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1 | INTRODUCTION

Summary

There has been increasing concern about the long-term impact of coronavirus
disease 2019 (COVID-19) as evidenced by anecdotal case reports of acute-onset
parkinsonism and the polysomnographic feature of increased rapid eye movement
sleep electromyographic activity. This study aimed to determine the prevalence and
correlates of dream-enactment behaviours, a hallmark of rapid eye movement sleep
behaviour disorder, which is a prodrome of a-synucleinopathy. This online survey
was conducted between May and August 2020 in 15 countries/regions targeting
adult participants (aged 218 years) from the general population with a harmonised
structured questionnaire on sleep patterns and disorders, COVID-19 diagnosis and
symptoms. We assessed dream-enactment behaviours using the Rapid Eye Move-
ment Sleep Behaviour Disorder Single-Question Screen with an additional question
on their frequency. Among 26,539 respondents, 21,870 (82.2%) answered all items
that were analysed in this study (mean [SD] age 41.6 [15.8] years; female sex
65.5%). The weighted prevalence of lifetime and weekly dream-enactment behav-
iours was 19.4% and 3.1% and were found to be 1.8- and 2.9-times higher in
COVID-19-positive cases, respectively. Both lifetime and weekly dream-enactment
behaviours were associated with young age, male sex, smoking, alcohol consump-
tion, higher physical activity level, nightmares, COVID-19 diagnosis, olfactory
impairment, obstructive sleep apnea symptoms, mood, and post-traumatic stress
disorder features. Among COVID-19-positive cases, weekly dream-enactment
behaviours were positively associated with the severity of COVID-19. Dream-
enactment behaviours are common among the general population during the
COVID-19 pandemic and further increase among patients with COVID-19. Further
studies are needed to investigate the potential neurodegenerative effect of
COVID-19.

KEYWORDS
coronavirus disease 2019 (COVID-19), dream-enactment behaviour, neurodegeneration,
prevalence, rapid eye movement sleep behaviour disorder (RBD)

same betacoronavirus clade (SARS-CoV-2) may also associate with

neuropsychiatric symptoms/disorders, both during the acute and long

Coronavirus disease 2019 (COVID-19) caused by severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) is a global pandemic
and has resulted in >270 million confirmed cases and 5.3 million
deaths worldwide up to December 2021 (WHO COVID-19
Dashboard, 2020). The COVID-19 pandemic has extensive direct and
indirect adverse effects on mood, sleep, and dreams/nightmares, not
only among patients with COVID-19 but also in the general popula-
tion (Chung et al., 2021; Frankl et al., 2021; Morin et al., 2021; Salari
et al., 2020). Evidence from SARS-CoV and Middle East respiratory
syndrome CoV revealed a neurotropic nature of the infection (Li,
Bai, & Hashikawa, 2020). Previous findings on long-term conse-
quences of SARS-CoV showed that 40% of the survivors suffered
from active psychiatric illness and chronic fatigue syndrome 4 years
after the infection (Lam et al., 2009). Thus, it is conceivable that the

COVID-19 (referred to as “long COVID”) stages (Boldrini, Canoll, &
Klein, 2021; Brundin, Nath, & Beckham, 2020).

Accumulating evidence indicate that olfactory impairment is a
common presenting symptom of COVID-19, affecting up to 80% of
the cases (von Bartheld, Hagen, & Butowt, 2020). Importantly,
olfactory impairment is often regarded as a heralding feature of
neurodegeneration including Parkinson's disease (PD) (Heinzel
et al.,, 2019). Interestingly, there has been a few confirmed cases
with acute onset of parkinsonism supported by neuroimaging evi-
dence of dopamine dysfunction shortly after SARS-CoV-2 infection
(Cohen et al., 2020; Faber et al, 2020; Mendez-Guerrero
et al.,, 2020). Although it is intriguing that parkinsonism could
develop in such an acute manner and with the age-onset of parkin-

sonism being much younger (35-53 years) than the typical age of
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onset (Cohen et al., 2020; Faber et al., 2020; Mendez-Guerrero
et al., 2020), these findings forewarn of a possible surge of neu-
rodegeneration, including PD, during the long COVID-19 stage
(Brundin et al., 2020).

Rapid eye movment (REM) sleep behaviour disorder (RBD) is a
distinct parasomnia characterised by recurrent dream-enactment
behaviours (DEBs) and REM sleep without atonia. RBD is regarded
as the most specific precursor of a-synucleinopathies, such as PD, as
>90% of patients with RBD will convert to clinically diagnosed
a-synucleinopathies within 15 years (Galbiati et al., 2019; Postuma
et al., 2019). Thus, a major consideration is on how the SARS-CoV-2
potentially influences the development of RBD features that has a
close relationship with parkinsonism. A recent study found that 36%
(four out of 11) of patients with COVID-19 presented with REM
sleep without atonia on polysomnographic recording (Heidbreder
et al., 2021), which suggested that SARS-CoV-2 might potentially
trigger RBD features.

To the best of our knowledge, there is a lack of epidemiological
results of DEBs, which is a hallmark of RBD and their correlates
during the COVID-19 pandemic in both the general population and
patients with COVID-19. We conducted an international online
survey, the International COVID-19 Sleep Study (ICOSS), to inves-
tigate the impact of the COVID-19 pandemic on sleep and daily
rhythms in adults (Chung et al., 2021; Frankl et al., 2021;
Merikanto et al., 2021; Morin et al., 2021). In the present study, we
aimed to determine the prevalence and correlates of DEBs during

the pandemic.

2 | METHODS

21 | Study procedure and participants

This was a cross-sectional online survey (ICOSS study) conducted dur-
ing the COVID-19 pandemic between May and August 2020 with
15 participating countries/regions: Austria, Brazil, Canada, lJilin
(China), Finland, France, Germany, Hong Kong (China), Italy, Japan,
Norway, Poland, Sweden, UK, and USA. The study protocol related to
study objectives, questionnaires included, and study procedures have
been published (Partinen et al., 2021).

2.2 | Standard protocol approvals, registrations,
and patient consents

The potential participants aged 218 years were invited to complete an
online survey in their own language via local and national news, social
media, and newsletters at universities and hospitals. The survey was
completed anonymously. The participants who voluntarily agreed to
participate in the survey gave their online consent for the purpose of
this study. Each international principal investigator obtained approval
or exemption from their local Ethics Committee prior to initiation of

the survey.

Research

2.3 | Questionnaires
We used the following items from the ICOSS core questionnaire
(Partinen et al., 2021):

1. Demographic characteristics (e.g., age, sex, education level,
ethnics) data were collected in structured questions. By
collecting smoking data, participants were asked about the fre-
quency (“Never or less than once per month,” “Less than once
per week,” “1-2 days per week,” “3-5 days per week,” and
“Every day or almost daily”) of smoking (cigarettes, cigars, ciga-
rillos) or use of snuff tobacco. We dichotomised the answers
into “less than weekly” and “weekly use.” Drinking of alcohol
beverages was defined as participants who drank one or more
bottle/can of beer, strong beer, cider, wine, or spirits per week.
Caffeine consumption was defined as participants who drank
one or more cup of coffee, tea, cola drinks, or energy drinks per
day. Physical activity level was measured by asking participants
on how many hours per week they did physically workout. The
workout options included walking, jogging/cycling, running,
and other (e.g., swimming) with frequencies ranged from “Not
at all” to “Altogether 4 h or more per week” for each workout
option.

2. A COVID-19 diagnosis confirmed by a “yes” answer to the ques-
tion, “Have you had COVID-19?” Participants answering “I don't
know” (18.2%) were coded as having no self-reported COVID-19
disease. Among those reporting COVID-19, we further surveyed
the severity of the disease by allowing respondents to rate the
severity of disease (“mild,” “moderate,” “severe,” and “life threat-
ening”) and whether they were hospitalised for the disease (Chung
et al, 2021). As only few participants had “life threatening”
COVID-19, we put this category into “severe” group to facilitate
the data analysis. We also surveyed the presence of the series of
COVID-19 symptoms: chills, cough, excessive sleepiness, fatigue,
fever, gastrointestinal symptoms, headache, loss of taste and smell,
muscle pain, running nose, shortness of breath, difficulty breathing,
and sore throat.

3. The RBD Single-Question Screen (RBD1Q) was employed to
assess lifetime DEBs (Postuma et al., 2012). In detail, respon-
dents were asked, “Have you ever been told, or suspected your-
self, that you seem to ‘act out your dreams’ while asleep (for
example, punching, flailing your arms in the air, making running
movements, etc.)?” (Postuma et al., 2012). The sensitivity and
specificity were 93.8% and 87.2% respectively when RBD1Q
was used in clinical setting to differentiate patients with RBD
from controls (Postuma et al., 2012). Besides the RBD1Q, we
also surveyed the frequency of the DEBs symptoms on a
5-point scale: “never or <1/month”, “<1/week”, “1-2 nights/
week”, “3-5 nights/week”, and “every night or almost every
night.” We further dichotomised the frequency into “weekly”
and “non-weekly.” This may help to capture recurrent weeks
DEBs, which would suggest a higher likelihood of harbouring
genuine RBD features.
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TABLE 1 Demographic characteristics and stratified prevalence of lifetime and weekly dream-enactment behaviours
Prevalence of lifetime DEBs Prevalence of weekly DEBs
n(%) Raw,% p Weighted, % p Raw,% p Weighted, % p
Overall sample 21,870 (100) 21.0 19.4 34 3.1
Strata for age (years) <0.001 <0.001 <0.001 <0.001
18-39 10,894 (50.7) 249 25.2 3.9 3.9
40-49 3,774 (17.6) 19.4 20.5 3.5 3.8
50-59 3,207 (14.9) 19.4 20.2 3.2 3.1
>60 3,619 (16.8) 13.1 12.9 1.9 20
Missing data 376 (1.7)
Strata for sex 0.08 <0.001 0.11 <0.001
Male 7,545 (34.5) 21.6 20.9 3.6 3.5
Female 14,288 (65.5)  20.6 18.0 3.2 2.7
Missing data 37(0.1)
Education, university level or above <0.001 0.002 0.43 0.79
Yes 14,126 (64.6)  20.3 18.9 34 32
No 7,458 (34.1) 224 20.7 3.2 3.1
Missing data 286 (1.3)
Ethnicity <0.001 <0.001 <0.001 <0.001
Caucasian/White 9,222 (42.2) 22.0 19.7 4.0 3.6
Asian 9,023 (41.3) 177 16.9 1.4 1.5
African, Hispanic, and others 3,293 (15.1) 27.2 26.7 6.9 6.6
Missing data 332(1.5)
Abbreviation: DEBs, dream-enactment behaviours.
4. The STOP (Snoring, Tiredness, Observed apnea, high blood Pres- 2.4 | Statistical analysis

sure) questionnaire to screen for obstructive sleep apnea (OSA)
(Chung et al., 2021; Chung et al., 2008).

5. The Patient Health Questionnaire for Depression and Anxiety
(PHQ-4) to measure anxiety and depressive symptoms (Kroenke,
Spitzer, Williams, & Lowe, 2009).

6. A two-item self-report measure to evaluate post-traumatic stress
disorder (PTSD) symptoms (Lang et al., 2012).

7. Sense of smell was assessed by two questions. The first question
was “How do you rate your own sense of smell (olfactory sense)?”
and the seven responses were set and ranged from “extremely
good and sensitive” to “cannot smell almost anything.” The second
question asked about the sense of smell related to COVID-19. The

»

responses included: “no change,” “worse than before infection”,
“worsened and returned back”, “cannot smell almost anything.”
We classified the responses “worse than before infection” and
“cannot smell almost anything” as olfactory impairment.

8. Physical activity level was assessed by calculating weekly time spent
on doing walking, jogging or cycling, running, or others (i.e., swimming).
The options ranged from none to 4 h or more on a 5-point scale.

9. Other questions related to insomnia symptoms, sleep pattern, cir-
cadian preferences, and OSA symptoms were reported separately
(Chung et al., 2021; Frankl et al., 2021; Merikanto et al., 2021;
Morin et al., 2021).

The data of this study are presented as mean * standard deviation
(SD) if they fitted normal distribution or number (%) when appropri-
ate. Cases with missing data were excluded in the analyses. The data
were weighted by using the post-stratification weighting method.
The weighting index for age and sex was calculated separately based
on the age and sex distribution of the population in each country/
region (World Population Prospects 2019, United Nations, 2021),
and then multiplied together to get the weighting index for each
participant.

Chi-square tests were employed to test the difference in the
prevalence of lifetime DEBs and weekly DEBs among different
subgroups. To estimate the prevalence of DEBs across different
countries/regions, we conducted further meta-analysis. To explore
the correlates for DEBs, binary logistic regression models were fitted
with DEBs as the dependent variable and each single factor as inde-
pendent variables after adjusting for age and sex. As the score for
physical activity level was not validated, we put the four items into
the Principal Components Analysis to generate one score that repre-
sents the level of physical activities. To investigate the association of
COVID-19 symptoms with DEBs among COVID-19-positive partici-
pants, we used logistic regression models among participants
with COVID-19 diagnosis. The odds ratio (OR) and the related 95%
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FIGURE 1  Weighted (@) Prevalence of possible RBD

prevalence o.f possible and Effect size Weight

probable rapid eye movment sleep Study with 95% CI (%)

behaviour disorder (RBD) in

different countries/regions Austria i 0.17[0.14, 0.20] 6.77
Brazil —- 0.34[0.30, 0.37] 6.76
Canada L 3 0.23[0.21, 0.25] 6.98
Hong Kong, China - 0.19[0.15, 0.22] 6.73
Jilin, China E 3 0.06 [ 0.04, 0.08] 6.99
Finland B 0.19[0.15, 0.22] 6.58
France B 0.22[0.18, 0.25] 6.74

Germany —- 0.09[0.06, 0.12] 6.72
0.16 [ 0.12, 0.20] 6.65
Japan 0.18[0.17, 0.19] 7.11

Italy i
[ |
Norway - 0.21[0.17, 0.24] 6.68
_._

Poland 0.23[0.14, 0.31] 5.17
Sweden E = 0.11[0.08, 0.14] 6.77
UK |- 0.16[0.13, 0.19] 6.76
USA —— 0.27[0.23, 0.31] 6.58
Overall - 0.19[0.15, 0.22]

Heterogeneity: 7° = 0.00, I° = 96.24%, H® = 26.58
Test of 6, = 6;: Q(14) = 330.45, p = 0.00
Testof 6 =0:z=10.18, p=0.00

Random-effects REML model
(b) Prevalence of probable RBD
Effect size Weight
Study with 95% ClI (%)
Austria E 0.02[ 0.01, 0.03] 7.14
Brazil -l 0.04[ 0.03, 0.05] 7.08
Canada —- 0.07[ 0.06, 0.08] 7.02
China, Hong Kong —— 0.03[ 0.01, 0.04] 6.65
China, Jinlin E B 0.01[ 0.00, 0.02] 7.26
Finland —— 0.02[ 0.00, 0.04] 6.43
France - 0.04[ 0.03, 0.06] 6.76
Germany - 0.01[ 0.00, 0.02] 7.13
Italy 3 0.02[ 0.01, 0.02] 7.42
Japan [ | 0.01[ 0.01, 0.02] 7.59
Norway —— 0.04[ 0.02, 0.06] 6.49
Poland —a— 0.04[-0.00, 0.08] 4.07
Sweden B 0.02[ 0.01, 0.04] 6.79
UK —— 0.04[ 0.03, 0.06] 6.46
USA —— 0.10[ 0.08, 0.13] 5.70
Overall > 0.03[ 0.02, 0.05]
Heterogeneity: 7° = 0.00, I* = 94.57%, H* = 18.41
Test of 6, = 6;: Q(14) = 169.79, p = 0.00
Testof 6 =0: z=5.58, p = 0.00
0 05 K 15
Random-effects REML model
confidence interval (Cl) for each independent variable was calculated. We performed further sensitivity analysis after excluding data

We further performed the Holm's Sequential Bonferroni Procedure from Brazil and the USA, which had the highest prevalence of DEBs,
to deal with familywise error rates for multiple comparisons among respectively. All the analyses were performed using the Statistical
various COVID-19 symptoms. Package for the Social Sciences (SPSS) version 22.0 (IBM Corp.) and
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TABLE 2 Correlates of lifetime and weekly dream-enactment behaviours
Lifetime DEBs Weekly DEBs
Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR
Correlate (95% Cl) (95% CI)* (95% Cl) (95% CI)?

Among overall sample (n = 21,870)

1.50(1.38-1.63)***
1.25(1.17-1.34)***
1.04 (0.95-1.13)
1.07 (1.04-1.11)***
1.08 (1.03-1.14)**

Smoking weekly, yes versus no (
(
(
(
(

Among no restricted participants 1.03 (0.99-1.08)
(
(
(
(
(

Alcohol drinking weekly, yes versus no
Caffeine taking daily, yes versus no
Physical activity level

Among restricted participants

2.39 (1.86-3.07)***

1.16 (1.15-1.17)***

1.15(1.13-1.16)***

1.26 (1.25-1.28)***

1.74 (1.46-2.08)***

Among participants who reported having COVID-19 (n = 549)
COVID-19 severity

Olfactory impairment, yes versus no
PHQ-4 score

STOP score

PTSD score

COVID-19 diagnosis, yes versus no

Mild Reference
Moderate 1.01 (0.69-1.48)
Severe 1.17 (0.68-2.00)

Hospitalisation, yes versus no 1.72 (1.08-2.73)*

1.41 (1.30-1.53)***
1.28 (1.19-1.37)**
1.14 (1.04-1.24)**
1.03 (1.00-1.07)
1.05(1.01-1.11)*
1.00 (0.95-1.05)
2.09 (1.62-2.69)***
1.15(1.14-1.16)***
1.16 (1.15-1.18)***
1.25(1.23-1.27)***
1.66 (1.39-1.99)***

Reference
1.13(0.76-1.67)
1.28 (0.74-2.24)
1.77 (1.10-2.84)*

2.66(2.26-3.13)***
1.55(1.32-1.81)***
0.56 (0.47-0.67)***
1.42(1.33-1.52)***
143 (1.32-1.56)***
1.27 (1.13-1.42)***
4.96 (3.42-7.19)***
1.29 (1.27-1.32)***
1.28 (1.25-1.31)***
1.47 (1.43-1.52)***
2.92(2.16-3.94)"**

Reference

2.34(1.23-4.43)**
2.96 (1.34-6.54)**
3.00 (1.56-5.78)**

249 (2.11-2.94)***
1.54(1.31-1.82)***
0.60 (0.50-0.71)***
1.37 (1.28-1.47)***
1.42(1.30-1.55)***
1.20 (1.07-1.34)***
4.32 (2.97-6.28)"**
1.29 (1.27-1.32)***
1.30 (1.27-1.33)***
1.47 (1.43-1.52)***
2.79 (2.06-3.76)"**

Reference

3.04 (1.54-6.00)**
3.73 (1.61-8.64)**
3.10 (1.59-6.03)**

Abbreviations: ClI, confidence interval; COVID-19, coronavirus disease 2019; DEBs, dream-enactment behaviours; OR, odds ratio; PHQ, Patient Health
Questionnaire; PTSD, post-traumatic stress disorder; STOP, questionnaire for screening Snoring, Tired, Observed stop breathing, and high blood Pressure.

#Binary logistic model adjusted for age and sex.
*p < 0.05. **p < 0.01. ***p < 0.001.

Stata (StataCorp. 2021, Release 17). A two-tailed p < 0.05 was consid-
ered statistically significant.

3 | RESULTS

A total of 26,539 participants responded to the ICOSS survey. Among
them, 21,870 (82.2%) had complete data of DEBs and COVID-19
diagnosis. The participants with missing data were older (mean
[SD] age 42.7 [16.0] versus 41.6 [15.8] years, p < 0.001) and were
more often females (72.7% versus 65.5%, p < 0.001) than those with
valid data. The weighted prevalence of DEBs and weekly DEBs was
19.4% and 3.1% in the study sample, respectively (Table 1).

Age was inversely associated with the prevalence of both DEBs
and weekly DEBs (lifetime DEBs ranged from 25.2% in participants
aged 18-39 years to 12.9% in participants aged >60 years, p < 0.001;
and weekly DEBs ranged from 3.9% in those aged 18-39 to 2.0% in
those >60 years, p < 0.001). Male sex showed higher prevalence of
DEBs (20.9% versus 18.0%, p < 0.001) and weekly DEBs (3.5% versus
2.7%, p < 0.001) than female sex. Higher education level was associ-
ated with a lower prevalence of lifetime DEBs (university level: yes
18.9% versus no 20.7%, p < 0.001) but not weekly DEBs. Participants
who were African, Hispanic, and other ethnicities (26.7%) reported

the highest prevalence of lifetime DEBs, followed by Caucasian

(19.7%) and Asian (16.9%) participants (p < 0.001; Table 1). A similar
trend was found for weekly DEBs (6.6% versus 3.6% versus 1.5%,
p < 0.001; Table 1).

The prevalence of lifetime DEBs ranged from the lowest in Jilin,
China (6.1%) to the highest in Brazil (33.6%) and weekly DEBs ranged
from the lowest in Germany (1.1%) to the highest in the USA (10.1%).
The meta-analysis found a high value of > for both lifetime
(7 = 96.2%) and weekly DEBs (I? = 94.6%), suggesting a high degree
of heterogeneity for the prevalence of DEBs across different coun-
tries (Figure 1).

Weekly smoking and alcohol drinking were associated with higher
rate of both frequency of DEBs after adjusted for age and sex. The
ORs ranged from 1.28 to 2.66. Intriguingly, daily caffeine consumption
was found to be associated with higher rate of lifetime DEBs
(OR 1.14, 95% Cl 1.04-1.24) but lower rate of weekly DEBs (OR 0.60,
95% Cl 0.50-0.71). Physical activity level was not associated with life-
time DEBs; however, it was found to be positively associated with
weekly DEBs (OR 1.37,95% Cl 1.28-1.47).

In the overall sample of this study, 650 participants (3%) reported
having a diagnosis of COVID-19. COVID-19-positive cases were
younger than those without COVID-19 (mean [SD] age 42.6 [15.4]
versus 47.5 [18.0] years, p < 0.001). The prevalence of COVID-19
diagnosis decreased with age in the sample (3.4% among participants

aged 18-49 years; 2.5% among participants aged 50-59 years;
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TABLE 3 Association of coronavirus disease 2019 (COVID-19) symptoms with lifetime and weekly dream-enactment behaviours

Lifetime DEBs (n = 428)

Weekly DEBs (n = 428)

Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR
(95% Cl) (95% CI)? (95% Cl) (95% CI)?
Chills 2.71(1.62-4.53)**  3.31(1.94-5.64)**  8.54 (1.95-37.41)** 10.24 (2.31-45.33)**

Cough

Excessive sleepiness

Fatigue

Fever

Gastrointestinal symptoms (e.g., diarrhoea, stomach pain)
Headache

Loss of taste or smell

Muscle pain

Running nose

Shortness of breath or difficulty breathing

Sore throat

1.43(0.87-2.36)
1.85(1.07-3.20)
2.58(1.21-5.51)
1.83(1.04-3.23)
2.38(1.43-3.96)**
2.78 (1.56-4.98)**
2.47 (1.43-4.25)**
1.66 (0.97-2.86)
1.97 (1.24-3.13)*
2.25(1.39-3.66)**
2.17 (1.35-3.50)**

1.56 (0.93-2.59)
2.20(1.25-3.86)*
3.00 (1.38-6.50)**
2.26 (1.26-4.06)*
2.55(1.52-4.28)**
2.56 (1.42-4.61)**
2.73 (1.57-4.74)**
1.85(1.06-3.21)
(
(
(

3.32(1.06-10.45)
1.69 (0.65-4.44)
6.73 (0.74-61.46)
2.92(0.87-9.77)
8.88(1.98-39.81)**
3.19 (1.00-10.14)
3.23(1.02-8.99)
2.09 (0.73-5.98)
5.60 (1.80-17.42)**
12.66 (2.35-68.25)"*
9.20 (2.20-38.40)**

3.59 (1.13-11.36)
2.00 (0.75-5.33)
7.86 (0.85-72.42)
3.56 (1.04-12.11)
9.60 (2.13-43.22)**
3.02 (0.94-9.70)
3.27 (1.09-9.77)
2.23(0.77-6.45)
5.62(1.79-17.63)**
13.54 (2.50-73.26)**
9.78 (2.33-41.02)**

2.09 (1.30-3.35)**
2.36 (1.44-3.87)**
2.24 (1.38-3.63)**

Abbreviations: Cl, confidence interval; DEBs, dream-enactment behaviours; OR, odds ratio.

2Binary logistic model adjusted for age and sex.

Note: ***p < 0.001, **p < 0.01, and *p < 0.05 after adjustment by the Holm's Sequential Bonferroni Procedure for multiple comparisons.
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COVID-19 diagnosis
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FIGURE 2 Olfactory impairment among participants stratified by
coronavirus disease 2019 (COVID-19) status

and 1.7% among participants aged 260 years). There was no differ-
ence in the sex distribution between participants with and without
COVID-19. Participants with a COVID-19 diagnosis had higher rate of
lifetime DEBs (29.2% versus 19.0%; OR 1.66, 95% Cl 1.39-1.99) and
weekly DEBs (8.1% versus 2.9%; OR 2.79, 95% Cl 2.06-3.76) when
compared to those without a COVID-19 diagnosis. Among these
COVID-19 participants, their disease severity was as follows: 41.0%
were mild, 44.6% were moderate, and 14.3% were severe. There was
an increasing trend of weekly DEBs across the severity of COVID-19
from 6.3% in mild cases, 13.6% in moderate, and 16.7% in severe
cases (p for linear-by-linear association: 0.003). There was no signifi-
cant association between lifetime DEBs and severity of COVID-19.
Participants who were hospitalised had a higher rate of lifetime DEBs
(49.5% versus 27.4%, p < 0.001) and weekly DEBs (23.8% versus
7.8%, p<0.001) than participants who were not hospitalised
(Table 2).

Lifetime DEBs were significantly associated with almost all symp-
toms of COVID-19, even after performing correction for multiple
comparisons in the adjusted model (Table 3). However, only chills,
gastrointestinal symptoms, running rose, respiratory symptoms, and
sore throat were found to be significantly associated with weekly
DEBs after performing correction for multiple comparisons in the
adjusted model.

Among COVID-19-positive cases, 39.9% reported olfactory
impairment including 9.7% who felt worse than before, 7.8% who
reported loss of smell, and 22.4% reported transient worsening of
smell (Figure 2). However, among the general population partici-
pants who were free of COVID-19, only 9.3% reported olfactory
impairment (p < 0.001). When compared with participants with
normal olfaction, those with persistent olfaction impairments (sub-
jects felt worse than before or had loss of smell) had higher rate of
lifetime DEBs (35.7% versus 19.1%; OR 2.09, 95% CI 1.62-2.69)
and weekly DEBs (14.8% versus 2.9%; OR 4.32, 95% Cl 2.97-6.28;
Table 2).

3.1 | Sensitivity analyses

We performed sensitivity analysis after excluding data from Brazil for
lifetime DEBs and the USA for weekly DEBs, as they had the highest
prevalence of lifetime DEBs and weekly DEBs, respectively. Similar to
the results in the full sample, meta-analysis still found high heteroge-
neity of prevalence of lifetime (> = 94.5%) and weekly DEBs
(? = 90.7%) among the remaining countries/regions. Binary logistic
regression revealed a significant association between either lifetime
or weekly DEBs and life-style factors, COVID-19 diagnosis, olfactory
impairment, and higher scores on the PHQ-4, STOP, and PTSD
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questionnaires (Table S1). However, COVID-19 severity was not asso-
ciated with weekly DEBs.

4 | DISCUSSION

This large-scale international online survey found that DEBs were
quite prevalent in the general population during the COVID-19 pan-
demic and were associated with factors including male sex, life-style
factors, olfactory impairment, depression and anxiety symptoms, OSA
symptoms, and PTSD symptoms. In particular, we found that COVID-
19 diagnosis was associated with increased prevalence of DEBs.
Moreover, COVID-19-related symptoms including chills, gastrointesti-
nal symptomes, loss of taste and smell, running rose, respiratory symp-
toms and sore throat were significantly associated with DEBs. As one
of the core symptoms of RBD, recurrent DEBs in a large-scale epide-
miological study may signify the potential occurrence of idiopathic/
isolated RBD. In this regard, the finding of co-occurrence of olfactory
impairment and gastrointestinal symptoms with DEBs in our study
replicated some previously known neurodegenerative and epidemio-
logical correlates of idiopathic/isolated RBD in general population
studies (Haba-Rubio et al., 2018; Ma et al., 2017; Yao et al., 2018).
Although our findings of the association of DEBs and COVID-19 were
novel, there is a need to investigate the association further, especially
with the need for confirmatory polysomnographic studies in future.

When compared to previous studies, the prevalence of DEBs in
the general population was strikingly high during the COVID-19 pan-
demic. With various assessment tools, several previous epidemiologi-
cal studies have revealed that the prevalence of DEBs in the general
population ranged from 2.7% to 18.4% (Haba-Rubio et al., 2018; Ma
et al., 2017). Compared to studies that have employed the identical
screening questionnaire as in our survey, the prevalence of DEBs in
the present ICOSS survey was almost 2-4-times higher than that of
previous studies (ranged from 4.9% (Yao et al, 2018) to 9.9%
(Shprecher et al., 2020) in previous research).

Several explanations may address the high prevalence of DEBs
among the general population during the COVID-19 pandemic. Firstly,
a high proportion of these screened-positive cases may likely turn out
to be false-positive cases for RBD (pseudo-RBD), as the apparent
DEB features might be mimicked by OSA (Iranzo & Santamaria, 2005),
and the risk of OSA was found to be increased during the COVID-19
pandemic (Chung et al., 2021). Additionally, other parasomnias and
sleep-related movement disorders, such as nightmare disorder and
periodic limb movement disorder, may be mis-recognised as RBD
symptoms, as these sleep disorders are difficult to differentiate from
RBD by the screening question (Bjorvatn, Gronli, & Pallesen, 2010).

We noted that the global population was suffering from a rela-
tively high level of anxiety, depression, and PTSD symptoms during
the COVID-19 pandemic (Morin et al., 2021; Salari et al., 2020), which
might have been associated with an abundance of distress that may
culminate into the development of parasomnia (Barone, 2020). Previ-
ous studies suggested that parasomnia including RBD is common

among the psychiatric population (Lam, Fong, Ho, Yu, & Wing, 2008;

Wang et al., 2021). Traumatic events and PTSD have been reported
to increase the odds of RBD (Elliott et al., 2020) and a global pan-
demic could be considered as a such. Additionally, several epidemio-
logical studies found that PTSD was associated with DEBs in the
general population (Ma et al., 2017; Yao et al,, 2018). In fact, a tran-
sient form of RBD has been proposed to be related to a series of
acute conditions including central nervous system diseases
(e.g., encephalitis), drug consumption or alcohol withdrawal, and also
possibly PTSD (Manni, Ratti, & Terzaghi, 2011).

A rather unexpected finding of the association of DEB with youn-
ger age is in contrast to the finding that increasing age is a risk factor
for RBD (Zhang et al., 2022). In other words, there will be a distinct
possibility that this young age group may suffer from DEB-like epi-
sodes related to non-REM (NREM) parasomnia during the COVID-19
pandemic. In a series of 43 patients with sleepwalking and sleep ter-
rors at a mean age of 26 years, short unpleasant dream-like menta-
tions could occur during NREM parasomnia (Oudiette et al., 2009). In
addition, almost two-thirds (62.8%) of patients reported at least one
incidence of recalling mental content during the episode. Thus, in our
present study, dream-like mentations during NREM episodes may
have been misclassified as DEBs as based on a single-question screen
assessment. Uguccioni et al. (2013) also postulated that different
threat simulations may contribute to different types of parasomnia
(i.e., natural disaster for NREM parasomnia versus human or animal
aggression for REM parasomnia). It is possible that the catastrophic
nature of the COVID-19 pandemic might enhance the distress and
sleep disruption that will contribute to the dream-like mentation in
the NREM parasomnia of young subjects. (Uguccioni et al., 2013;
Merikanto et al., 2021; Morin et al., 2021).

Interestingly, DEBs were associated with a higher level of physical
activity in our study. The lockdown or restriction during pandemic may
potentially alter the physical activity pattern of participants and the pos-
sibility of reverse causality could not be excluded (Bu, Bone, Mitchell,
Steptoe, & Fancourt, 2021). Nonetheless, most of the factors associated
with DEBs of the present ICOSS study were consistent with previous
general population studies, including male sex (Yao et al., 2018), smoking
(Shrestha et al, 2018; Yao et al, 2018), alcohol consumption (Ma
et al,, 2017; Shprecher et al., 2020; Yao et al., 2018), olfactory impair-
ment (Ma et al., 2017; Shprecher, Zhang, Halverson, & Savica, 2019;
Shrestha et al., 2018), and mood and PTSD symptoms (Ma et al., 2017;
Mahlknecht et al., 2015; Yao et al., 2018; Wang et al., 2021).

It is also worth noting that DEBs can be associated with narcolepsy,
a sleep disorder characterised by excessive daytime sleepiness and which
increased following the 2009 H1N1 flu pandemic (Han et al., 2011).
Whether COVID-19 and related vaccines will increase the incidence of

narcolepsy remains unknown and deserves further investigation.

4.1 | Limitations
Like other online surveys, a response bias is worth noting. There was
a large proportion of younger and female responders. Thus, we

applied a weighting method in the statistical analyses. Nevertheless,
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the older adult subjects or the patients with COVID-19 with more
severe symptoms may have less accessibility to the internet or be less
capable of completing an online survey. Although this study included
>20,000 participants, it was still underpowered to analyse the associa-
tion between DEBs and COVID-19 symptoms, as the number of cases
with both conditions was limited. Additionally, we did not explore the
chronological relationship between DEBs and COVID-19. Thus,
whether COVID-19 led to the increase of DEBs or vice versa will need
further investigation. In addition, the diagnosis and severity of
COVID-19 was based on self-report, which might lead to potential
reporting bias. Finally, we only employed one screening question to
assess lifetime DEB (RBD-like) symptoms without further information
about age-onset of the symptom. DEB could also be related to other
conditions that were not addressed in our study, i.e., other para-
somnias, synucleinopathies, certain medications, and withdrawal of

alcohol or drugs.

4.2 | Future research directions

Firstly, there is a need for further larger scale studies of COVID-19
cases, especially among those with long COVID to determine whether
DEBs are transient or may have a tardive onset and most importantly,
their future neurodegenerative predisposition. Secondly, emerging
evidence suggests the occurrence of a complex neuropsychiatric syn-
drome after SARS-Cov-2 infection (Li et al., 2020). Multidisciplinary
collaboration is needed to longitudinally follow-up these COVID-
19-confirmed cases to have deeper insight into the pathophysiology

of the long-term impact on the nervous system.

5 | CONCLUSIONS

Dream-enactment behaviours are quite common during the COVID-19
pandemic in the general population, and are associated with olfactory
impairment, mood, PTSD, and OSA symptoms. COVID-19 survivors
reported a 2-3-times higher risk of experiencing DEBs, especially among
those with olfactory dysfunction and gastrointestinal symptoms. Further
studies with a larger sample size of COVID-19-positive cases are warranted

to investigate the potential neurodegenerative effect of long COVID.
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