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A B S T R A C T

Stress is an inevitable part of life that can profoundly impact social and emotional functioning, contributing to
the development of psychiatric disease. One key component of emotion and social processing is facial expres-
sions, which humans can readily detect and react to even without conscious awareness. Facial expressions have
been the focus of philosophic and scientific interest for centuries. Historically, facial expressions have been
relegated to peripheral indices of fixed emotion states. More recently, affective neuroscience has undergone a
conceptual revolution, resulting in novel interpretations of these muscle movements. Here, we review the role of
facial expressions according to the leading affective neuroscience theories, including constructed emotion and
social-motivation accounts. We specifically highlight recent data (Mayo et al, 2018) demonstrating the way in
which stress shapes facial expressions and how this is influenced by individual factors. In particular, we focus on
the consequence of genetic variation within the endocannabinoid system, a neuromodulatory system implicated
in stress and emotion, and its impact on stress-induced facial muscle activity. In a re-analysis of this dataset, we
highlight how gender may also influence these processes, conceptualized as variation in the “fight-or-flight” or
“tend-and-befriend” behavioral responses to stress. We speculate on how these interpretations may contribute to
a broader understanding of facial expressions, discuss the potential use of facial expressions as a trans-diagnostic
marker of psychiatric disease, and suggest future work necessary to resolve outstanding questions.

1. Introduction

Stress- and affect-related psychiatric disorders are often co-morbid,
resulting in heterogeneous psychiatric populations with similarly varied
treatment needs (Craske and Stein, 2016; Griebel and Holmes, 2013).
Understanding the interplay between stress and affect in healthy hu-
mans can provide a benchmark for investigating the dysregulation of
these processes in mental illnesses, potentially pointing to novel ther-
apeutics. The behavioral and physiological components of the stress
response have been well-studied (Godoy et al., 2018), but less is known
about the behavioral and physiological mechanisms of affect in humans
(Rubinow and Schmidt, 2018). This dearth of knowledge has been re-
cognized and addressed in the domain of affective neuroscience over
the last several years. In the course of the development of this dis-
cipline, prior conceptualizations of affect have been brought to the
forefront and criticized (Barrett, 2006), refined (Hutto et al., 2018), or
replaced all together (Barrett, 2017). Our renewed interest in emotional
functioning in the context of the brain has reignited age-old debates
over how, or even if, affect can be studied in humans in a meaningful
and reproducible way (Ekman, 2016). In both experimental and clinical

settings, researchers and clinicians often rely on self-reported assess-
ments of affective functioning. Self-report may not be as reliable as we
think (Nisbett and Wilson, 1977), but what are the alternatives? One
potential candidate may be staring us in the face.

Facial expressions have captivated scientists and philosophers alike
for centuries. From Darwin (1872), all the way back to the physiog-
nomists, or “face-readers”, of ancient Egypt and Arabia (circa 340 B.C.)
(Fridlund and Fridlund, 1994), facial expressions have elicited fasci-
nation and speculation. Modern research has shown that humans are
primed to recognize and react to facial expressions, at times even
without explicit awareness (Dimberg et al., 2000; Dimberg and
Petterson, 2000). Thus, the face serves as a powerful social commu-
nication tool. But what is it that facial expressions are actually sig-
naling? At first glance, the relation between affect and facial expres-
sions may seem obvious. Children learn early that smiling faces are
“happy” while furrowed brows signal “anger.” However, without a
scientific consensus on a conceptualization of affect, interpreting this
relationship becomes tenuous. Recently, trans-diagnostic reports of
dysregulated facial expressions (Davies et al., 2016) have contributed to
the inclusion of facial expression production within the National
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Institute of Mental Health (NIMH)'s Research Domain Criteria (RDoC)
initiative. At the same time, automated facial expression recognition
software, based on Paul Ekman's facial action coding system (FACS
(Ekman and Rosenberg, 1997); discussed more below) has been used
across disciplines (Whitehill et al., 2013; Gilmore, 2017) with some
proposing to implement facial expression-detecting algorithms to aid in
psychotherapy (Gay et al., 2013; Kumazaki et al., 2017). Thus, under-
standing the role of facial expressions in social and emotional func-
tioning is critical to elucidating clinically relevant biomarkers, under-
standing their functional consequence, and implementing related
therapies in an effective, evidence-based manner.

Here, we will briefly highlight how current perspectives on affective
functioning suggest we understand facial expressions. While an ex-
haustive description of these theories is beyond the scope of the current
manuscript, we will instead place emphasis on the role of facial ex-
pressions within these models. Across theoretical frameworks, context
has become increasingly hailed as an integral component in the inter-
pretation of facial expressions. Consequently, we will concentrate our
discussion on facial expressions within the context of a particularly
relevant social situation: acute stress exposure. As an illustrative ex-
ample, we will focus on recently published data (Mayo et al., 2018)
highlighting individual factors that influence how stress shapes facial
expressions. We will discuss in depth how genetic variation in the en-
docannabinoid system, a neuromodulatory system implicated in stress
and emotion processing, influences stress-induced facial muscle ac-
tivity. In addition, we will introduce a re-analysis of this dataset that
implicates gender as a factor that modulates stress-induced facial ex-
pressions. In both cases, we will frame these results in the context of the
leading theories of affect in an effort to determine whether this dataset
can help us disentangle the role of facial expressions in subjective af-
fective experience versus social-motivation terms. We will close by
outlining the real-world implications of these alternative views of facial
expressions, the potential clinical relevance, and future directions that
may provide the information needed to move towards a consensus on
this issue.

1.1. Finding a theoretical place for the face

Darwin proposed a homology in facial expressions across in-
dividuals of different cultures, as well as between humans and animals,
based on systematic investigation of facial expressions across the age
span, cultures, and disease states (Darwin, 1872). This work served as
the foundation for the predominant neurocultural theory of facial ex-
pressions (Izard, 1971; Ekman and Friesen, 1969). Nearly ubiquitous in
introductory psychology courses, this essentialist view of emotion has
guided decades of research (Ekman, 1984). According to the most no-
table example of this view, formalized by Ekman as the Basic Emotion
Theory (BET (Ekman, 1984)), facial expressions convey fixed, gen-
eralizable emotion states. From this perspective, the emotion “anger” is
displayed by a prototypical anger face that includes furrowed brows
and a scowl. Based on this formulation, Ekman created FACS as a
standardized method to score minute facial muscle movements in-
dicative of these proposed fixed emotion states (Ekman and Rosenberg,
1997). This system has left a significant footprint not only in academia,
but also in industry and popular culture. FACS is used by software
companies (Whitehill et al., 2013), has been capitalized on by mar-
keting companies (Neto and Filipe, 2016), and even incorporated into
popular media (e.g. the Fox series “Lie to Me”).

The ubiquity of this essentialist viewpoint is not confined to lay-
people or novice psychology students. Only a few years ago, a poll of
prominent emotion scientists found that approximately 80% endorsed
the view that the face conveys universal signals of emotion (Ekman,
2016). The universality of facial expressions has been promoted largely
based on data suggesting that remote, small-scale societies with limited
exposure to Western cultural norms have, nonetheless, similar facial
expressions and similar interpretations of these expressions. The first

wave of these studies took place decades ago and used confirmation-
based research methods designed to support universality (Ekman et al.,
1987; Ekman and Friesen, 1971). For instance, participants were shown
a picture of a posed emotion face and asked to label it using a limited
number of discrete emotion categories (Ekman et al., 1987). Even then,
support was moderate, at best (Nelson and Russell, 2013). Increasingly
innovative methods, including more objective, data-driven approaches
have called into question the recognition of facial expressions as uni-
versal, discrete emotions (Chen et al., 2018; Gendron et al., 2018). A
second wave of studies in small-scale, indigenous samples, discussed
more below, have recently provided even stronger contrary evidence.
Moreover, evidence from studies assessing the neural and physiological
correlates of facial expressions fail to support the existence of distinct
emotions categories (Barrett, 2006; Lindquist et al., 2012). Thus, ac-
cumulating evidence (Shariff and Tracy, 2011; Barrett and Satpute,
2017) strongly suggests that facial expressions are more than reflections
of hardwired, discrete emotions that many classic essentialist theories
claim.

An alternative functional account of facial expressions derives from
constructivist emotion theories. From this perspective, emotions are not
unique perception-action programs with stereotyped behavioral and
physiological outputs, and as a result, facial expressions are not in-
dicative of discrete emotion categories (Barrett, 2006; Posner et al.,
2005). Instead, constructivist accounts describe an affective state as
comprised of the orthogonal dimensions of valence (positive versus
negative) and arousal (activated versus deactivated). Consequently,
facial expressions serve as indices of individuals' affective state, but
they do so only at the level of “core affect” indicating points on the
dimensions of valence and arousal. Core affect can be characterized as
the totality of information regarding an organism's neurophysiological
state and any perturbations as a consequence of internally or externally
changing events (Barrett, 2006). Thus, objects and events have affective
meaning to the extent that they can influence the homeostatic (or “core
affective”) state of the individual. Our conscious representation of core
affect is thus experienced as feeling states described in terms of affec-
tive valence and arousal (Russell and Barrett, 1999).

Thinking in terms of core affect, as opposed to basic emotion states,
modifies our interpretation of facial expressions. Instead of basic
emotion states such as “happy” or “sad”, varying levels of valence and
arousal combine to produce affective states to which emotional cate-
gory terms can be applied. Thus, the term “happy” has been attributed
to the state of high positive valence and moderate arousal. This extends
to the interpretation of facial expressions. For instance, activation of the
corrugator muscle to furrow the brow would signal an increase in ne-
gative-valenced affect, while activation of the zygomatic muscle to pull
up the corners of the mouth into a smile would convey enhanced po-
sitive-valenced affect (Lang et al., 1993). Increased corrugator activity
alone, however, does not tell you which of the approximately six basic
emotions hypothesized by essentialist accounts is being experienced.
More recent studies conducted within small-scale societies (Crivelli
et al., 2017; Gendron et al., 2014) (for review, see (Gendron et al.,
2018)) have also cast doubt on essentialist emotion theories proposing
universality of emotional expression and experience (Gendron et al.,
2018; Chen and Jack, 2017). For instance, many individuals from small,
isolated societies fail to accurately label faces conveying the proto-
typical emotions proposed by essentialist accounts, while the same
images elicit near universal agreement on affective valence of the face
in question (Crivelli et al., 2017). Neuroimaging, physiological, and
psychological data are supportive of a more general distinction of affect
in terms of valence and arousal rather than discrete emotion states (for
review, see (Barrett, 2006; Lindquist et al., 2012)). Thus, facial ex-
pressions may depict the internal affective state of an individual, ef-
fectively broadcasting this state to others, but not in as specific of terms
as suggested by universalist models.

Both essentialists and constructivists propose that perceivers of fa-
cial expressions use them as a means to infer the mental state of the
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expresser. However, it is possible that facial expressions are instead
playing a role in action identification (Dewey, 1894; Kozak et al.,
2006), particularly in the contexts of social influence and commu-
nication (Parkinson, 1996; Crivelli and Fridlund, 2018; Krebs et al.,
1984). One of the most well-developed of these motivation-commu-
nication views, the behavioral ecology view of facial displays (Fridlund,
1994), hypothesizes a role for facial expressions as tools to commu-
nicate behavioral intentions or social motives, rather than express one's
current affective state. Accordingly, in a series of observational studies,
it was found that athletes often do not smile upon winning a given
event, even though emotional valence and intensity are expected to be
at relative extremes (Crivelli et al., 2015; Kraut and Johnston, 1979;
Fernández-Dols and Ruiz-Belda, 1995; Ruiz-Belda et al., 2003). Instead,
smiles were displayed by athletes upon turning to face an audience or
when otherwise engaged in a social interaction. Facial expression are
thus signs for promoting contingent action in social negotiation, the
interpretation of which relies on the context, the individuals engaged in
the negotiation, and their histories (Crivelli and Fridlund, 2018). For
instance, an expresser displaying an “anger” face is providing a cue that
signals the potential for a hostile interaction, allowing the receiver to
make a choice to either continue and face the impending antagonistic
interaction or to flee and avoid the hostile situation (Parkinson, 1996).
Similarly, a smile (“happy” face) facilitates affiliative behavior, while
scrunching the nose (“disgust” face) signals a rejection of the current
interaction trajectory (Crivelli and Fridlund, 2018). In agreement, new
methods used to study small, indigenous societies suggest that facial
expressions are more associated with behaviors than with discrete
emotions (Gendron et al., 2018; Crivelli et al., 2017). Even in children
less than a year old, facial expressions appear to be motivated more by
social context than subjective state (Jones et al., 1991). Social-moti-
vation accounts of facial expressions even receive support from animal
studies, as recent evidence suggests that macaques can predict social
outcomes from facial expressions (Waller et al., 2016). Clinically, social
anxiety disorder is associated with reduced positive facial expressions
during social interaction, potentially as a means to discourage social
approach (Pearlstein et al., 2019). Thus, facial expressions may be a
tool to express social motives, such as eliciting approach or promoting
avoidance from others in a social setting.

A common critique of the behavioral ecology view of facial ex-
pressions and other social-motivation accounts is the implied necessity
of the social setting. Facial expressions are frequently made in the ab-
sence of other social interactants, such as those directed towards ani-
mals (e.g. our pets), non-living things (e.g. cellphones), or even our-
selves (e.g. talking to oneself). One may argue that there is no need for
social signaling in these situations and that these examples would
provide weight to the constructivist view of facial expressions dis-
playing a measure of internal affect. The counterargument, as described
in detail elsewhere (Crivelli and Fridlund, 2018), is that while physi-
cally alone, we are not necessarily psychologically alone. Production of
facial expressions is influenced by social relationship status of those in
the vicinity (Wagner and Smith, 1991) and potentiated by the presence
of real or imagined audiences (Fridlund et al., 1990; Fridlund, 1991).
Thus, the context does not only include the physical context, but per-
haps the psychological context, as well.

1.2. Quantifying the faces of stress

Many scientists have explored how acute stress influences the per-
ception or detection of facial expressions. Stress exposure is generally
associated with enhanced sensitivity in detecting facial expressions
(Daudelin-Peltier et al., 2017), though findings can vary based on fac-
tors such as age (Everaerd et al., 2017), gender (Duesenberg et al.,
2016; Quas et al., 2000), and psychiatric diagnosis (Ahs et al., 2017).
Stimuli used in these studies typically consist of standardized pictures
of faces manipulated to display a prototypical emotion face (e.g. “fear”
or “anger”) that participants are asked to match, given a limited set of

emotion words (Ekman et al., 1987). Other approaches assess neural or
psychophysiological responses to these facial displays (Morris et al.,
1996; Breiter et al., 1996). The ability to detect and respond to facial
expressions likely has profound impact on one's social capabilities.
Across modalities, these efforts are almost exclusively focused on the
response of the perceiver, or the person who is trying to decode the
facial expression. However, social communication is a two-way street; it
is not only dependent upon one's ability to detect facial expressions, but
also on the ability to express via the face. Stress may influence traffic on
this street heading in both directions; that is, stress may not only in-
fluence one's ability to detect facial expressions, but may also influence
the production of facial expressions.

In contrast, few studies have asked how stress influences facial ex-
pressions of the expresser: the individual being stressed who is sending
out the signal that is to be perceived. This is a particularly interesting
scenario given that the face is a primary channel of social commu-
nication and may convey subtle messages apart from more typical stress
assessments, i.e. cortisol response, skin conductance, or subjective self-
report ratings. Moreover, several psychiatric disease states are asso-
ciated with dysregulation in the production of facial expressions (Davies
et al., 2016), suggesting that facial expressions may serve as biomarkers
of both acute and chronic disease states. Thus, understanding how
stress shapes facial expressions has the potential to provide a more
nuanced picture of the consequences of acute and chronic stress on this
proposed biomarker and its utility as an RDoC subconstruct.

Recently, we developed a paradigm to assess facial muscle reactivity
to emotional images, as well as stress-induced changes in facial muscle
responses (Mayo et al., 2018) (for a detailed description of the methods,
see supplemental materials). To do so, we measured facial electro-
myography (EMG) of the corrugator (“frown”) muscle and the zygo-
matic (“smile”) muscle in response to emotional images from the In-
ternational Affective Picture System (IAPS (Lang et al., 1993)). Next,
participants are subjected to a standardized stress task, the Maastricht
Acute Stress Task (MAST (Smeets et al., 2012)), consisting of alter-
nating trials of hand immersion in ice cold water and mental arithmetic
performed aloud with negative socio-evaluative feedback. They then
complete another IAPS task to assess how stress influences facial EMG
activity at rest and in response to emotional images. On a separate day
(in counterbalanced order), participants also complete a control task,
again flanked by IAPS image presentation and EMG measurement. As a
result, we obtain a baseline readout of facial muscle activity in response
to emotional images, and we can then determine how stress modulates
these responses. Importantly, with EMG we obtain continuous data
whereas FACS supplies only discrete, categorical output. With this ap-
proach, we can begin to understand how stress changes facial expres-
sions and what individual factors modulate this behavior.

1.3. Is the “bliss molecule” an emotional buffer?

While we are beginning to resolve questions about what facial ex-
pressions tell us about the architecture and function of emotion, we are
only recently starting to understand relations between molecular and
expressive levels. That is, do pharmacological compounds that influ-
ence how we “feel” also influence what our faces show? Psychoactive
drugs are consumed recreationally, often to increase mood or enhance
sociability (Bogt and Engels, 2005; Boys et al., 2001; TART, 1970), and
psychiatric disorders hallmarked by dysregulation of social or affective
processing are currently, or may soon be, treated by these same sub-
stances (Mithoefer et al., 2016). Notably, marijuana is the most com-
monly used illicit drug (UNODC, 2015) and has been used for centuries
to both enhance mood and reduce stress or anxiety (Cheung et al.,
2010) and has recently gained medicinal or recreational use in several
regions. The primary psychoactive component of marijuana, Δ-9-tet-
rahydrocannabinol (THC), is an agonist at cannabinoid type 1 (CB1)
receptors. This receptor is also activated by endogenous cannabinoid
ligands, such as anandamide. Anandamide (AEA), whose name derives
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from word ananda, the Sanskrit word for “joy, bliss, or happiness”, is
often referred to as the “bliss molecule” in reference to its positive-
mood enhancing properties (Devane et al., 1992). AEA is proposed to
act as an emotional buffer (Morena and Campolongo, 2014), and pre-
clinical evidence suggests that enhanced AEA via inhibition of its main
degradative enzyme, fatty acid amide hydrolase (FAAH), protects
against the anxiogenic effects of stress (Haller et al., 2009). FAAH in-
hibitors are proposed as novel treatments for stress-related psycho-
pathology (Gunduz-Cinar et al., 2013a,b; Patel et al., 2017), but are not
currently approved for human use. However, initial insights into the
consequences of elevated AEA come from human behavioral genetics
studies (Hariri et al., 2009; Gunduz-Cinar et al., 2013a,b; Dincheva
et al., 2015), including our recently published work (Mayo et al., 2018).

Using the aforementioned stress and affect paradigm, we assessed
how enhanced AEA influenced stress and stress-induced facial muscle
activity (Mayo et al., 2018) (see Fig. 1; Fig. 2A and B). We found that
individuals homozygous for the loss-of-function FAAH 385A allele,
whom we confirmed to have elevated peripheral AEA levels at baseline,
are protected against stress-induced decreases in circulating AEA. Per-
ipheral AEA levels, at baseline or in response to stress, were not asso-
ciated with any differences in subjective or neuroendocrine stress re-
sponse. Consequently, this allowed us to determine if this stress-
induced decrease in AEA influences facial muscle activity apart from
any confounding factors implicating differences in stress reactivity as
assessed via common stress-related outcome measures (e.g. neu-
roendocrine, autonomic). Put more simply, would retaining this
“emotional buffer” indeed buffer the negative affective consequences of
stress? We found that stress produced an increase in corrugator activity
at rest (e.g. in the absence of any stimulus) in a gene-dose-dependent
manner (effect of genotype: F (2,69)= 4.83, p=0.031, partial η
(Griebel and Holmes, 2013)= 0.064), such that those with the lowest
AEA (C-allele homozygotes) show the greatest increase in resting cor-
rugator activity (e.g. more “frowning”) following stress. When exposed
to affective stimuli, those with stress-induced decreases in AEA showed
a net increase in corrugator reactivity in response to stimuli across all
stimulus categories (positive, neutral, and negative; F (2,138)= 3.75,
p=0.050, partial η (Griebel and Holmes, 2013)= 0.053). Perhaps
unexpectedly, individuals whose AEA levels were impervious to stress
failed to show this increase, and in fact demonstrate reduced corrugator
activity specifically to negative stimuli following stress (response to
negative stimuli: F (2,69)= 4.53, p= 0.037, partial η (Griebel and
Holmes, 2013)= 0.061). It is important to note that we found no dif-
ference in self-reported ratings of image valence or arousal. Conse-
quently, our participants did not differ in how positively or negatively
they perceived the images, but only differed in their reactions to the
images. Moreover, these effects were only apparent following the stress
task, as we did not see any effect of genotype on baseline EMG activity
or self-report ratings (see supplemental materials).

A straightforward interpretation of these findings is that elevated
AEA, a putative emotional buffer (Morena and Campolongo, 2014)
protects against stress-induced increases in negative affect as measured
via corrugator activity. When stress depletes this emotional buffer, we
see increased corrugator activity, signaling increased internal negative
affect. However, for those whose AEA levels are unaffected by stress, we

instead see a reduction in negative affect. This could be a particularly
advantageous response in the face of environmental aversiveness: while
our stimuli (e.g. pictures of snakes, spiders, etc.) elicit an increase in
negative affect, these are rendered less affectively salient following the
stressor. This finding is in line with accumulating neuroimaging evi-
dence showing that this same variant is associated with enhanced
fronto-amygdala connectivity at rest and during emotion regulation,
suggesting a greater capacity for emotion regulation in individuals
carrying this allele (Gunduz-Cinar et al., 2013a,b; Dincheva et al., 2015;
Gartner et al., 2018). Together, these data suggest that AEA functions as
an emotional buffer, protecting against the negative effects of stress,
including enhanced negative affect demonstrated via enhanced corru-
gator reactivity.

Alternatively, our findings could be interpreted as an advantageous
adaptation in social functioning following stress. Recently, the eCB
system has been implicated as an integral component in both social
anxiety and social reward, suggesting that modulation of the eCB
system may bi-directionally mediate social behavior (Wei et al., 2017).
In rodent models, elevations in AEA via FAAH inhibition are associated
with increased social interaction (Cassano et al., 2011), increased social
play following increased environmental aversiveness (Manduca et al.,
2014), and amelioration of deficits in social functioning (Wei et al.,
2016). In humans, psychiatric diagnoses associated with lower circu-
lating AEA (Karhson et al., 2018) are also associated with consistent
dysregulation in production of facial expressions, resulting in atypical
regulation of social interactions (Trevisan et al., 2018). Consequently,
in regards to the data at hand, a reduction in AEA following stress may
mediate social behaviors accordingly, promoting increased corrugator
as signal to dissuade social approach. Conversely, elevated AEA during
stress may promote prosocial behavior, promoting reduced corrugator
as a signal to approach. Unfortunately, from these data alone, it is
unclear whether AEA is buffering stress-induced negative affect or in-
fluencing social behavior following stress.

1.4. To fight-or-flight or tend-and-befriend?

The canonical portrayal of the stress response is that of a “fight-or-
flight” response, which includes an array of physiological and beha-
vioral responses meant to promote coping with a real or perceived
threat. This terminology accurately reflects the physiological char-
acteristics of the stress response, such as increased cortisol or heigh-
tened cardiovascular activity, but it is does not fully reflect the varia-
tion in behavioral responses to stress, particularly the striking
differences between genders. As an alternative to the fight-or-flight
response, women may instead adopt a so-called “tend-and-befriend”
response (Taylor et al., 2000). According to this hypothesis, stress does
not always elicit antagonistic behaviors such as fighting or fleeing, but
can actually promote social affiliation under stress, a behavioral profile
that is particularly pronounced in women (Taylor et al., 2000). This is
supported by evidence that, following stress, women are more likely to
demonstrate social cooperation and accept unfair economic offers
(Youssef et al., 2018). Moreover, men and women engage distinct
patterns of neural resources in response to stress (Seo et al., 2017),
further highlighting gender divergence in stress responsivity.

Fig. 1. Summary of FAAH C385A genotype-based
differences in anandamide and stress-induced cor-
rugator activity. Individuals with low baseline levels
of peripheral AEA (e.g. C/C) demonstrated a stress-
induced reduction in AEA that coincided with an
increase in corrugator reactivity at rest and in re-
sponse to affective stimuli (positive, neutral, and
negative). Those with higher levels of AEA (e.g. A/A)
demonstrated no change in AEA following stress. In

addition, they were protected against stress-induced changes in corrugator activity at rest, and even showed reduced corrugator activity in response to negative
stimuli. Schematic based on data presented in (Mayo et al., 2018) and Fig. 2A and B.
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In a re-analysis of our original dataset, we found distinct gender
differences in stress-induced facial muscle activity. Following stress,
men showed an increase in corrugator reactivity or “frowning” at rest
(e.g. in the absence of any stimulus; main effect of gender: F

(1,70)= 4.12, p=0.049 partial η (Griebel and Holmes, 2013)= 0.54;
Fig. 2C). Moreover, men demonstrated a net increase in corrugator
reactivity to all stimuli, regardless of emotional content (main effect of
gender: F (1,70)= 4.51, p=0.036, partial η (Griebel and Holmes,

Fig. 2. Anandamide and gender-based differences in stress-induced changes in corrugator reactivity. Participants completed an affective image task before and after
stress and control procedures. We calculated the net change due to stress of the corrugator (“frown”) muscle as follows: ([Post – Pre] stress corrugator activity – [Post
– Pre] control corrugator activity). This was assessed at rest (e.g. in the absence of any stimulus), and in response to emotional images with positive, neutral, or
negative emotional content. Enhanced anandamide conferred via FAAH 385A produced a gene-dose-dependent reduction in stress-induced corrugator reactivity at
rest (A) and in response to emotional images, particularly those with negative emotional content (B). Following stress, men show a greater increase in corrugator
reactivity at rest (C), as well as in response to emotional images (D), as compared to women. Combinatory effects of genotype and gender on corrugator activity at
rest (E) and in response to emotional images (F) are in the expected directions. *p < 0.05 effect of genotype; #p < 0.05 effect of gender.
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2013)= 0.061; Fig. 2D). Meanwhile, we observed that this stress-in-
duced increase in resting corrugator activity was absent in women. In
fact, women tended to display a reduction in corrugator reactivity
specifically in response to negative stimuli (effect of gender on response
to negative stimuli: (F1,70)= 5.52, p=0.022, partial η (Griebel and
Holmes, 2013)= 0.073; Fig. 2D). Our original finding—that enhanced
anandamide protects against stress-induced increases in corrugator re-
activity—still applies. Specifically, men show greater stress-induced
corrugator reactivity than women, but AEA shifts all groups towards
less corrugator activity to a similar degree. The study was not powered
to detect genotype-by-gender interactions when both factors were en-
tered into the model, but did nevertheless find trend level effects on
both resting corrugator (effect of gender F (1,66)= 3.88, p= 0.053,
partial η (Griebel and Holmes, 2013)= 0.054; effect of genotype F
(2,66)= 4.57, p=0.036, partial η (Griebel and Holmes,
2013)= 0.065; Fig. 2E) and response to negative stimuli (effect of
gender F (1,66)= 2.16, p=0.069, partial η (Griebel and Holmes,
2013)= 0.070; effect of genotype F (2,66)= 4.18, p= 0.027, partial η
(Griebel and Holmes, 2013)= 0.071; Fig. 2F). Thus, our data suggest
that men demonstrate greater corrugator reactivity following stress as
compared to women, and enhanced AEA is associated with reduced
corrugator activity in both genders. Current efforts are underway to
replicate and extend this finding using pharmacology.

If corrugator activity is interpreted as a proxy of internal affect, our
data suggest that women experience less negative affect following
stress. This may indeed be true, though we failed to find any difference
in stress response (e.g. cortisol response, skin conductance, cardiovas-
cular activity) or self-reported affect. Alternatively, women may be
demonstrating a prosocial behavioral profile akin to the tend-and-be-
friend response, using facial expressions to elicit approach in an effort
to soothe social unease (Tamres et al., 2002). Men, in turn, may behave
within a fight-or-flight response model, displaying a threat response
that promotes avoidance. This interpretation is corroborated by evi-
dence that in men, stress-induced increases in cortisol are associated
with more angry facial expressions, as determined via FACS (Lupis,
Lerman, Wolf, 2014). Stress was not associated with displays of anger
(or fear) in women, though they did self-report greater anger than men
(Lupis, Lerman, Wolf, 2014). Thus, even when women report feeling
more angry, it does not show on their face. In addition, while women
are more sensitive in detecting aggression at baseline, stress abolishes
this advantage (DeDora et al., 2011), perhaps increasing the likelihood
of social approach under stressful conditions.

Efforts to understand the biochemical underpinnings of the tend-
and-befriend behavioral profile have primarily focused on oxytocin
(Taylor, 2006). In general, stress increases oxytocin release (Crockford
et al., 2018), though contextual factors moderate this effect in humans
(Brown et al., 2016). Oxytocin appears to gate social behavior via in-
teractions with dopamine (Hung et al., 2017), a finding which has re-
cently been extended to include modulation via CB1 receptor activity
(Xiao et al., 2018). Preclinical evidence also shows that oxytocin drives
AEA activity at CB1 receptors, promoting prosocial behavior (Wei et al.,
2015). In humans, stress-induced prosocial behavior is primarily stu-
died in women (von Dawans et al., 2018), but recent evidence suggests
that men may engage in similar behaviors (von Dawans et al., 2012;
Heinrichs et al., 2003). This is particularly apparent following exo-
genous oxytocin administration and in the presence of social support
(Heinrichs et al., 2003). Hence, the behavioral response to stress may
lie along a spectrum of increasing sociality, ranging from fight-or-flight
(antagonistic) to tend-and-befriend (prosocial), with male distributions
skewed towards the former and females towards the latter. However,
these phenotypes are not fixed; environmental factors (e.g. social sup-
port) or individual factors (e.g. anandamide, oxytocin levels) may shift
an individual towards a profile of increased prosociality. As such, ex-
ploring the extensive individual variation in the behavioral con-
sequences of stress, including facial expressions, has the potential to
shed new light on how such responses can become dysregulated.

1.5. Face value in psychiatric research

We have provided evidence regarding stress-induced changes in
facial muscles in healthy humans, suggesting that canonical views of
facial expressions as indices of internal affect may instead be more
appropriately interpreted as social signaling tools, based both on em-
pirical data and theoretical discourse (Crivelli and Fridlund, 2018).
While conceptually and theoretically interesting to affective neu-
roscientists, a fair response may be to question the real-world im-
plications of this debate. That is, from a clinical perspective, will a
functional understanding of facial expressions provide any advantages
in psychiatric diagnosis, prognosis, or treatment?

Psychiatric disorders are syndromes, i.e. clusters of co-occurring
symptoms, many of which are characterized in part by dysregulation of
emotional and social functioning. As psychiatric symptoms are re-
shuffled and syndromes rename in each iterative version of the major
diagnostic manual (APA, 2000; APA, 2013), an attractive alternative
approach to gain mechanistic insight into behaviors that span diagnoses
is the NIMH's RDoC matrix. Within this framework, clinically-relevant,
biologically-based constructs are highlighted, providing a footing for
both clinical and preclinical research efforts. The production of facial
expressions is listed within the RDoC matrix, under the construct of
social communication, perhaps due to the fact that dysregulation of
facial expressions appears to be a trans-diagnostic trait of psychiatric
disease (Davies et al., 2016). Thus, a proper understanding of the
functional significance of facial expressions would facilitate the devel-
opment of this RDoC domain as a useful research and clinical tool,
including the development of novel therapeutic strategies.

If facial expressions are indeed a biomarker of psychiatric disease,
then it would be ideal to elucidate therapeutic avenues that can mod-
ulate this indicator. Pharmacological interventions used to treat various
psychiatric disorders have been shown to modulate facial expressions in
healthy populations. For example, amphetamine is a prototypical sti-
mulant drug often prescribed for ADHD that, in healthy adults, mod-
ulates facial muscle reactivity to emotional stimuli in a manner distinct
from more general effects of drug on mood (Wardle and de Wit, 2012;
Wardle et al., 2012). MDMA, a stimulant drug with unique prosocial
effects (Wardle et al., 2014; Bedi et al., 2010) has recently garnered
attention as a potential adjunct to psychotherapy for various psychiatric
populations (Mithoefer et al., 2016; Danforth et al., 2018). In healthy
humans, MDMA enhances facial muscle reactions to positive social
stimuli (e.g. happy faces) (Wardle, de Wit, 2014) and influences per-
ceptions of social interactions (Frye et al., 2014). Moreover, naltrexone,
an antagonist at endogenous opioid receptors, increases negatively-
valenced facial expressions to positive faces, interpreted by the authors
as an increase in negative responses to affiliative cues (Meier et al.,
2016). Finally, the data presented hererin (Mayo et al., 2018) highlights
a role for elevated AEA in shaping facial expressions, while the same
mechanism has been proposed as a treatment for stress-related psy-
chopathologies (Gunduz-Cinar et al., 2013a,b; Patel et al., 2017). Thus,
facial expression may represent a potential trans-diagnostic biomarker
of psychiatric disorders, which is sensitive to psychiatric medication. As
a result, understanding what we are modulating (e.g. via pharma-
cology) is paramount to understanding which specific clinical condi-
tions would benefit from these treatments. Furthermore, our finding of
gender differences in the consequences of stress on facial expressions
that may relate to gender differences in the prevalence of psychiatric
disease, particularly those relating to social and emotional processing
(Li and Graham, 2017), which may further instantiate facial expressions
as a biomarker of interest. Consequently, a more definitive functional
account of the role of facial expressions is critical to the use of this
biomarker in a clinically informative way.

In summary, interpretations of facial expressions vary across theo-
retical accounts nearly as much as the expressions they aim to describe.
Of the leading theories, one interpretation is that facial expressions are
an outlet of expression for the internal affective state of an individual.
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Alternatively, they may be social signaling tools used to communicate
social motivations. In regards to the discussed dataset, we originally
interpreted our findings in the contexts of facial expressions as a mea-
sure of internal affect, but a more thorough analysis suggests that a
behavioral role in social communication may be more likely. To date,
there have been few instances that have pitted the latter two theories
against each other in mutually exclusive way. Moreover, it remains to
be seen if the gender differences we describe are related to inherent
biological sex differences or a result of culturally-mediated expectations
(Chen and Jack, 2017). In the future, the constraints of laboratory-
based studies may be overcome by more naturalistic experimental
settings (Fernández-Dols and Crivelli, 2013), allowing us to determine
whether organically occurring facial expressions are truly predictive of
social behavior, which may be key to elucidating the functional sig-
nificance of facial expressions in health and disease.
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