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Yawning and its physiological significance
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ABSTRACT

Although yawning is a commonly witnessed human behavior, yet it has not been taught in much detail in medical schools
because, until the date, no particular physiological significance has been associated with it. It is characterized by opening up of :
mouth which is accompanied by a long inspiration, with a brief interruption of ventilation and followed by a short expiration.
Since time immemorial, yawning has been associated with drowsiness and boredom. However, this age old belief is all set to
change as the results of some newer studies have pointed out that yawning might be a way by which our body is trying to
accomplish some more meaningful goals. In this review, we have tried to put together some of the important functions that
have been proposed by a few authors, with the hope that this article will stimulate the interest of newer researchers in this

hitherto unexplored field.
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INTRODUCTION

Yawning consists of an involuntary wide opening of mouth
with maximal widening of jaw, together with a long and deep
inhalation through the mouth and nose, followed by a slow
expiration, associated with a feeling of comfort. The average
duration of the yawn is 5 s.I'l Additionally, stretching of the
limbs also frequently accompanies yawning in humans.™
Yawning has long been thought to be a sign of boredom and
is commonly interpreted as disrespectful when carried out in
the presence of others. It is also contagious as seeing, hearing,
reading or even thinking about yawning can trigger yawns.P!

Remarkably little interest has been paid to yawning in research,
even though it is an everyday phenomenon."! Modern science
is still on the lookout for a complete explanation of the
mechanisms and the purpose which yawning accomplishes,and
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the debate about its usefulness is still ongoing.”) Through this
review, we have tried to give a brief insight into the various
theories that have been proposed by different authors
world-wide, so as to explain the possible physiological
significance of this seemingly useless act.

YAWNING AND AROUSAL

Evidence suggests that drowsiness is the most common
stimulus of yawn. Boredom occurs when the main source
of stimulation in a person’s environment is no longer able
to sustain their attention. This induces drowsiness by :
stimulating the sleep generating system. At this moment, :
the mind has to make an effort to maintain contact with :
the external environment.l" Vick and Paukner! observed
the yawning pattern variations in a group of || captive
chimpanzees with respect to their daily activities. It was
seen that while the majority of the yawns were displayed :
in close proximity to some sort of activity (e.g., play bouts, :
feeding, sexual contexts, etc.), only a few were connected :
to sleepiness (e.g., just before sleeping or immediately upon
awakening). A major limitation of this study which might
affect the yawning rates and patterns might have been the
presence of human observers in close proximity to the
primates.

Various studies have indicated an increase in arousal level
after yawning as reflected by a significant change in the
various physiological variables. Corey et al.”! investigated the
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physiological effect of yawning in a group of 48 students (mean
age 18.94 £ 1.51 years) and found that there was a significant
rise in the heart rate at the peak of yawning (P < 0.001),
10 s post-yawning (P=0.002) and |5 s post-yawning (P < 0.001)
as compared to baseline values. It was also reported that this
rise in heart rate lasted atleast until 5 s since there was no
significant difference in the heart rates at the peak of yawning
and at 5 s post-yawning (P = 0.049).A significant increase was
also seen in the skin conductance, at the peak of yawning
and at 5 s post-yawning intervals as compared to baseline
levels (P < 0.01). Barry et al®! examined the effect of single
oral dose of caffeine on resting state arousal levels in a group
of 18 healthy university students (mean age 2| years) and
reported that caffeine intake resulted in a significant increase
in the skin conductance levels and frequency of alpha waves of
electroencephalogram.These results were found to be similar
to those obtained in yawning subjects, by other researchers.
Since caffeine is a well-known stimulant of the nervous system,
thus it was argued that yawning, like caffeine, might also play a
role in arousal reflex of brain.

The arousal occurring after yawning is being considered to be
due to the mechanical stimulation of carotid body.The strategic
location of this structure results in its stimulation due to the
compressions and movements caused by yawning.The carotid
bodies are highly vascularized, and their compressions may
thus affect their shunt system, thereby leading to release
of hormones such as adenosine and catecholamines, which
subsequently mediate the arousal response.!

More frequent yawning is associated with viewing uninteresting
repetitive stimuli rather than viewing interesting stimuli.l'”
Majority of the yawning episodes have been recorded during
activities requiring minimal interaction, such as attending
lectures, studying, driving,and watching television.The opposite
has been reported with activities that are of a faster and
more interactive nature, such as cooking, cleaning, washing,
and talking. This further supports the notion that yawning
sub-serves arousal and is implicated in higher brain activation
following yawn episodes.!'!]

YAWNING AND BRAIN COOLING

Recently, another physiological function of yawning has been
proposed, that is, it regulates the temperature of the brain.
It has been postulated that yawning might “cool” down the
brain when its temperature increases.['” An evidence for this
proposition comes from a research in which the prelimbic
cortical brain temperature recordings were continuously
monitored in rats (Rattus Norvegicus) during the 3 min prior
to and following a yawn, it was seen that cortical temperatures
were significantly raised until the onset of yawn, followed by

a significant fall and return to baseline in the next 3 min after
yawning.[']

In addition, studies in both animal and human models
provide a growing evidence that yawning occurs before,
during and after instances of abnormal thermoregulation,
heat stress and hyperthermia. One of this studies!'* was
carried out in parakeets (Melopsittacus undulatus), who were
chosen due to their relatively large brain size. In this, the
authors observed that a rise in the ambient temperature
was associated with a significant increase in the incidence of
yawning. Additionally, yawning also became more frequent as
the ambient temperature rose to within 0.5°C of the parakeet
body temperature, indicating the occurrence of a breech in the
thermal homeostasis at this point.Accordingly, it was proposed
that temperature has a decisive role in yawning. However,
a leading concern was the presence of some uncontrolled
factors, such as the differences in the individual drowsiness
levels of parakeets,as well as an absence of a direct comparison
with controls, both of which might have affected the outcome
of the study.

The effect of alteration of the brain temperature on the
frequency of contagious yawns was investigated by Gallup and
Gallup.I'"! In a separate study in which they induced yawning
in the subjects by showing them videos of yawning persons.
The effect of placing a warm pack or an ice pack on the
foreheads of these subjects on their yawning frequency was
also noted simultaneously. It was observed that the cold pack
was associated with a decrease in contagious yawning while
the warm pack increased the frequency of yawning. This was
interpreted as evidence of the role of brain thermoregulatory
mechanism in the genesis of yawning. However, this experiment
did not control the confounding factors. For instance, having
an ice pack on one’s forehead might itself be responsible for
the arousal effect while a warm pack would tend to induce
relaxation and drowsiness.Thus, it is not possible to distinctly
distinguish between the effects of temperature and sleepiness
in this study.

The physiological consequences of yawning are analogous to
those which are needed to effectively cool the brain, such
as increase in the peripheral and cerebral blood flow.!['®!”]
The contraction and relaxation of facial muscles during a
yawn, increases the facial blood flow which subsequently
aids in dissipation of heat through emissary veins.The gaping
of mouth and deep inhalation of cool air during a yawn also
alters the temperature of blood going from the lungs to the
brain via convection.Tearing from the eyes, which some people
experience, at the peak of yawn may likewise play a role in
dissipation of heat from skull.['¥
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Patients with clinical disorders such as multiple sclerosis,
epilepsy, migraine, stress, anxiety, head trauma, and stroke
experience excessive yawning which is followed by temporary
cessation of their symptoms.This is because these conditions
lead to an increase in the body core temperature, thereby
resulting in abnormal thermoregulation, which the body then
tries to correct transiently by way of yawning.['822

YAWNING AND SOCIAL EMPATHY

Yawning has a well-known contagious effect in humans and
this effect is now frequently used to induce yawning for
research purposes. The susceptibility to contagious yawning
correlates with empathic skills in healthy humans.[?*Various
clinical, psychological and neurological clues link the yawn
contagion with empathy. Millen and Anderson®! conducted a
two part study on infants and preschool children to investigate
whether they also showed susceptibility to contagious yawning
like older children and adults or not. In the first part of the
study, 20 mothers were asked to record the occurrence,
time, and context of every yawn that occurred in their
children (aged 6-34 months) on a logbook, over a | week
period. A total of eight logs were returned and analyzed.
It was observed that the most common context of yawns
was on awakening after morning or afternoon naps (31.7%).
Furthermore, none of the mothers made any reference to any
possible contagious yawning episode. In the second part of
study, 22 infants and toddlers were observed for contagious
yawning while viewing the video clips of their yawning
mothers. These clips were inserted within a series of images
of unfamiliar individuals who were either smiling or yawning.
It was seen that 16 children did not yawn at all throughout
the entire study, while two children yawned once during the
presentation and the rest of the four children yawned once,
post-presentation. On the basis of these observations, the
authors proposed that infants and preschool children appear
largely immune to contagious yawning, even if the stimulus is
an emotionally significant one.This is in marked contrast to
older children and adults. The small data group analyzed was
recognized as a major limitation in this study by the authors.
The latter also maintain that some discrepancies might also
have arisen if the parents may have missed some of their
child’s yawns. Therefore, contagious yawning can be induced
in children only after 4-5 years of age, as below this age group,
the neural mechanisms required to understand the mental
state of others are still under development.l]

Extensive evidence indicates that the susceptibility of contagious
yawning is reduced in patients who are suffering from disorders
that affect the ability of social interaction. Haker and Rossler”!
investigated the changes in yawning patterns in a group of 43
schizophrenic outpatients, after presenting them with video
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sequences of yawning, laughter,and neutral faces. On comparing
the results with those obtained in an age and sex matched
group of healthy controls, they observed that schizophrenic
individuals showed significantly lower contagion rates for
yawning as well as laughter. Similarly, in another study carried
out by Senju et al.?® analysis of yawning patterns was carried
out in a group of 24 children with autism spectrum disorder
and results were compared with a control group of 25 healthy
children. Both groups were observed closely while viewing
yawning videos or control video clips (of mouth opening)
in a random sequence. It was observed that yawning videos
induced lesser yawns in autistic children as compared to healthy
ones (P=0.01),but the control video clips showed no significant
difference between the two groups in the no.of yawns (P> 0.1).
Also,in the healthy children,yawning videos elicited more yawns
as compared to control videos (P = 0.038) while children with
autism did not show any significant difference between yawning
and control videos (P> 0.1).

Different neuroimaging studies also support the empathic basis
of contagious yawning. Significantly higher functional magnetic
resonance imaging activations in response to contagious
yawning have been observed in posterior cingulated area,*¥
bilateral superior temporal sulcus®! or venteromedial
prefrontal cortex.®% Although all these areas are divergent,
but they seem to be a part of a distributed neural network
related to empathy and social behavior.¢!

Recently, the mirror neuron system of the brain,a collection of
neurons in the right posterior inferior frontal gyrus has been
suggested to be involved in contagious yawning.?**l Mirror
neurons are considered to be important for perception and
understanding of motor actions, which is a pre-requisite for
“true-imitation,” that is, the exact copying of a goal directed
behavior.??

The results of a study conducted by Norscia and Palagi®®! have
provided evidence for the fact that the social bond associated
with empathy affects the yawn contagion in humans in terms
of occurrence, frequency and latency. In this study, a total
of 109 adults (>16 year old) of various nationalities, were
observed closely in their natural settings (e.g., in workplaces,
restaurants, etc.). All the yawns that were triggered by a
person (yawner) and by the potential responder (observer)
who was in possible audio/visual contact with the yawner were
recorded. A total of 613 bouts of yawning were observed,
out of which only 480 were analyzed, since only they could
be definitely assigned as being triggered in an observer by a
specific audio-visual contact with a yawner, within a 3 min
time slot. It was seen that the social bond had a strong
significant effect on yawn contagion (P < 0.001) since the
latter showed a definitive empathic gradient, increasing from
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strangers <acquaintances <close friends <kin.The importance
of the social bond in shaping the yawn contagion demonstrates
that empathy and yawning are strongly correlated.

The link between empathy and contagious yawning is further
supported by the data collected by Campbell and de Waal.?¥
In this study, 23 adult chimpanzees were observed for
contagious yawning while viewing the videos of yawning and
control movements of the mouth of ingroup (same species)
or outgroup (different species, i.e., humans) individuals. The
ingroup videos were shown before the outgroup videos to
all the subjects. It was ensured that all the subjects paid
similar attention to both types of videos. Each chimpanzee
was exposed to the videos for a total of 20 min on one or
more days, depending upon his interest and cooperativeness,
to eliminate the effect of stress. Also, none of the test
subjects were able to see the other chimpanzees while
viewing the videos. It was observed that the subjects yawned
more frequently in response to ingroup yawn videos than to
ingroup control videos (P = 0.002) while no difference was
observed in the rate of yawning between the outgroup yawn
and control videos (P = 0.175).Also, the yawning response
was more to the ingroup yawn video as compared to the
outgroup yawn video (P =0.012). Even though, the authors
do maintain that their results suggest a possible relationship
between yawning and empathy, yet they also admit a few
limitations of their study. One of these is the smaller size
of the study sample and the other might be attributed to
the social behavior of the chimpanzees’, that is, even though
there are only chimpanzees in the ingroup videos, yet even
these “ingroup individuals” might actually be recognized as
“outgroup individuals,” especially if the chimpanzees in the
videos and the ones being tested belong to separate groups.
This may be due to the fact these animals are territorial
and form small coteries, which are aggressive to neighboring
ones. Such a kind of behavior is absent in humans since
the latter do not always view strangers as belonging to an
outgroup.

It is thus concluded that yawning may be a part of action
repertoire of empathic and communicative processes in adult
humans and some other mammals which provide for a strong
social role of yawns in these species.!'?

YAWNING AND EAR PRESSURE

Yawning relieves the ear discomfort and hearing problems
that are commonly experienced by people during rapid
altitude changes in airplanes and elevators. This is achieved
by opening of the eustachian tubes due to the contraction
and relaxation of tensor tympani and stapedius muscles.This

observation has led to another proposition that yawning
might actually serve as a “defence reflex” of the ear, which
is triggered either by rapid altitude changes or by other
conditions that lead to trapping of air in the middle ear,
and is helpful in equalising the air pressure in the middle
ear with the outside air pressure. An crucial experimental
evidence that provides support to the above proposition
comes from the work of Winther et al.®*! In this study,
a contrast dye kept at the nasopharyngeal orifice of the
eustachian tube was found to reflux into the middle ear
cavity, in four out of a total of six healthy volunteers, during
yawning. The contrast material was detected in middle-ear
by computerized tomographic scan of the temporal bone.

However, since the eustachian tube can also be opened by
swallowing andValsalva manoeuvre, thus yawning, by itself, does
not appear to offer an indispensable evolutionary advantage
of releasing middle ear pressure.The latter effect thus does
not seem to be the primary purpose of yawning.!'Z

YAWNING AND BRAIN HyrPoxI1A

For the past several centuries, a commonly held notion
associated with yawning is that it is triggered when blood or
brain oxygenation is insufficient, that is, when oxygen (O,)
levels decrease and carbon dioxide (CO,) concentration rises.
Yawning is thought to remove “bad air” from the lungs and
increase O, circulation in the brain.B]

However, this belief has been discarded in wake of the
results of a recent study in which the yawning frequency was
unaffected in subjects who breathed air mixtures containing
either more than normal CO, or even pure O,.F”]

CONCLUSION

In 1986, Provine, the pioneer of yawning research wrote that
“Yawning may have the dubious distinction of being the least
understood, common human behavior’ Today, more than
20 years later, this may well still be the scenario as we are yet
to find a definitive solution to this age old conundrum.

Yawning research is intriguing because the ubiquity of this
phenomenon across most of the vertebrate classes and even in
a 20 week old human fetus,”! suggest that considering it merely
as an act of boredom and drowsiness is unjustified and that
it may have a definitive underlying physiological importance
which needs to be meticulously explored. However, till we
get a conclusive answer, it is safe to assume that yawning
could represent a para-linguistic signal that may have multiple
functional outcomes across various species.
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