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Abstract: Objectives: To examine the long term impact of COVID-19 on sleep patterns and
development of sleep disorders. Methods: Using the centralized Massachusetts General Brigham
(MGB) Research Patient Data Registry (RPDR), SARS-CoV2 positive patients were surveyed about
their sleep patterns before and after the viral infection. Information related to co-morbid conditions
and medications were obtained through chart review. Results: Two hundred and forty five
completed surverys were analysed. Average age was 53.3 = 16.3 years, and participants were
predominantly Non-Hispanic White (84.1%) and female (74.3%). Average BMI (kg/m?) was 29.9 +
6.9, and a greater proportion was non-smokers (63.2%). After COVID-19, there was an increase in
the percentage of participants reporting difficulty initiating (31 + 46% vs. 39 + 49%, P=0.01), and
maintaining sleep (43 + 49% vs. 57 + 49%, P<0.001), and use of sleep aids (24 + 43% vs. 30 + 45%
P=0.003) with an incidence rate of 24.3%, 37.4%, and 12.3% respectively. In addition, there was an
increase in daytime fatigue and the need for napping (58 + 49% vs. 36 + 48%, P <0.0001) with an
incidence of 8% and 23% respectively. The sleep symptoms persisted beyond 12 months among 28%
of the participants and were predominantly seen among women. Conclusions: Infection with SARS-
CoV2 has negative effects on sleep, and a significant proportion of adults experience insomnia and
daytime sleepiness beyond 12 months after recovering from the initial infection.
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1. Introduction

As of March 10, 2023, there have been 676,609,955 cases of COVID-19; mortality estimates
worldwide and in the U.S. are 6,881,955 and 1,123,836 respectively(1). Additionally, a significant
proportion of COVID-19 survivors experience a variety of ongoing symptoms also known as post
COVID syndrome, “long-haul” COVID(2) or post acute sequelae of COVID-19 (PASC). Fatigue, brain
fog, and sleep disturbances are amongst the commonly reported symptoms(3). However, there are
relatively few reports of the prevalence, evolution and ultimate outcomes of sleep disturbances in
long-haul COVID(4-6). Even if only 10% of those with long-haul COVID develop a sleep disorder,
there would be an enormous social and economic impact. Therefore, documentng the timecourse of
COVID-19 and subsequently disturbed sleep may better prepare healthcare providers to manage and
possibly mitigate the impact of long-haul COVID.

In this study, we report the incidence and prevalence rates of self-reported disturbed sleep
symptoms and change in sleep duration in a cohort of individuals who have had a COVID-19
infection. In addition, we document the persistence of these symptoms over the time period after
infection.

2. Methods

The data used for this study was obtained from the Massachusetts General Brigham (MGB)
Research Patient Data Registry (RPDR). This centralized clinical registry or data warehouse was
established in 1991 and can be queried to identify patients based on clinical and demographic
information. Using this repository, we assembled a study cohort of patients who had tested positive
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for SARS-CoV2 at MGB hospitals between February 2020- March 2021. After institutional review
board approval, a RPDR query was run to identify patients above the age of 18 years who were
enrolled in the Research Opportunities Direct to You program. This outreach program allows
patients to agree to be contacted directly by researchers without involving their clinicians.

The RPDR query included patients irrespective of gender and race with a documented positive
COVID-19 test. Patients with severe neurologic disease, patients on chronic ventilatory support,
pregnant women or in rehabilitation were excluded from this query. Using the Research Electronic
Data Capture (REDCap) HIPAA compliant web-based application, patients meeting the defined
criteria were sent a survey (Appendix). The survey was sent in two languages (English and Spanish).
A total of 1,090 invitations were sent and 290 responses were received. Participants with incomplete
surveys were excluded leaving a total of 245 for final analysis (22.5%).

In addition to demographic information, the survey included questions pertaining to the
number of hours of sleep, difficulty with initiating or maintaining sleep, daytime sleepiness, snoring,
difficulty breathing while asleep, history of vivid dreams or hypnogogic hallucinations, and use of
sleep aids before and after their diagnosis of COVID-19 (Appendix). Information related to co-morbid
conditions and medications were obtained through chart review.

3. Statistical Analyses

Data are summarized as mean with standard deviation for continuous variables or frequency
with proportions for categorical variables. Group comparisons were examined using Student’s paired
sample t-test (before and after COVID-19 testing). Inasmuch as the response categories for self-
reported sleep duration were in ordinal categories, changes in the distribution of responses were
determined using the Stuart-Maxwell Marginal Homogeneity Test. To examine whether symptoms
persisted beyond 12 months the data was stratified in two categories (< 12 months or > 12 months)
according to the duration of time after their COVID-19 diagnosis each respondent completed the
survey. We utilized Pearson’s %2 to examine gender stratified sleep duration before and after testing
positive for SARS-CoV2. Finally, the effects of hypertension, heart disease, anxiety/depression,
diabetes, and smoking on changes in sleep characteristics were assessed with McNemar’s Test. In all
analyses, the statistical significance was set as p < 0.05. All statistical testing was performed using
STATA v17 (MP-parallel Edition; STATA corp, College Station TX) or IBM SPSS v28 (Armonk, NY).

4. Results

In Table 1 are shown the baseline characteristics of the 245 participants who responded to the
sleep survey. Average age was 53.3 + 16.3 years, and respondents were predominantly Non-Hispanic
White (84.1%) and female (74.3%). Average BMI (kg/m?) was 29.9 + 6.9, and a greater proportion was
non-smokers (63.2%). College education and currently employed were reported by 47.9% and 63.7%
respectively. There were significant proportions of the cohort who reported anxiety/depression
(50.0%), hypertension (41.8%), heart disease (13.9%) and diabetes (13.7%).
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Table 1. Baseline characteristics (N=245).

VARIABLES mean sd
Age (yrs) 53.3 16.3
Gender (M/F %) 25.7/74.3
Hispanics (%) 17.0
Caucasians (%) 84.1
Employed (%) 63.7
Education (% college) 47.9
BMI 29.9 6.9
Smoking Hx (%): Never 63.2
Current 6.2
Past 30.6
H/o Hypertension (%) 41.8
Anxiety/depression (%) 50.0
Diabetes (%) 13.7
Heart disease (%) 13.9

Table 2 displays the effect of COVID-19 diagnosis on various sleep characteristics. After the
infection, a significantly greater number of participants reported difficulty initiating (31 + 46% vs. 39
+ 49%, P=0.01), and maintaining sleep (43 + 49% vs. 57 + 49%, P<0.001), and increased use of sleep
aids (24 + 43% vs. 30 + 45% P=0.003) with incidence rates of 24%, 37%, and 12% respectively. In
addition, daytime fatigue and the need for napping were greater (58 + 49% vs. 36 + 48%, P <0.0001)
with an incidence of 7.9% and 22.6% respectively. Interestingly, large number of participants reported
having vivid dreams and hypnogogic hallucinations during the post COVID-19 period. The incidence
rate of having vivid dreams was 31.1% after recovering from COVID-19 infection. Although shortness
of breath while asleep increased slightly, there was no change in snoring prevalence. Figure 1
illustrates the change in distribution of self-reported sleep duration before and after COVID-19. There
was a substantial shift in the distribution towards shorter sleep as well as a less perceptible change
towards greater sleep (P=0.009).

Table 2. Sleep symptoms before and after COVID -19 infection (N=245).

Pre COVID-19 Post COVID-19 P value
Difficulty falling asleep (%) 31+46 39+49 0.011
Difficulty staying asleep (%) 43+49 57+49 <0.0001
Use of sleep aids (%) 2443 30+£45 0.003
Rested (%) 58 £49 36 £ 48 <0.0001
Napping (%) 27 +45 40 + 49 <0.0001
Snoring (%) 48 + 50 49 + 50 0.32
Difficulty breathing (%) 10+ 30 14 £ 35 0.03
Vivid dreams (%) 44 + 49 56 + 49 <0.0001
Hypnogogic hallucinations (%) | 3+17 10+ 30 0.0002
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Figure 1: Distribution of self-reported sleep duration before and after COVID-19 infection.
P=0.009, PreCOVID-19 vs. PostCOVID-19

The long-term effects of COVID-19 on sleep are displayed in Table 3. Overall, there were 69
participants (28%) who were experiencing sleep symptoms more than 12 months removed from their
COVID-19 infection. Symptom pattern was not different between those with a shorter vs. longer
duration of past infection. As displayed in Figure 2, sleep duration decreased similarly in those who
were less than 12 months removed from infection and those with 12 months or more removed from
infection. However, it appears that an increase in sleep duration was limited only to those less than
12 months after infection.


https://doi.org/10.20944/preprints202305.0836.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 May 2023 d0i:10.20944/preprints202305.0836.v1

Table 3: Sleep impairment associated with COVID infection before and after 12 months

]

<12 Months >=12 months

N=174 N=69
Pre covid Post covid | Precovid | Post covid

Difficulty falling asleep (%) 30 + 46 36 + 48 33+47 48 + 50
P 0.14 0.01

Difficulty staying asleep (%) 43 +49 55+49 43 +49 61+49
P 0.001 0.009

Use of sleep aids (%) 24+43 | 29:46 23+43 | 32:47
P 0.03 0.03

Rested (%) 58+49 | 34+48 60+49 |41+49
P <0.0001 0.002

Napping (%) 29+45 41+49 23+42 38+49
P 0.0001 0.006

Snoring (%) 50 + 50 50 + 50 43 + 49 47 £50
P 0.74 0.26

Difficulty breathing (%) 9+29 13+33 13+34 17 +38
P 0.11 0.08

Vivid dreams (%) 43+49 | 55+49 46+50 [60+49
» 0.0007 0.006

Hypnogogic hallucinations (%) | 2+ 15 9+28 4121 15+ 36
P 0.007 0.007

In Table 4 sleep duration is stratified by gender. Although there was a shift towards shorter and
to a lesser extent greater sleep duration in both males and females, this was statistically significant
only in the latter.
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Table 4: Pre and Post COVID-19 percentage of participants stratified by sleep duration and gender

Sleep duration <4 4-5 5-6 6-7 7-8 >8
hours hours hours hours hours hours

Pre COVID-19 11| 13 | 72| 28 155 | 54 | 298| 67 | 370 17 | 94

Males*,t| 0 0 3 10 2 11 16 88 | 23 | 127 5 12

Females* | 2 15| 10 | 55| 26 [144 | 38 | 210 44 (243 | 12 | 6.6

POStCOVID19 | 1o | 56 | 22 | 123 31 [17.3| 34 [ 190 57 |318] 250 1400

Males* | 2 11 3 1.7 8 45 8 45 ( 20 (112 8 45

Females| 8 45 | 19 (106 23 |128 | 26 | 145 | 37 | 207 | 17 | 95

*P>0.05 for comparison of male vs. female for both Pre and Post COVID-19
1P>0.05 for comparison of distribution of sleep duration in males Pre and Post COVID-19
‘P=0.021 for comparison of distribution of sleep duration in fernh!es Pre and Post COVID-19
Additional analyses (data not shown) demonstrated that change in sleep characteristics occurred
irrespective of the comorbid conditions such as hypertension, heart disease, diabetes, and

anxiety/depression.
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Figure 2: A) Distribution of self-reported sleep duration before and after COVID-19 infection for
participants with less than 12 months removed from infection (N=183). P=0.009, PreCOVID-19
vs. PostCOVID-19; B) Distribution of self-reported sleep duration before and after COVID-19
infection for participants greater than 12 months removed from infection (N=64). P=0.035,
PreCOVID-19 vs. PostCOVID-19.

5. Discussion

In this study, we document that after COVID-19 infection there is a high incidence and
prevalence of self-reported symptoms of sleep disturbances. Furthemore, these symptoms persist for
over 12 months in many individuals. In addition, self-reported sleep duration changes in many
individuals with most experiencing a decline, but with an increase apparent in a few.

A bidirectional relationship exists between sleep and immunity, and sleep disturbances have
been reported as consequences of infections, particularly viral infections(7-9). Several sleep
symptoms including difficulties with sleep initiation and maintenance, reduced sleep time,
prolonged sleep time and daytime napping have been reported. Prior reported neuropsychiatric
consequences of COVID-19 showed that the most prevalent symptoms were sleep disturbances (27%)
followed by fatigue (24%)(10) although another study found that fatigue (40%) was more common
than sleep disturbances (29.4%)(11). However, reports of sleep disturbances in other studies were
undifferentiated. Our findings document that symptoms of sleep disturbance associated with
insomnia are common and increase after COVID-19 infection. In contrast, symptoms suggestive of
sleep disordered breathing such as snoring did not increase. Our results are consistent with previous
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studies in confirming that disturbed sleep is highly prevalent after COVID 19 and but extend them
by demonstrating that it is a result of a high incidence rate of symptoms suggestive of insomnia.

Our cohort of COVID-19 survivors reported insomnia symptoms that persisted beyond 12
months following COVID-19 infection. Insomnia is a fairly-well documented post COVID
sequelae(12-15) and is one of the symptoms attributed to PASC. The average prevalence of post
COVID insomnia is estimated at approximately 24%(16). However, there are few studies
documenting its time course. One prior study demonstrated persistence of insomnia for up to 30 days
after COVID infection(17). Our study extends the findings from previous studies by documenting
that 28% of individuals with PASC can have symptoms of disturbed sleep longer than 12 months.

We observed that sleep duration decreased in many of our cohort and that it was present for 12
months or more after COVID-19 infection. However, in a small number of individuals, sleep duration
actually increased. These changes are similar to what has been observed in uninfected persons in the
general population during the COVID-19 pandemic and have been associated with anxiety and
depression(18). It is possible that a similar relationship exists with individuals who have had a
COVID-19 infection inasmuch as there was a high prevalence of anxiety or depression in our cohort.

Fatigue has been shown to be one of the most common persistent symptoms following COVID-
19(11, 19) and can last up to a year after infection (20). It has been shown to occur concurrently with
insomnia in some patients(21). Post-infection fatigue syndrome (PIFS) has also been reported
following infectious mononucleosis(22-24) suggesting that fatigue in these two conditions may share
the same pathogenetic mechanism. Our analysis also showed increased fatigue and need for daytime
naps in COVID survivors confirming previous reports.

Vivid dreaming and hypnagogic hallucinations which can be features of narcolepsy occurred
post COVID in our cohort and these again persisted for 12 months or more. Although COVID-19 has
not been associated with increase risk of narcolepsy(25), it has been suggested that infection with
SARS-CoV2 may provide an opportunity to investigate mechanisms related to the development of
narcolepsy(26). In a previous study examining the interaction between COVID-19 and multiple
health behaviors (sleep, diet, and physical activity), the authors demonstrated increased vivid dreams
and nightmares among 12% of participants and the majority were linked to increased stress and
anxiety (75%)(27). These symptoms were predominantly reported by women. To our knowledge, this
is the first study reporting vivid dreams and hypnagogic hallucinations as part of the
neuropsychiatric consequences of COVID-19 infection and persistence of these symptoms beyond12
months..

Study results suggest that women were disproportionately affected in this study. There is
conflicting data describing the gender differences in the prevalence of mental health problems. Our
findings are consistent with previous research demonstrating increased frequency of insomnia
among women(28). Compared to men, higher prevalence of mental health symptoms has also been
reported among women despite lower levels of inflammatory markers, lower duration of
hospitalizations, and lower frequency of ICU admissions(29). Another study also demonstrated
increased susceptibility to fatigue following infectious mononucleosis among women(24). These
findings may suggest that women have a greater risk for sleep disturbances and fatigue after viral
illness. In contrast a systematic review and meta analysis demonstrated adverse effects of pandemic
on mental health regardless of the gender(16). As the pandemic has affected the world
disproportionately, the gender differences in insomnia prevalence could be related to cultural roles.
Several studies from China have found no gender difference(30, 31) whereas studies from Middle
East and the West have demonstrated increased risk of developing mental health problems among
women during COVID-19 pandemic(32, 33). Further investigation is needed.

To our knowledge this is the first study looking at the long-term effects of COVID-19 on
symptoms of disturbed sleep. We do however, acknowledge some limitations. Firstly, the response
rate for our study was very low and is concerning for non-response bias. However, the relationship
between low response rate and non-response bias has been explored in recent studies and there was
very little relationship between the two(34-36). Secondly, the study participants were contacted using
the REDCap portal, and it is likely that patients without access to technology are not represented in
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this study causing sampling bias and skewing the interpretation. Lastly, the cohort was comprised
mainly of Caucasians and English-speaking participants despite our efforts at recruiting Spanish
speakers. Thus, we acknowledge that our sample is not representative of the US population and the
results may not be generalizable.

6. Conclusion

Infection with SARS-CoV2 has negative effect on sleep, and a high proportion of adults
experience insomnia and daytime sleepiness beyond 12 months after recovering from the initial
infection. Future studies with more diverse population are needed to examine these relationships and
to determine whether there are interventions to improve sleep health in persons with PASC.
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