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ABSTRACT

Objective: [Background: The goal of the present study was to assess the prevalence and incidence of
insomnia in the United States during the COVID-19 pandemic, and whether, among those that contracted
COVID-19, insomnia predicted worse outcomes (e.g., symptoms of greater frequency, duration, or
severity).
Methods: A nationwide sample of 2980 adults living in the United States were surveyed online at two
points during the COVID-19 pandemic (T1 = April—June 2020; T2 = January—March 2021). Insomnia
symptoms were assessed at both time points using the Insomnia Severity Index (ISI). The T2 survey also
asked questions regarding COVID-19 testing and symptoms.
Results: The prevalence of insomnia (defined as ISI >15) was 15% at T1 and 13% at T2. The incidence rate
of insomnia (i.e., new cases from T1 to T2) was 5.6%. Participants with insomnia were not more likely to
contract COVID-19 relative to those participants without insomnia. Among those participants in our
sample that contracted the virus during the study interval (n = 149), there were no significant group
differences in COVID-19 symptom outcomes, with one exception, participants with insomnia were more
likely to report a longer symptom duration (insomnia = 24.8 sick days, no insomnia = 16.1 sick days).
Conclusions: The present study suggests the prevalence of insomnia in the U.S. population remained high
during the COVID-19 pandemic. The data also support that insomnia may be related to experiencing
more chronic COVID-19 symptoms. These findings have more general implications for the role of sleep
and insomnia on immune functioning.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

have led to greater instances of insomnia, possibly owing to greater
sleep opportunity [9]. That is, several disease- and social-related

The COVID-19 pandemic has had an unequivocal negative circumstances have allowed individuals to alter their sleep sched-

impact worldwide. To date, nearly 6.6 million COVID-related deaths
have been reported as a result of the virus [1]. The pandemic has
also led to greater stress related to social isolation and loneliness,
unemployment, grief, and fear of contracting the disease. These
factors alone would be expected to negatively impact sleep (e.g.,
greater stress-related acute insomnia) [2—8]. Beyond this, however,
the stay-at-home orders, prolonged social confinement, and culture
shift to increased work-from-home during the pandemic may also
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ules (e.g., changes in their time to bed or time out of bed) and
subsequently increased the amount of time spent in bed or greater
variability with respect to sleep timing; both of which may have
deleterious short and long term effects on sleep efficiency [10—12].
For example, one study observed sleep patterns among a sample of
individuals residing in Italy during different phases of the
pandemic and found that, on average, people delayed their bedtime
and risetime and increased their time in bed during the lockdowns
[13].

Only a few studies, however, have directly measured whether
sleep and insomnia symptoms have considerably changed since
before the start of the pandemic [8,14,15]. What is known is that an
appreciable segment of the population has developed insomnia
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symptoms during the COVID-19 pandemic. For example, Morin and
colleagues (2021) reported that the prevalence of insomnia
increased by over 25% relative to pre-pandemic rates, whereas data
from another study suggested that the number of people reporting
days with difficulty falling or staying asleep nearly doubled as
compared to pre-pandemic levels [14]. Another study also found
that pre-to-post pandemic changes in insomnia symptoms
increased among a sample of Norwegian adults [8]. While these are
the only studies to report on whether insomnia rates have increased
following the pandemic, other studies [16—19], primarily in
healthcare workers, have estimated that prevalence rates for
insomnia remain exceedingly high throughout the world (rates
between 19 and 68% depending on insomnia criteria and sample
used). A recent meta-analysis of studies that used the insomnia
severity index (ISI) to assess insomnia symptoms also found that
the COVID-19 pandemic is related to greater rates of subthreshold
insomnia symptoms but not moderate or severe insomnia symp-
toms [20].

Considering the overall prevalence of insomnia has increased
since the start of the COVID-19 pandemic (between 13 and 25% for
moderate symptoms) [6,20,21], it is critical that studies consider if
and how physical health is impacted and, as or more important,
whether the increased occurrence of insomnia has altered sus-
ceptibility and/or severity to the COVID-19 virus. The primary goal
of the present paper was to evaluate whether insomnia was asso-
ciated with an increased risk for contracting the virus and/or worse
symptom outcomes. Accordingly, the aims for the investigation
were: (1) assess whether insomnia at baseline predicted who was
more likely to contract COVID-19, and (2) quantify, among those
that contracted COVID-19, whether insomnia led to worse out-
comes (e.g., symptoms of greater frequency, duration, or severity)
upon follow-up. We hypothesized that having insomnia at baseline
would result in a greater likelihood of having more severe and/or
chronic symptoms among those that contracted the virus. This
hypothesis is based on literature that suggests that insomnia
symptoms, poor sleep efficiency, and shorter habitual sleep dura-
tion are associated with a reduced immune response and lower
resistance to illness [22—27].

2. Methods
2.1. Participants and procedure

The original sample included 4145 adult participants (Mage = 45.8,
SDage = 16.6; 78.7% female; 82.7% white) recruited from the United
States to participate in an online study on social distancing, sleep, and
mood. Study recruitment began during the first three months
following the start of the COVID-19 pandemic (COVID-19 was
declared a pandemic in March 2020 [28]). Convenience sampling
strategies were used, such that recruitment occurred through post-
ings on multiple social media websites (e.g., Facebook, Reddit), online
newsletters, and ResesarchMatch. Participants were included in the
study if they were at least 18 years old, had access to the Internet, and
were able to read and write in English. The sample include partici-
pants from across the United States, including all geographic regions
(% by region: 27.5 southeast, 26.7 midwest, 23.5 northeast, 12.6 west,
5.6 southwest, 4.1 rocky mountains). Eligible individuals were first
invited to complete a baseline survey. This baseline survey was
administered via Qualtrics XM (Provo, UT) and assessed social
distancing, mood, sleep, physical activity, and basic demographic
information. A follow-up survey was administered 10—12 months
following the initial survey (i.e., January—March 2021). The follow-up
survey consisted of similar items but also included more specific
questions regarding COVID-19 testing and symptoms. Of those par-
ticipants that completed the initial baseline survey, 28.1% (n = 1165)
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of the sample did not complete the follow-up survey and an addi-
tional 6 participants did not have complete baseline ISI data. There-
fore, the final sample (i.e., those that completed surveys at both
baseline and follow-up) included 2974 participants between the ages
of 18 and 86 years old (M,ge = 47.0, SDage = 16.7; 79.0% female; 84.1%
white; please also see Fig. 1 for a description of the subject flow). The
final sample, compared to those participants that were lost to follow-
up (LTFU) was older (Mgge in years, final sample = 47.0, LTFU = 42.8
years), had a greater percentage of participants who identified as
white (%, final sample = 84.1, LTFU = 79.2), were married (%, final
sample = 46.1, LTFU = 39.1), and were college-educated (%, final
sample = 82.7, LTFU = 75.0). The final sample did not vary with regard
to gender or employment status (i.e., unemployed, employed part-
time, employed full-time). All procedures were approved by the
Institutional Review Boards at the University of Arkansas and Uni-
versity of Pennsylvania.

2.2. Measures

2.2.1. Insomnia

Insomnia symptom prevalence and severity were estimated
using the Insomnia Severity Index (ISI) [29,30]. The ISl is a 7-item
instrument that allows for the assessment of the incidence and
severity of initial, middle, and late insomnia and related daytime
impairments. While the ISI can be used as a continuous measure
with total scores ranging from O to 28 (with higher scores sug-
gesting more severe insomnia), clinical thresholds are provided and
defined as ‘no significant insomnia’ (scores 0—7); “subthreshold
insomnia” (scores 8—14); “clinical insomnia, moderate severity”
(scores 15—21); and “clinical insomnia, severe” (scores 22—28). For
the present study, we defined insomnia as an ISI score of 15 or
greater. The ISI was administered during the baseline survey and at
follow-up and demonstrated good internal consistency in the cur-
rent sample (baseline o. = 0.89).

2.2.2. COVID-19 testing and symptoms

The follow-up survey included additional items regarding COVID-
19 testing (e.g., “Have you been tested for COVID-19?” and “Have you
tested positive for COVID-19?*), symptom onset (e.g., “Did you
develop symptoms of COVID-19?” and “Regardless of whether you
tested positive for COVID-19, since March 2020, have you experi-
enced any of the following symptoms?*), symptom duration (“How
long did your COVID-19 symptoms last?“), and overall symptom
severity (“How severe were your COVID-19 symptoms?*). Symptom
severity was also assessed for each individual symptom reported
(e.g., “How severe was your reduced sense of taste?*). The symptom
list included up to 19 different COVID-19 related symptoms (see
Table 1 for a full list of symptoms). Yes/no responses were provided
for questions related to testing and symptom onset. Participants
responded in terms of months and days for the question related to
symptom duration (this was subsequently converted to duration in
days where 1 month is equal to 30 days). For symptom severity,
participants responded on a 5-point Likert scale from “Not at all
severe” to “Extremely severe”. In addition to an overall symptom
severity score, mean symptom severity was computed based on the
average severity rating of the symptoms endorsed by each partici-
pant. The survey also included questions about other clinical out-
comes related to COVID-19 infection, such as whether the participant
received inpatient treatment (e.g., “Were you hospitalized because of
your COVID-19 symptoms?“) or respiratory assistance (e.g., “Were
you provided supplemental oxygen [for example with a CPAP
“mask”, oxygen cannula, oxygen “helmet”, etc.] because of your
COVID-19 symptoms?” and “Were you intubated [i.e., put on a me-
chanical ventilator the delivered oxygen via an endotracheal tube]
because of your COVID-19 symptoms?“).
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Original Study Sample
n=4145
living in the United States

Excluded Sample
n=1171
Did not complete f/u assessment
Missing ISI data

Final Study Sample
n=2974
Completed both assessments

Insomnia at Baseline
n =455 (15.3%)
ISl score = 15

A 4 A4

No Insomnia at Baseline
n =2519 (84.7%)
ISl score < 15

A 4 A 4

COVID-19 Positive
n =25 (5.5%)

No COVID-19
n =430 (94.5%)

COVID-19 Positive No COVID-19
n =124 (4.9%) n = 2395 (95.1%)

Fig. 1. Participant Flow. Covid-19 status was assessed at follow-up. “No COVID-19” group includes both those that did not test positive as well as those that were never tested.

Table 1
Full list of COVID-19 related symptoms.

COVID-19 Related Symptoms # (%) Participants Endorsed

Fever 285 (9.6)
Dry Cough 394 (13.2)
Body Aches 565 (19.0)
Muscle Pain 508 (17.1)
Chills 291 (9.8)
Shaking 76 (2.6)
Fatigue 884 (29.7)
Runny Nose 796 (26.8)
Stuffy Nose 672 (22.6)
Sore Throat 578 (19.4)
Shortness of Breath 261 (8.8)
Difficulty Breathing 105 (3.5)
Vomiting 82 (2.8)
Diarrhea 448 (15.1)
Headaches 893 (30.0)
Reduced Smell 147 (4.9)
0dd Smell 60 (2.0)
Reduced Taste 147 (4.9)
0Odd Taste 76 (2.6)

2.3. Statistical analyses

All analyses were completed in SPSS (version 26.0). Insomnia
status was coded as 0 [no insomnia] and 1 [insomnia]. COVID-19
testing and positivity rates were also coded as binary variables
(no/yes). COVID-19 symptom duration and severity were treated as
continuous variables and entered as dependent variables in sepa-
rate models. Insomnia prevalence and incidence rates were
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computed first. Here, the proportion of subjects who met criteria
for ISI-based insomnia at baseline and follow-up were calculated.
Next, a series of chi-square tests were used to estimate whether
insomnia status at baseline was related to COVID-19 testing and
positivity rates assessed at follow-up. Finally, a series of one-way
ANOVAs were used to compute whether insomnia at baseline
predicted COVID-19 outcomes among those participants who
contracted COVID-19 during the study period (as assessed at
follow-up). Analyses that adjusted for covariates (e.g., age, gender,
race, marital status, educational history, employment status and
history of chronic illnesses) were also computed.

3. Results
3.1. Prevalence and incidence of insomnia at baseline and follow-up

According to the data collected at baseline, the sample mean
score on the ISI was 8.2 (SD = 5.9). The prevalence of ISI-defined
insomnia (ISI total score >15 [threshold for clinical insomnia,
moderate severity]) was 15.3% (n = 455). The sample mean at
follow-up was 7.4 (SD = 5.8). The overall prevalence of insomnia at
follow-up was 13.0% (n = 386). Of those that endorsed clinical
levels of insomnia at baseline, 44.0% (n = 200) no longer met
criteria for clinical insomnia at follow-up. In contrast, the incidence
of insomnia (i.e., percent of new cases at follow-up) was 5.6%
(n = 140). Please see Fig. 2 for more information regarding the
prevalence and incidence of insomnia during the COVID-19
pandemic.
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INSOMNIA PREVALENCE INSOMNIA PREVALENCE AT
AT BASELINE FOLLOW-UP
W Insomnia No Insomnia No Insomnia  EMNew Cases M Persistent Cases

Fig. 2. Insomnia prevalence reported as the percent of cases with an ISI >15 at baseline and follow-up. Incidence rate is reflected at the number of new cases during the intervening
period.

3.2. Demographic differences by insomnia status [baseline] likely to identify as a woman, had a lower percentage of people who
were married, educated, and employed, and less likely to report
Table 2 summarizes means, standard deviations and percentiles having a history of at least one chronic illness (e.g., cardiovascular

for all demographic variables and whether there were any group disease, diabetes). While the omnibus test was not statistically
differences at baseline. According to these data, the insomnia group significant, the insomnia group was also more likely to identify as
(as determined by baseline ISI scores) was slightly younger, more Black or Latinx.
Table 2
Participant Demographic Information by Insomnia Status. P-values were determined using t-tests for continuous variables and chi-square analyses for categorical variables.
Total Sample Insomnia No Insomnia p-value
(n = 2974) (n = 455) (n = 2519)
Age, mean (SD) 47.0 (16.7) 45.0 (15.2) 47.4 (17.0) <0.01
Gender, n (%) <0.01
Female 2354 (79.0) 380 (83.5) 1970 (78.2)
Male 567 (19.0) 61(13.4) 504 (20.0)
Transgender Female 4(0.1) 2(04) 2(0.1)
Transgender Male 11 (0.4) 3(0.7) 8(0.3)
Gender Variant/Non-Conforming 29 (1.0) 5(1.1) 24 (1.0)
Other 13 (0.4) 3(0.7) 10 (0.4)
Race/Ethnicity, n (%) 0.06
American Indian, Native American, or Alaska Native 12 (04) 3(0.7) 9(0.4)
Asian or Asian American 121 (4.1) 15(3.3) 105 (4.2)
Black, African American, or African 133 (4.5) 29 (6.4) 104 (4.1)
Latino or Latina 87 (2.9) 16 (3.5) 71 (2.8)
Middle Eastern or Arab 10(0.3) 1(0.2) 9(0.4)
Native Hawaiian or Other Pacific Islander 4(0.1) 2(04) 2(0.1)
White or Caucasian 2507 (84.1) 369 (81.1) 2133 (84.7)
Multi-racial 82 (2.8) 18 (4.0) 64 (2.5)
Other 24(0.8) 2(0.4) 22(0.9)
Marital Status, n (%) <0.001
Married 1371 (46.0) 161 (35.4) 1206 (47.9)
Widowed 113 (3.8) 15 (3.3) 98 (3.9)
Divorced 411 (13.8) 80 (17.6) 331 (13.1)
Separated 35(1.2) 12 (2.6) 23 (0.9)
Never Married 1046 (35.1) 185 (40.7) 859 (34.1)
Educational History, n (%) <0.001
less than high school 9(0.3) 3(0.7) 6(0.2)
high school graduate 131 (44) 30 (6.6) 101 (4.0)
some college 374 (12.6) 81 (17.8) 293 (11.6)
2-year degree 213 (7.1) 39(8.6) 174 (6.9)
4-year degree 1068 (35.8) 149 (32.7) 918 (36.4)
professional degree 934 (31.3) 119 (26.2) 812 (32.2)
Doctorate 239 (8.0) 29 (6.4) 208 (8.3)
Employment, n (%) 0.02
Unemployed 1091 (36.6) 195 (42.9) 895 (35.5)
employed 1-20 h 286 (9.6) 40 (8.8) 246 (9.8)
employed 20—30 h 196 (6.6) 32(7.0) 163 (6.5)
employed full time (40+ hours) 1392 (46.7) 186 (40.9) 1202 (47.7)
Chronic Illness, n (%) <0.001
No 1316 (46.2) 137 (32.1) 1176 (48.7)
Yes 1530 (53.8) 290 (67.9) 1237 (51.3)
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3.3. Baseline insomnia and COVID-19 testing rates

Overall, 58.2% of the sample reported getting tested for COVID-
19 (assessed at follow-up). Participants with insomnia at baseline
(62.8% tested) were more likely to get tested for COVID-19
compared to participants without insomnia (57.4% tested),
v2 = 4.60, p = 0.03. Among those that reported on their test results
(n = 1706), 149 participants tested positive for the virus (5% of the
overall study sample). The positive test rate did not vary by group,
insomnia [baseline] = 8.8% vs no insomnia 8.7%, %> = 0.002,
p > 0.20 (Table 3). In terms of number of positive cases per total
group, 25 participants (5.5%) in the insomnia group tested positive
for COVID-19, whereas 124 participants (4.9%) in the control group
tested positive (Fig. 1). Alternatively, mean baseline ISI scores did
not differ by group (COVID positive = 8.9, no COVID = 8.6).

3.4. Insomnia and COVID-19 self-reported symptom rates

Among those who did not receive any COVID-19 tests during the
study period (n = 1235), 11.4% of participants with insomnia at
baseline (n = 167) reported experiencing COVID-19 symptoms
during the past six months, compared to 7.4% of participants
without insomnia (n = 1068), Xz = 3.13, p = 0.08. When asked if
they believe they contracted COVID-19 during the past six months,
8.9% of participants with insomnia at baseline (n = 15) said “yes”
compared to only 3.6% of participants without insomnia (n = 39),
v2 = 9.70, p < 0.01 (see also Table 3).

3.5. Predicting COVID-19 symptom severity and course

Only those participants who tested positive for COVID-19 during
the study period (n = 149) were included in these analyses. No
significant group differences were observed on any of the COVID-19
outcome measures (e.g., % participants endorsing symptoms,
symptoms severity, symptom count) between those with and
without insomnia at baseline, except for differences in symptom
duration (see Table 4 for all parameter estimates and effect sizes).
Specifically, participants with insomnia at baseline, on average,
reported experiencing symptoms for more days than participants
without insomnia, mean symptom duration in days,
insomnia = 24.8 days, no insomnia = 16.1 days, F(1,142) = 4.2,
p = 0.04, Hedge's g = 0.45. The parameter estimates for these an-
alyses were comparable when controlling for age, gender, race,
marital status, educational history, and employment status (un-
adjusted B = 8.61; adjusted B = 8.06). In contrast, there was a
meaningful association between insomnia status, chronic health
status, and mean COVID symptom duration. Participants who re-
ported a positive history of chronic disease (i.e., endorsed at least
one chronic health condition, such as cardiovascular disease, dia-
betes, COPD, etc.) and insomnia reported a greater mean symptom
duration compared to participants without insomnia or a history of
any chronic conditions; mean symptom duration in days, insomnia
and chronic illness, 29.9 days vs. insomnia and no chronic illness,
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12.3 days, Hedge's g = 0.71; mean symptom duration in days,
insomnia and chronic illness, 29.9 days vs. no insomnia and chronic
illness, 18.6 days, Hedge's g = 0.55. A secondary analysis of this data
was also conducted where mean symptom duration was compared
across the different ISI clinical thresholds. Consistent with our
primary analysis, participants with the most severe insomnia
symptoms at baseline reported longer COVID-19 symptoms (mean
symptom duration in days, no insomnia [n = 72] = 17.1, sub-
threshold insomnia [n = 48] = 14.8, clinical insomnia, moderate
[n = 18] = 23.9, clinical insomnia, severe [n = 6] = 27.3), however
these differences were not statistically significant; F(3,140) = 1.55,
p = 0.21) (Fig. 3). Finally, only six participants reported being
hospitalized for COVID-19 (or 4% of COVID-positive sample).
Additional analyses on these data were not completed given the
small sample size.

4. Discussion

The COVID-19 pandemic has had a substantial impact on society.
Until recently, one aspect that has often been overlooked is the
effect it has had on sleep health (for a review on sleep dysfunction
and COVID-19 please see Bhat & Chokroverty, 2022) [31]. For
example, data from the present study support that, in general, the
prevalence of clinical insomnia (13—15%) has increased since the
start of the pandemic (compared to 6—10% for pre-pandemic
chronic insomnia) [32]. These data are consistent with other
research that has also shown greater insomnia prevalence rates
during the post-pandemic period, though some studies have
shown even larger increases in moderate-to-severe insomnia
symptoms (e.g., 16—25% prevalence) [6,15,20].

In contrast to most prior research, the current study evaluated
the prevalence and incidence of clinical insomnia during different
phases of the pandemic. That is, insomnia symptoms were assessed
at the start of the pandemic (April-June 2020) and then again
during the first COVID-19 surge (January—March 2021). Findings
from the current study suggest that the prevalence of insomnia
(based on ISI-defined clinical thresholds) what highest during the
initial months of the pandemic, but that the overall rates remained
high in the general U.S. population (13—15%). Like other studies that
have assessed insomnia symptoms longitudinally [33,34], overall
mean insomnia scores were relatively consistent across different
phases of the pandemic. In this study, five-to-six percent of
insomnia cases at follow-up were new cases (i.e., incidence rate),
and nearly half of participants with insomnia at baseline recovered
by the follow-up assessment. These data are consistent with a prior
study by Wang and colleagues (2022) that observed different tra-
jectories of insomnia symptoms during the pandemic (e.g., chronic
dysfunction vs. recovery), and in general, research suggesting that
many, if not most, people with acute insomnia recover within a
year's time [35]. While it's unclear why the proportion of people
with insomnia decreased, it may be the case that, for many, the
pandemic offered greater flexibility in setting their sleep/wake
schedules (and presumably match their sleep timing with their

Table 3
COVID-19 testing and self-reported symptom rates and percentages by group.
Insomnia No Insomnia % [2]
(n =455) (n=2519)
# participants tested (% of full sample) 285 (62.8) 1442 (57.4) 4.60*
# participants tested positive (% of tested sample) 25 (8.8) 124 (8.7) 0.002
# participants with COVID-19 symptoms (% untested sample) 19(11.4) 79 (7.4) 3.13
# participants report “yes” to having COVID (% untested sample) 15(8.9) 39(3.6) 9.70%*

*p < 0.05, **p < 0.01.
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Means, 95% confidence intervals, and percentages for COVID-19 symptom data among those participants who tested positive for COVID-19. Statistical tests of significance were
determined using chi-square (for categorical variables) and t-tests (for continuous variables). Effect sizes (Hedge's g) were also provided for all continuous outcome variables.

Insomnia No Insomnia p-value g
(n=25) (n=124)
# participants that endorsed symptoms, n (%) 22 (88.0) 114 (92.0) n.s. —
Symptom count, mean (95% CI) 7.40 (5.85—8.95) 7.02 (6.32—-7.71) n.s. 0.10
Overall symptom severity rating, mean (95% CI) 1.32 (0.94-1.70) 1.02 (0.85—1.20) n.s. 0.31
Mean symptom severity rating, mean (95% CI) 1.86 (1.53—-2.19) 1.54 (1.40—1.69) 0.08 0.39
Symptom duration in days, mean (95% CI) 24.8 (17.09-32.41) 16.1 (12.72—19.57) 0.04 0.45

Note: overall symptom severity ratings were based on a single-item response to “How severe were your COVID-19 symptoms?“, whereas mean symptom severity was
computed based on the average severity rating of the symptoms endorsed by each participant.

Mean COVID-19 Symptom Duration (in days)

0.0

No Insomnia [n=72] Subthreshold Insomnia [n=48]  Moderate Insomnia [n=18] Severe Insomnia [n=6]

Fig. 3. Mean COVID-19 symptom duration by insomnia symptom severity.

preferred circadian rhythm). This may have led to greater average
sleep durations [11] and subsequently fewer concerns or com-
plaints about their sleep. That said, at least one other study found
that this flexibility in changing one's sleep timing (as assessed by
the relative increase/decrease in pandemic-related social jet lag)
led to greater insomnia symptoms [12].

The effect that these persistent sleep problems have had on our
physical health, and in particular, our ability to fight off the COVID-
19 infection itself are unknown (e.g., does having insomnia in-
creases one's risk for contracting COVID-19, more severe symp-
toms, and/or long-COVID?). According to the current study
findings, while participants with insomnia at baseline were more
likely to get tested for COVID-19, the rates of infection were com-
parable. This is an interesting discordance, and potentially speaks
to the behavioral patterns of patients with insomnia during the
pandemic. It may be the case, for example, that several of the
biopsychosocial factors that are related to insomnia (e.g., general
test anxiety, social isolation, heightened anxiety and/or depression
symptoms during the initial wave of the pandemic, etc.) may
mediate or moderate the likelihood that someone would have
opted to get tested [for COVID] regardless of whether they were
actually infected.

The primary hypothesis that insomnia at baseline would be
associated with a greater likelihood of having more severe and/or
chronic COVID-19 symptoms among infected participants was
partially supported. Specifically, among those participants that
tested positive, there were no differences in COVID-19 symptom
count or severity between those with and without insomnia at
baseline. Those with insomnia at baseline were however more
likely to experience a more chronic course of COVID-19 (8.5 addi-
tional days sick on average; a small-to-medium effect size), espe-
cially among those that had a history of at least one chronic health
condition (large effect). Put differently, having insomnia at baseline
did not impact the number of COVID-19 symptoms that they
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reported experiencing and/or the severity of those symptoms,
however, it did impact the duration of symptoms. Participants with
insomnia reported taking longer to recover from COVID-19 relative
to those participants without insomnia. This is not surprising
considering that patients with insomnia exhibit heightened sym-
pathetic and B-adrenergic activation [36,37], which can increase
production of pro-inflammatory cytokines [38]. Studies have also
shown that insomnia is associated with elevated plasma- and
serum-based markers of inflammation, such as interluekin-6 (IL-6),
C-reactive protein (CRP), interleukin-1 beta (IL-1fB), and tumor
necrosis factor-alpha (TNF-a) [39—41]. Data from a meta-analysis
supported these initial findings that insomnia symptoms were
associated with higher levels of IL-6 and CRP [42]. This is also
consistent with other research suggesting that short sleep duration
increases susceptibility to respiratory infections [26,27]. Put
differently, these data support the notion that our immune system
produces an inflammatory response to the insomnia itself (or the
shortened sleep associated with insomnia). Overtime, increased
cytokine levels may make the immune system less efficient at
handling a real immunological threat (such as the COVID-19 virus).
For example, multiple studies have now demonstrated that sleep
disturbance is associated with producing fewer antibodies in
response to the influenza vaccine [22,43]. Put together, this litera-
ture may explain why those participants with insomnia that con-
tracted COVID-19 did not necessarily experience more severe
symptoms but did take longer to recover from the virus.

The present findings are promising and have implications
beyond the COVID-19 pandemic, including the need for (1) sleep
assessment both during the acute onset of COVID-19 symptoms and
during recovery and (2) further evaluation on the relationship be-
tween insomnia, COVID-19, and the potential for an immunological
response. Notably, the study has a number of important strengths.
Insomnia symptoms were assessed prospectively via a validated
instrument. The overall study sample was large and surveyed
people from different geographic regions of the United States. The
study was also reasonably comprehensive in its assessment of
COVID-19 related-outcomes (i.e., positivity rate, symptom count,
severity, chronicity, etc.). That said, the study has a number of
important limitations that should be highlighted. First, the primary
analyses were limited to a sub-sample of 149 people (or 5% of the
sample that completed the follow-up survey). While a strength of
this study is that subjects were surveyed during the initial phases of
the COVID-19 pandemic, the drawback is that few people in our
study contracted the virus during the assessment interval. This may
be because the majority of subjects were surveyed during the
height of the stay-at-home orders which ultimately delayed the
spread of the virus, thus decreasing the likelihood that subjects
would be diagnosed with COVID-19. Ultimately, the study is likely
underpowered, limiting the ability to detect differences between
groups. The small sample size also limited our ability to evaluate
the effects of other variables. For example, people with poor health
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or pre-existing chronic illnesses are more likely to experience
insomnia symptoms and take longer to recover from COVID-19.
That said, in the present sample, a lower proportion of partici-
pants with insomnia reported a history of chronic illness relative to
those participants without insomnia. Either way, additional efforts
should be made to comprehensively assess the impact of initial
health status on the link between sleep and COVID-19 outcomes.
Secondly, the COVID-19 symptom and testing data were based on
self-report, thus there was no objective way of knowing whether if
those who endorsed testing positive for COVID-19 actually had the
virus. Furthermore, it may be the case that individuals with more
severe COVID-19 and/or longer inflammatory responses experience
greater sleep disturbance as a consequence of the infection. The
direction of this relationship remains to be elucidated. Future
studies should consider a study design that uses more frequent
sampling in order to temporally map out these events, which will
allow fora more specific evaluation of insomnia's prospective
relationship with immune functioning (i.e., does insomnia precede
and predict more severe infection?). Finally, while relatively large,
the overall sample was not representative of the general population
living in the United States and generalizations to the population
should be made with appropriate caution. Despite these limita-
tions, these data are still an important contribution to the literature
but should be appropriately contextualized.

5. Conclusion

While several studies now support that greater sleep problems
have had an adverse impact on people's mental health during the
pandemic, it's unclear whether these increased rates of insomnia
have adversely affected physical health, including an individual's
ability to respond to the SARS-CoV-2 virus. The present data pro-
vide some of the first evidence that insomnia may prolong an in-
dividual's recovery from COVID-19. While these findings have clear
implications for role of sleep during the ongoing pandemic (and
mitigating the effects of the virus), they also highlight the impor-
tance of continuing to investigate the impact of insomnia on im-
mune functioning. These results, for example, further support what
sleep scientists have been advocating for several decades: insomnia
is not only bad for your sleep, it's bad for your health [44—46].
Specifically, persistent bad sleep may augment adaptive immunity
and compromise the immune system, and as these data suggest, it
may not be that the immune system becomes weakened but rather
less efficient (resulting in longer illness duration). The clinical im-
plications are clear, it is important to treat insomnia now more than
ever. Especially now that there is a threat of pandemic viruses (i.e.,
we are more vulnerable to future pandemics), but more generally,
treating insomnia may reduce the overall burden of disease by
increasing resiliency to disease and infection.
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