, Chicago, IL). Chi-
square analysis was performed to assess any associations
between gender and responses to our subjective general
questionnaire. In order to meet the assumption for chi-
square analysis that the cell expected frequency count
should be 5 or more in at least 80% of cells [40], we
combined those individuals who reported “decreased” or
“unchanged” anxiety, as well as those who reported “in-
creased” or “unchanged” sleep quality for analysis. Com-
parisons of baseline characteristics between sexes (male
vs. female) were performed using an independent sam-
ples T test. Analysis of covariance (ANCOVA) testing
was performed to compare differences in characteristics
between groups stratified based upon perceived change
in anxiety, sleep quality, or total sleep time (TST) (i.e.,
decreased, unchanged, or increased) while controlling
for age, BMI, occupation status (unemployed, unchanged
status, working from home, temporarily/permanently
laid-off), and STOP-BANG questionnaire scores as co-
variates. All data are expressed as mean ± standard error
unless otherwise noted. In the case of ANCOVA ana-
lysis, the mean adjusted for covariance is presented in
the results. If a significant interaction was observed,
Bonferroni adjusted pairwise analysis was performed for
post hoc analysis between adjusted means. In those tests
that a significant interaction or difference was observed,
Cohen’s D and partial eta squared tests of effect size in
T tests and ANCOVA analyses are reported. A signifi-
cance level of α = 0.05 was set for all statistical tests.

Results
Summary data from entire sample
Table 1 shows that the majority of the 103 participants
reported decreased/worsened sleep quality (56.3%), daily
schedule (68.9%), and overall quality of life (58.3%). Re-
spondents reported increased anxiety (68.0%) and in-
creased time spent in front of an electronic screen
(77.7%). Using a cut-off of PSQI > 5 arbitrary units (a.u.),
66% of the population qualified for classification as
“poor sleepers,” while 47.6% reported some signs of at
least mild insomnia symptoms (ISI > 7).
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Furthermore, 66 individuals (64%) reported having a
full-time position prior to the COVID-19 pandemic and
stay-at-home orders. Approximately 88% of individuals
that were employed prior to COVID-19 reported that
they were now working from home (n = 42) or that their
job had remained unchanged (n = 16), while 12% re-
ported temporary or permanent layoff (n = 8) due to the
pandemic.

COVID-19, anxiety, and sleep: sex differences
Table 2 demonstrates baseline characteristics of the sample
respondents, as well as differences between males and
females as regards to anthropometrics, occupation status,
and survey responses. Females reported a heightened state
anxiety compared to men (43 ± 1 vs. 38 ± 1 a.u., p = 0.007,
d = 0.55). However, all other anxiety and sleep parameters
were not significantly different between sexes. Chi-square
(χ2) analysis showed a significant relationship between sex
and respondents’ perceived changes in anxiety (χ2 (1, N =
103) = 10.507, p = 0.001), but not sleep (χ2 (1, N = 103) =
0.069, p = 0.793), during COVID-19 lockdown. Figure 1 de-
picts the disproportionate number of women with higher
perceived anxiety during COVID-19 compared to men.

Stratification by perceived change in anxiety
Participants were stratified into groups based on whether
they reported decreased (n = 7), unchanged (n = 26), or
increased anxiety (n = 70) due to the COVID-19 pan-
demic. There was a significant interaction between anxiety
stratification and the dependent variables of state anxiety
(F(2,100) = 11.577, p < 0.001, ηp

2 = 0.194) and ISI (F(2,
100) = 6.046, p = 0.003, ηp

2 = 0.112), but not PSQI (F(2,
100) = 1.458, p = 0.238). As depicted in Fig. 2, those who
reported a perceived increase in anxiety due to COVID-19

home lockdown had higher state anxiety (44 ± 1 a.u.)
when compared to those that perceived no change (35 ±
2 a.u., p < 0.001) or decreased (33 ± 3 a.u., p = 0.008) anx-
iety during COVID-19 lockdown. Figure 2 also highlights
that those who reported increased anxiety had higher ISI
scores (9 ± 1 a.u.) than those who reported unchanged
anxiety (5 ± 1 a.u., p = 0.003), while there was no differ-
ence compared to those who reported decreased anxiety
(6 ± 2 a.u., p = 0.555).

Stratification by perceived change in sleep quality
Figure 3 shows STAI, CES-D, ISI, and PSQI data stratified
by participants who perceived that sleep quality was de-
creased (n = 58), unchanged (n = 28), or increased (n = 17)
due to COVID-19 home quarantine. There was a signifi-
cant interaction between group stratification and the
dependent variables state anxiety (F(2,100) = 12.747, p = <
0.001, ηp

2 = 0.210), trait anxiety (F(2,100) = 12.712, p <
0.001, η2 = 0.209), ISI (F(2,100) = 36.829, p < 0.001, ηp

2 =
0.434), and PSQI (F(2,100) = 16.665, p < 0.001, ηp

2 =
0.258). Post hoc analyses revealed state anxiety was signifi-
cantly higher in those who reported decreased sleep quality
(45 ± 1 a.u.) when compared to those who reported in-
creased (36 ± 2 a.u., p = 0.002) and unchanged (36 ± 2 a.u.,
p < 0.001) sleep quality during home isolation. In contrast,
trait anxiety was lower in those who reported unchanged
sleep quality (32 ± 1 a.u.) when compared to those who re-
ported perceived either decreases (41 ± 1 a.u., p < 0.001) or
increases (39 ± 2 a.u., p = 0.009) in sleep quality due to
COVID-19 lockdown. Those who reported perceived de-
creases of sleep quality due to COVID-19 lockdown had a
significantly increased ISI (10 ± 0 a.u.) and PSQI (9 ± 0 a.u.)
when compared to those who reported either unchanged
(ISI: 3 ± 1 a.u., p < 0.001; PSQI: 5 ± 1 a.u., p < 0.001) or in-
creased (ISI: 5 ± 1 a.u., p < 0.001; PSQI: 6 ± 1 a.u., p =
0.001) sleep quality due to COVID-19 home lockdown.

Stratification by self-report total sleep time
Figure 4 depicts STAI, CES-D, ISI, and PSQI data stratified
by participants who perceived that self-report total sleep
time was decreased (n = 33), unchanged (n = 51), or in-
creased (n = 19) during the COVID-19 pandemic. There
was a significant interaction between TST groupings and
the dependent variables state anxiety (F(2,100) = 5.613, p =
0.005, ηp

2 = 0.105), ISI (F(2,100) = 9.789, p < 0.001, ηp
2 =

0.169), and PSQI (F(2,100) = 10.877, p < 0.001, ηp
2 =

0.185), but not trait anxiety (F(2,100) = 1.608, p = 0.206).
Post hoc analyses revealed that state anxiety was elevated in
those who perceived a decreased TST (46 ± 2 a.u.) due to
COVID-19 lockdown when compared to those who re-
ported unchanged (40 ± 1 a.u., p = 0.028) or increased (37
± 2 a.u., p = 0.010) TST. Similarly, those who reported a de-
crease in TST also reported a higher ISI (10 ± 1 a.u.) and
PSQI (9 ± 1 a.u.) when compared to those who reported an

Table 1 Response rates to lifestyle impact of COVID-19

Parameter

Decrease (%)

Sleep quality 56.3

Physical activity 46.6

Quality of life 58.3

Increase (%)

Anxiety 68.0

Screen time 77.7

Alcohol consumption 34

Desire to consume alcohol 39.8

Worsened (%)

Mood 49.5

Diet 35

Daily schedule 68.9

Percentage of participants (n = 103) who reported detriment in the listed
lifestyle parameters
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unchanged (ISI: 6 ± 1 a.u., p < 0.001; PSQI: 6 ± 0 a.u.,
p < 0.001) or increased (ISI: 6 ± 1 a.u., p = 0.005;
PSQI: 6 ± 1 a.u., p = 0.001) TST during the COVID-
19 stay-at-home orders.

Discussion
The COVID-19 pandemic has had a major impact on hu-
man health globally. Aside from its immediate effects on
those infected by the virus, the COVID-19 stay-at-home
orders may have adverse effects on both anxiety and sleep
parameters, which can exacerbate comorbid illnesses. The
present study sought to assess the impact of state-ordered
home lockdown on perceived anxiety and sleep, with a
focus on potential differences between men and women.

We report four novel findings. First, a disproportionately
greater number of women reported that they perceived a
greater increase in anxiety directly due to home isolation,
and women also demonstrated higher levels of situational
(i.e., state) anxiety compared to men. Second, when data
were stratified by participants’ perceived changes in anxiety
due to COVID-19 lockdown, there was a significant rela-
tionship between higher perceived anxiety and insomnia
symptoms assessed by ISI, but not with sleep quality
assessed by PSQI. Third, those who reported a decrease in
perceived sleep quality due to COVID-19 reported signifi-
cantly higher state anxiety, insomnia symptoms, and
poorer sleep quality when compared to those whose sleep
quality was reportedly unchanged or increased due to stay-

Table 2 Baseline characteristics

Variable Male Female P value All

N (%) 42 (41) 61 (59) --- 103 (100)

Age (Range) 37 ± 2 (18-68) 39 ± 2 (19-68) 0.393 38 ± 1 (18-68)

BMI 28 ± 1 26 ± 1 0.058 27 ± 1

STOP-BANG 3 ± 0 1 ± 0 <0.001 2 ± 0

Sleep disorder 1 1 --- 2

Employment status, N (%)

Unemployed 14 (37.8) 23 (62.2) --- 37 (35.9)

Unchanged 8 (50) 8 (50) --- 16 (15.5)

Working from home 17 (40.5) 25 (59.5) --- 42 (40.8)

Laid-off 3 (37.5) 5 (62.5) --- 8 (7.8)

STAI

State 38 ± 1 43 ± 1 0.007 41 ± 1

Trait 37 ± 1 39 ± 1 0.284 38 ± 1

ESS 5 ± 1 5 ± 0 0.331 5 ± 0

CES-D 11 ± 1 15 ± 1 0.061 13 ± 1

ISI 8 ± 1 7 ± 1 0.702 7 ± 0

PSQI 7 ± 0 7 ± 0 0.854 7 ± 0

Subject baseline characteristics in men and women. Values are mean ± SEM unless otherwise specified. Percentage values in male and female employment status
are representative of the proportion of each sex that make up each employment category
BMI body mass index, STAI State-Trait Anxiety Inventory, ESS Epworth Sleepiness Scale, CES-D Center for Epidemiological Studies Depression Scale, ISI Insomnia
Severity Index, PSQI Pittsburgh Sleep Quality Index

19.5%
(N=12)

80.3%
(N=49)

Female

50%
(N=21)

50%
(N=21)

Male

Fig. 1 Chi-square analysis of sex and perceived changes in anxiety due to COVID-19. The proportion of men and women who reported increased
versus unchanged/decreased anxiety due to COVID-19 and state-ordered home quarantine
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at-home orders. Finally, those whose TST was reduced
during COVID-19 lockdown based on the comparison of
their current and past self-report TST presented higher
anxiety and insomnia symptoms, as well as reduced sleep
quality, when compared to those with unchanged or in-
creased TST during the COVID-19 home lockdown.
These findings are the first to highlight significant associa-
tions between stay-at-home orders, anxiety, and poor
sleep in the USA and that women have stronger associa-
tions with regard to anxiety.
Anxiety and sleep disturbances are often described as

comorbid conditions [23, 24]. It is well established that
chronic short and/or poor sleep quality increases risk of
hypertension [14–16], autonomic nervous system dysregu-
lation [41, 42], atherosclerosis [25], and diabetes [12].
Similarly, severe anxiety and reduced mental health are
known contributors to poor cardiometabolic outcomes
[43]. Since the early reports of the COVID-19 pandemic
in China [44], and following the virus spread in the USA
and the globe [45], a disproportionate percentage of indi-
viduals with preexisting conditions die from complications
associated with COVID-19. This is believed to be, in part,
related to how the SARS-CoV-2 virus binds to the

Angiotensin-converting-enzyme-2 (ACE2) receptor, which
is present within the vasculature and lungs [46]. The ex-
pression of this receptor is upregulated in individuals with
diabetes and hypertension, a common target for pharma-
cological treatment [47].
Previous disease outbreaks have offered insight in to

the impact that diseases have on quality of mental health
[48–50]. A recent meta-analysis of 25 different studies
performed on infected individuals during outbreaks of
severe acute respiratory syndrome (SARS) and Middle
East Respiratory Syndrome (MERS), two viruses within
the coronavirus family, showed that individuals who
were infected suffered serious acute, and even some lin-
gering effects on anxiety and poor sleep [48]. Specific-
ally, 35.7 and 41.9% of those hospitalized exhibited acute
symptoms of anxiety and insomnia [48], which is similar
to our results specific to COVID-19. However, this prior
meta-analysis was performed on individuals who were
suspected or confirmed to have been infected by either
SARS or MERS.
Recent reports from China point to both elevated anx-

iety and decreased sleep quality among medical workers
[32, 51] and the general public [26–28] in response to
COVID-19. Even prior to classification as a pandemic,
Wang et al. found that over 50% of participants reported a
moderate to severe psychological impact of COVID-19
home quarantine in a study of 1210 Chinese citizens [26].
A recent review by Brooks and colleagues [3] outlines
some of the primary causative factors for excessive stress
during quarantine, including (1) duration of quarantine,
(2) fear of infection, (3) frustration or boredom, (4) inad-
equate supplies, and (5) inadequate information. These
factors are relevant to the present study because all of our
participants were sampled from states under state orders
for home isolation, and thus were likely experiencing
some, if not all, of the aforementioned stressors. This is
reflected in the proportion of our study population that
reported a significant impact of COVID-19 and stay-at-
home orders on their physical and emotional well-being.
In the USA, the COVID-19 pandemic has presented un-

precedented social restrictions to nearly all generations,
with severely restricted travel and in-person social inter-
action to help reduce the disease progression. A recent
study performed during stay-at-home orders in the USA
found that increased anxiety was independently associated
with implementation of stay-at-home restrictions [29].
Interestingly, two studies by Xiao et al. [52, 53] have im-
plied that social isolation and social capital directly impact
anxiety, but not sleep quality, in healthcare professionals
[52] and individuals under a 14-day self-quarantine due to
potential contact with COVID-19 [53]. However, the au-
thors suggest that anxiety acts as a mediator between so-
cial isolation and sleep impairment in these populations.
Likewise, in a study of 1630 Chinese citizens, Zhao et al.
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[31] reported that subjective anxiety levels accounted for
66% of the total effect of stress on sleep quality. Collect-
ively, these studies indicate a relationship between social
quarantine and both increased anxiety and decreased sleep
quality.
Recent studies from the USA and China included con-

flicting reports regarding the impact of sex on COVID-19
and anxiety. Specifically, some reported increased psycho-
logical susceptibility in women during the COVID-19 pan-
demic [27, 29, 32], while others reported increased anxiety
and stress in Chinese men [26], or no differences between
sexes [28, 30]. More research is necessary to determine
whether women may be more susceptible to the negative
psychological impacts of COVID-19 home lockdown. In
the present study, we found that women reported a greater
increase in anxiety due to state-ordered home isolation
when compared to men and that women also demonstrated
higher levels of situational (i.e., state) anxiety. This is con-
sistent with a large body of research reporting increased
prevalence and risk of anxiety disorders among women [54,
55]. It is quite possible that females reported higher anxiety
due to a predisposition toward higher anxiety levels, as fe-
males show a higher prevalence of anxiety disorders com-
pared to males. However, we did not observe any sex
differences in trait anxiety, which is an accurate measure of
trait predisposition toward higher anxiety, in the present
population. Furthermore, we assessed changes in occupa-
tion status and found that there were no significant sex-
related changes in occupation status following COVID-19
state-ordered lockdown. While we did not find differences
in occupation status, it is possible the familial responsibil-
ities associated with females who were either unemployed
or working from home were more strenuous than those of
males. Closure of schools throughout the country resulted
in a large majority of parental figures having to not only
work from home but also care for their children’s emo-
tional, physical, and intellectual well-being during a time
when they would normally be in a school setting. A recent
study performed between mid-to-late April found that in a
population of over 600 mothers during the beginning of the
COVID-19 pandemic, rates of anxiety and depression were
elevated in the context of COVID-19 compared to the nor-
mal non-pandemic population averages [56]. While we did
not assess parental responsibility directly in our survey, we
allowed participants to freely respond with any extraneous
variables that may be impacting their anxiety and sleep
quality. While not all participants chose to respond to these
open-ended questions, 20 (~ 19%) respondents reported
concern over mounting parental responsibilities, or worries
concerning family well-being. Of these 20 respondents, 14
(70%) were female, suggesting the potential for heightened
concern in females compared to males, which may exacer-
bate anxiety levels. Furthermore, we observed elevated, al-
though non-significant, depression levels (CES-D) in

females compared to males (Table 2). These findings are
similar to those presented by Cameron and colleagues [56],
who showed a positive, bidirectional correlation between
depression and anxiety in mothers during COVID-19. Al-
though the direct cause of the observed disparity in anxiety
symptoms is not known, the relationship between sex and
anxiety is relevant to how we manage future COVID-19 or
other disease outbreaks and state-ordered lockdowns.
Contrary to our hypothesis, we did not observe any dif-

ferences in sleep quality as measured by the PSQI in those
who reported increased perceived anxiety due to COVID-
19 lockdown. Similarly, when those who reported de-
creased or unchanged were paired together and compared
to those with high anxiety, we still found no significant
difference in PSQI (data not shown). We postulate that
the COVID-19 pandemic may have offered an increased
sleep opportunity and less responsibilities to some individ-
uals studied due to the home quarantine orders. Although
we did not directly ask questions concerned with sleep op-
portunity, around 30–40% of the general population in
the USA has previously reported short sleep duration and
opportunity in three national surveys, including the Be-
havioral Risk Factor Surveillance System (BRFSS) [57],
National Health and Nutrition Examination Survey
(NHANES) [58], and the National Health Interview Sur-
vey – Sample Adult Files (NHIS-SAF) [59].
In contrast to the PSQI, we did find that the ISI scores

were higher in those individuals who reported increased
anxiety due to home lockdown. It is worth noting again
that the proportion of those who reported increased anx-
iety were women. Women have consistently been shown
to report increased or more severe insomnia symptoms
when compared to men [33]. However, we did not find
any differences in ISI when comparing men and women.
Although the increased anxiety group was primarily com-
prised of females, we do not believe this was driving the
finding due to this reason. Previous literature has shown a
bidirectional relationship between insomnia and anxiety
[24]. Furthermore, higher reactivity and vulnerability to
stressors has been shown to predispose some individuals
to the development of insomnia [60, 61]. Our results may
point to an underlying trait disposition that predisposes
those individuals who reported heightened anxiety during
state-ordered lockdown to increased insomnia symptoms.
The elucidation of these risk factors that predispose an in-
dividual to further mental health and sleep complications
in response to lockdown in the context of COVID-19 may
offer a means of more efficient mental health treatment
during the pandemic and any future outbreaks.

Limitations
We acknowledge a number of limitations with our study
design. First, this study serves as a snapshot of the perceived
impacts that the COVID-19 pandemic has on both sleep
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and anxiety. It will be imperative for other research groups
to include longitudinal aspects in their study design. As the
virus spreads and home isolation orders change, more
causative reasoning can be applied to why anxiety and sleep
disturbances may be occurring if sampled multiple times.
Second, the majority of this study was of Caucasian/Euro-
pean decent. Numerous reports regarding COVID-19
spread and disease severity in the USA demonstrate the
African-American and Hispanic communities have been
disproportionately affected [62]. More research is desper-
ately needed in this area, as cardiovascular disease preva-
lence is also highest in African-American and Hispanic
individuals [63]. Third, a degree of convenience sampling
was used to solicit this study, with majority representation
from Michigan, Wisconsin, and Montana. Many other
states (i.e., California, New Jersey) with more dense popula-
tion centers saw increased hospitalizations and deaths asso-
ciated with COVID-19; thus, it is possible that the impact
of COVID-19 home quarantine on perceived anxiety and
sleep quality may be different based on the geographical re-
gion assessed. In addition, cognitive capacity and ability
were not evaluated in this study. This is important given
the wide age range of the study. However, age was included
as a covariate to reduce the variance. Finally, a recent study
by Altena et al. [64] highlighted the new demands of work-
ing from home and specifically mentioned the demands
that many women face also spending a significant amount
of time helping their children with school-related home-
work. It is plausible that these demands may have dispro-
portionally impacted women, but we did not ask for
specific details on family and/or caregiving status. Future
work should account for these additional factors.

Perspectives and significance
The present study assessed differential impacts of
COVID-19 and home isolation on sleep quality and anx-
iety in men and women by utilizing validated surveys and
self-report assessment. To date, no research studies have
assessed the impact of COVID-19 and home isolation on
anxiety and sleep disturbance, with specific comparisons
of sex differences in the USA. We found that the majority
of individuals reported worsened anxiety and sleep quality,
but females reported a higher prevalence of increased anx-
iety due to COVID-19. Furthermore, heightened anxiety
was associated with increased insomnia symptoms. These
findings offer insight into the differential impact of a glo-
bal pandemic and social isolation on mental health and
sleep parameters in men and women, with implications
for worsened mental health in women. These findings in-
dicate the need for adequate mental health services, espe-
cially in times of social isolation. In addition, sleep
detriment may be largely associated with mental health
detriment during global pandemics and restricted living.
Future research should utilize objective sleep

measurements, such as actigraphy. Our findings provide
novel insight into the interplay between anxiety and sleep
quality, with specific consideration toward sex differences.

Conclusions
Our results show that females disproportionately re-
ported higher levels of perceived anxiety due to COVID-
19 lockdown when compared to men. Furthermore,
those who reported increased anxiety showed increased
insomnia symptoms. Lastly, those who reported de-
creased sleep quality and quantity due to COVID-19
lockdown showed increased anxiety, insomnia symp-
toms, and decreased sleep quality. Our findings point to
an overall increase in anxiety, and decrease in sleep
quality and quantity, due to the COVID-19 pandemic
and home lockdown, with specific sex differences in per-
ceived anxiety.

Acknowledgements
The authors would like to thank Anne Tikkanen and Jennifer Nicevski for
assisting in participant recruitment. In addition, we are indebted to the
research volunteers who participated in this study.

Authors’ contributions
JAB, IMG, and JRC conceived and designed the research. JAB and IMG
monitored participant responses. JAB, IMG, and JRC analyzed the data and
interpreted results. JAB prepared the figures. JAB, IMG, and JRC drafted the
manuscript. JAB, IMG, and JRC edited and revised the manuscript. JAB, IMG,
and JRC approved the final version of the manuscript. The authors read and
approved the final manuscript.

Funding
This project was funded, in part, through the National Institute on Alcohol
Abuse and Alcoholism (AA-024892; J.R.C.).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All participants knowledgeably consented to participate in this study.
Procedures and protocols used were approved by the Montana State
University Institutional Review Board and in accordance with the Declaration
of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Health and Human Development, Sleep Research
Laboratory, Montana State University, Bozeman, MT 59717, USA. 2Department
of Psychology, Montana State University, Bozeman, MT, USA. 3Department of
Kinesiology and Integrative Physiology, Michigan Technological University,
Houghton, MI, USA.

Received: 23 June 2020 Accepted: 5 October 2020

References
1. World Health Organization. Coronavirus Disease (COVID-19) Situation Report

131. World Health Organization; 2020. https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200530-covid-19-sitrep-131.pdf.

Bigalke et al. Biology of Sex Differences           (2020) 11:56 Page 9 of 11

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200530-covid-19-sitrep-131.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200530-covid-19-sitrep-131.pdf


2. Centers for Disease Control and Prevention. Coronavirus disease 2019
(COVID-19): cases in the U.S.; 2020. Contract No.: May 30, 2020.

3. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al.
The psychological impact of quarantine and how to reduce it: rapid review
of the evidence. Lancet. 2020;395(10227):912–20.

4. Xiang YT, Jin Y, Cheung T. Joint international collaboration to combat
mental health challenges during the coronavirus disease 2019 pandemic.
JAMA Psychiatry. 2020;77(10):989–90.

5. Xiang YT, Yang Y, Li W, Zhang L, Zhang Q, Cheung T, et al. Timely mental
health care for the 2019 novel coronavirus outbreak is urgently needed.
Lancet Psychiatry. 2020;7(3):228–9.

6. Pfefferbaum B, North CS. Mental health and the Covid-19 pandemic. N Engl
J Med. 2020;393:510–2.

7. Cohen S, Doyle WJ, Alper CM, Janicki-Deverts D, Turner RB. Sleep habits and
susceptibility to the common cold. Arch Intern Med. 2009;169(1):62–7.

8. Orzech KM, Acebo C, Seifer R, Barker D, Carskadon MA. Sleep patterns are
associated with common illness in adolescents. J Sleep Res. 2014;23(2):133–
42.

9. Prather AA, Hall M, Fury JM, Ross DC, Muldoon MF, Cohen S, et al. Sleep
and antibody response to hepatitis B vaccination. Sleep. 2012;35(8):1063–9.

10. Prather AA, Janicki-Deverts D, Hall MH, Cohen S. Behaviorally assessed sleep
and susceptibility to the common cold. Sleep. 2015;38(9):1353–9.

11. Cohen S, Tyrrell DA, Smith AP. Psychological stress and susceptibility to the
common cold. N Engl J Med. 1991;325(9):606–12.

12. Buxton OM, Pavlova M, Reid EW, Wang W, Simonson DC, Adler GK. Sleep
restriction for 1 week reduces insulin sensitivity in healthy men. Diabetes.
2010;59(9):2126–33.

13. Smith KJ, Beland M, Clyde M, Gariepy G, Page V, Badawi G, et al. Association
of diabetes with anxiety: a systematic review and meta-analysis. J
Psychosom Res. 2013;74(2):89–99.

14. Bansil P, Kuklina EV, Merritt RK, Yoon PW. Associations between sleep
disorders, sleep duration, quality of sleep, and hypertension: results from
the National Health and Nutrition Examination Survey, 2005 to 2008. J Clin
Hypertens (Greenwich). 2011;13(10):739–43.

15. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering
TG, et al. Short sleep duration as a risk factor for hypertension: analyses of
the first National Health and Nutrition Examination Survey. Hypertension.
2006;47(5):833–9.

16. Gottlieb DJ, Redline S, Nieto FJ, Baldwin CM, Newman AB, Resnick HE, et al.
Association of usual sleep duration with hypertension: the Sleep Heart
Health Study. Sleep. 2006;29(8):1009–14.

17. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, et al.
Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in Covid-
19. N Engl J Med. 2020;383:120–8.

18. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS,
et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet. 2020;
395(10234):1417–8.

19. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of
comorbidities and its effects in patients infected with SARS-CoV-2: a
systematic review and meta-analysis. Int J Infect Dis. 2020;94:91–5.

20. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395(10229):1054–62.

21. Pigeon WR, Pinquart M, Conner K. Meta-analysis of sleep disturbance and
suicidal thoughts and behaviors. J Clin Psychiatry. 2012;73(9):e1160–7.

22. Sareen J, Cox BJ, Afifi TO, de Graaf R, Asmundson GJ, ten Have M, et al.
Anxiety disorders and risk for suicidal ideation and suicide attempts: a
population-based longitudinal study of adults. Arch Gen Psychiatry. 2005;
62(11):1249–57.

23. Gregory AM, Buysse DJ, Willis TA, Rijsdijk FV, Maughan B, Rowe R, et al.
Associations between sleep quality and anxiety and depression symptoms
in a sample of young adult twins and siblings. J Psychosom Res. 2011;71(4):
250–5.

24. Jansson-Frojmark M, Lindblom K. A bidirectional relationship between
anxiety and depression, and insomnia? A prospective study in the general
population. J Psychosom Res. 2008;64(4):443–9.

25. Tobaldini E, Costantino G, Solbiati M, Cogliati C, Kara T, Nobili L, et al. Sleep,
sleep deprivation, autonomic nervous system and cardiovascular diseases.
Neurosci Biobehav Rev. 2017;74(Pt B):321–9.

26. Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, et al. Immediate psychological
responses and associated factors during the initial stage of the 2019

coronavirus disease (COVID-19) epidemic among the general population in
China. Int J Environ Res Public Health. 2020;17(5):1729.

27. Qiu J, Shen B, Zhao M, Wang Z, Xie B, Xu Y. A nationwide survey of
psychological distress among Chinese people in the COVID-19 epidemic:
implications and policy recommendations. Gen Psychiatr. 2020;33(2):
e100213.

28. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and
sleep quality during COVID-19 outbreak in China: a web-based cross-
sectional survey. Psychiatry Res. 2020;288:112954.

29. Tull MT, Edmonds KA, Scamaldo KM, Richmond JR, Rose JP, Gratz KL.
Psychological outcomes associated with stay-at-home orders and the
perceived impact of COVID-19 on daily life. Psychiatry Res. 2020;289:113098.

30. Liu CH, Zhang E, Wong GTF, Hyun S, Hahm HC. Factors associated with
depression, anxiety, and PTSD symptomatology during the COVID-19
pandemic: clinical implications for U.S. young adult mental health.
Psychiatry Res. 2020;290:113172.

31. 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;S1389-9457(20)30224-0.
https://doi.org/10.1016/j.sleep.2020.05.021.

32. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, et al. Factors associated with mental
health outcomes among health care workers exposed to coronavirus
disease 2019. JAMA Netw Open. 2020;3(3):e203976.

33. Zhang B, Wing YK. Sex differences in insomnia: a meta-analysis. Sleep. 2006;
29(1):85–93.

34. Chung F, Subramanyam R, Liao P, Sasaki E, Shapiro C, Sun Y. High STOP-
Bang score indicates a high probability of obstructive sleep apnoea. Br J
Anaesth. 2012;108(5):768–75.

35. Spielberger C, Gorsuch R, Lushene R, Vagg P, Jacobs G. Manual for the
State-Trait Anxiety Inventory. Palo Alto: Consulting Psychologists Press; 1983.

36. Buysse 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.

37. Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;14(6):540–5.

38. Radloff L. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1(3):385–401.

39. Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index as
an outcome measure for insomnia research. Sleep Med. 2001;2(4):297–307.

40. McHugh ML. The chi-square test of independence. Biochem Med (Zagreb).
2013;23(2):143–9.

41. Carter JR, Durocher JJ, Larson RA, DellaValla JP, Yang H. Sympathetic neural
responses to 24-hour sleep deprivation in humans: sex differences. Am J
Physiol Heart Circ Physiol. 2012;302(10):H1991–7.

42. Carter JR, Fonkoue IT, Greenlund IM, Schwartz CE, Mokhlesi B, Smoot CA.
Sympathetic neural responsiveness to sleep deprivation in older adults: sex
differences. Am J Physiol Heart Circ Physiol. 2019;317(2):H315–H22.

43. Chamberlain AM, Vickers KS, Colligan RC, Weston SA, Rummans TA, Roger
VL. Associations of preexisting depression and anxiety with hospitalization
in patients with cardiovascular disease. Mayo Clin Proc. 2011;86(11):1056–62.

44. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics
of coronavirus disease 2019 in China. N Engl J Med. 2020;382(18):1708–20.

45. Garg S, Kim L, Whitaker M, O'Halloran A, Cummings C, Holstein R, et al.
Hospitalization rates and characteristics of patients hospitalized with
laboratory-confirmed coronavirus disease 2019 - COVID-NET, 14 States,
March 1-30, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(15):458–64.

46. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes
mellitus at increased risk for COVID-19 infection? Lancet Respir Med. 2020;
8(4):e21.

47. Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA, Solomon
SD. Renin-angiotensin-aldosterone system inhibitors in patients with covid-
19. N Engl J Med. 2020;382(17):1653–9.

48. Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al.
Psychiatric and neuropsychiatric presentations associated with severe
coronavirus infections: a systematic review and meta-analysis with comparison
to the COVID-19 pandemic. Lancet Psychiatry. 2020;77(7):611–27.

49. Wu KK, Chan SK, Ma TM. Posttraumatic stress after SARS. Emerg Infect Dis.
2005;11(8):1297–300.

50. Wu KK, Chan SK, Ma TM. Posttraumatic stress, anxiety, and depression in
survivors of severe acute respiratory syndrome (SARS). J Trauma Stress. 2005;
18(1):39–42.

Bigalke et al. Biology of Sex Differences           (2020) 11:56 Page 10 of 11

https://doi.org/10.1016/j.sleep.2020.05.021


51. Pappa S, Ntella V, Giannakas T, Giannakoulis VG, Papoutsi E, Katsaounou P.
Prevalence of depression, anxiety, and insomnia among healthcare workers
during the COVID-19 pandemic: a systematic review and meta-analysis.
Brain Behav Immun. 2020;88:901–7.

52. Xiao H, Zhang Y, Kong D, Li S, Yang N. The effects of social support on
sleep quality of medical staff treating patients with coronavirus disease
2019 (COVID-19) in January and February 2020 in China. Med Sci Monit.
2020;26:e923549.

53. Xiao H, Zhang Y, Kong D, Li S, Yang N. Social capital and sleep quality in
individuals who self-isolated for 14 days during the coronavirus disease
2019 (COVID-19) outbreak in January 2020 in China. Med Sci Monit. 2020;26:
e923921.

54. Bekker MH, van Mens-Verhulst J. Anxiety disorders: sex differences in
prevalence, degree, and background, but gender-neutral treatment. Gend
Med. 2007;4(Suppl B):S178–93.

55. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime
prevalence and age-of-onset distributions of DSM-IV disorders in the
National Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62(6):
593–602.

56. Cameron EE, Joyce KM, Delaquis CP, Reynolds K, Protudjer JLP, Roos LE.
Maternal psychological distress & mental health service use during the
COVID-19 pandemic. J Affect Disord. 2020;276:765–74.

57. Liu Y, Wheaton AG, Chapman DP, Cunningham TJ, Lu H, Croft JB.
Prevalence of healthy sleep duration among adults--United States, 2014.
MMWR Morb Mortal Wkly Rep. 2016;65(6):137–41.

58. Grandner MA, Chakravorty S, Perlis ML, Oliver L, Gurubhagavatula I. Habitual
sleep duration associated with self-reported and objectively determined
cardiometabolic risk factors. Sleep Med. 2014;15(1):42–50.

59. Krueger PM, Friedman EM. Sleep duration in the United States: a cross-
sectional population-based study. Am J Epidemiol. 2009;169(9):1052–63.

60. Drake C, Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-
related sleep disturbance and hyperarousal. Sleep. 2004;27(2):285–91.

61. Kalmbach DA, Cuamatzi-Castelan AS, Tonnu CV, Tran KM, Anderson JR, Roth
T, et al. Hyperarousal and sleep reactivity in insomnia: current insights. Nat
Sci Sleep. 2018;10:193–201.

62. Laurencin CT, McClinton A. The COVID-19 pandemic: a call to action to
identify and address racial and ethnic disparities. J Racial Ethn Health
Disparities. 2020;7(3):398–402.

63. Bennett A, Parto P, Krim SR. Hypertension and ethnicity. Curr Opin Cardiol.
2016;31(4):381–6.

64. Altena E, Baglioni C, Espie CA, Ellis J, Gavriloff D, Holzinger B, et al. Dealing
with sleep problems during home confinement due to the COVID-19
outbreak: practical recommendations from a task force of the European
CBT-I Academy. J Sleep Res. 2020:e13052. https://doi.org/10.1111/jsr.13052.
[Epub ahead of print].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bigalke et al. Biology of Sex Differences           (2020) 11:56 Page 11 of 11

https://doi.org/10.1111/jsr.13052

	Sex differences in self-report anxiety and sleep quality during COVID-19 stay-at-home orders
	Recommended Citation

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Study design
	Anxiety and sleep questionnaires
	Spielberger State-Trait Anxiety Inventory
	Pittsburgh Sleep Quality Index
	Epworth Sleepiness Scale
	Center for Epidemiological Studies Depression Scale
	Insomnia Severity Index

	Statistical analysis

	Results
	Summary data from entire sample
	COVID-19, anxiety, and sleep: sex differences
	Stratification by perceived change in anxiety
	Stratification by perceived change in sleep quality
	Stratification by self-report total sleep time

	Discussion
	Limitations
	Perspectives and significance

	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

