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ABSTRACT 

Numerous theories as to why we yawn have been ad-
vanced, but yawning appears to be a complex phe-
nomenon that is difficult to study. The physiology of 
yawning with its sharp chest inhalation, along with its 
contagious nature, can be explained by an arousal 
theory, that is, yawning promotes vigilance and alert- 
ness within a group that overrides a drive to sleep. 
Other theories of yawning, such as brain thermo-
regulation, are not necessarily excluded by the arou- 
sal theory but may be the results of yawning rather 
than its cause.  
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1. INTRODUCTION 

Yawning is universal, yet its function remains unclear. It 
is known to occur in both humans and some vertebrates, 
such as dogs, cats, and chimpanzees. Yawning has been 
observed in utero [1] and at all stages of human life, but 
contagious yawning does not occur until approximately 
after age five [2]. There have been a variety of theories 
advanced about the purpose of yawning. Hippocrates 
suggested that yawning expelled “bad air”, replacing it 
with good, which may have evolved over time into the 
hypoxia theory. Contemporary culture associates yawn- 
ing with boredom or fatigue. More recently, an arousal 
theory of yawning has been proposed, suggesting that 
yawning is an adaptive tool for maintaining alertness 
when fatigue sets in. While the final verdict on the phy- 
siological meaning of yawning is not in, I am writing in 
support of the arousal theory of yawning. 

2. PHYSIOLOGY OF YAWNING 

Yawning involves a forceful chest and diaphragmal ex- 
tension with an open mouth and downward-depressed 
tongue; a deep inhalation is followed by a brief period of 
apnea and then exhalation. The forced chest inhalation is 

the main physiological reason for yawning (Figure 1). 
Relaxed breathing in humans and vertebrates involves 
deep diaphragmal-type breathing, while chest breathing 
is associated with increased arousal and anxiety. Thus, 
yawning is similar to the chest-breathing patterns associ-
ated with the flight-or-fight response. The suppression of 
intercostal muscle function during anesthesia eliminates 
yawning. The interaction of rib cage and diaphragm con-
tributes to both wakefulness, on the one hand, and seda-
tion, on the other [3]. 

3. NEUROLOGICAL CHANGES 

Dopamine agonists which increase arousal are known to 
also provoke yawning [5]. Food and drugs can activate 
the brain’s dopamine system; sucrose administered to 
Sprague-Dawley rats caused a sensitivity to dopamine 
D3 and increased yawning [6]. Exogenous dopamine sti- 
mulation is associated with distress, so endogenous do-
pamine production could very well trigger the alert sys- 
tem. 

 

 

Figure 1. Physiological changes during a yawn include increa- 
ses in lung volume (at onset of yawn), closing of eyes, increa- 
sed facial temperature during the yawn, elevated heart rate at 
inhalation, and decreased respiratory rate 10 seconds after onset 
of the yawn (a typical yawn lasts six seconds) [4]. 
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However, sedating agents, such as opiates, induce 
yawning as well [7]. Yawning is a commonly observed 
sign during opiate withdrawal [8,9]. Yawning is associa- 
ted with neurotransmitters and neuropeptides at the cen- 
tral level, including adrenocorticotropin, alpha-melano- 
cyte, acetylcholine, dopamine, serotonin, excitatory amino 
acids, oxytocin, gamma-amminobutryric acid (GABA) 
and opioid peptides [10]. In a study of rats, the injection 
of 80 ng oxytocin into the caudal part of the ventral teg-
mental area, the hippocampal ventral subiculum, and the 
posteromedial nucleus of the amygdala (PMCo) resulted 
in yawning and an increased concentration of extracellu-
lar dopamine and its main metabolite (3,4-dihydroxy- 
phenylacetic acid or DOPAC) [10]. These are three areas 
of the brain containing oxytocin nerve endings and oxy-
tocin receptors. When oxytocin was injected outside of 
these specific brain areas, yawning did not occur. The 
mechanism behind this is unknown. 

Yawning is a side effect of certain selective serotonin 
reuptake inhibitors (SSRIs), and since serotonin is a va- 
soactive compound that, among other things, regulates 
blood flow to the skin and body temperatures, it has been 
speculated that elevated serotonin levels corresponding 
to increased core and brain temperatures could trigger 
yawning which, in turn, would lower brain temperature 
(thermoregulatory theory) [11]. 

Increased yawning has also been observed during 
ethanol withdrawal. In those cases, it has been thought 
that yawning is caused by altered central neurotransmit- 
ters [12]. Actually, yawning is common in several neuro- 
logical disorders, suggesting the possibility of common 
neurological pathways or mechanisms. Yawning is con-
sidered to be a symptom of multiple sclerosis, stroke, 
Parkinson’s disease, and Alzheimer’s disease, all condi- 
tions associated with inhibited brain function. Yawning 
may be the only mechanism that counteracts this brain 
inhibition, increasing arousal (Figure 2). 

In popular culture, yawning has been linked to fatigue. 
Based on these observations, it has been proposed that 
yawning may be associated with elevated levels of serum 
cortisol, which would naturally occur during periods of 
fatigue, stress, and with certain neurological disorders. It 
has been put forth that the humble yawn may be a pro- 
tective indicator of neurological dysfunction [13]. Map- 
ping of the neural network during a yawn could shed  

 

 

Figure 2. The desire to emerge from inhibited brain function 
provokes a sharp chest inhalation (yawn) and temporarily in-
creases alertness. 

light on the potential neurological role of the yawn. Fur- 
ther, the literature suggests that pathological yawning 
might result in brain stem ischemia [14], or that there is a 
causal relationship between brain stem lesion and patho- 
logical yawning [15]. Thus, excessive yawning might be 
an early sign of brain stem infarction. 

Frequent yawning can be a distressing behavior, but 
there is currently no evidence-based treatment. A case 
study from the literature found that beta-blockade with 
propranolol decreased yawning [16]. The author of this 
study speculates in this case study that propranolol pre-
vented stress-induced elevations in body temperature and 
that yawning served a thermoregulatory purpose. 

While much remains to be learned about neurological 
changes and yawning, these are likely not the root cause 
of the yawn. 

4. HYPOXIA 

Although it is widely held in lay circles that yawning 
serves to increase oxygen intake or provide better equi- 
librium between oxygen inhalation and carbon dioxide 
exhalation, there is no convincing evidence for this the- 
ory [17]. In fact, it must be conceded that breathing and 
yawning function by different mechanisms [18].  

5. THERMOREGULATION  

A thermoregulation hypothesis about yawning speculates 
that the purpose of yawning is to cool the brain [19]. 
According to this theory, an increase in brain tempera- 
ture triggers a yawn and the physiological actions of the 
yawn, in turn, promote a return to thermal homeostasis 
[4]. Cortical temperatures in rats three minutes before 
and then three minutes after a yawn show a significant 
increase and decrease in brain temperature [19]. No cor- 
responding studies in humans appear in the literature. On 
the other hand, arterial blood supplying the brain is 
cooler than the temperature of the brain during neuronal 
activity [20]. With elevated cardiac activity during the 
yawn, more cool arterial blood could be pumped into the 
brain [4]. 

The thermoregulatory theory of yawning is intriguing, 
but has been disputed [21]. In a case study of a woman 
who suffered debilitating attacks of yawning (which she 
could anticipate), the subject recorded her body tempe- 
rature before and after yawning episodes and found a 
significant drop in body temperature following nine out 
of ten bouts of yawning (p = 0.02) [22]. Although this 
was anecdotal, she was able to document a modest but 
statistically significant decrease in her body temperature 
(average temperature at start of attack was 37.5˚C versus 
37.1˚C after the attack, p = 0.03). The scientific validity 
of this case report was challenged for its subjectivity, the 
inability to rule out other health issues, and the fact that a 
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decrease in body temperature does not necessarily result 
in a decrease in brain temperature [23]. This controversy 
continues in the literature [24].  

If yawning serves a thermoregulatory function, it has 
been argued that the thermoregulatory benefits of yawn- 
ing would depend on the temperature of the ambient air. 
Yawning in a hot climate would offer little to no brain- 
cooling benefit. Experimental studies in animals have 
shown that ambient temperature changes alone can affect 
yawning frequencies [25,26]. A study of humans in the 
desert town of Tucson, Arizona, recruited two cohorts of 
80 subjects each to walk outside in public while taking a 
survey involving viewing pictures of people yawning 
[17]. Each patient cohort took the survey: one during 
winter (mean temperature 22˚C) and the other summer 
(37˚C). Significantly more subjects yawned in response 
to viewing pictures of other people yawning in the cooler 
winter months than during summer (45% vs. 24%, re-
spectively, p = 0.005).  

Multiple sclerosis (MS) involves, among other things, 
a thermoregulatory dysfunction. In a survey study of 60 
multiple sclerosis (MS) patients, 15% reported that they 
noticed themselves yawning throughout the day and 38% 
said that yawning provided relief of their MS symptoms, 
while 62% said yawning provided no relief [27]. While 
these results are interesting, the study was not designed 
to address the question as to why yawning might provide 
relief to MS patients. Furthermore, the majority of MS 
patients did not perceive any relief from yawning. 

There is much to be studied about the potential link 
between thermoregulation and yawning, but the thermo- 
regulatory theory does not explain a most peculiar aspect 
of yawning: its contagious nature. While yawning may 
lower core and possibly brain temperature, it cannot ex- 
plain the full meaning of the yawn. 

6. THE CONTAGIOUSNESS OF  
YAWNING 

The contagiousness of yawning has not been thoroughly 
studied. One hypothesis about contagious yawning in- 
volves the human mirror neuron system (MNS) which is 
activated when a person sees another person yawn [28]. 
Using functional magnetic resonance imaging (fMRI), 
subjects showed unilateral activation of the Brodmann’s 
area 9, a portion of the right inferior frontal gyrus which 
is considered part of the MNS. Considered a form of 
motor empathy, it underlies the development of cognitive 
empathy. Thus, this study supports the idea that conta- 
gious yawning is based on a functional substrate of em- 
pathy. However, a fMRI study by Schürmann and col- 
leagues did not observe yawn-specific activation in a 
certain region of the MNS (Broca’s area) and concluded 
that contagious yawn was a behavior rather than an imi- 
tated motor action [29]. A more recent electroencephalo- 

graphy (EEG) study supports the notion that the MNS is 
involved in contagious yawning and supports the link be- 
tween empathy and yawning [30].  

In a study of adult humans, social bonding was the 
only factor that predicted the occurrence, frequency, and 
latency of yawn contagion, and the rate of contagion was 
greatest in those who were kin, friends, acquaintances, 
and strangers, in that order [31]. If a social bond enhan- 
ces the contagiousness of yawning, empathy is likely in- 
volved. Latency, or the time elapsed from seeing another 
yawn until yawning oneself, is longer among acquaint- 
tances and strangers than relatives and friends [31]. This 
again supports empathetic yawning.  

Studies of individuals with low empathy (autistic pa- 
tients [32-34], patients with post-traumatic stress disor- 
der [35], schizophrenics [36], and those with schizotypal 
personality traits [37]) report less contagious yawning 
than individuals without those disorders. However, one 
study of 31 autistic and 31 age-matched non-autistic chil- 
dren found that autistic children yawned as frequently as 
their non-autistic peers when all children were instructed 
to observe the eyes of the yawner [33]. 

Social animals may exhibit contagious yawning be- 
havior even though empathy in the true sense is not in- 
volved. Contagious yawning has been observed in chim- 
panzees [38,39], gelada baboons [40], and dogs [41]. 
Dogs apparently may even be able to “catch” yawns 
from humans [42], and, in this case, dogs are more sus- 
ceptible to yawning in response to yawns by familiar- 
rather than unfamiliar persons [43]. 

The contagiousness of yawning differs in humans 
compared to animals. Gender plays a role in yawn conta- 
gion in certain animals, but not in humans. In a study of 
contagious yawning among chimpanzees, it was found 
that yawns from male chimps were more contagious than 
yawns from females; since males dominate in chimpan- 
zee society, this suggests that yawning has a communi- 
cative function and that messages from males are more 
valued [38]. Yawns by male chimps were more conta- 
gious to both male and female chimps. Among humans, 
yawning by men and women are similarly contagious 
[31].  

7. YAWNING AS A SIGN OR SYMPTOM 

Yawning as a sign of an underlying health condition has 
received scant attention in the literature. Certain condi- 
tions are associated with the disappearance of yawning, 
such as Parkinson’s disease, which likely relates to the 
decline of the dopaminergic neurons of the PVN of the 
hypothalamus [44]. Since dopaminergic neurons are nec- 
essary for yawning, the presence or absence of yawning 
in patients with Parkinson’s disease could provide insight 
into that patient’s neuronal population, i.e., its current 
level of functionality. When patients with Parkinson’s 
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disease are treated with apomorphine hydrochloride (a 
rapid-onset dopaminergic stimulant), they typically yawn. 
The absence of yawning is rarely presented to clinicians 
as a complaint and appears to have no particular direct or 
indirect consequences to the patient. 

Yawning has been observed before emesis in motion 
sickness [45], at the onset of hypoglycemia in diabetics 
on insulin therapy [44], and with such diverse disorders 
as dyspepsia and irritable bowel syndrome [46], migraine 
[47-50], coma [51,52], and depression [53]. In the case 
of depression, the more severe the condition, the more 
frequently the patient yawned.When patients take SSRIs 
or other agents that are labeled that they may cause 
yawning, the yawn may be incorrectly interpreted as a 
symptom of fatigue [44,54-56]. Most schizophrenic pa-
tients under medical supervision take neuroleptics, which 
inhibit yawning [57]. In the case of such patients, the ab- 
sence of yawning (if noticed as a sign or symptom) is a 
pharmacological side effect and not caused by schizo- 
phrenia. 

8. AROUSAL THEORY  

It has been speculated that yawning is an act of commu- 
nication from one group member to the rest of the group 
that there is some reason for the group to be awake and 
alert [58]. Thus, yawning increases group vigilance [59], 
which might be particularly necessary at times when the 
group is both vulnerable and simultaneously fatigued or 
distracted. In some situations, yawning appears to be 
triggered by a drive to sleep [60,61]. If the onset of sleep 
at certain times might be dangerous or socially unaccep- 
table, the yawn forestalls fatigue by temporarily arousing 
the individual (and with him, the group) to heightened 
vigilance. During the yawn, the heart rate accelerates. 
Yawning increases arousal and promotes alertness.  

An animal is most vulnerable while asleep, so it is 
crucial for survival that no danger is present or even sus- 
pected at the point of sleep onset. This concept explains 
why yawning is typically observed before and after pe- 
riods of sleep and has come to be associated with drow- 
siness. 

The arousal theory of yawning explains the conta- 
giousness of yawning: in humans or certain other social 
animals, the signal from one group member that height- 
ened vigilance is appropriate would stimulate others in 
the group to respond by increasing their own level of 
alertness. Since the contagiousness of yawning is more 
pronounced in those who are more connected and empa- 
thetic to each other, yawning is a social transmission of 
suspected danger intended to heighten group alertness 
[59]. The arousal theory is further supported by the phys- 
icology of yawning which forces the subject to a sudden, 
sharp chest inhalation, which promotes alertness rather 

than relaxation. The stretching that accompanies a yawn 
may serve to further arouse the subject. 

The involvement of oxytocin, discussed earlier, in 
both the process of yawning and the attenuation of emo- 
tional response lends validity to the link between yawn- 
ing and arousal [62]. Oxytocin has been implicated in 
other mechanisms of arousal [63,64]. The decrease in 
lung atelectasis during yawning further prepares a yawn- 
ing subject to take “fight-or-flight” action. 

9. DISCUSSION 

Despite its ubiquity, yawning is a relatively understudied 
phenomenon that has perplexed clinicians for genera- 
tions. The physiology of yawning and its deep inhalation 
has long caused observers to speculate that the purpose 
of yawning was to counteract hypoxia. This seems un- 
likely in that hypoxia does not necessarily provoke 
yawning (for example, marathon runners do not yawn 
during the race). More careful examination of the physic- 
ology of yawning reveals that chest rather than deep ab- 
dominal breathing is at play, and chest breathing is asso- 
ciated with alertness, arousal, and the flight-or-fight re- 
sponse. The thermoregulation theory of yawning is in- 
triguing, but we have only preclinical evidence that it 
specifically lowers brain temperature [19] (it does appear 
to offer a modest and transient decrease in body tem- 
perature in humans) and it is unclear why such tempera- 
ture decreases might be beneficial. 

The most peculiar aspect of yawning is its contagious 
effect. Thermoregulation fails to explain why yawning is 
contagious; hypoxia might explain contagiousness but 
not the yawn itself. The fact that yawning is more conta- 
gious in groups with higher presumed levels of empathy 
than in those with lower levels of empathy indicates a 
social aspect to yawning that has up to now been ne- 
glected in yawning studies. The arousal theory of yawn- 
ing explains well why we yawn, why the yawn is deep 
“flight-or-fight” chests breathe rather than a relaxing ab- 
dominal breathe, and why yawns are contagious. If a 
group is in a situation where increased vigilance is pru- 
dent, the yawn serves the purpose of prolonging alertness 
among all members of the group. The fact that yawning 
has been observed to occur in the setting of fatigue 
(typically right before or right after sleep) further sup- 
ports the arousal theory; however, yawning is not trig- 
gered by fatigue but is triggered by the desire to coun- 
teract that fatigue. As Guggisberg and colleagues rightly 
point out, all investigations into yawning must clearly 
delineate between triggers (things that cause yawning) 
and effects (things that yawning causes), or else it be- 
comes impossible to understand the cascade of these 
events [58]. To date, the arousal theory offers the best 
all-round explanation of yawning that accommodates 
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current observations and evidence. Clearly, more study is 
warranted. The final verdict is not in. 

10. CONCLUSION 

Yawning is likely to be discovered to be a deceptively 
complex phenomenon, involving changes in brain chem.- 
istry, oxygen intake, body temperature (and possibly 
brain temperature), as well as levels of alertness. A for- 
ceful chest inhalation may be the main peripheral me- 
chanism of overall arousal induced by yawning. The 
arousal theory of yawning explains its physiology, its 
contagiousness, and its purpose without discounting the 
possibility that yawning may also relate to cerebral ther- 
moregulation and brain chemistry. 
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