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I read with interest the article by Goyal et al. [1]. I would 
like to suggest adding some useful points to their core con-
clusion to provide a consolidated overview for future mecha-
nistic and comparative studies.

Authors concluded that abnormal EEG waves are very 
commonly seen in COVID-19 survivors and that presence 
of such abnormal PSG-EEG waves suggests that COVID-
19 might have similar effects as depression, insomnia on 
COVID-19 survivors, at least in short run. As they have cor-
rectly suggested, to find out whether these changes are tem-
porary or permanent (and/or reversible), needs to be evalu-
ated by performing serial polysomnographies in patients 
with COVID-19.

Here, it is crucial to notice the unrecognized role of face 
masks and their potential confounding effect on sleep studies 
and brain EEG patterns. Face mask wearing during COVID-
19 can impede/impair the yawning behavior in many ways 
[2]. Face masks can, for instance, impede mandible jaw 
movement in a physical manner and totally/partially obscure 
visibility of jaw movement during physiologic activities such 
as yawning and thereby can additionally inhibit contagious 
yawning in community settings through impairment of both 
face and emotion recognition [2, 3]. Face masks may exert 
bias through other pathways. For instance they can further 
induce hypoxia and hypercapnia [4], which in turn, drasti-
cally alters brain EEG patterns [5], just to mention a few.

I argue that this very issue can substantially bias all sleep-
related studies carried out during or after the COVID-19 
pandemic.

Both ontogenetically and phylogenetically, there is a piv-
otal link between yawning and REM sleep. A parallel curve 
has been demonstrated the similitude of the evolution of 
yawn's frequency and the amount of REM sleep [6]. Also, 
yawning rhythm changes the EEG [6–8]. For instance, yaw-
ing substantially alters sleep EEG slow wave activity [8]. In 
an experiment, people complaining of excessive sleepiness 
were spontaneously yawning while trying to stay awake in a 
quiet and darkened room. Yawning bouts were preceded and 
followed by a meaningful greater delta activity in EEG than 
movements. After yawning, alpha rhythms were reported to 
be significantly attenuated, decelerated, and shifted toward 
central brain regions [7].

These comments apply not only to the paper by Goyal 
et al. [1] but more generally to “all” studies investigating 
sleep studies since the appearance of COVID-19. A full cita-
tion of all the publications and all the pathways and mecha-
nisms by which altered yawning rhythm may confound sleep 
studies are beyond the scope of this letter, due to the space 
limits, but can be made available by the author on request.

• I take this opportunity to introduce, for the first time, a 
hidden bias during COVID-19 pandemic entitled “Yawn-
ing- Induced Bias” in sleep studies (such as those dealing 
with sleep EEG, sleep duration, sleep quality, hypersom-
nolence, etc.).

• To control for such a confounding effect, I further suggest 
that there is an urgent need to revisit threshold-free clus-
ter enhancement and polysomnography methods during 
settings/events, whenever/wherever yawning behavior is 
altered due to any reason (including but not limited to 
face mask wearing).

Therefore, if COVID-19 is over, and once face mask 
wearing is abandoned, the situation before, vs. post 
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COVID-19 pandemic will not be the same. Future (com-
parative and/or mechanistic) studies aiming to evaluate sleep 
EEG signatures by performing serial polysomnographies (or 
any other measures) in patients with COVID-19 should take 
this game-changing bias into account.
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