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Introduction

	 Humans are one of nature’s social species. Like 
other primates, we have evolved to display a range of 
affiliative and social emotions and behaviors. While af-
filiative experiences may be rewarding, social situations 
and hierarchies may also be associated with negative 
affects such as anxiety. Given the centrality of affilia-
tive and social concerns in human life, the high preva-
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Social anxiety disorder (SAD) is a highly prevalent and disabling disorder with key behavioral traits of social fearful-
ness, social avoidance, and submissiveness. Here we argue that hormonal systems play a key role in mediating social 
anxiety, and so may be important in SAD. Hormonal alterations, often established early in development through the 
interaction between biological and psychological factors (eg, genetic predisposition x early trauma), predispose to 
socially fearful, avoidant, and submissive behavior. However, whereas gene variants and histories of trauma persist, 
hormonal systems can be remodeled over the course of life. Hormones play a key role during the periods of all sensi-
tive developmental windows (ie, prenatal, neonatal, puberty, aging), and are capable of opening up new develop-
mental windows in adulthood. Indeed, the developmental plasticity of our social brain, and thus of social behavior 
in adulthood, critically depends on steroid hormones such as testosterone and peptide hormones such as oxytocin. 
These steroid and peptide hormones in interaction with social experiences may have potential for reprogramming the 
socially anxious brain. Certainly, single administrations of oxytocin and testosterone in humans reduce socially fearful, 
avoidant, and submissive behavior. Such work may ultimately lead to new approaches to the treatment of SAD.           
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lence of social anxiety is not surprising.1 Furthermore, 
it is not surprising that social anxiety disorder (SAD) is 
accompanied by significant distress and functional im-
pairment.2 
	 Behavioral inhibition, characterized by socially fear-
ful and avoidant behavior, is both a feature of SAD and 
a key predictor for the development of this condition.3 
Both in daily life and in experimental work, such social 
fear and avoidance in SAD manifests in terms of blush-
ing, as well as avoidant or submissive responses to the 
eye gazes of others. Blushing and gaze aversion in SAD 
are arguably a pathological manifestation of an evolu-
tionarily evolved submissive response that appears in 
primate dominance encounters.4 While rodents domi-
nate by means of aggression, in primates subordinates 
avert their gaze when challenged by the threat stare of 
the dominant animal, so allowing the social hierarchy to 
be regulated nonaggressively.5–7

	 In SAD, however, such social adaptations seem to 
have gone awry and socially fearful, avoidant, and sub-
missive behaviors are generalized to all of human social 
interaction. Animal research has established a pivotal 
role for the neuropeptide oxytocin (OXT) and the ste-
roid testosterone (T) in the development and adaptive 
preservation of social hierarchies.8,9 Such work, as well 
as placebo-controlled studies with single administra-
tions of OXT and T in humans, leads to the hypothesis 
that imbalances in OXT and T systems may contribute 
to the pathogenesis of SAD. 

Oxytocin and testosterone

In many species, including humans, the peptide hor-
mone OXT and the steroid hormone T play a key role 
in the development and execution of social-emotional 
behavior, both in males and in females. Depending on 
the relevant social context and environment, these so-
cial hormones act via, and interact with, all the main 
neurotransmitter systems (that is, the serotoninergic, 
noradrenergic, and dopaminergic systems). The other 
key social hormone systems, the estrogen and the va-
sopressin systems, depend critically on T, as the most 
important estrogen, estradiol, is a metabolite of T, and 
vasopressin depends on T for its gene expression. 
	 Since OXT depends on estradiol for its gene expres-
sion, all of our social behavior is ultimately based upon 
T, a hormone that is ironically associated with antisocial 
behavior in some folk psychologies.10 Although OXT 

and T possess opposite behavioral properties, for ex-
ample in the domain of cognitive empathy,11,12 they are 
certainly not antagonistic hormones in their effects on 
brain and behavior. On the contrary, the OXT and T 
systems are intrinsically intertwined, jointly critical for 
the execution of sexual behavior, and have important 
and seemingly complementary anxiolytic/fear-reducing 
properties. 
	 OXT and T act, directly or indirectly, via other hor-
mone or neurotransmitter systems, on all social-affec-
tive brain systems including the orbitofrontal cortex 
(OFC), anterior cingulate cortex (ACC), amygdala, 
ventral striatum, hypothalamus, and brain stem. How-
ever, depending on biological predisposition, early ad-
versity (for example, abuse or neglect) can disorganize 
the expression of social-emotional behaviors by creat-
ing imbalances in hormonal systems, and especially in 
the OXT and T systems. These hormonal imbalances 
have negative effects on the social-emotional brain and 
can produce socially fearful, avoidant, and submissive 
behaviors, with insensitivity for social rewards. 
	 Early-life social experiences shape the expression 
of adult social behaviors via neuropeptide and steroid 
systems, and especially the OXT and T systems, which 
among others organize the expression of fear and ag-
gression, and related approach and avoidance behav-
iors. Notably, changes in the production and secretion 
of OXT and T in response to social events, and changes 
in the social brain’s sensitivity to these hormones, are 
fundamental mechanisms by which social experience 
affects later social behaviors. Furthermore, the social-
emotional behaviors governed by the OXT and T sys-
tems seem to play a major role in SAD. 
	 There is some evidence that OXT and T levels mea-
sured in plasma or saliva are lowered in SAD.13,14 How-
ever, saliva and plasma measures only coarsely reflect 
brain OXT and T, as OXT does not cross the blood-
brain barrier, and T is produced not only by the gonads 
and adrenals, but also is a neurosteroid in the brain that 
is not measurable peripherally.15 What makes OXT and 
T of specific interest to SAD are placebo-controlled 
OXT and T administration studies in humans, which 
suggest that these hormones can alleviate the core be-
havioral hallmarks of SAD (social fearfulness, avoid-
ance, submissiveness), and increase sensitivity to social 
rewards, as described in more detail below. 
	 The robust evidence for acute behavioral plasticity 
in the OXT and T systems, with transient development 
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of new social behaviors in adulthood in response to 
single administrations of OXT and T, potentially opens 
up significant therapeutic opportunities, particularly in 
light of one of the important scientific discoveries of re-
cent decades, that of adult neuroplasticity. Adult neuro-
plasticity refers to structural changes in brain regions 
and rewiring of brain pathways in adulthood, and social 
experiences. OXT and T not only develop and execute 
our social-emotional behavior,16 but they also are key 
players in adult neuroplasticity.17–19 Importantly, OXT 
and T are able to open up new developmental windows 
in adulthood, and on these windows social experiences 
(and thus psychosocial interventions) can potentially 
act to bring lasting change (Figure 1).

Effects of oxytocin and testosterone 
on fear and anxiety

In rodent research, the anxiolytic or (social) fear-
reducing properties of OXT and T have been well 

established.20,21 T elevations in rats increase social ex-
ploration, while decreasing anxiety, punishment, and 
avoidance.22–24 Compared with intact male rats and/or 
gonadectomized rats with replacement hormone, go-
nadectomized rats show more anxiety, fear, and freez-
ing behavior on a large variety of tasks.25–28 Finally, 
other testosterone deficits also result in enhanced fear 
responses.28

	 Importantly, anxiolytic/fear-reducing effects of OXT 
are often observed in social situations in rodents. Single 
doses of OXT have also been shown to reduce preda-
tor fear.29,30 Notably, after being defeated in dominance 
interactions, rats display social avoidance, but not after 
administration of OXT.31 OXT acts on a localized popu-
lation of OXT receptors in the amygdala to reduce fear 
behaviors.32,33 
	 OXT also modulates activity within the hypotha-
lamic-pituitary-adrenal (HPA) axis,34 augmenting 
HPA-axis activation immediately after stress expo-
sure. This arguably facilitates system adaptation, and 
subsequently enhances the suppression of the HPA 
axis, which helps in the re-establishment of system ho-
meostasis. T also has multiple controls over the HPA 
axis; T can inhibit the HPA axis at the hypothalamic, 
pituitary, and adrenal levels. Thus, OXT and T not only 
have numerous anxiolytic/fear reducing actions, espe-
cially in the social domain,35,36 but also have powerful 
control over HPA function and activity, particularly 
during stress. 
	 The evidence for anxiolytic and fear-reducing ef-
fects of OXT and T in humans is based upon recent 
studies with single intranasal administrations of OXT 
and single sublingual administrations of T.37 Using a 
placebo-controlled single testosterone administration 
method developed for human females with an uniquely 
established quantity and time course of effect (the Tu-
iten method38), the fear and stress-reducing properties 
of the steroid hormone testosterone in humans have 
been demonstrated repeatedly by van Honk and col-
leagues.39–41 
	 Early human data on the relation between tes-
tosterone, fear, and anxiety predominantly involved 
questionnaires that index the conscious appraisal 
of anxious mood. However, testosterone does not 
acutely act on such emotions, but only on genuine 
fear behaviors. Indeed, in the absence of any effects 
on anxiety, van Honk et al39 showed significant re-
ductions in vigilant responses to masked facial fear 
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Figure 1. �The interaction between genetics and early trauma leads 
to hormonal changes, which in turn influence social anxiety 
symptoms.  Here we hypothesize that hormonal treatments 
and psychosocial ineterventions, alone or in combination, 
may be able to be employed, perhaps in a personalized way, 
to reduce such symptoms. OXT, oxytocin; T, testosterone



T r a n s l a t i o n a l  r e s e a r c h

after testosterone administration. Hermans et al40 
measured baseline startle and fear-potentiated startle 
in a threat-of-shock paradigm, and showed that tes-
tosterone administration acutely reduced the fear-
potentiated startle, but did not affect baseline startle. 
Finally, Hermans et al41 showed reductions in skin 
conductance and startle modulation in response to 
stress-inducing negative and threatening pictures in 
anxiety-prone participants.

Facial anger: social avoidance and 
social approach

Angry facial expressions are thought to have evolved 
in primates with a key function being social threat 
signaling in dominance encounters.42 In face-to-face 
challenges between primates, an enduring angry gaze 
signals dominance, while eye or gaze aversion signals 
submission.6,7 High levels of testosterone relate to so-
cial dominance in numerous species including humans. 
Indeed, using an adapted emotional Stroop task it was 
shown that vigilant responses (enduring gazes) to angry 
facial expressions are positively related to testosterone 
levels in both males and females.43 
	 In these findings saliva measures were used, and 
so causality is not demonstrated. However, with a pla-
cebo controlled testosterone administration design 
(the Tuiten method), it was shown that T induces car-
diac acceleration to exclusively angry faces in healthy 
women, indicating that the hormone plays a causal role 
in encourages dominance behavior.44 Furthermore, us-
ing the same method and testing subjects in a social 
approach-avoidance task, Enter et al45 showed reduc-
tions in avoidant responses to facial anger, suggesting 
that T counteracts submissive responses of eye and gaze 
aversion to facial anger. This finding is relevant to SAD, 
because socially anxious subjects are strongly avoidant 
to facial anger in the same social approach-avoidance 
task.46 Terburg et al47 developed an eye-tracking para-
digm to measure true gaze aversion and staring endur-
ance in unconscious face-to-face confrontations, with 
backwardly masked angry faces. Backward masking 
is a phenomenon wherein the presentation of a target 
stimulus (here the angry face) is immediately followed 
(in this case 30 milliseconds), by a masking stimulus 
with the same visual information but scrambled, which 
results in a failure to consciously perceive the target 
stimulus.

	 With this paradigm it was shown that on the domi-
nance-submissive spectrum, relatively high dominance 
traits predict a prolonged gaze to masked facial anger 
(enduring gaze), while relatively low dominance traits 
predict gaze aversion. Crucially, Terburg et al48 next 
used acute T administration and showed that individual 
response patterns shifted from gaze aversion to staring 
endurance. That is, T induced prolonged gaze to unseen 
angry faces. T thus seems to lead to social dominance in 
humans (and likely also in other mammals and in rep-
tiles) implicitly and nonconsciously. 
	 On the other hand, with their social approach-avoid-
ance task, which operates at more explicit, conscious 
levels of processing, Radke and coworkers49 not only 
showed that avoidant response to angry facial expres-
sions are positively related to social anxiety levels, but 
also that T reduced this socially avoidant behavior. Tak-
en together, corresponding to the effects on baseline 
anxiety and cue-specific fear, T and OXT seem to influ-
ence dominance-submissive behaviors at different lev-
els of processing. T operates on the most implicit non-
conscious level of processing while OXT also acts on 
automatic behaviors but only at higher, more explicit, 
levels of information processing. 
	 Furthermore, it has repeatedly been shown that 
OXT improves or increases the processing of happy fa-
cial expressions. These facial expressions of happiness 
are social reward cues, and invite social interaction.50–52 
These data are consistent with findings that intrana-
sal OXT generally leads to increased attention to the 
eyes of others both in experimental and realistic condi-
tions.53,54

	 Interestingly, T and OXT may act in opposite ways 
in the case of facial happiness, as the happy face is  also 
an appeasement signal. T may lead to social approach-
es in the context of competition eg, for dominance, but 
not in other situations. Indeed, evidence suggests that T 
negatively influences the processing of happy facial ex-
pressions.55,56 In contrast, OXT seems to make social in-
teractions in general more rewarding, and the hormone 
therefore enhances the processing of facial happiness. In 
sum, OXT may increase attention to, and memory for, 
positive facial expressions, because the hormone increas-
es the rewarding properties of social interactions. T espe-
cially induces vigilant attention and responsivity to angry 
facial expressions, because the angry face functions as a 
dominance signal in face-to-face interactions, thus social 
dominance is at stake and the hormone is on its guard. 
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Toward a personalized approach

Overall, OXT reduces background anxiety, and im-
proves the recognition of, and attention to, positive facial 
expression. OXT also increases attention to the eye re-
gion of the face, a sign of interest in social others, and of 
the willingness to socialize. Thus, the social peptide OXT 
seem to hold properties that make social interaction 
more rewarding.57 The social steroid T on the other hand 
reduces cue-specific and social fear, and submissiveness 
and facilitates vigilance and social approach but exclu-
sively in competitive conditions: to compete, approach 
and defend status in social interactions. Anxiety, social 
fear and avoidance, and impaired social reward process-
ing all are behavioral hallmarks of SAD, but the specific 
actions of OXT and T may suggest a personalized ap-
proach to their use in therapeutic interventions. 
	 That is, individuals suffering from SAD and a lack 
of motivation to socialize may show a response to OXT, 
while socially fearful, submissive SAD subjects who 
are eager to interact may show a response to T. Impor-
tantly, as is clear from the earlier discussion, a range of 
validated behavioral, neuropsychological, and psycho-
physiological paradigms are available to assess putative 
behavioral differences in SAD. 
	 It is important to note that the effects of OXT and 
T may depend upon various personal and situational 
factors.58,59 This represents another potential opportu-
nity; that is, for employing OXT and T administration in 
synergy with exposure to social experiences as part of 
an innovative combined treatment strategy in SAD. To 
date, however, research with intranasal OXT in SAD is 

still scarce, and published research in SAD with T ad-
ministration is nonexistent. 
	 One trial with intranasal OXT adjunctive to ex-
posure therapy in SAD showed improvement in the 
mental representation of the self.60 Further, two phar-
macological neuroimaging studies in patients with SAD 
receiving intranasal OXT and placebo showed attenu-
ation of amygdala activity to fear, and the modulation 
of medial frontal hyperactivity to sad faces.61,62 Taken 
together these preliminary data are promising and pro-
vide a foundation for additional research on OXT ad-
ministration in SAD. 

Conclusion

The modern behavioral and psychophysiological para-
digms tapping into social fearfulness, social avoidance, 
submissiveness, and social reward processing discussed 
above may be particularly useful in further investiga-
tions of the assessment and treatment of SAD. Research 
on OXT and T has suggested that these hormones alter 
such paradigms in overlapping but distinct ways. Future 
research on pathogenesis may usefully focus on iden-
tifying subtypes of SAD which respond differentially 
to OXT and T administration. Ultimately, a better un-
derstanding of OXT and T, as well as the pathogenesis 
of SAD may lead to interventional research which op-
timally integrates psychotherapy with adjunctive hor-
mone administration.  o
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Modelos neuroendocrinos del trastorno de 
ansiedad social

El trastorno de ansiedad social (TAS) es una patología 
altamente prevalente e incapacitante con características 
conductuales fundamentales de temor social, evitación 
social y sumisión. En este artículo se argumenta que el 
sistema hormonal juega un papel clave en la ansiedad 
social y esto puede ser importante en el TAS. Las altera-
ciones hormonales, a menudo establecidas precozmen-
te durante el desarrollo a través de la interacción entre 
los factores biológicos y psicológicos (por ej. predispo-
sición genética y trauma precoz), predisponen al temor 
social, la evitación y la conducta sumisa. Sin embargo, 
mientras persisten las variantes genéticas y las historias 
de traumas, los sistemas hormonales pueden ser re-
modelados a lo largo de la vida. Las hormonas juegan 
un papel clave durante todos los períodos de ventanas 
sensibles del desarrollo (es decir, prenatal, neonatal, 
puberal y envejecimiento) y son capaces de abrir nue-
vas ventanas del desarrollo en la adultez. De hecho, la 
plasticidad del desarrollo de nuestro cerebro social y por 
lo tanto de la conducta social en la adultez, depende 
de manera fundamental de las hormonas esteroidales 
como la testosterona y de péptidos hormonales como 
la oxitocina. Estos esteroides y péptidos hormonales en 
interacción con las experiencias sociales pueden tener 
el potencial para reprogramar el cerebro socialmente 
ansioso. Por cierto, las administraciones únicas de oxito-
cina y testosterona en humanos reducen el temor social 
y las conductas de evitación y sumisión. Este trabajo en 
último término puede conducir a nuevos enfoques para 
el tratamiento del TAS.   

Modèles neuro-endocriniens de l’anxiété sociale 
(phobie sociale)

La prévalence de l’anxiété sociale, trouble handicapant, 
est très élevée et ses caractéristiques essentielles sont des 
traits comportementaux comme la peur en société, l’évite-
ment des situations sociales et la soumission. Nous soute-
nons dans cet article que le système hormonal joue un rôle 
central dans la transmission de l’anxiété sociale et peut 
donc être important dans ce trouble. Les modifications 
hormonales, souvent précoces dans le développement en 
raison des interactions entre les facteurs biologiques et 
psychologiques (par exemple, prédisposition génétique x 
traumatisme précoce), prédisposent à un comportement 
social de peur, d’évitement et de soumission. Cependant, 
alors que les variantes géniques et les antécédents de trau-
matisme demeurent inchangés, les systèmes hormonaux 
peuvent être remodelés au cours de la vie. Les hormones 
jouent un rôle central pendant les phases sensibles du dé-
veloppement (par exemple, période prénatale, néonatale, 
puberté, vieillissement) et peuvent ouvrir de nouvelles 
phases de développement chez l’adulte. Effectivement, la 
plasticité de notre cerveau social au cours du développe-
ment et donc de notre comportement social à l’âge adulte 
dépend essentiellement des hormones stéroïdes comme la 
testostérone et des hormones peptidiques comme l’ocyto-
cine. Ces hormones peptidiques et stéroïdes interagissant 
avec les expériences sociales pourraient reprogrammer le 
cerveau socialement anxieux. L’administration ponctuelle 
d’ocytocine et de testostérone chez l’homme diminue de 
façon certaine un comportement social de peur, d’évite-
ment et de soumission. Un tel travail peut aboutir à de 
nouvelles approches thérapeutiques de l’anxiété sociale.
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