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Disgust is characterized by a remarkably diverse set of stimulus triggers, ranging from extremely concrete (bad tastes
and disease vectors) to extremely abstract (moral transgressions and those who commit them). This diversity may
reflect an expansion of the role of disgust over evolutionary time, from an origin in defending the body against
toxicity and disease, through defense against other threats to biological fitness (e.g., incest), to involvement in the
selection of suitable interaction partners, by motivating the rejection of individuals who violate social and moral
norms. The anterior insula, and to a lesser extent the basal ganglia, are implicated in toxicity- and disease-related
forms of disgust, although we argue that insular activation is not exclusive to disgust. It remains unclear whether
moral disgust is associated with insular activity. Disgust offers cognitive neuroscientists a unique opportunity to
study how an evolutionarily ancient response rooted in the chemical senses has expanded into a uniquely human
social cognitive domain; many interesting research avenues remain to be explored.
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Introduction

From unsavory foods to squalid restrooms, muti-
lations to moral depravity, the stimuli that evoke
disgust are perhaps the most diverse of any hu-
man emotion. Nonetheless, these kinds of objects
and events seem to trigger a common experience of
revulsion and offence in human beings the world
over.1–3 Disgust has been recognized as a basic and
universal human emotion at least since the time
of Darwin,4 but with the exception of pioneer-
ing work by Paul Rozin and his colleagues, disgust
was largely ignored by the affective revolution that
swept through psychology beginning in the 1980s.
This trend of neglect has reversed in recent years,
however, with an explosion of research on all as-
pects of disgust. Here we provide a review of re-
cent and classic work on disgust, with an emphasis
on what is known about its neural basis. We be-
gin by describing a key evolutionary theory of dis-
gust that makes sense of the heterogeneous assort-
ment of disgusting stimuli, and that provides the
conceptual foundation for much of modern disgust
research.1,5

Disgust: origins and expansion or descent
with modification

Disgust is perhaps best understood by analogy to a
phylogenetic or evolutionary tree, with more spe-
cialized forms branching off from a root that is the
“common ancestor” for all of the varied forms of dis-
gust.1 The ancestral process for disgust is thought to
be distaste, a form of motivated food rejection trig-
gered by the ingestion of unpleasant-tasting sub-
stances, prototypically those that are bitter.1 The
behavioral tendency of distaste is oral rejection,
that is, spitting out the unpleasant substance. Dis-
taste responses can be seen in adult humans6 and
neonates only a few hours old,7,8 as well as non-
human animals, including rats,9 apes, and mon-
keys.10 Because many toxins are bitter,11 distaste has
a clear and concrete adaptive function in motivat-
ing the avoidance of poisonous foods. Consistent
with this basic adaptive role, the ability to detect
and reject bitter substances seems to be very an-
cient: even sea anemones, which first evolved nearly
500 million years ago, will eject bitter foods from
their gastrovascular cavity.11 Interestingly, the re-
lationship between bitterness and toxicity may
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represent a form of coevolved signaling between
predators and prey.11 Biological toxins likely evoked
to defend prey species (including plants) against
predation (including grazing). The bitter taste as-
sociated with toxins serves to warn to potential
predators about the cost of consuming a particular
prey species. Both sides benefit from this commu-
nication: the predator avoids ingesting more than
a mouthful of the toxic prey, and the prey avoids
extensive injury.

Although the terms distaste and disgust are of-
ten used interchangeably, the two systems are not
identical.1 In particular, although distaste is focused
on the avoidance of toxins,11 most forms of disgust
serve to defend the organism against parasitic dis-
ease, including infection by microorganisms such
as bacteria and viruses.12,13 The problem of detect-
ing and avoiding disease is rather more difficult
than the problem of detecting and avoiding tox-
ins, because it is in the parasite’s interest to infect
the host without being detected. Accordingly, para-
sites usually do not signal their presence in the same
way that prey species may signal their toxicity. In-
stead, an organism that wishes to avoid infection
must recognize and avoid stimuli that are reliably—
but incidentally—associated with contamination by
parasites.14,15 Relevant cues may include certain
types of odors (e.g., the smell of decay), as well
as tactile and visual cues (e.g., slime, mold, worms,
body products such as feces, certain insects, and sick
conspecifics).12 In species with the cognitive capac-
ity to do so, it is also helpful to avoid objects that
may have contacted a primary disease vector—that
is, to avoid items that may be contaminated.16 For
example, the clothing or bedding of a person who
has a skin infection may be almost as infectious as
the diseased person themself.

The psychological features of disgust are con-
sistent with a role in avoiding disease. Compared
to distaste, disgust is less reliant on the sense of
taste to diagnose potential threats1 because many
modalities can provide information about disease
cues. Put more concretely, you do not need to eat a
cockroach to be disgusted by it. Disgust also differs
from distaste in that disgusting substances are much
more contaminating than distasteful substances.5

Although you may eat around a bitter and disliked
vegetable on your plate, you are unlikely to do so
if someone spits in your dinner. The property of
contamination complements disgust’s role in de-

fending against infectious disease: microorganisms
in particular can spread invisibly and easily from
one substance to another, and a single organism can
multiply exponentially to become a serious threat
to health.15 By contrast, toxins tend to be inert and
may be harmless if sufficiently diluted.

In spite of the differences between distaste and
disgust, the most basic forms of disgust share dis-
taste’s behavioral tendency of oral rejection.1 Ac-
cordingly, disgust is thought to have originated from
distaste; in other words, disgust is thought to be a
branch off the distaste root. Consistent with this
descent, the original forms of disgust—often re-
ferred to as “core” disgust—are believed to focus
on defending against infection via the oral route.1

From here, other branches developed as the func-
tion of disgust expanded to include defense against
other types of threats.1 Still closely tied to disease-
avoidance, but less to oral incorporation, is disgust
elicited by contact with unfamiliar, unhygienic, or
diseased conspecifics, known as interpersonal dis-
gust.1 Somewhat less directly associated with dis-
ease, but still clearly related to biological fitness, are
the various forms of sexual disgust.1 These kinds of
disgust may motivate the avoidance of sexual contact
with partners who are undesirable from an evolu-
tionary perspective, such as relatives, the very old
or very young, and members of the wrong species
or the wrong sex.17 Finally, violations of the nor-
mal outer envelope of the body, such as injuries and
blood, can also trigger disgust.1 A number of dis-
eases can spread through contact with blood, so this
type of disgust could also serve a disease-avoidance
function.3 Disgust triggered by blood and injuries is
sometimes grouped together with sexual disgust to
form the category of “animal reminder” disgust, on
the logic that these types of stimuli are disturbing
because they remind us that humans are mortal an-
imals.1 Table 1 provides a summary of the stimulus
triggers and hypothesized functions for distaste and
different types of disgust.

Taken together, we refer to disgust elicited by the
rather concrete assortment of stimuli just described
as physical disgust . We use this umbrella term pri-
marily for convenience, not because of any strong
conviction that the various physical disgusts form
a homogeneous group. In fact, few studies have di-
rectly compared different kinds of physical disgust
in an effort to characterize differences and similari-
ties between them.
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Table 1. Varieties of distaste and disgust

Type Example stimulus triggers Hypothesized function

Distaste Unpleasant tastes, especially bitter Avoid toxins

Physical disgust

Core disgust Feces, vomit, rats, maggots, spoiled food Avoid infection via oral route

Blood–injury Injuries, blood, bodily deformities Avoid infection

Interpersonal Contact with diseased or unfamiliar

individuals

Avoid infection

Sexual Sexual contact with very old or very

young, wrong sex, or wrong species

Avoid compromising reproductive

fitness

Moral disgust Violation of social and moral norms Avoid unsuitable interaction partners

Accordingly, it is not clear whether we should ex-
pect substantial neural differences between disgust
associated with different types of physical stimuli.
An exception is research comparing core disgust to
disgust triggered by blood and injuries (BI disgust).
Core and BI disgust are associated with different
psychophysiological correlates: core disgust is re-
lated to nausea and changes in the normal rhythm
of stomach contractions,18,19 whereas BI disgust is
related to light-headedness and fainting, associated
with changes in the cardiovascular system.18,20 Core
and BI disgust are also associated with different
clinical phenomena: core disgust with OCD symp-
toms,21 and BI disgust with blood–injection–injury
phobia.22,23

Although distaste can evidently be seen in many
nonhuman animals, it is less clear whether physi-
cal disgust exists beyond our own species.5 On the
one hand, many nonhuman animals do not seem
to show the same aversion to disease vectors (e.g.,
feces) that humans do.5 On the other hand, many
species do show clear evidence of a variety of disease-
avoidance behaviors.24 It is not clear whether such
behavior is accompanied by a subjective experi-
ence of disgust that is similar to what humans feel;
nonetheless, some accompanying motivational state
seems likely, and this may represent disgust in non-
human animals.

Some of the confusion over disgust in nonhu-
man animals may be related to the different levels of
disease risk faced by different species. In particular,
some species may be more vulnerable to disease than
others, and hence may have a greater need for dis-
gust. For example, humans are omnivores: this lack
of dietary specialization may lead to frequent expo-

sure to dangerous foodstuffs.5 By contrast, species
with a highly specialized diet may simply never come
into contact with foods that may carry disease. At
the other end of the spectrum, species adapted for
scavenging may have developed specialized mech-
anisms to deal with the challenges of eating rotten
food. Humans’ highly social lifestyle may also have
encouraged the evolution of a sensitive disgust sys-
tem: one of the costs of social life is increased risk
of exposure to disease from conspecifics.5,25 Animal
species that are asocial, or that live in relatively iso-
lated groups, may not need mechanisms to mitigate
this risk.

There is one form of disgust that does seem
unique to humans, namely disgust triggered by the
violation of social norms and moral values.1 For
example, people who steal, lie, cheat, and harm oth-
ers are all referred to as “disgusting.”3,26,27 Disgust’s
leap from the physical world of disease avoidance
to the much more abstract sociomoral domain is
quite striking, and may represent an example of
exaptation,1 an evolutionary process whereby a pre-
existing system assumes a new functional role.28–30

In the case of moral disgust, the new functional role
may be motivating the avoidance of individuals who
violate social norms, who accordingly may not be
good partners for interaction.1 It remains unclear
whether there are particular types of moral trans-
gressions that are most strongly tied to disgust.31,32

Although anger may seem like a more natu-
ral response to norm violations than disgust, it is
worth considering that anger is an approach-related,
strongly activating emotion.33 Hence, it may repre-
sent a rather costly response to moral transgres-
sions. By contrast, the withdrawal and avoidance
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motivation associated with disgust may offer a
lower-cost strategy.32 Indeed, recent modeling work
suggests that noncooperation is often a more effi-
cient response to norm violation than is costly pun-
ishment.34 That said, moral disgust is not without
controversy:35 some have argued that moral disgust
may just be anger in disguise,36 or that moral dis-
gust may be limited to transgressions that remind us
of physical disgust stimuli (e.g., gory murders).13,37

We discuss the debate surrounding moral disgust in
more detail below.

To summarize, disgust is believed to have ex-
panded from an origin in distaste and the avoidance
of toxins, through to avoidance of disease and other
threats to biological fitness, and finally into the so-
cial and moral domain (Table 1).1,5 The broad scope
of disgust provides fertile ground for a number of
cognitive neuroscience research questions, and in
turn, cognitive neuroscience provides new avenues
to test this theory of the evolution of disgust. A key
question is whether the different forms of disgust are
related to one another at the neural level, and on the
flip side, how their differing functional roles are in-
stantiated. Cognitive neuroscience research on dis-
gust first began more than a decade ago, with work
examining the neural basis of perceiving disgusted
facial expressions.38–40 More recent work continues
to be heavily influenced by these early findings, so we
will start our review of the cognitive neuroscience
of disgust by considering the neural correlates of
perceiving disgust expressions before going on to
discuss distaste, physical disgust, and moral disgust.
As we will see, the insula has been strongly impli-
cated in perceiving as well as experiencing many
forms of disgust. We therefore begin by providing a
short overview of what is known about the insula.

Insular cortex: anatomy and function

Concealed beneath the overlying frontal, parietal,
and temporal opercula, the human insula consists
of five to seven gyri with substantial morphologi-
cal variation between individuals (Fig. 1).41,42 It is
interconnected with a number of cortical regions,
including anterior cingulate, frontal pole, and dor-
solateral prefrontal cortex as well as primary and
secondary somatosensory cortex and auditory cor-
tex. The insula is also heavily connected with the
amygdala and dorsal thalamus.43–45

Architectonic studies have revealed three major
divisions of insula in most mammals: an anterior

agranular section, a middle dysgranular section, and
a posterior granular section.46 In humans and great
apes, there is an additional sector in the most ante-
rior and ventral portion of the insula, at its junction
with the orbitofrontal cortex.47 This area, known
as frontoinsular cortex, contains the distinctive von
Economo neurons (VENs),48 large bipolar neurons
that are especially prominent in humans and great
apes but not other primates.47 VENs are selectively
compromised in early-stage frontotemporal demen-
tia, in which empathy, social awareness, and self-
control deteriorate.49

The insula has been known to play a role in vis-
cerosensation, olfaction, and gustation since Pen-
field’s experiments.50 Modern research has con-
firmed the important interoceptive function of the
insula, and also suggests a posterior-to-mid-to-
anterior functional gradient, from primary inte-
roceptive representations in posterior insula, to a
middle integration zone, and finally to an anterior
region involved in high-level integration of homeo-
static information with other cognitive and affective
processes.51 Indeed, the connectivity of the insula
places it in an ideal position to integrate homeostatic
information with information about the physical
and social external environment. The role of the in-
sula also seems to extend well beyond interoception,
to include a wide variety of cognitive, affective, and
social processes.51 The sheer breadth of processes as-
sociated with insular activation, as well as the effects
of VEN degeneration in frontotemporal dementia,
have led to the suggestion that the insula, especially
its most anterior sections, may underlie the human
sense of self-awareness or consciousness.51

Perceiving disgusted facial expressions

Having completed this brief review of the insula,
we now return to the cognitive neuroscience of dis-
gust, beginning with what is known about perceiv-
ing disgust in others. Darwin was perhaps the first
to recognize and describe a distinct facial expression
associated with disgust.4 The canonical disgust ex-
pression centers around movements of the mouth
and nose, including raising of the upper lip and
wrinkling of the nose.4,52,53 Gape-like opening of
the mouth may also be present, as well as lower-
ing of the brows.1 In addition to serving as a social
signal, the disgust expression may provide egocen-
tric benefits to the sender. In particular, some of
the facial movements of disgust may serve to defend
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Figure 1. Anatomy of the human insula. as, anterior short insular gyrus; al, anterior long insular gyrus; ac, accessory gyrus; APS,
anterior peri-insular sulcus; H, Heschl’s gyrus; IPS, inferior peri-insular sulcus; ms, middle short insular gyrus; ps, posterior short
insular gyrus; pl, posterior long insular gyrus; SPS, superior peri-insular sulcus. Photograph is courtesy of Profs. A.D. Craig and
Thomas Naidich;51 reproduced with permission from Nature Publishing Group.

the vulnerable mucous membranes of the eyes and
nose from contact with contaminants.1,54 Wrinkling
the nose and raising the upper lip have the effect of
decreasing the volume of the nasal cavities and re-
ducing the amount of air that is inhaled through the
nose.54 Similarly, lowering the brows decreases the
exposed surface of the eyes.54 By contrast, the mouth
opening that is sometimes seen in disgust may ready
the individual to spit or vomit out any already-
ingested food,1 and increased salivation may help
to flush contaminated material from the mouth.1,55

The canonical disgust expression is recognized
cross-culturally, leading to the suggestion that dis-
gust is one of the basic and universal human emo-
tions.56,57 Moreover, continuity of the upper lip
raise across distaste, physical disgust, and moral
disgust provides some of the only empirical evi-
dence for the evolutionary expansion of disgust de-
scribed above.58 That said, there is debate as to how
similar the expressions associated with distaste and
the different forms of disgust really are.59,60 One
study has suggested that mouth gaping may be most
strongly associated with distaste, whereas the up-
per lip raise may be more closely tied to forms of
disgust that are removed from oral rejection (e.g.,
moral disgust).59 However, this research examined
recognition of posed facial expressions rather than
measuring spontaneous expression production, and

the validity of this approach for examining subtle
differences in expression configuration is not clear.
Moreover, only the canonical disgust expression, in-
cluding the upper lip raise and/or nose wrinkle, is
associated with activation of the anterior insula,
which we will shortly see has been tied to many
forms of disgust.60

In spite of this debate, the majority of neuroimag-
ing research on disgust expression perception
has not been concerned with potential differences
among different types of disgust expressions. Rather,
the most common question has been whether
there are distinct neural substrates for perceiv-
ing different emotional expressions (e.g., disgust,
fear, anger, etc.). The initial work on this ques-
tion generated evidence that viewing the canonical
disgust expression is associated with activation of
the anterior insula, relative to viewing neutral fa-
cial expressions.38–40,61 Although insular activation
was also observed for fearful expressions, the in-
sula responded most strongly to disgust when the
two were directly compared (but see also Ref. 62).
Consistent with these neuroimaging findings, one
intracranial recording study in human epilepsy
patients implanted with insular depth electrodes
found a number of contacts that responded more
strongly to facial expressions of disgust than to other
emotions.63
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A recent meta-analysis of 105 fMRI studies of fa-
cial expression perception confirms the association
between disgust expression perception and activa-
tion of the anterior insula.64 Angry expressions were
also found to result in insular activation, but a direct
comparison of the activation likelihood estimates
for disgust and anger revealed a greater likelihood of
activation for disgust.64 There is some evidence that
the anterior insula may provide information about
disgust to other brain structures: under conditions
of divided attention to disgust expressions, there
is a reciprocal relationship between insular activity
(reduced with divided attention) and amygdala ac-
tivity (increased with divided attention).61 Because
the amygdala responds only to fearful expressions
under full attention, information from insula may
influence the breadth/narrowness of amygdala re-
sponse tuning.61

An interesting extension of expression percep-
tion research is work that has examined whether
the same brain regions are activated both when
an individual perceives a disgusted facial expres-
sion and when they personally experience disgust.
One study reported activation of the same regions
of anterior insula both when subjects viewed videos
of actors expressing disgust after smelling an un-
pleasant odor and when subjects personally experi-
enced unpleasant odors delivered via an olfactome-
ter.65 Similarly, overlapping regions of anterior in-
sula were activated when subjects viewed videos of
actors tasting unpleasant liquids, when they per-
sonally tasted unpleasant liquids, and when they
imagined physically disgusting events.66 The results
of these studies are important in the wider field
of affective psychology and neuroscience, because
they provide support for embodied or simulation-
ist theories of facial expression perception. These
theories argue that we understand the facial ex-
pressions, and indeed the emotions of others, by
activating a similar emotion in ourselves.67,68 Ev-
idence for neural overlap between the perception
of disgust expressions and the experience of dis-
gust thus provides an important contribution to
our understanding of emotion, empathy, and social
communication.

To our knowledge, there have been no human
neuroimaging studies of disgust expression produc-
tion (as opposed to perception). However, a recent
intracranial stimulation study in monkeys found
that stimulation of ventral anterior insula resulted

in facial grimacing, including curling of the upper
lip and wrinkling of the nose, that resembled spon-
taneous responses to unpleasant stimuli.69 These
results suggest that anterior insula may participate
in the production as well as the perception of dis-
gust expressions. That said, a study of human pa-
tients implanted with insular depth electrodes did
not report production of disgust expressions in re-
sponse to stimulation of the ventral anterior insula,
although two patients did report unpleasant sensa-
tions in the mouth and throat.63

Although the evidence just reviewed emphasizes
the importance of the insula in perceiving dis-
gust facial expressions, the basal ganglia have also
been implicated, albeit less consistently. The early
fMRI studies of disgust expression perception re-
ported activation of the caudate, putamen, and
globus pallidus in response to disgust facial expres-
sions;38–40,61 however, meta-analysis has not sup-
ported these findings.64 There have been several
reports of a specific impairment in recognizing dis-
gust expressions in patients with disorders affect-
ing the basal ganglia, such as Huntington’s Dis-
ease (HD)70,71 and Obsessive-Compulsive Disorder
(OCD).72 However, more recent results have been
mixed. Some studies have replicated the early find-
ings,73,74 but others have failed to detect any deficit
in disgust expression perception,75 or have reported
more general impairments in perceiving many emo-
tional expressions.76–78 One case report of a patient
with a selective lesion of left basal ganglia and insula
described a highly specific impairment in recogniz-
ing disgust expressions.79 However, a comparable
patient with a right-hemisphere lesion showed no
deficit in disgust expression perception.80 Thus, the
involvement of the basal ganglia in disgust expres-
sion perception remains unclear.

In summary, neuroimaging work has strongly im-
plicated the insula, particularly its anterior sectors,
in perceiving disgust expressions. A caveat worth
noting is that neuroimaging cannot demonstrate
whether the insula is necessary for perceiving dis-
gust. Given the sparse and mixed lesion evidence
available to date, the question of necessity remains
an open one.

Distaste

We now turn from perceiving disgust in others
to considering the various forms of subjectively
experienced disgust. We begin by examining the
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neural substrates of distaste, given its apparent sta-
tus as the precursor of disgust. As mentioned, the
distaste response is strongly tied to gustatory sensa-
tion. Accordingly, distaste begins in the mouth with
stimulation of taste receptor cells. Information from
taste receptors is transmitted to the central nervous
system via cranial nerves VII, IX, and X.81 These
projections synapse in the nucleus of the solitary
tract and then continue to gustatory thalamus.82

Thalamic efferents project to the anterior insula and
overlying operculum,83,84 whereas a second, less ex-
tensive projection terminates in postcentral gyrus.85

The predominance of the insular projection suggests
that the insula likely contains primary gustatory cor-
tex.86 However, the exact location of human primary
gustatory cortex in the insula remains a topic of de-
bate, and there may be multiple gustatory represen-
tations in human insula.86 Some of the uncertainty
likely stems from the fact that insular activity is by
no means exclusive to taste: rather, the insula re-
sponds to a variety of inputs associated with feed-
ing, including oral somatosensation,87 olfaction,88

and temperature.89 Because it is difficult to control
for all of these variables in human neuroimaging
research, it remains challenging to pinpoint human
primary gustatory cortex.86

Although the insula is evidently a multimodal re-
gion, there is some evidence for functional special-
ization both in the insula and in other taste-sensitive
brain regions. In humans, the dorsal middle insula,
as well as the amygdala, seem to respond to taste
intensity, irrespective of pleasant or unpleasant va-
lence.90 By contrast, dorsal anterior insula and some
regions of anterior obitofrontal cortex (OFC) have
been found to respond preferentially to unpleasant
(i.e., distasteful) stimuli, regardless of intensity.90 In
turn, pleasant tastes may be associated with acti-
vation of the insula more ventrally and OFC more
laterally.90 An interesting complement to these hu-
man neuroimaging findings is an intracranial stim-
ulation study in macaques, which found that stimu-
lation of the ventral anterior insula resulted in spit-
ting out or throwing away preferred foods, as if they
had become distasteful.69 Single-neuron recordings
from macaques also provide evidence that distinct
cells in the anterior insula respond most strongly
to particular pleasant and unpleasant tastes, but do
not suggest a topographic organization of these cells
(i.e., the location of a taste cell does not predict what
taste it responds to).91–93

The take-home message here is that although the
insula almost certainly has a way of representing
distaste, it is clearly not—as a whole—a region that
is selective for distasteful stimuli. Rather, the insula
responds to both pleasant and unpleasant tastes, as
well as other feeding-related stimuli, and likely codes
for specific gustatory experiences in a distributed
fashion.91

Physical disgust

In contrast to distaste, which is closely tied to gus-
tatory sensation, physical disgust can be evoked by
a much wider range of stimuli and via all sensory
modalities. Cognitive neuroscientists have studied
physical disgust using photographs,94,95 films,18,96,97

auditory stimuli,39 autobiographical recall,98 script-
driven imagery,66 and written vignettes.99,100 A wide
range of physical disgust stimuli have also been
examined, most commonly including body prod-
ucts, such as feces and vomit; spoiled food; insects,
such as roaches and worms; blood; injuries; and
corpses. Although the stimulus triggers for physical
disgust are quite distinct from the simple chemosen-
sory stimuli used to study distaste, physical disgust
stimuli are also strongly associated with activity in
the anterior insula. For example, viewing disgusting
photographs94,95 and films,18 imagining disgusting
events,66 and recalling disgusting experiences98 have
all been found to result in anterior insula activation,
relative to neutral comparison conditions. Subjec-
tive ratings of disgust—but not fear—in response
to disgusting photographs are correlated with acti-
vation of the anterior insula.101 Similarly, subjective
ratings of disgust in response to disgusting films are
correlated with anterior insula activation.18 Individ-
ual differences in the tendency to experience physi-
cal disgust (i.e., trait physical disgust) are also asso-
ciated with the degree of activation of the anterior
insula while viewing disgusting photographs.102,103

That said, individual differences in trait anxiety are
also associated with activation of the insula when
subjects view fearful photographs.102

Although there have been occasional failures to
replicate insular activation in response to physical
disgust stimuli,104,105 the association between bi-
lateral insular activation and physical disgust has
been confirmed in a recent meta-analysis of 83 neu-
roimaging studies of emotion, including 29 studies
of physical disgust.106 Smaller clusters of insular ac-
tivity were also seen for happiness, fear, and sadness;
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however, these activations were much smaller than
for disgust, and the activation likelihood estimates
for disgust were significantly stronger than for hap-
piness, fear, or sadness. Naturally, the insula is not
the only brain region associated with disgust. It is
not uncommon to see amygdala activity in response
to physical disgust, as well as the anterior cingulate
and medial fontal gyrus.106 Activation of these re-
gions may represent nonspecific aspects of disgust
experience, such as emotional arousal, withdrawal
tendencies, and self-regulation.

The triggers for physical disgust encompass a re-
markably diverse set of stimuli, and an obvious
question is whether different subtypes of physical
disgust stimuli are associated with distinct neural
correlates in the insula or in other brain regions. As
discussed above, there have been few empirical stud-
ies of behavioral and/or physiological differences
and similarities between different types of physi-
cal disgust; thus, neuroimaging comparisons tend
to be exploratory rather than hypothesis driven. An
exception is the small handful of studies that have
investigated differences between disgust evoked by
stimuli such as body products, rotten food, and in-
sects (e.g., core disgust) and disgust evoked by blood
and violations of the outer body envelope (e.g., BI
disgust). Core and BI disgust are known to be asso-
ciated with different physiological responses18,19,20

as well as with different clinical phenomena.21,22,23

In spite of these differences, core and BI disgust
seem to result in partly overlapping activation in
the anterior insula, perhaps reflecting a common
disgust experience.18,95,97,107 There are also differ-
ences in insular activation between core and BI dis-
gust, with core disgust activating a ventral ante-
rior region more strongly, and BI disgust activating
a more dorsal mid-insular area. The characteristic
psychophysiological effects of core and BI disgust
on the stomach and cardiovascular system, respec-
tively, are also represented differentially in the in-
sula.18 Differences between core and BI disgust have
also been reported in other brain regions, although
the exact areas have been somewhat inconsis-
tent across studies, perhaps due to methodological
differences.18,95,97,107

Less is known about the neural correlates of sexual
disgust as compared to other forms of physical dis-
gust. One study has contrasted the neural responses
to written scenarios describing incest and scenar-
ios describing core disgust stimuli.100 The authors

found stronger activation of the anterior insula in
response to the incest relative to the core disgust
stimuli.100 However, this study is somewhat unusual
in that it did not find significant insular activation
in response to the core disgust stimuli compared to
neutral, perhaps because written stimuli were used,
as compared to the films or photographs used in
most neuroimaging studies of physical disgust. The
only other study to investigate sexual disgust did
use photographs as stimuli, but found no insular
activation to either sexual disgust photographs or
core disgust photographs, compared to neutral pho-
tographs.108 This latter study comes from a group
that has performed a number of neuroimaging stud-
ies of physical disgust, sometimes finding insular
activity94,101,109 and other times not.104,107,108 Ac-
cordingly, it is somewhat difficult to interpret their
null results on insular activation in response to sex-
ual disgust stimuli; indeed, it is difficult to interpret
null results in any neuroimaging study. The rela-
tionship between sexual disgust and other forms of
physical disgust thus remains an open avenue for
further exploration. It seems likely to be an interest-
ing one, given recent findings that tie disapproval of
homosexuality to trait physical disgust and political
conservatism.110,111

A final question is whether physical disgust is in-
deed related to its supposed precursor, distaste, at
the neural level. To our knowledge, only one study
has directly compared the neural correlates of tast-
ing unpleasant liquids and experiencing physical
disgust.66 To induce distaste, subjects drank bitter
quinine solutions, whereas to induce physical dis-
gust, subjects imagined disgusting incidents (e.g.,
ingesting vomit). A common region of anterior in-
sula/frontal operculum was active in both condi-
tions, suggesting that physical disgust and distaste
are indeed supported by at least partially overlap-
ping neural substrates.

Is insular activation specific to disgust?

The results described so far suggest an important
role for the insula, especially its anterior regions, in
perceiving disgust expressions as well as experienc-
ing physical disgust and distaste. Moreover, there
is some evidence that strong activation of the in-
sula may be particularly characteristic of disgust:
the two recent meta-analyses described above, one
concentrating on facial expressions64 and the other
including a wider range of emotional stimuli,106

Ann. N.Y. Acad. Sci. 1251 (2012) 62–76 c© 2012 New York Academy of Sciences. 69



Understanding disgust Chapman & Anderson

both showed stronger activation of the insula for
disgust as compared to other emotional conditions.
In spite of these findings, however, it seems unlikely
that there is a unique, one-to-one mapping between
activation of the anterior insula and disgust. Some
of the results described above begin to hint at this:
for example, the insula responds to a wide range of
feeding-related stimuli beyond distaste, including
oral somatosensation,91 olfaction,88 and ingestive
motor activity.86,91 Beyond this, the insula, includ-
ing its anterior regions, responds to a variety of in-
teroceptive stimuli including heartbeat,112 stomach
and bladder distention,113,114 sexual arousal,115 and
itch,116 among many others.51 Lest researchers of a
more cognitive bent feel left out, the insula is also
activated by a variety of more traditionally cognitive
phenomena, including goal-directed attention,117

cognitive control and performance monitoring,118

risk and uncertainty,119,120 and perceptual decision
making.51,121

Findings such as these lead us to believe that al-
though the insula may be very important in disgust
and distaste, it is not specific to these states. This po-
sition may initially seem difficult to reconcile with
the meta-analytic results pointing to at least some
degree of insular selectivity for disgust.64,106 We sug-
gest two possible explanations for the discrepancy.
One possibility is that among the emotions, disgust
may be particularly strongly associated with visceral
changes, consistent with its apparent origins in de-
fending against ingestion of toxic or contaminated
foods. Indeed, taste itself may represent an intero-
ceptive rather than an exteroceptive sense.122 Given
that the insula seems to play a key role in interocep-
tion,123 heightened insular activity in response to
disgust may simply reflect disgust’s strong visceral
component.

A second, related, but perhaps more mundane
possibility is that disgust per se may not have a
stronger visceral component than other emotions.
Rather, the stimuli that are used to evoke disgust
in the laboratory may simply be more effective at
causing visceral changes than the stimuli that are
used to evoke other emotions. On this view, more
effective stimulus triggers for other emotions could
also result in insular activity. This latter possibility
could be tested by using more compelling compar-
ison stimuli as a contrast to disgust.

We wish to note that our arguments against in-
sular specificity to disgust are directed against a

more traditional, “locationist” notion of specificity.
In other words, what we disagree with is the idea
that the insula as a whole, or even a specific re-
gion of it, is uniquely activated by disgust. We do
believe that the insula must have a way of repre-
senting disgust and distaste as states that are distinct
from other emotional and motivational experiences.
However, this representation is likely a distributed
one within the insula and may well extend beyond
the insula. We also do not mean to suggest that
past research linking the insula more broadly to dis-
gust is uninformative; rather, it serves to highlight
the insula as a region to focus on in more targeted
analyses.

Sociomoral disgust

Most researchers will probably find the received view
of how physical disgust evolved to be quite plausi-
ble,1 and many may also accept an important—
although perhaps not unique—role for the insula in
distaste and physical disgust. Understandably, how-
ever, some may be more skeptical of sociomoral
disgust. Is sociomoral “disgust” really related to
more basic forms of disgust, or is it just a com-
pelling metaphor used to condemn antisocial be-
havior?13,124 Even if one can accept that sociomoral
disgust is derived from physical disgust, maybe it
is only triggered by transgressions that contain re-
minders of physical disgust, such as bloody murders
and depraved sexual crimes?37

These questions remain unresolved in the behav-
ioral literature. On the one hand, there is evidence
that sociomoral disgust is indeed a genuine form of
disgust, and that it is not limited to transgressions
that involve physical disgust stimuli. For example,
both adults and children call moral transgressions
disgusting,26,32,125 and match them to disgusted fa-
cial expressions,36,58,125 even when the transgres-
sions do not reference physical disgust. Moral trans-
gressions result in raising of the upper lip,58,126 a
characteristic element of the disgust expression, as
do physical disgust and distaste.58 The upper lip raise
in response to transgressions is correlated with self-
reported disgust, but not anger or contempt.58 Indi-
viduals who are higher in trait physical disgust make
more severe judgments about moral transgressions
than do their low-physical-disgust counterparts,127

an effect that is not accounted for by more gen-
eral differences in trait negative affect. Finally,
experimentally induced distaste128 and physical
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disgust129,130 cause changes in moral judgments
about issues that do not concern physical disgust.

On the other hand, concerns have been raised
about some of these findings,35,131and conflicting
evidence also exists. For example, moral disgust
seems to be relatively insensitive to the intent of
a perpetrator and the degree of harm resulting from
a transgression,37,132 factors that are generally con-
sidered to be important in moral reasoning. Experi-
mentally induced disgust and individual differences
in trait disgust may also have a stronger influence on
moral judgments about transgressions that contain
reminders of physical disgust stimuli, such as sexu-
ally promiscuous behavior, relative to transgressions
that contain no such reminders.133 Measurement is-
sues could explain some of the divergent results: self-
reports of moral disgust seem to be quite sensitive
to how questionnaire measures are phrased.32,134

Similarly, different studies use quite dramatically
different “moral” stimuli, which could have distinct
relationships to moral disgust.

Moral disgust thus remains a contentious topic.
Neuroimaging could potentially inform the debate
by revealing whether moral and physical disgust
have a common neural substrate. However, neu-
roimaging studies of moral disgust present their
own challenges. For example, imagine a case where
anterior insula activity was detected when subjects
made judgments about moral transgressions (for
example, Ref. 135). Could this represent sociomoral
disgust, and provide evidence that moral disgust is
indeed related to physical disgust? Given that the
insula is not a unique substrate for disgust,51 this is
a rather questionable reverse inference.136

The inference would be somewhat stronger if a di-
rect comparison between sociomoral and physical
disgust in the same subjects revealed common insu-
lar activity. A handful of studies have now used this
kind of design. However, two of these are somewhat
difficult to interpret, as they did not find insular
activation in response to the physical disgust con-
ditions, perhaps because written rather than visual
stimuli were used.99,100 The only other study did
find insular activation in response to a sexual dis-
gust condition (even though written vignettes were
used).137 However, this study did not find insular
activity in response to purely moral stimuli, such
as descriptions of harm and dishonesty, relative to
neutral stimuli. Once again though, the null result
for sociomoral disgust is difficult to interpret. The

disgusting sexual scenarios were rated as more emo-
tionally arousing than the sociomoral stimuli;137 it
is possible that more arousing sociomoral trans-
gressions could have resulted in activation of the
anterior insula. Indeed, very difficult and emotional
moral dilemmas, such as whether to kill a crying
baby to save an entire village from enemy soldiers,
have been found to cause activation of the ante-
rior insula.135 Similarly, actions that are judged to
be morally wrong, as well as controversial moral
transgressions, result in increased insular activation
relative to actions that are judged to be not wrong
and noncontroversial transgressions.138

These findings suggest that future work could po-
tentially reveal overlapping activation of the ante-
rior insula for both moral transgressions and phys-
ical disgust. However, any such overlap could still
represent more generic similarities between moral
cognition and physical disgust, such as emotional
arousal or uncertainty, rather than a shared disgust
experience per se. Accordingly, it is likely that neu-
roimaging studies will provide converging, rather
than conclusive, evidence in the debate over moral
disgust. It will also be very important for future
studies in this area to use moral and physical disgust
stimuli that are carefully controlled for spurious dif-
ferences on dimensions, such as emotional arousal,
so as not to confound comparisons of interest.

If moral disgust does indeed prove to be related
to physical disgust, then neural differences between
moral and physical disgust may also be very interest-
ing. For example, moral disgust is triggered by much
more abstract and social stimuli than most forms of
physical disgust. Accordingly, moral disgust may in-
volve brain regions that play a role in social cognitive
processing, such as dorsal medial prefrontal cor-
tex139 and temporoparietal junction,140,141 as well
as regions involved in more basic forms of disgust
such as insula and perhaps basal ganglia.

Outstanding questions and future
directions

Behavioral and cognitive neuroscience studies
have considerably increased our understanding of
disgust—in all its forms—in recent years. In partic-
ular, there is now evidence that distaste and various
forms of physical disgust are indeed related to one
another at the neural as well as the behavioral levels,
as proposed by Paul Rozin and his colleagues many
years ago.1,5 Nonetheless, relative to other emotions

Ann. N.Y. Acad. Sci. 1251 (2012) 62–76 c© 2012 New York Academy of Sciences. 71



Understanding disgust Chapman & Anderson

such as fear and sadness, the study of disgust remains
in its infancy. One area in particular need of further
study is the degree of similarity between different
forms of disgust. For example, an influential typol-
ogy of disgust groups BI disgust and sexual disgust
together to form the category of “animal reminder”
disgust, which is believed to be rooted in anxiety over
human mortality.1 Neuroimaging studies could in-
form our understanding of the structure of disgust
by revealing commonalities and differences in the
neural processing of various disgust stimuli. These
kinds of studies may be especially valuable for moral
disgust, whose relationship to physical disgust re-
mains a topic of intense debate.35,36,58

Neuroimaging comparisons of different types of
disgust would likely benefit from the application
of more advanced techniques, such as connectivity
analyses and multivoxel pattern analysis, which af-
ford analysis of the distributed representations sup-
ported by the anterior insula. Beyond functional
neuroimaging, electroencephalography (EEG) may
also prove a useful tool, especially for investigating
sociomoral disgust. In particular, although anger is
closely associated with approach motivation and in-
creased EEG alpha power in the left relative to right
hemispheres,33 disgust is believed to be associated
with withdrawal motivation1 and perhaps increased
alpha power in the right hemisphere.142 This raises
the possibility that sociomoral disgust may also be
associated with increased right hemisphere alpha
power and with a stronger tendency to withdraw
from rather than approach transgressors.32

Another potential research direction is to exam-
ine the neural substrates underlying the perception
that an object is contaminated or contaminating,
a property that is unique to disgusting stimuli.1,5

To our knowledge, no neuroimaging study has
yet investigated contamination. Improved under-
standing of contamination could have important
clinical implications, because excessive contamina-
tion concerns feature prominently in some forms
of obsessive-compulsive disorder.143 Speculatively,
contamination may involve a memory component,
because history of contact is the defining feature of
contamination. In this way, the study of contamina-
tion could form a bridge between disgust research
and the wider field of memory research. Similarly,
there is a small but growing literature on the cogni-
tive effects of disgust (for example, Refs. 144–146),
but no studies have yet examined the influence of

disgust on such processes as attention and memory
at the neural level.

A final, and rather different direction is to ex-
amine the potential relationship between distaste,
disgust, and pain. For example, concentrated bit-
ter solutions can produce a painful burning sensa-
tion and result in activation of the trigeminal nerve,
which carries nociceptive information to the cen-
tral nervous system.147,148 In our own research, we
have found that the facial expression produced in
response to distaste closely resembles the facial re-
sponse to pain.149 Moreover, BI disgust is, by defini-
tion, closely tied to the perception of physical injury.
How are pain and disgust related at the neural level?
Is blood-injury disgust more closely related to pain
than core disgust? How does pain influence disgust,
and vice versa? Finally, how does disgust toward
another’s injuries influence empathetic responses
to their suffering? These questions remain to be
examined.

Conclusion

Scientific knowledge of disgust has expanded far
beyond what Darwin might have foreseen when
he provided the first empirical description of this
emotion more than one hundred years ago. Re-
cent research has provided important support for
classic theoretical work, especially for the idea that
specialized forms of disgust—including core, BI,
and perhaps also sociomoral disgust—are related
to one another and descended from distaste, an an-
cient motivational response rooted in the chemical
senses.1 Exciting new directions have also emerged,
including functional neuroimaging work that has
increased not only our understanding of disgust,
but also of empathy, social cognition, and emotion,
more broadly. We are confident that many more
promising research directions exist, to be suggested
by future findings and creative research yet to be
done.
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